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Dear NF Conference Attendees:

On behalf of the Children’s Tumor Foundation, welcome to the 2011 NF Conference.  Yes we are back in the mountains! 
Those NF ‘historians’ among us will remember that until 2006 this meeting was held at the Hotel Jerome in Aspen, 
Colorado.  We know many of you loved that mountain setting, and recall with fondness the time when you knew everyone 
at the meeting personally, every afternoon was totally free, and everyone could fit onto the Jerome’s terrace for the 
farewell dinner. Those early meetings were special and those of you who took part were the pioneers who laid the 
founding stones of NF research. 

We outgrew the Hotel Jerome in 2007, as meeting attendance grew from 140 in 2005 to over 300 in 2010.  What 
happened? In short, NF research progress happened. We are no longer speculating about NF clinical trials – they are 
underway. As of this spring, 19 NF specific trials were listed on clinicaltrials.gov. This is incredible progress. The NF 
Conference remains the foremost venue for world-class discussion on NF biology. But it is now also now a forum for the 
clinicians to discuss ongoing NF trials, and to collaborate with the scientists as to the next drugs they should consider.  

The meeting agenda has expanded to accommodate these new developments in our search to unlock the mysteries of NF. 
Among attendees, we have about as many physicians as scientists, as well as a strong representation from industry.  As 
the leadership of a Foundation whose goal is to end neurofibromatosis and ultimately put ourselves out of business, we 
see all of this growth and the resulting collaborations between attendees as evidence of the progress that’s been made 
toward our shared goal.

As you may have noticed, this year’s Conference brings us to Jackson Hole, Wyoming. Each year since 2007, the 
Foundation has hosted the NF Conference in very different venues including a beach resort, and several major cities. 
But for 2011 we figured it was time to return to the mountains. Jackson Hole is an amazing place – Snow King Resort 
has majestic mountain views and is just a short walk from town where you’ll find everything from great restaurants to 
beautiful arts and crafts stores. And if you join us at the ranch on Saturday, on the way there you may spot elk, buffalo, 
moose, and maybe even a grizzly bear!

We hope that Jackson Hole brings back happy memories for those of you who are wistful for Aspen. We also hope it 
creates new memories for everyone, whether this is your first or twentieth NF Conference.  And if you still wish that you 
knew everyone at the NF Conference personally, why not take the chance to make some new friends? Whether at the 
posters, the ranch, or even the karaoke, there will be plenty of opportunities to connect with both familiar and fresh faces. 
And just think, twenty years from now, you’ll be able to say, ‘Wow! Do you remember when we first met way back at the 
Jackson Hole meeting when the NF Conference was still only 300 people …?’ 

Enjoy the meeting!

Sincerely,
 

         
Kim Hunter-Schaedle, Ph.D.     George T. Orfanakos
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RESEARCH PROGRAMS
Research Programs of the Children’s Tumor Foundation 

The Children’s Tumor Foundation (CTF) is dedicated to ending neurofibromatosis (NF) through research by 
identifying NF drug therapies, and improving the lives of those living with the disorder. Over the years, CTF has 
committed $35M to NF research - $10M since 2005 alone. Today our research programs include discovery research, 
preclinical drug testing, clinical trials and an NF Clinic Network. CTF also provides resources for NF patients and their 
families, and aims to increase public awareness of NF.  

CTF has long been a catalyst for federal support of NF research. Through our advocacy efforts, CTF has been 
instrumental in the inception and continuation of the Congressionally Directed Medical Neurofibromatosis Research 
Program. CTF works closely with the NIH, FDA and other federal agencies to ensure our initial investments will find 
further funding, flourish and have the maximum impact. 

CTF’s research program priorities are established through an ongoing process of evaluation and strategic planning. 
Our current programs are highlighted below, and open to applicants worldwide! 
 
•	 The NF Preclinical Consortium - Call for NF2 Centers: Established in 2007, the NFPC is an ongoing multicenter 

initiative to test candidate NF therapeutics in multiple NF1 and NF2 preclinical NF tumor models and cultivate 
industry collaborations. CTF is now seeking NF2 Centers to join NFPC. Funding: up to $250,000/year for two years. 
Deadline: June 24, 2011.  

•	 Drug Discovery Initiative Awards: $15,000 for in vitro studies and $30,000 for in vivo studies of pilot preclinical 
drug screening. Three page application, two deadlines per year, rapid review! Next Deadline: August 31, 2011.

•	 Clinical Research Awards: Up to $100,000 to support a pilot stage clinical trial, biomarker validation study or 
related clinical research aimed at improving and accelerating NF clinical trials pipeline. Deadline for Letters of 
Intent: June 24, 2011. 

•	 Young Investigator Awards: Our longest running research program provides two-year grants (salary 
commensurate to NIH Kirschtein Award, plus a $5,000 travel allowance) for pre- and post-doctoral researchers in 
NF research. YIA is as a cornerstone program of the NF research community, with many former YIAs being todays 
NF leaders! Next deadline: TBA - early 2012. 

•	 NF Clinic Network (NFCN): Recognizes those clinics offering comprehensive NF clinical care. Now 44 Affiliate 
Clinics. Any clinic may apply for participation and be eligible to receive seed funding for clinic activities. For info 
contact Kathleen Berentsen: kberentsen@ctf.org.   

•	 COMING SOON! Schwannomatosis Awards: CTF has been a key player in schwannomatosis research advances 
investing over $700,000 in this since 2008. CTF will be announcing schwannomatosis funding opportunities in 
Summer 2011 following our next Schwannomatosis Workshop in June.

 
All programs open to U.S. and international applicants. For more information visit www.ctf.org www.ctf.org  

or contact Kim or Min at CTF - khs@ctf.org or mwong@ctf.org
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A Landmark Research Partnership:

The Texas Neurofibromatosis Foundation and  the Children’s Tumor Foundation 

In 2010, the Texas Neurofibromatosis Foundation (TNFF) and Children’s Tumor Foundation (CTF) 
embarked on an exciting new approach to accelerating NF research progress.  Our two foundations 
decided to leverage our resources by partnering to fund NF research. Today’s economy presents one of the 
most challenging fundraising environments we have ever faced, and this was a terrific opportunity to go 
beyond the limits of our independent funds raised and support even more critical NF research.  

Both TNFF and CTF have whole heartedly embraced this opportunity for a landmark partnership. Both 
Foundations have the same goals: to find effective treatments for NF, and improve the quality of life for those 
living with NF today. We both represent the 1:3,000 persons and their families whose lives are affected by NF.  
By funding research together, we can be even more effective.

We are delighted that after a successful collaboration in 2010, when TNFF funding supported a Young 
Investigator Award, in 2011 TNFF and CTF collaborate again with TNFF’s funding of a Drug Discovery 
Initiative Award!

The Texas Neurofibromatosis Foundation has funded the following research through CTF:

2010–2011: Young Investigator Award - $45,000 
Awardee: Dr. Jody Fromm, Harvard/BWH (mentor: Dr. Karen Cichowski)  
Project: Therapeutic effects of combined sunitinib and rapamycin treatment on MPNSTs 
in a genetically engineered mouse model. 

2011–2012: Drug Discovery Initiative Award - $30,000 
Awardee: Dr. David Largaespada, University of Minnesota  
Project: Combinatorial signal pathway inhibition in  a novel model of high grade 
neurofibroma development*

Both awardees were identified through CTF’s open-competition Request for 
Applications and pre-review process, then selected by TNFF for support. 

Thank you to TNFF for investing with CTF in this important research.

* This funding supports continuation in vivo of research initially funded by DDI in vitro Award. 
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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. 

First awarded by the Foundation in 1989, the first 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 
Friedrich von Recklinghausen Award for a number of years, but revived the tradition in 2008.  The 
following are the most recent recipients of the Award, identified through a public nomination process:

The Friedrich von Recklinhausen Award will not be presented in 2011 but will return next year. In the 
meatime we salute all of our past recipients and the inspiration they provide. Dr. Nancy Ratner, this year’s 
NF Conference co-chair, remains the standing current Awardee until 2012! 

2008 
Vincent ‘Vic’ Riccardi, M.D. 
The Neurofibromatosis Institute

2009 
Luis Parada, Ph.D.  
University of Texas Southwestern 

2010 
Nancy Ratner, Ph.D. 
Cincinnati Children’s Hospital Medical Center
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FOUNDATION STAFF
Children’s Tumor Foundation

Foundation Staff at the 2011 NF Conference
Research & Medical Programs
Kim Hunter-Schaedle, Ph.D. Chief Scientific Officer  .......................................khs@ctf.org
Min Y. Wong Research Program Director ................................mwong@ctf.org
Kathleen Berentsen, MS, CGC, MPH Clinical Program Coordinator ..............................kberentsen@ctf.org
Paul Verona Research Intern ..................................................intern@ctf.org 

Management & Finance 
George Orfanakos President ...........................................................gorfanakos@ctf.org
Tom Malone Chief Financial Officer ........................................tmalone@ctf.org

Development
John Heropoulos Vice President, New England Region ...................jheropoulos@ctf.org
Traceann Adams Program Director ...............................................tadams@ctf.org
Jill Beck Director, Racing4Research .................................jbeck@ctf.org
Patrice Pancza Grants Manager  ................................................ppancza@ctf.org
Sarah Ill Executive Assistant ............................................sill@ctf.org

Communications
Garrett Gleeson Communications Director ...................................ggleeson@ctf.org
Chad Leathers Project Manager .................................................cleathers@ctf.org

2011 Board of Directors

Stuart Match Suna, Chairman*
Dan Altman, Vice-Chairman
Laura Ganio Bona*
William Brooks
Colin Bryar*
John Catsimatidis
Suzanne Earle, Chairwoman Emeritus*
Mark Ebel
Aram Fuchs*
Daniel B. Gilbert*
Daniel Graeff*
Bruce Korf, M.D., Ph.D., Chairman of Medical Advisory Committee *
Linda Martin, Secretary*
John McCarthy, Treasurer
Steven L. McKenzie*
Denise Ogle*
Joanne Pastel*
Jason M. D. Pontin*
Allen Rubenstein, M.D., Director of Medical Affairs, Emeritus 
Robert Schaffer
Tara Skirzenski
Rachel Tiven
Peggy Wallace, Ph.D.*
Nate Walker
David Viskochil, M.D., Ph.D.*

Honorary Directors
The Honarable Jake Garn
Richard Horvitz
Michie O’Day
Harold Ramis
Alan Robbins, M.D.
Dorris Schnuck
Carolyn Setlow

*at NF Conference



2011 NF Conference  •  Jackson Hole, WY  •  June 11-14, 2011  | 9

NATIONAL PROGRAMS
Children’s Tumor Foundation National Programs

Get Involved in CTF’s National Programs!

The Children’s Tumor Foundation’s mission is dedicated to the health and well-being of the 100,000 Americans who suffer from 
neurofibromatosis (NF), through medical research funding, patient support services, improved clinical care, and raising public 
awareness. The Children’s Tumor Foundation’s National Programs help raise money for these important services by providing 
structured, fun, and easy-to-manage events that will encourage a broad level of participation.

 
Run, bike, swim; if you’re interested in Endurance, we’re interested in 
you. NF Endurance offers the opportunity for individuals to participate in 
team endurance sports to raise money for research, promote awareness, 
and provide support for those suffering with neurofibromatosis and their 
families. NF Endurance — It’s in you. It’s possible.

For further information contact Danielle Meyer at dmeyer@ctf.org

Racing4Research is an exciting fundraising program developed by the 
Children’s Tumor Foundation. Utilizing competitive professional auto 
racing as a vehicle to raise awareness of CTF, Racing4Research offers 
the dual benefit of raising funds while offering children and families living 
with NF a uniquely empowering weekend. Since 2007, R4R has raised 
more than $1.4 million for NF research.  Join the excitement and help us 
Fuel The Cure for NF.  www.racing4research.org

For further information contact Jill Beck at jbeck@ctf.org

 
Bring your community together, raise funds, and educate friends and 
neighbors about NF, all while enjoying the scenery of your local schools 
or parks with a leisurely walk.  Foundation staff will work with you to 
establish routes, provide supplies, and setup online fundraising pages, 
for this fun and easy program that builds awareness for NF at the 
grassroots level. 

For further information contact Traceann Adams at tadams@ctf.org

A perfect way to bring friends and family together for birthdays, holidays 
or National Tea Party Day.  Tea for NF is simple and elegant: share a cup 
of tea in person or host a Virtual Tea Party and let your friends know 
about a cause that’s important to you. 

For further information contact Traceann Adams at tadams@ctf.org

NFWALK
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SCHEDULE

   

     

7:00 AM 8:30 PM Registration; Poster set-up   Snow King Center: Cougar Room

7:30 AM  8:30 AM Continental Breakfast   Snow King Center

8:30 AM 10:15 AM Session 1: Intracelluar Functions of the NF2 Protein, Merlin    Snow King Center: Pavilion

10:15 AM 10:45 AM Break   Snow King Center

10:45 AM 11:50 AM Session 2: Keynote Presentation: Charles Eberhart, MD, PhD,    Snow King Center: Pavilion 
  Johns Hopkins University, Wilmer Eye Institute

11:50 AM 2:30 PM Lunch and Afternoon (on your own)

2:30 PM 4:00 PM Session 3: Poster Session 1: Basic Science   Snow King Center: Pavilion

4:00 PM 5:30 PM Session 4: Panel Discussion 1: Gliomas in Neurofibromatosis   Snow King Center: Pavilion

6:00 PM 10:00 PM Welcome Dinner and Reception: Offsite at Diamond Cross Ranch   Offsite 

    

7:00 AM 8:00 AM Continental Breakfast   Snow King Center

8:00 AM 10:15 AM Session 5: NF1 Peripheral Nerve Tumorigenesis    Snow King Center: Pavilion

10:15 AM 10:45 AM Break   Snow King Center: Pavilion

10:45 AM  11:45 AM Session 6: Keynote Presentation: Stan Nelson, MD,    Snow King Center: Pavilion 
  David Geffen School of Medicine at UCLA

11:45 AM 3:30 PM Lunch and Afternoon (on your own)

1:00 PM 3:00 PM Clinical Coordinator Luncheon: Invite Only   Hotel Main Bldg: Teton Room (2nd Fl.)

3:30 PM 5:35 PM Session 7: Mouse Models of NF2 Tumorigenesis   Snow King Center: Pavilion

8:00 PM 9:30 PM Session 8A: Clinical NF2: Concurrent Abstract Platform Presentations Grand View Lodge: LL, Cache Creek Room

8:00 PM 9:30 PM Session 8B: Basic NF1: Concurrent Abstract Platform Presentations Grand View Lodge: Grand View Ballroom

9:30 PM 11:00 PM Cocktail Evening/Karaoke Night   Grand View Lodge

 
7:00 AM 8:00 AM Continental Breakfast   Snow King Center

8:00 AM 10:15 AM Session 9: The Role of NF1 in the Brain   Snow King Center: Pavilion

10:15 AM 10:45 AM Break   Snow King Center: Pavilion

10:45 AM 11:45 AM Session 10: Keynote Presentation: David Threadgill, PhD,    Snow King Center: Pavilion 
  North Carolina State University 

11:45 AM 3:00 PM Box Lunch to Be Provided   Snow King Center

1:00 PM 2:30 PM International Soccer Game at Softball Field at Phil Baux Park   Softball Field at Phil Baux Park

3:00 PM 4:30 PM Session 11: Panel Discussion 2: Long-Term Hearing Preservation in NF2.  Snow King Center: Pavilion 
  What is the best option?

4:30 PM 6:30 PM Session 12: How Preclinical NF Mouse Models Inform Human Clinical Trials Snow King Center: Pavilion

6:30 PM 8:00 PM Dinner on your own 

8:00 PM 9:30 PM Session 13: Poster Session 2: Clinical Aspects of Neurofibromatosis Snow King Center: Pavilion 

7:00 AM 8:00 AM Continental Breakfast   Snow King Center

8:00 AM 9:30 AM Session 14A: Clinical NF1: Concurrent Abstract Platform Presentations Snow King Center: Lodge Room

8:00 AM  9:30 AM Session 14B: Basic NF1 & NF2: Concurrent Abstract Platform Presentations Snow King Center: Pavilion

9:45 AM  10:45 AM Session 15: Mesenchymal Defects in NF   Snow King Center: Pavilion

10:45 AM 12:15 PM Session 16: Emerging Targets in NF1   Snow King Center: Pavilion

Schedule At-A-Glance
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IMPORTANT NOTES
Important Notes To Chairs, Speakers & Poster Presenters

NOTE TO SESSION CHAIRS 
• You must be 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.)

• Patient advocates need only a brief introduction by name as they will tell their own ‘story’.

• 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. 

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 timeframe given on the agenda! 
If you run over time you may be ‘cut off’.  

NOTE TO POSTER PRESENTERS
• Posters will be on display throughout the Conference from Monday, June 15 to Tuesday, June 16. Odd number 

poster presenters will need to stand by their posters on Saturday (June 11) 2:30 – 4:00 PM.  Even number 
poster presenters will need to stand by their posters on Monday (June 13) 8:00 – 9:30 PM.  Pushpins will be 
provided! Posters can be set-up on Friday, June 10th; it should be on display from Saturday until after Session 16 on 
Tuesday.

Questions? 

Please contact a Foundation staff member!
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AGENDA

1:00 PM 6:00 PM Registration; Poster set-up                                                                                Snow King Center: Cougar Room

Saturday  •  June 11, 2011
7:30 AM 8:30 AM Breakfast                                                                                                                               Snow King Center 

SESSION 1: INTRACELLULAR FUNCTIONS OF THE NF2 PROTEIN, MERLIN       Snow King Center:Pavilion

Chair: Duojia Pan, PhD, Johns Hopkins University

8:30 AM 9:00 AM Merlin’s nuclear function 
  Filippo Giancotti, MD, PhD, Memorial Sloan-Kettering Cancer Center 
 
9:00 AM  9:30 AM Angiomotin: a new player in NF2
  Chunling Yi, PhD, The Wistar Institute 
  
9:30 AM  10:00 AM The Sterile 20 kinase Tao-1 negatively regulates cell proliferation during development by activating the    
  Hippo tumor suppressor pathway 
  Julian Boggiano, The University of Chicago 

10:00 AM  10:15 AM General Discussion
 
10:15 AM  10:45 AM Refreshment Break

SESSION 2: KEYNOTE PRESENTATION                                                             Snow King Center:Pavilion

Introduction: Nancy Ratner, PhD, Cincinnati Children’s Hospital Medical Center

10:45 AM 11:45 AM Molecular biology of sporadic astrocytoma - emerging links to neurofibromatosis 
  Keynote Speaker: Charles Eberhart, MD, PhD, Johns Hopkins University, Wilmer Eye Institute

11:45 AM 11:50 AM Schwannomatosis: A Personal Perspective: Jill Beck 

11:50 AM 2:30 PM Lunch and Afternoon on Your Own

SESSION 3: POSTER SESSION 1: BASIC SCIENCE                                           Snow King Center:Pavilion

 
2:30 PM 4:30 PM Judges: Oliver Hanemann, MD, Peninsula College of Medicine and Dentistry, United Kingdom;  
  David Largaespada, PhD, University of Minnesota; and Yuan Zhu, PhD, University of Michigan

SESSION 4: PANEL DISCUSSION 1: GLIOMAS IN NEUROFIBROMATOSIS        Snow King Center:Pavilion

4:00 PM 5:30 PM Moderator: Anat Stemmer-Rachamimov, MD, Massachusetts General Hospital 
  Panelists: Gareth Evans, MD, University of Manchester, United Kingdom; Catherine Nutt, PhD, Massachusetts   
  General Hospital; and David Gutmann, MD, PhD, Washington University

Friday  •  June 10, 2011

Schedule
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5:45 PM – 10:30 PM
Welcome Dinner and Reception at Diamond Cross Ranch and 

for an evening with ‘The Horse Whisperer’!
Buses depart Snow King to Ranch: 5:45PM, 6:00PM, 6:15PM

Buses return to Snow King from Ranch: 9:30PM, 9:45PM, 10:00PM
One ticket is included with one Conference Registration, tickets are required for additional guests

AGENDA

7:00 AM 8:00 AM Breakfast                                                                                          Snow King Center

SESSION 2: NF1 PERIPHERAL NERVE TUMORIGENESIS                                 Snow King Center:Pavilion                              
Chair:  Alison Lloyd, PhD, University College London, United Kingdom

8:00 AM 8:30 AM Development of mouse models of NF1-associated progressive peripheral nerve  
  sheath tumor with btherapeutic implications
  Yuan Zhu, PhD, University of Michigan
 
8:30 AM  9:00 AM  Novel mouse models for NF1
  Alison Lloyd, PhD, University College London, United Kingdom 
 
9:00 AM 9:30 AM Current progress in modeling PNS & CNS tumors in NF1
  Luis Parada, PhD, University of Texas Southwestern
 
9:30 AM 10:00 AM Transposon-Based, Forward Genetic Screening in Mice Reveals New Pathways  
  for Schwann Cell Tumor Development
  David Largaespada, PhD, University of Minnesota

10:00 AM 10:15 AM General Discussion

10:15 AM 10:30 AM Refreshment Break
 

SESSION 6: KEYNOTE PRESENTATION
Introduction: Michel Kalamarides, MD, PhD, Hôpital Beaujon, Neurochirurgie, France
 
10:45 AM 11:45 AM  Whole genome and whole exome sequencing for rare mutation discovery 
  Stan Nelson, MD, David Geffen School of Medicine at UCLA

11:45 AM 3:30 PM Lunch and Afternoon on Your Own 

1:00 PM  3:00 PM Clinical Coordinator Luncheon: Invite Only                                        Hotel Main Building: Teton Room (2nd Fl.)

Saturday  •  June 11, 2011

Sunday  •  June 12, 2011
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SESSION 7:  MOUSE MODELS OF NF2 TUMORIGENESIS                                  Snow King Center:Pavilion

Chairs: Filippo Giancotti, MD, PhD, Memorial Sloan-Kettering Cancer Center; and Helen Morrison, PhD, Leibniz Institute for 
Age Research, Germany

3:30 PM 3:35 PM NF2: A Personal Perspective: Sheila Heal

3:35 PM 4:05 PM  Modulating F-actin organization induces organ growth through the Hippo pathway
  Georg Halder, MD, Anderson Cancer Center

4:05 PM 4:35 PM The NF2/Merlin tumor suppressor functions through the Hippo pathway to regulate tissue  
  homeostasis in mammals.
  Duojia Pan, PhD, Johns Hopkins University

4:35 PM 5:30 PM  Insights from mouse models to understand meningiomagenesis
  Michel Kalamarides, MD, PhD, Hôpital Beaujon, Neurochirurgie, France

**SESSION 8: CONCURRENT ABSTRACT PLATFORM SESSIONS**

SESSION 8A: CLINICAL NF2                                                               Grand View Lodge: Lower Level: Cache Creek Room

Chair:  Gareth Evans, MD, University of Manchester, United Kingdom

8:00 PM 8:15 PM   Intratumoral Concentration and Activity of Lapatinib in Human Vestibular Schwannomas 
  Jaishri Blakeley, MD, Johns Hopkins University 

8:15 PM  8:30 PM   Meningioma response to bevacizumab: A retrospective analysis of treatment results in 14 NF2 patients
  Fabio Nunes, MD, Harvard Medical School/Massachusetts General Hospital 

8:30 PM  8:45 PM   Characterisation of Gallium-Octreotide PET findings in patients with tumors associated with NF2
  Simone Ardern-Holmes, MBChB, FRACP, Children’s Hospital at Westmead, Australia 

8:45PM  9:00 PM   The NFTI-QOL: A new disease-specific quality of life score for NF2
  Rachael Hornigold, MSc, MRCS, Guy’s and St. Thomas’ NHS Foundation Trust, United Kingdom 

9:00 PM  9:15 PM   Relationship between whole body tumor burden and quality of life in patients with NF1, NF2 and    
  schwannomatosis
  Vanessa Merker, Massachusetts General Hospital 
 
9:15 PM  9:30 PM   The Schwannomatosis International Database: An Update  
  Amanda Bergner, MS, CGC, Johns Hopkins Comprehensive Neurofibromatosis Center 

SESSION 8B: BASIC NF1                                                                                 Grand View Lodge: Grand View Ballroom

Chair:   David Ingram, MD, Indiana University

8:00 PM 8:15 PM   Monocytes/macrophages are the primary effectors of Nf1+/- vaso-occlusive disease 
  Brian Stansfield, MD, Indiana University School of Medicine 

8:15 PM  8:30 PM   Conditional inactivation of Pten and Nf1 in Schwann cells results in extremely  
  rapid high-grade peripheral nerve sheath tumor development 
  Vincent Keng, PhD, University of Minnesota Masonic Cancer Center

AGENDA
Sunday  •  June 12, 2011
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AGENDA
Sunday  •  June 12, 2011

 
8:30 PM  8:45 PM   Identification of a novel modifier cooperating with NF1 in tumorigenesis 
  Thomas De Raedt, PhD, Brigham and Women’s Hospital, Harvard Medical School  

8:45 PM  9:00 PM   A novel mechanism for Spred1 regulation of the Ras/MAPK pathway 
  Irma Rangel-Alarcon, University of California, San Francisco

9:00 PM  9:15 PM   Role of EMT-related transcriptional factors in development of neurofibromas
  Hideyuki Saya, Keio University School of Medicine, Japan

9:15PM  9:30 PM   Elucidating the biological role of NF1 in sporadic cancer
  Ophelia Maertens, Pharm.D, PhD, Brigham and Women’s Hospital, Harvard Medical School 

9:30 PM  11:00 PM Cocktail Evening/ Karaoke Night  
                                         Grand View Lodge: Grand View Ballroom

7:00 AM 8:00 AM Breakfast                                                                                             Snow King Center

SESSION 9: NF1 IN THE BRAIN                                                                            Snow King Center:Pavilion                              
Chairs:  Maria Acosta, MD, Children’s National Medical Center; and Debra Mayes, PhD, Cincinnati Children’s Hospital

8:00 AM 8:30 AM The NF1 Cognitive Phenotype: Lessons from the human model
  Kathy North, MD, The Children’s Hospital at Westmead, Australia 

8:30 AM 9:00 AM  How loss of neurofibromin in oligodendrocytes affects the brain
  Debra Mayes, PhD, Cincinnati Children’s Hospital Medical Center

9:00 AM 9:30 AM Critical roles of OPCs in gliomagenesis
  Hui Zong, PhD, University of Oregon

9:30 AM 10:00 AM Preclinical analysis of the RAS pathway and neurofibroma 
  Nancy Ratner, PhD, Cincinnati Children’s Hospital Medical Center

10:00 AM  10:15 AM General Discussion

10:15 AM  10:45 AM Refreshment Break

SESSION 10:  KEYNOTE PRESENTATION                                                             Snow King Center:Pavilion   
Introduction:  Nancy Ratner, PhD, Cincinnati Children’s Hospital Medical Center

10:45 AM 11:45 AM Next generation modeling in the mouse, from individuals to populations
  David Threadgill, PhD, North Carolina State University

11:45 AM 3:00 PM Lunch (Box lunch to be provided)                                                                                           Snow King Center

1:00 PM  2:30 PM International Soccer Game at Softball Field at Phil Baux Park

Monday  •  June 13, 2011
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AGENDA
Monday  •  June 13, 2011

SESSION 11:  PANEL DISCUSSION 2:  LONG-TERM HEARING PRESERVATION IN NF2.  WHAT IS 
THE BEST OPTION?      

3:00 PM 4:30 PM Moderator: Michel Kalamarides, MD, PhD, Hôpital Beaujon, Neurochirurgie, France 
  Panelists: Michael Link, MD, Mayo Clinic; Scott Plotkin, MD, PhD, Massachusetts General Hospital; and   
  Derald Brackmann, MD, House Ear Institute

SESSION 12:  HOW PRECLINICAL NF MOUSE MODELS INFORM HUMAN CLINICAL TRIALS                                                                                        
                                                                                             Snow King Center:Pavilion   
Chairs:  Roger Packer, MD, Children’s National Medical Center and Karen Cichowski, Brigham and Women’s Hospital, Harvard 
Medical School

4:30 PM  4:35 PM  NF1: A Personal Perspective: Benjamin Ellis

4:35 PM  4:55 PM Targeting Ras Effectors in NF1-Deficient Leukemia  Models
  Kevin Shannon, MD, University of California, San Francisco

4:55 PM  5:15 PM Use of Krox20; Nf1flox/- mice and PET imaging as an intermediate throughput screen to test  
  experimental therapeutics
  Wade Clapp, MD, Indiana University

5:15 PM  5:35 PM Man or mouse?  The limitations of preclinical testing 
  Scott Plotkin, MD, PhD, Massachusetts General Hospital

5:35 PM 5:55 PM Preclinical models and clinical trials a two way road
  Brigitte Widemann, MD, National Cancer Institute

5:55 PM 6:15 PM Of Mice and Men: Mouse Models in the Development of Molecular Targeted Therapies for Human Cancer
  Matthias Karajannis, MD, New York University

6:15 PM  6:30 PM General Discussion 

6:30 PM 8:00 PM Dinner on Your Own

SESSION 13: POSTER SESSION 2: CLINICAL ASPECTS OF NEUROFIBROMATOSIS
                                                                                                                        Snow King Center:Pavilion 
8:30 PM 9:30 PM Judges: Scott Plotkin, MD, PhD, Massachusetts General Hospital; Maria Acosta, MD,  
  Children’s National Medical Center; Dusica Babovic-Vuksanovic, MD, Mayo Clinic; and  
  Elizabeth Schorry, MD, Cincinnati Children’s Hospital Medical Center
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AGENDA
Tuesday  •  June 14, 2011

7:00 AM 8:00 AM Breakfast                                                                                      Snow King Center 

**SESSION 14: CONCURRENT ABSTRACT PLATFORM SESSIONS**

SESSION 14A: CLINICAL NF1                                                                           Snow King Center: Lodge Room

Chair:  Ludwine Messiaen, PhD, University of Alabama; and Dusica Babovic-Vuksanovic, MD, Mayo Clinic

8:00 AM  8:15 AM   Neurofibromatosis, type 1: Genetic Modifiers of Tumor Burden
  Fawn Leigh, MD, Harvard Medical School/Massachusetts General Hospital 

8:15 AM 8:30 AM Phase 2 trial of cediranib for NF1 plexiform and/or paraspinal neurofibromas 
  Dusica Babovic-Vuksanovic, MD, Mayo College of Medicine 

8:30 AM  8:45 AM   Effect of vitamin D3 treatment on bone density in neurofibromatosis 1 patients 
  Kimberly Jett, University of British Columbia, Canada 

8:45 AM  9:00 AM Phase 2 Pilot Study of Imatinib in Neurofibromatosis (NF1) Patients with Plexiform Neurofibromas(PN)
  Kent Robertson, MD, PhD, Indiana University School of Medicine 

9:00 AM  9:15 AM   Lovastatin normalizes the brain spontaneous low-frequency fluctuations in children with    
  Neurofibromatosis type 1
  Maria Acosta, MD, Children’s National Medical Center 

9:15 AM  9:30 AM  Treatment of Progressive Hypothalamic/ Optic Pathway Gliomas in Children with NF1:  
  a Report from the Children’s Oncology Group (COG)
  Joann Ater, MD, UT MD Anderson Cancer Center 

SESSION 14B:  BASIC NF1 & NF2                                                                Snow King Center:Pavilion
Moderators:  Oliver Hanemann, MD, PhD, University of Plymouth, United Kingdom; and Olli Carpen, MD, PhD, University 
of Turku, Finland

8:00 AM  8:15 AM   Drosophila Alk Receptor Tyrosine Kinase controls Neurofibromin-dependent Growth and  
  Learning: a novel therapeutic target in NF1?
  Jean Gouzi, PhD, Massachusetts General Hospital/Harvard Medical School 

8:15 AM  8:30 AM   TC21 is a crucial mediator of TGF-beta signaling in NF1 tumorigenesis
  Deanna Patmore, Cincinnati Children’s Hospital Medical Center 

8:30 AM  8:45 AM   Merlin plays important roles during mouse mammary gland development and tumorigenesis 
  Jie Huang, MD, PhD, The Ohio State University and Nationwide Children’s Hospital 

8:45 AM  9:00 AM   Synergy of Nf2 and Cdkn2ab loss promoting meningioma progression in mice
  Matthieu Peyre, MD, Hopital Beaujon, France 

9:00 AM  9:15 AM   AR-42 and AR-12 Potently Inhibit the Growth of NF2-deficient Human Meningiomas 
  Sarah Burns, The Ohio State University and Nationwide Children’s Hospital 

9:15 AM  9:30 AM  Characterization of the role of CRL4DCAF1, an E3 ubiquitin ligase, in the Hippo tumor suppressor pathway
  Wei Li, PhD, Memorial Sloan-Kettering Cancer Center 
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AGENDA
Tuesday  •  June 14, 2011

SESSION 15:  MESENCHYMAL DEFECTS IN NF                                            Snow King Center:Pavilion                           
Chairs:  David Viskochil, MD, PhD, University of Utah

9:45 AM  10:15 AM Insights into NF1 Cardiovascular Disease from Mouse Models and Human Clinical Trials
  David Ingram, MD, Indiana University

10:15 AM 10:45 AM Exploring the Molecular Basis for Sexual Disparity in Pediatric Brain Tumors using Models of  
  NF1-associated Gliomagenesis
  Josh Rubin, MD, PhD, Washington University

SESSION 16:  EMERGING TARGETS IN NF1                                                  Snow King Center:Pavilion  
Chairs:  Peggy Wallace, PhD, University of Florida; and Meena Upadhyaya, PhD, University of Cardiff, United Kingdom

10:45 AM  11:15 AM Drug-induced autophagy as a mechanism of therapeutic resistance in MPNST
  Dina Lev, MD, The University of Texas

11:15 AM  11:45 AM Genomic Analysis of Peripheral Nervous System Tumors in NF1: Detecting Genes Involved in Tumor   
  Predisposition and Progression
  Eduard Serra, PhD, Institut de Medicina Predictiva I Personalitzada del Cancer, Spain 

11:45 AM 12:15 PM Exploiting cancer cell vulnerabilities to develop a combination therapy for MPNSTs
  Karen Cichowski, PhD, Brigham and Women’s Hospital, Harvard Medical School

                                2011 NF Conference Adjourns
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Michel Kalamarides, MD, PhD 
Hôpital Beaujon, Neurochirurgie, France 
 
Dr. Kalamarides is professor of Neurosurgery at Beaujon Hospital, AP-HP, Paris 7 university, France. 
 
He joined the faculty of the Department of Neurosurgery at Beaujon Hospital in 1998. In Sept. 2006, he was appointed as full professor of Neurosurgery. He 
is an active member of the French neurosurgical society, tumor section committee and an international member of the American Association of Neurological 
Surgeons (Tumor section). 
 
Dr. Kalamarides is the director of the largest NF2 Clinic of France and co-director of the Auditory Brainstem Implant program with Olivier Sterkers (chairman 
of the ENT department). In Sept. 2006, Drs. Kalamarides and Sterkers organized the first NF2 meeting held in Paris. 
 
With a primary clinical interest in vestibular schwannoma, meningioma, pituitary tumor and spinal tumor surgery, Dr. Kalamarides also conducts research on 
meningiomas. 
 
He began this activity in 1997 in Gilles Thomas’ laboratory in Institut Curie  (in which was identified the NF2 gene in 1993) under the supervision of Dr. 
Marco Giovannini. He generated the first mouse model of Nf2- related meningioma in 2002. He leads now a small research team focused on meningiomas to 
understand human meningioma initiation and progression and to develop mouse models.  
 
One of the goals of these different meningioma mouse models is to perform pre-clinical trials to create and inform on future NF2 and meningioma human 
trials (uncommon at this time!). For this part, he has a strong collaboration with Marco Giovannini at HEI, LA, USA and was recently appointed as adjunct 
faculty in the House Center for Neural Tumor Research lead by Marco Giovannini. 

 
Nancy Ratner, PhD 
University of Cincinnati 
 
Dr. Ratner was a member of the faculty at the University of Cincinnati from 1987–2004, and 2004–now is a Professor in the Department of Pediatrics, 
Cincinnati Children’s Hospital, University of Cincinnati, and the Program Leader Cancer Biology and Neural Tumors Program in the Cancer and Blood 
Disorders Institute where she holds the Beatrice C. Lampkin Endowed Chair in Cancer Biology and serves as PI of the NINDS P50 “Cincinnati Center in NF 
Research”.  
 
Her major research interest is to understand mechanisms of neurofibroma formation in NF1.  She identified EGFR as a potential therapeutic target in NF1 
peripheral nerve tumorigenesis, and has developed cell culture and mouse models of NF1 nerve tumorigenesis.  Her laboratory at, Cincinnati Children’s 
Hospital, has also used analysis of gene expression to identify critical genes in neurofibroma and MPNST.  Dr. Ratner received her BA from Brown University, 
her PhD from Indiana University, and was a postdoctoral fellow at Washington University in St.  Louis.   
 
Dr. Ratner is an active member of the International Consortium on the Molecular Biology of NF1, NF2, and schwannomatosis and was a member of the 
advisory board for the NNFF (now CTF) from 1989 – 2007. She chaired the DOD Neurofibromatosis Research Program Integration Panel in 2008.  She 
received the von Recklinghausen Award from the Children’s Tumor Foundation in 2010.

 
 
 
 
 
Stan Nelson, MD 
University of California, Los Angeles 
 
Stanley F. Nelson, trained as a Pediatric Oncologist and joined the faculty at UCLA in 1993. His work has been on the development and implementation of 
genomic technology to cancer, autism, ADHD, and rare human disorders.  His laboratory has sequenced normal/tumor pairs and individual human genomes 
to identify causative mutations that lead to human disease. 

 
Charles Eberhart MD,PhD  
Johns Hopkins University School of Medicine 
 
Dr. Charles Eberhart obtained his undergraduate degree in Biochemistry from the University of Texas at Austin in 1988, and subsequently pursued graduate 
studies at the Max Planck Institute in Munich for one year before entering Southwestern Medical School in Dallas, Texas. He received his M.D. and Ph.D. 
degrees from Southwestern in 1997, with post-graduate clinical training in Anatomical Pathology and Neuropathology at Johns Hopkins Hospital. Dr. Eberhart 
has been a member of the Johns Hopkins University School of Medicine faculty since 2001, and currently directs the divisions of Neuropathology and 
Ophthalmic Pathology. He works as both a diagnostic pathologist and a scientist studying how brain and eye tumors can be better classified and treated. 
Much of his research centers on how signaling pathways involved in normal development, such as Notch and Hedgehog, drive tumor growth. Dr. Eberhart 
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is a member of numerous organizations, and is on the editorial boards of the Journal of Neuropathology and Experimental Neurology, Brain Pathology and 
Neurooncology. He has received multiple awards and honors, including Merck and March of Dimes Graduate Fellowships, a Howard Hughes Postdoctoral 
Research Fellowship for Physicians, and a Career Award from the Burroughs Wellcome Fund. 

 
David Threadgill, PhD 
North Carolina State University 
 
David Threadgill obtained a PhD in Genetics from Texas A&M University and did post-doctoral training at Case Western Reserve University. He had held 
independent positions at Vanderbilt University and the University of North Carolina at Chapel Hill, and is currently Professor and Head of the Department 
of Genetics at North Carolina State University. He has won March of Dimes Basil O’Conner, V Foundation, and Jefferson Pilot Scholar awards and been 
elected a Fellow of the AAAS. He currently serves as President of the International Mammalian Genome Society and was a co-founder of the Complex Trait 
Consortium.  His laboratory uses the mouse as an experimental genetic model to investigate factors that contribute to inter-individual differences in health 
and disease. His current research activities include the identification and functional characterization of alleles contributing to cancer susceptibility and the 
genetics of environmental response. His group is also developing new genetic and computational tools to support mammalian systems genetic approaches 
to phenotypes with complex genetic and environmental etiologies. They are leading a large international effort to develop and exploit a new mouse 
genetic resource that will support the integration of genetics into systems biological analyses at the whole animal level. These efforts are based upon the 
Collaborative Cross, which is a unique recombinant inbred population of mice that have randomly assorted the genetic polymorphisms present in the eight 
founder inbred strains.

 
 
 
 
 

NF1 Patient Representative: Benjamin Ellis 
 
This is Flynn Ellis and his parents, Shannon and Ben. They live in Jackson, Wyoming where they enjoy the outdoors by camping, 
climbing, skiing and hiking. They live in a solar electric house and have elk, deer, and coyotes in their yard. Flynn loves to 
bike, ski, and use his imagination. He is learning to play the violin. Flynn is close to his grandparents and cousins and loves to 
give family performances. Flynn just finished his kindergarten year at the Journeys School where his mom is an elementary 
school teacher. He is learning to read and loves to listen to stories and think about big numbers. Flynn’s dad, Ben, is a county 
commissioner in Teton County, Wyoming and works on wind energy projects in the west. The family has spent a lot of time in 
the past three years building a new house. Some day Flynn would like to open his own restaurant and make wooden toys. 

 
NF2 Patient Representative: Sheila Hostetler Heal, CFM  
 
Full-time advocate for NF, serving on the board of Advocure NF2, Inc., appreciates and follows the contributions of Children’s 
Tumor Foundation, NF Inc., the CDMRP, NIH, and all NF researchers and clinicians.   
 
Home in Northern California (Windsor), husband David, an airport manager/planner and avid pilot, our daughter Kathryn, 19, 
mathematics major at UCLA.  Kathryn has the spontaneous mutation NF2, developing multiple CNS tumors. 
 
Trained in architecture and building construction, have spent much of my career as a Certified Facility Manager in the medical 
device industry for companies such as Medtronic, Boston Scientific, Nellcor, and DexCom.   

 
Schwannomatosis Patient Representative: Jill Beck 
 
As Director of the Children’s Tumor Foundation’s Racing4Research fundraising program, Jill is able to combine her love of motor 
sports with her passion for helping to find a cure for NF.  Mother to Jack (13) and Gracie (3), Jill resides in Southern California 
with her husband Bob.  Bob has schwannomatosis which is presently limited to the lumbar region of his spinal canal.  His first 
schwannoma was discovered in 1991 at the age of 26; he was diagnosed with a spontaneous form of schwannomatosis in 
2005. 
 
Jill is an award-winning designer and earned a B.S. in Industrial/Environmental Graphic Design from Art Center College of 
Design in Pasadena, California. 
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Intratumoral Concentration and Activity of Lapatinib in Human Vestibular Schwannomas 
 
Jaishri Blakeley, MD  
Johns Hopkins University 
 
Preclinical studies show that EGFR and ErbB2 are over-expressed in human vestibular schwannomas (VS) and that inhibition results in decreased schwannoma 
cell proliferation (Ammoun et al., Neuro Oncol 12(8), 2010). Lapatinib is an EGFR/ErbB2 inhibitor and an attractive agent for clinical development in VS patients. 
However, drug concentration and activity of lapatinib in human schwannoma tissue in vivo are unknown. The goal of this study is to assess the achievable 
intratumoral concentration and biological effects of lapatinib in human VS. 
 
Adult patients with NF2-associated or sporadic VS who met all eligibility criteria and gave informed consent, were prescribed lapatinib 1,500 mg daily orally 
for 10 days immediately preceding surgery for VS resection.  At the time of surgery, snap-frozen tumor samples and blood samples were collected. Control 
samples were obtained from additional VS patients who did not take lapatinib.  
 
At the time of submission, preliminary data is available on five VS patients (four sporadic, one NF2-associated) and six control patients. There were 3 men 
and 8 women; the mean age of patients enrolled was 44 years. Overall, lapatinib was well tolerated and no dose modifications were necessary due to adverse 
events (AE). Drug-associated AEs were mostly minor (grade 1–2) and included rash, diarrhea, fatigue and headache. One patient experienced tongue swelling 
(grade 3). Plasma pharmacokinetic (PK) data from the five treated VS patients shows a mean lapatinib concentration of 12,503 ± 1,820 ng/ml (pre-operative) 
and 8,898 ± 986 ng/ml (post-operative). Immunohistochemical analysis confirmed expression of EGFR and/or ErB2 in 4/5 (80%) of treated and 5/6 (83%) of 
control samples. Tissue PK data and further molecular studies, including target receptor inhibition, are pending and will be presented.  
 
We conclude that early-phase/translational clinical trials with molecular targeted agents are feasible in patients with VS, including NF2 patients. Such trials may 
help identify and prioritize suitable drugs for efficacy trials and accelerate the development of therapies in this rare patient population.          
 
Additional Authors: Jaishri Blakeley MD, Johns Hopkins University; Amanda Bergner MS CGC, Johns Hopkins University; Marco Giovannini MD PhD, House 
Ear Institute; Bradley Welling MD PhD, Ohio State University; Beth Miles-Markley MS, Ohio State University; John Niparko MD, Johns Hopkins University; Rafael 
Tamargo MD, Johns Hopkins University; John Golfinos MD, NYU Langone Medical Center; Thomas Roland MD, NYU Langone Medical Center; Jeffrey Allen MD, 
NYU Langone Medical Center; William Slattery MD, House Ear Institute; Matthias Karajannis MD MS, NYU Langone Medical Center. 
 
Granting Agencies: Children’s Tumor Foundation and GlaxoSmithKline. 

 
Meningioma response to bevacizumab: A retrospective analysis of treatment results in 14 NF2 patients 
 
Fabio P. Nunes, MD 
Massachusetts General Hospital and Harvard Medical School 
 
Dermal neurofibromas are common in NF1. They usually are asymptomatic, but may cause pain and itching. Previous reports suggested intralesional 
Meningiomas are a major cause of morbidity and mortality in patients with neurofibromatosis 2 (NF2). No medical treatments are currently available for tumors 
that are not amenable to surgical resection or radiation therapy. Recently, we have demonstrated that bevacizumab, an anti-VEGF antibody, improves hearing 
function and decreases vestibular schwannoma (VS) size in some NF2 patients.  
 
To determine the response of meningiomas to bevacizumab, we performed a retrospective analysis of 14 NF2 patients with meningiomas who were treated with 
bevacizumab for progressive VS between 2007 and 2010. Patients received bevacizumab 5 mg/kg i.v. every two weeks, with dose modification as clinically 
indicated for adverse events. Baseline MRI scan was performed approximately 1 month prior to start of treatment, and follow up MRI scans performed every 
3 – 6 months after therapy was initiated. A radiographic response was defined as ≥ 20% decrease in tumor volume compared with baseline measurements; 
progression was defined as ≥ 20% increase in volume from baseline measurements.  All other responses were considered stable disease.  
 
A total of six men and eight women were treated with bevacizumab for a median of 15.5 months (range, 6 – 36 months). The mean patient age was 29.5 years 
(range, 16 to 63 years).  A total of 40 meningiomas (per patient: mean, 2.85; range, 1-7) were analyzed for response to therapy. A radiographic response was 
noted in 12/40 meningiomas (30%). Over the duration of this study only seven tumors (17.5%) remained in response, 20 progressed (50%), and 13 remained 
stable (32.5%). There was no correlation between tumors response in a single patient, with some meningiomas responding to therapy and others progressing in 
the same patient. 
 
Our results suggest that bevacizumab was only effective in decreasing meningioma size in a minority of meningiomas. A phase 2 study of bevacizumab in NF2 
patients is ongoing and will help clarify the effect of bevacizumab treatment in this patient population. 
 
Additional Authors: Fabio P. Nunes, M.D., Massachusetts General Hospital; Vanessa Merker, BS, Massachusetts General Hospital; Dominique Jennings, Ph.D., 
Massachusetts General Hospital; Paul Caruso, M.D., Massachusetts General Hospital; Anat Stemmer-Rachamimov, M.D., Massachusetts General Hospital, Scott 
R. Plotkin, M.D., Ph.D., Massachusetts General Hospital 
 
Acknowledgement: Made possible by grants 5-T32-GM007748-32 (FPN) and 5P01NS024279 (SRP).

Selected Platform Presentations                   SESSION 8A: CLINICAL NF2 , June 12  8:00-9:30PM
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Characterisation of Gallium-Octreotide PET findings in patients with tumors associated with Neurofibromatosis Type 2 
 
Simone Ardern-Holmes, MBChB, FRACP 
The Children’s Hospital at Westmead, Australia 
 
New medical treatment options are urgently needed for vestibular schwannomas and meningiomas associated with Neurofibromatosis Type 2 (NF2).  Some 
benefit has been demonstrated with somatostatin analogues in a limited number of patients with recurrent sporadic meningiomas, which typically express 
somatostatin receptors, but not patients with NF2 to our knowledge.  Somatostatin analogues are thought to exert antiproliferative effects via both direct and 
indirect means. Direct effects occur via binding to somatostatin receptors on tumour cells inhibiting the cell cycle and growth factors, and exerting a pro-
apoptotic effect. Indirect benefits may also occur via anti-angiogenesis, inhibition of hormone and growth factor synthesis and modulation of the immune 
system.   
 
In order to select patients most likely to respond to treatment, the presence of somatostatin receptors on tumour tissues can be assessed using Gallium-
Octreotide PET scans. Octreotide avidity (measured as maximum standardized uptake value, or SUVmax) serves as an estimate of somatostatin receptor 
density and potential response to somatostatin analogues.  We have performed Gallium-Octreotide PET scans for 2 children and 10 adults with symptomatic 
NF2 associated tumours at Westmead Hospital, Sydney, Australia.  SUVmax will be correlated firstly with presumed tumor type based on radiologic 
appearance and pathology where available, and secondly with tumor growth rate. 
 
Preliminary results indicate SUVmax varies considerably among NF2 associated tumours.  As expected, meningiomas often demonstrate high SUVmax 
(octreotide avidity).  Schwannomas demonstrate variable SUVmax.  Some vestibular schwannomas also demonstrate modest octreotide avidity (above 
background). 
 
A single male aged 24 years with multiple progressive spinal and intracranial tumors not amenable to further surgical intervention is being treated with the 
somatostatin analogue lanreotide. Clinical response as indicated by symptomatic improvement and 3 dimensional volumetric MRI data at baseline versus 3 
months will be presented.  Radiographic response (defined as stabilisation of growth or decrease in size of progressive lesions at baseline) will be considered 
in light of the pre-treatment Gallium-Octreotide PET results for the patient to assess whether high SUVmax correlates with treatment response. 
 
Somatostatin analogues warrant further evaluation as a treatment for NF2 associated tumours.  Further work is needed to critically assess the utility of 
Gallium-Octreotide PET as a tool for selecting NF2 patients to treat with somatostatin analogues.  
 
Additional Authors: Wong, Mark., Saunders, C. (Westmead Hospital, University of Sydney) and North, K.N. (Children’s Hospital at Westmead, University of 
Sydney, Australia

  
The NFTI-QOL: A new disease-specific quality of life score for NF2 
 
Rachael Hornigold, MRCS  
Guy’s and St Thomas’ NHS Foundation Trust, United Kingdom   
 
Neurofibromatosis 2 (NF2) is a rare, autosomal dominant tumour suppressor disorder, characterised by the development of bilateral vestibular schwannomas. 
Recent advances in the understanding of the molecular biology of NF2 have led to the identification of potential targets for drug therapy. The aim of this study 
was to develop a reliable and validated disease-specific score to measure quality of life (QOL) in people with NF2 as an assessment tool in clinical practice and 
in treatment trials.  
 
The NFTI-QOL was designed using a stepwise technique. Items were generated and used to form a pilot questionnaire, which was developed using factor 
analysis, to reduce the number of items in to 8. The NFTI-QOL was then posted to 65 NF2 patients. In addition, the patients were asked to complete two 
generic quality of life questionnaires (SF-36 and EuroQOL) for validation. The NFTI-QOL was also administered to 30 patients with solitary vestibular 
schwannoma and 30 normal controls.  
 
The questionnaires were completed by 50 of the 65 patients (76% response rate).  The mean NFTI-QOL score was 9.4 (range 0-20, maximum possible score 
= 24). NFTI-QOL score correlated strongly and significantly with the EuroQOL and with all domains of the SF-36 (Pearson correlation, p≤0.001). There was 
no correlation of score with gender or age, but there was a strong significant correlation with NFTI-QOL score and physician-ranked disease severity (Pearson 
correlation, p<0.001). There was a highly significant difference between total NFTI score in patients with NF2 compared to those with a solitary vestibular 
schwannoma (two-tailed t-test, p=0.002) and healthy controls (p<0.001).  
 
We have developed a new 8-point disease-specific QOL score for patients with NF2 which has been validated against the SF-36 and EuroQOL. This tool is 
quick and easy to complete and is suitable for use as a quantitative marker of quality of life in both the clinical and research setting. The NIFTI-QOL correlates 
significantly and strongly with disease severity in NF2, with stronger correlation than the SF-36 in this regard. 
 
Additional Authors: John F Golding DPhil, University of Westminster, Guy Lechziner PhD MRCP, Rupert Obholzer FRCS, Michael J Gleeson MD FRCS, Nick 
Thomas MD FRCS, Daniel Walsh MD FRCS, Shakeel Saeed MD FRCS, Rosalie E Ferner MD FRCP.  NSCT Neurofibromatosis Service, Guy’s and St Thomas’ 
NHS Foundation Trust, London, UK 
 
This research was kindly funded by the Bernice Bibby Charitable Trust.
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Relationship between whole body tumor burden and quality of life in patients with NF1, NF2 and schwannomatosis 
 
Vanessa Merker 
Massachusetts General Hospital and Harvard Medical School 
 
NF1, NF2, and schwannomatosis are a group of related genetic disorders in which affected individuals share the predisposition to develop multiple 
neurofibromas and schwannomas.  While previous studies have investigated the relationship between cutaneous tumor burden and quality of life, the relation 
between internal tumors and quality of life is unknown.   
 
As part of an IRB-approved research study, we performed whole-body MRI and administered the short form (SF)-36 to 244 adult subjects with NF.  The number 
of internal nerve sheath tumors in each patient was identified by a board-certified radiologist and tumor volume was calculated using semi-automated volumetric 
analysis.  SF-36 subscales were compared to population norms using t-tests, and tumor volume and number were correlated with SF-36 subscales using 
Spearman’s rank correlation coefficient.   
 
The study included 142 subjects with NF1, 53 subjects with NF2, and 49 subjects with schwannomatosis.  NF1 patients showed a significant decrease in the 
physical role, emotional role and mental health subscales, as well as the mental summary scale compared to the general population (p<0.05).  NF2 patients 
showed a significant decrease in the physical functioning, physical role, general health, and social functioning subscales, as well as the physical summary 
scale compared to the general population (p<0.05).  Schwannomatosis patients showed a significant decrease in the bodily pain subscale (p<0.05).  Tumor 
volume and count did not correlate with any SF-36 scales in patients with NF1 or NF2.   However, tumor volume did correlate with the bodily pain subscale in 
schwannomatosis patients (rho= -.32, p=0.03).  
 
Patients with NF1, NF2, and schwannomatosis face unique challenges.  In our single institution cohort, decreased quality of life in NF1 patients was 
predominantly related to mental health while in NF2 patients it was predominantly related to physical health.  Schwannomatosis patients also experience 
impairment in quality of life related to bodily pain, a phenomenon that appears related to their whole-body tumor burden.  
 
Additional Authors: Victor F. Mautner, MD, University Hospital Hamburg-Eppendorf; Wenli Cai, PhD, Massachusetts General Hospital; Gordon J. Harris, PhD, 
Massachusetts General Hospital; Alona Muzikansky, PhD, Massachusetts General Hospital; Ara Kassarjian, MD, Corades, S.L., Madrid; Miriam A. Bredella, MD, 
Massachusetts General Hospital; and Scott R. Plotkin MD, PhD, Massachusetts General Hospital. 
 
Funding acknowledgement: Department of Defense CDMRP NF Research Program Award to SRP

     
The Schwannomatosis International Database: An Update 
 
Amanda Bergner, CGC  
Johns Hopkins Comprehensive Neurofibromatosis Center 
 
Schwannomatosis is a recently recognized disorder, with diagnostic criteria first published in 2005. To date there is very little known about the natural history of 
schwannomatosis. It is thought to be a rare disorder with the incidence still to be determined. The population of identified affected individuals is small and the 
disorder has only recently been characterized so patients have been hard to definitively identify. Better understanding of natural history will lay a foundation for 
future advances in patient care, including treatment trials. Given the limited number of patients identified with the disorder, this is a challenging undertaking and a 
collaborative effort is desirable to allow for pooling of data from multiple centers.  
 
A robust database that is designed to address critical, hypothesis-driven research questions that are agreed upon by national and international experts is a 
powerful mechanism by which to achieve the goal of pooling data from multiple centers. The specific aims of this project were: (1) coordinate national and 
international experts in schwannomatosis to formulate key research questions; (2) translate key questions into specific data points; (3) design a web-based 
database to collect data across international treatment centers. Preliminary data would be gathered and analyzed to support an application for future funding to 
grow the project. The study period for this project is 24 months, ending in May 2011. 
 
A collaboration of international schwannomatosis experts from fifteen institutions in eight countries has been established and this group has come together 
to agree upon key questions based on current knowledge. The Schwannomatosis International Database (SID) was then designed and built around these 
core questions. The data points were chosen specifically to provide adequate information to researchers while remaining de-identified to protect patient 
confidentiality. The database is designed to be a platform from which multiple research endeavors can be launched, assisting researchers to identify subjects 
who might be appropriate for their studies.  
 
A steering committee composed of experts in the fields of schwannomatosis, database design and management, and clinical trials has been established for 
this collaboration and by-laws have been ratified. Individual researchers with a question in the field of schwannomatosis can submit a letter of intent to the SID 
Steering Committee. The research will be reviewed and, if approved, the database will be queried to connect the researcher with the centers that manage the 
patient(s) of interest. Processes and forms for application by researchers to join the collaboration and use data in the SID have been established. Data from four 
IRB-approved sites is being entered for preliminary analysis. The first letter of intent for a research study utilizing data from the SID has been received by the 
Steering Committee and is currently under consideration.  
 
This project has increased communication and collaboration within the schwannomatosis community of experts. It will also facilitate connections between 
researchers studying schwannomatosis and patients wanting to participate in research. Suggestions for trial design and evaluation of relevance to the 
schwannomatosis community will be evaluated through the process of steering committee review of letters of intent.  
 
Additional Authors: (presenting author first, PI last, remainder of collaborators are alphabetical by last name): Amanda Bergner MS CGC, Johns Hopkins 
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University; Dusica Babovic-Vuksanovic MD, Mayo Clinic; Jaishri Blakeley MD, Johns Hopkins University; Felix Bokstein MD, Tel-Aviv University; John Carrino 
MD MPH, Johns Hopkins University; Shlomi Constantini MD MSc, Tel-Aviv University; Gypsamber D’Souza PhD, Johns Hopkins University; Gareth Evans MD, 
University of Manchester; Rosalie Ferner MD FRCP, Guy’s Hospital, London; Jan Friedman MD PhD, University of British Columbia; Marco Giovannini MD PhD, 
House Ear Institute; Gordon Harris PhD, Massachusetts General Hospital; Jennifer Haythornthwaite PhD, Johns Hopkins University; Cynthia Hingtgen MD PhD, 
University of Indiana; Theo Hulsebos PhD, Academic Medical Center, Amsterdam; Lori Jordan MD PhD, Johns Hopkins University; Michel Kalamarides MD 
PhD, Beaujon Hospital; Bruce Korf MD PhD, University of Alabama at Birmingham; Fawn Leigh MD, Massachusetts General Hospital; Guy Leschziner MD, 
Guy’s Hospital, London; Antonio Machado MD, Johns Hopkins University; Viktor Mautner MD, University of Hamburg; Laura Papi MD, University of Florence; 
Scott Plotkin MD PhD, Massachusetts General Hospital;  Bernd Scheithauer PhD, Mayo Clinic; Anat Stemmer-Rachamimov MD, Massachusetts General 
Hospital;  Xiaobu Ye MD MS, Johns Hopkins University; Kaleb Yohay MD, Weill Cornell Medical Center; Allan Belzberg MD FRCSC, Johns Hopkins University. 
 
This research is generously funded by the Children’s Tumor Foundation

  
 
 
 
 
 
Monocytes/macrophages are the primary effectors of Nf1+/- vaso-occlusive disease 
 
Brian Stansfield, MD 
Indiana University School of Medicine 
 
Cardiovascular disease represents an under-recognized complication of Neurofibromatosis Type 1 (NF1) and contributes to excess morbidity and mortality.  
NF1 patients develop arterial occlusion in multiple organ systems resulting in ischemia and infarction.   Recently, our laboratory demonstrated that 
heterozygous inactivation of Nf1 (Nf1+/-) in endothelial cells and/or vascular smooth muscle cells was insufficient for arterial occlusion and intimal proliferation 
in vivo (Journal of Clinical Investigation 2010).  However, heterozygous inactivation of Nf1 in bone marrow derived cells (BMDCs) alone was necessary 
and sufficient for neointima formation after vascular injury.  Importantly, Nf1+/- neointimas were populated with bone marrow derived macrophages and NF1 
patients revealed excessive mobilization of inflammatory monocytes in their peripheral blood. 
 
Based on previous observations, experiments were conducted to directly test the hypothesis that Nf1+/- monocytes/macrophages are the primary bone marrow 
derived hematopoietic cell lineage responsible for neointima formation in vivo utilizing a transgenic mouse model of Nf1 vaso-occlusive disease. 
 
To generate mice with heterozygous inactivation of Nf1 specifically in monocytes and macrophages, lysozyme (LysM) cre-transgenic mice were crossed with 
Nf1flox/flox mice to produce the necessary experimental genotypes.  LysMcre and wild type (WT) C57Bl/6 mice underwent ligation of the right common carotid 
artery proximal to the bifurcation while the left common carotid artery was sham ligated as a control at 12-15 weeks of age.  Histological examination and 
morphometric analysis of both carotid arteries was performed using confocal imaging. 
 
We demonstrate that LysMcre mice have increased intimal hyperplasia following carotid artery ligation compared to WT mice with a large density of 
macrophages in the neointima.  LysMcre had a 10-fold increase in intimal area compared to WT mice.  Furthermore, medial area was similar in both groups 
while LysMcre mice had a 10 fold increase in intima/media ratio confirming that proliferation is limited to the intima of the artery.  Importantly, the neointimas 
of LysMcre mice were similar to Nf1+/- mice providing genetic evidence that Nf1+/- monocytes/macrophages are necessary and sufficient for vaso-occlusive 
disease in vivo. 
 
These data show that heterozygous inactivation of Nf1 in monocytes and macrophages triggers arterial occlusion in a mouse model of NF1 vascular disease.  
Further, these studies identify Nf1+/- monocytes/macrophages as a therapeutic target in treating NF1 vascular disease.    
 
Additional Authors:  Waylan Bessler; Julie Mund, MS; Kara Sarchet, PhD; Brandon Downing; Matt Distasi, PhD; Lucy Smiley; Fang Li; David A. Ingram, MD, 
Indiana University School of Medicine 
 
Funding provided by The University of Texas Southwestern P50 NS052606

 
Conditional inactivation of Pten and Nf1 in Schwann cells results in extremely rapid high-grade peripheral nerve sheath tumor development  
 
Vincent W. Keng PhD 
University of Minnesota Masonic Cancer Center 
 
The mechanisms responsible for genetic evolution from a benign neurofibroma to a malignant peripheral nerve sheath tumor (MPNST) in patients with 
neurofibromatosis type 1 (NF1) syndrome remains elusive.  It is hypothesized that many genetic changes are required for this transformation process.  
Currently, Schwann cells and/or their precursor cells are believed to be the primary pathogenic cell source in neurofibromas because they harbor biallelic 
neurofibromin 1 (NF1) gene mutation.  In a separate forward genetic screen for genes responsible for sporadic MPNST development using the Sleeping Beauty 
insertional mutagenesis system in mice, we found that higher-grade tumors tended to have more insertions in Pten and Nf1 and that they tended to co-occur 
(P < 7.94e-5).  In order to validate the role of these two genes in malignant transformation in vivo, transgenic mice carrying conditional floxed alleles of both 
genes were generated and bred with desert hedgehog (Dhh) regulatory element driving Cre recombinase transgenic mice (Dhh-Cre) to inactivate both genes 
in Schwann cells and/or their precursor cells.  Transgenic mice with both genes inactivated have a rapid postnatal lethality and severe peripheral nervous 
system phenotype.  These mice have multiple paraspinal neurofibromas, enlarged brachial plexus and trigeminal nerves.  Purified human Schwann cells from 
neurofibromas express less PTEN transcript than do normal human Schwann cells and MPNST’s typically express even less PTEN transcript.  Taken together, 
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our data suggests that reduced PTEN expression, together with NF1 loss, often drives the malignant transformation of neurofibroma to PNSTs.  Importantly, 
our novel mouse model can rapidly recapitulate the onset of human neurofibroma tumorigenesis and its progression to PNSTs and will be useful for testing 
therapies to prevent or reverse tumor progression. 
 
Additional Authors: Eric P. Rahrmann B.S., University of Minnesota Masonic Cancer Center, Adrienne L. Watson B.S., University of Minnesota Masonic Cancer 
Center, Barbara R. Tschida B.S., University of Minnesota Masonic Cancer Center, Walter J. Jessen Ph.D., Cincinnati Children’s Hospital Medical Center, 
Christopher L. Moertel M.D., University of Minnesota Masonic Cancer Center, Margaret H. Collins M.D., Cincinnati Children’s Hospital Medical Center, Nancy 
Ratner Ph.D., Cincinnati Children’s Hospital Medical Center, David A. Largaespada Ph.D., University of Minnesota Masonic Cancer Center 
 
Funding sources: Funding provided by the National Institute of Health-NINDS-P50 N5057531 & the Margaret Harvey Schering Trust

  
Identification of a novel modifier cooperating with NF1 in tumorigenesis 
 
Thomas De Raedt, PhD 
Brigham & Women’s Hospital and Harvard Medical School 
 
Based on their germ line mutation the NF1 population can be subdivided into 2 distinct groups. The majority of patients have a small mutation limited to NF1; 
in contrast about 5% of NF1 individuals have a recurrent microdeletion encompassing NF1 and 12 other genes. These microdeletion patients have a distinct 
phenotype, with a lower IQ, higher number of neurofibromas and a markedly increased risk for the development of MPNSTs. We hypothesized that one of the 
genes co-deleted with NF1 is a modifier of the NF1 tumor phenotype. We set up an shRNA screen and identified loss of SUZ12, a member of the Polycomb 
Repressive Complex 2 (PRC2) member, to cooperate with NF1 in tumorigenesis. Moreover Suz12 is homozygously lost in MPNSTs of both microdeletion and 
non-microdeletion patients, confirming the relevance of our findings. We further found that loss of SUZ12 cooperates with NF1 in other tumors like gliomas. As 
a member of the PRC2 complex, SUZ12 plays a crucial role in the repression of a large number of genes. Loss of SUZ12 could lead to the abberant activation 
of a number of oncogenes that contribute to tumor formation.  
 
Additional Authors: Eline Beert MS, Katholieke Universiteit Leuven, Leuven, Belgium; Eric Legius MD PhD, Katholieke Universiteit Leuven, Leuven, Belgium; 
Karen Cichowski, PhD, Brigham and Women’s Hospital, Harvard Medical School, Boston, USA 
 
This work is supported by the DOD; T.D. is a recipient of the Children’s Tumor Foundation YIA. 
 
Thomas De Raedt is currently funded by the Children’s Tumor Foundation Young Investigator Award Program

 
Role of EMT-related transcriptional factors in development of neurofibromas 
 
Hideyuki Saya 
Keio University School of Medicine, Japan 
 
Plexiform and/or dermal neurofibromas are nerve sheath tumors of the peripheral nervous system that are usually present in individuals with NF1. 
Neurofibromas arise from Schwann cells with biallelic inactivation of NF1. This protein is responsible for regulation of the Ras-mediated pathway, which has 
been shown to play a crucial role in epithelial-to-mesenchymal transition (EMT). EMT is a biological process that occurs during embryogenesis and wound 
healing and is involved in pathological processes such as organ fibrosis and cancer metastasis. However, the relationship between neurofibromin and EMT 
has not been elucidated. We investigated whether the EMT-related signaling pathway was upregulated in NF1-associated neurofibromas and Schwann cells by 
assessing the expression levels of the EMT-related transcription factors Snail, Slug, Twist, ZEB1, and ZEB2. Immunohistochemical studies and quantitative RT–
PCR revealed an increase in the expression levels of EMT-related transcription factors in neurofibroma specimens and NF1-derived Schwann cells (sNF96.2). 
In addition, the silencing of NF1 by siRNA induced the expression of EMT-related transcription factors in normal human Schwann cells and in epithelial-like 
breast cancer cells. Furthermore, the NF1-depletion enhanced cell motility and gross cell aggregation in Matrigel matrix. Our findings suggest that the loss of 
neurofibromin activated the EMT-related signaling pathway and that the excessive mesenchymal reaction plays a key role in the development of NF1-associated 
neurofibromas.  
 
Additional Authors: Arima, Y. (Keio University) and Kuramochi, A. (Saitama Medical University).

 
Elucidating the biological role of NF1 in sporadic cancer 
 
Ophélia Maertens, PharmD, PhD 
Brigham & Women’s Hospital and Harvard Medical School 
 
Defects in the NF1 tumor suppressor gene underlie the familial cancer syndrome neurofibromatosis type 1. More recently, NF1 and/or its encoded protein 
neurofibromin have been shown to be inactivated in sporadic tumors, suggesting that NF1 plays an even broader role in cancer. However, the biological role of 
NF1 loss in sporadic cancer remains unclear. 
 
We have recently discovered a potent cross-talk between RAF and NF1. Specifically, we have found that activation of the RAF/ERK pathway initiates a negative 
feedback loop to the RAS/PI3K/AKT pathway that is dependent on NF1. Our biochemical and cellular observations further suggest that neurofibromin can 
suppress the oncogenic effects of RAF through this pathway. These findings are of particular importance in light of the common mutational activation of 
BRAF in human melanoma. Oncogenic activation of BRAF induces senescence and, by itself, is thus insufficient for full progression from benign melanocytic 
hyperplasia to malignancy. To evaluate the potential cooperativity between BRAF and NF1 in melanoma development, we analyzed neurofibromin expression 
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levels in melanomas with BRAF mutations. Strikingly, we have found that neurofibromin is absent, and NF1 mutated, in a subset of these. Moreover, we have 
preliminarily observed a genotype-dependent pigmentation phenotype in our melanocyte-specific conditional Braf/Nf1 mouse model. 
 
Taken together, we demonstrate a potent feedback cross-talk between RAF and NF1 and propose that NF1 loss relieves a suppressive response conferred by 
RAF, thereby enhancing melanocyte proliferation. Our data provide important mechanistic insight into the contribution of the NF1 tumor suppressor gene in 
sporadic cancer and establish a previously unrecognized role for NF1 in melanoma development. 
 
Additional Authors: Bryan Johnson, Ph.D., Loren Saulsberry, Karen Cichowski, Ph.D. 
Brigham & Women’s Hospital and Harvard Medical School, Boston, MA 
Scientific Foundation Flanders (FWO) Post-doctoral Fellowship.

  
 
 
 
Identification and Characterization of Neurofibroma Initiating cells 
 
Fawn Leigh, MD  
Massachusetts General Hospital and Harvard Medical School 
 
Neurofibromatosis, type 1 (NF1) is the most common neurocutaneous syndrome with an incidence of 1 in 3,000.  Hallmark features include café au lait 
macules, bony dysplasias, and tumor growth.  Cutaneous neurofibromas are near-universal in NF1, but tumor burden can vary greatly between similarly 
aged patients. Family studies have implicated genetic modifiers as important determinants of the clinical variability of NF1. Such studies have particularly 
implicated modifier genes in determining the variation in tumor burden.  Identification of these modifiers of tumor development could have a profound impact on 
understanding of the mechanism of tumorigenesis and on the development of effective treatments, as modifier genes may provide therapeutic targets already 
validated as effective in humans. 
 
In an initial attempt to identify genetic modifiers of cutaneous neurofibroma tumor burden in NF1, we have performed a genomewide association analysis 
(GWA).  We tested the hypothesis that there are common SNPs or CNVs associated with extremes of cutaneous neurofibroma tumor burden.  300 subjects 
were identified as representing the top or bottom 15% of cutaneous tumor burden and were genotyped using the Affymetrix GeneChip 6.0 platform, providing 
909, 622 single nucleotide polymorphism (SNP) markers.  Summary statistics and identity-by-descent analysis were used to detect unknown relatedness or 
sample contaminations.   Data cleaning additionally applied inclusion thresholds for minor allele frequencies, missingness per SNP, missingness per individual 
and Hardy-Weinberg disequilibrium.  We performed a standard association analysis using PLINK, comparing the high tumor burden subjects to the low tumor 
burden subjects, to identify SNPs whose allele frequencies differ significantly between the groups. Our analysis revealed potential hits (P values of 10-4 to 
10-7) with multiple SNPs at each of several regions of the genome, though none reached genome-wide significance after correction for multiple testing.  These 
data indicate that there is no single common modifier responsible for the variation in tumor burden. However, each of these segments constitutes a candidate 
region that merits genotyping in an additional cohort of extreme subjects to either confirm or refute its modifier status, which is ongoing.  Copy number variant 
(CNV) analysis in our initial cohort is also in process. Ultimately, those SNPs and/or CNVs that are confirmed to show a significant modifier effect on NF1 
tumor burden will provide the basis for genetic and molecular follow-up experiments aimed at defining the precise mechanism of modification revealed by the 
associated genetic element.  As this genetic modifier strategy has great potential for NF1 but its power increases dramatically with the number of subjects 
genotyped, we hope the that this proof of principle pilot study will create the impetus for an expanded collaboration to identify NF1 genetic modifiers.  Therefore, 
we seek to solicit collaboration from all NF Clinics interested in a collaborative community-wide effort to address the cooperative identification of genetic 
modifiers of NF1.  
 
Additional Authors:  Fawn Leigh, Lan Kluwe, Victor Mautner, Douglas Stewart, Conxi Lazaro, Sarah Bergen, Scott Plotkin, Alexander Pemov, Jennifer Sloan, Lee 
Kaplan, Margaret Wallace, Ludwine Messiaen, Bruce Korf, Andre Bernards, and James Gusella.

 
Phase 2 trial of cediranib for NF1 plexiform and/or paraspinal neurofibromas 
 
Dusica Babovic-Vuksanovic, MD 
Mayo College of Medicine  
 
Plexiform neurofibromas and paraspinal neurofibromas cause major morbidity and mortality in neurofibromatosis type 1 (NF1). To date no medical treatment 
has demonstrated clear benefit for patients with NF1 and plexiform neurofibromas. 
 
Data suggest that vascular endothelial and basic fibroblast growth factors may contribute to both the angiogenesis and hypervascularity of neurofibromas and 
that events connected with angiogenesis might constitute a point of molecular vulnerability of NF-1 related tumors. We hypothesized that inhibition of pathologic 
angiogenesis will lead to arrest in tumor growth or tumor shrinkage. 
 
Cediranib, an orally available small molecule, is a potent inhibitor of all three VEGFRs, inhibiting VEGFR-2 (KDR; IC50 <0.002 microM), VEGFR-1 (Flt; IC50 = 
0.005 microM) and VEGFR-3 (Flt-4) at nanomolar concentrations. It also shows activity versus c-kit and is selective against other serine/threonine kinases. 
We opened a phase 2 open-label study using cediranib monotherapy and enrolled 26 adult patients between three participating medical centers: Mayo Clinic 
(16), Massachusetts General Hospital (9) and Washington University (1). The primary objectives of the study were: 1. To assess the efficacy of cediranib 
administered on an oral schedule in dose of 30 mg/day for two years in patients older than 18 years, with extensive plexiform and/or paraspinal neurofibromas, 
and 2. To describe and define the toxicities of cediranib, administered on a chronic oral schedule.  The primary endpoint of therapy is determined by a volume 
change of target tumors, based on 3-D MRI measurement. Two independent evaluators in a blinded fashion determined tumor volumes. Nine patients remain on 
therapy (duration of therapy so far is 18.2-41 months). Tumor regression of more than 20% was noted in three patients (2 after 3 cycles, and 1 after 9 cycles). 
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One additional patient had decrease in volume by 17.9% after three cycles of therapy and another patient had volume decreased by 12.9% after nine cycles, 
but both patients discontinued therapy such that long term follow up is not possible. No radiological progression of disease was noted in any of evaluable 
patients. One patient was excluded from analysis due to inability to accurately measure tumor volume. Seventeen patients withdrew from the treatment 
protocol due to drug toxicity (hypertension, diarrhea, weight loss etc), intercurrent illness or non-compliance. While our data is encouraging, more data is 
needed to assess efficacy of cediranib in patients with NF1.  
 
Additional Authors: Scott Randall Plotkin, M.D., Harvard School of Medicine, Massachusetts General Hospital; Gerald P. Linette, M.D., Ph.D, Washington 
University School of Medicine; Dr. Kimberly K. Amrami, Mayo Clinic, Keith S. Anderson, Mayo Clinic, Eric Richards, Mayo Clinic, Dr. Charles Erlichman, Mayo 
Clinic, Dr. Qian Shi, Mayo Clinic Eva Dombi, M.D. Pediatric Oncology Branch, NCI, Brigitte C. Widemann, M.D. Pediatric Oncology Branch  
 
Support: CTEP-NCI and AstraZeneca, P2C Contract N01-CM62205

  
Effect of vitamin D3 treatment on bone density in neurofibromatosis 1 patients  
 
Kimberly Jett 
University of British Columbia, Canada 
 
Neurofibromatosis I (NF1) is frequently associated with reduced bone mineral density (BMD) in children and adults. We have previously demonstrated an 
increased incidence of 25-hydroxy vitamin D3 deficiency in adults with NF1 during autumn or winter compared to healthy controls. Vitamin D3 is a cheap, 
safe, and effective supplement for treatment of vitamin D deficiency in the general population, but its value in NF1 patients with reduced bone mineral density 
is not clear. In this study we investigated the therapeutic potential of high dose oral vitamin D3 on bone mineral density in NF1 patients with vitamin D3 
deficiency.  
 
We measured serum 25-hydroxyvitamin D3, parathyroid hormone, calcium, and bone alkaline phosphatase concentrations, urinary deoxypyridinoline 
concentrations and bone mineral density in 35 NF1 patients over 30 years of age. Nineteen patients with low initial serum 1, 25-hydroxyvitamin D 
concentrations were supplemented with vitamin D3 for two years, 6 patients were supplemented for one year and 10 patients received no supplementation.  
Supplementation was given in a dose that maintained the serum 25-hydroxyvitamin D3 level above 30 µg/l. BMD was assessed again after one and two 
years, and biochemical measurements of bone metabolism were performed at least every half year during therapy.   
 
Treated subjects had significantly improved BMD in hip (p = 0.011) and lumbar spine (p = 0.022) in comparison to untreated subjects. BMD at the hip was 
significantly improved at one year in comparison to baseline (p= 0.02) and was further improved at two years in comparison to measurements at one year 
(p= 0.02). 
 
Supplementation with vitamin D3 leads to improved BMD in adult NF1 patients. Further studies are needed to elucidate the mechanisms responsible for 
reduced bone mineral density in NF1. 
 
Additional Authors: Kimberly Jett3, *Claudia Schnabel1, Jan M. Friedman3, Isolde Frieling4, Hans-Peter Kruse4, Victor Mautner2 
* These authors contributed equally to this study. 
 
1 Institute of Clinical Chemistry, Medicine, University Hospital Hamburg Eppendorf 
2 Department of Maxillofacial Surgery, University Hospital Hamburg-Eppendorf 
3 Department of Medical Genetics, University of British Columbia, and Child & Family Research    Institute, Vancouver, Canada

 
Phase 2 Pilot Study of Imatinib in Neurofibromatosis (NF1) Patients with Plexiform Neurofibromas (PN) 
 
Kent Robertson, MD, PhD 
Indiana University School of Medicine 
 
NF1 is a common inherited disorder resulting from mutations in the neurofibromin gene and associated with a variety of tumors. PN’s occur in 20-40% of NF1 
patients and result from loss of heterozygosity of neurofibromin in Schwann cells. PN’s are refractory to conventional chemotherapy and often unresectable. 
Pre-clinical studies and clinical reports have defined the role of the c-KIT receptor, c-ABL, and PDGFR tyrosine kinases in PN growth and response to the 
tyrosine kinase inhibitor imatinib.  
 
We conducted a phase 2 pilot study to examine the response of measurable, clinically significant PN’s in NF1 patients to imatinib. The primary endpoint 
was PN size by MRI cross sectional area: responsive > 5% reduction; progression > 5% increase; stable < 5% change. Secondary endpoints included 
symptomatic improvement, expression of 15 plasma cytokines, and safety/toxicity of imatinib.   
 
36 pediatric/adult NF1 patients with PN’s were enrolled and treated with imatinib; 440 mg/m2/day in children < 19 years old and 800mg/day in adults 19-52 
years old. Eleven grade 3/4 toxicities were observed (wt gain, rash, liver functions and blood counts). 12 patients withdrew from study prior to the 6 month 
endpoint with 3 from toxicity. Of 24 evaluable patients, 9 (38%) responded with tumor reduction of one or more PN’s; 2 (8%) with stable disease, and 13 
(54%) had progression of tumor growth. Out of 87 PN’s measured, 17 had a reduction in size (7 - 45%) projecting a relative response rate of 20% for tumor 
reduction (12-29%, 95% CI).  There were 23 PN’s (26%) that progressed and 47 PN’s (54%) were stable. Symptom improvement was reported by 6 of 11 
(55%) of patients with non-progressive disease and 1 of 13 (8%) of patients with progression following 6 months of oral imatinib (p = 0.023). A panel of 15 
plasma cytokines after 6 months of therapy showed > 2 fold increase in levels in 24% of cytokines measured in patients with progressive disease compared 
to 2% in patients without progression (p< 0.0001).     
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A subset of NF1 patients with PN’s treated with imatinib have reductions in tumor size associated with symptom improvement. 2) cytokine expression correlates 
with tumor response. 
 
Additional Authors: K.A. Robertsona MD, PhD,  D.C. Bowersb MD,  F.C. Yanga MD, PhD, T.A. Vika MD, C. Hoa MD,  J.M. Croopa MD, PhD,  L.E. Walsha MD,  C.M. 
HingtgenaMD, PhD,  K. Pradhana MD, G.D. Hutchinsa PhD, J.W. Fletchera MD,  M.D. Cohena MD,  M. Edwards-Browna MD, J.B. TraversaMD, PhD,  M. Yua PhD,  
G. Nalepaa MD, PhD, S.C. DenneaMD,  D.A. Ingrama MD,  and D.W. Clappa MD. 
 
a, Indiana University School of Medicine; b, University of Texas Southwestern Medical School 
 
Support: Novartis Pharmaceuticals Corporation, supplied imatinib (Gleevec).

 
Lovastatin normalizes the brain spontaneous low-frequency fluctuations in children with Neurofibromatosis type 1 
 
Maria T. Acosta, MD 
Children’s National Medical Center 
 
In the NF1 mouse model, lovastatin improves cognitive deficits. In preparation for a multicenter clinical trial of lovastatin, a Phase 1 safety open label trial was 
conducted. Seven participating children with NF1 underwent fMRI scans pre- and post-treatment. Here we present an initial examination of functional connectivity 
(FC) in Default Network (DN) architecture, which has been implicated in typical brain maturation. 
 
In a subgroup of 7/24 patients treated at the Gilbert Neurofibromatosis Institute; fMRI was obtained as part of a Phase 1 safety trial using lovastatin as a treatment 
for cognitive deficits in children with NF1. For each participant, a 7-minute EPI scan was collected at baseline (off-drug) and after treatment (on-drug) (TR=3000 
ms; TE=30 ms; flip angle=90°, 39 slices, matrix=64°—64; FOV=192 mm; acquisition voxel size= 3x3x3 mm). Children were scanned while performing a 
Flanker task. By removing the task-induced variance from the event-related data, the remaining residuals can be considered as “continuous resting-state” data. 
Accordingly, we modeled the task-related BOLD response to regress out the associated variance. Subsequently we carried out functional connectivity analyses 
on this “resting state” signal using 11 DN regions of interest. For each NF1 participant and for an illustrative group of 41 age-matched healthy controls collected 
elsewhere, we calculated voxel-wise correlations for the time series of each seed, creating subject-level FC maps (Fisher’s Z transformed). Group-level analyses 
were then carried out using a random-effects ordinary least squares model (min Z > 2.3; cluster significance: p < 0.05, corrected).  
 
Functional connectivity within the DN differed significantly across off- and on-drug conditions. In particular, lovastatin increased positive RSFC within DN regions 
along the anterior-posterior axis, with a significant increase of long-range positive relationships between core regions (i.e., between anterior medial prefrontal 
cortex and posterior cingulate cortex (PCC). In addition, lovastatin produced more focal (less diffuse) local RSFC in the dorsomedial prefrontal cortex and the PCC. 
Moreover, the pattern of connectivity found in the NF1 participants for the on-drug condition closely resembled the connectivity patterns exhibited by the age-
matched healthy controls.  
 
Open lovastatin administration in this small sample appeared to normalize anterior-posterior and local functional connectivity within the DN. The pattern of results 
is consistent with normalization of developmental processes, and with apparent benefits in a mouse model. Although interpretation is necessarily tentative because 
of the sample size, these results suggest that continued examination of the potentially beneficial effects of lovastatin in NF1 is warranted.  
Additional Authors: Camille Chabernaud1, PhD, Maarten Mennes1, PhD, Peter Kardel2, MD, William D. Gaillard3, MD, M. Layne Kalbfleisch4, PhD, John W. Van 
Meter5, PhD, Roger J. Packer2,3, MA, Michael P. Milham1,6,  MD, PhD, Francisco X. Castellanos1,6, MD, Maria T. Acosta2,3, MD 
 
1 Phyllis Green and Randolph Cowen Institute for Pediatric Neuroscience, NYU Langone Medical Center 
2 Jennifer and Daniel Gilbert Neurofibromatosis Institute, Children’s National Medical Center 
3 The Center for Neuroscience and Behavioral Medicine, Children’s National Medical Center 
4 Krasnow Institute for Advanced Study, George Mason University 
5 Center for Functional and Molecular Imaging, Georgetown University Medical Center 
6 Nathan S. Kline Institute for Psychiatric Research 
FUNDING – Jennifer and Daniel Neurofibromatosis Institute

 
Treatment of Progressive Hypothalamic/ Optic Pathway Gliomas in Children with Neurofibromatosis Type 1: a Report from the Children’s Oncology Group 
(COG) 
 
Joann Ater, MD  
UT MD Anderson Cancer Center 
 
Purpose:  To evaluate tumor response and control, children with NF1 and progressive hypothalamic/ optic pathway gliomas were enrolled and treated on COG 
A9952 protocol with carboplatin and vincristine.   
 
Previously untreated children less than 10 years old with progressive or residual low grade gliomas were eligible. Children with neurofibromatosis type 1 (NF1) 
with radiographic progression of hypothalamic/ optic pathway gliomas were assigned to carboplatin and vincristine (CV).  Optic nerve gliomas without extension 
into the chiasm or posterior radiations were excluded. MRI studies were centrally reviewed for tumor size, location, and tumor response.  The primary end points 
were event-free survival (EFS) and overall survival (OS).  Events were defined as tumor progression, death from any cause, and second malignant neoplasm.   
 
Of 401 patients who met eligibility requirements for A9952, 127 had NF1 and  received CV.  The 5-year event-free (EFS) and overall survival (OS) rates for all 
eligible non-NF group were 53% ± 2.6% and 90% ± 1.6% respectively.  The 5-year EFS and OS for the NF-CV group was 69% ± 4% and   98%+-1%.  Objective 
tumor response rate was also higher for children with NF1.  Median follow-up of patients without an event was 5.8 years.  On multivariate analysis, factors 
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independently predictive of EFS were diagnosis of NF1, amount of residual tumor, and age. For the NF children, age was not a prognostic factor, but tumor 
size was significant.   Acute toxicity related carboplatin and vincristine was similar in NF1 and non-NF children.  There were 3 second malignant neoplasms 
in children with NF: anaplastic astrocytoma, acute myeloid leukemia, and sarcoma that occurred a median of 88 months after enrollment.  All 3 also received 
temozolomide for progression before diagnosis of the SMN.   
 
Children with NF1 tolerated carboplatin and vincristine well and had tumor response rate and EFS that were superior to children without NF.  The second 
malignant neoplasms occurred only in patients who had progression and received secondary treatment with temozolomide.   
 
Additional Authors: Tianni Zhou, PhD and Emi Holmes, MS, COG Operations Office; Richard Sposto, PhD, Children’s Hospital Los Angeles; Gilbert Vezina, MD, 
Roger Packer, MD, National Children’s Medical Center; Timothy Booth, MD, Dallas Children’s Hosp; Claire Mazewski, MD, Health Care Atlanta; Ian Pollack, 
MD, Children’s Hosp. of Pittsburgh.

 
 
 
 
 
Drosophila Alk Receptor Tyrosine Kinase controls Neurofibromin-dependent Growth and Learning: a novel therapeutic target in NF1? 
 
Jean Y. Gouzi, PhD  
Massachusetts General Hospital and Harvard Medical School 
 
Anaplastic Lymphoma Kinase (Alk) is a Receptor Tyrosine Kinase (RTK) activated in several cancers, but its physiological functions remain largely unknown. 
We have identified two unexpected roles for the Drosophila dAlk ortholog in body size determination and associative olfactory learning. Remarkably, reducing 
dAlk activity in neurons increases body size and enhances associative learning, supporting an inhibitory role of the RTK in both processes. Conversely, dAlk 
activation causes body size reduction and learning deficits, resembling phenotypes of mutants lacking dNf1, a conserved ortholog of the neurofibromatosis 
type 1 (NF1) disease gene, encoding a Ras GTPase Activating Protein. Among other findings, dAlk and dNf1 co-localize extensively and functionally interact 
in the larval and adult nervous system. Importantly, genetic or pharmacological inhibition of dAlk rescue all tested dNf1 phenotypes, including reduced 
body size, adult learning deficits and Extracellular-Regulated-Kinase (ERK) overactivation. Our results argue that dAlk is an activator of dNf1-regulated Ras 
signals responsible for defects that resemble human NF1 symptoms, implicating human Alk as a potential therapeutic target in NF1. Current efforts focus on 
uncovering additional and novel genetic modifiers of dNf1 growth and/or learning deficits. 
 
Additional Authors: Jean Y. Gouzi1,2, James A. Walker1, Anastasios Moressis2, Anthi A. Apostolopoulou2, Ruth H. Palmer3, Efthimios M.C. Skoulakis2 and André 
Bernards1  
1Center for Cancer Research, Massachusetts General Hospital / Harvard Medical School, Charlestown, USA. 2Institute of Cellular and Developmental Biology, 
BSRC “Alexander Fleming”, Vari, GREECE. 3Department of Molecular Biology, Umeå University, Umeå, SWEDEN.  
 
Acknowledgements: Funded by a Young Investigator Award from the Children’s Tumor Foundation (JYG). 
 
Jean Y Gouzi is currently funded by the Children’s Tumor Foundation Young Investigator Award Program 

  
TC21 is a crucial mediator of TGF-beta signaling in NF1 tumorigenesis 
 
Deanna M. Patmore 
Cincinnati Children’s Hospital Medical Center 
 
The TC21/R-Ras2 protein is an oncogenic member of the Ras family. This Ras-related GTPase has transforming capabilities similar to H, N and K-Ras. 
Activated alleles of TC21 transform epithelial and fibroblast cell lines and induce tumors in vivo. Ras proteins act as binary switches which are ‘active’ when 
bound to GTP and ‘inactive’ when bound to GDP. GTPase activating proteins (GAPs) accelerate the hydrolysis from Ras-GTP to Ras-GDP. The NF1 protein, 
neurofibromin is a GAP for Ras proteins including TC21/R-Ras2. Thus loss of NF1 predicts increased levels of activated TC21/R-Ras2. Loss of NF1 in 
Schwann cells of the peripheral nervous system give rise to benign tumors known as neurofibromas. These tumors have the capacity to become malignant, 
forming malignant peripheral nerve sheath tumors (MPNSTs). The cytokine transforming growth factor-beta (TGF- beta) can act as a tumor suppressor in 
benign tumors and is also known for its oncogenic role in cellular transformation and tumor progression. TGF-beta cooperates with members of the Ras 
superfamily to promote malignancy but the role of TC21 in this process is unknown. Using transgenic mouse models, we determined the effects of loss of 
TC21 on neurofibroma and MPNST formation. We also used in vitro studies to examine the effects of TGF-beta on Schwann cell progenitors. In this study, we 
show that Nf1 mutation renders Schwann cell progenitors insensitive to TGF-beta and this correlates with tumorigenesis. In the absence of TC21, Nf1 mutants 
restore TGF-beta sensitivity and benign tumorigenesis is delayed. In a malignant state, loss of TC21 increases malignancy, effects correlating with increased 
TGF-beta. These results suggest that TC21 is a major regulator of TGF-beta effects on tumorigenesis. These data propose an important role for the non 
classical Ras protein TC21 in neurofibromatosis type 1 and provide a better understanding of these proteins in the disease. 
 
Additional Authors: Sara Welch MS, Cincinnati Children’s Hospital Medical Center; Patricia Fulkerson MD, Cincinnati Children’s Hospital Medical Center; 
Jianqiang Wu MD, Cincinnati Children’s Hospital Medical Center; David Eaves BS, Cincinnati Children’s Hospital Medical Center; Jennifer J. Kordich, Cincinnati 
Children’s Hospital Medical Center; Margaret H. Collins MD, Cincinnati Children’s Hospital Medical Center; Timothy Cripe MD, Ph.D, Cincinnati Children’s 
Hospital Medical Center; Nancy Ratner Ph.D., Cincinnati Children’s Hospital Medical Center. 
 
Supported by NIH P50-NS057531 (to NR)
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Merlin plays important roles during mouse mammary gland development and tumorigenesis  
 
Jie Huang, MD, PhD  
Nationwide Children’s Hospital and The Ohio State University 
 
Merlin, the NF2 gene product, is frequently inactivated in neurofibromatosis type 2 (NF2)-associated vestibular schwannomas and other nervous system 
tumors. NF2 mutations have been found in mesotheliomas, pheochromocytomas, gliomas, colorectal carcinomas, and breast cancers, suggesting that merlin 
may play a role during the development of these tumors. Merlin is expressed in various cell types, including mammary epithelial cells; however, its role in 
these cells is not known. To better understand whether merlin has any function during mammary gland development and tumorigenesis, we inactivated Nf2 
in mammary epithelial cells at different stages of mammary gland development using MMTV-Cre (Nf2MMTV CKO), Wap1-Cre (Nf2Wap CKO), and Blg-Cre 
(Nf2Blg CKO). MMTV-Cre-mediated excision of exon 2 of the Nf2 gene led to embryonic lethality due to brain and heart defects prior to embryonic day (E) 
12.5. The mammary buds in E12.5 Nf2MMTV CKO embryos were substantially under developed. 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. While Nf2 inactivation 
did not affect the distribution of adherens junction (AJ) components, it prevents redistribution of tight junction (TJ) components during the transition from 
pregnancy to lactation. Importantly, Nf2-deficient luminal epithelial cells showed greatly reduced phospho-Jak2 and phospho-Stat5 during lactation, suggesting 
that merlin may regulate the Jak2/Stat5 signaling pathway. Remarkably, both Nf2Wap1 CKO and Nf2Blg CKO mice displayed mammary tumor formation at a 
high frequency following multiple pregnancies. Tumor cells displayed significantly reduced expression of AJ and TJ components, and activation of the MAPK 
and AKT signaling pathways. Collectively, these results indicate that merlin plays important roles during mammary gland development and tumorigenesis on 
multiple levels, including cell adhesion, cell proliferation, apoptosis, and signaling. Our study further suggests a need for the investigation of a link between NF2 
and breast cancer. 
 
Additional Authors: Jie Huang, MD, PhD,1,2 Elena M. Akhmametyeva, MD, PhD,1,2 Sarah S. Burns, BA,1,3 Marco Giovannini, MD, PhD,4 D. Bradley Welling, MD, 
PhD,3 and Long-Sheng Chang, PhD1,2,3  
 
1Center for Childhood Cancer, The Research Institute at Nationwide Children’s Hospital; Departments of 2Pediatrics and 3Otolaryngology, The Ohio State 
University College of Medicine; and 4House Ear Institute

 
Synergy of Nf2 and Cdkn2ab loss promoting meningioma progression in mice 
 
Matthieu Peyre, MD  
Hôpital Beaujon, France 
 
Next to vestibular schwannomas, meningiomas represent the second most frequent tumor type in NF2 patients. Approximately 20% of NF2 meningiomas 
present as atypical and anaplastic. Currently, there is no effective drug treatment for atypical/anaplastic meningioma, the main treatment remaining surgical 
excision. It is therefore critical to increase our understanding of the molecular mechanisms of meningioma progression in order to develop targeted drugs. 
Genetic studies have highlighted two main events associated with meningioma progression: an increase of chromosomal instability in tumors with NF2 
inactivation and homozygous deletions or point mutations of the CDKN2A and/or CDKN2B loci in up to 61% of anaplastic meningiomas. 
 
Genetically engineered mouse models allow us to decypher those mechanisms. Our team first developed a mouse model of benign meningioma by selective 
inactivation of Nf2 in homozygous conditional knockout mice by adenoviral Cre (AdCre) delivery into arachnoid cells through the cerebrospinal fluid of newborn 
Nf2flox2/flox2 mice. We then demonstrated that p16ink4a deletion increases the rate of benign meningioma formation in AdCre;Nf2flox2/flox2;p16ink4a*/*  mice.  
 
In this study we demonstrate that inactivation of the whole Cdkn2ab locus in addition to Nf2 loss is necessary for meningioma progression in mice. Using 
AdCre;Nf2flox2/flox2;p15-/-;p16-/-;p19flox/flox (Cdkn2ab homozygous) and AdCre;Nf2flox2/flox2;p15-/+;p16-/+;p19flox/+ (Cdkn2ab heterozygous) mice we obtained 
31% (12/38) of atypical and 3% (1/38) of anaplastic tumors in Cdkn2ab homozygous mice and 14% (4/28) of atypical and 11% (3/28) of anaplastic tumors 
in Cdkn2ab heterozygous mice. The mean survivals of Cdkn2ab homozygous and Cdkn2ab heterozygous mice were respectively 3.5 and 7.8 months. 
Comparative genomic hybridization in 5 meningiomas from Cdkn2ab heterozygous mice and 6 from Cdkn2ab homozygous mice, including one atypical 
meningioma,  did not reveal gross chromosomal abnormalities.  
 
These results confirm that Nf2 and Cdkn2ab cooperate to promote meningioma progression in mice. The short latency of tumor development in this model also 
provides histologically accurate preclinical model to develop and evaluate targeted therapies. 
 
Additional Authors: Matthieu Peyre, MD, Paris 7 University, Anat Stemmer-Rachamimov, MD, Harvard University, Estelle Clermont-Taranchon, Paris 7 University, 
Michiko Niwa-Kawakita, Ph.D., Paris 7 University, Samuel Quentin, Ph.D., Paris 7 University, Marco Giovannini, Ph.D., House Ear Institute, Michel Kalamarides, 
MD, Ph.D., Paris 7 University.

  



2011 NF Conference  •  Jackson Hole, WY  •  June 11-14, 2011  | 31

AR-42 and AR-12 Potently Inhibit the Growth of NF2-deficient Human Meningiomas  
 
Sarah S. Burns 
Nationwide Children’s Hospital and The Ohio State University 
 
Presently, no medical therapy is available for the treatment of neurofibromatosis type 2 (NF2)-associated vestibular schwannomas and meningiomas. Surgery 
and radiation are current treatment options for these tumors; however, significant complications, such as hearing loss and facial paralysis, are associated 
with these treatments. Also, the location of these tumors may make surgical removal difficult, and radiation may induce malignant transformation. Therefore, 
development of novel therapeutics is urgently needed and requires disease-specific models. NF2 is caused by mutations in the NF2 gene, which encodes the 
tumor suppressor protein merlin. Presently, a few xenograft models are available for human meningiomas; however, a quantifiable mouse model for NF2-
deficient meningiomas is not available. We showed that Ben-Men-1, a telomerase-immortalized benign human meningioma cell line, and KT21MG1, a malignant 
human meningioma cell line, did not express wild-type merlin. Mutation analysis identified a frame-shift mutation in exon 7 of the NF2 gene in Ben-Men-1 
cells that predicts a truncated merlin protein. Luciferase-expressing Ben-Men-1 and KT21MG1 meningioma cells were established. Bioluminescence imaging 
of intracranial Ben-Men-1 and KT21MG1 xenografts in SCID mice detected tumor growth over time. Ben-Men-1 xenograft-bearing mice fed chow containing 
AR-12 (OSU-03012), an orally-available, small-molecule inhibitor of the AKT pathway, decreased tumor size by about 42% after one month and 65% after 
three months, compared to mice fed normal diet. Treatment with AR-42 (HDAC-42), a novel, orally-available pan-deacetylase inhibitor, reduced tumor size by 
about 86% after one month and 94% after three months. Volumetric MRI confirmed these results. The in vivo efficacy of these novel inhibitors is currently being 
evaluated in Nf2-deficient schwannoma allografts.  Our results indicate that both AR-42 and AR-12 are potential treatments for NF2-deficient meningiomas. 
Further investigation of the mechanisms underlying the growth inhibition of these compounds is warranted. 
 
Additional Authors: Sarah S. Burns, BA1,2, Elena M. Akhmametyeva, MD, PhD1,3, Janet L. Oblinger, PhD1,2, Matthew L. Bush, MD2, Jie Huang, MD, PhD1,3, Volker 
Senner,4 Marco Giovannini, MD, PhD5, Chin-Shih Chen, PhD6, Abraham Jacob, MD2, D. Bradley Welling, MD, PhD2, and Long-Sheng Chang, PhD1,2,3  
 
1Ctr for Childhood Cancer, The Res Inst at Nationwide Children’s Hosp, Depts of 2Otolaryngology and 3Pediatrics, The Ohio State Univ College of Medicine, 
4Universitätsklinikum Münster, 5House Ear Inst, and 6The Ohio State Univ College of Pharmacy

 
Characterization of the role of CRL4DCAF1, an E3 ubiquitin ligase, in the Hippo tumor suppressor pathway 
 
Wei Li, PhD 
Memorial Sloan-Kettering Cancer Center 
 
Inactivation of Merlin, which is encoded by the tumor suppressor NF2, leads to Neurofibromatosis type 2. Studies have suggested that Merlin exerts its 
antimitogenic effect by interacting with multiple signaling proteins located at or close to the plasma membrane. We have recently observed that Merlin 
translocates into the nucleus and binds to and inhibits the E3 ubiquitin ligase CRL4-DCAF1. Genetic evidence indicates that inactivation of Merlin induces 
oncogenic gene expression, hyperproliferation, and tumorigenicity by unleashing the activity of CRL4-DCAF1. To coordinate this function of Merlin with previous 
identified Merlin’s multiple antimitogenic effects, we have investigated the role of CRL4-DCAF1 in regulation of various downstream effectors of Merlin. Currently, 
we are focusing on the Hippo tumor suppressor pathway and found that CRL4-DCAF1 can regulate this pathway in mammalian cells. This is evidenced by our 
observation that expression of DCAF1 can decrease the phosphorylation of Yap, a readout of activation of the Hippo pathway, whereas knockdown of DCAF1 
induces Yap phosphorylation. We will present results and discuss the potential mechanisms for this regulation in the meeting.  
 
Additional Authors: Filippo G. Giancotti, M.D. Ph.D.  
Memorial Sloan-Kettering Cancer Center 
This work was supported by NIH Grant 1R01CA152975-01A1 (to FGG).  
 
Wei Li is currently funded by the Children’s Tumor Foundation Young Investigator Award Program 



32 | Children’s Tumor Foundation • Ending Neurofibromatosis Through Research

SATURDAY, JUNE 11, 2011 (2:30 - 4:00 PM)
Last First Poster Title          
Akhmametyeva Elena 1 Opposing Roles of Merlin during Neural Tube Development and Tumorigenesis

Antoszczyk Slawomir  3 Efficacy of Receptor Tyrosine Kinase Inhibitors in Sciatic Nerve MPNST Models

Bénédetti Hélène  5 LIMK2, a new partner of Nf1 protein, directly connects neurofibromatosis type I to actin    
   cytoskeleton dynamics

Brundage Meghan 7 The role of cMAF in Neurofibromatosis type 1

Buchstaller Johanna  9 Tumorigenic cells are abundant in mouse MPNSTs but their frequency depends upon    
   tumor genotype and exposure to extracellular matrix

Bush Matthew  11 The Use of Magnetic Resonance Spectroscopy (MRS) in Monitoring Vestibular     
   Schwannoma Metabolic Activity and Treatment-effect

Bush Matthew  13 The Growth Inhibitory Effect of AR42, A Novel Histone Deacetylase Inhibitor, on     
   Vestibular Schwannomas

Castellanos Eisabeth  15 Antisense therapeutics for a deep intronic mutation causing Neurofibromatosis type 2 

Castellsagué Joan  17 Generation and characterization of a new NF1-MPNST orthotopic xenograft mouse model

Chang Long-Sheng  19 The Neurofibromatosis 2 gene promoter directs transgene expression to schwann cells

Cooper Jonathan  19A Towards Identification of Merlin’s Downstream Effectors by Purification and Validation of    
   CRL4DCAF1 Binding Partners

Hinman Melissa  21 The biological role of the regulation of NF1 exon 23a alternative splicing

Jahanshahi  Maryam  23 Rae1 is a Novel Target of Merlin that Regulates Proliferation to Establish Appropriate Organ Size

James Marianne 25 Signaling events downstream of mammalian target of rapamycin complex 2 (mTORC2)    
   in NF2 deficient target cell types

Laulajainen  Minja 25A Akt phosphorylates the NF2 tumor suppressor protein merlin at serine 10 and en-hances its degradation  
   via the proteasomal pathwa

Manetti Maria 27 Analysis of Plasma Membrane Targeting of Merlin Variants Lacking Paxillin-Binding     
   Domain 1 in Primary Rat Schwann Cells

Mattingly Raymond 29 A Novel Approach to Kill Malignant Peripheral Nerve Sheath Tumor (MPNST) Cells     
   through Aborted Autophagy

Omrani Azar 31 Role of the neuron-specific isoform of neurofibromin in learning and synaptic plasticity

Parkinson David  33 Loss of Sox-10 is key to the control of proliferation and differentiation in Merlin null    
   schwannoma cells

Pemov Alexander  35 GWAS in NF1: a progress report

Rahrmann Eric  37 Identification of novel MPNST genes by an insertional mutagenesis screen

Reiners John 39 The Insulin-like Growth Factor-1 Receptor Kinase Inhibitor Cyclolignan Picropodophyllin    
   Suppresses NF1 MPNST Proliferation

Rhodes Steven 41 Primary osteopathy of vertebrae in neurofibromatosis type 1 murine model

Schiffman Jousha 43 Regions of Loss of Heterozygosity in Individuals with Long Bone Dysplasia 

Smith Miriam  47 Cranial meningiomas in 411 NF2 patients with proven gene mutations: Clear positional    
   effect of mutations, but absence of female severity effect on age at onset

Stepanova Dina  51 Modulators of geranylation show selective toxicity on Nf2-null cells

Watson Adrienne  53 Rad001 Shows Efficacy in Two Novel Mouse Models of Malignant Peripheral Nerve    
   Sheath Tumor Formation

Wu   Jianqiang  55 Modifiers of neurofibroma number and size implicate STAT3 signaling in NF1 peripheral    
   nerve tumorigenesis

POSTERS: Basic Research
Poster Presentation: Session 2 (odd numbers)



2011 NF Conference  •  Jackson Hole, WY  •  June 11-14, 2011  | 33

 
Opposing Roles of Merlin during Neural Tube Development and Tumorigenesis  
 
Elena M. Akhmametyeva, MD, PhD 
Nationwide Children’s Hospital and The Ohio State University 
 
Merlin, the Neurofibromatosis 2 (Nf2) gene product, mediates contact-dependent growth arrest in adult tissues, but its functions in the highly proliferative 
neural tube (NT) during embryogenesis are unclear. Also, whether the timing of Nf2 inactivation in specific cell types is critical for tumor formation is not 
known. We show that Nf2 inactivation in neuroprogenitor cells (designated Nf2NestinCKO) during early gestation using an inducible Nestin-CreER line causes 
defects in NT closure and disrupts the apical tight junctions (TJs)/adherens junctions (AJs). These alterations in cell-cell contact abolish multiple mitogenic 
signaling pathways in the ventricular zone, leading to a marked reduction of the progenitor pool with moderately increased apoptosis. In contrast, mice 
with Nf2 inactivation during mid-to-late gestation developed schwannomas and lymphomas at a high frequency. Unlike normal Schwann cells, Nf2NestinCKO 
schwannoma cells did not express AJ components in specific membrane locations. In addition to activation of the receptor-mediated MAPK and AKT pathways, 
both Nf2-/- mouse schwannomas and human vestibular schwannomas readily express b-catenin’s downstream nuclear signals, including Tcf1, cyclin D1, 
and c-Myc. Consistently, Nf2-/- schwannoma cells displayed an increase in nuclear b-catenin activity and phospho-b-catenin(Y142); however, in the presence 
of Wnt ligands, high levels of nuclear b-catenin activity were detected in both normal Schwann cells and schwannoma cells, suggesting that Nf2-deficient 
schwannoma cells acquire a basal growth advantage by activating the b-catenin signaling pathway. Collectively, these results indicate that merlin either inhibits 
or supports cell proliferation dependent on the biological context. The Nf2NestinCKO mice that we have generated may serve as an alternative model for NF2-
associated schwannomas. 
 
Additional Authors: Elena M. Akhmametyeva, MD, PhD,1,2 Jie Huang, MD, PhD,1,2 Sarah S. Burns, BA,1,3 Chia-Yi Kuan, MD, PhD,5 D. Bradley Welling, MD,PhD,3 
and Long-Sheng Chang, PhD,1,2,3,4  
 
1Center for Childhood Cancer, The Research Institute at Nationwide Children’s Hospital, Departments of 2Pediatrics, 3Otolaryngology, and 4Pathology The Ohio 
State University College of Medicine, and 5Division of Developmental Biology, Cincinnati Children’s Hospital  Medical Center

 
Efficacy of Receptor Tyrosine Kinase Inhibitors in Sciatic Nerve MPNST Models 
 
Slawomir J. Antoszczyk, PhD  
Massachusetts General Hospital and Harvard Medical School 
 
Molecular targeted therapies, including receptor tyrosine kinase inhibitors (TKI), are an increasingly important class of cancer therapeutic that targets selective 
oncogenic signaling pathways operative in individual tumors, including malignant peripheral nerve sheath tumors (MPNST).  Two recently approved TKI are 
imatinib mesylate (Gleevec) and sunitinib malate (Sutent) that inhibit plateled-derived growth factor receptor (PDGFR) and c-KIT (CD117).  PDGFR and c-KIT 
are overexpressed in many NF1 tumors, as well as in tumor stromal cells.  In these studies, we evaluate the efficacy of Gleevec and Sutent in mouse and 
human MPNST models. 
 
We have developed an orthotopic sciatic nerve MPNST model.  Mouse MPNST cell lines derived from spontaneously-arising tumors in Nf1/Trp53 heterozygous 
mice (obtained from L Parada, Southwestern Medical School, Dallas, TX) are implanted into syngeneic mice, and human MPNST stem-like S462 cells are 
implanted into immune-deficient mice.  The stem-like S462 cells were isolated by non-adherent culture of S462 cells in neurosphere media with EGF and bFGF 
(without serum).  As tumors grow in the sciatic nerve, mice develop neurologic deficits, quantified with a neurologic scoring system, which occur earlier than 
external tumor detection.  Mouse MPNST M2 (37-3-18-4) and human stem-like S462 cells form sciatic nerve tumors with different kinetics.  M2 tumors are 
vascular, as determined by anti-CD31 staining, with mast cells present in the periphery.  
 
The in vitro effects of Gleevec or Sutent on M2 and human stem-like S462 cell viability were determined using MTT or MTS assays, respectively.  Sutent was 
more effective than Gleevec at equivalent doses in reducing cell viability.  Mice displaying neurologic deficits, when tumors are established, were treated by 
gavage with Gleevec or Sutent daily.  With mouse M2 tumors, 20 mg/kg/day of Sutent significantly inhibited tumor growth, decreased neurological deficits and 
extended survival in comparison to control and Gleevec-treated mice.  In the human stem-like S462 model, Sutent (50 mg/kg/day) was somewhat better than 
Gleevec (100 mg/kg/day) at slowing the decrease in neurologic score.  These studies demonstrate the value of the sciatic nerve MPNST model for testing novel 
therapeutics and suggest that Sutent warrants consideration for clinical testing in patients with MPNST.   
 
Additional Author:  Samuel D. Rabkin PhD, Brain Tumor Research Center, Massachusetts General Hospital and Harvard Medical School, Boston MA 
This work was supported by grants from the US Department of Defense (W81XWH-07-0359 to SDR and W81XWH-10-1-0091 to SJA).

 
LIMK2, a new partner of Nf1 protein, directly connects neurofibromatosis type I to actin cytoskeleton dynamics 
 
Hélène Bénédetti, PhD 
Centre de Biophysique Moléculaire, France 
 
In the past two decades, neurofibromatosis type I has been extensively studied by phenotypic and genotypic approaches. However, molecular researches on 
neurofibromatosis are still at their infancy. These basic researches are crucial to fully understand this disease and constitute a challenge to cure it. 
 
A better knowledge of Nf1 interaction network is one the most relevant way to understand the physiological functions of Nf1 and their regulation. So far, a few 
partners of Nf1 have been identified. Some of them have already brought light on new molecular functions of Nf1. 
 
In order to enlarge Nf1 interaction network, we performed a two-hybrid screening of a human brain cDNA library on a newly characterized domain of Nf1, 
Nf1-SecPH (1). This domain is adjacent to the GRD domain (GTPase activating protein -GAP- related domain) of Nf1, and consists of two protein-protein 
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interaction modules Sec and PH. In this study, we focused on one of the identified candidates which is very exciting LIMK2. Indeed, LIMK2 is a kinase playing 
a major role in actin cytoskeleton dynamics via the Rho/ROCK/LIMK2/cofilin pathway. This finding perfectly fits with recent data suggesting a role of Nf1 in 
cytoskeleton reorganisation. 
 
First, we confirmed by co-immunoprecipitation experiments the interaction between LIMK2 and Nf1-SecPH, as well as with the entire Nf1. We demonstrated 
that the kinase domain of LIMK2 is responsible for its interaction with Nf1-SecPH whatever its activation state. Moreover Nf1-SecPH specifically interacts 
with LIMK2 and not with its close homolog LIMK1. Second, we determined the role of this new interaction. In the Rho/ROCK/LIMK2/cofilin pathway, LIMK2 
inhibits cofilin, an actin depolymerisation factor, actin depolymerisation is then blocked. By interacting with LIMK2, we showed that Nf1-SecPH restores actin 
depolymerisation. This occurs by a direct inhibition by Nf1-SecPH of cofilin phosphorylation by LIMK2. Third, we could even elucidate the mechanism of this 
inhibition of LIMK2 by Nf1-SecPH. 
 
Therefore, LIMK2 appears as a novel direct molecular link between Nf1 and cytoskeleton reorganisation. This new finding constitutes a major breakthrough in 
our understanding of the involvement of Nf1 in cytoskeleton dynamics and opens new exciting perspectives to understand and cure the progression of NF1-
associated tumors. 
 
Additional Authors: Béatrice Vallée Ph.D., Centre de Biophysique Moléculaire; Michel Doudeau, Centre de Biophysique Moléculaire; Fabienne Godin, Centre 
de Biophysique Moléculaire; Aurélie Gombault Ph.D., Laboratoire d’Immunologie et d’Embryologie Moléculaires; Aurélie Tchalikian, Centre de Biophysique 
Moléculaire; Marie-Ludivine de Tauzia, Centre de Biophysique Moléculaire 
 
References: 1 - D’Angelo et al., EMBO Rep., 2006, 7: 174. 
 
Notes : Supported by La Ligue contre le Cancer, Le Conseil Régional du Centre et le Cancéropôle Grand-Ouest.

 
The role of cMAF in Neurofibromatosis type 1 
 
Meghan E Brundage 
Cincinnati Children’s Hospital Medical Center 
 
Biallelic NF1 mutations affect the Ras-GAP activity of neurofibromin, resulting in elevated Ras signaling and the formation of neurofibromas and malignant 
peripheral nerve sheath tumors (MPNST). Cells of the Schwann cell lineage are thought to be the cell of origin for tumorigenesis.  However, the progressive 
downstream changes within Schwann cells or their precursors that cause tumorigenesis and/or are the consequences of tumorigenesis have not yet been 
completely characterized. To identify a molecular progression model for NF1 peripheral nerve tumorigenesis, the NF1 microarray consortium performed 
differential gene analysis comparing primary tumor-derived Schwann cells, MPNST cell lines, and NF1 solid tumors. This analysis identified SOX9, a neural 
crest transcription factor required for stem cell survival, as a tumor biomarker and survival gene product (Miller et al. EMBO Mol Med, 2009). Here, we 
identify cMAF, a transcription factor known to bind to SOX9, in the NF1/SOX9 molecular pathway as a possible regulator of Schwann cell development and 
differentiation. cMAF expression was strongly anti-correlated relative to SOX9 in human gene expression analyses. This anti-correlation was validated in vitro 
with Sox9 expression high and cMAF expression low in mouse Schwann cell progenitors when compared to mature Schwann cells. cMAF expression levels 
were rescued by NF1 re-expression or re-expression of the NF1 Gap-related domain indicating that cMAF is regulated (directly or indirectly) by NF1. Restoring 
cMAF expression also increased the expression of Schwann cell differentiation markers, altered the expression of SOX9 and other downstream targets, and 
resulted in cell death. These studies suggest that loss of NF1 results in decreased cMAF, which may control downstream transcriptional regulators such as 
SOX9. Regulation of cMAF and SOX9 may contribute to tumorigenesis by affecting Schwann cell differentiation. 
 
Additional Authors: Jon P. Williams, Shyra J. Miller, Nancy Ratner- CCHMC 
 
Supported by NS28840 (to NR).  MB was an awardee of NIH training grant T32HD07463

 
Tumorigenic cells are abundant in mouse MPNSTs but their frequency depends upon tumor genotype and exposure to extracellular matrix 
 
Johanna Buchstaller, PhD  
University of Michigan 
 
Tumor-initiating cells have been suggested to be rare in many solid cancers but common in melanoma, raising the question of whether melanoma is 
unique among solid cancers and what parameters influence tumorigenic cell frequency. We tested this in mouse malignant peripheral nerve sheath tumors 
(MPNSTs). Mouse MPNSTs contained a similarly high frequency of tumorigenic cells irrespective of whether they were transplanted into immunocompetent 
or immunocompromised mice, demonstrating that as long as transplants were performed among histocompatible mice, immune status was not a major 
determinant of tumorigenicity. In MPNSTs from Nf1+/-;Ink4a/Arf-/- mice, 18% of primary cells and 49% of serially transplanted cells formed tumors after 
transplantation. However, in MPNSTs from Nf1/p53+/- mice only 1.8% to 2.6% of primary or serially transplanted cells formed tumors, demonstrating 
that the tumor genotype influenced the frequency of tumorigenic cells that could be detected in some assays. Culture on laminin increased the frequency 
of tumorigenic MPNST cells from Nf1/p53+/- mice, but not from Nf1+/-;Ink4a/Arf-/- mice, to 19% by binding beta1-integrin-containing receptors. Cells 
with tumor-forming potential are therefore common in mouse MPNSTs, but tumors of different genotypes, even with the same malignant phenotype or 
histopathologic classification, require different assay conditions to detect the full range of cells capable of contributing to cancer progression. 
 
Additional Authors: Johanna Buchstaller PhD, Paul E. McKeever MD PhD and Sean J. Morrison PhD, University of Michigan, Ann Arbor 
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The Use of Magnetic Resonance Spectroscopy (MRS) in Monitoring Vestibular Schwannoma Metabolic Activity and Treatment-effect 
 
Matthew L. Bush, MD 
Nationwide Children’s Hospital and The Ohio State University  
 
Neurofibromatosis type 2 (NF2) is an autosomal dominant disease that results in the formation of bilateral vestibular schwannomas (VS).  Noninvasive imaging 
modalities to monitor and predict tumor growth and progression are limited. Magnetic resonance spectroscopy (MRS), which may be obtained during an MRI, 
is able to assess the level of metabolically active proton-containing compounds providing a biochemical tissue fingerprint. The objective of this study was to 
investigate the utility of MRS in assessing 1) metabolic activity and 2) treatment effect in a mouse VS xenograft model.  
 
Schwannoma cells were implanted in the flanks of severe combined immunodeficiency (SCID) mice. One month following implantation, mice underwent 
baseline magnetic resonance imaging (MRI) and MR spectroscopy. Localized spectroscopic data were collected from a region within the tumor. Spectroscopic 
PRESS sequence with VAPOR as a water suppression method and Outer Volume Suppression was applied. Mice underwent serial MRI and MR spectroscopy. 
To examine treatment effect, mice with schwannoma xenografts were fed normal diet or chow containing a novel histone deacetylase inhibitor, AR42, 
for one month. Tumor volumes were obtained with MRI and metabolic markers of tumors were assessed with MRS. Tumors are also being analyzed by 
immunohistochemistry for apoptosis and intracellular signaling effects.  
 
MRS was successfully performed on mouse xenograft VS tumors. This imaging modality identified a lipid/lactate peak in schwannoma xenografts at 1.5 ppm. 
One month of AR42 treatment resulted in an increase in the lipid/lactate peak amplitude. This effect correlates with tissue injury and/or necrosis, according to 
published literature.  
 
MRS is a potential tool for evaluating therapeutic efficacy in NF2 patients. This technology could identify a biomarker that correlates with tumor growth 
inhibition. Additionally, tumor metabolites could be monitored in NF2 tumors to predict treatment response. Further investigation and validation of MRS is 
warranted.  
 
Additional Authors: Matthew L. Bush, MD,1 Anna Bratasz, PhD2, Victoria Brendel, MS,1 Amy Manning, BS,3 Janet L. Oblinger, PhD,1,4 Long-Sheng Chang, 
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The Growth Inhibitory Effect of AR42, A Novel Histone Deacetylase Inhibitor, on Vestibular Schwannomas 
 
Matthew L. Bush, MD 
Nationwide Children’s Hospital and The Ohio State University 
 
Neurofibromatosis type 2 (NF2) is an autosomal dominant disease that results in the formation of bilateral vestibular schwannomas (VS).  Treatment options 
for NF2-associated tumors are limited and to date, no FDA-approved medical therapies are available. The objectives of this study are 1) to test the ability of 
AR42, a novel histone deacetylase inhibitor, to inhibit VS growth and 2) to investigate its mechanisms of action. 
 
Primary human VS cells, mouse Nf2-/- schwannoma cells, and human malignant schwannoma HMS-97 cells were cultured and treated with AR42. Effects on 
cell proliferation and the cell cycle were analyzed using the MTS assay and flow cytometry, respectively. Human phospho-kinase arrays and western blots 
were utilized to evaluate AR42 effects on intracellular signaling. Mice with schwannoma xenografts were fed normal diet or chow containing AR42. Tumor 
volumes were measured by small-animal MRI and immunohistochemistry was performed for phospho-AKT and apoptotic markers. 
 
AR42 inhibited the growth of primary human VS, HMS-97 schwannoma, and Nf2-deficient mouse schwannoma cells with an IC50 of approximate 500 nM, 
350 nM, and 300 nM, respectively. AR42 treatment of VS cells induced cell cycle arrest at G2. Extended treatment with AR42 resulted in a modest increase in 
apoptosis in VS cells. Also, AR42 decreased phospho-AKT in schwannoma cells. In vivo treatment with AR42 inhibited the growth of schwannoma xenografts, 
which correlated with increased apoptosis and decreased phospho-AKT, and extended AR42-treatment was well tolerated.  
 
With potent growth inhibitory activity in schwannomas, AR42 should be further evaluated as a potential treatment for NF2-associated tumors. 
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Antisense therapeutics for a deep intronic mutation causing Neurofibromatosis type 2  
 
Eisabeth Castellanos, PhD 
Institut de Medicina Predictiva I Personalitzada del Càncer (IMPPC), Spain 
 
Neurofibromatosis type 2 (MIM ID#101000) is caused by mutations in the NF2 gene. Different types of pathogenic mutations distributed across the whole 
gene have been described: single nucleotide substitutions, small indels, large deletions, etc. Approximately 25% of NF2 mutations affect the correct splicing 
of the gene. 
 
In the context of our NF2 Multidisciplinary Clinics we have identified a 52 years old patient with bilateral vestibular schwannoma and carrying a deep intronic 
mutation in intron 13 (g.74409T>A, NG_009057.1) located 240 base pairs upstream of exon 14. This single nucleotide change produces a new donor site 
that is recognized by the splicing machinery inducing the insertion of a cryptic exon of 166pb in the mRNA between exons 13 and 14 (c.1446_1477insNG_0
09057.1:g.74239_74405) and resulting in a truncating NF2/merlin protein (p.Pro482ProfsX39). 
 
To our knowledge this is the first constitutional deep intronic NF2 mutation causing the inclusion of a pseudo-exon. We are currently using antisense 
morpholino oligomers (AMOs) to restore normal splicing in primary fibroblast derived from this patient. We will also analyze whether merlin function is 
restored upon AMO treatment and will present results in the NF Conference. 
 
Additional authors: Francesc Roca-Ribas MD, Hospital Germans Trias i Pujol (HUGTiP); Cristina Carrato MD, HUGTiP; Ares Solanes, Institut Català 
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Bielsa MD PhD, HUGTiP and Universitat Autònoma de Barcelona; Conxi Lázaro PhD, ICO-Idibell; Ignacio Blanco MD PhD, ICO; Eduard Serra PhD, IMPPC and 
the NF2 Multidisciplinary Clinics HUGTiP-ICO-IMPPC 
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Generation and characterization of a new NF1-MPNST orthotopic xenograft mouse model 
 
Joan Castellsagué, PhD Student 
Institut Català d’Oncologia – IDIBELL, Spain 
 
Malignant Peripheral Nerve Sheath (MPNST) tumors are rare soft tissue sarcomas that develop in approximately 8-13% of patients with Neurofibromatosis 
type 1 (NF1). MPNST has a poor prognosis due to its invasive growth, propensity to metastasise, and limited sensitivity to chemotherapy and radiation.
Treatment of these tumors is mainly based on complete surgical excision. Five-year survival rates of only 20–50% indicate an urgent need for improved 
therapeutic approaches. Although there are several cell lines and mouse models derived from MPNST the number is scarce and they are not always well 
characterized at genetic level. We have created a multidisciplinary team in order to establish and characterize orthotopic xenograft models of human MPNST 
and cell lines derived from them. Currently we are working with three distinct MPNST orthotopic xenografts, two sporadic and one associated to NF1. The 
latter is already perfectly established and perpetuated. The xenograft model was obtained by implantation of a piece of tumor explants into the sciatic leg 
nerve of nude mice. The tumor has been perpetuated along different passes achieving standardization of growth. In order to evaluate to which extent the 
orthotopic xenograft model was recapitulating the status of the original tumor, samples from various xenograft passages were characterized at different levels 
and compared to the primary NF1-MPNST tumor and its surrounding plexiform neurofibroma. Histology and immunohistochemistry analysis revealed that the 
xenograft recapitulated the original tumor histological characteristics. In addition, molecular karyotyping by using SNP-array analysis indicated that genomic 
composition of primary tumor was preserved in the xenograft almost completely, presenting a high genomic stability. SNP-array analysis also evidenced the 
advantage of using a xenograft model concerning genomic analysis (like SNP-array, or next generation sequencing); due to the total clearance of surrounding 
or infiltrating normal tissue that can greatly hide the detection of point mutations and structural genomic changes. We are currently testing and analyzing 
the effect of three different drugs (and their combinations) in this established model. Results will be presented in the NF Conference. We believe our new 
NF1-derived-MPNST orthotopic xenograft mouse model will be a valuable tool for both, better understanding the molecular pathogenesis of MPNSTs and as a 
platform for developing new therapeutic approaches to treat this aggressive tumor type. 
 
Additional Authors: Alberto Villanueva PhD, Translational Research Laboratory, ICO-IDIBELL, Juana Fernández-Rodríguez PhD, Hereditary Cancer Program 
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The Neurofibromatosis 2 (NF2) Gene Promoter Directs Transgene Expression To Schwann Cells 
 
Long-Sheng Chang, MD, PhD 
Nationwide Children’s Hospital and The Ohio State University 
 
The Neurofibromatosis 2 (NF2) gene is widely expressed; however, its mutations lead to tumor formation only in a limited number of cell types, such as 
Schwann cells. We previously showed that the human NF2 promoter contains multiple positive and negative cis-acting regulatory elements for expression. 
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We also demonstrated that a 2.4-kb NF2 promoter directed strong transgene expression to various neurofibromatosis type 2 (NF2)-affected tissues, including 
the acoustic ganglion. To examine whether the NF2 promoter is sufficient for expression in Schwann cells, we generated three transgene constructs containing 
an SV40-T antigen expression unit driven by the 2.4-kb (NF2P2.4-T), 0.7-kb (NF2P0.7-T), or 0.3-kb (NF2P0.3-T) NF2 promoter, and used them to produce 
transgenic mice.  Interestingly, we observed that the majority (4/5) of NF2P2.4-T mice and all (3/3) NF2P0.7-T mice developed tumors with characteristics of 
schwannomas or malignant peripheral nerve sheath tumors. Tumors were observed as early as three months of age and found in different locations, including 
the extremity, ear, neck, head, and eye regions in NF2P2.4-T and NF2P0.7-T mice. In contrast, none of the transgenic NF2P0.3-T mice exhibited schwannoma 
formation.  High-levels of transgene-encoded T antigen were detected in tumor tissues, and T antigen formed protein complexes with the p53 and pRb tumor 
suppressor proteins. Sciatic nerves of NF2P0.7-T mice displayed decreased myelination, an increased number of nonmyelinated axons, and more collagen 
deposits, compared to those of wild-type mice. However, unlike schwannoma cells from Nf2-knockout mice, which frequently exhibited activation of the AKT 
pathway, most of the NF2P-T schwannoma cell lines expressed little phospho-AKT. The presence of schwannomas in NF2P2.4-T and NF2P0.7-T mice, but not 
in NF2P0.3-T mice, suggest that the sequence between the 0.7-kb and 0.3-kb NF2 promoter contains elements important for expression in Schwann cells in 
vivo. Due to the phenotypic similarities, but differences in the underlying tumorigenic mechanisms, of NF2P-T and Nf2-knockout mice, NF2P-T mice and tumor 
cell lines may serve as controls for testing novel pathway-specific inhibitors for the treatment of Nf2-deficient schwannomas. 
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Towards Identification of Merlin’s Downstream Effectors by Purification and Validation of CRL4DCAF1 Binding Partners 
 
Jonathan Cooper 
Memorial Sloan-Kettering Cancer Center 
 
Merlin is the ERM-family protein product of the NF2 tumor suppressor gene which is inactivated in Neurofibromatosis Type 2. In an attempt to elucidate 
Merlin’s downstream biochemical function, our lab previously found that Merlin specifically interacts with the Cul4-Roc1DDB1/DCAF1 (CRL4DCAF1) E3 Ubiquitin 
ligase in the nucleus. Further experiments revealed that Merlin suppresses the Ubiquitin-conjugating activity of CRL4DCAF1 and that Merlin’s negative 
regulation of this ligase is necessary for contact inhibition and tumor suppression in vitro and in mouse xenograft models. Merlin overexpression or DCAF1 
knockdown result in a largely overlapping gene expression program that suppresses tumorigenesis in Merlin-deficient cells, suggesting that Merlin suppresses 
tumorigenesis primarily through inhibition of DCAF1. The downstream mechanism through which CRL4DCAF1 promotes oncogenic gene expression in Merlin-
deficient cells and tissues is unknown. To identify CRL4DCAF1 effectors and to further elucidate Merlin’s biochemical function, we have designed a method to 
specifically identify Ubiquitylation targets of CRL4DCAF1 using a modified tandem-affinity purification protocol. We will present methods to identify CRL4DCAF1 
Ubiquitylation targets and subsequently validate putative targets of the ligase to determine whether they are pathologically relevant in the context of Merlin-
deficient tumorigenesis. 
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The biological role of the regulation of NF1 exon 23a alternative splicing 
 
Melissa Hinman  
Case Western Reserve University 
 
Alternative exon 23a of NF1 is a small exon coding for 21 amino acids that are located in the middle of the GTPase activating protein (GAP) related domain 
(GRD) of neurofibromin.  Overexpression studies using different isoforms of the GRD indicate that exon 23a inclusion decreases the ability of NF1 to inactivate 
Ras by ten-fold1.  Exon 23a is mainly included in most tissues but skipped in neurons.  Its inclusion is regulated throughout development, with a decrease in 
inclusion that correlates with neuronal differentiation.  Mice lacking exon 23a exhibit learning defects but normal development and tumor incidence2.   
 
We are studying the biological importance of the regulation of exon 23a inclusion, asking why it is an alternative rather than a constitutive exon.  By 
manipulating the splicing signals surrounding exon 23a of the NF1 locus through a classical gene targeting approach, we have created a panel of mouse 
embryonic stem (ES) cell lines that range from 0 to 100 percent exon 23a inclusion.  Importantly, we have used these ES cells to demonstrate that exon 23a 
inclusion, in the context of full-length endogenous neurofibromin, significantly decreases Ras GAP activity, resulting in increased downstream Ras signaling 
and a modest increase in cell proliferation.  These results indicate that the regulated expression of exon 23a plays an important role in cellular Ras signaling 
output.  When the mutant ES cells in which exon 23a is 100% included are differentiated into neurons, exon 23a remains included.  This is in contrast to 
neurons derived from wild type ES cells, in which exon 23a is skipped.  This system allows us to investigate the importance of exon 23a skipping on neuron 
cell fate, morphology, and electrophysiology.  We are also creating mice in which exon 23a is always included, and will examine them for possible tumor and 
neurological phenotypes. These studies will illustrate the biological significance of this evolutionarily conserved, regulated alternative splicing event.  
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Rae1 is a Novel Target of Merlin that Regulates Proliferation to Establish Appropriate Organ Size 
 
Maryam Jahanshahi 
Mount Sinai School of Medicine  
 
Neurofibromatosis 2 (NF2) is an autosomal dominant familial syndrome which is caused by loss of function mutations in the Nf2/Merlin gene, predisposing 
carriers to develop tumors of the central nervous system. Primary cultures of Schwann cells from Merlin-deficient mice have demonstrated associations 
between Merlin and mitogenic pathways, however the precise mechanism by which Merlin restricts cell growth and proliferation, and how that control is 
abrogated in these tumors, remains unclear. Studies in Drosophila have demonstrated that the highly conserved hippo tumor suppressor pathway acts 
downstream of Merlin to restrain cell proliferation and promote apoptosis. On a molecular level, the pathway achieves these cellular outcomes by two major 
mechanisms: 
 
 (a) through direct phosphorylation of substrates (such as DIAP1) and  
 
 (b) through transcriptional repression by phosphorylation of the transcriptional co-activator yorkie (In the absence of hippo pathway  
                                    activity, yorkie promotes the transcription of DIAP1, Cyclin E and the microRNA bantam). 
 
Recently, studies in primary cultures of Merlin-deficient Schwann cells have concluded that the effect on proliferation is not mediated by transcriptional 
repression by YAP so we hypothesize that the kinase activity of hippo and warts may yield novel mitogenic effectors of Merlin.  
 
Using the Drosophila In Vitro Expression Cloning (DIVEC) approach, we performed a genome-wide kinase substrate screen to identify substrates of hippo 
and warts using a phosphorylation induced gel-shift assay. From this we have identified 36 individual hits, 3 of which were found to have a putative role in 
mitotic progression. Here we characterize one of these in vitro substrates, Rae1, which has been reported to be upregulated in astrocytomas, retinoblastomas 
and in malignant glioma tissue. We show Rae1 genetically interacts with Merlin as well as other components of the hippo pathway, and is degraded in cells 
upon co-transfection of merlin, hippo or warts - suggesting that phosphorylation by the hippo pathway promotes the instability of Rae1 protein. Rae1 also 
genetically interacts with known mitotic regulators and excitingly, regulates organ size in vivo, suggesting a model that signaling through Merlin regulates organ 
homeostasis in part by its negative regulation of Rae1. 
 
Additional Authors: Maryam Jahanshahi, Mount Sinai School of Medicine, Kuangfu Hsiao, Mount Sinai School of Medicine, Andreas Jenny Ph.D, Albert 
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Signaling events downstream of mammalian target of rapamycin complex 2 (mTORC2) in NF2 deficient target cell types 
 
Marianne F. James, PhD 
Massachusetts General Hospital and Harvard Medical School 
 
To investigate merlin tumor suppressor activity in NF2-associated meningiomas and schwannomas, we developed human meningioma model systems 
consisting of NF2 patient primary meningioma and arachnoidal cells, the normal cell counterpart from which meningiomas arise. We also examined the 
immediate consequences of merlin loss in human arachnoidal cells by suppressing merlin expression by RNAi. These NF2 cell culture systems were 
fundamental in the recent identification of merlin as a novel negative regulator of mTORC1 (mammalian target of rapamycin complex 1), a master regulator 
of cell growth (cell size) and proliferation. NF2-suppressed arachnoidal cells as well as NF2-deficient meningiomas and schwannomas exhibit constitutive 
mTORC1 activation. In our recent studies, we observed attenuation of Akt signaling in both merlin-suppressed arachnoidal and Schwann cells, in response to 
general growth factor stimulation by mechanisms mediated by hyperactive mTORC1 and impaired mTORC2, a second functionally distinct mTOR multiprotein 
complex. Interestingly, disparate mTORC1 and mTORC2 pathway signatures are observed between merlin-suppressed arachnoidal and Schwann cells 
in response to distinct growth stimuli. However, contrary to activation of mTORC1, the impaired mTORC2 signaling profiles exhibited by arachnoidal and 
Schwann cells in response to acute merlin loss in culture were not consistently reflected in NF2-deficient meningioma and schwannoma tumors. We observed 
heterogeneity with respect to signaling downstream of mTORC2 in these tumors, which suggests that some NF2 tumors may have elicited compensatory 
mechanisms or acquired subsequent mutations as a long-term consequence of merlin loss. Our observations differ from another benign tumor disorder, TSC, 
which exhibits attenuated mTORC2 signaling in cells as well as in tumors. Since specific inactivation of mTORC1 relieves negative feedback to PI3K/Akt, 
we tested mTOR and dual PI3K/mTOR inhibitors in our NF2 model systems to identify the most efficacious class of inhibitors to block NF2 meningioma cell 
proliferation and survival. These studies may ultimately aid in the development of preclinical therapeutics for NF2.  
 
We have also examined Hippo signaling in merlin-suppressed arachnoidal and Schwann cells and have observed no attenuation of phospho-YAP, suggesting 
that cell type-dependent mechanisms may operate with respect to Hippo signaling upon merlin loss.  
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Akt phosphorylates the NF2 tumor suppressor protein merlin at serine 10 and en-hances its degradation via the proteasomal pathway 
 
Minja Laulajainen M.Sc. 
Biomedicum Helsinki, Department of Pathology, University of Helsinki 
 
The tumor suppressor function of the NF2 gene product merlin is regulated through p21-activated kinase (PAK) and protein kinase A (PKA)-mediated 
phosphorylation of a C-terminal serine 518. Phosphorylation of serine 518 unfolds merlin and leads to reduced cell growth inhibition, whereas 
dephosphorylation of serine 518 by the moesin phospha-tase MYPT-1-PP1 delta activates the tumor suppressor function of merlin, leading to growth arrest. 
In addition to the C-terminal serine, merlin is phosphorylated by PKA on ser-ine 10, which leads to modulation of the actin cytoskeleton. However, many open 
ques-tions on the regulation of merlin function still remain. 
 
The serine/threonine kinase Akt (protein kinase B) regulates many cellular processes such as motility, growth, and apoptosis. The phosphoinositide 3-kinase 
(PI3K)/Akt signaling pathway is growth-promoting in many human malignancies, and overexpression or hyper-activation of Akt plays an important role in 
tumor development. Activation of the PI3K/Akt pathway has been implicated also in Schwann cell survival, and some studies indicate an interplay between 
merlin and Akt. 
 
In this study we identify merlin serine 10 as a novel substrate for Akt phosphorylation. We demonstrate that this N-terminal phosphorylation directs merlin for 
proteasome mediated degradation and affects merlin binding to the E3 ligase component DCAF1. Our data indi-cate that sequential phosphorylation of merlin 
C- and N-terminus by different oncogenic kinases targets merlin for degradation and thus down-regulates its activity. Based on these findings we propose a 
model for a post-translational mechanism of merlin inactivation. 
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Analysis of Plasma Membrane Targeting of Merlin Variants Lacking Paxillin-Binding Domain 1 in Primary Rat Schwann Cells   
 
Maria Elisa Manetti, PhD 
University of Central Florida  
 
Merlin directly binds paxillin at residues 50-70 (PBD1) encoded by exon 2 (Ex2). This interaction is necessary for localization of merlin at the plasma 
membrane where it associates with 1 integrin and other receptors (1). It is not known whether this interaction is necessary for targeting merlin to the plasma 
membrane or for its stabilization there. Previous work has suggested that merlin lacking exons 2-3 (Ex2-3) is quickly ubiquitinated and degraded in LLC-
PK1, fibroblast and mouse Schwann cells (2). The stability of the Ex2 deleted merlin in Schwann cells has not been systematically investigated. Here we 
constructed halo-tagged variants of merlin and measured their half-lives in primary rat Schwann cells (RSC). We find that merlin deletion variants for PBD1, 
Ex2 and Ex2-3 are two times more efficiently degraded than wild-type merlin with half-lives of 6 rather than 12 hours. The effect of a proteasome inhibitor 
(MG132) on the stability of merlin variants suggests that they are degraded by the ubiquitin-proteasome pathway. To assess whether these variants targeted 
to the plasma membrane, we measured their ability to associate with beta-1 integrin at the cell surface. Using immobilized beta-1 integrin antibody we 
clustered integrins on the surface of suspended intact RSCs expressing halo-tagged merlin deletion variants for PBD1, PBD1 and Ex17, Ex2, Ex2-3 and Ex17. 
Both PBD1 and Ex2 deletion variants and wild-type merlin were in the beta-1 integrin fraction, however halo-tag alone was not. These results suggest that the 
merlin variants lacking PBD1 target to the plasma membrane but are not stabilized there and are degraded more quickly than wild-type merlin.  
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A Novel Approach to Kill Malignant Peripheral Nerve Sheath Tumor (MPNST) Cells through Aborted Autophagy 
 
Raymond R. Mattingly, PhD 
Wayne State University 
 
Due to the strong evidence that over-activation of Ras drives the pathology of tumors in NF1, targeted approaches to inhibit Ras, such as inhibitors of its 
farnesylation, have been entered into trial for efficacy in this disease.  Data from other systems has indicated, however, that only H-Ras had prenylation 
efficiently blocked by inhibitors of farnesyl transferase (FTIs) because K- and N-Ras can undergo alternate modification by geranylgeranylation.   Our previous 
analyses of MPNST cell lines indicated that the underlying neurofibromin deficiency results in the constitutive activation of primarily N-Ras (not H-Ras) 
[Mattingly et al., J. Pharm. Exp. Ther. 316:456, 2006], and thus suggest that the original FTI-alone approach may be seriously flawed.  As a modification 
of this approach, we have shown that combinations of low concentrations of statins and newly developed FTIs potently synergize to efficiently block the 
processing of Ras and suppress the proliferation and induce the death of human MPNST cells [Wojtkowiak et al., J. Pharm. Exp. Ther. 326:1, 2008 & 
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Mol. Cell. Pharmacol. 1:1 2009].  The cell death that is induced occurs both by a classical apoptotic pathway and a novel form of cell killing that entails an 
aborted autophagic program [Wojtkowiak et al., J. Pharm. Exp. Ther. 337: In press, 2011].  Autophagic flux studies suggested that lovastatin/FTI cotreatment 
inhibited autophagosome-lysosome fusion and/or suppressed proteolytic degradation in autophagolysosomes.  Western blot analyses demonstrated 
parallel accumulations of procathepsin B and D, and decreases in mature cathepsin B and D in cotreated cultures.  Treatment with lovastatin + FTI induced 
corresponding losses of cathepsin B activity in cell lysates, relocalization of cathepsin B by confocal immunofluorescence, and decreased cysteine cathepsin 
activity in live cells by an activity-based probe.  These studies indicate that cotreatment of MPNST cells with lovastatin and FTI alters procathepsin trafficking 
and processing and reduces the capacity for degradation of autophagolysosomal cargo.  We propose that this defect in cathepsin maturation contributes to 
the development of an aborted autophagic response that may provide a novel mechanism to induce the death of MPNST cells.   
 
Additional authors: Jonathan W. Wojtkowiak PhD, Christopher Jedeszko PhD, Bernadette C. Victor, Bonnie F. Sloane PhD & John J. Reiners Jr. PhD, Wayne 
State University 
 
Supported by CDMRP NFRP grants DAMD-17-03-1-0182 & W81XWH-05-1-0193

 
Role of the neuron-specific isoform of neurofibromin in learning and synaptic plasticity  
 
Azar Omrani, PhD 
Erasmus University Medical Center, Germany 
 
Neurofibromatosis type I (NF1) is an autosomal dominant disorder and is commonly associated with cognitive problems. Although NF1 is expressed in all 
cells of the central nervous system, expression of NF1 containing alternatively spliced exon 9a is restricted to neurons. The existence of an evolutionary 
conserved neuron-specific isoform of neurofibromin raises the possibility that this isoform has unique properties by virtue of the presence of exon 9a and 
that this exon may have an important role on neurofibromin function in neurons. However, the functional significance of this neuron-specific NF1 isoform is 
unknown. To study the role of exon 9a in function of neurofibromin in neurons, we generated mice lacking the NF1 containing exon 9a isoform. Interestingly, 
our data show that mice lacking this isoform have impairment of visual-spatial learning and long-term potentiation (LTP) in the hippocampus that arise from 
an increase in GABA-mediated inhibition in the hippocampus. These data indicate that exon 9a is indeed critical for neurofibromin function in interneurons.  
 
Additional Authors: Geeske M. van Woerden and Ype Elgersma 
 
Azar Omrani is currently funded by the Children’s Tumor Foundation Young Investigator Award Program

 
Loss of Sox-10 is key to the control of proliferation and differentiation in Merlin null schwannoma cells. 
 
David Parkinson, PhD 
Peninsula Medical School, United Kingdom 
 
Merlin null schwannoma cells have abnormally high levels of cell proliferation and show decreased expression of compact myelin proteins such as P-zero and 
myelin basic protein. Our work focuses on the mechanisms that cause the abnormal de-differentiation and increased proliferation of Schwann cells in these 
tumours. We have previously shown that Krox-20 acts as a key regulator of Schwann cell behaviour, controlling cell differentiation, proliferation and survival. 
Using an in vitro model we have investigated both the upstream control of Krox-20 expression and the downstream effect of enforcing Krox-20 expression in 
schwannoma cells. Critically we found that schwannoma cells were unable to induce either Krox-20 or the myelin marker periaxin in response to the in vitro 
myelination signal cyclic AMP.  In contrast, enforced expression of Krox-20 can effectively drive schwannoma cell differentiation through up-regulation of 
the myelin protein P0 and the myelin marker periaxin. Crucially, staining for the cell proliferation marker Ki-67 also showed that expression of Krox-20 halts 
schwannoma cell proliferation in response to mitogenic signals such as Neuregulin-1 (NRG), PDGF or IGF-1. During myelination in vivo, Krox-20 expression 
is controlled from the Myelinating Schwann cell Enhancer (MSE) element through binding of the transcription factors Oct-6 and Sox-10 and NFATc4. An 
in vitro and in vivo analysis has shown a consistent reduction of Sox-10 mRNA and protein in all human schwannoma tumours that have been analysed, 
indicating that loss of Sox-10 expression may be important to the phenotype of schwannoma cells. Using an adenoviral vector to re-express human Sox-10 
in schwannoma cells, we see that this is sufficient to increase the nuclear localization of NFATc4 and restore the induction of Krox-20 and P-zero upon cyclic 
AMP treatment. The further investigation of the regulation of Sox-10 in Merlin null schwannoma cells may yield important information as to the pathology of 
these tumours. 
 
Additional Authors: R.D.S. Doddrell MSc, C.O. Hanemann PhD and D.B. Parkinson PhD. 
 
Peninsula Medical School 
 
Research sponsored by the Wellcome Trust and the UK Regional Development Agency.

   
GWAS in NF1: a progress report 
 
Alexander Pemov, PhD 
National Institute of Health 
 
NF1 is known for phenotypic variable expressivity and for limited correlation between genotype and phenotype. However, the cause of such variability is 
unknown. We hypothesize that the variable expressivity in NF1 is genetically determined, in part, by elements other than variants in coding regions at the NF1 
locus. In thiS study we test this hypothesis with a genome-wide association study (GWAS) of quantitative NF1 phenotypes.   
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A single observer quantified severity in multiple NF1 sub-phenotypes, including café-au-lait macules (CALM) burden. Germline DNA was extracted from 
peripheral white blood cells and hybridized on the Illumina Human OmniQuad-1M SNP genotyping array for 117 Caucasians (82 families, average family size 
= 1.4). Traditional test of association, ignoring family structure was performed on 699,720 SNPs (MAF >= 0.05) on the 22 autosomal chromosomes in an 
attempt to identify other non-NF1 variants associated with CALM burden.  
 
We identified 34 SNPs that were associated with CALM burden in NF1 at a suggestive significance level of 1 x 10-4. Six genes were represented by more than 
one significant SNP: CAPZA2 (7 SNPs), ASAP1 (6 SNPS), ADARB2 (3 SNPs), PIP4K2A (2 SNPs), ABCC8 (2 SNPs) and LIN7A (2 SNPs). The majority of the 
SNPs resided within introns of the genes, followed by those in 3’- and 5’-UTRs. We identified one synonymous SNP in a coding region (CAPZA2, exon 2). We 
also noticed that the majority of the SNPs (20 out of 34) reside in the regions enriched with modified histone H3 and/or DNase I hypersensitive sites. We are 
not aware of any known previous association of these genes with pigmentary phenotypes. 
 
We expect that GWAS of quantitative traits in NF1 to be a useful first step in understanding NF1 phenotypic diversity. Future analyses will include other NF1-
related traits including height, head circumference, burden of cutaneous neurofibromas, Lisch nodule burden cherry hemangioma burden, inter-pupillary 
distance and  appropriate phenotypic covariates. Principal component analysis will be performed on these phenotypes to identify independent phenotypic 
components for analysis.  
 
Additional Authors: Sung, H.2, Wilson, A. F.2, and Stewart, D. R1. 
 
Clinical Genetics Branch, Division of Cancer Epidemiology and Genetics, NCI/NIH, Rockville, MD 
 
2 Genometrics Section, Inherited Disease Research Branch, NHGRI/NIH, Baltimore, MD 
 
Funding: Intramural Research Programs of NHGRI and DCEG/NCI

 
Identification of novel MPNST genes by an insertional mutagenesis screen  
 
Eric Rahrmann 
University of Minnesota Masonic Cancer Center   
 
Malignant peripheral nerve sheath tumors (MPNSTs) can occur sporadically, or in association with certain inherited syndromes, such as Neurofibromatosis 
Type 1 and Type 2.  A common feature of MPNST formation is overexpression of the Epidermal Growth Factor Receptor (EGFR) and loss of TP53 pathway 
function. However, many other novel genetic driver mutations exist.  To elucidate mechanisms of Schwann cell transformation to MPNSTs, we used the 
Sleeping Beauty (SB) transposon-based somatic mutagenesis system in mice. 
 
We targeted SB transposon mutagenesis to Schwann cells and their precursors using the Schwann cell specific Cre-recombinase transgene, CNPase-Cre, 
and a conditional SB mutagenesis system. Since loss of TP53 function and/or overexpression of EGFR are associated with MPNSTs, CNPase-hEGFR and 
conditional dominant negative Trp53R270H alleles were also included.  Mice harboring both the CNPase-hEGFR and Trp53R270H alleles developed MPNSTs at a 
~23.8% penetrance with a median time of tumor harvest at 362 days.   Importantly, mice that also undergo SB mutagenesis have increased frequency of 
MPNST development (63.2%) with reduced latency (median 299 days).   
 
Transposon insertion site analysis of SB-derived MPNSTs using high-throughput Illumina GAIIx sequencing identified over 100 common insertion sites (CISs) 
and associated cancer genes. These included the known Schwann cell tumor suppressor genes, Nf1 and Nf2, which validated the screen. In addition, the 
tumor suppressor Pten, which has recently been implicated in MPNST formation, was frequently mutated by transposon insertions. Analysis of all the CISs 
using Ingenuity Pathway Analysis software revealed that the CIS-associated genes are enriched in Wnt, PI3K/Akt/mTor, and growth factor receptor signaling 
pathways, some of which are known to be altered in human MPNSTs.   
 
In summary, SB mutagenesis in concert with overexpression of EGFR and Trp53 loss of function accelerate and increase MPNST formation.  Sequencing 
analysis identified known genes and new gene candidates in MPNST formation that may provide new therapeutic targets for treatment of MPNSTs.   
 
Additional Authors: Vincent Keng Ph.D., Adrienne Watson B.S., Aaron Sarver Ph.D., David Largaespada Ph.D., University of Minnesota Masonic Cancer Center; 
Kwangmin Choi Ph.D., Margaret Collins M.D., Nancy Ratner Ph.D., Cincinnati Children’s Hospital Medical Center 
 
Funding provided by the National Institute of Health-NINDS-P50 N5057531, the Margaret Harvey Schering Trust, and the Children’s Tumor Foundation DDI

 
The Insulin-like Growth Factor-1 Receptor Kinase Inhibitor Cyclolignan Picropodophyllin Suppresses NF1 MPNST Proliferation  
 
John J. Reiners, Jr., PhD 
Wayne State University 
 
The insulin-like growth factor-1 receptor (IGF-1R) is a transmembrane, ligand-activated, tyrosine kinase. IGF-1R mediated signaling promotes cell proliferation, 
motility, and cell survival. Expression of the IGF-1R is commonly up regulated in many tumor types including plexiform neurofibromas and malignant peripheral 
nerve sheath tumors (MPNST). In the current study we investigated the potential therapeutic effects of cyclolignan picropodophyllin (PPP), a small molecule 
inhibitor of IGF-1R autophosphorylation, on the growth and viability of four Neurofibromatosis type 1 (NF1) MPNST cell lines (sNF96.2, sNF02.2, NF90-
8, ST88-14) and one non-NF1 MPNST cell line (STS-26T). Exposure of all five MPNST cell lines to ≥ 50 nM PPP resulted in a concentration-dependent 
suppression of cell proliferation, with ≥ 250 nM PPP completely inhibiting cell proliferation. Cell cycle analyses of the ST88-14 and STS-26T cell lines 
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indicated that PPP induced the accumulation of cells with tetraploid DNA contents. In addition to its anti-proliferative effects, ≥ 250 nM PPP also induced 
apoptosis in four of the cell lines, as monitored by morphological features (shrunken, blebbed cells) and the activation of procaspases-3/7. Both the kinetics 
of development and extent of PPP-induced killing were cell context dependent. Western blot analyses of the IGF-1R in NF90-8 cells indicated that tyrosines 
1131 and 1135/1136 (e.g., sites of receptor autophosphorylation) were phosphorylated in cultures maintained in 5% fetal bovine serum. Treatment of 
NF90-8 cultures with PPP resulted in a concentration dependent loss of the IGF-1R that paralleled the anti-proliferative/pro-apoptotic activities of the inhibitor. 
PPP also suppressed the proliferation of a spontaneously immortalized, non-transformed rat Schwann cell line (iSC), in a concentration-dependent fashion 
similar to that observed with the five MPNST cell lines. However, viability was not affected and PPP was only cytostatic to iSC cells. Unlike many other small 
molecule inhibitors of the IGF-1R, PPP is highly selective for IGF-1R, and does not interact with the structurally similar insulin receptor. This property, in 
conjunction with our current studies, strongly suggests that PPP should be further examined in vivo for its therapeutic efficacy in the treatment of xenografted 
MPNSTs.  
 
Additional Authors:  Raymond R. Mattingly PhD, Patricia Mathieu BS, Wayne State University 
 
Funding acknowledgement: Department of Defense CDMRP NF Research Program Award W81XWH-10-1-0049

 
Primary osteopathy of vertebrae in neurofibromatosis type 1 murine model 
 
Steven D. Rhodes 
Indiana University School of Medicine 
 
Neurofibromatosis type 1 (NF1) is a common autosomal dominant genetic disorder caused by mutation of the NF1 tumor suppressor gene. Spinal deformities 
are common skeletal manifestations in patients with NF1. To date, the mechanism of vertebral abnormalities remains unclear because of the lack of 
appropriate animal models for the skeletal manifestations of NF1. In the present study, we report a novel murine NF1 model, Nf1flox/- ;Col2.3Cre+ mice. These 
mice display short vertebral segments. In addition, a significant reduction in cortical and trabecular bone mass of the vertebrae was observed in Nf1flox/-

;Col2.3Cre+ mice as measured by dual-energy x-ray absorptiometry (DEXA) and peripheral quantitative computed tomography (pQCT). Peak stress and peak 
load were also significantly reduced in Nf1flox/-;Col2.3Cre+ mice as compared to controls. Furthermore, the lumbar vertebrae showed enlargement of the inter-
vertebral canal, a characteristic feature of lumbar vertebrae in NF1 patients. Finally, histologic analysis demonstrated increased numbers of osteoclasts and 
decreased numbers of osteoblasts in the vertebrae of Nf1flox/-;Col2.3Cre+ mice in comparison to controls. In summary, Nf1flox/-;Col2.3Cre+ mice demonstrate 
multiple structural and functional abnormalities in the lumbar vertebrae which recapitulate the dystrophic vertebral changes in NF1 patients. This novel murine 
model provides a platform to understand the cellular and molecular mechanisms underlying the pathogenesis of spinal deficits in NF1 patients. 
 
Additional Authors: Wei Zhang, and Feng-Chun Yang (MD/PhD) 
 
Supported by DOD (to FCY)

 
Regions of Loss of Heterozygosity in Individuals with Long Bone Dysplasia 
 
Joshua D. Schiffman, MD 
University of Utah 
 
Neurofibromatosis type 1 (NF1) has significant intra- and inter-familial phenotypic variability.  In addition, long bone dysplasia (LBD) is a rare NF1 finding 
suggesting the effects of modifiers.  Somatic loss of heterozygosity (LOH) resulting in double inactivation of NF1 has been observed in the pseudarthrosis 
tissue of some individuals but not in others.  LBD in NF1 is an ideal manifestation to investigate potential modifiers as it presents very early in life avoiding the 
age-related confounders in the selection of controls for comparison. 
 
We set out to identify genomic modifiers of LBD using a cohort of NF1 individuals with detailed phenotypes. 
 
DNA from 56 unrelated NF1 individuals was obtained from peripheral blood (long bone dysplasia N=11; without long bone dysplasia N=45).  Samples 
were run on the SNP 6.0 Array (Affymetrix) and analyzed with Nexus Copy Number (BioDiscovery) using SNP-FASST2 Segmentation Algorithm. Minimal 
overlapping regions of LOH in patients with LBD (present vs. absent) were compared by Fisher’s exact test, 2-tailed.  
 
Three LOH regions with differences between groups were identified on chromosome 17q11.2 (136 KB in length, EFCAB5, CCDC55, SLC6A4), 20p11.22 
(337 KB in length, no genes), and 22q13.2 (28 KB in length, CCDC134, SREBF2).  Specifically, 17q11.2 LOH occurred in 81% (9/11) of LBD patients vs. 
29% (13/45) without (p=0.002), 20p11.22 LOH occurred in 64% (7/11) of LBD patients vs. 18% (8/45) without (p=0.0049), and 22q13.2 LOH occurred in 
54% (6/11) of LBD patients vs. 9% (4/45) without (p=0.0021).  One gene within the region on chromosome 17 (EFCAB5, EF-hand calcium binding domain 
5) is a calcium binding protein.  The 17q11.2 LOH region stretched into the NF1 locus in 5 LBD patients and 5 non-LBD patients.  LBD was not significantly 
associated with other cancer phenotypes.  
 
We have indentified three novel LOH regions in NF1 significantly associated with LBD.  Given that EFCAB5 is a calcium binding protein, it is potentially a good 
candidate as a modifier for LBD. Future studies with larger cohorts of NF1 individuals with accurate phenotypes will be important to help identify modifying 
genes.   
 
Additional Authors: Joshua D. Schiffman,  Bradley Demarest, David Viskochil, Heather Hanson, John Carey, David A. Stevenson;   University of Utah, Dept. of 
Pediatrics, SLC, UT   
 
Funding: Thrasher Research Fund; Doris Duke Clinical Scientist Development Award; NIH NINDS; Primary Children’s Medical Center Foundation
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Cranial meningiomas in 411 NF2 patients with proven gene mutations: Clear positional effect of mutations, but absence of female severity effect on 
age at onset 
 
Miriam J. Smith, PhD 
University of Manchester, United Kingdom 
 
Neurofibromatosis type 2 (NF2) is an autosomal dominant neurogenetic disease characterised by the development of schwannomas, meningiomas 
and ependymomas. Almost all NF2 patients will eventually develop bilateral vestibular schwannomas. Intracranial meningiomas have been reported in 
approximately 50% of NF2 patients, although the factors determining which individuals will develop meningiomas are unclear.  
 
The NF2 gene is commonly biallelically inactivated in both schwannomas and meningiomas. The spectrum of NF2 mutations consists mainly of truncating 
(nonsense and frameshift) mutations. A smaller number of patients have missense mutations, which are associated with a milder disease phenotype. The 
absence of reported somatic mutations in exons 14 and 15 of the NF2 gene in sporadic meningiomas prompted us to investigate whether a positional effect 
of germline mutations existed for intracranial meningiomas in NF2 patients. 
 
We analysed cumulative incidence and gender effects as well as the genotype-phenotype correlation between the position of the NF2 mutation and the 
occurrence of cranial meningiomas in a cohort of 411 NF2 patients with proven germline NF2 mutations. 
 
Patients with mutations in exon 14 or 15 were least likely to develop meningiomas. Cumulative risk of cranial meningioma to age 50 years was 70% for 
exons 1-3, 81% for exons 4-6, 49% for exons 7-9, 56% for exons 10-13 and 28% for exons 14-15. In our cohort of 411 patients, we found no overall 
gender bias for occurrence of meningioma in NF2 disease. Cumulative incidence of meningioma was close to 80% by 70 years of age for both males and 
females, but incidence by age 20 years was slightly increased in males (male, 25%; female, 18%; p=0.023). Conversely, we also found an increased risk of 
meningiomas in women with mosaic NF2 disease. This information is of value when counselling patients about their risk of cranial meningioma. 
 
Additional Authors: Miriam J Smith, PhD, University of Manchester, Jenny E Higgs, MD, PhD, University of Manchester, Naomi L Bowers, BSc, University of 
Manchester, Dorothy Halliday, MD, PhD, Oxford Radcliffe Hospitals NHS Trust, Joan Patterson, MD, Addenbrookes NHS Trust, James Gillespie, MD, Salford 
Royal Foundation Trust, Susan M Huson, MD, University of Manchester, Simon R Freeman, MD, Manchester Royal Infirmary, Simon Lloyd, MD, Manchester 
Royal Infirmary, Scott A Rutherford, MD, Salford Royal Foundation Trust, Andrew T King, MD, Salford Royal Foundation Trust, Andrew J Wallace, PhD, 
University of Manchester, Richard T Ramsden, MD, Manchester Royal Infirmary, D Gareth R Evans, MD, University of Manchester. 
 
Funding: NIHR Manchester Biomedical Research Centre.

 
Modulators of geranylation show selective toxicity on Nf2-null cells 
 
Dina Stepanova, M.S. 
Fox Chase Cancer Center 
 
In order to probe the vulnerability of Nf2-null cells to small molecules, we performed a synthetic lethal screen using a library of small bioactive compound 
library in isogenic Nf2+/+ and Nf2-/- mouse embryo fibroblasts, seeking compounds that selectively kill Nf2-deficient cells.  Nine compounds showed 
significant selectivity for NF2-deficient cells; of these, lovastatin proved to be the most effective.  Further investigation revealed that the effect of lovastatin 
was due to inhibition of geranylation (by decreasing the geranyl-geraniol pool in the cell), and that a GGTase type I was involved.  We therefore scanned the 
mouse proteome for potential targets of GGTase I, identifying 79 qualifying genes, and synthesized an siRNA library directed against these genes, as these 
are expected to encode the protein targets of lovastatin that confer synthetic lethality on Nf2-deficient cells.  In vivo, xenograft studies using RT4 (Nf2-
deficient rat schwannoma) cells revealed that lovastatin as a single agent did not significantly alter tumor growth.  Follow-up cell-based studies identified 
cerulenin (a fatty acid synthesis inhibitor, and one of the screening targets) as an additive, and zoledronic acid (a geranylation inhibitor) as a synergistic drug, 
when combined with lovastatin in vitro.  In xenografts, both combinations of lovastatin with cerulenin and lovastatin with zoledronic acid significantly slowed 
tumor progression, indicating that these two FDA-approved agents might be useful in treating NF2-related schwannomas. 
 
Additional Authors: Dina Stepanova, M.S.; Jonathan Chernoff, MD, Ph.D., Fox Chase Cancer Center, Philadelphia, PA 
 
Funding Support: 1) US Department of Defense CDMRP Neurofibromatosis Research Program Awards; 2) Donation from Galloway family

 
Rad001 Shows Efficacy in Two Novel Mouse Models of Malignant Peripheral Nerve Sheath Tumor Formation 
 
Adrienne Watson 
University of Minnesota Masonic Cancer Center  
 
The genetic changes that occur to drive malignant peripheral nerve sheath tumor (MPNST) development and progression remain incompletely understood 
which is exemplified by the low 5 year survival rate in patients with MPNSTs who are treated with high dose, non-specific chemotherapies. We have 
successfully completed a Sleeping Beauty (SB) forward genetic screen in mice and implicated 113 genes in MPNST tumorigenesis.  
 
Using SB-derived tumors, we created 4 cell strains which were single cell sorted to create 33 cell lines composed of malignant Schwann cells. Analysis of 
these cell lines verified specific genetic alterations made by SB transposon insertions and we showed that several tumor suppressor genes undergo loss of 
heterozygosity in concert with SB insertion mutations. This analysis demonstrated high heterogeneity within a single tumor and provided us with tools for 
in vitro screening on a collection of cell lines with known genetic alterations. Two genes that were commonly mutated were Pten and Nf1, and were found 
disrupted both singly and in combination. Cell lines with loss of function mutations in Pten and Nf1 showed a high sensitivity to mTOR and MAPK pathway 
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inhibitors, respectively. Further, human MPNST cell lines also showed high sensitivity to these drugs when compared to non-transformed human Schwann 
cells. In addition, several combinations of these pathway inhibitors show synergy in reducing cell proliferation.  
 
To model MPNST development due to simultaneous hyperactivation of the PI3K/mTOR and RAS/MAPK pathways, we developed 2 novel mouse models of 
MPNST formation. The first model has biallelic Pten and Nf1 loss in the Schwann cell lineage (Dhh-Cre; Nf1fl/fl  ; Pten fl/fl ), and the second model has biallelic 
loss of Pten and overexpression of hEGFR (Dhh-Cre; Ptenfl/fl  ; CNPase-hEGFR), a known genetic change in human MPNSTs, in the Schwann cell lineage. 
Both models show severe peripheral nervous system defects characterized by enlarged nerves, a high tumor burden, and a dramatically decreased lifespan. 
Using these two new genetically engineered mouse models, we started preclinical drug testing and found that Rad001 is effective in extending lifespan and 
decreasing tumor burden particularly in the Dhh-Cre; Ptenfl/fl; CNPase-hEGFR model. The cell lines and mouse models we created are new, important tools 
for discovering genetic alterations and targeted therapies that have clinical implications for patients with MPNSTs. 
 
Additional Authors: Vincent Keng Ph.D, University of Minnesota, Eric Rahrmann B.S., University of Minnesota, David Largaespada Ph.D, University of 
Minnesota, Margaret Collins M.D., Cincinnati Children’s Hospital, Nancy Ratner Ph.D., Cincinnati Children’s Hospital 
 
Funding: National Institute of Neurological Disorders and Stroke, P50 NS057531; 
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Modifiers of neurofibroma number and size implicate STAT3 signaling in NF1 peripheral nerve tumorigenesis 
 
Jianqiang Wu, MD 
Cincinnati Children’s Hospital Medical Center 
 
Neurofibromatosis type 1 (NF1) is a very common inherited disease, affecting 1:3500 individuals worldwide. Nearly all (95%) of NF1 patients develop 
neurofibromas. Currently, prevention of neurofibromas is not possible, partially because the molecular mechanisms of tumorigenesis and the molecules 
that mark neurofibroma formation are poorly understood. This study is to test the relevance of EGFR expression to neurofibroma formation, and to identify 
possible additional pathways and genes that might contribute to neurofibroma formation. We interbred C57Bl/6 CNP-hEGFR transgenic mice which form 
few neurofibromas (CNP-hEGFR/+) (Ling et al., 2005) to obtain homozygous mice (CNP-hEGFR/CNP-hEGFR). Nf1flox/flox; DhhCre mice, 100% of which form 
neurofibromas (Wu et al., 2008) were crossed to CNP-hEGFR mice and to Wa2 mice, an EGFR hypomorphic allele. We used sleeping beauty (SB) insertional 
mutagenesis to obtain quadruple transgenic mice (Rosa26-lsl-SB11;T2/Onc; Nf1flox/flox; DhhCre).  We used Pyrosequencing to look for common insertion 
sites (CISs) that had more SB insertions that are most likely to harbor disease-related genes. We used ingenuity pathway analysis to predict pathways and 
genes that might contribute to neurofibroma formation. We used a “neurofibroma sphere” culture system, a method used for detecting self-renewing stem/
progenitor cells, to determine inhibitory effects of a STAT3 inhibitor (FLLL32). We immunostained human and mouse sections with anti-pSTAT3 (tyr705) 
to determine STAT3 activation status. We found that in Nf1flox/flox; DhhCre mice neurofibroma number and size increased on an Nf1+/- background or in 
Nf1flox/flox; DhhCre mice with hEGFR expressed in nerve Schwann cells. As diminished EGFR signaling in Nf1flox/flox; DhhCre,Wa2/+ mice decreased only 
neurofibroma number, not size. We used insertional mutagenesis to identify other modifiers of neurofibroma tumorigenesis. Analysis of CISs identified 
hubs involving GSK3B, TNF, and STAT3 and STAT3 is the number one pathway. Inhibition of STAT3 by shRNA or a specific STAT3 inhibitor FLLL32 blocked 
human neurofibroma-sphere formation.  STAT3(p705) was up-regulated by EGFR.  Immunohistochemistry identified STAT3(p705) in human and mouse 
neurofibromas and MPNSTs. FLLL32 inhibited cell proliferation and stimulated cell death in the Nf1flox/flox; DhhCre mouse neurofibromas in vivo. Thus levels 
of tyrosine kinases in Schwann cells modify neurofibroma formation similar to the effect of global Nf1 hemizygosity, likely through STAT3.  (*This work was 
supported by the National Institutes of Health (R01 NS28840 to N.R. and P50 NS057531 to N.R. and D.L.) and an Ohio State University Comprehensive 
Cancer Center pelotonia idea award to J.W.) 
 
Additional Authors: Edwin Jousma  MS, Deanna M. Patmore B.S, Walter Jessen Ph.D., Jose A. Cancelas M.D., Ph.D., and Nancy Ratner Ph.D., Cincinnati 
Children’s Hospital, Vincent Keng Ph.D, Eric B. Schwartz B.S. Barbara J. Ryan B.S., and David A. Largaespada Ph.D., University of Minnesota, James R. 
Fuchs Ph.D.  Ohio State University, Robert J. Spinner M.D., Mayo Clinic, Anat O. Stemmer-Rachamimov, M.D.  Massachusetts General Hospital
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Early identification of deficits in neurofibromatosis type 1 (NF1) children 
 
Maria T. Acosta, MD  
Children’s National Medical Center  
 
Early identification of cognitive and developmental deficits is important to provide early intervention. Extensive evaluation of cognitive deficits in children with 
NF1 who are of school age or older has been performed. As a result pharmacological and non pharmacological interventions are currently being tested to 
improve the long term prognostic in term of cognitive profile in this population. It is conceivable that early identification of cognitive deficits in this population 
and institution of earlier intervention plans would provide better long term outcomes. We systematically evaluated a group of babies with NF1 to identify 
clinical and developmental markers that would need potential intervention.  
 
An ongoing longitudinal study at Gilbert Neurofibromatosis Institute assessed a total of 103 children with diagnosis of NF1 from 9-months to 7 years. A 
group of 37 normal children matched by gender, age and SSE have been used as a control for comparison. We present a cross-sectional comparison of a 
selected group of patients. At the ages of 15- and 21-months, a sample of 35 NF1 and 20 controls patients were compared using independent sample t-test.  
 
Significant differences (p<.05) resulted between the two groups at the age of 15-months old across several areas of assessment (orientation/engagement, 
mental development, BRS total score, and vocabulary production). Motor differences were not significant until the 21-month time point.  
 
While cognitive and development deficits of NF1 patients, compared to normal children, were expected, the size of the differentiation at such a young age 
was surprising. Our results support the need of formal developmental evaluation in children with NF1 as early as 15 months. In our institution, these results 
led to earlier utilization of services in these patients. A similar and recent longitudinal study (Sangster et al. 2010) found cognitive differences between the 
groups at 5 years of age; with those receiving earlier intervention having improved functioning. Our expectations are that early identification and intervention 
will provide a better long term outcome. The development of specific age related interventions for developmental problems in this population is currently 
on-going.  
 
Additional Authors: Peter Kardel MA1, Karin S Walsh PsyD1, April N Sharp1, Tara Brennan PsyD1, Penny Glass PhD1, Roger J. Packer, MD1; Maria T. Acosta 
MD1  
 
1Children’s National Medical Center, Washington DC  
 
Funding – Jennifer and Daniel Gilbert Neurofibromatosis Institute 

 
Severe Chronic Pain in NF1: Is an association between NF1 and Schwannomatosis? 
 
Maria T. Acosta, MD 
Children’s National Medical Center 
 
Severe and disabling pain in NF1 patients has not been systematically reported in the literature. The most important clinical characteristic in 
Schwannomatosis is severe and chronic pain that may require multiple medications as well as surgical intervention. We present a finding in patients followed 
in at the Gilbert Neurofibromatosis Institute, for whom the main and more severe medical problem is severe and excruciating pain impacting their quality of 
life. Clinical characteristics, interventions, neuroimaging and pathology findings are presented. 
 
A subset patients were identified from the last two years from the Gilbert Neurofibromatosis Institute at CNMC for whom the main clinical concern is severe 
and disable pain. All patients fill the diagnosis criteria for NF1. All those patients have had a close clinical follow up with frequent visits to the NF1 Institute 
and some have had multiple evaluations from a pain team in our institution. A retrospective and prospective review of their records has been done. We 
present the clinical manifestations, treatments, co-morbidities in this group of patients. 
 
A total of 16 patients have been identified. The age range is 9-35 years old with average of 20 y.  10/16 are females, and 6/16 males. Severe pain was 
subjectively described as 10/10 for several days and impairing their daily activities. Pharmacological interventions include Gabapentin, Pregabalin, 
Duloxetina, Carbamazepina. Other interventions include local lidocaine, clonidine patchs, non-steroidal anti-inflammatory drugs (like Ketorolac, Ibuprofen, 
Naproxen, etc). Short acting opioids have been used in some patients. Admission to the hospital for pain management has been necessary in two patients. 
Non-pharmacological interventions like physical therapy, exercise, relaxation, yoga, meditation, clinical hypnosis, massage have been also used as a part of 
the intervention. Several patients have associated important co-morbidities as depression.  Surgical intervention has been necessary in four patients. In all of 
them, pain improved after surgery. Currently a NF1 pain clinic is planned to better care for these patients. 
 
Our group of patients does not fill the clinical criteria for the diagnosis of Schawnnomatosis.  However, their pain symptoms are similar to those seen in 
patients with Schwannomatosis. These patients present with clinical and cognitive characteristics that impact their access to proper care. A multidisciplinary 
approach is necessary in these cases. The combinations of pharmacological and non-pharmacological interventions have proved to be more successful; 
however, for many patients the surgical resection is necessary to alleviate the pain. Genetic testing needs to be considered in these cases to clarify possible 
molecular differences.  It is necessary in the clinical setting to assess pain as a part of the clinical evaluation. 
 
Additional Authors: Maria T. Acosta, MD1; Kenneth Rosenbaum, MD1; Dina Zand, MD1; Roger J. Packer, MD1; Deborah Copenheaver, MS1 
 
1Children’s National Medical Center, Washington DC 
 
Funding Agency – Jennifer and Daniel Gilbert Neurofibromatosis Institute
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Association of Symptomatology of Autism Spectrum Disorder and Attention Deficit Disorder in an NF1 Population  
 
Maria T. Acosta, MD  
Children’s National Medical Center  
 
Cognitive deficits are the most important cause of co-morbidity in patients with NF1. There is anecdotic evidence that patients with NF1 may have a higher 
frequency of Autism Spectrum Disorder (ASD) or Pervasive Developmental disorder (PDD) symptoms compared with general population. However, to our 
knowledge, a systematic review of these symptoms has not been explored in patients with NF1; nor has the association with other cognitive deficits or 
genetic status. We explore the presence of ASD and PDD symptoms in a sample of our clinical patients from the Neurofibromatosis clinic at CNMC.  
 
In a survey of 70 NF1 patients at CNMC in the Gilbert Neurofibromatosis Institute using the Social Responsiveness Scale (SRS – Costantino et al, 2003) and 
Vanderbilt ADHD Parent Rating Scale (Wolraich et al. 1998), we explored the frequency and characteristics of ASD behaviors in NF1 patients and examined 
the relationship between autism and attention-deficiency.  
 
Within our dataset, we found that 8.6% of patients met the SRS’s standard criteria for autism. We also found that 2.9% of our population missed the 
diagnostic cut-off by less than 5% of the scored required. This is a frequency 25 times higher than that of the general population (0.34%) (Yeargin-Allsopp 
et al. 2003). In addition we explored the association of those symptoms with other frequent problems like attention deficits. A significant correlation 
between gross autism and attention-deficit scoring in NF1 patients (r(66) = .477, p<.001). Secondary analyses explored the profiles of individuals with 
co-occurrence of these symptoms.  
 
The prevalence of ASD and PDD symptoms in our sample was surprisingly large. While few studies have recently explored the co-morbidity ASD and NF1, 
our results are comparable with the reported by Williams and Hersh (1998) who found that 4% of their NF1 patients were diagnosed with ASD. Additionally, 
2.9% of patients who despite do not fill full prototype of ASD, but may benefit from interventions in this regards. ASD and PPD symptoms are associated 
with behavioral and social problems. A recognition and proper intervention will benefit the quality of life in these patients. A comparison of the cognitive 
profile on patients with NF1 and ASD vs. NF1 without ASD will provide also a better understanding of the cognitive phenotype in NF1 patients. . A more 
systematic and comprehensive review of clinical cases is currently on – going.  
 
Additional Authors: Daniel Imas1, Peter Kardel MA1, April N Sharp1, Roger J. Packer MD1; Maria T. Acosta MD1  
 
1Children’s National Medical Center, Washington DC  
 
Funding Agency – Jennifer and Daniel Gilbert Neurofibromatosis Institute

 
Avastin (bevacizumab) for target and non-target NF2 tumors: trigeminal and spinal tumors also demonstrate response.  
 
Simone Ardern-Holmes, MBChB, FRACP 
The Children’s Hospital at Westmead, Australia  
 
Avastin (bevacizumab) is a monoclonal IgG1 antibody that binds to and inhibits the activity of angiogenic vascular endothelial growth factor-A, which has 
previously been shown to have benefit for some patients with progressive vestibular schwannomas, both in stabilising or improving hearing function and 
slowing tumor growth. We present additional cases demonstrating response of vestibular schwannomas to Avastin treatment, as well as reduction in size of 
a large trigeminal schwannoma and other non-target spinal tumors.  
 
A comprehensive protocol for surveillance of NF2 associated tumors has been established at our pediatric and adult facilities including sequential audiologic 
and radiologic evaluations, in order to identify and treat patients with symptomatic progressive lesions using novel medical therapies as they become 
available. Four NF2 patients with progressive intracranial tumours causing hearing loss and/or symptoms of brain stem compression have now been treated. 
Target lesions include both vestibular and trigeminal schwannomas. Response of additional non-target lesions has been assessed both by monitoring 
symptoms and radiologic response. Data for two young adults on Avastin monotherapy are currently available at 3 months and 9 months on treatment.  
 
Treatment response has been documented in one patient, with stabilisation in the second patient based on symptomatic and audiologic criteria. Shrinkage 
of target lesions is evident in both cases on 3 dimensional volumetric analysis, varying between 18.7% (trigeminal schwannoma at the 3 month response 
evaluation) and 46.1% (vestibular schwannoma at the 6 month response evaluation). One patient has extensive spinal disease and a significant decrease 
in size of non-target spinal lesions has also been seen following 3 months on treatment, including an extramedullary schwannoma at the C2/C3 level and 
intrathecal tumour at the L2 level. Volumetric data will be obtained. Treatment has been well tolerated by all patients without major adverse events. The 
impact of treatment on quality of life is being monitored using SF36 questionnaires.  
 
The evidence for utility of Avastin in the treatment of vestibular schwannomas is mounting. Furthemore, this agent has the potential to shrink other NF2 
associated tumors. Thus Avastin represents an alternative treatment for trigeminal schwannomas and spinal tumors when surgical risks are high or surgical 
options have been exhausted.  
 
Additional Authors: Wong, M. (Westmead Hospital, University of Sydney), McCowage, G., and North, K.N. (Children’s Hospital at Westmead, University of 
Sydney, Australia).
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Cutaneous manifestations of children and young adults with Neurofibromatosis Type 1 compared with internal tumor burden 
 
Andrea Baldwin, MSN, CNRP 
National Cancer Institute 
 
Cutaneous manifestations in patients with neurofibromatosis type 1 (NF1) vary greatly from one 
individual to another. This study analyzed the correlation of cutaneous manifestations (café-au-lait 
macules and skin neurofibromas) with internal tumor burden.  
 
Patients with NF1 are monitored longitudinally for the development of tumor and non-tumor 
manifestations on the NF1 Natural History study currently being conducted at the National Cancer 
Institute (NCI). Enrolled patients underwent a comprehensive baseline evaluation including 
a detailed skin examination and whole body magnetic resonance imaging with volumetric 
analysis of the total tumor burden (TTB) measured as a percentage of body weight. Cutaneous 
findings analyzed included (1) hyperpigmented patches > 10 cm, (2) number of café au lait 
macules (CALM) ≥ 5 mm, and (3) number of skin neurofibromas (subcutaneous: discrete, firm 
subcutaneous nodules; cutaneous: discrete, superficial papules; dermal: violaceous macules 
with a soft underlying consistency). The correlation was determined (Spearman rank correlation 
coefficient) between TTB and age, trend was tested (Jonckheere-Terpstra trend test) between 
TTB and cutaneous findings, and difference was tested between distributions (Wilcoxon rank sum 
test) of TTB according to gender or family history.  
 
Baseline characteristics are summarized in the table. Eighty-one patients (92%) had internal tumors. The median TTB was 1027 mL (range, 0 - 12,975.3 
mL), accounting for 2.6% (range 0 - 25%) of body weight. Ninety-one percent of patients (73/80) had spinal tumors, with 49% of patients (39/80) having 
involvement of the cervical, thoracic, and lumbar spine. Twenty-nine of the 34 patients (85.3%, 95% confidence limits: 68.9%-95.5%) with ≥ 10 cm 
hyperpigmented lesions, had an underlying plexiform neurofibroma (PN). TTB was not significantly correlated with age, gender, family history or skin 
neurofibromas.  
 
In this select, predominately young population most patients had substantial internal TTB but only 66% of the patients had skin neurofibromas. Large 
hyperpigmented patches (≥10cm) predicted for presence of PN, but no other cutaneous manifestation correlated with internal tumor burden. Patients will 
continue to be monitored longitudinally on this study to document the natural history of this disorder. 
 
Additional Authors: 1Andrea Baldwin, CRNP., 1Wanda Salzer, M.D., 1Eva Dombi, M.D., 1Ambereen Kurwa, B.A., 1Jessica Sabo, B.S., 1Andy Gillespie, R.N., 
1Thomas J. Hornyak, M.D., Ph.D.,2Seth M. Steinberg Ph.D., 2David J. Liewehr M.S., and 1Brigitte Widemann M.D. 
 
Affiliations: 1NCI, and 2Biostatistics Data Management Section, CCR, NIH, Bethesda, MD.

 
The mental, motor, and language development of toddlers with neurofibromatosis type 1 (NF1) 
 
Belinda Bartonm, PhD  
The Children’s Hospital at Westmead, Australia 
 
The majority of studies that have examined the cognitive functioning of children with neurofibromatosis type 1 (NF1) have focused on school aged individuals 
aged between 8 and 16 years. Very few studies have included children below 6 years of age and only three studies have reported specifically on the cognitive 
functioning in this preschool age group. Early identification of cognitive and motor difficulties is essential so that appropriate interventions can be implemented 
as early as possible. The aim of this study was to examine the mental, motor, and language development of toddlers with neurofibromatosis type 1 (NF1).  
 
Study design in this cross-sectional study, 39 toddlers with NF1 (21-30 months) and 42 age matched control children were assessed with the Bayley Scales 
of Infant Development, Second Edition (BSID-II). Basic vocabulary was assessed with the language subtests from the Wechsler Preschool and Primary Scale 
of Intelligence, Third Edition (WPPSI-III). Parent questionnaires were also completed to ascertain children’s expressive language, behavior, and executive 
functioning. Tests of chi-squared, independent t-tests or the Mann-Whitney U test, and ANCOVA were used to examine differences between the two groups.   
 
Toddlers with NF1 had significantly poorer mental and motor development than control participants. Parental responses indicated that most toddlers with NF1 
had delayed language skills. There were no differences between children with NF1 and their healthy age matched peers in terms of their behavior and executive 
functioning.  
 
Children with NF1 as young as 30 months old are demonstrating early signs of mental, motor, and language difficulties. Two years of age may be the 
appropriate time to perform an initial developmental assessment to identify children with NF1 with mental, motor, and language impairments.   
 
Additional Authors: Jennifer Lorenzo MPsych, Institute for Neuroscience and Muscle Research, The Children’s Hospital at Westmead; Maria T Acosta MD, 
Children’s National Medical Center, Washington, DC; Kathryn North MD, Institute for Neuroscience and Muscle Research, The Children’s Hospital at Westmead 
and Discipline of Paediatrics and Child Health, Faculty of Medicine, University of Sydney.  
 
This study was supported by a grant from the U.S. Army Medical Research and Materiel Command (USAMRMC), Department of Defense, Neurofibromatosis 
Research Program (Award Number W81XWH-04-1-0510).

Patients Enrolled  103

Age (yrs.) Median (min.-max.) 13 (0.25-45)

Gender, % (F:M)  59% (61:42)

Familial NF1(% Yes, fraction) 42% (40/95)

Pts with hyperpigmented patches ≥ 34 
10 cm (n) 

Pts with CALM (n)  94

No.of CALM, Median (min.-max.) 16 (1-50)

Pts with any skin neurofibromas 66% (61/92) 
(% Yes, Fraction) 
   subcutaneous  42% (39/92) 
   cutaneous   25% (23/92) 
   dermal  30% (28/92)
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Neurovasculopathy in adults with neurofibromatosis type 1  
 
Aaron Chance  
Johns Hopkins University  
 
Vasculopathy is a relatively rare manifestation of neurofibromatosis type 1 (NF1), most frequently presenting as renal artery stenosis, aorta coarctation, 
and stenoses of major intracranial arteries (i.e., moyamoya). The frequency of neurovascular (NV) lesions in adults with NF1 is unknown. We assessed the 
frequency of NV lesions in patients with NF1 in an adult referral clinic.  
 
Charts from 248 adult NF1 patients were reviewed for brain MRI reports and complete clinical histories. NF1 patients >18 years with available brain MRI 
reports at Johns Hopkins Hospital from 1980-2011 were included. MRIs were reviewed for any indication of a vascular brain lesion. Patient histories were 
reviewed for documented manifestations of NF1. A Fisher’s exact test was used to assess associations for statistical significance.  
 
Of the 98 patients that met enrollment criteria, 33 (33%) had a NV anomaly. Of those, 17 were male (51%), and the median age at the time of the vascular 
finding was 37 (range: 7-73). Thirteen percent of patients had >1 NV lesion. The most common NV lesions were: vascular malformations (14%), small 
vessel ischemic disease (8%), venous angioma or vascular disruption by tumor (each 7%), and hemorrhage or stenosis (each 4%). There was no correlation 
with gender. There were associations between NV lesions and common manifestations of NF1: 10 of 17 (58%) patients with optic pathway gliomas had a NV 
lesion versus 23 of 81 patients (28%) who did not have an optic pathway glioma had a vascular lesion (P = 0.0234); 12 of 18 (67%) patients with a brain 
tumor (glioma or meningioma) had at least one type of NV lesion versus 21 of 80 (26%) patients without brain tumors had a NV lesion (P = 0.0019).  
 
Within this adult NF1 population, NV lesions were quite common, presented at a young age, and were of variable etiology. Our data suggests that NV lesions 
in NF1 may be much more prevalent than commonly recognized. Of note, only 60% of the patients studied had dedicated vascular MRI techniques (i.e. 
diffusion), and only 6% had MR angiography. Despite this, 33% of patients had at least one NV lesion. This data does not inform about whether these lesions 
were symptomatic or required intervention. There were clear associations with other common brain manifestations of NF1. Routine evaluation for NV lesions 
at time of neuroimaging may improve the recognition of these lesions. Research is ongoing to assess their clinical impact.  
 
Additional Authors: Xiaobu Ye, MD, MS, Amanda Bergner, MS, CGC, Julia Terr-Malloy, Jaishri Blakeley, MD, Johns Hopkins University

 
Reconsidering NIH criteria diagnosis for neurofibromatosis type 1 in young children  
 
Deborah Copenheaver 
Children’s National Medical Center  
 
The seven cardinal criteria for the diagnosis of NF1 were established in 1987 by the NIH Consensus Development Conference on Neurofibromatosis. Young 
children, however, often do not present with the minimal two of the seven criteria necessary for a formal diagnosis until they are older, leading to under-
diagnosis of NF1 in young children. These patients often have other common features that are not included in the NIH criteria, such as motor and speech 
delays, macrocephaly, and dysmorphic or Noonan-like facial features. In order to increase early diagnosis of NF1, we propose a new set of diagnostic 
guidelines that combine these features with the classic signs most commonly seen in pediatric patients: multiple café-au-lait spots, axillary and inguinal 
freckling, and positive family history.  
 
Using pre-existing clinic databases, we identified 64 patients under the age of 3 who were referred to our Neurofibromatosis Clinics of the Gilbert 
Neurofibromatosis Institute between 2007 and 2010 for possible NF1 diagnosis. Patients were included if they had not previously been diagnosed with NF1 or 
any RAS/MAPK disorder and a definitive diagnosis was known. Retrospective reviews of records for the first evaluation for NF1 diagnosis were analyzed for 
clinical manifestations of NF1. Positive diagnoses were made according to the new guidelines which added the following to the classical diagnostic features: 
hypotonia, speech delays, macrocephaly, dysmorphic or Noonan-like facial features. The standard conditional probabilities (sensitivity, specificity, positive 
predictive power, and negative predictive power) were calculated for both the NIH and new proposed diagnostic criteria.  
 
Comparison of diagnoses made by the new guidelines to the previously-determined diagnoses yielded a positive predictive value of 0.96, and negative 
predictive power of 0.63. Of the 50 patients who would eventually fulfill the NIH criteria, 60% were diagnosed during their first visit by the NIH criteria whereas 
the new guidelines increased first-visit diagnosis to 86%. In the 13 patients who fulfilled the new guidelines but not the NIH criteria during the first visit, 
diagnosis was made up to 15 months sooner with the new criteria.  
 
The current NIH criteria are insensitive for the diagnosis of NF1 in younger children. This complicates early identification and intervention in many patients. 
Our current study demonstrates that inclusion of additional clinical features not currently considered in the NIH criteria increases early NF1 diagnosis, allowing 
appropriate care and interventions to be provided at a younger age. A larger sample size is necessary to replicate these findings and confirm the validity of the 
new guidelines.  
 
Additional Authors: Kenneth N. Rosenbaum MD1; April N. Sharp1; Deborah Copenheaver MS1; Peter Kardel MA1; Dina J. Zand MD1; Roger J. Packer MD1; 
Maria T. Acosta MD1  
 
1Children’s National Medical Center, Washington DC  
Funding Agency – Jennifer and Daniel Gilbert Neurofibromatosis Institute
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Articulation skills of Flemish patients with neurofibromatosis type 1 
 
Marjan Cosyns 
Ghent University, Belgium 
 
Several authors mentioned the occurrence of articulation problems in the neurofibromatosis type 1 (NF1) population, variously referred to as “mild 
articulation difficulties”, “difficulty in speech articulation”, “imprecise consonants”, “mispronunciations”, “incorrect sequencing of sounds”, “phonological 
errors”, “articulation disorders”, “lisping articulations”, and “disarticulation”. However, few studies have undertaken a detailed articulation analysis. 
Therefore, the present study aimed to document further the articulation skills of NF1 patients performing a phonetic inventory, phonetic, and phonological 
analysis. The study group consisted of 14 children (7 boys and 7 girls) and 29 adults (15 men and 14 women) with NF1, ranging in age between 7 
years 5 months and 53 years 6 months. A speech sample containing instances of all Dutch single speech sounds and most clusters in all permissible 
syllable positions was video-recorded from each participant. Subsequently, speech samples were transcribed phonetically and analyzed. The phonetic 
inventory analysis encompassed the determination of the Flemish consonants that the participants were capable of producing, according to the standard 
pronunciation, without making reference to the target sounds. The phonetic and phonological analysis compared the consonants produced with the target 
productions and analyzed for error types at and beyond the segmental level, respectively. At the moment, statistical analysis of the results is ongoing, but 
expected to be finished by April 2011. Findings will be discussed. 
 
Additional Authors: Marjan Cosyns Ph D student, Ghent University; Geert Mortier MD, Ph D, Antwerp and Ghent University Hospital; Sandra Janssens MD, 
Ghent University Hospital; Famke Bogaert, Ghent University; Stephanie D’Hondt, Ghent University; John Van Borsel Ph D, Ghent and Veiga de Almeida 
University 
 
Marjan Cosyns was funded by the Research Foundation Flanders (FWO).

 
Objective assessment of nasality in Flemish adults with neurofibromatosis type 1 
 
Marjan Cosyns 
Ghent University, Belgium 
 
When characterizing the speech of a patient with neurofibromatosis type 1 (NF1), hypernasality is often mentioned. As few studies applied technically 
assisted evaluations of nasality in NF1 patients, the aim of the present study was to document the nasal resonance of adults with NF1 using nasometry. 
The nasometric data obtained from the NF1 adults were compared with the nasalance scores of a healthy control group and with normative data. The final 
study group consisted of 24 adult NF1 patients and 16 controls, all living in the East Flemish part of Belgium. Nasalance scores were obtained while the 
participants sustained three vowels (/a:/, /i./ and /u./) and one consonant (/m/) and read three standard nasalance passages. Despite the inter- and intra-
subject variability, it was observed that NF1 adults as a group exhibited higher mean nasalance scores than controls. This finding was especially clear in 
males. Potential genotype-phenotype correlations between NF1 mutation type and hypernasality were examined but could not be demonstrated. Conversely, 
comparison of the nasometric data with MRI findings showed some degree of interesting correlation. It can be concluded that, notwithstanding the small 
sample size for some analyses, nasality is an area of interest in the adult NF1 population. As altered nasality influences speech intelligibility, nasality requires 
attention during follow-up visits, particularly when it concerns an adult male. 
 
Additional Authors: Marjan Cosyns Ph D student, Ghent University; Geert Mortier MD, Ph D, Antwerp and Ghent University Hospital; Sandra Janssens MD, 
Ghent University Hospital; Kathleen Claes Ph D, Ghent University Hospital; John Van Borsel Ph D, Ghent and Veiga de Almeida University 
 
Marjan Cosyns was funded by the Research Foundation Flanders (FWO).

 
Expression of bcl-x and cleaved caspase-3 in malignant peripheral nerve sheath tumors and in neurofibromas 
 
Karin Soares Gonçalves Cunha, PhD 
Universidade Federal Fluminense, Brazil 
 
Malignant peripheral nerve sheath tumors (MPNSTs) are rare and highly aggressive neoplasms. Neurofibromatosis type 1 (NF1) is the major risk factor 
for the development of these tumors. MPNSTs may appear de novo or may develop from the transformation of a benign neural neoplasm, mainly from a 
plexiform neurofibroma. It is believed that the loss of heterozygosity of NF1 gene in Schwann cells is sufficient for the development of neurofibromas, but 
the pathogenesis of MPNSTs is a multistage process, involving many molecular alterations in addition to biallelic inactivation of NF1 gene. With the aim to 
evaluate the expression of apoptosis-associated proteins in MPNSTs, the immunoreactivity of Bcl-x and cleaved caspase-3 (CC3) proteins was investigated 
in 28 MPNSTs, using tissue microarray, and compared with 38 neurofibromas. Bcl-x and CC3 were expressed in 75% and 100% of MPNSTs, respectively, 
and in 43,2% and 100% of neurofibromas, respectively. Comparing the immunopositive cases, MPNSTs showed higher positivity indexes for both proteins 
than neurofibromas. In neurofibromas, CC3 expression was observed in the nucleus of the cells, whereas 50% of MPNSTs showed nuclear expression 
and the other 50% showed nuclear and cytoplasmatic expression. There was a correlation between cytoplasmatic expression of CC3 and high histological 
grade, high mitotic index, and necrosis in MPNSTs. In multivariate Cox analysis, necrosis was an independent predictor factor for lower overall survival and 
high positivity index for CC3 was an independent risk factor for worse disease-free survival. Our results suggest that alterations of Bcl-x and CC3 expression 
are possibly associated to the development of MPNSTs. 
 
Additional Authors: Anabela Caruso MD, National Institutes of Cancer (INCA), Aline Gonçalves DDS, Universidade Federal Fluminense (UFF), Vagner 
Bernardo MSc, UFF, Andrea Pires MSc, UFF, Eliene da Fonseca MSc, UFF, Paulo de Faria MSc, INCA, Licínio da Silva MSc, UFF, Mauro Geller PhD, 
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Hope and perceived social support as predictors of resilience in children with Neurofibromatosis Type 1  
 
Sandra Cushner-Weinstein, PT, LCSW-C 
The Jennifer and Daniel Gilbert Neurofibromatosis Institute 
 
Resilience is the ability to adapt in difficult situations and overcome adversities. Common coping strategies utilized by people who are resilient include 
reaching out to family and friends to socially connect and maintaining a sense of hope, regardless of life’s challenges. Previous studies have shown that 
children with neurofibromatosis type 1 (NF1) are less resilient and have impaired social skills compared to normative peer groups. Also, literature in the 
field of chronic health suggests that a chronic illness can reduce a sense of hope; while, individuals exhibiting more hope and social support appear to have 
better health outcomes, The present study explores the relationship between resilience, hope, and perceived social support in children with NF1.  
 
Seventy-four participants diagnosed with NF1, ages 8-17 years, completed the Connor-Davidson Resilience Scale (CD-RISC), Herth Hope Scale (HHS), and 
Multidimensional Scale of Perceived Social Support (MSPSS). A t-test was used to determine if children with NF1 differ from normative data in terms of 
resilience, hope, and perceived social support. A regression model was used to determine how hope and perceived social support may impact resilience. 
Additional analysis examined the relationship between HHS and MSPSS in children with NF1.  
 
The independent two-sample t-tests indicated that children with NF1 exhibit less hope (t(74)=-40.63, p<0.001), less perceived social support (t(70)=-
9.01, p<.001), and less resilience (t(72)=-176.61,p<.001) when compared to normative data. The regression analysis indicated that hope and perceived 
social support explained 56.7% of the variance in CD-RISC scores (R2=.567, F(2,67)= 43.93,p<.001). Additionally, the regression model equation 
demonstrated that hope had a greater impact than perceived social support on resiliency (b=.568, b=.292, respectively). Secondary analyses found a 
strong, positive correlation between hope and perceived social support (r(70)=.48,p<.001).  
 
These findings support our prior research findings that children with NF1 are less resilient than their normative peers. In addition, we found that hope and 
perceived social support are influential factors that contribute to resilience. Children with NF1 had less hope and perceived social support in comparison 
to their normative peers. Our results highlight the potential impact of hope and perceived social support on resiliency, with hope demonstrating a stronger 
influence. Further research is required to understand if there are additional factors that may significantly impact resiliency in children with NF1. For children 
to successfully manage their health and live with the uncertainty and challenges of their condition, interventions tailored to encourage a sense of hope and 
increase social support may be beneficial to promote resiliency.  
 
Additional Authors: Sandra Cushner-Weinstein, PT, LSCW-C, Children’s National Medical Center; Caroline Luong-Tran, The George Washington University; 
Peter Kardel MA, Jennifer and Daniel Gilbert Neurofibromatosis Institute; Maria T Acosta MD, Children’s National Medical Center; Roger Packer, MD, 
Children’s National Medical Center.

 
Aerobic capacity is reduced in patients with Neurofibromatosis type 1: a preliminary report 
 
Juliana Ferreira de Souza, MD 
Federal University of Minas Gerais, Brazil 
 
Neurofibromatosis type 1 (NF1) presents a wide variety of clinical features, including muscular hypotony. Reduced maximal voluntary handgrip muscular 
force (P=0.001) has been observed among patients attended at the Neurofibromatosis Outpatient Reference Center of Minas Gerais Federal University 
(CRNF), Brazil (Souza et al, 2009). It is known that aerobic capacity (maximal oxygen uptake/VO2max) is determined by general muscle tonus and strength 
(Bouchard & Shepard, 1994). Furthermore, VO2max is directly related to life expectancy and quality of life (Blair et al,1995). Patients with NF1 have not 
only a shorter lifetime but also a lower quality-of-life (Wolkenstein et al, 2001). However, to our knowledge, VO2max has not been quantified among NF1 
patients. 
 
Seventeen volunteered NF1 patients (NIH criteria, 5 male, 12 female), aged between 18 and 58 years, without heart and/or lung involvement or physical 
limitations to the test, were matched by sex and age to 17 healthy volunteers. All volunteers signed the informed consent protocol. VO2max was estimated 
from a maximal exercise capacity treadmill test using Bruce’s protocol. Data were compared using a Student t Test. 
 
The healthy estimated mean VO2max (40.8 ± 6.17 ml/kg min) was greater than NF1 mean (35.5 ± 6.52 ml/kg min) (P=0.02). As expected, healthy male 
showed greater VO2max (46 ± 5,15 ml/kg min) than healthy female (38.2 ± 4,98ml/kg min) (P=0.02) but this gender difference was just a tendency 
among male and female NF1 patients (P=0.05). 
 
NF1 patients presented a reduced VO2max, but the exact causes for this findingare unknown. It could be due to neurological abnormalities related with NF1 
intrinsic neurofibromin deficiency, such as reduced neural motor coordination already described among NF1 patients. Otherwise, it may result from lower 
habitual levels of physical activities, often clinically observed in NF1 patients. Finally, it must be considered a hypothesis of a neurofibromin deficiency 
related muscular (skeletal and/or cardiac) NF1 phenotype, resulting in decreased muscular force leading to lower VO2max levels. 
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Neurofibromatosis Type 1 associated Vasculopathy in Children: An emerging entity  
 
Partha S Ghosh, MD 
Cleveland Clinic 
 
Neurofibromatosis 1 (NF 1) is the most common single-gene disorder involving the nervous system.1 NF1 vasculopathy is a significant but under-
recognized complication, affecting arterial and venous blood vessels of all sizes.2-3  We describe our experience of NF1 associated vasculopathy with NF1. 
 
Retrospective chart review of all patients with NF1 ≤ 18 years of age seen at the Cleveland Clinic over a 10 year period (2000-2010). Patients were divided 
into the three following groups: (1) Cerebrovascular, (2) Cardiovascular (3) Other. Of 398 children, 26 (6.5%) had vasculopathy. 
 
Group1: Ten (2.5%) had cerebrovascular abnormalities (mean age 12.8 years; 5 males). Presentation- headache (4), seizures (1), and asymptomatic (5): all 
had normal neurological examination. MRA brain: Moyamoya disease- 4, stenosis / occlusion of internal carotid artery -3, middle cerebral artery stenosis-2, 
posterior cerebral artery stenosis-1. Ischemic changes were noted in 1; none had hemorrhage/ aneurysm. On follow-up (mean 5.2 years), 1 died of brain 
tumor, while the remaining 9 were neurologically intact. One patient with Moyamoya disease underwent encephaloduroarteriomyosynangiosis. 
 
Group2: Fifteen (3.7%) had cardiovascular abnormalities (mean age 6.6 years; 8 males). Presentation: hypertension (2), shortness of breath (2), chest 
pain (1), syncope (1), murmur (6). Cardiac lesions noted on echocardiogram were: pulmonary stenosis-5, coarctation of aorta -4, mitral-valve prolapse-1, 
supra-valvular aortic stenosis-1, anomalous right coronary artery -1, pulmonary artery hypoplasia-1. On follow-up (mean 4.6 years), 3 had surgical 
procedures.  
 
Group3: Two girls had renal artery stenosis (RAS); 1 had coarctation of aorta. Both were hypertensive: 1 underwent surgical repair of RAS.  
 
Children with NF1 should be carefully screened for vasculopathy so that appropriate intervention can be initiated early. MRA should be obtained when NF1 
patients undergo MRI brain to look for cerebrovascular abnormalities as majority are asymptomatic. Echocardiogram is indicated in the presence of cardiac 
symptoms or cardiac murmur. RAS needs to be ruled out in NF1 patients who are hypertensive. 
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Syringomyelia in Neurofibromatosis Type 1: An uncommon association  
 
Partha S Ghosh, MD    
Cleveland Clinic  
 
Neurofibromatosis 1 (NF 1) is the most common single-gene disorder involving the nervous system.1 It is associated with various central nervous system 
(CNS) lesions.2 The combination of NF1 and syringomyelia has been reported rarely.3,4 The goal of our study was to determine if there was an association 
of syringomyelia with NF1.  
 
Retrospective chart review of all patients with NF1 and syringomyelia ≤ 18 years of age seen at the Cleveland Clinic over a 10 year period.  
 
396 children with NF1 were reviewed: 5 had syringomyelia (3 male, mean age 11 years). The most common presenting symptom was headache (n=3), 
followed by neck and back pain (n=2). Clinically there were no neurodeficits. None had scoliosis. Magnetic Resonance Imaging (MRI) spine showed: 
isolated cervical cord involvement in 3, cervical and thoracic cord in 2. None had intramedullary tumor or abnormal contrast enhancement. Other spine MRI 
findings were: Arnold Chiari Malformation (ACM) Type 1 (3), diffuse foraminal neurofibromas (1), paraspinal neurofibromas (2). Brain MRI revealed: optic 
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glioma (3), brainstem glioma (1) and astrocytoma of the septum pellucidum(1). On follow up (mean 4.2 years) there were no new neurodeficits, MRI spine 
was stable. However, one patient developed a brainstem glioma.  
 
To our knowledge, this is the first case series showing the existence of syringomyelia in NF1. Though we found ACM type1 as the commonest association 
with syringomyelia in NF 1, it can exist without ACM. Majority of our patients with syringomyelia had optic glioma or other low grade brainstem/ 
supratentorial glioma. As syringomyelia has the potential to expand over time leading to various neurodeficits close follow-up is recommended. We believe 
syringomyelia may be one of the CNS lesions associated with NF1and merits further studies.  
 
Additional Authors: Manikum Moodley, MB ChB, A David Rothner, MD  
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Neurofibromatosis type 2 in the Elderly population: clinical and molecular features. 
 
Stephane Goutagny, MD, PhD 
Hôpital Beaujon, France  
 
The majority of patients with NF2 are identified in the second or third decade of life with bilateral vestibular schwannomas (VS). We seek to describe the 
features of NF2 in population ≥70 years old. 
 
Between 1997 and 2009, 119 patients with diagnosed NF2 were regularly followed-up in a tertiary NF2 referral centre, with annual clinical examination 
including audiometry, and cranial Magnetic Resonance Imaging (MRI). This study describes the characteristics of 6 patients (5%) diagnosed after 70 years 
of age.  
 
There were 5 females and 1 male. Mean age at diagnosis of NF2 was 78.7 years (range 72-88) and at last follow up 85.4 years (range 76.9-95.7). Mean 
age at first symptoms was 66.7 years (range 42-88). First symptoms were unilateral hearing loss associated with dizziness and tinnitus in 5 patients, 
sudden unilateral deafness in one patient. Five patients had no family history of NF2; one patient had a brother who died from tuberculosis at age 25 and 
was deaf. Bilateral VS were present in 3 cases. Unilateral VS was associated with 2 cranial meningiomas in 2 cases, and in 1 cranial meningioma and 2 
spinal schwannomas in 1 case, thus fulfilling Manchester criteria for NF2. NF2 gene screening by exon sequencing and MLPA analysis identified no mutation 
in blood samples from the 6 patients. During a mean follow up of 97.2months (range 42-178), 4 patients retained the same hearing (class AAO/HNS A for 
2 patients, B and C for one each). Mean maximum extracanicular VS diameter was 11.7mm (range 0-30 mm) at the beginning of follow up. VS remained 
stable in 2 cases, slightly increased in 3 and clearly grew in 2 cases. One patient has been operated on at age 73. 
 
Neurofibromatosis type 2 can be diagnosed in people aged 70 and older. The major features of NF2 in the elderly are a high prevalence of atypical forms with 
unilateral VS, high incidence of probably mosaic NF2 and low growth potential of tumors. 
 
Additional authors:  Alpha Bah, MD1, Alexis Bozorg-Grayeli, MD Ph.D.2, Olivier Sterkers, MD Ph.D.2, Michel Kalamarides, MD Ph.D.1,3 
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Radiographic regression of cranial meningioma in a NF2 patient treated by Bevacizumab 
 
Stephane Goutagny, MD, PhD 
Hôpital Beaujon, France  
 
Bevacizumab, a humanized monoclonal antibody against vascular endothelial growth factor (VEGF), has recently been proposed to NF2 patients with 
inoperable vestibular schwannoma (VS), leading to hearing improvement and some decrease in VS size [1,2]. Interestingly, partial response under 
bevacizumab treatment has also been reported in a sporadic case of non-NF2 anaplastic meningiomas [3]. 
 
We report the case of a 51-year old female with NF2.The patient has been receiving intravenous bevacizumab at a dose of 5 mg per kilogram of body weight 
every 2 weeks for 15 months for growing VS with progressive hearing loss. No side effect was noticed. The volume of the VS decreased from 13.9 cm3 to 
11.8 cm3 (15%). Unfortunately, hearing improvement (our primary objective) was not achieved.  
 
Of note, the patient harbored 7 intracranial meningiomas. The larger one was an asymptomatic parietal convexity meningioma measuring 30.4 mm (7.3 
cm3) at the beginning of bevacizumab treatment. This meningioma has been growing for 5 years, with a 38% increase in volume in the preceding 12 
months. The other 6 meningiomas were small and have been stable for 5 years. We observed a decrease in size of the parietal meningioma of 22% in 15 
months of continuous bevacizumab treatment.  
 
This report is the first evidence of activity of Bevacizumab in a NF2 patient with growing meningioma and confirms reports showing activity of this drug in 
VS 
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ADHD symptom profiles: Comparison between children with NF1 and developmental ADHD  
 
Kristina K. Hardy, PhD  
Children’s National Medical Center   
 
There is a high incidence of executive dysfunction, including reduced cognitive flexibility, sustained attention, working memory capacity, and planning in 
children with NF1. Because of these and related difficulties, up to 40% are labeled with Attention Deficit/Hyperactivity Disorder (AD/HD), particularly the 
Inattentive subtype. It is unclear whether the scope and severity of symptoms is consistent with that seen in children with developmental AD/HD. Few studies 
have been conducted comparing AD/HD symptom profiles and functional impairments between children with NF1 and those with developmental AD/HD. This 
study aimed to evaluate DSM-IV based AD/HD symptom profiles, attentional functioning, and related impairment in a sample of clinically-referred children 
and adolescents with NF1 and healthy children diagnosed with AD/HD. Retrospective data from 55 children with NF1 (47% male, mean age = 9.8, SD = 
3.59) and 20 children with AD/HD (61% male, mean age = 9.1, SD = 4.16) who completed clinical neurocognitive evaluations were included for analysis. 
Parent and teacher AD/HD Rating Scales (ADHD-RS), and Behavior Rating Inventory of Executive Functioning (BRIEF), as well as a battery of objective 
neuropsychological measures were collected.  
 
AD/HD-IN diagnosis is considered when children exhibit at least 6 of 9 symptoms of inattention. Children with developmental AD/HD demonstrated 
significantly greater inattentive symptoms, as rated by both parents and teachers, than did those with NF1 (mean parent-rated symptoms = 6.2 vs 3.4; 
p<.05; mean teacher-rated symptoms = 6.8 vs. 2.4, p < .05). While 29% of children with NF1 in our sample met the criteria as rated by parents (vs. 65% 
of the ADHD sample), only 15% had at least 6 symptoms of teacher-rated inattention (vs. 71% of the ADHD sample). Additional analyses will evaluate group 
differences for objective measures of neurocognitive dysfunction as well as functional impairment on behavioral questionnaire measures.  
Children with NF1 exhibit fewer symptoms of inattention than do youth with AD/HD, though the level of symptoms in NF1 patients was elevated relative to 
standardization samples of typically-developing children. It is possible that the AD/HD diagnostic criteria do not fully characterize the spectrum of attentional 
problems seen in children with NF1. Future research should examine the appropriateness and efficacy of AD/HD treatments in the NF1 population.  
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Screening of Cognitive, Behavioral, and Emotional Functioning of Preschool-Age Children with NF1  
 
Jennifer Janusz, PsyD 
University of Colorado Denver School of Medicine  
 
While children with NF1 have an increased risk of cognitive difficulties, many times children do not present for neuropsychological evaluation until they are 
school-age and academic difficulties are more pronounced. However, if deficit areas can be identified at younger ages, early intervention efforts can be 
focused and parents and teachers can plan and prepare for later difficulties. The current study sought to explore the cognitive and behavioral characteristics 
of preschool-age children with NF1.  
 
Fifteen children age 3 to 5 years with NF1 (males n= 6; mean age= 4.7 years) were administered the Wechsler Preschool and Primary Scales of 
Intelligence- Third Edition (WPPSI-III). Children older than 4 years (n= 10) were also administered the Wechsler Individual Achievement Test- Third Edition 
(WIAT-III). Parents of all children completed the Behavior Rating Inventory of Executive Function (BRIEF) and the Child Behavior Checklist (CBCL).  
 
Overall cognitive ability was in the average range (WPPSI-III Full Scale IQ mean= 95.8), as were early academic skills (WIAT-III subtest means ranged from 
93.4-103.5). One-sample t tests were used to compare BRIEF and CBCL ratings to published norms. On the BRIEF, the Inhibit, Shift, and Working Memory 
scales significantly deviated from normative expectation (p<.05). CBCL scales assessing attentional problems and symptoms of ADHD were also elevated 
compared to norms (p < .01). Statistically-significant elevations were also seen on CBCL Internalizing and Externalizing scales (p<.05), but mean scores 
were not in the clinical range.  
 
This study found average-range overall cognitive ability and early academic skills in a preschool sample. However, deficits could be identified in attention 
and emerging executive functioning skills in children as young as 3 years. Children were also rated as having more internalizing and externalizing behavioral 
symptoms than expected. These findings are important to consider in the clinical management of preschool-age children with NF1. While these children may 
be functioning in the average range academically, areas of risk can be identified even at these young ages, allowing for interventions to be initiated as early 
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as possible. These findings also suggest that deficit areas can be easily captured through the use of parent questionnaires, which can be an efficient and 
cost-effective way to screen potential problems within the clinic setting.

 
Echocardiographic characterization of 21 patients with large deletions of NF1  
 
Kimberly Jett 
University of British Columbia, Canada 
 
Approximately 5% of NF1 patients have whole gene deletions (“microdeletions”) of the NF1 locus. In comparison to other NF1 patients, individuals with 
microdeletions have an increased risk of malignant peripheral nerve sheath tumours, developmental delay, skeletal malformations, dysmorphic facial 
features, and bone overgrowth. Venturin et al. (J Med Genet. 2004; 41: 35-41) also reported increased cardiovascular malformations in microdeleted 
NF1 patients.  Neurofibromin is assumed to play a role in cardiac development, and haploinsufficiency of two genes, JJAZ1 and CENTA, located in the Nf1 
microdeletion interval, may be responsible for the development of congenital heart defects in these patients.  
 
We performed comprehensive echocardiographic characterization of 21 patients with genetically confirmed microdeletions and age/sex matched controls 
with classic NF1.  Congenital heart defects (CHDs) were significantly more frequent among patients with non-mosaic microdeletions (6/16 [38%]) than in 
patients with classic NF1 mutations (0/16; p=0.02). CHDs included ventricular septal defects (VSD, n=1), right ventricular hypertrophic cardiomyopathy 
(RV HCM, n=2), intracardial fibromas (n=2), and aortic stenosis (n=1). RV HCM and VSD resolved completely with time.  Patients with mosaic 
microdeletions (n=5) did not demonstrate congenital heart defects or other cardiovascular abnormalities.   
 
The prevalence of other cardiovascular abnormalities (CMs) on echocardiogram was significantly higher in Nf1 non-mosaic microdeletion patients (8/16 
[50%]) than in their matched controls in who CMs were not observed (0/16 [1%], p=0.002). The most frequently observed CMs were mild valvular 
insufficiencies. Echocardiography revealed a higher left ventricular diastolic internal dimension (p=0.004) and lower left ventricular diastolic posterior wall 
thickness (p=0.035) in microdeletion cases, indicating left ventricular dilation.  
 
This study provides evidence that CHDs and echocardiographic CMs are more frequent among patients with microdeletion of Nf1. These patients should 
be referred for evaluation by a cardiologist at the time of NF1 diagnosis.  
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The relationship between total body tumor load and risk of MPNST in people with NF1 
 
Kimberly Jett 
University of British Columbia, Canada  
 
Malignant peripheral nerve sheath tumors (MPNSTs) are a principal cause of premature death in people with NF1. Previous studies have suggested that 
internal plexiform neurofibromas, which occur in about half of patients with NF1, are a risk factor for the development of MPNST. We investigated 31 NF1 
patients with MPNSTsand 62 age-and sex-matched control NF1 patients who do not have MPNST by whole body magnetic resonance imaging (WB-
MRI).Whole body internal tumor volume (median= 508, range= 2932, p<0.001)was significantly higher in NF1 patients with MPNSTsthan in matched 
controlpatients without MPNSTs (median= 22, range= 5368).  This effect was seen in younger(less than or equal to 34 years of age, but not older 
(greater than 34 years of age),NF1 patients (p< 0.001). and Total number of tumors was also significantly higher in NF1 patients with MPNSTsthan in 
matched controlpatients without MPNSTs (Wilcoxon-signed rank, p=0.004). Young patients with large whole body internal tumour volume or with high 
numbers of internal tumors are at increased risk to develop MPNSTs and may benefit from more intensive medical surveillance.   
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Oral soft tissue alterations in patients with neurofibromatosis  
 
Eeva-Mari Jouhilahti 
Institute of Biomedicine, Finland 
 
Even though neurofibromas rarely affect the oral cavity in general population, their presence within the oral cavity is not uncommon in association with 
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neurofibromatosis 1 (NF1). In previous reports with relatively small study populations oral soft tissue and radiographic manifestations of neurofibromatosis 
have been reported in 72 - 92 % of affected persons including the intraoral tumors in ~ 25 % of patients. Although the histopathology of cutaneous and 
plexiform neurofibromas has been thoroughly investigated, studies on mucosal NF1 related tumors are rare.  
 
In the present study, a total of 103 patients with NF1 and three patients with neurofibromatosis 2 (NF2) were clinically evaluated for their oral soft tissue 
alterations. Disturbing growths were removed from 9 patients with NF1 and from one patient with NF2. The specimens were analyzed using routine 
histological methods and with immunohistochemistry using antibodies to S100, type IV collagen, CD34, neurofilament and neuron specific tubulin (TUBB3). 
 
Alterations including oral tumors, overgrowths of gingival soft tissue and enlarged papillae of the tongue were discovered in 74% of NF1 patients. The 
results showed that three tumors clinically classified as plexiform neurofibromas and five out of six discrete mucosal tumors displayed histology and 
immunohistology consistent with that of neurofibroma. The histology of one palatal lesion resembled that of a scar, and the lesion removed from the patient 
with NF2 was classified as an amyloid tumor. 
 
To conclude, oral soft tissue alterations are relatively common in NF1 and they often represent neurofibromas, but their characterization requires careful 
immunohistochemical profiling. 
 
Additional Authors: Eeva-Mari Jouhilahti MSc, Department of Cell Biology and Anatomy, University of Turku; Vivian Visnapuu D.DS, PhD, Department of 
Cell Biology and Anatomy and Department of Oral and Maxillofacial Surgery, University of Turku and Turku University Hospital; Tero Soukka D.DS, PhD, 
Department of Oral and Maxillofacial Surgery, University of Turku and Turku University Hospital; Heikki Aho MD, PhD, Department of Pathology, Turku 
University Hospital; Sirkku Peltonen MD,PhD, Department of Dermatology, University of Turku and Turku University Hospital; Risto-Pekka Happonen D.DS, 
PhD, Department of Oral and Maxillofacial Surgery, University of Turku and Turku University Hospital and Juha Peltonen MD, PhD, Department of Cell Biology 
and Anatomy, University of Turku 

 
Phase II Clinical Trial of Lapatinib in Children and Adults with Neurofibromatosis Type 2 (NF2) and Progressive Vestibular Schwannomas  
 
Matthias A. Karajannis, MD  
New York University Langone Medical Center 
 
Lapatinib is an orally active receptor tyrosine kinase inhibitor that reversibly inhibits epidermal growth factor receptor 1 and 2 (EGFR and ErbB2) 
phosphorylation. We have recently shown that EGFR and ErbB2 are consistently expressed and activated in vestibular schwannomas (VS) in patients with 
NF2, and that lapatinib is active in a preclinical VS model. This study aims to determine the response rate to lapatinib in children and adults with growing VS.  
 
A two-stage clinical trial design was used and NF2 patients >3 years of age with progressive VS were eligible. Lapatinib was administered continuously 
for 28-day courses; 1,500 mg once daily for adults and 1,800 mg/m2/day divided twice daily in children <18 years (1,500 mg maximum total daily dose). 
MRIs of the brain and spine, including three-dimensional volumetric tumor analysis, as well as audiograms were performed at baseline and after every third 
course. Primary endpoint was radiographic response of the growing VS. Response and progression were defined as a decrease or increase in tumor volume 
of ≥15% from baseline, respectively.  
 
The study was opened for accrual in September of 2009 and 19 patients (3 children, 16 adults) have been enrolled to date, 15 of which are evaluable (total 
enrollment goal: 17 evaluable patients). Five patients came off trial due to progression, with a median time to progression of six months. The remaining 10 
patients continue on trial, four of which experienced an objective radiographic response with a median time to response of three months. The total response 
rate was 4/15 evaluable patients (26.6%). In responders, reduction in VS tumor volumes ranged from 15.7 to 25.0%. Toxicity was generally minor, with no 
permanent dose modifications required.  
 
Preliminary response data suggests that lapatinib has anti-tumor activity in NF2 patients with progressive VS. A full report of tolerance and activity, including 
tumor volumetrics and audiologic data, will be presented on all patients.  
 
Additional Authors: Marc S. Ballas, MD, Genevieve Legault, MD, Iyore Ayanru, Ariel Winn, MD, Emilio Vega, Michael Bloom, Annette O. Nusbaum, MD, Mari 
Hagiwara, MD, J. Thomas Roland, MD, John G. Golfinos, MD and Jeffrey C. Allen, MD, NYU Langone Medical Center, New York, NY  
 
Funding: GlaxoSmithKline

 
Social Skills and in Young Children with NF-1: Relations to Intellectual Functioning and Attention Problems 
 
Bonita P. Klein-Tasman, PhD 
University of Wisconsin-Milwaukee  
 
Neurofibromatosis-1 (NF-1) is a genetic neurodevelopmental disorder affecting approximately 1 in 3,000 people. Prior research has indicated that individuals 
with NF-1 show significantly poorer social skills than their unaffected peers, with children with NF-1 and comorbid ADHD with the poorest social skills 
(Barton and North, 2004). The current study sought to find out if these social skills difficulties could be seen in younger children as well. Thirty-six children 
with NF-1 between the ages of 3-8 years old participated (M= 5.60, SD= 1.87). Parents completed The Social Skills Rating Scale (SSRS) and the Conners 
Parent Rating Scale (Conners) as measures of social ability and ADHD symptomatology respectively. The Differential Ability Scales (DAS II) was administered 
to the children to assess intellectual functioning. A significant correlation was found between intellectual functioning and SSRS standard scores, (r=.459, p 
<.005). A significant correlation was found between age and parent scores on the SSRS (r=.368, p<.027), indicating that social skills ratings increased 
with age. Although half of the parents rated their children as average or above on the social skills standard scale (20 participants, 51.2%), the number of 
participants falling below average was higher than expected based on the normative distribution. Eight participants (19.5%) showed social skills within the 
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low average range, 2 participants in borderline range (4.9%), and 5 participants were rated in the delayed range (12.2%). A significant correlation between 
the SSRS social skills standard score and the ADHD index on the Conners was found (r = -.339, p<.05), indicating that children with greater ADHD 
symptomatology showed weaker social skills. This study found that some young children with NF-1 experience lower than average social functioning, and 
that social functioning and attention problems are related for children with NF-1. Early identification of these difficulties may serve support the development 
of social skills.  
 
Additional Authors: Shawna Berka, University of Wisconsin-Milwaukee, Lorri A. Kais, B.A., University of Wisconsin-Milwaukee, Pamela Trapane, M.D., 
University of Iowa, James Tonsgard, M.D., University of Chicago, Scott Hunter, Ph.D., University of Chicago, Kelly M. Janke, M.S., University of Wisconsin-
Milwaukee  
 
This work was supported by funds from the University of Wisconsin - Milwaukee Research Growth Initiative, University of Chicago Center for Translational 
Science CTSA (UL1 RR024999), NF Inc Midwest, and NF Inc MidAtlantic.

 
Attention and Inhibition in Young Children with NF-1: A Multimethod Study  
 
Bonita Klein-Tasman, PhD 
University of Wisconsin-Milwaukee  
 
Individuals with NF1 are at increased risk for attention problems. The majority of current NF1 literature focuses on older children, adolescents, and adults. 
In this study, both parent report and laboratory-based measures were used to investigate the presence of inattentive and impulsive symptoms in young 
children with NF1. Participants were 28 children with NF1 between the ages of 3 to 6 years. Parent ratings on the attention-related subscales of a broad 
screening measure for problem behavior (BASC-II) did not significantly differ from expected norms. On a more targeted and comprehensive measure of 
attention-related problems (Conners PRS), parents rated their children as showing significantly more difficulty than the normative population in inattention 
[t (27) = 2.64, p < .05] and on an overall ADHD index [t (27) = 3.14, p =< .005]. The frequency of children with difficulties (scores more than 1 
standard deviation above the normative mean) on the Conners-PRS Inattention scale and ADHD Index was higher than expected based on the normative 
distribution (28.6%; 39.3%, respectively). Only four children met research diagnostic criteria for ADHD based on structured clinical interview, suggesting 
that for most children attention problems did not lead to significant impairments in the home setting during the preschool years. No significant relationships 
were observed between intellectual functioning and performance on lab-based measures or parent ratings. There was no significant relationship observed 
between behaviors during the LabTab Snack Delay task and parent report measures of attention. However, physical prompting during the LabTab Tower of 
Patience task was related to greater inattentive symptoms on the Conners-PRS (r = .46, p = .04) and to higher scores on the overall ADHD index (r = .41, 
p = .07). Findings support the presence of some attention and inhibition difficulties in young children with NF1, and correspondence between parent report 
and lab-based measures. The importance of monitoring early difficulties in young children with NF1 using multiple methodologies will be discussed.  
 
Additional Authors: Lorri Kais B.A., University of Wisconsin-Milwaukee; Pamela Trapane, M.D., University of Iowa, Scott Hunter, Ph.D., University of Chicago, 
James Tonsgard, M.D,, University of Chicago, Kelly Janke M.S., University of Wisconsin-Milwaukee  
 
This work was supported with generous funds from the University of Wisconsin – Milwaukee Research Growth Initiative, University of Chicago CTSA (UL1 
RR024999), NF Inc Midwest, NF Inc MidAtlantic.

 
Learning and Behaviour in Children with NF1: Data from a Population-Based Study  
 
Annukka Lehtonen, PhD 
University of Manchester, United Kingdom 
 
Research in the last two decades has begun to define the cognitive and behavioural phenotype of neurofibromatosis type 1 in childhood, documenting 
problems with academic achievement, attention, executive functioning, coordination, behaviour and social functioning (e.g. Hyman et al, 2005; Krab et al., 
2008; Ferner et al., 1996). However, there is still a paucity of large-scale, comprehensive studies with representative sampling strategies. Our study aimed to 
delineate the cognitive and behavioural phenotype of NF1 through a population-based sample of children with NF1.  
 
The study took advantage of the large, population-based cohort of NF1-patients followed in Genetic Medicine, St. Mary’s Hospital, Manchester, UK. 
Altogether 230 families with 4-16 year old children were invited to take part. All the families were sent questionnaires about different aspects of behaviour. A 
hundred children, aged 6-16 years, were also invited to do a cognitive assessment battery. The families invited to the cognitive assessment were randomly 
selected, stratifying for age and socio-economic status. 110 families returned the questionnaires, and 49 children took part in the cognitive assessment 
phase.  
 
Control participants for the cognitive assessment study included 19 siblings of the children with NF1 and 25 community controls, matched for age and 
socio-economic status.  
 
The questionnaire measures focussed on attention, social communication and general behaviour. The cognitive assessment included measures of 
intelligence, attention, memory and learning, academic achievement, visuospatial perception, and facial emotion recognition. Participants were seen either at 
home or in the hospital.    
 
The most interesting and novel finding from preliminary data analysis demonstrated high levels of social communication problems: 17% of the participants 
were in the ‘severe’ range on the Social Response Questionnaire (Constantino et al., 2003), indicating almost certain diagnosis of autism, and further 29% 
were in the moderate range, indicating mild/ moderate autism. Further results are pending as data collection has only recently finished, but results will be 
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available for the Conference, and we are happy to update this abstract accordingly.  
 
Additional Authors: Shruti Garg, MBBS, FRCPsych, Central Manchester University Hospitals Foundation Trust; Jonathan Green, MA, MBBS, DCH, FRCPsych, 
University of Manchester; Dorothy Trump, MD, FRCP, University of Manchester; Gareth Evans, MD, FRCP, Central Manchester University Hospitals Foundation 
Trust; Susan Huson, MD, FRCP, Central Manchester University Hospitals Foundation Trust.  
 
References: Constantino, J. N., Davis, S. A., Todd, R. D., et al. (2003). Validation of a brief quantitative  measure of autistic traits: comparison of the social 
responsiveness scale with the autism diagnostic interview-revised. Journal of Autism and Developmental Disorders, 33, 427-433. Ferner, R., Hughes, R., & 
Weinman, J. (1996). Intellectual impairment in neurofibromatosis 1. Journal of the Neurological Sciences, 138, 125- 133.  Hyman, S., Shores, A., & North, 
K. (2005). The nature and frequency of cognitive deficits  in children with neurofibromatosis type 1. Neurology, 65, 1037-1044. Krab, L., Aarsen, F., de 
Goede-Bolder, A., et al. (2008). Impact of Neurofibromatosis 1 on school performance. Journal of Child Neurology, 23, 1002-10.  
 
This work was funded by a grant from the Manchester Biomedical Research Centre.

 
The Incidence of Breast Cancer in Women with Neurofibromatosis Type 1  
 
Sara Madanikia  
Johns Hopkins Comprehensive Neurofibromatosis Center 
 
Neurofibromatosis type 1 (NF1) is an autosomal dominant disorder which affects approximately 1 in 3500 individuals. Individuals with NF1 are at increased 
risk for neoplasms, most commonly neurofibromas. In addition to neurofibromas, individuals with NF1 can frequently develop optic pathway tumors, brain 
tumors, gastrointestinal stromal tumors (GISTs), somatostatinomas, pheochromocytomas, and rhabdomyosarcomas.  
 
There is recent evidence that breast cancer might be more prevalent in women with neurofibromatosis type 1 than the general population, particularly for 
women under the age of 50. A 2006 prospective study of cancer incidence in individuals with NF1 in the UK reported that the risk of developing breast cancer 
was significantly higher for woman under 50 than the general population. A retrospective study from 2007 out of Manchester, England, found that women 
with NF1 in this study had a fivefold increased risk of being diagnosed with breast cancer. There have not yet been any published studies on the incidence of 
breast cancer in women with NF1 in the United States.  
 
Chart review for breast cancer diagnoses was undertaken for 126 women with NF1 followed at Johns Hopkins who were 20 years of age or older at the time 
of data collection. The standardized incidence ratio (SIR) for breast cancer in the female NF1 population was calculated by comparing the number of observed 
cases of breast cancer in our population with the number of expected cases based on incidence rates of breast cancer in the general population from the 
Surveillance Epidemiology and End Results (SEER) database for the years 1975-2007. An identical chart review and SIR calculation was undertaken for 
women with Marfan syndrome seen at Johns Hopkins in order to provide a control group within the institution.  
 
Of the 126 NF1 records reviewed, four (4) were found to have both NF1 and breast cancer. The SIR for women with NF1 between the ages of 20 and 50 was 
2.7, which indicates that we observed 2.7 times more cases of breast cancer in this group than were expected. The SIR for women with NF1 over the age of 
50 was 0.8, resulting in a combined SIR for both groups of 1.7. Of the 47 Marfan records reviewed, zero (0) were found to have both Marfan syndrome and 
breast cancer. The number of expected cases in this population was 0.54.  
 
This study was retrospective, single center and subjects were ascertained as a tertiary care center, all of which could impact the results of the study. 
Despite these limitations, the trend of a higher-than-expected number of breast cancer cases in women under 50 with NF1 agrees with the prior studies from 
the literature. Given our data and the data from previous studies, a higher index of suspicion for breast cancer in women with NF1 may be warranted. An 
association between breast cancer and NF1 is particularly important for women to recognize, since they would not be able to tell the difference between a 
benign neurofibroma and a cancerous lump. Indeed, mammography cannot often distinguish between the two. Additionally, if there were a true increase in 
risk of breast cancer for women with NF1, current screening and surveillance recommendations for this group might be altered.  
 
Additional Authors: Sara Madanikia BS, Johns Hopkins University; Amanda Bergner MS CGC, Johns Hopkins University; Jaishri Blakeley MD, Johns Hopkins 
University.  
 
This study was supported by a grant from the Institute for Clinical and Translational Research at Johns Hopkins University.

 
Attention and executive problems in children and adolescents with NF1 and plexiform neurofibromas (PNs): Results from objective tests and behavior 
rating scales  
 
Staci Martin, PhD 
National Cancer Institute  
 
Substantial proportions of youth with NF1 have attention deficit hyperactivity disorder (ADHD). However, the relationship between this disorder and certain 
aspects of attention and executive functions in this population remains unclear. Moreover, no published studies have examined how executive test scores 
relate to parent, teacher, and self-report rating scales of executive skills in NF1.  
 
As part of a natural history study, children with NF1 and PNs were administered tests assessing aspects of attention (sustained auditory attention: Test 
of Everyday Attention for Children Score!; sustained visual attention: Conners Continuous Performance Test – II), and executive functions (visual mental 
flexibility: Trailmaking test; verbal mental flexibility: Verbal Fluency test; visual processing speed: Wechsler Processing Speed Index). Parents completed 
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questionnaires assessing attention (Conners Parent Rating Scale – Revised [CPRS-R]) and executive functions (Behavioral Rating Inventory of Executive 
Function [BRIEF]). Teachers and adolescents (ages 11-18) also completed the BRIEF.  
 
Fifty-five children (64% male; mean age 12.6 +3.6 years, range 6-18) completed the above measures. By parent report, a considerable proportion of 
children were diagnosed with ADHD (31%). Overall mean scores were within normal limits (WNL) on all cognitive measures except the sustained auditory 
attention task (mean scaled score = 6.8+3.9). Mean scores on this measure were below average for both children with and without ADHD. For the total 
sample, mean CPRS-R attention ratings were within normal limits, although 33% of children had clinically significant scores. Percentages of children with 
clinically significant scores on one or more subscales of the Parent (n=52), Teacher (n=27), and Self-report (n=33) BRIEF questionnaires were 60, 52, 
and 48, respectively. Children with ADHD scored significantly higher on the parent BRIEF self-monitoring subscale than those without ADHD (p=.02). Parent 
and teacher BRIEF ratings were consistent with each other, and both suggested more problems in working memory and planning than children’s self-reports 
(ps<.01). More problems rated on multiple parent BRIEF subscales, including planning/organizing and self-monitoring, were related to worse verbal mental 
flexibility scores and slower visual processing speed (ps<.05).  
 
Among children with NF1 and PNs, problems with sustained auditory attention are present among children with and without an ADHD diagnosis. As rated 
by parents and teachers, day-to-day executive skills, particularly working memory and planning, are relative weaknesses, and children may not be aware of 
these deficits. Verbal mental flexibility and processing speed should be assessed and targeted for interventions, as they relate to numerous executive deficits 
observed by parents.  
 
Additional Authors: Pam Wolters, Ph.D., Andrea Gillespie, R.N., Brigitte Widemann, M.D.

 
Bevacizumab decreases brain-stem compression caused by large vestibular schwannomas in a patient with neurofibromatosis type 2: a case report  
 
Victor-Felix Mautner MD 
University of Hamburg, Germany 
 
A 23-year old male patient with neurofibromatosis type 2 had large bilateral progressive vestibular schwannomas and transient meningiomas causing life 
threatening brainstem compression and made him wheel-chair bound due to severe ataxia. The patient denied further surgical intervention because of 
the increased risk for complication and gave his informed consent for off-label treatment with bevacizumab. The vestibular schwannomas regressed 10% 
(right 13%, left 2%) on magnetic resonance imaging after 3 months under medication with bevacizumab at 5mg/kg BW intravenously biweekly. Tumor 
size continued to decrease and is now reduced by 25% (right 21%, left 18%) after 16 months and despite prolongation of treatment intervals to every 3 
and 4 weeks. The patient’s ataxia significantly improved within the first six months of treatment and he can now walk again without aid. The patient has 
been on medication for 16 months without serious drug specific side effects. This case demonstrates that bevacizumab is not only efficient for improving 
hearing and preventing hearing loss as reported in the literature but also provides a beneficial treatment option for brain stem compression caused by large 
vestibular schwannomas. A high-risk surgery can be at least procrastinated and/or reconsidered as the risk has been reduced along with reduced tumor size 
and brain stem compression.  
 
Additional Authors: Cordula Matthies MD, PhD, Julius Maximilians University Wuerzburg; Giles Hamilton Vince MD, PhD, Julius Maximilians University 
Wuerzburg; Rosa Nguyen MD, University of Hamburg; Carsten Fünsterer MD, MRI Institute Hamburg Othmarschen; Ralph Wenzel MD, MRI Institute 
Hamburg Othmarschen; Lan Kluwe PhD, University of Hamburg; Jens Panse MD, University Hospital Aachen; Djordje Atanackovic, MD, University of 
Hamburg

 
Orbital reconstruction of NF1-associated dysplasia of sphenoid wing using a synthetic clamshell prosthesis 
 
Ian E. McCutcheon, MD 
The University of Texas MD Anderson Cancer Center  
 
Sphenoid wing dysplasia affects 3-7% of patients with NF1. In half this group, significant craniofacial deformity occurs that causes orbital asymmetry, 
proptosis, ocular dysmotility, and decrease in vision. Repair of this deformity is challenging and frequently unsuccessful. We report a novel technique for 
reconstruction of the orbit using a custom-built synthetic orbital implant, and its use in a patient with severe sphenoid dysplasia.  
 
Case description: A 37-year-old male with NF1 presented with a large plexiform periorbital neurofibroma on the right with erosion/absence of the posterior 
orbital roof and severe herniation of the middle fossa dura (and both frontal and temporal lobes) into the orbital cone. This had caused orbital enlargement, 
proptosis, and loss of vision, but ocular motility was intact. He sought improvement of his appearance and preservation of the sightless eye.  
 
Operative technique: 3-D computerized reconstruction of the midface was done using computed tomography of the skull base. The normal left orbit was 
rendered as a mirror image to create a virtual template for a new right orbit. An implant was created from polyether-etherketone (PEEK), and split along the 
conal axis into a medial and lateral portion. Thus, structures traversing the orbital fissures and optic canal can be kept intact and ocular motility preserved. 
A supraorbital-temporal craniotomy was performed for access to the orbital roof and middle fossa with preservation of the orbital rim. The subfrontal and 
middle fossa dura were separated from the periorbita, and the dura and subdural space were displaced to normal intracranial position by the clamshell 
implant. The prosthesis was plated together with titanium screws, and secured to the orbital rim. The patient subsequently had staged resection of the 
periorbital tumor, and achieved a good cosmetic result.  
 
When symptomatic, NF1-associated sphenoid wing dysplasia can be effectively and safely corrected with a synthetic implant tailor-made to the individual 
patient’s anatomy. The clamshell technique allows placement of the prosthesis within the existing orbit to correct proptosis and brain herniation, preserve 
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orbital contents, and correct orbital deformity with resulting improvement in external appearance.  
 
Additional Authors: Ian E. McCutcheon MD, John M. Slopis MD, Bita Esmaeli MD, and Roman Skoracki MD, The University of Texas M D Anderson Cancer 
Center

 
Racial Disparity in Optic Pathway Gliomas and Malignant Peripheral Nerve Sheath Tumors 
 
Roberto Montenegro, PhD 
University of Utah 
 
Little is known about the presentation, prevalence, clinical manifestations, and health outcomes in minority populations with neurofibromatosis 
type 1 (NF1). Optic pathway gliomas (OPGs) and malignant peripheral nerve sheath tumors (MPNSTs) are highly associated with NF1. Some tumors, e.g. 
Ewing’s Sarcoma, demonstrate strong racial predilection. OBJECTIVE: To evaluate racial and ethnic differences in the incidence of OPGs and MPNSTs. 
METHODS: Using the Surveillance, Epidemiology, and End Results database 17 (SEER 17), we obtained the number of OPG and MPNST reported cases, 
as well as the race/ethnicity distribution from the geographical areas reporting to SEER. If disparity is absent, the relative frequency of disease cases 
across the race/ethnicity groups will match the relative frequency of the reporting population. To test for disparity, a one-sample chi-square test for 
homogeneity was used. RESULTS: 256 patients with OPGs and 531 patients with MPNSTs were identified in the U.S. between 2000 and 2007. Of 211 
patients between 0-19 years of age, White patients had the highest number of OPGs (72%), followed by Latino (18%), Black (5%), Asian (5%), and Native 
American (NA) (2%). These observed frequencies were compared to expected frequencies—Whites (50%), Latinos (26%), Black (14%), Asian (9%), and 
NA (2%).  White patients had an observed frequency 46% greater than expected (p<0.001) relative to all others. With the exception of NAs (p=0.53), 
Latino, Asian, and Blacks had an observed OPG frequency significantly less than expected, (p<0.001), (p=0.001), and (p<0.001), respectively. White 
children also had a significantly higher incidence rate of OPGs (.23/100,000) compared to Black (0.04), Asian (0.08) and Latinos (0.09) (p<0.001). 
Racial disparities were also found in MPNSTs. Observed MPNST frequencies for White (64%), Latino (15%), Black (12%), Asian (8%) and NAs (0.4%) 
were compared to expected frequencies—White (58%), Latino (20%), Black (11%), Asian (9%) and NA (1%). Both Black and White patients had an 
observed frequency greater than expected (10% and 9%, respectively). Only Latino and NA had an observed MPNST frequency significantly less than 
expected (p=0.001 and p=0.04, respectively). CONCLUSION: These data suggest ethnic and racial differences exist in the incidence of OPGs and 
MPNSTs, two of the most common NF1-related tumors. Future studies are now required to validate these findings in NF1-specific populations. 
 
Additional Authors: David Stevenson, David Viskochil, and Joshua Schiffman — Dept. of Pediatrics, University of Utah, SLC, UT

 
Exudative Retinitis (Coats’ Disease) in a Girl with Neurofibromatosis Type 1 (NF1) and NF1-Associated Optic Pathway Glioma: A Rare Association and 

Clinical Management Conundrum  
 
Jeffrey C. Murray, MD 
Cook Children’s Medical Center  
 
Coats’ disease (CD), or exudative retinitis, is a rare retinal vascular disorder described by Scottish ophthalmologist George Coats in 1908. It typically 
presents unilaterally in young boys and results in progressive vision loss due to retinal detachment resulting from abnormal retinal blood vessel proliferation. 
Laser photocoagulation and cryotherapy are used to thwart vision loss. The cause of CD is unknown, is not strictly hereditary, but has been associated with 
certain hereditable ocular diseases such as retinitis pigmentosa. Rarely, CD has been reported in association with phakomatoses such as tuberous sclerosis 
and von Hippel-Lindau disease. There has only been one report in the literature of a boy with both CD and NF11. We report here the first girl with both CD 
and NF1-associated optic pathway glioma (OPG).  
 
A 2 year-old girl with undiagnosed NF1, and formerly a 26 week gestation premature (without history of intraventricular hemorrhage or retinopathy of 
prematurity), was diagnosed with unilateral Coats’ disease. She was treated with intraocular steroids and cryotherapy, yet experienced progressive vision 
loss. At 3 years-old, she was noted to have bilateral optic nerve atrophy, seemingly unrelated to her unilateral Coat’s disease. MRI scans revealed brain 
parenchymal abnormalities, bilateral OPG (nerves and chiasm) and findings of chronic hydrocephalus. A new mutation (no family history) NF1 diagnosis 
was established based on MRI findings and skin macules. The OPG was followed over time, with serial MRIs, without appreciable change in size or 
enhancement. With existing severe vision loss due to Coat’s disease and chronic hydrocephalus, along with severe developmental delay, the decision was 
made to not pursue chemotherapy, as there was felt to be no significant salvageable vision.  
 
The coexistence of CD and NF1 has only been reported once before1. Our second case here suggests that there may be an association between these 
entities, as there is with CD and other phakomatoses. The presence of OPG in our case led to both a diagnostic challenge as well as a therapeutic dilemma 
regarding the potential use of vision-preserving chemotherapy. Further reporting of this potential association between CD and NF1 is suggested.  
 
Additional Authors: Jeffery C. McGlothlin, M.D., Margaret Drummond-Borg, M.D., Beth Colaluca, Ph.D., David J. Donahue, M.D., Howard M. Kelfer, M.D., 
Emily Z. Braly, C.P.N.P., Alan A. Norman, M.D. Cook Children’s Medical Center, Fort Worth, Texas, USA  
 
Reference: 1J Pediatr Ophthalmol Strabismus 2010 Feb 26; 1-3: doi:10.3928/01913913-20100218-0

 
Plexiform neurofibromas in children with neurofibromatosis type 1: frequency and associated clinical deficits  
 
Rosa Nguyen, MD  
University of Hamburg, Germany 
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Frequency and clinical features of plexiform neurofibromas (PNs) in children with neurofibromatosis type 1.  
 
65 children received whole body magnetic resonance imaging (MRI) and clinical/neurologic examination. Tumor sizes were calculated volumetrically with 
the program MedX v3.42. Chi-square test, Fisher exact test, T-test, and Spearman’s rank correlation were used for statistical analysis.  
 
73 tumors were detected in 37 of these 65 children. Mean volume of the tumors was 145.4 ml and 4.8ml/kg body weight, respectively. Eighteen of the 73 
PNs caused clinical deficits in 17 children while the other 56 PNs in 20 children were asymptomatic. Symptomatic tumors were larger than asymptomatic 
ones (9.6 vs. 3.3 ml/kg body weight, p=0.01). However, in certain body regions, for example, the head, also small tumors caused clinical deficits. Ten of 
18 children ≥11.5 years (median age of the 37 children with PNs) had symptomatic PNs compared to 7 of 19 who were <11.5 years (p=0.25).  
 
PNs cause clinical deficits already in young children. Early detection and regular MRI-monitoring help to estimate growth and possible up-coming 
complications, and are thus beneficial for optimizing treatment and management.  
 
Acknowledgements: Special thanks to Dr. Dombi and Dr. Widemann (POB/NCI) for partially revising our data. This work was supported by “Deutsche 
Krebshilfe” (109713) and “Bundesministerium fuer Bildung und Forschung (BMBF)” (01GM0843). Lan Kluwe PhD, University of Hamburg; Carsten 
Fuensterer MD, MRI Institute Hamburg Othmarschen; Michael Kentsch MD, Hospital Itzehoe; Reinhard Edgar Friedrich MD, University of Hamburg; Victor-
Felix Mautner MD, University of Hamburg

 
Cutaneous neurofibromatosis in two Devon Rex cats from Australia   
 
Kathryn North, MBBS, MD  
The Children’s Hospital Westmead, Australia 
 
We are investigating and treating two adult Devon Rex cats with a previously unrecognized neoplastic disorder of the skin and subcutis. Both cats presented 
with multifocal tumours, varying in size (up to 6cm in diameter) and location, affecting the skin and subcutis. Tumours ulcerate as they grow.  
 
The index case was a 6-year-old male neutered cat surrendered to a welfare organization. Healed scars were evident at the time of adoption, suggesting 
previous surgical excision of tumors. Case 2 was a 7-year-old male neutered cat presented for resection of lumps which recurred subsequently. Aside from 
the skin lesions, both cats were healthy. Chest radiographs of the index case show no evidence of metastatic disease. Both cats have excellent appetites 
and neither has lost weight. The index case, which lives in a multi-cat household, developed aggression directed principally at other cats. This has largely 
been controlled by ongoing therapy with phenobarbital and gabapentin, but recurs when drug dosages are tapered. Histological examination of 5 µm 
sections stained with H&E, trichrome and Gomori silver stains from tumour specimens resected from both cats have demonstrated a pathological picture 
consistent with peripheral nerve sheath tumours. Preliminary use of immunohistochemical markers suggests the tumours are likely of Schwann cell origin. 
Electron microscopic studies are pending. DNA has been extracted from the peripheral blood of both cats and archived.  
 
Tumours have been treated with a variety of techniques, including surgical excision, ligation (when pedunculated), cryosurgery, and an intralesional anti-
neoplastic agent (EBC-46). Despite treatment, tumours recur, either at the site of therapy, or (more commonly) elsewhere.  
 
The occurrence of virtually identical disease in two cats of a very rare breed suggests a familial origin. So far as we can determine, the sires and dams of 
affected acts have not developed similar lesions, suggesting the problem is recessive in nature. We have recently contacted the breed society in Australia to 
help determine if similar cases have been observed previously. The purpose of presenting this poster is to stimulate interest in this condition, and facilitate 
a targeted molecular investigation of the underlying defect with a view to developing a PCR to disclose both carrier and affected cats. The failure to observe 
signs consistent with central nervous system disease suggests the disease is distinct from the condition of neurofibromatosis of human patients.  
 
Additional Authors: Derek Spielman BVSc PhD1, Paul Canfield DVSc PhD1, Chris Lauer MBBS1, Anne Fawcett BVSc BSc(Vet)1,2, and Richard Malik DVSc 
PhD3  
 
1Faculty of Veterinary Science, B14, The University of Sydney, N.S.W. Australia 2006  
2Sydney Animals Hospital Inner West, Northumberland Avenue, Stanmore, N.S.W.  
3Centre for Veterinary Education, B22, The University of Sydney, N.S.W. 2006

 
Poor access to health care, high complication rates and limited disease knowledge in young Australian adults with Neurofibromatosis Type 1.  
 
Emily C. Oates 
The Children’s Hospital at Westmead, Australia 
 
Neurofibromatosis type 1 (NF1) is a multisystem disease associated with a lifelong risk of debilitating, and potentially life-limiting complications, but 
many adults with NF1 have no regular health surveillance. We interviewed and examined 17 young adults with NF1 between the ages of 25 and 33. Most 
cohort members had not been assessed for NF1-related complications within the previous eight years, including patients with known serious vascular 
complications e.g. renal artery stenosis. Acute and/or chronic pain, particularly back pain, was common, and despite a significant impact on quality of life, 
was untreated in most instances. Symptom and examination-directed imaging revealed serious complications in 40% of the cohort. These included severe 
cord compression (2 cases), highly-SUV avid lesions (2 cases), and a Juvenile Pilocytic Astrocytoma. Few study participants had a good understanding 
of NF1, and its associated risks and complications. Most had not sought appropriate medical advice as questions or problems arose. Cognitive deficits in 
participants, and lack of a clear source of expert medical advice for adults with NF1 likely contributed to poor access to health care. These findings suggest 
that many Australian adults with NF1 are at risk of serious and life-threatening medical complications, but are not currently being managed according to 
internationally recognised standards of care. Access to multidisciplinary adult clinics that specialise in NF1 may address many of the unmet health needs of 
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young adults with NF1.  
 
Additional authors: Hilda Crawford (BSc)1,3, Jonathan M. Payne (DPsych)1,2, Kathryn N. North (MD)1,2  
 
1. Institute for Neuroscience and Muscle Research, The Children’s Hospital at Westmead, Sydney, Australia.  
2. Discipline of Paediatrics and Child Health, University of Sydney, Australia  
3. University of Ulster, United Kingdom 

 
Longitudinal Assessment of Cognition and T2-Hyperintensities in NF1: an 18 Year Study  
 
Jonathan M Payne 
The Children’s Hospital at Westmead, Australia 
 
While many studies have documented an increased risk of academic and cognitive deficits in school-aged children with NF1, the developmental trajectory 
of these deficits is not clear. The aim of this study was to determine the natural history of cognitive functioning and MRI T2-hyperintesities (T2H) from 
childhood to adulthood and whether cognition is affected by the presence of T2H. We present data from a cohort of 17 patients with NF1 and sibling controls 
that were assessed at three time points across an 18 year period: 1992, 2000, and 2010. Cross-sectional analysis at time point 3 (mean age 29.4 years; 
SD 2.3) indicated that 95% of NF1 participants display impairment in at least one area of cognitive function. Cognitive domains particularly affected included 
visuospatial organisation, executive functioning and academic abilities. Longitudinal analyses revealed a relatively stable neuropsychological profile across 
the 18 year period, suggesting that children who display specific cognitive deficits will continue to experience impairment into adulthood. The number of 
discrete T2H decreased over time, with the majority of remaining lesions confined to the cerebral hemispheres. The presence of T2H in childhood did not 
predict intellectual functioning after 18 years. Given that cognitive impairments can impact on employment status, quality of life and compliance with medical 
care, our results highlight the importance of continued clinical management as children transition into adult services.  
 
Additional Authors: Tania Pickering (MPsych),3 Melanie Porter (PhD),3 Emily C Oates (MBBS),1,2 Kathryn N North (MD)1,2  
 
1. Institute for Neuroscience and Muscle Research, The Children’s Hospital at Westmead, Australia.  
2. Discipline of Paediatrics and Child Health, University of Sydney, Australia.  
3. Department of Psychology, Macquarie University, Australia. 

 
Longitudinal Assessment of Cognition and T2-Hyperintensities in NF1: an 18 Year Study  
 
Jonathan M Payne 
The Children’s Hospital at Westmead, Australia 
 
Attention deficit/hyperactivity disorder (ADHD) is common in NF1, with approximately 40% of children meeting diagnostic criteria and another 20% exhibiting 
sub-threshold clinical symptomatology. Over the past decade, neurocognitive studies have identified deficits in executive function as a core feature of 
the NF1 phenotype. Executive dysfunction affects planning and organization, cognitive flexibility and response inhibition, and it has been suggested that 
impairments in these areas underlie the high prevalence of ADHD in children with NF1. On this basis we studied three groups of children; children with NF1 
and co-morbid ADHD symptoms (NF1+ADHD; n=34), children with NF1 without ADHD (NF1; n=48), and a typically developing control group (n=30) to 
determine the relationship between ADHD and executive dysfunction. The three groups did not differ in age or gender-ratio. Data were collected on measures 
of spatial working memory, spatial planning/problem solving and response inhibition. We found that while the NF1+ADHD and NF1 alone groups displayed 
poorer performance than controls across most executive measures, the additional diagnosis of ADHD did not exacerbate executive dysfunction in children 
with NF1. These findings suggest that executive dysfunction occurs with the same frequency and severity in children with NF1, whether they have a co-
morbid diagnosis of ADHD or not. Given that impairment of the executive system is often cited as an underlying cause of academic failure, these results 
imply that all children with NF1 should undergo comprehensive assessment for both attention and executive deficits.  
 
Additional Authors: Shelley S Robertson (BSc),1,2 Natalie A Pride (MPsych),1,2 Kathryn N North (MD)1,2  
 
1. Institute for Neuroscience and Muscle Research, The Children’s Hospital at Westmead, Australia. 
2. Department of Paediatrics and Child Health, University of Sydney, Australia.

 
Optic Pathway Gliomas Long-term Outcomes: Interventions and Role of Race  
 
Carlos Prada, MD  
Cincinnati Children’s Hospital Medical Center 
 
Optic pathway gliomas (OPGs) are seen in 15-20% of individuals with neurofibromatosis type 1 (NF1). OPGs frequently remain indolent never, causing signs 
or symptoms; however, when symptomatic, OPGs can lead to vision loss, pituitary changes, and account for significant morbidity in young children with 
NF1. No standard imaging screening guidelines exist, and guidelines promoted at some centers have met with controversy. The objective of this study was to 
characterize patients with OPG and the results of magnetic resonance imagining (MRI) screening for this NF1 complication. 
 
A retrospective analysis of data from clinical information, imaging data, and treatment history from children with OPGs seen at the Cincinnati Children’s 
Hospital between 1990 and 2010 was performed.  All children with NF1 undergo baseline brain and orbit MRI screening in early childhood. 
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Imaging prevalence of OPGs in our cohort was 18% (149/825 patients). The majority of patients were Caucasian (78.9%), followed by African American 
(6.7%), other/biracial (7.4%), Hispanic (5%) and Asian (2%). Furthermore, OPGs were less likely to be identified in African American patients with NF1 
(p<0.028). Twenty-two patients (15%) with OPGs required therapeutic intervention, none of whom were African American. Of these, 4 patients had vision 
abnormalities prior to therapy. OPGs were typically diagnosed in patients before 6 years of age (median 5 years; range 1.5 to 18 years). Twelve patients 
received chemotherapy, and 10 patients were treated with chemotherapy and radiation. At the end of therapy, 9 patients had abnormal vision, and 6 had 
endocrine abnormalities. Two patients who received radiation developed Moya Moya disease (20%), and 1 patient developed central nervous bleeding with 
early death. Five patients relapsed after therapy (median 3 years; range 1 to 6 years). Surgical resections were performed in 7 patients who had progressive 
tumors during treatment with significant vision abnormalities. Patients with chiasmatic tumors (19/46) and postchiasmatic (5/11) were most likely to need 
therapy when compared to patients with prechiasmatic OPGs (3/103)(p<0.0001). 
 
These data suggest that chiasmatic and postchiasmatic OPGs have the highest risk for progression and need for therapy. There is a decreased risk for 
OPGs in African Americans with NF1. Radiation therapy was associated with a higher rate of complications and mortality in this population. 
 
Additional Authors: Robert Hopkin MD*, Anne Lovell CNP*, Howard Saal MD*, and Elizabeth Schorry MD*  
 
*Cincinnati Children’s Hospital Medical Center

 
The safety and efficacy of growth hormone therapy in the NF population 
 
Jennifer A. Pratt 
University of Minnesota 
 
Short stature is a primary feature of NF. Over 80% of NF1 patients have heights less than the population mean. Treatment with growth hormone (GH) is 
known to optimize linear growth in the pediatric NF population and has not been associated with excessive malignancy risk (Howell et al, 1998). However, 
there continues to be resistance to utilize the potential benefits of GH in the NF population. In this study, we identify 6 patients with NF1 who have been 
treated with GH for short stature. We examine the efficacy of GH as well as tumor progression on therapy. Electronic charts of six patients with a diagnosis 
of NF1 were reviewed. Growth hormone deficiency or abnormal GH secretion was evident in 67% by GH stimulation testing. GH was initiated at a median 
age of 9 years (range 5.7 – 12.2 years). Median dose at initiation was 0.27 mg/kg/wk. The median pre-treatment growth velocity was 6.7 cm/yr (2.3 to 
8.4 cm/yr). After 1 and 2 years of therapy, growth velocity was and 7 cm/yr (5.3 to 10.3 cm/yr) and 6.8 cm/yr (5.2 to 7.8 cm/yr) respectively. Median 
height SD score increased from -2.1 to -1.1 after 3 years of treatment. Insulin growth factor 1 (IGF-1) and insulin growth factor binding protein 3 (IGF-BP3) 
were noted prior to the initiation of GH and at approximately 1 and 2 years after initiation of therapy. Median IFG-1 was 80ng/mL (SDS -2) at initiation of 
therapy and increased to 192ng/mL (SDS -0.3) and 235ng/mL (SDS -0.5) at 1 and 2 years respectively. Median IGF BP3 at initiation of therapy was 3.2ug/
mL (median SDS -1) and increased to 5ug/mL (SDS +1) and 4.7ug/mL (SDS +1.1) at 1 and 2 years respectively. At initiation of therapy, 3 patients were 
known to have optic pathway gliomas. 1 patient was noted to have multiple intracranial hamartomas. There was no evidence of progression or new tumor 
occurrence while on GH therapy during the period of available follow-up. Therefore, our clinical observations correlate with previous findings. Based on our 
experience, the use of GH in the NF patient population is beneficial and was not associated with tumor progression or new tumor occurrence on therapy. 
 
Additional Authors: Moertel, C.L., Miller, B.S. (University of Minnesota).

 
Social Perception and Sarcasm in Neurofibromatosis (Not That You Care) 
 
Natalie A Pride 
The Children’s Hospital at Westmead, Australia 
 
Individuals with NF1 can experience significant social deficits including awkward peer interactions and delayed social skills. Although these poor social 
skills often present a major stumbling block to successful social integration, the factors contributing to these social difficulties in NF1 are unclear.  Social 
perception is the ability to interpret emotional expression, understand conversational inferences and determine the intentions and beliefs of others using 
cues such as voice tone, facial expression and gesture. This skill lies at the heart of social relations and impairment in this skill has been said to contribute 
to social dysfunction in a range of neurological and psychiatric disorders including autism, schizophrenia and traumatic brain injury. In this study, we 
aimed to determine if similar deficits in social perception contribute to the poor social skills of patients with NF1. Adults with NF1 were compared to a 
demographically matched healthy adult group on The Awareness of Social Inference Test (TASIT: a measure of social perception), as well as measures 
of intelligence, social behaviour and self-image.  Although there were no group differences in interpreting basic social cues such as facial expression, 
individuals with NF1 displayed deficits in higher-level social perception. In particular, adults with NF1 performed less accurately than controls when required 
to consider social situations from another person’s perspective (p< 0.05), especially those involving sarcasm (p<0.05).  This study is the first of its kind 
to explore higher-level social perception in NF1 and suggests that social difficulties in NF1 may be linked, in part, to deficits in inferring the attitudes, beliefs 
and intentions of others. Social skills programs will need to be developed with an awareness of the presence and nature of such difficulties. 
 
Additional Authors: Natalie A Pride (MPsych), Jonathan M Payne (DPsych),1 Belinda Barton (PhD),3 Kathryn N North (MD)1,2  
1. Institute for Neuroscience and Muscle Research, The Children’s Hospital at Westmead, Australia. 
2. Department of Pediatrics and Child Health, Faculty of Medicine, University of Sydney, Australia. 
3. The Children’s Hospital Education and Research Institute, The Children’s Hospital at Westmead, Australia.
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NF1 Neurofibroma Nomenclature: A Survey of Established Recklinologists Reveals A Lack of Uniformity That Compromises Therapeutic Protocols 
 
Vincent M. Riccardi, MD  
The Neurofibromatosis Institute 
 
As both clinical and basic research Recklinologists devise realistic cell biology, biochemical and genomic strategies for tempering or stopping the 
growth of NF1 neurofibromas, these efforts are severely compromised by the lack of consistency in naming and characterizing the multiple types of NF1 
neurofibromas. Particularly perplexing is the lack of consensus as to the correct or best use of the term, “plexiform neurofibroma.” This problem is made 
even worse given that the multiple mouse models for human NF1 fail to show neurofibroma histopathology identical to a human “plexiform neurofibroma” 
(Cancer Res 2004;64:3718-24). If we cannot accurately name, count and characterize NF1 neurofibromas in the first place, how can we accurately quantify 
and characterize the outcomes? 
 
In November and December 2010, I emailed a PowerPoint file depicting 26 sets of NF1 neurofibroma specimens to 42 established Recklinologists 
throughout the world, along with a challenge: “I am increasingly concerned about the carefulness – or lack of carefulness – in how we, as Recklinologists, 
use the term, ‘neurofibroma,’ particularly as part of how we itemize, that is, numerically account for such lesions among patients with von Recklinghausen 
disease (VRD) or NF1. Specifically, when presented with a mass, either in terms of physical examination, surgical or autopsy specimens, or neuroimaging 
renderings, how do we decide whether we are dealing with one neurofibroma or multiple neurofibromas? Perhaps too often we settle for the singular when 
the plural is necessary for the most accurate understanding of VRD neurofibroma pathogenesis and treatment. For example, is the difficulty in estimating 
the numbers of neurofibromas in some instances an indication that there are two or three fundamentally different types of VRD neurofibromas? Do these 
considerations influence our thinking about the presence and timing of the origin of NF1 diploinsufficiency in human VRD neurofibromas?  Attached is a 
brief, but intense PowerPoint presentation depicting examples of masses that collectively are all neurofibromas. The challenge is to consider for each image 
how many neurofibromas are present: one, two, three, a few, many or very many? I am particularly interested in your estimates for items numbered 2, 5-8, 
12, 16-20.”  
 
I will present the 26 images and the details of the responses documenting the lack of uniformity in identifying and assessing NF1 neurofibromas by NF1 
experts. Although the responses to the email are continuing through the present, this study clearly establishes that we have not yet employed the technical 
wherewithal to understand or characterize fully the therapeutic outcomes of current NF1 neurofibroma treatment protocols.

 
Auditory temporal processing: performance of patients with Neurofibromatosis Type 1 in ordering and resolution tests 
 
Luiz Rodrigues, MD, PhD  
Federal University of Minas Gerais, Brazil 
 
Auditory processing refers to how the individual handles the auditory information. The importance of auditory perception of sound sequences and temporal 
patterns in the acquisition and comprehension of symbolic components of language is well recognized. Acoustic properties of speech may be limited to the 
analysis of basic duration and frequency components 1. Speech signals are the most important events received through hearing and speech patterns may 
be compromised in patients with Neurofibromatosis Type1 (NF1)2. 
 
Sixteen patients with NF1 (NIH criteria 7 male, 9 female) aged between 10 and 28 years were submitted to clinical interview, audiometric tests, Duration and 
Frequency Pattern tests (evaluated in two modes of response: humming and verbal labeling) and Gaps in Noise Test (GIN) and compared with 16 healthy 
subjects with typical development matched on chronological age. 
 
NF1 patients had worse performance in ordering temporal tests (P<0,05). No significant difference was observed considering mode of response (P>0,05). 
GIN test showed that gap detection thresholds (P<0,05) and percentage of correct responses (P<0,05) were significantly worse in NF1 patients than 
among healthy volunteers. There were no performance differences between right and left ears on the GIN test. 
 
NF1 patients showed reduced performance on all tests applied for ordering and resolution auditory processing evaluation. Further investigation concerning 
analysis and interpretation processes in patients with NF1 would be desirable. 
 
Additional Authors: Batista PB, Lemos SMA, Silva CM, Rodrigues LOC, Rezende NA. (Federal University of Minas Gerais, Brazil) Granting agencies: CNPq, 
CAPES, FAPEMIG. 
 
References:  1. American Speech-Language-Hearing Association. (2005). (Central) Auditory Processing Disorders—The Role of the Audiologist [Position 
Statement]. Available from www.asha.org/policy. 2. Batista PB, Silva CM, Valentim HO, Rodrigues LOC, Rezende NA. Avaliação do processamento auditivo 
na Neurofibromatose tipo 1. Rev. soc. bras. fonoaudiol. 2010 Dec; 15(4): 604-608.
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Evaluation of endothelial function using digital tonometry in  NF1 patients: a preliminary report 
 
Luiza de Oliveira Rodrigues, MD 
Universidade Federal de Minas Gerais, Brazil 
 
Neurofibromatosis type 1 (NF1) is known to cause a reduction in life expectancy that has been attributed to malignancies. Recent studies have suggested that 
cardiovascular disease (CD) could be a main cause of death in these patients (Rasmussen et al, 2001). Neurofibromin has an important role in endothelial 
cells (Norton et al, 1995; Gitler et al, 2002) and endothelial dysfunction (ED) has been studied as a possible factor associated to or responsible for a higher 
incidence of CD and premature death in NF1 patients (Friedman et al, 2002; Lasater et al, 2010). 
 
Aim: To assess endothelial function (EF) through a non-invasive method in young adult NF1 patients, comparing to matched controls, with no CD risk factors. 
 
EF was measured in 16 NF1 patients and in 19 healthy subjects, with the Reactive Hyperemia Peripheral Artery Tonometry (RH-PAT) technology, using the 
EndoPAT2000® equipment. The presence of ED was defined by reactive hyperemia index (RHI) lower than 1.67 (Bonetti et al, 2004). The NHI criteria for 
diagnosis of NF1 were used. In both groups the exclusion criteria were any risk factor for CD (such as hypertension, dyslipidemia, smoking, diabetes, family 
history of CD) as well as any organ dysfunction (liver, kidney, thyroid) or malignancies, recognized to compromise endothelial function. 
 
Patients without definite diagnosis of NF1, such as the possibility of Legius syndrome or segmental NF1, were excluded. 
 
The mean age, body mass index, blood pressure levels, habitual physical activity levels and the male/female proportions were similar in both groups. The use 
of hormonal contraceptives was less prevalent (p=0.000) in NF1 women (8%) than in control group women (71%). The mean heart rate during the test was 
greater (p=0.044) in NF1 patients (76.5±8.48 bpm) than in controls (70.21±9.24 bpm). Reduced RHI characterizing ED was found in 37.5% of the patients 
of NF1 group and 10.5% in the control group (p=0.058). 
 
These preliminary data suggest that NF1 patients have an increased prevalence of ED. This study is ongoing and by expanding the number of participants it 
might be possible to recognize a stronger association between NF1 and endothelial dysfunction. 
 
Additional Authors: Rodrigues LOC, Ph.D.; Tannus M; Castro LL; Rezende NA, Ph.D.; Ribeiro ALP, Ph.D. (Universidade Federal de Minas Gerais, Brazil) 
 
Granting agencies: CNPq, CAPES, FAPEMIG.

 
Detection of Microstructural Abnormalities Using Comparative Diffusion Tensor Imaging Techniques in Children with Neurofibromatosis Type 1  
 
Tena Rosser, MD 
Children’s Hospital Los Angeles 
 
Histopathologic studies and various neuroimaging modalities have demonstrated increased water content in the myelin of children with neurofibromatosis 
type 1 (NF1). Diffusion tensor imaging (DTI) is a noninvasive means to evaluate specific tissue characteristics and architectural organization. DTI is 
commonly used to measure the extent of water diffusion anisotropy and its orientation in brain tissue. Objective: The purpose of this study was to evaluate 
brain microstructural properties by measuring the apparent diffusion coefficient (ADC) and fractional anisotropy (FA) with region of interest (ROI) manual 
placement and tract-based spatial statistics (TBSS) DTI techniques in children with and without NF1.  
 
Retrospective analysis of conventional T2/FLAIR and DTI brain MRIs in 10 children (7 males, 3 females) with NF1 ages 22 months to 15 years (mean 6.6 
years) was performed. ADC and FA were measured in 11 standardized regions of interest (ROI). TBSS was also performed on the same population. Right and 
left brain measurements were averaged. T2H were present in six NF1 patients and were also evaluated. Comparison was then made to age-matched controls 
(mean 6.5 years) using both techniques.  
 
No significant differences were found in FA between the NF1 and control populations using either technique. ROI measurements showed a predominance of 
statistically significant changes in the axial diffusivity of children with NF1 involving the putamen (p=0.0052), internal capsule posterior limb (p=0.0007), 
parietal white matter (p=0.0024), parietal-occipital gray matter (p=0.0001) and anterior white matter (p=0.0011). Radial diffusivity was also affected but 
less so and involved the putamen (p=0.0084), internal capsule posterior limb (p=0.0047) and parietal-occipital gray matter (0.0002). TBSS measurements 
showed statistically significant changes (p<0.01) in axial diffusivity involving the internal capsule, subcortical white matter, frontal white matter and centrum 
semiovale. No statistically significant differences were found in radial diffusivity using TBSS. There was no significant involvement of the corpus callosum 
using either technique. Ten of the well-circumscribed T2H were evaluated in the GP, brainstem and cerebellum. All had higher ADC values when compared to 
corresponding areas in controls.  
 
ROI and TBSS DTI techniques yielded similar results. Axial diffusivity was more affected than radial diffusivity involving white as well as gray matter in our 
pediatric NF1 population. These findings suggest that in NF1 microstructural brain changes may be due more to an axonal than a demyelinating process 
which may have important implications for understanding the intracranial abnormalities and cognitive dysfunction seen in individuals with NF1.  
 
Additional Authors: Tena Rosser, MD, CHLA, USC Keck School of Medicine; Eleonora Tokar, MS, USC Keck School of Medicine; Rafael Ceschin, MS, 
Children’s Hospital of Pittsburg of UPMC; Jane Tavare, MS, CHLA, USC Keck School of Medicine; Ashok Panigrahy, MD, Children’s Hospital of Pittsburg of 
UPMC.  
 
Grant funding: None
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Analysis of PN growth rates during adolescence in NF1   
 
Jessica Sabo 
National Cancer Institute  
 
Plexiform neurofibromas (PNs) are complex benign tumors of the peripheral nerves that occur in approximately 30% of individuals with neurofibromatosis 
type 1 (NF1). PNs can compress vital organs and can result in severe morbidity and even death. Patients can have large tumor burden, up to 20% of body 
weight. We previously described that tumors grow more rapidly in younger patients compared to older patients. Increased PN growth has been attributed to 
hormonal changes, such as pregnancy or puberty.  
 
To analyze tumor growth rates in patients with NF1 to determine if growth rate changes occur during adolescence.  
 
NF1 patients who had MR-imaging for PNs at the NCI between 5/18/2001 and 9/7/2010 before age 9 and after age 11 were included in the study. Patients 
were enrolled on a Natural History study (n=3) or treatment trials (n=13) aimed to slow PN growth. Some minor treatment effect cannot be excluded. A 
semi-automated body lesion detection program MEDx v3.44 was used to measure tumor volumes. Linear regression analysis was performed to assess the 
slope of tumor growth for each patient. The onset of puberty could not be determined for all patients; therefore we chose age 9 and age 11 as arbitrary age 
cut-offs to determine if growth rate changes occurred as a function of age. We performed paired analyses between the slopes associated with the younger 
vs. the older age, using a two-tailed Wilcoxon signed rank test to determine whether the slopes before vs. after age 9, or before vs. after age 11, differed by 
age.  
 
16 patients (5 female, 11 male) were evaluated. The median age during the first MR-imaging was 6.4 years (range 3.3-8.5), while the median follow-up time 
was 7.6 years (range 5.4-9.1). The median slope of growth before age 9 was 21 (range 0.1-51.7), after age 9 it was 16.2 (range -2.4-97.7) with p=0.90 
for a paired comparison. The median slope of growth before age 11 was 17.05 (1.4-60), after age 11 it was 13.6 (range -9.7-85.1) with p=0.98. 
 
While PN growth rates vary among patients, our preliminary data does not demonstrate increase in PN growth during adolescence. We will continue to 
follow patients until they reach adulthood.  
 
Additional Authors: 1Jessica Sabo B.S., 1Andy Gillespie R.N., 1Wendy Goodspeed R.N., 1Anne Goodwin R.N., 1Andrea Baldwin C.R.N.P., 2Jeffrey Solomon 
Ph.D., 3Seth Steinberg Ph.D., 1B. Widemann M.D., 1E. Dombi M.D. 
 
Affiliations: 1POB and 3Biostatistics and Data Management Section, CCR, NIH, Bethesda, MD, 2Medical Numerics, Germantown, MD

 
Fractures in Children with NF1  
 
Elizabeth K. Schorry, MD 
Cincinnati Children’s Hospital Medical Center 
 
Skeletal complications are relatively common in NF1, occurring in up to 30% of children and adults.  There is increasing evidence of an underlying bony 
dysplasia in NF1, both from clinical data and from animal models.  Recent data has shown evidence of osteopenia in both children and adults with NF1, 
with bone mineral density (BMD) measurements averaging 1 S.D. below the mean.  However, it is not yet known how, or if, this lowering of BMD affects 
bone health of individuals with NF1.  A German study by Tucker et al (2009) showed a higher rate of fractures in 72 adults with NF1 compared to unaffected 
spouses and siblings.   No studies have yet looked at fracture rates in NF1 in childhood, the peak age at which the majority of fractures historically occur. 
 
We enrolled 245 pediatric patients with NF1, ages 5-20 years, and 178 unaffected siblings, at 2 NF centers (Cincinnati Children’s Hospital and University of 
Utah).  Patients filled out 3 questionnaires, including fracture history, calcium intake survey, and physical activity surveys.  The study was powered to detect 
an increase in fracture rate of 30% or more.   
 
Age, gender and ethnicity were evenly distributed between the groups.  Rate of ever having a fracture was 24.1% in NF1 group; 23.7% in control group 
(p=0.93).  Among those who had fractures, the NF group were more likely to have multiple fracture events (23.3% vs 15.2%, p = 0.30) and multiple bones 
fractured per event (18.3% vs. 6.3%, p = 0.08) but neither of these were statistically significant.  Age of occurrence of fractures was not significantly 
different between the 2 groups.  No clear relationship was found between fracture rate and calcium intake.  NF1 patients were found to have significantly 
lower rates of physical activity than controls (p<0.0001), a finding that has been noted in previous studies.  Eleven (11) patients with tibial dysplasia were 
analyzed separately.  As expected, they had a high rate of fracture (72.7%, p=0.001) and of multiple fractures (50%). 
 
Despite a known lowering of BMD in children with NF1, we did not find a significantly increased rate of ever having a fracture among children with NF1, ages 
5-20 years, when those with known tibial dysplasia were excluded from analysis.    Patients with NF1 showed a trend toward multiple fracture events and 
multiple bones per fracture event.  As expected, those with known tibial dysplasia had a high rate of fracture (72%).  Patients with NF1 have much lower 
physical activity rates compared to controls, which may help to keep their fracture rates low.  This data will have implications on medical management of 
children with NF1 with low BMD.    
 
Additional Authors:  J.K. George-Abraham, M.B. Rieley, L.J. Martin, H. Kalkwarf (Cincinnati Children’s Hospital); D.A. Stevenson, D.H. Viskochil, S. Allen, A. 
Stevens (Univ of Utah).
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A Case study on Gliosarcoma Presenting as Recurrent Spontaneous Intracranial Hemorrhage in a Child with Neurofibromatosis Type 1  
 
John Slopis, MD 
The University of Texas M.D. Anderson Cancer Center 
 
Neurofibromatosis type 1 (NF1) is an autosomal dominant condition commonly associated with neoplasms of the central nervous system (CNS) (1). 
Gliosarcomas are rare, highly malignant tumors of the CNS composed of distinct sarcomatous and malignant glial cell elements, they account for 0.48% of 
all intracranial tumors and are classified as a variant of glioblastoma (2). Gliosarcomas have rarely been reported in patients with NF1.  
 
We describe a child with NF1 who at the age of 18 months presented with optic glioma and progressive juvenile pilocytic astrocytoma of the optic chiasm 
and hypothalamus. He was treated with chemotherapy for several recurrences and later developed recurrent spontaneous intracerebral hemorrhage in the 
frontal lobe and sensory seizures which required several evacuations. The histopathology of the patient’s parenchymal hematoma showed a high-grade 
spindle cell neoplasm with nuclear pleomorphism, increased mitosis, vascular proliferation, and necrosis. The neoplastic cells were strongly immunoreactive 
to vascular endothelial growth factor (VEGF) and pericellular deposition of reticulin fibers was consistent with sarcomatous changes. The tumor cells were 
immunopositive for p53 and negative for glial fibrillary acidic protein (GFAP), epithelial membrane antigen (EMA), and S-100. The Ki-67 labeling index was 
increased up to 50%. He was diagnosed with gliosarcoma and received the standard treatment protocol, but had several recurrences for which he received 
a trial of chemotherapeutic agents used for sarcoma. Retrospectively, a serum genetic testing was performed, which showed a heterozygous splicing 
mutation in the NF1 gene in c.4110+ 1 G>A.  
 
In Conclusion, this is a rare case of gliosarcoma described in the pediatric NF1 population. This unique presentation raises the possibility of potential effect 
of genetic mutation in the sarcomatous transformation of CNS tumors in NF1 patients. Further exploration of this association will help determine future 
therapeutic options.  
 
Additional Authors: Sina Jasim, MD*, Shaini Joy, RN*, Peg Parmeter, RN*, Colette Badeaux, RN*, Emily Galia, RN*, Joann Ater, MD* The University of 
Texas M.D. Anderson Cancer Center, Houston, Texas 77030, USA. 
 
References: 1. Mario Jr FJ, Ramsby G. Magnetic resonance imaging lesion analysis in neurofibromatosis type 1. Arch Neurol 1998;55:500–5. 2. Louis DN, 
Ohgaki H, Wiestlet OD, Cavenee WK, editors. World Health Organization Cassification of Tumours of the Central Nervous System. Lyon, France:IARC Press; 
2007. 

 
Diffusely Infiltrative Plexiform Schwannoma in Two Patients with Neurofibromatosis, Type 2 
 
Anat Stemmer-Rachaminov, MD 
Massachusetts General Hospital 
 
Plexiform schwannomas are a histologic variant of schwannoma with a predilection for patients with neurofibromatosis type 2 (NF2). Herein we describe an 
unusual infiltrative pattern of growth in two plexiform schwannomas with otherwise conventional histology.  
 
Case 1: A 23 year-old woman with NF2 had two scalp lesions, clinically presumed to be neurofibromas.  
 
Case 2: A 34 year-old man with NF2 underwent right orbital exenteration for a large multilobulated mass in the right orbit extending subcutaneously into the 
forehead (presumed to be meningioma). 
 
Neuropathologic examination of the scalp lesions (case 1) and the orbital mass (case 2) showed plexiform schwannomas with a diffusely infiltrative growth 
pattern. 
 
The tumors showed classic schwannoma histology with Antoni A/B areas, and Verocay bodies. Tumor cells were bland spindled cells, diffusely positive 
for S100. In both tumors there was diffuse invasion into adjacent subcutaneous fibroadipose tissue, with tumor cells dissecting between collagen bundles 
and surrounding adnexal structures. Tumor cells infiltrated as single cells and as small nests. Immunohistochemistry for EMA, Glut-1, and claudin-1 
showed breaching of the perineurium in both tumors with extrafascicular tumor invasion, in a pattern similar to that seen in plexiform neurofibromas. 
Immunohistochemistry for c-kit highlighted numerous mast cells in the peripheral (infiltrative) parts of each tumor. 
 
We report an unusual infiltrative growth pattern in otherwise conventional schwannomas in two NF2 patients. These tumors show features usually seen with 
plexiform neurofibromas and may exhibit other unique molecular or biologic characteristics. Infiltrative schwannomas are a prominent feature in NF2 mouse 
models in which malignant transformation may be seen.
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Randomized Trial of Physical Training on Motor Proficiency and Strength in Children and Adolescents with NF1 
 
David A. Stevenson, MD 
University of Utah  
 
Individuals with NF1 have been shown to have poor motor coordination, decreased strength, and decreased bone mineral density. Forces placed upon bones 
impact bone remodeling and plyometric activities result in bone loading. We therefore designed a randomized control trial to assess the effects of plyometric 
physical training on specific musculoskeletal parameters.  
 
NF1 children ages 5-18 years were recruited from the University of Utah NF1 Clinic and randomized to an intervention and control arm. Children were 
assessed at entry by a physical therapist.  Motor proficiency (using the Bruininks-Oseretsky Test instrument) and muscle strength (using a hand held 
dynamometers) were measured. Children randomized to the intervention group received a twice a week, 40-minute individualized plyometric physical 
training sessions with a physical therapist for 10 weeks, and then individuals were to continue the same program for 1 year.  NF1 individuals randomized to 
the control arm continued their regular activities.  All individuals return at 10-12 weeks after enrollment to assess motor proficiency and muscle strength. 
Eleven children with NF1 were enrolled (age: 5-18yr, ave. -11yr; 6M, 5F).  Eight individuals (4 controls; 4 intervention) completed the second evaluation 
after 10 weeks.  Increases in the mean difference from baseline to 10 weeks in the intervention group compared to controls were observed for muscle 
force (newtons; N) at the shoulder (+0.5 N), elbow (+12.1 N), wrist (+13.7 N), hip (+19.8 N), and knee (+1.4 N).  Increases in the mean difference 
of total motor composite and body coordination composite standard scores were observed in the intervention group compared to controls (+1.5 and 
+5.3 respectively).  Although increases were observed in the intervention group in multiple categories only wrist strength reached statistical significance 
(p=0.04) at the 10 week evaluation of 8 individuals. 
 
NF1 children have decreased strength and motor proficiency.  There is a trend for plyometric exercises to increase motor proficiency (particularly body 
coordination) and muscle strength.  Additional individuals are currently being enrolled to help clarify these findings and prospective follow up over 1 year is 
currently underway with the bone density measurements to assess the effects of plyometric exercises on bone strength, density and muscle mass.    
 
Additional Authors: David A. Stevenson1,2, Barbara Johnson2, Bruce MacWilliams2,3, David H. Viskochil1,2, Heather Hanson1, Janice Davis2, Austin Stevens1,  
Xiaoming Sheng2,  John C. Carey1,2, Amber Perry2, Jacques D’Astous2,3   1University of Utah, Dept. of Pediatrics, SLC, UT; 2Shriners Hospital for Children SLC, 
SLC, UT; 3University of Utah, Dept. of Orthopedics, SLC, UT.   
 
Funding: Thrasher Research Fund; Doris Duke Clinical Scientist Development Award; NIH NINDS K23 NS052500.

 
Phenotype & NF1 genotype in individuals with non-ossifying fibroma(s) and giant cell granuloma(s): Jaffe-Campanacci syndrome from the 
geneticist’s perspective.   
 
Douglas R. Stewart, MD 
National Cancer Institute 
 
Jaffe-Campanacci syndrome (JCS) is a disorder complex of multiple non-ossifying fibromas (NOFs) of the long bones, giant cell granulomas (GCGs) of the 
jaw and café-au-lait macules (CALMs).  Axillary freckling has been reported in some patients. The incidence and genetic etiology of JCS are not known, 
reported cases are sporadic and without recurrence, and there are no formal diagnostic criteria.  
 
The phenotypic overlap between JCS and neurofibromatosis type 1 (NF1) is striking. The literature includes several reports of individuals with a clinical 
diagnosis of NF1 and multifocal NOFs.  JCS is said to be clinically differentiable from NF1 based solely on the absence of variable, age-dependent NF1 
features, including Lisch nodules and neurofibromas. However, documentation of these features is often lacking in JCS case reports, which have a specialty 
bias of radiology, orthopedics & pathology. 
 
It will benefit patients, providers and researchers to understand whether JCS and NF1 are, in fact, allelic.  Further, NF1 genotype in individuals with NF1 and 
NOFs has not been examined.  There is one report in the literature of a child diagnosed with NF1 and multifocal NOFs who had NF1 testing; he has a de novo 
NF1 gene deletion.  We have identified NF1 mutations in four additional NF1 patients with multifocal NOFs, including one patient previously diagnosed with 
JCS, and have further delineated the NF1 deletion described above.  
 
We also present the case of a 9-year-old girl with a femoral NOF, a mandibular GCG but no CALMs or axillary freckling.  Molecular testing was negative 
including NF1, PTPN11, BRAF, HRAS, KRAS, MAP2K1, RAF1, SOS1, SHOC2 (S2G only), SH3BP2 (exon 9 only), and array CGH.  
 
Our results suggest that an unknown but likely significant percentage of JCS patients in fact have pathogenic mutations in NF1.  NF1 should be rigorously 
ruled out before a diagnosis of JCS is given.  We propose a clinical algorithm to facilitate accurate diagnosis necessary for appropriate counseling and 
management of affected patients. We hope that this will clarify the nosology of JCS. In this small series, there appears to be no clear genotype-phenotype 
correlation regarding multifocal NOFs in NF1. 
 
Additional Authors: Sarah L. Ruppert, GDRB/NHGRI; Tomi L. Toler, Angela Lin & David H. Ebb, MGHfC; Leonard B. Kaban, MGH; Hua Li & Margaret Wallace, 
Univ. of Florida; Cindy Skinner & Robert Saul, Greenwood Genetic Center; Ludwine Messiaen, Univ. of Alabama at Birmingham 
 
Funding: Intramural Research Programs of NHGRI and DCEG/NCI
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Obstetric Outcomes in Pregnant Women with Neurofibromatosis  
 
Anna R. Terry, MD 
Massachusetts General Hospital 
 
Whether patients with neurofibromatosis (NF) are at higher risk for adverse pregnancy outcomes is an important but understudied clinical question. 
The Nationwide Inpatient Sample (NIS)  is a large administrative database representing a 20% stratified sample of all nonfederal US hospital discharges 
(approximately 8 million per year), and is well suited for studying a rare disease in a younger patient population.  
 
We hypothesized that adverse outcomes of pregnancy might occur at a higher rate in NF due to the higher prevalence of tumors and vascular disorders. 
 
Using the NIS, we conducted a retrospective cohort study of pregnant patients with NF. We constructed a logistic regression model for the primary outcome 
of pre-eclampsia and the secondary outcomes of preterm labor, C-section, and cerebrovascular disease, adjusting for age, diabetes, hypertension, renal 
disease, multiple births, prior C-section, year, and race. Outcomes and covariates were defined using NIS variables and ICD-9-CM diagnosis and procedure 
codes. 
 
We identified 889 patients with neurofibromatosis type 1 (NF1) and 46 patients with neurofibromatosis type 2 (NF2) among approximately 10 million 
admissions in pregnant women between 1998 and 2008. NF1 was associated with a higher risk of pre-eclampsia (odds ratio [OR] 2.41), preterm labor (OR 
1.75), C-section (OR 1.71), and cerebrovascular disease during pregnancy (OR 13.9, p<0.0001 for all outcomes). For NF2, only the risk of pre-eclampsia 
was elevated (OR 4.9, p=0.001), although small sample size warrants caution in interpreting a negative finding.  
 
NF1 was associated with a higher risk of vascular complications of pregnancy. The biological mechanism of this association is unclear, but may relate to 
an underlying vasculopathy that has been reported in NF1 patients, leading to higher mortality from cardiovascular disease.  Pre-eclampsia is a complex 
disorder of endothelial dysfunction that is associated with higher risk and earlier onset of hypertension. Clarifying this association will improve understanding 
of the mechanisms of vascular risk in NF1, thereby educating the primary care providers and obstetricians who manage these potentially complex patients. 
 
Additional Authors: Fred G. Barker II, MD, MGH Department of Neurosurgery; Lisa R. Leffert, MD, MGH Department of Anesthesia; Brian Bateman, MD, MGH 
Department of Anesthesia; Scott R. Plotkin, MD, PhD, MGH Department of Neuro-Oncology 
 
References:  http://www.hcup-us.ahrq.gov/nisoverview.jsp. 2 Rasmussen SA, Yang Q, Friedman JM. Mortality in neurofibromatosis 1: an analysis using U.S. 
death certificates. Am J Hum Genet 2001 68(5):1110-1118.

 
Seizures in Neurofibromatosis-1 
 
James H. Tonsgard, MD 
The University of Chicago Pritzker School of Medicine  
 
Seizures are reported to complicate NF1 in 3-6% of patients. Our experience, however, suggests a somewhat higher incidence. We reviewed records from 
1287 consecutive patients (ages 1 wk to 81 y.o.) seen at the University of Chicago. Of those patients, 115, 9%, had a history of seizures. The age of 
onset was less than 1 y.o. for 11% (m=0.3y), 1-10 y.o. in 37% (m=4.0y), 11-18 y.o. in 17%(m=13.6y), and >18 y.o. in 20% (m=35y), with no age of 
onset recorded in 15%. In only 5% did the seizures occur exclusively with fever. The seizures were described as being predominantly clonic in 55%, and 
predominantly staring or confusional episodes or sleep disturbances in 23%; no clinical description was available in 22%. Clinical manifestations of seizures 
were sometimes subtle and several patients had a history of recurrent staring episodes or sleep disturbances for years prior to diagnosis. EEG classification 
demonstrated that the seizures were partial complex in 37% and primary generalized in 13%. For the remainder of the patients the EEG recording was either 
normal (25%) or unavailable. In 13% of patients the seizures were due to identifiable injuries such as a vascular insult, meningitis, or tumor. 15% of patients 
with seizures had either moderate to severe mental retardation or autism. An additional 14% of patients with seizures had severe behavioral problems or 
emotional disturbances, including bipolar disorder and conduct disorder. Learning problems were present in most of the patients. MR imaging was not 
helpful in elucidating the cause of seizures in the vast majority. While treatment of seizures often required more than one seizure medicine, they were 
intractable to medication in less than 5%. Of the 115 patients with seizures, 40 were seizure free off of medicine. Conclusions: In our experience, seizures 
are more frequent than previously reported and substantially higher than the general population. Seizures appear to have several peak times of onset with 
a significant percentage occurring in late teenage and adult years. The seizures can be subtle and often overlooked. Continuous EEG recordings for 24-48 
hours have been an invaluable tool in capturing seizures and EEG abnormalities. The etiology of the seizures remains unclear in the vast majority of patients.
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Effects of working memory load in children with Neurofibromatosis Type 1 (NF1) and unaffected controls on the Tasks of Executive Control 
 
Karin S. Walsh  
Children’s National Medical Center 
 
Disrupted working memory (WM) processes are well documented as one of many neurocognitive sequelae in children with NF1. Preliminary studies have 
shown greater sensitivity to task complexity in children with NF1 compared to normal controls. However, no studies to date have examined the impact of 
combined working memory load and inhibitory control requirements, nor have studies utilized Reliable Change methodology, which provides information 
on intra-individual responses to increased cognitive demands, an increasingly recognized technique in demonstrating clinically meaningful change. This 
study aims to provide preliminary data on the effects of working memory load and inhibitory control demand in children with NF1 compared to unaffected 
controls.  
 
Participants include children diagnosed with NF1 and age and gender matched typically developing controls (n=20). All participants were between 7 and 
15 years of age (M=10.7; SD=3.35). Participants underwent a brief neurocognitive evaluation consisting of an intellectual screen, the Tasks of Executive 
Control (TEC), and parent ratings on the Behavior Rating Inventory of Executive Function (BRIEF). The TEC crosses an n-back paradigm that increases 
working memory load with a go/no-go task that manipulates inhibitory control demand. Three levels of WM load (0, 1, 2-back) are crossed with absence 
vs. presence of an inhibitory signal. Alpha was set at .05 for all analyses. General Linear Models, repeated measures analysis was applied to evaluate 
between (NF1 vs. control) and within group (task load) differences.  
 
Preliminary results indicate statistically significant differences in target accuracy between the NF1 and control groups (F=5.31; p=.03; Eta squared=.23), 
with the NF1 group demonstrating significantly greater difficulty allocating attention to infrequent targets while simultaneously attending to frequent 
standard stimuli, reflecting limitations in working memory capacity. There were trends towards significance for response speed variability, with the NF1 
cohort more variable than controls. Further, the NF1 group performed significantly worse as WM load increased and this effect was even greater with the 
additional rule involving inhibitory demand. Reliable change analyses indicate the NF1 group exhibits diminished performance with increasing WM demand 
relative to controls. These results provide initial support for the hypothesis of impaired working memory processes in children with NF1 relative to peers, 
and the need for interventions supporting these deficits.  
 
Additional Authors: Jonathan M. Payne, D.Psych., The Children’s Hospital at Westmead3; Gerard A. Gioia, Ph.D.1,2; Peter K. Isquith, Ph.D., Dartmouth 
Medical School; Iris Paltin, Ph.D.1; Natalie A. Pride, M.Psych.3; Rosana Carrillo-Castro, B.A.1; Roger J. Packer, M.D.1,2; Maria T. Acosta, M.D.1,2  
 
This project was funded by the Jennifer and Daniel Gilbert Neurofibromatosis Institute and the Sherman Fellowship in Neurofibromatosis 1 Research, 
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Emotional distress in adults with NF1, NF2, and schwannomatosis  
 
Daphne L. Wang 
Massachusetts General Hospital and Harvard Medical School 
 
Patients with neurofibromatosis (NF) 1, NF2, and schwannomatosis are predisposed to multiple nerve sheath tumors. Since NF-related neurofibromas 
and schwannomas can develop anywhere in the body including the skin, peripheral nerves, and central nervous system, patients with NF can 
experience significant morbidity. Major causes of morbidity include extensive cutaneous neurofibromas (NF1), hearing loss (NF2), and chronic pain 
(schwannomatosis). Given that anecdotal information suggests that patients with NF are at risk for emotional distress, we examined such distress among 
patients with NF1, NF2, and schwannomatosis.  
 
Participants were adult patients diagnosed with NF1, NF2, or schwannomatosis who received care at the Family Center for Neurofibromatosis at 
Massachusetts General Hospital in Boston. During a scheduled clinic visit, each patient was asked to complete a survey consisting of sociodemographics 
and the following validated measures: 1) Center for Epidemiologic Studies Depression Scale; 2) State Trait Anxiety Inventory-Trait version; 3) Rosenberg 
Self-Esteem Scale; and 4) Perceived Stress Scale-4.  
 
From January to November 2010, 133 patients with NF1 (54 male, 79 female), 94 with NF2 (44 male, 50 female), and 21 with schwannomatosis (15 
male, 6 female) completed the study. In comparison with the general population, all patients with NF reported significantly more symptoms of depression 
and anxiety (ps < .001). Forty-two percent of patients (n = 103) obtained a score of 16 or greater on the CES-D, indicating that they were at risk for 
clinical depression. Patients with NF also reported significantly higher levels of perceived stress and lower levels of self-esteem compared to the general 
population (ps < .001). There were no significant differences among patients with NF1, NF2, and schwannomatosis on any of the outcome measures. 
Factors associated with a higher frequency of medical visits in the past year included increased symptoms of depression, anxiety, higher levels of 
perceived stress and lower levels of self-esteem (ps < 0.05).  
 
These results suggest that increased emotional distress, specifically symptoms of depression and anxiety, low self-esteem, and high levels of perceived 
stress, are common among adult NF patients, and that NF may be associated with reduced quality of life. Clinicians who treat NF should be aware of these 
psychosocial issues, and affected patients may benefit from a multidisciplinary treatment approach in order to address emotional distress. 
 
Additional Authors: Daphne L. Wang, Kelly B. Smith, Sonia Esparza, Fawn A. Leigh, Alona Muzikansky, Elyse R. Park, and Scott R. Plotkin – Harvard/MGH
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Cognitive and Learning Profiles in Youth with Neurofibromatosis Type 1 (NF1) and Plexiform Neurofibromas (PNs) 
 
Pam Wolters, PhD 
National Cancer Institute 
 
Cognitive and learning problems are frequent in youth with NF1. Two learning disability (LD) subtypes (specific and global) have been described in NF1 
with two risk factors for specific LD: male gender and children with Verbal IQ (VIQ) lower than Performance IQ (PIQ; Hyman et al., 2006). Learning deficits 
in the NF1 mouse model (Costa & Silva, 2002) and tumor formation (Weiss et al., 1999) have been associated with increased Ras enzymatic activity.   
 
Patients (6-21 years) with NF1 and PNs enrolled on a NF1 natural history study were administered a comprehensive psychological evaluation assessing 
IQ, academic achievement (AA), and specific cognitive functions, including sustained auditory attention, auditory memory, and executive skills. Specific 
LD (SLD) was defined as VIQ, PIQ, or Full Scale IQ >85 and a discrepancy of >15 points between IQ and AA scores.  Total tumor burden (TTB%WT) was 
calculated as the sum of all PN volumes from STIR MR-imaging expressed as percent of body weight.   
 
55 children (mean age=13.1 years, range=6.3-20.5; 67% males) with NF1 and PNs have enrolled to date. PIQ was significantly lower than VIQ (92.4 
vs. 99.2; p=.0013); 22% had PIQ<VIQ (by >15 points) compared to 5% with PIQ>VIQ. In the Reading, Math, and Writing domains, 40%, 31% and 
35% had IQ/AA discrepancies, respectively. No difference was found between Reading subtests; Math Fluency was significantly lower than Calculation 
and Applied Problems (ps<.01); Spelling and Writing Fluency were lower than Writing Samples (ps<.05). Handwriting was rated to be poor in 43%. 
72% met criteria for SLD, 18% had global learning problems (GLP; low IQ/low AA), and 5% had no learning problems (normal IQ/normal AA). Gender, 
age, parent education, and familial vs. sporadic NF1 were not associated with academic performance. The 4 pre-selected cognitive scores (auditory 
attention, auditory memory, executive function, PIQ) accounted for 62%, 60%, and 71% of the variance in Reading, Math, and Writing scores, respectively 
(ps<.0001). A trend suggested TTB%WT was higher in the SLD group than the GLP group (p=.083). 
 
In youth with NF1 and PNs, 91% had poor academic skills with specific weaknesses in math fluency, writing fluency, and spelling. We identified 2 learning 
problem profiles (SLD and GLP) consistent with the literature; however, males were not at higher risk for SLD, and PIQ was significantly less than VIQ, 
suggesting youth with PNs may have different risk factors and cognitive profiles than those without PNs. A trend for higher tumor burden in the SLD group 
suggests increased Ras activity as a possible mechanism. Future research needs to compare directly youth with NF1 with vs. without PNs and unaffected 
siblings controls and to examine neuroimaging, genetic factors, and biomarkers.   
 
Additional Authors: Staci Martin, PhD1, Eva Dombi, MD1, Ambereen Kurwa, BA1, Mary Anne Tamula, MA2, Nia Billings, MS2, Andrea Gillespie, RN1 Wanda 
Salzer, MD1, Andrea Baldwin, CRNP1 and Brigitte Widemann, MD1. 1POB, NCI, NIH and 2Clinical Research Directorate/CMRP, SAIC-Frederick, Inc., NCI-
Frederick, Frederick, MD 21702 
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