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Dear NF Conference Attendees:
On behalf of the Children’s Tumor Foundation, welcome to the 2010 NF Conference: Back to the Future. There
is bound to be much to interest you in Baltimore, this most singular of American cities, whether you are an
American history buff, baseball or John Waters fan, or an admirer of the HBO masterpiece The Wire. Culture,
entertainment, shopping and world class seafood are just a short walk away.
This year’s theme Back to the Future speaks to the significant progress we have made in neurofibromatosis
research in the past few years, and also the critical importance of reflecting upon the challenges that remain.
In 2005 the Conference agenda included no platform talks on clinical trials; this year we dedicate a packed
afternoon to the topic. Now too, we see preclinical drug testing and translational initiatives – almost absent
from the agenda just a few years ago – percolating through the entire meeting. And while translation of basic
NF research to the clinic is vitally important, we never forget the value of discovery research, which each year
at the Conference includes presentations from junior investigators (many funded through our Young Investigator
Award), all the way up to the thought leaders in the field (many of whom were at one time YIA recipients!). To
name but a few discovery research advances, the last several years have brought a candidate gene, mouse
model and increasing understanding for schwannomatosis; with its origins in a mouse model, a new NF1-like
clinical condition, Legius Syndrome; an ever expanding role for the cell’s microenvironment in tumorigenesis;
and new clues for how merlin protein might be functioning. All of these and additional areas of discovery will be
discussed at the 2010 NF Conference.
Back to the Future is also a theme at the Foundation this year. In 2006 we set out a ‘Strategic Plan to Accelerate
Neurofibromatosis Research to the Clinic,’ which included five priority areas of focus for Foundation funding
based on existing gaps in the research pipeline. Miraculously, by the end of 2010 we should have set all five
areas in motion, these include: funding preclinical drug testing (ongoing through our Drug Discovery Initiative
Awards since 2006 and NF Preclinical Consortium since 2008); establishing an NF Clinic Network (established
2007, now 42 clinics and growing); funding pilot clinical trials (to date two have been funded); establishing a
Neurofibromatosis Patient Registry and BioBank (to launch in 2010) and identifying new NF biomarkers (ongoing
through our various funding awards and to be expanded via the Biobank). With these accomplishments, 2010 will
see us assessing what we need to focus on in the coming years. We will be soliciting input from all of you this
summer, so make sure to send in your ideas.
Enjoy the meeting!
Sincerely,

			
Kim Hunter-Schaedle, Ph.D. 				
Chief Scientific Officer					

John W. Risner
President
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RESEARCH PROGRAMS

Research Programs of the Children’s Tumor Foundation
The Children’s Tumor Foundation is dedicated to ending neurofibromatosis (NF) through research. For more than 25
years, the Foundation has funded NF research with the goal of identifying NF drug therapies and improving the lives of
those living with the disorder. To date, the Foundation has committed more than $30M to NF research initiatives. The
Foundation also provides resources for NF patients and their families, and endeavors to increase public awareness of NF.
The Foundation has been a long-time key advocate for federal support of NF research. The Foundation works closely with
the National Institutes of Health and has been instrumental in the inception and continuation of the United States Army’s
Congressionally Directed Medical Research Program.
The research programs of the Children’s Tumor Foundation support discovery and translational research, clinical
trials and clinical care.

Open Programs: Call for Applications
• Young Investigator Awards: Our longest running research program provides 2 year grants for pre- and
postdoctoral researchers in NF research. YIA continues as a cornerstone program of the Foundation. Many of
today’s NF community leaders are former YIA recipients. Next deadline: early 2011.
•

Drug Discovery Initiative Awards: Grants of up to $50,000 for pilot preclinical drug screening. To date, the
Foundation’s investment of $700,000 in the Drug Discovery Initiative has returned $3.7 million in follow-on funding.
This program has funded 33 drug screens. Multiple deadlines: see www.ctf.org.

•

Clinical Trial Awards: Offer $125,000 to conduct small-scale pilot clinical trials of candidate NF therapeutics.
Deadline: Letter of Intent required. Contact the Foundation first.

•

NF Clinic Network (CTF-NFCN): Recognizes those clinics offering comprehensive NF clinical care. Now 42
Affiliate Clinics. Any clinic may apply for participation. U.S. Clinics eligible to receive seed funding to expand clinic
activities. Deadlines are accepted on a rolling basis.

Ongoing Programs (no current call for applications)
• The NF Preclinical Consortium: part of a $5M effort to advance NF research in the clinics. Research teams at six
centers collaborating in screening the most promising candidate NF therapeutics in multiple preclinical NF tumor
models in parallel: UCSF, Washington University, Cincinnati Children’s Hospital Medical Center, House Ear Institute,
and Harvard Medical School’s Brigham & Women’s Hospital and Massachusetts General Hospital.
•

Schwannomatosis Awards: An ad hoc initiative that has invested $500,000 since 2007 to expand our
understanding of the disorder. Includes discovery research, animal model development, and a Natural History
Database.

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

Foundation Staff at the 2010 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

Management & Finance
Suzanne Earle

Chair, Board of Directors.........................ssuzearle@aol.com

John W. Risner

President................................................jrisner@ctf.org

Development
George Orfanakos

Executive Director...................................gorfanakos@ctf.org

Steve Kendra

Director, NF Endurance...........................skendra@ctf.org

Traceann Adams

National Program Director.......................tadams@ctf.org

Patrice Pancza

Development Coordinator ......................ppancza@ctf.org

Stephanie Yolish

Chapter Coordinator ..............................syolish@ctf.org

Chad Leathers

Development Officer...............................cleathers@ctf.org

Communications
Garrett Gleeson

Communications Director.......................ggleeson@ctf.org
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NATIONAL PROGRAMS

Children’s Tumor Foundation National Programs
Get Involved in CTF’s National Programs!
The Children’s Tumor Foundation’s National Programs are the engines that drive research, rally communities around the work
of the Foundation, and raise awareness for NF. Whether you’re interested in running a marathon or walking a 5k we’ve got a
program that’ll be just your cup of tea.
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 Steve Kendra at Skendra@ctf.org

Every year the Children’s Tumor Foundation car races for research and
the checkered flag at the Rolex 24 at Daytona, the nation’s premier auto
endurance race. Racing4Research features NF Heroes — children from
around the country who every day live with the challenges of NF — who,
along with their family and friends, host fundraising events throughout
the year then join the team in Daytona. Fuel the Cure and join this
community of seasoned race fans and new initiates alike.
For further information contact Jill Beck at jbeck@ctf.org

NFWALK

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

for
TEAPARTYNF

A perfect way to bring friends and family together for birthdays, holidays
or National Tea Party Day (May 2nd). The Tea Party 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
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SCHEDULE

Schedule At-A-Glance

SATURDAY
June 5

LOCATIONS

Meeting Rooms and Event Locations
Session 1-6, 7A, 8, 9, 11 		
Session 7B,10 			
Poster Sessions			
Welcome Reception and Dinner
Special Evening Clinical Roundtable
Young Investigator Mixer		
			

International Ballroom ABC (hotel)
International Ballroom DF (hotel)
Liberty Ballroom (hotel)
Rusty Scupper (offsite) – see map at the back
Aboard the Black-Eyed Susan (offsite) - see map at the back
Hall of Fame Lounge (hotel)

TIME		

EVENT					

9:00 AM

12:30 PM

Registration; Poster set-up

12:30 PM

1:00 PM

Welcome to the 2010 NF Conference

1:00 PM

2:00 PM

Keynote Presentation: The Role of HSF in Neurofibromatosis		

2:00 PM

6:35 PM

Session 1: NF Clinical Trials Past, Present and Future: Progress and Unanswered Questions

7:30 PM
11:00 PM
		

Welcome Dinner and Reception at Rusty Scupper (offsite restaurant in the Inner Harbor)
Honoring Friedrich Von Recklinghausen Awardee Dr. Nancy Ratner

TUESDAY
June 8

MONDAY
June 7

SUNDAY
June 6

				
7:00 AM

8:00 AM

Breakfast

8:00 AM

10:00 AM

Session 2: Shedding light on NF2 signaling

10:30 AM

11:30 AM

Keynote Presentation: Modeling sensitivity and resistance to cancer drugs in tumor-derived cell lines

11:30 AM

1:15 PM

Session 3: Targeting NF1 Signaling

1:15 PM

2:00 PM

Lunch (on your own)

3:00 PM

5:00 PM

Poster Session I: Clinical Poster Session

5:00 PM

6:30 PM

Session 4: Panel Discussion - New Frontiers in NF2 Research: From Basic Science to Targeted Therapies

7:30 PM
9:30 PM
		
		

Special Evening Clinical Roundtable: Diagnostic Dilemmas
aboard the Black-Eyed Susan (a unique paddlewheel riverboat cruise)
Dinner and drinks provided. Pre-registration and fee required.

7:00 AM

8:00 AM

Breakfast

8:00 AM

10:30 AM

Session 5: The microenvironment in NF1 tumorigenesis: What we know and don’t know

10:30 AM

11:30 AM

Keynote Presentation: Regulation of Growth by the mTOR Pathway

11:30 AM

1:15 PM

Session 6: Mouse and Fly Genetics

Concurrent Abstract Platform Presentations
1:50 PM

4:00 PM

Session 7A: NF1 Clinical Abstracts

2:00 PM

3:45 PM

Session 7B: NF2 - Basic Science Abstracts

4:30 PM

6:30 PM

Session 8: Modifier Genes - Panel Discussion

7:30 PM

9:30 PM

Poster Session II: Basic Science Poster Session

7:00 AM

8:00 AM

Breakfast

Concurrent Abstract Platform Presentations
8:00 AM

10:00 AM

Session 9: NF2 and Schwannomatosis: Genetics, Clinical and Translation Abstracts

8:00 AM

10:00 AM

Session 10: NF1 - Basic Science Abstracts

10:30 AM

12:30 PM

Session 11: Across the Ras-MAPK Pathway
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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 Saturday, June 5 to Tuesday, June 8. Odd number
poster presenters will need to stand by their posters on Sunday (June 6) 3:00 – 5:00 PM. Even number poster
presenters will need to stand by their posters on Monday (June 7) 7:30 – 9:30 PM. Pushpins will be provided!
You can mount your poster upon your arrival.

Questions?
Please contact a Foundation staff member!
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Vote for your favorite posters

Vote For Your Favorite Basic
Research And Clinical PosterS
Best posters win a prize – and you could too!

R

ALL ATTENDEES at the 2010 NF Conference are invited to vote
for your favorite poster in two categories:
• Basic research (Monday, June 7: 7:30 - 9:30 PM)
• Clinical research (Sunday, June 6: 3:00 - 5:00 PM)
Please be sure to place your votes in the correct ballot boxes at registration
by 9:30 PM on Monday, June 7th (after the poster session).
• Best basic research poster wins a prize
• Best clinical research poster wins a prize
• If YOU voted for a winning poster – you could win a prize too!

R

Winners announced at 12:30 PM on Tuesday, June 8th
at close of the 2010 NF Conference
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AGENDA

Saturday • June 5, 2010

Bac k to t h e Fu t u re

WELCOME FROM THE 2010 NF CONFERENCE CHAIRS
9:00 AM

12:30 PM

Registration; Poster set-up

12:30 PM 1:00 PM
		
		

Welcome from the 2010 NF Conference Chairs
Susan Huson, St. Mary’s Hospital, University of Manchester
Filippo Giancotti, Memorial Sloan Kettering Cancer Center

		
		

How Did We Get To ‘Back to the Future?’ A Historical Perspective on Progress in NF Research
Susan Huson, St. Mary’s Hospital, University of Manchester

OPENING KEYNOTE PRESENTATION
Introduction: Susan Huson, St. Mary’s Hospital, University of Manchester - 2010 NF Conference Co-Chair
1:00 PM
2:00 PM
		

The Role of HSF in Neurofibromatosis
Susan Lindquist, The Whitehead Institute for Medical Research

SESSION 1: NF CLINICAL TRIALS PAST, PRESENT and FUTURE: PROGRESS AND
UNANSWERED QUESTIONS
Chairs: Roger Packer, Children’s National Medical Center
Kathryn North, Children’s Hospital, University of Sydney
2:00 PM
2:30 PM
		

Lessons Learned From Conducting NF1 Clinical Trials And Update On Ongoing NF1 Trials
Brigitte Widemann, National Cancer Institute

2:30 PM

NF2 Patient Perspective: Tracy Galloway

2:35 PM

2:35 PM
3:05 PM
		

Reaching Consensus in NF2 Clinical Trials and An Update on Key Ongoing NF2 Trials
Brad Welling, Ohio State University

3:05 PM

3:30 PM

REFRESHMENT BREAK

3:30 PM

3:45 PM

Special Funding Partnership Announcement

3:45 PM
4:15 PM
		

Potential New Drugs for Treating NF1 and NF2
Jay Gibbs, AstraZeneca Pharmaceuticals

4:15 PM
4:45 PM
		

Phase I/II Study of Tarceva/Rapamycin for Recurrent Pediatric Low-grade Gliomas (LGGs)
Roger Packer, Children’s National Medical Center: Platform Abstract Presentation

4:45 PM
5:00 PM
		

Phase 2 trial of cediranib for NF1 plexiform and/or paraspinal neurofibromas
Dusica Babovic-Vuksanovic, Mayo College of Medicine: Platform Abstract Presentation				

5:00 PM
5:20 PM
		
		

A Phase II Study of the mTOR Inhibitor Sirolimus for NF1-Associated Plexiform Neurofibromas:
A Neurofibromatosis Consortium Study
Michael Fisher, The Children’s Hospital of Philadelphia: Platform Abstract Presentation

5:20 PM
5:35 PM
		

Phase I trial of sorafenib in children with NF1 and inoperable plexiform neurofibromas
AeRang Kim, National Cancer Institute: Platform Abstract Presentation

5:35 PM
5:50 PM
		

Treating Cognitive Deficits with Lovastatin: Phase 1 trial in children with NF1
Maria Acosta, Children’s National Medical Center: Platform Abstract Presentation
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AGENDA

Saturday • June 5, 2010
5:50 PM
6:05 PM
		

Whole body MRI evaluation in NF1
Scott Plotkin, Massachusetts General Hospital/Harvard Medical School: Platform Abstract Presentation

6:05 PM
6:20 PM
		

Characterization of whole body tumor burden in NF1 using MR-imaging
Ambereen Kurwa, National Cancer Institute: Platform Abstract Presentation

6:20 PM

Reflections from the Chairs/Discussion

6:35 PM

7:30 PM – 11:00 PM

Welcome Dinner and Reception at Rusty Scupper
(offsite restaurant in the Inner Harbor)

Honoring 2010 Friedrich von Recklinghausen Awardee Dr. Nancy Ratner

Sunday • June 6, 2010
7:00 AM

8:00 AM

BREAKFAST

SESSION 2: SHEDDING LIGHT ON NF2 SIGNALING
Chair: Marco Giovannini, House Ear Institute and Vijaya Ramesh, Harvard Medical School/Massachusetts General Hospital
8:00 AM
8:30 AM
		

What the Biology and Structure of ERM Proteins Can Tell Us About Merlin
Anthony Bretscher, Weill Institute for Cell and Molecular Biology, Cornell University

8:30 AM
9:00 AM
		
		
9:00 AM
9:30 AM
		

Function of Merlin in Regulating Membrane Receptors
Andrea McClatchey, Harvard Medical School/Massachusetts General Hospital

9:30 AM
10:00 AM
		

Merlin’s nuclear function
Filippo Giancotti, Memorial Sloan Kettering Cancer Center

10:00 AM

10:15 AM

General discussion

10:15 AM

10:30 AM

BREAK

Regulation of Merlin
Helen Morrison, Institute for Aging

KEYNOTE PRESENTATION
Introduction: Filippo Giancotti, Memorial Sloan Kettering Cancer Center - 2010 NF Conference Co-Chair
10:30 AM 11:30 AM
		

Modeling Sensitivity and Resistance to Cancer Drugs in Tumor-Derived Cell Lines
Jeffrey Settleman, Harvard Medical School/MGH Cancer Center

SESSION 3: TARGETING NF1 SIGNALING
Chair: Karlyne Reilly, National Cancer Institute, Frederick
11:30 AM 12:00 PM
		

Mechanisms Underlying Tumorigenesis in NF1
Karen Cichowski, Harvard Medical School/BWH
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AGENDA

Sunday • June 6, 2010

12:00 PM 12:30 PM
		

Leukemia and the Ras-MAPK Pathway
Kevin Shannon, University of California, San Francisco

12:30 PM 1:00 PM
		
		
1:00 PM
1:15 PM

Exploring the origins of plexiform neurofibroma
Luis Parada, University of Texas Southwestern

1:15 PM

2:00 PM

LUNCH (on your own)

1:30 PM

3:30 PM

2010 International World Cup

3:00 PM

5:00 PM

Poster Session I: Clinical Posters

General discussion

SESSION 4: New Frontiers in NF2 Research: From Basic Science to Targeted Therapies
Moderator: Jonathan Chernoff, Fox Chase Cancer Center
5:00 PM
6:30 PM
		
		

Panel Discussion
Panel Members: Andrea McClatchey, Marco Giovannini,
Vijaya Ramesh, Filippo Giancotti, Gareth Evans, Oliver Hanemann

Special Evening Clinical Roundtable: DIAGNOSTIC DILEMMAS
Aboard the Black-Eyed Susan - a unique paddlewheel riverboat cruise
(Dinner & drinks provided - Pre-registration and fee required)
Chairs: Rosalie Ferner, Guy’s and St. Thomas’ NHS Trust Hospital, United Kingdom
Bob Listernick, Children’s Memorial Hospital
7:30 PM

10:00 PM

Sharing and discussion of clinical cases out forward by attendees

Monday • June 7, 2010
7:00 AM

8:00 AM

BREAKFAST

SESSION 5: The microenvironment in NF1 tumorigenesis: What we know and don’t
know
Chairs: Luis Parada, University of Texas Southwestern
Karen Cichowski, Harvard Medical School/BWH
8:00 AM
8:30 AM
		

Dissecting molecular and cellular mechanisms underlying Nf1 haploinsufficient tumor microenvironment
Yuan Zhu, University of Michigan

8:30 AM
9:00 AM
		
		

Use of Genetically Engineered Knockout Mice to Identify Molecular Targets in the Microenvironment of
Plexiform Neurofibromas
Wade Clapp, University of Indiana

9:00 AM
9:30 AM
		

Cell Autonomous SCP Nf1 Loss and Neurofibroma Formation
Nancy Ratner, Cincinnati Children’s Hospital Medical Center
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AGENDA

Monday • June 7, 2010

9:30 AM
10:00 AM
		

Session overview and summation
Luis Parada, University of Texas Southwestern

10:00 AM

10:05 AM

NF Patient Perspective: Shawn O’Neil

10:05 AM

10:30 AM

REFRESHMENT BREAK

KEYNOTE PRESENTATION
Introduction: Fillipo Giancotti, Memorial Sloan Kettering Cancer Center - 2010 NF Conference Co-Chair
10:30 AM 11:30 AM
		

Regulation of Growth by the mTOR Pathway
David Sabatini, Massachusetts Institute of Technology

SESSION 6: MOUSE AND Fly Genetics
Chair: Fillipo Giancotti, Memorial Sloan Kettering Cancer Center - 2010 NF Conference Co-Chair
11:30 AM 9:00 AM
		

NF2 mouse models revisited
Marco Giovannini, House Ear Institute

12:00 PM 12:30 PM
		

The role of the atypical cadherin Fat in regulation of the Hippo pathway
Helen McNeill, Mount Sinai Hospital, Canada

12:30 PM 1:00 PM
		

NF2, Kibra and Hippo signaling
Duojia Pan, Johns Hopkins University

1:00 PM

1:15 PM

General discussion

1:15 PM

1:20 PM

Schwannomatosis Patient Perspective: Chad Leathers

1:20 PM

2:00 PM

LUNCH (box lunches provided)

**Concurrent Abstract Platform SESSions**
SESSION 7A: NF1 CLINICAL ABSTRACTS
Chairs: Elizabeth Schorry, University of Cincinnati and Bruce Korf, University of Alabama Birmingham
1:50 PM
2:00 PM
		

Decreased Retinal Nerve Fiber Layer Thickness in Children with Vision Loss from Optic Pathway Gliomas
Robert Avery, Children’s Hospital of Philadelphia

2:00 PM
2:15 PM
		

Follow Up of Internal Plexiform Tumors in Patients With NF1 by Whole Body MRI and Volumetric Analysis
Rosa Nguyen, University Hospital Hamburg-Eppendorf, Hamburg, Germany

2:15 PM
2:30 PM
		

Pediatric Plexiform Neurofibromas Morbidity and Associated Tumors
Carlos Prada, Cincinnati Children’s Hospital Medical Center

2:30 PM
2:45 PM
		

NF1 Associated Optic Glioma Visual Outcomes Following Chemotherapy: A Multi-center Retrospective Analysis
Michael Fisher, Children’s Hospital of Philadelphia
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AGENDA

Monday • June 7, 2010
2:45 PM
3:00PM
		

Pediatric 25-Hydroxyvitamin D Levels in NF1
David Stevenson, University of Utah and Shriners Hospital for Children

3:00 PM
3:15PM
		

Bone Mineral Apparent Density and Vitamin D Status in Pediatric Neurofibromatosis Type I Patients
Maya Lodish, National Institutes of Health

3:15 PM
3:30PM
		

Do Neuropsychological Tests Reflect Day-to-Day Functioning in Children with NF1?
Jonathan Payne, Cincinnati Children’s Hospital Medical Center

3:30 PM
3:45PM
		

Cingulate Gyrus White Matter in Pediatric NF1 Patients: Sensitivity and Specificity of a Novel Imaging Marker
Nadja Kadom, The Jennifer and Daniel Gilbert Neurofibromatosis Institute, Children’s National Medical Center

3:45 PM
4:00PM
		

Corpus Callosum Morphology and its Relationship to Cognitive Function in NF1
Natalie Pride, Children’s Hospital at Westmead, Australia

SESSION 7B: NF2 - BASIC SCIENCE ABSTRACTS
Chairs: Jonathan Chernoff, Fox Chase Cancer Center and Olli Carpen, University of Turku
2:00 PM
2:15 PM
		

Preclinical testing of the covalent pan-ErbB inhibitor CNX-222 in NF2 mouse models
Fabrice Chareyre, House Ear Institute

2:15 PM
2:30 PM
		

Mechanisms that limit the malignancy potential of meningiomas and schwannomas in NF2
Marinne James, Massachusetts General Hospital/Harvard University

2:30 PM
2:45 PM
		

Rac1 and Merlin signaling regulate Schwann cell proliferation and myelination
Li Guo, Cincinnati Children’s Hospital Medical Center

2:45 PM
3:00 PM
		
		

Phosphoinositide binding of the FERM domain of merlin regulates its membrane raft association,
subcellular dynamics and function
Timmy Mani, University of Cincinnati

3:00 PM
3:15 PM
		

Characterization of the Regulation and Function of Merlin in the Nucleus
Wei Li, Memorial Sloan Kettering Cancer Center

3:15 PM
3:30 PM
		

Merlin Is Essential for Neurulation and Neuroepithelial Progenitor Proliferation in Mammalian Brain Development
Elena Akhmametyeva, Nationwide Children’s Hospital and The Ohio State University

3:30 PM
3:45 PM
		

Snf5 inactivation in P0 permissive cells initiates formation of olfactory ensheathing tumors with rhabdoid features
Jeremy Vitte, House Ear Institute

3:45 PM

REFRESHMENT BREAK

4:30 PM

SESSION 8: MODIFIER GENES - See full agenda of this session on page 56
Moderators: Andre Bernards, Harvard Medical School/MGH and Meena Upadhyaya, Cardiff University
4:30 PM
6:30 PM
		
		

Panel Discussion
Invited Panel Members: Mark Daly, Karlyne Reilly, Douglas Stewart, Pierre Wolkenstein,
Elizabeth Schorry, Bruce Korf

7:30 PM

9:30 PM

Poster Session II: Basic Research Posters

9:30 PM

11:00 PM

YIA Mixer
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AGENDA

Tuesday • June 8, 2010
7:00 AM

8:00 AM

BREAKFAST

**Concurrent Abstract Platform SESSions**
SESSION 9: NF2 and schwannomatosis: clinical, genetics, and TRANSLATION
abstracts
Chairs: Gareth Evans, University of Manchester and Allan Belzberg, Johns Hopkins University
8:00 AM
8:15 AM
		

HDAC42 and OSU-03012, Novel Small-Molecule Inhibitors for the Treatment of Vestibular Schwannomas
Janet Oblinger, Ohio State University and Nationwide Children’s Hospital

8:15 AM
8:30 AM
		

IGF/IGFBP signaling in Human Schwannoma
C. Oliver Hanemann, Peninsula Medical School, United Kingdom

8:30 AM
8:45 AM
		

Mitotic recombination in NF2 schwannomas, sporadic vestibular schwannomas and schwannomatosis
Miriam Smith, University of Manchester

8:45 AM
9:00 AM
		

Drosophila as a model to study the role of SMARCB1 in Schwannomatosis
James Walker, MGH Center for Cancer Research

9:00 AM
9:15 AM
		

Natural history of meningiomas in Neurofibromatosis 2
Stéphane Goutagny, Inserm, France

9:15 AM
9:30 AM
		

Phase II Clinical Trial of Lapatinib in Children and Adults with NF2-related Tumors
Matthias Karajannis, NYU Langone Medical Centet

9:30 AM
9:45 AM
		
		

Extended follow up of 10 consecutive NF2 patients treated with bevacizumab for progressive
vestibular schwannoma
Scott Plotkin, Massachusetts General Hospital and Harvard Medical School

SESSION 10: BASIC SCIENCE ABSTRACTS
Chairs: Yuan Zhu, University of Michigan and Juha Peltonen, University of Turku
8:00 AM
8:15 AM
		

A new partner of NF1 protein directly connects NF1 to actin cytoskeleton dynamics
Hélène Bénédetti, Centre de biophysique moléculaire, CNRS, Orléans, France

8:15 AM
8:30 AM
		
		

Strengths and limitations of NF1 animal models: transcriptome comparisons of human NF1 and
GEM Nf1 model tumors
Walter Jessen, Cincinnati Children’s Hospital

8:30 AM
8:45 AM
		

An insertional mutagenesis screen to identify genes involved in Schwann cell tumorigenesis
Eric Rahrmann, University of Minnesota Masonic Cancer Center

8:45 AM
9:00 AM
		

NF1 mutation or H-Ras activation in oligodendrocytes causes defects in large axon myelination
Tilat Rizvi, Cincinnati Children’s Hospital Research Foundation

9:00 AM
9:15 AM
		
		

EGFR expression in Schwann cell lineage cells modifies neurofibroma size and number and promotes
MPNST formation through STAT3
Jianqiang Wu, Cincinnati Children’s Hospital Medical Center
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AGENDA

Tuesday • June 8, 2010
9:15 AM
9:30 AM
		

Preclinical therapeutic effects of Sorafenib in comparison to RAD001 in a mouse model of NF1 neurofibroma
Eva Dombi, National Cancer Institute

9:30 AM
9:45 AM
		

Tumor initiating cells in malignant peripheral nerve sheath tumors
Johanna Buchstaller, University of Michigan

9:45 AM
10:00 AM
		

Isolation and characterization of MPNST cancer stem cells: Biological and therapeutic ramifications
Faris Farassati, University of Kansas Medical Center

10:00 AM

REFRESHMENT BREAK

10:30 AM

SESSION 11: Across the Ras-MAPK pathway
Chair: Maria Acosta, Children’s National Medical Center and David Viskochil, University of Utah
10:30 AM 11:00 AM
		
		
11:00 AM 11:30 AM
		
		
11:30 AM 12:00 PM
		

NF1 and Cardiovascular Development
Jonathan Epstein, University of Pennsylvania

12:00 PM

Q&A / Discussion panel with speakers and chair

12:15 PM

12:15 PM 12:30 PM
		
		

SPRED1 and the Ras-MAPK Pathway
Eric Legius, University of Leuven
Skeletal phenotypes of syndromes of the Ras-MAPK pathway
David Stevenson, University of Utah

Closing Remarks
Susan Huson, St. Mary’s Hospital, University of Manchester
Fillipo Giancotti, Memorial Sloan Kettering Cancer Center
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BIOS

Keynote Speakers
Susan Lindquist, Ph.D.
The Whitehead Institute for Medical Research
Dr. Lindquist is a leader in the study of protein folding. Her research proves that changes in protein folding can have profound and unexpected influences in
fields as wide-ranging as human disease, evolution and nanotechnology. She received a PhD in Biology from Harvard University in 1976, and was elected to
the American Academy of Arts and Sciences in 1997, the National Academy of Sciences in 1997 and the Institute of Medicine in 2006. She is a member of
the Whitehead Institute, a non-profit, independent research and educational institution, a Professor of Biology at the Massachusetts Institute of Technology
and an Investigator of the Howard Hughes Medical Institute. Dr. Lindquist served as Director of the Whitehead Institute from 2001 to 2004. Previously she
was affiliated with the University of Chicago where she was the Albert D. Lasker Professor of Medical Sciences in the Department of Molecular Genetics
and Cell Biology. the American Philosophical Society in 2003 and the Institute of Medicine in 2006. She received the Novartis/Drew Award for Biomedical
Research in 2000, the Dickson Prize in Medicine in 2002, the Sigma Xi William Procter Prize for Academic Achievement in 2006, the Nevada Silver Medal for
Scientific Achievement in 2007, and both the Genetics Society of America Medal and the Centennial Medal of the Harvard University Graduate School of Arts
and Sciences in 2008.

Jeffrey Settleman, Ph.D.
Harvard Medical School/MGH Cancer Center
Dr. Settleman is an international leader in the study of cellular signaling pathways in human cancer. His current research is largely focused on molecularly
targeted cancer therapeutics, personalized cancer medicine, and mechanisms of drug resistance. He received a Ph.D. degree in Genetics from Yale University
in 1989, and from 1989-1992 was a postdoctoral fellow at the Whitehead Institute for Biomedical Research at M.I.T. in Dr. Robert Weinberg’s laboratory.
He joined the Harvard School of Medicine faculty in 1992, and was named the Laurel Schwartz Professor of Oncology at Harvard Medical School in 2008.
He was also the Director of the Center for Molecular Therapeutics and the Scientific Director of the Massachusetts General Hospital Cancer Center, and
led the Cancer Cell Biology program of the Dana Farber Harvard Cancer Center. Recently, Dr. Settleman left Boston to join Genentech, where he is a Senior
Director of Oncology Research. Dr. Settleman was the recipient of a Faculty Research Award from the American Cancer Society, and he has received awards
from various foundations including the Avon Foundation, the Bertucci Foundation, the Saltonstall Foundation, the V Foundation, the Samuel Waxman Cancer
Research Foundation, the Lustgarten Foundation, and the Lungevity Foundation. Dr. Settleman has authored more than 150 scientific publications and serves
on the editorial boards of Cancer Research, Developmental Cell, Molecular Biology of the Cell, and Molecular and Cellular Biology.

David Sabatini, MD, Ph.D.
Massachusetts Institute of Technology
Dr. Sabatini studies the mechanisms that regulate cell growth. Spurred by the discovery of a cellular pathway that helps switch cell growth on and off,
research in the Sabatini lab has linked growth to a cell’s ability to sense nutrients in its environment. Sabatini was appointed a Whitehead Fellow in 1997 after
completing the MD/PhD program at Johns Hopkins University School of Medicine. Sabatini was named an Associate Member at Whitehead and an Assistant
Professor in the biology department at MIT in 2002. He was appointed a Professor at MIT and a Howard Hughes Medical Institute Investigator in 2008.
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Poster Presentations		

				

alphabetical order, by presenting author

NF1 tumor suppressor deficient osteoclast mouse model
Maria Alanne*
University of Turku
Bone growth and remodeling is based on the balance between bone formation and resorption. Osteoblasts and chondrocytes originate from mesencymal stem
cells and multinucleated osteoclasts are differentiated from hematopoietic precursor cells. Neurofibromin is needed in normal bone formation and balancing.
More closely, neurofibromin is expressed in precursor and mature osteoclasts, osteoblasts and chondrocytes. NF1 leads to skeletal manifestations including
osteoporosis, dystrophic scoliosis, and pseudarthrosis of long bones. Skeletal pathophysiology of NF1 disease is not fully understood even though several
human and rodent models have been studied. Previous studies show that NF1 deficient osteoprogenitors and osteoblasts have defects in differentiation and
proliferation due to activation of Ras pathway. Our aim was to create NF1-deficient osteoclast mouse model and clarify the role of the osteoclasts in NF1pathophysiology. Mice harboring tartrate resistant acidic phosphatase (TRAP) promoter-driven Cre recombinase were mated with the NF1flox/flox mice.
The result yielded transgenic mice Nf1+/- or Nf1-/- osteoclasts in otherwise Nf1+/+ background. Mating produced apparently healthy and fertile mouse
generations. Osteoclasts and chondrocytes were microdissected separately for PCR analysis. Inactivation of NF1 gene by recombination was confirmed
in osteoclasts only. A marked finding was the upregulation of Ras-pathway in NF1-deficient osteoclasts. 3D micro-computer tomography revealed that the
trabecular and the cortical bone in tibia was organized in smaller volume. Surprisingly, NF1-deficient mice displayed a narrowed growth plate. Histological
analysis demonstrated that in particular the proliferative zone of the growth plate was less prominent compared to controls. A three-point bending test didn’t
reveal any differences in mechanical properties and the bone mineral density (BMD) remained normal. The results suggest that signaling exists from osteoclasts
to chondrocytes in the growth plate, and this signaling is altered in Nf1-deficient osteoclasts. This notion is based on the fact that genotypically healthy cartilage
displays altered morphology in mice with NF1-deficient osteoclasts. In conclusion, NF1-deficiency in osteoclasts may contribute to the skeletal manifestations in
NF1.
*Additional Authors: Määttä, J., Peltonen, S, Väänänen K, Peltonen, J. University of Turku and Turku University Central Hospital.
Topical Doxycycline on Dermal Neurofibromas
Banu Anlar*
Hacettepe University
Dermal neurofibromas are common in NF1. They usually are asymptomatic, but may cause pain and itching. Previous reports suggested intralesional
doxycycline injections could provide a treatment method for dermal neurofibromas. Because doxycycline is an inexpensive drug with a favorable safety profile
and established topical use especially in periodontal disease, we tried topical application of doxycycline on dermal neurofibromas in two adult patients with
NF1 aged 27 and 35 who complained of increasing number of neurofibromas consented to the use of doxycycline after being informed. Doxycycline 1%
ointment was applied twice a day on 2 dermal neurofibromas of 4-5 mm diameter and 2 mm height in each patient. The patients are followed-up monthly and
neurofibromas are measured by two examiners (one blinded) simultaneously. There was no adverse effect, in particular, no ulceration or local reaction to the
drug. The neurofibromas did not change in shape and size during the first month of the treatment. For this reason, doxycycline application is being conducted
with occlusion for another three months. The results at 4 and 6 months treatment and follow-up after cessation of treatment will be presented. The initial
results indicate topical doxycycline is well tolerated but does not affect the size of neurofibromas within one month.
* Additional Author: Evans, S.E., Hacettepe University.
Treatment of Mouse Sciatic Nerve MPNSTs with Oncolytic HSV Expressing Therapeutic Transgenes
Slawomir J. Antoszczyk*
Harvard Medical School/ Massachusetts General Hospital
There is currently no effective therapy for patients with NF1 who develop malignant peripheral nerve sheath tumors (MPNST). Oncolytic herpes simplex virus
(oHSV) vectors, which kill tumor and proliferating cells but not normal tissue, are a promising new therapeutic strategy for cancer. They are very efficacious
in treating tumors of the nervous system, including NF1 and NF2 mutated tumors. In addition, vectors can be ‘armed’ to deliver therapeutic transgenes to the
tumor. For these studies, we have used G47∆, a third-generation oHSV that is not neurovirulent, and G47∆ expressing interleukin 12 (IL12) or platelet factor 4
(PF4). PF4 or CXCL4 has anti-angiogenic activity and inhibits mast cell inflammatory proteases. IL-12 has anti-angiogenic and anti-tumor immune activities.
To evaluate this therapeutic strategy, we have developed a sciatic nerve MPNST implant model in syngeneic mice, using cell lines derived from spontaneouslyarising tumors in Nf1/Trp53 heterozygous mice (obtained from L Parada, Southwestern Medical School, Dallas, TX). As tumors grow in the sciatic nerve,
mice develop neurologic deficits that can be quantified with a neurologic scoring system. Decreases in neurologic score occur much earlier than external
tumor detection. MPNST M2 (37-3-18-4) and M3 (35-1-2) cells form sciatic nerve tumors with different kinetics. The tumors are vascular, as determined by
anti-CD31 staining, with mast cells present in the periphery. When tumors are established, G47∆ or transgene-expressing G47∆ was injected intratumorally
and tumor growth followed. Treatment of M2 tumors with G47∆ significantly inhibited tumor growth, decreased neurological deficits and extended survival.
Expression of IL-12 improved the survival of mice bearing M3 sciatic nerve tumors. Those treated mice with limited tumor growth did not display neurological
deficits. OHSV is a promising treatment strategy for MPNST that does not seem to damage the nerve. The expression of therapeutic transgenes enhances
anti-tumor activity and permits targeting of different aspects of the tumor microenvironment. This orthotopic MPNST model should be useful for evaluating any
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experimental therapeutic, especially when immune-mediated effects may be involved.
* Additional Author: Rabkin, S.D., Harvard Medical School/Massachusetts General Hospital and Harvard
Funding Acknowledgements: US Department of Defense CDMRP NF Research Program Awards W81XWH-07-0359 to SDR and W81XWH-10-1-0091 to SJA.
An NF1 – LRPPRC Interaction Reveals a Novel Role of NF1 in RNA Granules
Vedant Arun*
University of Toronto
NF1 is the most common inherited syndrome in humans, with an incidence of 1:3000 live births. Neurofibromin, encoded by Nf1, acts as a p21-Ras-GAP to
directly interact with and inactivate p21-Ras, through its GAP Related Domain (GRD). This accounts for the neoplastic manifestations of NF1, but evidence
suggests that non-Ras-GAP functions mediated through interactions with domains outside of the GRD are of importance. By making a number of GST-tagged
NF1-domain constructs, coupled with differential Mass Spec analysis, we identified the Leucine Rich Pentatrico Peptide Repeat–motif Containing protein
(LRPPRC) and Dynein as previously unreported NF1-Tubulin Binding Domain (TBD) interacting proteins. LRPPRC was of interest as it is mutated in the Leigh
Syndrome French Canadian (LSFC) variant, a cytochrome-oxidase deficiency syndrome, characterized by neurodegeneration and psychomotor retardation,
thereby having some similarities with non-tumor manifestations of NF1. Using a number of in vitro, in situ and in silico techniques we have identified the
binding regions of the two proteins that are necessary and sufficient for the interaction, and have determined the binding affinity to be high (Kd=316nM).
Towards elucidating the biological relevance of the interaction, we have established that the NF1-LRPPRC interaction occurs predominantly along microtubules,
and complexes with motor proteins. Since LRPPRC is an RNA binding protein (RBP) and its Drosophila homologue, Bicoid Stability Factor (bsf) stabilizes
and translocates mRNA along microtubules, we hypothesized that the cargo transported by the NF1-LRPPRC complex could be RNA-containing granules. By
demonstrating that a number of RNA granule components like RBPs, Ribosomal subunits and even RNAs complex with NF1 and LRPPRC, this hypothesis
has been confirmed. Towards studying the functional importance of this interacting complex, we are currently performing RNA Immunoprecipitation (RIP)
– CHIP (microarray gene expression profiling) analysis to identify the specific messages being transported. Our future aims would then pertain to studying
the importance of NF1 and LRPPRC in the subcellular localization of candidate mRNAs on the morphology and electrophysiology of neurons in vitro. In situ
studies using hippocampal slice cultures, and behavioural studies will then be performed using NF1lox/lox (in our possession) and LRPPRClox/lox transgenic mice
(being made).
* Additional Authors: Wiley, J., Guha, A. (University of Toronto).
Funding Acknowledgements: Children’s Tumor Foundation Drug Discovery Initiative Award; US Department of Defense CDMRP NF Research Program Concept
Award (both to AG).

Decreased Retinal Nerve Fiber Layer Thickness in Children with Vision Loss from Optic Pathway Gliomas
Robert Avery*
Children’s Hospital of Philadelphia
Visual acuity (VA) is commonly used to screen and monitor visual function in children with optic pathway gliomas (OPG). However, obtaining reliable VA
measures can be difficult in some children with OPG. Thus, an objective quantitative biomarker for visual integrity is needed in such instances. Optical
coherence tomography (OCT) has been used to measure retinal nerve fiber layer (RNFL) thickness in adults with tumors compressing the optic chiasm.
Therefore, we investigated whether RNFL thickness could serve as a biomarker for visual loss in children with OPG. Patients between 6 and 21 years old with
and without vision loss from their OPG underwent best corrected VA testing of each eye using high contrast surrounded HOTV letters and Sloan 2.5% low
contrast acuity (SLCA). Average RNFL thickness was measured with the Stratus OCT using the fast RNFL thickness protocol. Vision loss was defined as a VA
> 20/25 or visual field loss. 62 subjects provided 109 study eyes (67 with normal vision and 42 with vision loss). Median VA was 20/20 versus 20/40 in the
normal versus abnormal vision groups. The median number of correctly identified letters for the 2.5% SLCA was lower in the abnormal (9.5) versus normal
(35) vision group (z = 7.7, p < 0.0001). RNFL thickness was lower in the abnormal (61 ± 21 microns) versus normal (104 ± 21 microns) vision groups
(z = 7.1, p < 0.0001). RNFL thickness was significantly correlated with VA (r = -.55, p < 0.0001) and 2.5% SLCA (r = 0.63, p < 0.0001). In conclusion,
RNFL thickness in children with OPG correlates well with high-contrast VA and low-contrast letter acuity testing. RNFL thickness can be used as a biomarker
of visual pathway integrity in children with OPG.
* Additional Authors: Fisher, M.1, Balcer, L.2, Maguire, M. 2, Quinn, G. 1, Belasco, J. 1, Miller, A. 1, Phillips, P.1, Liu, G. 1. (1 Children’s Hospital of Philadelphia, 2
University of Pennsylvania).
Funding Acknowledgements: Lynn Saligman League of Children’s Hospital of Philadelphia; NIH/NEI Loan repayment program and the 1T32NS061779-01
Neurologic Clinical Epidemiology Training Program (PI: L. Balcer).
The Effect of Amyloid Precursor Protein (APP) and sAPPα Expression on The Proliferation of Schwann Cells in The NF1 Related Tumors
Sükriye Ayter*
Hacettepe University
NF1 is a common autosomal dominant disorder. Neurofibromas, characteristic features of the disease, have cutaneous, subcutaneous and plexiform types.
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Neurofibromas are benign, but cause pain, pruritus, aesthetical problems and besides could develop malignancy. Neurofibromas are heterogenous according
to cell types, but it is known that Nf1 -/- Schwann cells are responsible for tumorigenic progression. Absence of NF1 gene product neurofibromin, results in
hyperactivation of ras pathway, which is important for tumor formation. In recent studies APP (amyloid precursor protein) is shown to play a role in various
types of tumors. Ras pathway positively regulates APP expression. After synthesis, APP locates to the cell membrane where it is cleaved by α secretases to
yield an extracellular peptide called sAPPα (soluble APP alpha). sAPPαfunctions like a growth factor and induces Ras pathway. In NF1 tumors Ras pathway is
already activated, so it is expected that APP and sAPPα levels are also elevated and they may have an even more important role in NF1 tumors than other types
of malignancies. Also, in melanocytes neurofibromin was shown to be one of the proteins interacting with APP. Due to the fact that sAPPα is involved in different
types of tumors and found to activate Ras pathway in various cell lines, in this study the role of sAPPα in NF1 related tumors was investigated by using NF1+/and NF1-/- schwann cells (SCs) which were drived from cutaneous neurofibroma and NF1+/+ SCs. As a result expression of APP in NF1-/- SCs were higher
than the NF1+/- and NF1+/+ SCs. Similarly level of secreted sAPPα in NF1 -/-SCs were also higher than the NF1+/- and NF1+/+ SCs. Cell division rate
were also high in NF1 -/- SCs. Blocking sAPPα by using an antibody slowed down the division rate of the NF-/- SCs. These results showed that blocking sAPP
or manupulation of α secretases by inhibitors may provide a new line of targeted therapy for NF1 tumors.
* Additional Authors: Serdaroglu, E., Terzi, Y.K., Varan, A., Soylemezoglu, F. (Hacettepe University).
Funding Acknowledgements: Hacettepe University Research Fund Project No: 08 D05 101 009.
References: 1. De Schepper, S. et al (2006) J Invest Dermatol, 126 (3), 653-659; 2. Hansel, D.E. et al (2003) Cancer Res, 63 (21), 7032-7037. 3. Krause, K. et
al (2008) Journal of Endocrinology 198, 291–299.
Neurofibromatosis type 1 (NF1) and other RAS/MAPK pathway related syndromes: A natural history database
Shannon Bartlett*
The Jennifer and Daniel Gilbert Neurofibromatosis Institute Children’s National Medical Center
Objectives: Patients with the diagnosis of NF1 and other RAS/MAPK Pathway related syndromes have numerous medical problems including, but not limited
to, developmental delay, seizures, heart abnormalities, and tumors. The medical care for these patients requires many modalities and therefore treatment by
multidisciplinary clinics. In order to provide better medical care, initiate further research and view these patients from a more holistic standpoint, it is important
that patients’ medical information from these various clinics be coalesced into one central database. By collecting patients’ medical history from multiple
departments at Children’s National Medical Center (CNMC), we are creating a database that will provide current information on various clinical features of
patients with NF1 and other RAS/MAPK Pathway related syndromes and records of the progression of patients’ specific disease symptoms and clinically related
issues. We aim to develop a multi-center web-based clinical database that will allow data collection from other centers with similar clinics.
Methods: After informed consent by patients, medical records of patients with diagnosis of NF1 and other RAS/MAPK Pathway related syndromes treated at
CNMC are reviewed and patient information is extracted and recorded onto forms that are tailored to different medical specialties. The 33 unique forms record
such information as: patient demographics, age at diagnosis and last evaluation, clinical characteristics used to make the diagnosis of NF1 and other RAS/MAPK
Pathway related syndromes, neuropsychological profile, plexiform neurofibromas, history of any other type of tumor and treatment, and results of diagnostic
testing, such as MRIs, relevant to these diagnoses. These forms are uploaded via Web-based entry into the database which is stored on a central computer
network.
Results: Accurate gathering and compiling of information on the amount, and comprehensive medical progression, of patients diagnosed with NF1 and other
RAS/MAPK Pathway related syndromes treated at CNMC. The study has been active for a year, and in that time we have consented 134 patients. Of these 134
patients, data has been collected on 45 patients.
Conclusions: This database provides CNMC, and potentially other sites, comprehensive information to plan research opportunities tailored to this population
and give insight regarding clinical manifestations and progression of these diseases leading to improved health care.
* Additional Authors: Rochelle Kane BA, Deborah Copenheaver CGC, Avital Cnaan Ph.D., Maria T. Acosta M.D., Roger J. Packer M.D.
NF1 and other RAS/MAPK pathway related syndromes: A natural history database
Amanda Bergner*
Johns Hopkins University
The Johns Hopkins Comprehensive Neurofibromatosis Center (JHCNC) was established in June 2008 to enhance the management of patients with
neurofibromatosis and schwannomatosis. These conditions can cause multisystem disease, often requiring extensive time for the coordinating physician and
multiple referrals. As reported by our group in 2009, pediatric patients require an average of 3.4 referrals per year; adults require an average of 5.13. These
referrals increase business for other departments within the hospital but often the referring clinic is non-profitable when considering only the professionals fees
generated within that clinic. We hypothesized that expanding the definition of revenue attributable to the JHCNC by considering downstream revenue (income
for the hospital system directly attributable to the referring clinic) would show that the JHCNC is overall profitable to the hospital system. Chart review was
undertaken for 152 patients who were seen consecutively for routine annual outpatient appointments within the JHCNC between July 2008 and June 2009.
Billing for all hospital activity, including physician visits, radiology studies, lab visits, and other procedures/services related to their condition, was totaled.
Costs were calculated and compared with revenue to yield a net margin figure. Considering only revenue generated by the professional fees collected within the
JHCNC, there was a net loss of more than $75,000 per year. By expanding the definition of revenue attributable to the JHCNC to include downstream revenue for
the entire hospital system, the JHCNC had a positive net margin of greater than $200,000. In conclusion, the comprehensive care that is appropriate for patients
and families with neurofibromatosis and schwannomatosis is not profitable when considering only the professional fees generated within the clinic. However,
when all downstream revenue from the patients whose care is coordinated by the JHCNC is considered, the JHCNC creates substantial net revenue for the
entire hospital system. Based on this analysis we were able to show that there exists sufficient revenue to both offset the net loss of the JHCNC and provide for
funding to support growth in both staff and clinical hours. This experience represents one important funding avenue for centers that provide comprehensive care
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for these conditions to explore as part of growing their services.
* Additional Authors: de Castro, F.M., Intihar, P., Knight, M., Jordan, L., Belzberg, A., Blakeley, J. (Johns Hopkins Hospital)
Intraneural injection of mouse and human NF2 schwannoma cells in athymic mice: new orthotopic models for schwannoma growth.
Nicolas-Xavier Bonne*
Center for Neural Tumor Research, House Ear Institute, Los Angeles, CA
Although schwannoma cells have been heterotopically implanted in nude mice, introducing these cells into cranial and peripheral nerves seems more likely
to reproduce normal patterns of tumor growth in a time frame compatible with drug testing. To study the processes modulating cell signaling and pathway
dependency in the microenvironment in which schwannomas are grafted, we have generated two new preclinical mouse models of NF2 schwannoma by
orthotopically grafting Nf2-deficient Schwann cell lines.
In the first approach, we have fine-tuned a microsurgical technique to model the intra-labyrinthine component of vestibular schwannomas by injecting tumor
cells directly into the perilymphatic space through a basal turn cochleostomy targeting the VIIIth cranial nerve. Tumor cells were found growing into the otic
capsule extending to the lower cranial nerves through the cochlear acqueduct.
In the second approach, intraneural xenografts were initiated by injecting Nf2-deficient tumor cells into the sciatic nerves of adult nude mice. Survival curves
were plotted for mice receiving tumor cells and according to injection site. Follow-up of tumor growth was recorded by in vivo bioluminescent imaging based
on photon radiance emitted by luciferase-expressing tumor cells. Mice were sacrificed at intervals and tumors dissected to reveal their growth pattern in
relation to target nerves.
Obviously these experiments have profound implications for the utilization of xenograft models of schwannoma formation for preclinical studies.
* Additional Authors: Nicolas Bonne, Fabrice Chareyre, Jeremie Vitte, Karo Tanaka, Jennifer Bower and Marco Giovannini.
Center for Neural Tumor Research, House Ear Institute, Los Angeles, CA.
Acknowledgements: Supported in part by the Children’s Tumor Foundation NF Preclinical Consortium. N-X Bonne is the recipient of a post-doctoral fellowship
of the “Association de la Recherche Contre le Cancer – ARC”.
Nf1 heterozygousity in Peripheral Nerve Sheath Tumor initiation, progression and malignant transformation
Lou Chang*
University of Michigan Medical School
Peripheral nerve sheath tumors are a hallmark feature of NF1. There are two subtypes of benign neurofibromas: extraneural neurofibromas, tumors consisting
of peripheral nerve cells in the dermis or epidermis of the skin, and plexiform neurofibromas, which extend along and may include multiple fascicles of
peripheral nerves. Plexiform neurofibromas are found almost exclusively in NF1 patients, and often give rise to malignant peripheral nerve sheath tumors
(MPNSTs). While genetic studies from human tumors and mouse models have established bi-allelic inactivation of NF1 in the Schwann cell lineage is required
for peripheral nerve sheath development, the contribution of the NF1 heterozygous microenvironment remains controversial. By utilizing conditional and
germline knockout Nf1 alleles, we have genetically engineered mice that undergo bi-allelic inactivation of Nf1 in the Schwann cell lineage. These mice generate
plexiform neurofibromas throughout the peripheral nerves, and extraneural neurofibromas in the skin. Direct comparison of Nf1 deficient cells in an Nf1
heterozygous or wildtype environment demonstrates that neurofibroma initiation is a cell autonomous event that does not require a heterozygous environment.
In contrast, tumors that develop in an Nf1 heterozygous environment have a far more robust phenotype than their wildtype counterparts. The addition of
secondary mutations commonly found in human MPNSTs, such as p53, into our mouse model caused some benign lesions to transform into MPNSTs. Despite
a difference in neurofibroma burden between mice with Nf1 heterozygous or wildtype environments, the rates of MPNST transformation remained comparable.
Here we establish several novel mouse models of peripheral nerve sheath tumors that recapitulate tumor development in humans and further elucidate the role
of the Nf1 heterozygousity in the tumor microenvironment.
* Additional Authors: Zheng. H., Patel, N., Lowe, L., Lucas, D., Zhu, Y. (University of Michigan Medical School).
Funding Acknowledgements: ACS Grant # RSG DDC-110857; US Department of Defense CDMRP NF Research Program Grant # NF050041; Comprehensive
Cancer Center and Biological Sciences Scholars Program of the University of Michigan.
Role of dual time point imaging with 18F-FDG PET/CT in evaluation of Peripheral Nerve Sheath Tumors		
Muhammad A Chaudhry*
Johns Hopkins Hospital
Peripheral Nerve Sheath Tumors (PNSTs) are a group of tumors with diverse histology and a wide range of unpredictable growth patterns. Recent literature
has indicated the potential role of metabolic imaging with 18F-FDG PET/CT in patients with neurofibromatosis to assist in distinguishing benign tumors from
possible malignancies. In May 2009, our group instituted the use of dual time-point imaging as part of every FDG PET/CT done for any patient referred
from the Johns Hopkins Comprehensive Neurofibromatosis Center (JHCNC). Here we review our experience with this modality. Eight patients with a history
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of neurofibromatosis who presented with symptomatic lesions between May 2009 and January 2010 underwent 18F-FDG PET/CT imaging at 60 and 240
min post-isotope administration. Semi quantitative analysis using maximum standardized uptake value (SUVmax) adjusted for lean body mass (lbm) was
performed and correlated with histology, imaging and clinical follow up. In 2 patients with biopsy proven MPNST’s, the SUVmax (lbm) increased from 3.3
to 5 and 12.4 to 14.3, respectively. In 3 patients with neurofibromas, the SUVmax didn’t change significantly between early and delayed imaging (1.0->1.0,
2.0->2.1 & 1.6-> 1.7). Two patients with schwannomas underwent imaging with variable level of FDG avidity. In one patient with schwannoma, the SUVmax
increased from 7.6 to 11.7 and in the second patient, the SUVmax increased minimally to 2.2 compared to 2.1 on early images. One patient presented with
ganglioneuroma (SUVmax 1.6 to 1.4 on delayed). In conclusion, dual time point imaging is helpful in differentiating between MPNSTs and benign PNSTs. One
patient who underwent FDG PET/CT due to a symptomatic plexiform neurofibroma was found to have an SUV max of 3.3 at 60 minutes. Had we not instituted
the dual time-point imaging protocol at our institution, this result would have been read as unlikely to be an MPNST, when in fact the SUVmax increased to 5.0
at 240 minutes and subsequent biopsy showed malignant transformation. This patient has since undergone radiation and surgical resection for this tumor.
Differentiation between MPNSTs and schwannomas is difficult due to variable levels of FDG-avidity on both early and delayed imaging. This may be due to
different biological characteristics of these tumors.
* Additional Authors: Bergner, A., Blakeley, J., Wahl, R. (Johns Hopkins Hospital).
Identification and Characterization of Neurofibroma Initiating cells
Hui-Ling Chen*
Children’s National Medical Center
NF1 is an inherited disease caused by a mutation in the gene encoding for neurofibromin 1 (nf1), a physiological repressor of the Ras pathway. The loss
of heterozygosity at the nf1 locus is associated with development of various nerve-related neoplasms, most often affecting the spinal cord, optic nerve,
peripheral nerves and sometimes the brain. In most cases neurofibromas are benign, but can become more infiltrating and aggressive in the case of plexiform
neurofibroma leading to the formation of malignant peripheral nerve sheath tumors (MPNSTs). Reports have shown that Schwann cells are the predominant
cell type in neurofibroma. In an effort to characterize the contribution of neural crest stem cells, Schwann precursors or differentiated Schwann cells to
tumor formation, we isolated these cells from surgically resected neurofibroma. We first optimized the standard mammalian cell culture system to obtain
homogenous human Schwann cell culture from patients diagnosed with NF1. Cell survival and proliferation were much improved under 10% CO2 / 20% O2
compared to 5% CO2 / 2% O2, the condition favoring CNS cancer stem cell survival. We then used Schwann cell lineage markers to further identify the potential
NF tumor initiating cell type. Our preliminary result indicated p75+/P0+/O4- Schwann precursor is the most abundant cell type among the other lineages and it
suggests that Schwann precursors are important to maintaining plexiform neurofibroma. Furthermore, proteomics study of the secretomes of the established
primary Schwannoma cell cultures revealed specific molecular signatures from a patient with plexiform neurofibroma or MPNST. This study provides
an optimized in vitro culture system for reliable human NF-1 derived Schwann cells and may provide insight into the role of Schwann precursor cells in
neurofibroma formation. Additionally, molecular characterization of these cells using a proteomics approach might bring insight into the molecular mechanism
underlying NF1 pathogenesis.
* Additional Authors: Johnson, D., Hathout, Y., Packer, R.J., Gallo, V. (Children’s National Medical Center) and Panchision, D.M. (National Institute of Mental
Health).
Funding Acknowledgements: Daniel and Jennifer Gilbert Neurofibromatosis Institute philanthropic donation; and NIH core grant IDDRC 1P30HD40677.
Proliferative Inhibitors of the PI3K/AKT/mTOR Signaling Pathways in Malignant Peripheral Nerve Sheath Tumors
Yvette Connell-Albert*
National Cancer Institute-Frederick
Malignant peripheral nerve sheath tumors (MPNSTs) are one of the hallmarks of NF1. Mutations of the tumor suppressor gene, NF1, results in the
dysregulation and constitutive activation of the RAS pathway with the subsequent activation of the PI3K/Akt/mTOR pathway leading to uncontrolled cell
growth and proliferation. The PI3K/Akt/mTOR pathway, which is important in normal biological events such as proliferation, survival, invasion, migration and
angiogenesis, is often deregulated in malignant cancers, resulting from the simultaneous loss of tumor suppressor PTEN, and the hyper activation of the Akt
pathway. Furthermore, research has shown that neurofibromin regulates the mTOR pathway, with the inactivation of the NF1 gene conferring sensitivity to
mTOR inhibitors in cells, in vitro. Therefore, pharmacological inhibition of the PI3K/Akt/mTOR may prove beneficial in arresting the proliferation of MPNSTs.
In order to determine if the selected inhibitors Choloroquine, Nelfinivir, PIA-6, OSU03012, Rapamycin, Tricribine (TCN), and PI-103 had an effect on the PI3K/
Akt/mTOR pathway, we examined their inhibitory effects on Nf1-/-;Trp53-/- mouse MPNST cell lines JW2 (K14363), JW3 (K14553), JW6 (K16561), JW12
(K20445), JW14 (K22723), JW16 (K21927) and normal proliferating mouse fibroblasts using the Alamar blue assay as a measure of metabolic activity and
proliferation. Inhibitors with low IC50 values in tumor cells were compared to normal primary mouse fibroblasts.From the select panel of inhibitors, only the
Akt inhibitor TCN and dual PI3K/Akt inhibitor PI-103 showed low IC50 values in the nM or pM range, suggesting strong inhibition of proliferation in the MPNST
cell lines tested. Rapamycin, an mTOR inhibitor, showed inconsistent inhibition of cell proliferation in all the cell lines tested. Our result suggests that the PI3K/
Akt/mTOR pathway may be a potential druggable target in MPNSTs.
* Additional Authors: Walrath, J., Reilly, K. (National Cancer Institute-Frederick).
Funding Acknowledgements: Clinical Research Training Fellowship, National Institutes of Health, National Cancer Institute.
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Use of intravenous and oral ketamine in pain management in NF1-associated glomus tumors: A case report
Sarah Coombes*
National Institutes of Health, National Human Genome Research Institute
Glomus tumors are small, benign tumors that arise from the glomus body and are associated with NF1. In our experience with 6 adults with NF1, surgical
excision of glomus tumors is often, but not always, curative. Pain recurrence could not always be attributed to identifiable recurrent tumor burden. We describe
a 38-year-old Hispanic female with NF1 and multiple glomus tumors of the fingers. At presentation, she had a 5-year history of severe pain in the 3rd, 4th and
5th digits of both hands that left her unable to work. Her symptoms and imaging of the hands were consistent with glomus tumors and the complex regional
pain syndrome (CRPS). Over a period of 2 years, she underwent glomus tumor excision and/or neurectomy multiple times. However, after a short period of
relief, her pain would return. Conventional treatment strategies, including gabapentin, pregabaline, local blocks, stellate ganglion blocks, topical lidocaine,
hydromorphone and methadone did not provide prolonged relief. Given the intractability of her pain, we administered low-dose (10 mg/kg/hr) intravenous
ketamine over three days. She also received serial bupivacaine blocks of the left 4th digit. Prior to treatment, she reported 10/10 pain, especially in the 4th
finger of the left hand. The fingertip of the left 4th finger was visibly swollen. After 3 days of intravenous ketamine, she reported 3/10 pain in the left 4th digit.
The swelling of this digit had resolved. The patient reported that all fingers were then essentially pain-free for 9 weeks with the exception of a few spasms
of pain per day in her left 4th digit, lasting a few seconds each, contemporaneous with the death of a brother. Her frequent migraine headaches and sciatica
symptoms also resolved. After approximately 6 weeks, significant pain did return in the digits and ultimately escalated to pre-ketamine levels. The intravenous
ketamine protocol was repeated and she experienced significant relief for 11 weeks before the pain returned. Oral ketamine was then administered at 10 mg
TID and tapered to BID over the course of three days, in conjunction with bupivacaine blocks and methadone. Over a treatment period of 5 weeks the patient
reported pain levels ranging from <1 to <3/10 in both hands. The pain severity in her fingers was lowest when the oral ketamine was taken in combination
with 10 mg methadone TID. In conclusion, treatment with intravenous ketamine provided excellent control of this patient’s severe, refractory pain secondary
to CRPS for several months following each infusion, but required inpatient care. Treatment with oral ketamine is promising as an effective long-term pain
management strategy, especially in combination with methadone.
* Additional Authors: Mannes, A.J. (NIH Clinical Center), Stewart, DR (NHGRI)
Funding Acknowledgements: National Human Genome Research Institute Intramural Research Program.
Merlin’s Inhibition of CRL4DCAF1 is Necessary for NF2-dependent Contact Inhibition and Tumor Suppression
Jonathan Cooper*
Memorial Sloan-Kettering Cancer Center
DMerlin is the ERM-family protein product of the NF2 tumor suppressor gene which is inactivated in NF2. Our previous studies revealed that active Merlin
specifically interacts with the Cul4-Roc1DDB1/DCAF1 (CRL4DCAF1) E3 ubiquitin ligase in the nucleus. Merlin’s inhibition of CRL4DCAF1 is necessary for contact inhibition
and tumor suppression in vitro. In vivo ubiquitylation assays reveal that Merlin inhibits the ubiquitin-conjugating activity of CRL4DCAF1, and further, tumor-derived
Merlin mutations abrogate binding to CRL4DCAF1 in vivo and in vitro, suggesting this interaction is necessary for tumor suppression. Although both Merlin and
DCAF1 localize to the cytoplasm and nucleus, their interaction occurs specifically in the nucleus, suggesting that a nuclear post-translational modification
promotes the association of Merlin with CRL4DCAF1 and may therefore be pivotal in Merlin’s tumor suppressive activity. Therefore, biochemical characterization
of Merlin’s interaction with CRL4DCAF1 is important in elucidating Merlin’s function. To understand what is necessary and sufficient for Merlin’s interaction
with CRL4DCAF1, we have focused on identifying from which cellular compartment and milieu can we reconstitute in vitro binding of Merlin and DCAF1. We
will present results that provide fundamental insight into Merlin’s interaction with CRL4DCAF1, and may further establish the importance of Merlin’s nuclear
translocation and subsequent role in tumor suppression.
* Additional Authors: Li, W., You, L., Schiavon, G., Pepe-Caprio, A., Long, S., Erdjument-Bromage, H., Tempst, P., Giancotti, F.G. (Memorial Sloan-Kettering
Cancer Center) and Giovannini, M. (House Ear Institute).
Funding Acknowledgements: Mesothelioma Research Initiative of the Baker Street Foundation (to FGG) and NIH Cancer Center Support Grant P30 CA08748 (to
MSKCC).
Factors involved in non-attendance in a multidisciplinary NF/Ras/MAPK clinic
Deborah Copenheaver*
Children’s National Medical Center
Non-attendance in outpatient appointments is a challenge for health services. Patients with treatable morbidity may fail to receive care from which they would
benefit, and scarce resources are wasted. It is unclear why NF1 patients fail to attend their appointments. We aim to determine the frequency, reasons and
predictors for non-attendance. We aim to better understand the reasons that impact clinic attendance, which will help us provide better services to patients.
A retrospective study of the non-attendance of new or returning patients in the multidisciplinary NF/Ras/MAPK clinic at CNMC over a two year span was
examined. A total of 388 patients were scheduled to be seen in NF clinic. Forty-Nine (13%) of these patients did not show up for the scheduled appointments
and did not call to cancel or reschedule prior to their appointment date. Of the 49 no shows, 24 (49%) of the patients have a parent who also has NF-1, 14
(29%) of the patients were non-English speaking and 10 (20%) of the patients were new referrals who had not been seen in clinic previously. In conclusion, this
no-show rate of 13% is significantly lower than rates documented for urban clinics, which has been reported at 20-23%. We hypothesize that language, cultural
barriers, and familial cognitive impairments may impact attendance to an NF1 outpatient clinic. Both the impact of disease severity and the complexity of each
family needs to be evaluated to determine potential interventions to improve attendance. However the relatively low rate of non-attendance at our site may be
related to our true multidisciplinary clinic structure, which allows patients to see multiple specialists in one day, thus reducing time away from school and work.
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Many of the patients that are followed in our clinic are medically complex and require significant levels of care, which may encourage familial attendance due
to the high level of physician investment in the continuity of care in this population.
* Additional Authors: Rosenbaum, K.N., Lavin, N., Zand, D.J., Walsh, K., Packer, R.J., Acosta, M.T. (Children’s National Medical Center)
Voice characteristics in NF1
Marjan Cosyns*
Ghent University
Change or loss of voice in patients with NF1 has been associated with head and neck neurofibromas. However, laryngeal involvement in NF1 is rare and
voice abnormalities have also been reported in absence of such a tumor. Authors mention the occurrence of deviations in voice quality (such as breathiness,
hoarseness, harshness, presence of a creak) and problems in regulating pitch and loudness. These studies are mainly based on perceptual evaluations.
Therefore, the purpose of this study is to examine the voice characteristics of adult NF1 patients without laryngeal manifestations using a multiparameter
approach. 22 NF1 patients (age range 17-64 years) and 22 controls (age range 18-67 years) participated in the study. The patient group consisted of 9
males (mean age 39,33 years) and 13 females (mean age 32,69 years). The control group consisted of 12 males (mean age 38,00 years) and 10 females
(mean age 32,90 years). Voice characteristics were evaluated using aerodynamic, voice range and acoustic measurements. These measurements allow us to
determine the Dysphonia Severity Index (DSI). Additionally, participants were asked to complete the Voice Handicap Index (VHI), a questionnaire concerning
voice-related quality of life. Vital capacity was significantly reduced in NF1 patients compared with controls. Also, the frequency and intensity range were
significantly narrower in the patient group compared with controls. The narrower frequency and intensity range were due to a significantly lower highest
frequency and a significantly lower highest intensity respectively. Additionally, male NF1 patients showed a significantly higher lowest intensity compared with
male controls. Further, during reading, female NF1 patients exhibited a significantly smaller standard deviation of the mean frequency compared with female
controls. This trend was also observed in the male NF1 patients compared with male controls. However, a significant difference could not be demonstrated.
Finally, DSI scores were significantly lower and VHI values were significantly higher in both sexes of the patient group compared with controls. In conclusion,
NF1 patients appear to have a vocal quality that is worse compared with controls. In particular, it seems that NF1 patients have reduced laryngeal possibilities
with respect to fundamental frequency and sound intensity compared with controls. They are also more likely to present a more marked psychosocial voice
impact compared with controls.
* Additional Authors: Mortier, G., Janssens, S. (Ghent University Hospital); Van Borsel, J. (Ghent University).
Funding Acknowledgements: Aspirant scholarship awarded to MC by the Flanders Research Foundation, Belgium.
The impact of social behavior and anxiety on resiliency in children with NF1
Sandra Cushner-Weinstein*
Children’s National Medical Center
Resilience is the ability to adapt in stressful situations and overcome adversities. Behavioral research demonstrates that resilient individuals use effective
coping strategies that include socially connecting with family and friends and finding positive meaning in challenging situations. However, studies on social
behavior discovered that children with NF1 have impaired social skills compared to normative data and significantly poorer outcomes relative to unaffected
siblings. In addition, research indicates that neurocognitive disabilities can create anxiety. These factors potentially affect resiliency, a moderator between
disability and quality of life. The present study explores the relationship between social problems, anxiety and resiliency among children with NF1. 39
participants diagnosed with NF1, ages 8-17 years, were evaluated for behavioral and emotional problems by their primary caregiver using the Child Behavior
Checklist (CBCL). Additionally, the participants completed the Connor-Davidson Resilience Scale (CD-RISC). A step-wise regression model was used to
determine possible variables that may impact resilience. Secondary analyses examined correlations between expectant variables that were excluded from
the regression model. Additionally, the CD-RISC scores of children with NF1 were compared to normative data. The step-wise regression analysis indicated
that two predictors from the CBCL, anxiety and social problems, explained 63.9% of the variance in CD-RISC scores (R2=.41, F(2,36)= 12.43,p<.001).
Secondary analyses found significant negative correlation between resilience and conduct problems, aggressive behaviors, thought problems, and
externalization (all p<.05). Children with NF1 were significantly less resilient (t(38)=-7.142,p<.001), when compared to normative data. In conclusion,
these findings highlight the potential impact of social problems and anxiety on resiliency. Further research is required to understand the causal relationship
between these problems and resiliency in children with NF1. For children to successfully manage their health demands and live with the uncertainty of their
condition, the development of effective coping strategies may improve their resiliency and their overall quality of life. Results from these studies can help
identify problematic behaviors and highlight areas of need in order to design effective intervention strategies for children with NF1.
* Additional Authors: Luong-Tran, S.2, Kardel, P. 1, Acosta, M.T. 1, Packer, R. 1, 2. (Children’s National Medical Center1 and George Washington University2)
Effect of loss of Nf1 on pigmentation
Mugdha A. Deo*
University of British Columbia
Loss of neurofibromin is pleiotropic, affecting a number of cell types. We have found that an ENU-induced point mutation (Nf1Dsk9) or a targeted knockout
of one Nf1 allele specifically and uniformly darkens the mouse dermis by increasing the number of melanocytes. Nf1 is required for adenylyl cyclase (AC)
activation in mouse and Drosophila brain. AC is activated in melanocytes by the Melanocortin-1 receptor, which increases the ratio of eumelanin (black
pigment) to pheomelanin (yellow pigment) in the hair. We hypothesized that if neurofibromin is required for AC activation in melanocytes, then the coat may
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appear more yellow with a complete loss of neurofibromin. To observe the effect of loss of Nf1 on pigmentation, we made a melanocyte specific homozygous
knockout of Nf1 on a C57BL/6J mouse background. We also assessed the effect of homozygous loss of Nf1 on melanocytes during development. A melanocytespecific knockout of Nf1 was made in the mouse by crossing the melanocyte specific Mitf-Cre line to the floxed-Nf1 line. Pigmentation of the tail skin was
quantified using ImageJ. The Mitf-Cre/+; Nf1flox/flox homozygotes (now called Nf1mcko/mcko) animals were examined for change of coat color. The Nf1mcko/
mcko showed a significant (p = 9.7 X 10-3, T-Test) hyper pigmentation of the tail dermis compared to Nf1Dsk9/+, with no change in epidermal pigmentation. In
contrast to the Nf1Dsk9/+, the Nf1mcko/+ did not show dermal hyper pigmentation. No change in the coat color was observed in the Nf1mcko /mcko mice. A
significant darkening of the dermis in the Nf1mcko/mcko mice suggests a cell autonomous mechanism of dermal hyper pigmentation in the homozygote caused
by the loss of Nf1 in melanocytes. The Nf1mcko/+ heterozygote does not show dermal hyper pigmentation, unlike the Nf1Dsk9/+ heterozygote. This indicates
either that the loss of Nf1 in melanocytes acts in a non-cell autonomous mechanism in the heterozygote, or that the knockout is incomplete. Homozygous loss of
Nf1 in melanocytes does not cause yellowing of the mouse coat suggesting that Nf1 is not required for AC activation in melanocytes.
* Additional Authors: Van Raamsdonk, C. (University of British Columbia); Fuchs, H., Hrabé de Angelis, M. (Institute of Experimental Genetics, GSF, Germany);
Barsh, G.S. (University of Stanford).
Funding Acknowledgements: Operating grant from Canadian Institute of Health Research.
Poor outcomes with radiation therapy in patients with optic pathway gliomas
Andrew C Dietz*
University of Minnesota
Management for optic pathway gliomas continues to be a controversial topic with respect to the use of surgery, radiation and chemotherapy. This is particularly
true in patients with Neurofibromatosis (NF) for whom later complications from treatments may be more frequent and pronounced. The natural history of these
tumors can include spontaneous regression. This study examined short-term utility and long-term complications of radiation in these patients. Electronic and
paper charts were reviewed for information on diagnosis, treatment and follow-up in a retrospective cohort of 70 patients seen at the University of Minnesota
Medical Center between 26 January 1982 and 6 March 2009. The cohort included patients aged 9 months to 45 years (mean 7.3 years, median 4.1 years) with
a slight female predominance of 57%. Reasons for presentation included: screening MRI for known NF (31%), decline in visual acuity (17%), proptosis (16%),
headaches (9%), wandering eye (2%), and seizures (1%). Eye exam at presentation showed severe visual deficits (30%) and optic pallor (23%). NF was identified
in 70% of patients. Group A treatment included observation (41%), chemotherapy (29%) and surgery (16%). Group B included radiation (16%) and combination
radiation/chemotherapy (6%). All available pathology showed pilocytic astrocytoma. Overall recurrence rate was 13%. Visual acuity of the good eye immediately
after treatment worsened by 1.23 lines of Snellen acuity in Group B compared to an improvement of 1 line in Group A (p=0.22). Visual acuity worsened for the
bad eye in Group B by 1.46 lines but did not change in Group A (p=0.42). In follow-up of 10 years or greater, visual acuity of the good eye worsened by an
average of 1.63 lines in Group B compared to an improvement of 2 lines in Group A (p=0.16). The bad eye worsened in the Group B by 2.56 lines but improved
in Group A by 1.8 lines (p=0.13). In addition to visual acuity changes, there were multiple long-term complications attributed to radiation including: death
(2), cerebral vasculitis (3), secondary malignancy (2), encephalitis with seizure disorder (2), and endocrinopathies (5). In conclusion, these data suggest that
radiation should not be recommended in the treatment of optic pathway glioma given poor visual outcomes and frequency of complications, this is particularly true
for the NF patient population.
* Additional Authors: Shaw, S., Dahlheimer, T.R., Torkelson, J.L., Neglia, J.P., Moertel, C.L. (University of Minnesota).
Regulation of differentiation and proliferation in Merlin null Schwannoma cells: Analysis of master regulators of Schwann cell differentiation
Robin Doddrell*
Peninsula Medical School, University of Exeter
Our research focuses on trying to understand how Merlin loss leads to the development of Schwannoma tumours in NF2. Schwannoma cells lacking Merlin appear
undifferentiated in vivo showing decreased expression of the compact myelin proteins P0, Peripheral Myelin Protein 22 (PMP22) and Myelin Basic Protein (MBP).
Our in vitro experiments on primary human cell cultures have also shown that Schwannoma cells show enhanced proliferation compared to wild-type Schwann
cells, mediated through increased activation of both platelet-derived growth factor (PDGF) and insulin-like growth factor (IGF) signalling. We want to understand
the process that follows Merlin loss and 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 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. 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. We have found that the induction of Oct-6 in response to cAMP is also reduced in Schwannoma cells. Potentially the failure to induce
Krox-20 and Oct-6 may result from the decreased expression of Sox-10 we have observed in these cells. Despite these defects, enforced expression of Krox-20
can effectively drive Schwannoma cell differentiation through upregulation of the myelin protein P0 and the myelin marker periaxin. Importantly staining for the
cell proliferation marker Ki-67 showed that expression of Krox-20 also halts Schwannoma cell proliferation in response to mitogenic signals such as Neuregulin-1
(NRG), PDGF and IGF-1. This data suggests that the abnormal proliferation and dedifferentiation of Schwannoma cells may be due to the impaired induction and
maintenance of Krox-20. Furthermore, a key to future treatment of these tumours may lie in understanding the relationship between Merlin and Krox-20.
* Additional Authors: Hanemann, C.O., Parkinson, D.B.(Peninsula Medical School).
Funding Acknowledgements: UK Regional Development Agency.
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Antiproliferative effects of all-trans retinoic acid (ATRA) on neurofibroma cultures and MPNST cell lines
Anna Dombrowski*
Charité-Universitätsmedizin Berlin
NF1 is associated with development of multiple benign cutaneus and plexiform neurofibromas. A subset of plexiform neurofibromas can progress to malignant
peripheral nerve sheath tumors (MPNSTs) with still limited therapeutic options. We previously detected a differential expression of the cellular retinoic acid
binding protein II (CRABPII) in cutaneous and plexiform neurofibromas which might indicate a decreased antiproliferative effect of retinoic acid (RA) in the
latter tumor subtype. CRABPII transports the all-trans retinoic acid (ATRA) into the nucleus and coactivates RA receptors. Activation of the RA-pathway
leads to inhibition of proliferation, to differentiation and to apoptosis in many tumors such as breast carcinoma, glioblastoma and neuroblastoma. The aim of
this study was to elucidate if ATRA treatment of cell cultures from benign and malignant peripheral nerve sheath tumors decreases proliferation and if these
effects are linked to CRABPII expression in these tumors. We cultured Schwann cells of cutaneous and plexiform neurofibromas from NF1 patients, of MPNST
cell lines (T265, NSF1, S412) as well as of a normal human Schwann cell line (HSC ScienceCell). Cell cultures were treated with 0.5 µM, 1 µM and 5 µM
ATRA for 7 days and viability as well as proliferation was assessed by XTT and BrdU-assays. After ATRA treatment cells were stained for CRABPII, S100,
activating protein 2 (AP2) and bcl-2 by immunohistochemistry. First results indicate an inhibition of cellular metabolic activity by XTT: tumor Schwann cell
proliferation was maximally reduced by 33% (±7.20) in primary cultures from plexiform neurofibromas (n=3), by 17% (±6.72) in primary cultures from
cutaneous neurofibromas (n=3), and by 25% (±10.09) in MPNST cell lines (n=2). BrdU proliferation assays indicated comparable results. Inhibition was
dose-dependent. Analyses of CRABPII expression, apoptosis and Schwann cell differentiation after ATRA treatment are currently under investigation. These
data confirm antiproliferative effects of ATRA on nerve sheath tumor cells in a cell culture model. Although further studies in a higher number of cell cultures
are needed, this may point to a potential therapeutic application of ATRA for NF1 associated Schwann cell tumors.
Additional Authors: Guse, K.1, Holtkamp, N.1, Kluwe., L.2, Heppner, F.L.1, Friedrich, R.E.2, Mautner, V.F.2, Harder, A.1 (1Charité-Universitätsmedizin Berlin;
2
University Hospital Eppendorf, Hamburg)
N-type calcium current is augmented in small diameter sensory neurons isolated from Nf1+/- mice
J.H. Duan*
Indiana University School of Medicine
Major aspects of neuronal function are regulated by Ca2+ including neurotransmitter release, excitability, developmental plasticity and gene expression.
We reported previously that sensory neurons isolated from a mouse model with a heterozygous mutation of the Nf1 gene (Nf1+/-) exhibited both greater
excitability and release of neuropeptides compared to wild-type mice. To establish the mechanisms of augmented excitability, we found that voltagedependent sodium currents, but not potassium currents, were enhanced in Nf1+/- neurons. To determine whether voltage-gated calcium currents (ICa) were
altered in Nf1+/- neurons, the total ICa in small diameter dorsal root ganglion neurons isolated from adult wild-type and Nf1+/- mice was recorded using the
whole-cell patch clamp technique. The average peak current density in 57 wild-type and 31 Nf1+/- neurons was 47.3 ± 5.3 pA/pF and 59.3 ± 9.5 pA/pF,
respectively. Although the peak current densities were not different between the genotypes, we wanted to explore whether the contributions of individual Ca2+
channel subtypes were altered in Nf1+/- neurons. To examine this idea, we determined the extent of inhibition of the peak ICa by selective subtype blockers.
L-, N- and P/Q-type calcium currents were identified by their sensitivity to nifedipine (5 µM), omega-conotoxin GVIA (200 nM) and omega-agatoxin IVA
(200 nM), respectively. We compared the contribution of different subtypes of Ca2+ channels to the total ICa in 10 wild-type and 8 Nf1+/- neurons. N-type
currents were significantly larger in Nf1+/- neurons (34.2 ± 9.0%, n=8) than in wild-type neurons (16.0 ± 2.2%, n=10). P/Q and R-type currents were
smaller in Nf1+/- neurons (24.0 ± 7.7%, n=8) compared with wild-type neurons (51.6 ± 5.1%, n=10). In contrast, L-type currents were not different
between the two genotypes (32.4 ± 5.3% wild-type vs. 41.7 ± 9.4% Nf1+/- neurons). These results demonstrate that sensory neurons from Nf1+/- mice
exhibit increased N-type Ca2+ currents. Because N-type Ca2+ channels play a critical role in transmitter release at the synapse, augmentation of channel
activity for this subtype may be a key component of the increased neuropeptide release that occurs in Nf1+/- sensory neurons.
* Additional Authors: Hingtgen, C.M., Nicol, G.D. (Indiana University School of Medicine).
Funding Acknowledgements: NIH-NINDS NS 051668; Department of Defense CDMRP NF Research Program Award W81XWH-09-1-0174.
The Clinical Spectrum of Schwannomatosis: A Single Institution Study
Sonia Esparza*
Harvard Medical School/Massachusetts General Hospital
Schwannomatosis is the third major form of neurofibromatosis. The condition is characterized by the presence of multiple non-vestibular, non-intradermal
schwannomas. Because the condition was described within the last 20 years and because many of these patients remain undiagnosed, the clinical
spectrum is not well understood. We retrospectively reviewed the clinical records of schwannomatosis patients seen at the Massachusetts General Hospital
Neurofibromatosis Clinic. Clinical and radiographic data were extracted concerning clinical features, family history, radiologic diagnosis, and pathology. We
identified 63 patients who met either research or diagnostic criteria for schwannomatosis. An additional 17 patients were considered “schwannomatosis
spectrum” but did not meet criteria. Thirteen patients had MRI findings consistent with multiple schwannomas but did not undergo surgery for tumor
removal and four lacked necessary studies to exclude NF2. None of the 80 patients met diagnostic criteria for NF1 or NF2. The schwannomatosis sample
included 27 men and 36 women. The median age of first symptom was 28.5 years and the median age at evaluation in clinic was 40 years. A family
history of schwannomatosis was present in 8 individuals (13%) from 6 families. Among 52 patients with cranial imaging, evidence of non-vestibular cranial
schwannoma was present in 4 (8%) and meningiomas in 2 (4%). Among 44 individuals with spinal imaging, evidence of spinal schwannomas was present
in 39 (89%). The distribution included cervical spine in 11 (28%), thoracic spine in 20 (51%), and lumbar spine in 27 (69%). Peripheral schwannomas
were present in 52 patients (83%), subcutaneous schwannomas in 9 (11%), lipomas in 10%, and multiple angiolipomas in 3%. Anatomically limited disease
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was present in 19 (30%). Ophthalmologic abnormalities were present in 3 patients (unilateral juvenile cataract, amblyopia, undefined abnormality). Chronic
pain was present in 44 patients (70%) including 9 patients (10%) who considered themselves disabled by pain. In conclusion, this retrospective study
includes the largest number of schwannomatosis patients described to date. The results confirm the genetic data suggesting that schwannomatosis and
neurofibromatosis 1 and 2 are clinically distinct disorders. Pain is the defining feature of schwannomatosis. Because this symptom is non-specific, patients
with schwnanomatosis often remain undiagnosed for many years after presenting with unexplained and chronic pain.
* Additional Authors: Stemmer-Rachamimov, A., Plotkin, S.R. (Harvard Medical School/Massachusetts General Hospital).
Funding Acknowledgements: Department of Defense CDMRP NF Research Program Awards to SRP
The Psychosocial Impact of NF2 on the Adolescent/Young Population
Vanessa Gardner
Sarah Lawrence College
NF2 is an autosomal dominant condition that is characterized by tumor growth throughout the central nervous system. The hallmark of NF2 is the development
of bilateral vestibular schwannomas, often presenting as loss of hearing or vestibular dysfunction. According to Evans et al. (1999) the typical age of onset
is 22 years. The current literature is limited on the psychosocial impact of NF2, especially looking at the impact during late adolescence/young adulthood. In
2006 a pilot study was done by Neary et al. looking at the psychosocial issues adults face when living with NF2. They reported that four major factors of NF2
impact an individual’s life: hearing impairment, facial disfigurement, loss of mobility and loss of vision. In order to evaluate the psychosocial implications of
NF2 in the adolescent/young adult population an open-ended survey was accessible to potential participants through an internet based survey format. Twelve
surveys were completed, 2 by parents of individuals with NF2 and 10 by individuals diagnosed with NF2. Half of the participants were between the ages of 1425, one was younger and the remainder over 26. The major themes that emerged on how NF2 impacts an adolescents/young adults’ life are 1) the impact that
hearing loss has on their social life, 2) how NF2 impacts their ability to attend school and work, and 3) the fear of the unknown that is predominant for most
of the participants. Though these themes were similar throughout all age groups, understanding them within the context of stage in life could help the medical
team better understand what support should be developed to help with the transition of living the a new diagnosis of NF2 and with entering adulthood.
Osteoclasts in NF1 display enhanced resorption capacity, abnormalities in morphology, and resistance to serum deprivation
Eetu Heervä*
University of Turku
NF1 syndrome often presents with skeletal involvement suggesting that altered bone dynamics is associated with NF1. In the present study, NF1-related
pseudarthrosis tissue revealed numerous multinucleated osteoclasts. This finding prompted us to evaluate the differentiation and resorption capacity of NF1osteoclast like cells (OLCs) under experimental in vitro conditions. Osteoclast progenitors were isolated from peripheral blood of 16 patients with NF1, and
allowed to differentiate into OLCs on bone slices for 10 days. The following differences were found between NF1 and control samples in vitro: Samples from
NF1 patients resulted in a higher number of resorbing OLCs; the NF1 OLCs were larger in size; the nuclei were more numerous; actin rings were more frequent;
and the resorption pits in NF1 samples were more numerous and larger. Bone resorption markers revealed that the resorption activity in NF1 OLC cultures was
approximately two times higher than in controls. The number of NF1 OLCs remained essentially the same under conditions deprived from serum, where as the
number of control OLCs was dramatically reduced during the same time. Two patients with NF1 also had NF1-related lytic bone lesions, and in vitro results
further differed from those of other patients. Our results demonstrate that OLCs derived from blood of patients with NF1 display elevated resorption activity
under conditions isolated from microenvironment operative in vivo. Thus, increased osteoclast activity may be a phenotypic property of the NF1 syndrome, and
at least in part explain certain skeletal findings in NF1, such as osteoporosis / osteopenia.
* Additional Authors: Alanne, M.H., Peltonen, S., Kuorilehto, T., Hentunen, T., Väänänen, K., Peltonen, J. (University of Turku)
Funding Acknowledgements: Academy of Finland (JP)
Evaluation of In Silico Splice tools in the context of NF1 mutations
Elisabete Hernandez-Imaz*
Hospital Universitario Ramon y Cajal, CIBER-ER
In our laboratory we have developed a routine genetic protocol for the mutational screening of the NF1 gene based on the combination of multiplex ligationdependent probe amplification (MLPA) and mRNA-based mutation detection by RT-PCR and denaturing high-performance liquid chromatography (DHPLC)
methods. Germline mutations have been characterized both at DNA and RNA level achieving a sensitivity of 95%. Mutational analysis performed in our cohort
of patients has revealed a high proportion of mutations affecting the correct splicing of mRNA. In 32 patients, we have characterized 31 different splicing
mutations, 18 of which are novel. Most of these mutations (70%, 22/31) occur in the consensus splice sites, fundamentally the donor site, producing either
skipping or anomalous splicing of the affected exons. Besides, 20% (6/31) of splice mutations identified are single base substitutions located in the coding
region. Remaining cases include, between others, a deep intronic mutation that produces the inclusion of an intronic region in the mature mRNA. Previous
works have proved the complexity of splicing regulatory elements that determine exon inclusion/skipping. Interestingly, we have identified a silent mutation
located in the coding region of exon 37 (c.6801G>A) that produces skipping. It has been proposed the existence of regulatory elements for splicing of this
exon between positions 6792 and 6797. The finding of this novel mutation indicates that more complex regulatory elements are present. We have performed
an exhaustive in silico analysis to evaluate the usefulness of these tools in predicting the in vivo outcome of splicing mutations. Firstly, to estimate the strength
of all the splice sites we have used the web based MaxEntScan and SSPNN (Splice Site Prediction by Neural Network) tools. In general the in silico predictions
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were consistent with the in vivo results. Secondly, to identify the effect of mutations in cis-acting elements (ESE, ESS, ISE and ISS) we have used ESEfinder 3.0,
Rescue-ESE and PESX softwares. These in silico predictions seemed to be less accurate highlighting the importance of experimental studies. Indeed, in silico
studies for mutations identified in exon 37 rendered unequal results. To sum up, further studies on mutations that affect pre-mRNA splicing will contribute to
develop more accurate tools for predicting the outcome of splicing defects. Nowadays, in vitro assays using minigenes are essential to investigate the splicing
mechanism.
* Additional Authors: Martin, Y., Hernandez, A.M., Melean, G., Valero, A., Valero. M.C., Hernandez-Chico, C.
Funding Acknowledgements: Grants from Asociacion de Afectados de Neurofibromatosis (AANF) and Fundación Mutua Madrileña (FMM). EHI has a grant from
Departamento de Educacion, Universidades e Investigacion del Gobierno Vasco.
Brainstem abnormalities in children with NF1
Caitlin W. Hicks*
Cleveland Clinic Lerner College of Medicine
Brain MRI studies of patients with Neurofibromatosis type 1 (NF1) infrequently reveal the presence of brainstem abnormalities, but the clinical significance
and evolution of these findings are uncertain. We describe the clinical features, imaging findings, and outcomes of a series of pediatric patients with NF1 that
have brainstem abnormalities on MRI. A retrospective review of all pediatric patients <21 years of age diagnosed with NF1 that had a brainstem abnormality
on MRI over a 10-year period (January 2000-December 2009). Of 69 NF1 patients with MRI, 26 (38%) were identified for inclusion in the study. Mean age
was 7.0±3.6 (range 1-15) years, 54% were male, and 88% were Caucasian. Patients were positive for 2.9±1.0 (range 2-5) NIH criteria for NF1: ≥6 caféau-lait spots (100%); ≥2 neurofibromas or ≥1 plexiform neurofibroma (58%); axillary or inguinal freckling (54%); optic glioma (27%); ≥2 Lisch nodules
(23%); first-degree relative with NF1 (15%); distinctive bony lesion (12%). Brainstem abnormalities included T2-weighted signal intensities (unidentified bright
objects) 22/26 (85%), brainstem gliomas 5/26, (19%), medullary masses 4/26 (15%), and pontine masses 2/26 (8%). Learning disabilities were observed in
50% of all patients. Among the 11 patients with brainstem gliomas or masses, neurological symptoms included bulbar dysfunction (27%), ataxia (18%), and
dysdiadochokinesia (18%). All 26 patients had repeat MRI studies at a mean interval of 1.2±0.7 years, the majority of which were stable. Five (45%) of 11
patients had evidence of tumor growth and were started on treatment; 3 patients received chemotherapy alone, 1 patient received chemotherapy following a
craniectomy, and 1 patient received radiation therapy. Four of these patients responded positively or remained stable following initiation of therapy, and 1 patient
died as a result of her disease. All other patients had stable neurological examinations 1 year after their most recent imaging study, except for one patient who
developed autism. In conclusion, brainstem lesions in NF1 patients are well recognized and include brainstem gliomas, hamartomas, and unidentified bright
objects, but their significance in pediatric patients remains unclear. The high prevalence of learning disabilities noted in this study prompts the need for future
prospective studies correlating brainstem lesions and learning disabilities.
* Additional Authors: Carter, D., Rothner, D., Moodley, M. (Cleveland Clinic)
A novel mouse and embryonic stem cell model for studying the biological role of Neurofibromatosis type I exon 23a alternative splicing
Melissa Hinman*
Case Western Reserve University
Alternative splicing is an important mechanism by which multiple protein isoforms, often with differences in function, can be produced from a single gene. The
Neurofibromatosis type 1 (NF1) gene contains at least three alternative exons, one of which, exon 23a, falls in the middle of the GTPase activating protein (GAP)
related domain. Inclusion of exon 23a decreases the ability of NF1 to inactivate the oncogene Ras by ten-fold1. Exon 23a is mainly included in most tissues but
skipped in neurons. Throughout development, exon 23a inclusion is tightly regulated, with a decrease in inclusion that correlates with neuronal differentiation.
We hypothesize that regulation of exon 23a inclusion is important for the biological functions of NF1. Mice lacking exon 23a, created by the Brannan group,
exhibit learning defects but normal development and tumor incidence2. We aim to investigate the biological importance of exon 23a regulation from a different
angle, by creating NF123a*/23a* mouse embryonic stem (ES) cells and mice, in which exon 23a is always included. Using a splicing reporter system, we identified
mutations that optimize the splicing signals surrounding exon 23a and increase its inclusion to nearly 100% in a variety of cell types, including primary neurons.
These mutations were targeted into the endogenous NF1 locus, producing NF1+/23a* ES cells. Mutant ES cells exhibit increased endogenous NF1 exon 23a
inclusion. The NF1+/23a* ES cells are being used to generate a mouse, and gene targeting is being repeated to generate NF123a*/23a* ES cells. We will examine
NF123a*/23a* ES cells for alterations in Ras GAP activity, proliferation, and neuronal differentiation, and NF123a*/23a* mice for phenotypes such as increased tumor
incidence and defects in neuronal development. These studies will illustrate the biological significance of this evolutionarily conserved, regulated alternative
splicing event.
* Additional Authors: Barron, V., Luo, G., Lou, H. (Case Western Reserve University).
Funding Acknowledgements: Grants from NIH and Department of Defense CDMRP NF Research Program to HL; NIH NRSA predoctoral fellowship to MH.
References: 1Andersen, L.B. et al., Mol Cell Biol. 1993, 13(1): 487-495. 2Costa, R.M. et al., Nature Genetics 2001, 27(4): 399-405.

2010 NF Conference • Baltimore, MD • June 5-8, 2010 | 29

Decoding NF1 intragenic copy number changes
Meng-Chang Hsiao*
University of Alabama at Birmingham
NF1 is the most common autosomal dominant neurocutaneous disorder affecting ~1 in 3000-4000 individuals worldwide and is caused by defects in the
tumor suppressor gene NF1. Through comprehensive mutation analysis using an RNA-core assay complemented with dosage analysis by RT-PCR, MLPA and
FISH, we have found that ~2% of NF1 mutations are intragenic deletions and/or duplications of one to multiple exons (Wimmer et al.,2006). To date, three
major mechanisms—Non-Allelic Homologous Recombination (NAHR), Non-Homologous End Joining (NHEJ), and the Fork Stalling and Template Switching
(FoSTes)—have been proposed for genomic rearrangements (Gu et al., 2008). So far, the mechanisms involved in NF1 exon copy number changes have
not been studied in detail. To decode its mechanism, NF1-targeted array Comparative Genomic Hybridization (aCGH) and genomic DNA based PCR were
developed to identify the breakpoints in a set of 65 unrelated patients, providing insights into the sequence context of these mutations.
* Additional Authors: Callens, T., Fu, C., BS, Spencer, E., Piotrowski, A., Messiaen, L. (University of Alabama at Birmingham).
References: Gu et al. Pathogenetics. 2008 Nov 3;1(1):4. Wimmer et al. Genes Chromosomes Cancer. 2006 Mar;45(3):265-76.
A Comparison of Methods to Detect Executive Functioning Deficits in Children with NF1
Jennifer Janusz
University of Colorado
Children with NF1 have an increased risk of cognitive difficulties, including deficits in executive functioning skills. While there are many standardized
assessment tools available to evaluate executive skills, no research has explored which specific methods may best capture the executive deficits seen in
children with NF1. The current study sought to compare various methods of assessing executive functioning skills in children with NF1. Twenty children
with NF1 (males n= 15; mean age= 11.15) completed several measures of executive functioning skills assessing planning, abstract reasoning, working
memory, and cognitive flexibility as part of a larger neuropsychological evaluation. These measures included the Tower of London DX, the Wisconsin Card
Sorting Test, the Working Memory factor from the Wechsler Intelligence Scale for Children- Fourth Edition (WISC-IV), and the Delis-Kaplan Executive Function
system (D-KEFS). Each child’s parent completed the Behavior Rating Inventory of Executive Function (BRIEF), which provides ratings of eight domains of
executive functioning (Inhibit, Shift, Emotional Control, Initiate, Working Memory, Plan/Organize, Organization of Materials, Self-Monitor). More deficits in
executive skills were seen on the BRIEF than on laboratory measures of executive functioning skills, with 75% of children demonstrating elevations on the
BRIEF Metacognitive Scale compared to 25 to 30% exhibiting deficits on traditional measures of executive skills. The two exceptions were the Tower of
London DX and the Trail Making Test from the D-KEFS, on which a significant portion of the sample demonstrated deficits (71 to 80%). Scales from both the
Metacognitive and Behavior Regulation domains of the BRIEF showed moderate to strong correlations with the Tower of London DX (r= .58 to .71) and the
Trail Making Test (r= -.55 to -.68). Correlations between the BRIEF and other executive measures was lower. Conclusion: This study found that the BRIEF
captured more executive functioning deficits than traditional measures of executive functioning skills, with the exception of the Tower of London DX and the
Trail Making Test. The BRIEF correlated most strongly with these measures as compared to others. This information can help neuropsychologists choose
methods of assessing executive skills that may best characterize the deficits seen in children with NF1. By doing so, the neuropsychological evaluation can be
completed more efficiently and expeditiously, benefitting both the professional and the child.
Dysregulation of PKA causes Schwannomagenesis via loss of NF2 and Activation of PAK Signaling
Georgette N. Jones*
Ohio State University
Carney Complex (CNC) is an autosomal dominant multiple endocrine neoplasia syndrome characterized by tumors of various endocrine glands, as well as
bone and cartilage tumors, Schwann cell tumors, and skin discoloration. CNC may result from inactivating mutations in the PKA gene regulatory subunit
PRKAR1A, and we have previously described that Prkar1a+/- mice are tumor prone. Our studies showed that PKA dysregulation in the neural crest affects
craniofacial development, and that tissue-specific ablation of Prkar1a in a subset of neural crest precursor cells caused schwannomas with high frequency.
Since inherited Schwann cell tumors are also associated with Neurofibromatosis (NF), genetic interaction studies were aimed at identifying the role of NF
protein loss in Prkar1a-null tumors, revealing that the loss of Nf2 may be rate-limiting for PKA-mediated Schwann cell tumorigenesis. The small G-proteins
Ras, Rac1, and RhoA are all regulated by NF signaling, and we found that Rac1 was highly activated in Prkar1a-null schwannomas. Therefore, the p21activated kinases (Paks) were evaluated for their activity since they are known to be targets of activated Rac1/Cdc42. Pak6 was significantly over-expressed
in the schwannomas at both the transcript and protein levels, however its activity was not different from normal Schwann cells. Despite no change in
transcript levels, Pak2 protein expression was upregulated, and it was highly activated in the tumors. Downstream targets of Pak were also upregulated in
Prkar1a-null tumors suggesting in vivo activation of Pak signaling. Altogether these results suggest that PKA suppression of Nf2 causes Schwannomas via
Rac1-Pak signaling.
* Additional Authors: Manchanda, P.K., Glasner, B., Kirschner, L.S. (Ohio State University).
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The Patient/Family Experience in the Neurofibromatosis/Neurology clinic (NF/Neurology): Children’s National Medical Center (CNMC)
Rochelle Kane*
Children’s National Medical Center
Patients’ care experiences have an effect on compliance and it is suggested that may have a link with the long term general health status. We aim to evaluate
general patient satisfaction for our NF/Neurology clinic at CNMC, as well as, to identify aspects that may impact patient satisfaction with our clinical services.
We need to have a better understanding of the patient’s expectations of our service in order to improve their clinical care. Patient satisfaction was gauged
during a three month period in the NF/Neurology Clinic. The NF/Neurology clinic serves a patient base of approximately 1000 Neurofibromatosis patients.
Currently, there are 2 clinics per week that accept both new and follow-up patients. A general Neurology survey was mailed to new and follow-up patients
(n=220) to assess the overall quality and satisfaction with the clinic. The Likert scales (1-5) were used to score patient responses; 1= least satisfied and 5=
most satisfied. The responses were averaged. Thirty-five surveys were returned (16% response rate). 8 out of 35 surveys were returned from new patients
(22%) and 27 out of 35 surveys were returned from follow-up patients (77%). Of the surveys returned by new patient families, 3.1 patients (31%) were
satisfied with the check-in time at the clinic, 3.1 patients (32%) were satisfied with the wait to see the doctor, and 3.3 patients (33%) were satisfied with the
overall care of the clinic. Similarly, follow-up patient families were satisfied with the check-in time 3.3 patients (33%), the wait to see the doctor 3.2 patients
(32%), and the overall care of the clinic 3.5 patients (35%).This is a pilot study to identify factors that impact patient satisfaction with clinical services in our
Neurofibromatosis clinical care program. In addition to interaction with health care providers, parking, wait time, and the ability to contact us, are among other
factors that may impact overall health care satisfaction. Neurofibromatosis patients’ expectations need to be considered as a part of the general health plan.
These results reveal the need to continue our efforts to improve the function of the clinic.
* Additional Authors: Cnaan, A., Kardel, P., Acosta, M.T., Packer, R.J. (Children’s National Medical Center)
Pediatric NF-1 Brain Lesion and DTI Assessment in Correlation with Clinical Cognitive Function
Peter Kardel*
Children’s National Medical Center
Cognitive dysfunction is the most important long term disability in patients with neurofibromatosis type 1(NF-1). Imaging markers of cognitive dysfunction
would be helpful in assessing treatment response and long-term effects of cognitive training. Here, we are investigating the relationship of clinical cognitive
dysfunction with imaging markers, such as T2 hyperintense lesions (T2H) and DTI measurements. Retrospective analysis of 25 NF-1 patients without evidence
of intracranial tumors by MR imaging. A cognitive score was assigned by the neurologist based on the combined clinical assessments and available clinical
records. MR images were analyzed by a blinded research assistant for number and volume relative to whole brain parenchyma volume of T2H. Diffusion tensor
imaging was used to measure ADC and FA values in brain regions that have been related to cognitive function (frontal lobe, centrum semiovale, caudate nuclei,
upper and lower pons). Correlations between cognitive function and volumes of T2H and FA values were weak and not statistically significant. Analysis of
number of T2H’s showed some correlations with low scores for attention and executive function; further analysis pending. Moderate correlations were found
between ADC values of bilateral centrum semiovale and executive functioning (Right - r=.420, p=.033; Left – r=.416, p=.023) as well as attention (Right r=.443, p=.027; Left – p=.443, p=.023). Similar results were seen in the correlation of the bilateral frontal lobe with executive functioning (Right – r=.449,
p=.021; Left – r=.344, p=.086) and attention (Right – r=.563; p=.003; Left – r=.487, p=.012). Lastly, the left caudate nucleus head also demonstrated
a significant correlation with both attention (r=.449, p=.021) and executive functioning (p=.563, r=.003). Frontal lobe and caudate nuclei have been
reported to be systematically associated with executive function and attention in normal controls and other medical conditions like ADHD. This study revealed
promise of using ADC values of frontal lobes and caudate nuclei as an indicator of cognitive dysfunction. Some potentially interesting correlations of cognitive
dysfunction were also found between number of T2H’s and attention and executive functions. The impact of the T2H lesions in both ADC and FA values need to
be considered for further studies. DTI as well as other reliable MR measures may be helpful markers for correlation of cognitive functions in patients with NF1.
* Additional Authors: Hai, N., Kadom, N., Vezina, G., Acosta, M.T., Packer, R.J. (Children’s National Medical Center and George Washington University School
of Medicine).
Cognitive and behavioral problems or dyslexia and ADHD in patients with NF1 – differential or comorbid diagnoses?
Justyna Korzeniewska*
Children’s Memorial Health Institute, Warsaw
The major parts of NF1 psychological phenotype are cognitive and learning disability (e.g. visuospatial deficits, problems with structured material, executive
functioning and attention) as well conductive disorders (e.g. disruptive behavior, impulsivity, tendency to overreactions). Analysis of previous diagnosis (at
school, pediatric) showed a lot of cases of misdiagnoses their cognitive and behavioral problems as a dyslexia and ADHD (Attention Deficit Hyperactivity
Disorder). Therapeutic methods and results as well recommendation were in these cases low effective and not satisfying. The aim of the study was to assess
psychological (intellectual and emotional) status of patients with von Recklinghausen Disease. We searched cognitive profile and behavioral phenotype of NF1
according to the factors typical for dyslexia and ADHD. Then the data were analyzed to search for coexisting and differential symptoms of NF1 and dyslexia
as well ADHD. In the study repeated psychological assessment was undertaken in 80 patients with NF1 consecutively admitted to our Center, to determine
the effect of NF1 on cognitive and emotional outcome with comparison to dyslexia and ADHD. Patients were examined using a battery of standardized
psychological and neuropsychological methods, e.g. Wechsler Intelligence Scale and Benton Visual Retention Test. Emotional and behavioral functions
were assessed based on analysis of medical history (especially psychiatric and neurological data), interview with parents, psychological observation and
investigation of the patients as well their self reports. In our sample we observed specific cognitive development, as well learning disability. Analyzed group
of patients showed also conductive disorders and psychological adjustment difficulties. Some of these symptoms are similar to dyslexia and ADHD, but have
also differential features. Scheme of differential / comorbid diagnoses of NF1 - dyslexia and ADHD as well recommendation for specific for NF1 psychological
diagnosis will be presented and discussed. Practical applications: prevention of misdiagnoses of patients with NF1 and establish correct programs for
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psychological rehabilitation and counseling for patients with NF1 and their families; improve quality of their life.
* Additional Authors: Dembowska- Baginska, B., Perek- Polnik, M., Perek, D. (Children’s Memorial Health Institute, Warsaw).
Comprehensive characterization of 29 NF1 patients with precisely determined 1.4 Mb NF1 deletions
Kluwe, Lan*
University Medical Centre, Hamburg-Eppendorf, Germany
Large deletions of the NF1 gene region occur in ~5% of NF1 patients. In this study, we characterized 29 patients with precisely determined 1.4 Mb type-1
NF1 deletions clinically and neuropsychologically. Major features distinctively associated with large NF1 deletions and those substantially more frequent than
in the general NF1 population are as following:
Features

this study

general NF1
population

Facial dysmorphism

90%

⎯

Tall-for-age stature

46%

⎯

Broad neck

31%

⎯

Macrocephaly

39%

29-45%

Disproportionally large hands and feet

46%

⎯

Hyperflexibility of joints

72%

⎯

Excess soft tissue in hands and feet

50%

⎯

45%

⎯

Dysmorphic features

Connetive tissues

Muscular hypotonia
skeletal
Pes cavus

17%

⎯

Scoliosis

43%

10-20%

IQ<70

38%

8%

Significant delay in cognitive development

48%

⎯

Reduced speech intelligebility

48%

⎯

neuropsychological

tumors
Subcutaneous neurofibromas

76%

48%

Plexiform neurofibromas

76%

43-50%

Spinal neurofibromas

64%

30%

MPNSTs

21%

2-5%

⎯: not investigated or unknown
	
  

* Additional Author: Victor-Felix Mautner1, Angelika C. Roehl2, Simone Bammert2, David N. Cooper3, Hildegard Kehrer-Sawatzki2
1: Department of Maxillofacial Surgery, University Medical Centre, Hamburg-Eppendorf;
2: Institute of Human Genetics, University of Ulm, Albert-Einstein-Allee 11, Ulm, Germany
3: Institute of Medical Genetics, School of Medicine, Cardiff University, Cardiff CF14 4XN, UK
Funded by the Deutsche Krebshilfe (106982) and Deutsche Forschungsgemeinschaft (FR1035/6-1)
Akt phosphorylates the NF2 tumor suppressor protein merlin at serine 10 and enhances its degradation via the proteasomal pathway.
Minja Laulajainen*
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 phosphatase MYPT-1-PP1 delta activates the tumor suppressor function of merlin, leading to growth arrest.
The exact mechanism, by which S518 phosphorylation regulates merlin’s tumor suppressive activity, is still open. In addition to the C-terminal serine, merlin
is phosphorylated by PKA on serine 10, which leads to modulation of the actin cytoskeleton. 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 1is 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 report we have further studied the
N-terminal phosphorylation of merlin and identify serine 10 as an Akt phosphorylation site. Our results indicate that Akt-induced phosphorylation of serine
32 | Children’s Tumor Foundation • Ending Neurofibromatosis Through Research

10 directs merlin for proteasome mediated degradation, thereby down-regulating merlin function. Based on these findings we propose a model for merlin
regulation.
* Additional Authors: Muranen, T., Carpén, O., Grönholm, M. (University of Turku; Turku University Central Hospital; University of Helsinki).
Neurofibromatosis Pain Management
Nicole L. Lavin*
Children’s National Medical Center
Chronic pain is a debilitating condition with complex implications in management and prognosis. We present a group of 10 patients recently identified in
our clinic with a diagnosis of Neurofibromatosis (NF1) and chronic pain. The complexity in the diagnosis and the treatment is discussed. Little is known
about the mechanism underlying chronic pain in this population. Minimal publications relate the presence of chronic pain in patients with NF1, despite the
fact that it is a common complaint in clinical settings. We have recently identified 10 patients, with severe chronic pain in our Neurofibromatosis Clinic.
Patients’ demographic and clinical characteristics are presented. Patients’ age range is 7 years to 35 years and of these patients 80% are young adults.
All patients had a long standing history of ineffective response to pharmacological treatment in the past. Our approach consists of close follow up with
frequent visits and detailed recording of pain severity and triggers for all patients. We encourage patients to directly communicate with us if symptoms
do not improve with treatment. Extensive education to patient and family about life styles, implications of chronic pain and medications is part of our
intervention plan. A combination of non-pharmacological interventions like, meditation, exercise, yoga, hypnosis, and massage is recommended in all
cases. In our cohort of patients 8/10 showed significant improvement in a period of 2-4 months. Gabapentin showed limited benefits with significant side
effects. However, Pregabalin in doses of 300-450 mg/day showed significant reduction to total control of pain in 8/10 patients. All reported improved
mood and sleep as well. Non-pharmacological interventions have been considered for some patients with variable results. Chronic pain is a debilitating
condition that impacts many other aspects of the general health in patients with NF1. It has been under-recognized in this population, despite the frequent
presentations in the clinical setting. Our initial experience suggests that these patients need close evaluation, continuous feedback and strong family and
medical support. Further investigation is required for better characterization of the clinical picture and manifestations. Pregabalin has showed in our group
significant benefits to treat pain as well as improve mood and sleep. Other medications like Duloxetine and other SSRIs deserve further investigation. It is
important to optimize the clinical evaluation and intervention in this group of patients.
* Additional Authors: Copenheaver, D., Acosta, M.T., Packer, R. (Children’s National Medical Center).
Honokiol, a natural plant product, inhibits the growth of vestibular schwannoma cells
Jong Dae Lee
Yonsei University College of Medicine, Korea
As the understanding of the molecular biology of vestibular schwannomas is better understood, new means of targeting these pathways for intervention
in schwannoma cells is occurring. Honokiol, one of the bioactive constituents of Magnolia officinalis, has attracted due to its diverse biologic effects. This
study was to determine the inhibitory effect of honokiol on the proliferation of schwannoma cells. Primary VS cells and HEI-193 VS cell line were prepared
to investigate the growth inhibitory activities of honokiol. Cell proliferation was assessed by MTT assay. Apoptosis was measured by TUNEL assay and
FACscan analysis. Western blot analysis was performed to identify that honokiol may inhibit the MAPK pathway and PI3K pathway. Honokiol exhibited
significantly anti-proliferative activity and induced apoptosis in vitro. Western blot analysis showed significant inhibition of phosphorylation of AKT. Our data
suggests that honokiol can be evaluated as a potential chemotherapeutic agent for vestibular schwannoma.
* Additional Authors: Lee, B.D., Choi, J.Y., Lee, W.S.
Community based nurse led care for NF1: lessons learned in Bolton, Lancashire, UK
Annukka Lehtonen, PhD
Neurofibromatosis group, Manchester Biomedical Research Centre, Central Manchester University Hospitals NHS Foundation Trust (CMFT) and University
of Manchester
In 2007, an advanced nurse practitioner became responsible for coordination of NF1 care for children aged ≤16 years old in Bolton, a town with a total
childhood population of 59,520. After training at the regional NF1 clinic, the nurse does the majority of NF1 follow-up checks and newly diagnosed
children, those with complex NF1 and those reaching the time for transition to the adult NF1 service are seen by Dr Huson in a 6 monthly district clinic.
The care of children with NF1 was audited against current UK guidelines at the start and after 2 years. The main findings were:
• Prior to the service 19 children were known to the genetics NF1 register, local paediatricians or both (prevalence 1/3133).
• Two years later 29 children were known (prevalence 1/2052); at least half of the children came to attention accidentally [during an assessment for poor
school attendance (1), previously undiagnosed siblings (2), and contact with other branches of the family (2)].
• The high prevalence may be related to three particularly large multi-generation NF1 families as 22/29 (76%) children had an affected parent compared
with 700/1573 (44.5%) on our regional NF1 register as a whole.
• An unexpected finding was delayed diagnosis in paternally inherited cases: sporadic cases were diagnosed at a mean of 4.25 years compared with
familial of 3.23 years BUT paternally inherited cases were diagnosed at a mean of 7.67 years and maternally inherited at 1.57 years.
• Prior to commencement of the pathway 8 children met appropriate follow-up guidelines, while afterwards this had been achieved for 26/28 children.
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• The new care pathway is popular and convenient for parents. It allows easier detection of milder problems, particularly learning difficulties and
musculoskeletal symptoms. Affected parents also share concerns about themselves with the nurse who can arrange direct referral to the adult NF1 clinic if
necessary.
Authors: Maria Gault, Advanced Paediatric Nurse Practitioner, Bolton Primary Health Care Trust; Deirdre Donnelly MD, Gareth Evans MD, Susan Huson MD,
Genetic Medicine, CMFT and University of Manchester.
NF1: Genetic Modifiers of Tumor Burden
Fawn Leigh*
Harvard Medical School/Massachusetts General Hospital
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 trait-specific modifier genes as important determinants of the clinical variability of NF1. Such studies have particularly implicated modifier genes
in tumor burden variability. We have been particularly interested in modifiers of tumor development, whose identification may provide us with pre-validated
therapeutic targets, as well as with clues to underlying mechanisms. The Affymetrics GeneChip 6.0 Platform as implemented at the Broad Institute will be
used to perform a Genome-Wide Association Study of a cohort of ~300 NF1 individuals, selected to be in the top or bottom 10-20% of cutaneous tumor
burden for their age group. The objective will be to scan for both SNP and Copy Number Variants (CNV) associated with variable cutaneous tumor burden.
This project with test whether there are common SNPs or CNVs associated with extremes of tumor burden. The generated dataset may also be used to
identify associations with other variable features, and this pilot study will serve as a proof of principle for an expanded collaboration to identify NF genetic
modifiers. This is a pilot study to search for modifier genes of cutaneous neurofibroma tumor burden in NF1. Those SNPs and CNVs showing apparent
association with NF1 tumor burden will be confirmed in an additional cohort of extreme individuals, leading to genetic and molecular follow-up experiments
aimed at defining the precise mechanism of modification revealed by the associated genetic element. The overall success of identifying such mechanism(s)
will depend on the collaboration and participation of the NF community. Therefore, this pilot study seeks to solicit collaboration from all NF Clinics interested
in a collaborative community-wide effort to address the issue of genetic modifiers of NF1.
* Additional Authors: Kluwe, L., Mauntner, V., Stewart, D., Lazaro, C., Plotkin, S., Kaplan, L., Wallace, M., Messiaen, L., Korf, B., Bernards, A., and Gusella,
J.
Ritalin and the treatment of the neurological and cognitive deficits associated with NF1
Weidong Li* #
University of California, Los Angeles
The key pathophysiologic mechanism underlying NF1 mutations in both mice and humans is increased p21Ras activity. Therapeutic interventions designed
to inhibit p21Ras function had been proposed as treatments of NF1. The mice studies suggested that alternation of Ras-MAPK activity might rescue the
learning deficits and attention problems. Studies showed a high incidence of ADHD in NF1 and supported an association between ADHD and learning and
social problems in children with NF1. A clinic report suggested that these NF1 children with ADHD might benefit from the use of Ritalin but the mechanism is
unclear. Here we report the effect of Ritalin on Ras/MAPK activity and behaviors in NF1 mice.
* Additional Author: Silva, A.
Funding Acknowledgements: Children’s Tumor Foundation Young Investigator Award to Weidong Li.
# Current Children’s Tumor Foundation Young Investigator Awardee
Health care situation of patients with NF1 in Germany
Victor Mautner*
University Medical Centre, Hamburg-Eppendorf
We carried out a survey of the health care situation of patients with NF1 in Germany by asking a total of 228 patients aged between 18 and 79 (mean
44±13) years to fill in questionnaires regarding clinical and psychosocial characteristics, basic knowledge, information availability, medical care and other
support. Basic knowledge regarding NF1 was good, e.g., all patients knew that NF1 is a genetic disease and that it is non-infectious until he/she was settled
down with the present one. In average, one NF1 patient has consulted 3.93 different medical professionals. In the past 12 months, primary physicians
(67.5%), NF1-specialists (59.2%) and neurologists (43.2%) were most frequently visited. Medical care from NF1-centres was rated by the patients as most
beneficial (1.79; scaled from 0 to 2), followed by neurologists (1.49), surgeons (1.43), dermatologists (1.22) and primary physicians (1.21). Patients cared
by NF specialists were significantly more satisfied with the time required for diagnosis, information availability and general health care for NF1. Patients with
specialists felt significantly more comfortable with their doctor than those with non-specialists (3.4±0.8 vs. 1.5±1.3, scaled from 0 to 4, p<0.001, effect
size: 1.8). Consequently, the overall patient benefit index (reflecting personal importance of the care goal and the satisfactory grade) was significantly higher
for those with NF specialists (effect size: .57). However, patients did not rate care from specialists as more beneficial with regard to psychological and social
issues such as occupation and partnership. Our study revealed that specialists and special centers for NF1 are beneficial for the patients and that there is a
need for improved psychological and social support for NF1 patients and their families.
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Additional Authors: Langenbruch, A.K., Granström, S., Kluwe, L., Augustin, M. (University Medical Centre, Hamburg-Eppendorf).
Funding Acknowledgements: German Federal Ministry of Education and Research (MBMF 01GM0843).
Evaluation of PN and MPNST with FDG-PET on a NF1 Natural History Study
Holly J. Meany*
National Institutes of Health, National Cancer Institute
Individuals with NF1 are at risk for development of malignant peripheral nerve sheath tumors (MPNST), which frequently arise in preexisting plexiform
neurofibromas (PN). Patients with NF1 and PN enrolled on an NCI Natural History trial were longitudinally monitored for total body tumor burden (TTB) using
volumetric MRI analysis. FDG-PET was performed in individuals with prior MPNST or with PN and new pain or growth of lesions exceeding the expected
growth rate (target lesions). Thirteen patients (7 m / 6 f) with median age of 18.5 yrs (range, 10-45 yrs) underwent ≥ 1 FDG-PET study.
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* NA – not available, PET scan performed at outside institution and SUV not recorded or target lesion could not be measured by volumetric MRI
Two sites of distant recurrence were suspected in 1 (pt 1) of 4 pts with prior MPNST by increasing FDG uptake in two nodular lesionS and confirmed by
pathology. In 9 pts with PN and concerning nodular lesions (prior abnormal PET = 1, pain and growth = 3, growth = 5) arising within (6) or outside (3)
a PN, all but one (pt 10) had increased FDG uptake in these lesions. Pathology was benign in 7 pts who underwent biopsy. FDG PET may aid in detecting
MPNST recurrence. Growing nodular lesions within and outside of a PN can have FDG uptake similar to MPNST, but be benign on biopsy. It is not known if
these lesions are at greater risk for malignant transformation and require careful longitudinal monitoring.
* Additional Authors: Reynolds, J., Whatley, M., Dombi, E. E., Kurwa, A., Salzer, W., Gillespie, A., Baldwin, A., Derdak, J., Widemann, B. (National Cancer
Institute).
Funding Acknowledgements: Intramural Research Program, CCR, NCI.
Infant Myeloid Sarcoma Followed by Multiple Spinal Cord Plexiform Neurofibromas in Adolescence: Variable Clinical Expressivity and the
Leukemogenic Potential of NF1
Jeffrey C. Murray*
Cook Children’s Medical Center
Children with NF1 are at increased risk for the development of juvenile myelomonocytic leukemia (JMML), with the potential of progression to acute myeloid
leukemia (AML). We present a heretofore unreported association of infantile myeloid sarcoma (‘granulocytic sarcoma’; ‘chloroma’; ‘localized AML’) and
multiple spinal cord nerve root neurofibromas manifesting 14 years later in a patient with no other stigmata of NF1 (or NF2). A previously healthy 9 month-old
male infant without a family history of NF or clinical stigmata of NF presented with a 1-2 cm neck mass. Excisional biopsy revealed immature extramedullary
myeloid cells suggesting ‘myeloid sarcoma’. Flow cytometric analysis revealed cells positive for CD7, CD13, CD14, CD33, CD45 and bone marrow
examination revealed a 6% population of blastic cells (‘M2’ status). Karyotyping revealed a normal 46XY pattern. Treatment consisted of contemporary era
multiagent chemotherapy. The patient achieved remission and had no treatment complications; he has remained in continuous remission for 14 years after
diagnosis. During early childhood, there was never a suspicion of NF1 as an underlying disease condition, as he showed no typical skin findings or other
NF1 stigmata. During adolescence, still without café-au-lait macules or other overt NF1 (or NF2) signs, the patient developed cervical myelopathy symptoms
and underwent resection of a spinal cord-compressing plexiform neurofibroma. The suspected diagnosis of NF1 was then confirmed, despite the absence
of café-au-lait macules, axillary/groin freckling or Lisch nodules. Malignant myeloid disorders such as JMML and AML are rare but known associations
of NF1. The NF1 gene is considered a tumor suppressor gene, with mutations leading to reduced down-regulation of the ras ongogene product and a
consequent increased proliferative responsiveness of myeloid progenitor cells to hematopoietic cytokines. A NF1 gene mutation creates a leukemogenic
predisposition. Myeloid sarcoma represents a rare clinical phenotype of AML and has never been described in NF1. Moreover, myeloid leukemia as the
initial manifestation of NF1 is extraordinarily rare. Only with the passage of time was our patient determined to likely have NF1, based on the development of
plexiform neurofibromas. Our case reiterates the variable clinical expressivity of NF and reminds clinicians that AML, or its myeloid sarcoma variant, might be
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associated with an underlying NF diagnosis.
* Additional Authors: Roberts, R.A., Bowman, P., Bashore, L.M., Galliani, C.A. (Cook Children’s Medical Center)
Use of transcranial doppler to screen for intracranial vasculopathy in patients with NF1
Anuranjita Nayak*
Saint Louis University
Intracranial vasculopathy is an uncommon, well recognized complication of NF1.Due to the serious nature of the complication it would be prudent to screen
patients with NF1 before symptomatic vascular disease occurrence. Transcranial Doppler has proven to be an effective screening tool for the sickle cell disease
population in preventing stroke. We sought to evaluate the efficacy of TCD as a screening tool for vasculopathy in patients with NF1. We evaluated 55 children
with neurofibromatosis type1, by performing trans cranial Doppler and measuring time averaged mean velocity in the intracranial vessels. Bilateral anterior
cerebral, proximal and distal middle cerebral, distal internal carotids were insonated. Patients with time averaged mean flow velocity of 100cm/sec or more,
and those whose vessels could not be insonated underwent magnetic resonance angiography to evaluate for significant narrowing of cerebral vessels or other
vascular pathologies. Of a total of 55 patients 5 had time averaged maximum mean velocity (TAMM) of > 100cm/sec ( 9%).7 vessels had high velocity. 12
patients (22 %) could not be insonated in one or more vessels. MRA was performed in patients who screened positively according to our criteria. MRA showed
narrowing of vessels in 2 patients with high flow velocity. No correlation was seen between the particular vessel with high velocity on doppler and MRA
evidence of vascular abnormality. A positive predictive value of 40% for transcranial doppler was observed using a cutoff value of 100cm/sec or more. The
incidence of intracranial vasculopathy was higher in our pilot study group at 3.6 % compared to a prior study of 2.5%. TCD could be a fair screening tool for
patients with NF1 for vasculopathy using a cutoff velocity of 100 cm/sec.
* Additional Authors: Feen, E., Dawood, A., Geller, T.J. (St. Louis University).
Cranial dysplasia in Nf1 ob-/- mice is a model of sphenoid wing dysplasia in NF1
Regina P. O’Sullivan*
Harvard Medical School/Beth Israel Deaconess Medical Center
A large proportion of NF1 patients display skeletal abnormalities including alterations in bone size and shape, the presence of scoliosis, and a tendency to
develop pseudoarthroses. There is also a broad spectrum of craniofacial skeletal abnormalities seen in NF1 patients with sphenoid wing dysplasia (SWD)
at the most severe and mild local lesions at the other end of the spectrum. Reports indicate that SWD occurs in between 5% and 10% of NF1 patients (1,2)
however, many more NF1 patients may have subtle cranial dysplasia which is not evident without cranial imaging and careful examination (3). SWD presents
as a unilateral defect and is progressive with dysplastic changes contributing to the distinct facial appearance in NF1. SWD also results in proptosis of an
eye resulting in serious medical problems. Optic glioma and other tumors are often associated with SWD in NF1, however in some cases SWD occurs in the
absence of tumors (4). Little is known of the cellular and molecular pathogenesis of the NF1 skeletal phenotype, however a previous study (4) found loss of
heterozygosity at the nf1 locus in NF1-related pseudoarthrosis. We have observed that conditional osteoblast Nf1 knockout mice (Nf1ob-/-) develop cranial
asymmetry and unilateral proptosis of an eye which had not been noted or characterized in earlier work (6). The aim of these studies is to characterize the
cranial phenotype of Nf1ob-/- mice and to validate it as a model of SWD. Our ultimate goal is to identify bone-directed therapies that will block progression
of SWD in NF1. Unilateral proptosis of an eye is evident in Nf1ob-/- mice by approximately 10 weeks of age. Micro-CT of Nf1ob-/- mouse heads show a
progressive loss of craniofacial symmetry at the sphenoid bone and other cranial bones, in a manner similar to NF1. In these animals, the face appears
shorter with a deviation of the nasal bones, often leading to malocclusion. Notably, this phenotype is the result of conditional knockout of both Nf1 gene
copies in osteoblast cells, indicating a potential role for loss of heterozygosity in SWD. In addition we find no tumor involvement. Cranial bones are largely
conserved between mouse and human, however there are significant differences. Despite these morphological differences the similarities between human
SWD and Nf1ob-/- mouse cranial dysplasia are remarkable.There are currently no treatments known that block or slow the progression of SWD in NF1. We
have characterized a novel and relevant mouse model which recapitulates several key features of the phenotype of SWD. Using this mouse model we are
positioned to test the effects of currently approved, bone-targeting drugs on progression of the phenotype in the mouse mode.
Additional Authors: Shen, Z., Flannery, M., McHugh, K.P. (Beth Israel Deaconess Medical Center) and Fajardo, R.J. (University of Texas Health Science Center).
Funding Acknowledgements: The William F. Milton Research Fund
References: (1) Jacquemin, (2001) Neuroradiology; (2) Chapman, (2000) J Neurosurg; (3)Williams, (2009) Pediatrics; (4) Alwan, (2005) Clin Genet; (5)
Jacquemin, (2002) Am J Neuroradiol; (6) Elefteriou, (2006) Cell Metab
The role of neurofibromin in spine morphology and plasticity: Regulation of the NMDA receptor – Ras pathway by neurofibromin in dendritic spines
Ana Oliveira*#
Duke University Medical Center & University of Coimbra, Portugal
Learning disabilities severely reduce the quality of life of many NF1 children. Understanding the molecular processes of the malfunctioning of synapses
is crucial for the development of effective therapeutics for these learning disabilities. Neurofibromatosis type 1 is caused by a mutation in the NF1 gene.
Neurofibromin, the product of the NF1 gene, inactivates a signaling protein, Ras, which is required to change the shape and strength of synapses during
learning and memory. Recent studies have demonstrated that hyper-activation of Ras causes learning deficits in an animal model of Neurofibromatosis type
1. Here, we studied the molecular mechanisms by which NF1 regulates Ras activity and function of synapses. Ras proteins are activated by NMDA receptors
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during normal learning. Thus, our hypothesis is that neurofibromin regulates the function of synapses by inhibiting the activation of Ras through NMDA
receptors. Consistent with this hypothesis, our data shows that the number of synapses is reduced in neurons in which the level of neurofibromin is reduced.
To follow the molecular process of synaptic dysfunction promoted by neurofibromin removal, we have developed a technique to monitor the activation of
Ras and NMDA receptor in individual synapses. Using these new techniques, we will study how the activation of Ras and NMDA receptors are changed in
synapses of neurons with reduced levels of neurofibromin. We will also manipulate NMDA receptor and Ras signaling to further characterize the observed
effects. This study is expected to elucidate how neurofibromin regulates the activation of NMDA receptors and Ras to regulate the morphological and
functional properties of synapses. Therefore, this study should help decipher the molecular mechanisms of learning disabilities in neurofibromatosis type 1
patients and ultimately develop new therapeutics.
* Additional Authors: Yasuda, R.
Funding Acknowledgements: Children’s Tumor Foundation Young Investigator Award to AO; Portuguese Science Foundation.
# Current Children’s Tumor Foundation Young Investigator Awardee
Increasing YAP1 Expression in Malignant Gliomas
Brent A. Orr*
The Johns Hopkins Medical Institutions
Members of the hippo pathway determine organ size in mammals by regulating cellular differentiation, proliferation and survival. They have also been
implicated in tumor growth. The proximal mediator of the pathway is the well known tumor suppressor merlin, the protein product of the NF2 gene, while
distally the pathway regulates nuclear localization of the transcriptional coactivator, yes-associated protein 1 (YAP1). The goal of our study was to evaluate
expression of YAP1 in brain tumors, including those not classically associated with Neurofibromatosis Type II. Using immunohistochemistry, we found that
in nodular/desmoplastic medulloblastomas prominent YAP1 expression was present in the proliferative internodular areas characterized by high hedgehog
signaling, with reduced or absent staining within nodules. This is consistent with a recent report by Fernandez and colleagues (Genes Dev. 2009 Dec
1;23(23):2729-41) which found that hedgehog induces YAP1 in medulloblastomas, and validates our immunohistochemical technique. We next evaluated
a panel of 164 different primary human brain tumors of various subtypes and grades for nuclear YAP1 expression, and identified immunoreactivity in 54%.
All variants of medulloblastoma expressed YAP1, but as noted above the nodular variant was especially enriched for YAP1 immunoreactivity. Among glial
tumors, few grade I pilocytic astrocytomas showed YAP1 immunoreactivity (29%), but nuclear YAP1 was prominent in both oligodendroglial (100%) and
astrocytic infiltrating gliomas (97%). Interestingly, in these tumors the percentage of cells with nuclear YAP1 rose with increasing grade. We have confirmed
YAP1 expression in several glioblastoma neurosphere lines by Western blot. Our findings support the link between the hippo and hedgehog pathways in
medulloblastoma, and suggest a role for the downstream mediator YAP1 in infiltrating gliomas. We are currently overexpressing and knocking down YAP1 in
glioblastoma neurosphere lines in order to determine its functional role in malignant gliomas.
* Additional Authors: Bai, H., Anders, R.A., Eberhart, C.G. (The Johns Hopkins Medical Institutions)
Complete Spontaneous Regression of Optic Pathway Glioma in NF1
Cleo Park*
St. Joseph’s Hospital and Medical Center
NF1 is a neurocutaneous disorder in which patients are at risk for developing tumors in the central nervous system (CNS) and peripheral nervous system
(PNS). About 10-15% of patients with NF1 develop optic pathway gliomas. Here we report a patient with a large, contrast enhancing optic pathway glioma
documented by MRI that spontaneously and completely regressed over a period of 6 years. We summarize previous reports of such spontaneous regression
of CNS tumors in NF1, and review what is currently known of the natural history and current management of optic pathway gliomas both in NF1 and non-NF1
related cases.The patient is an 8 year old female who at age 2 was diagnosed with NF1. Her first MRI was done shortly after she was diagnosed. It revealed
enlargement both optic nerves with signal changes consistent with optic pathway gilomas. There was a second lesion in the right mesial temporal region,
arising from the right posterior region of the optic chiasm, with heterogeneous enhancement and mass effect causing slight bowing of the third ventricle. She
was asymptomatic. Due to the size of this lesion along with the characteristic low T1 signal and high T2 signal, the possibility of this being a juvenile pilocytic
astrocytoma was considered. However, the family failed to keep subsequent appointments and was lost to follow up for five years. In the interim, 3 years
after the first scan, the patient had a second MRI at a different institution. When compared to the first MRI, the mesial temporal lesion was described as
“markedly improved”. Upon return to our clinic, at age 8 years, another MRI was obtained and it showed a complete resolution of the right medial temporal
lesion and an unchanged appearance to the optic pathway gliomas.
* Additional Authors: Karis, J. (Barrow Neurological Institute) and Narayanan, V. (St. Joseph’s Hospital and Medical Center).
Identification and Characterization of the Secretome in Neurofibromatosis Type 1 Tumors
Su-Jin Park
Charité-Universitätsmedizin Berlin
The defining feature of NF1 is the predisposition to develop numerous tumors, mostly cutaneous neurofibromas (cNF) and plexiform neurofibromas (PNF)
which may develop in malignant peripheral nerve sheath tumors (MPNST). Early presymptomatic MPNST diagnosis, assessment of overall tumor burden
and follow-up of tumor development to assess therapeutic efficacy is currently problematic. Therefore a systematic search for possible serum markers
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based on tumor expression of secreted proteins could reveal specific serum markers. The aim of our study was to determine and correlate the profile of
circulating molecular markers for the differential diagnosis of benign tumor load (PNF and cNF) and malignant tumorigenesis. This search was performed with
customized quantitative protein arrays on tumor explants culture supernatants and from serum samples from NF1 patients with different tumors and healthy
controls. The analysis comprised 20 candidate proteins selected for the GO terms related to cell proliferation, cell migration, angiogenesis and tumorigenesis.
20 patients with PNF and 20 patients with MPNST were analyzed. The tumor load for each patient was determined by MRT-based volumetry. Results show
correlation between serum profiles of at least two secreted proteins and the presence of a plexiform neurofibroma or MPNST. Several markers distinguish
between NF1 patients with MPNST and PNF, respectively. The variability of marker concentrations within each group and was associated with clinical data
for each patient. We propose that our data analysis of secreted factors from neurofibromas may support early detection of MPNST before clinical symptoms
arise, and may also be useful for post treatment follow up.
Additional Authors: Holtkamp, N., Harder, A., Reinke, P., Stachelscheid, H. (Charité-Universitätsmedizin Berlin); Kluwe, L., Mautner, V.F. (University Medical
Center, Hamburg-Eppendorf); Kurtz, A. (Charité-Universitätsmedizin Berlin and and Seoul National University).
Funding Acknowledgements: Department of Defense CDMRP NF Research Program Award to AK.
Removal of cutaneous neurofibromas with carbon dioxide laser
Sirkku Peltonen*
University of Turku
Cutaneous neurofibromas constitute a major disease burden of the adult NF1 patients, and the impact of the cosmetic features on quality of life has
been recognized. Because cutaneous neurofibromas do not carry a risk for malignant transformation, tumor removal using laser technique is safe, even
if histological analysis of the tumor cannot be carried out. Laser technique is also timesaving, and dozens of neurofibromas can be removed at one
appointment. Cutaneous neurofibromas have been operated in local anesthesia using carbon dioxide laser in the Department of Dermatology, Turku University
Hospital since year 2000. We evaluated the medical records of 23 NF1 patients who had undergone laser surgery for neurofibromas. Fourteen patients had
been treated more than once. Altogether about 350 neurofibromas had been removed, and of them two hundred were on the trunk and 100 on the face or
neck. The diameter of the tumors varied from 1-2 mm to 2-3 cm. A special operation technique was developed to remove neurofibromas which were not
protruding, in order to achieve total removal but minimal damage to the healthy skin. Only two patients had to return for a revisit because of complications:
one with an infection and one with excess granulation tissue in the wound. A satisfaction questionnaire was sent to the patients who had had laser surgery for
neurofibromas. The survey revealed that the two equally important motivations for the operation were tenderness and esthetic reasons. Scar formation varied
individually and depending on the treated area. However, the patients were satisfied with the results and only one patient preferred traditional surgical operation
over laser. These results suggest that choosing carbon dioxide laser to remove cutaneous neurofibromas should be promoted in centers where the equipment
is available
* Additional Author: Peltonen, J. (University of Turku).
Genomic architecture of sporadic and NF1-associated glomus tumors
Alexander Pemov*
National Institutes of Health, National Human Genome Research Institute
Glomus tumors are painful benign tumors of the glomus body, a thermoregulatory shunt located in the fingertips. They present with a triad of hypersensitivity
to cold, severe paroxysmal pain and focal pain in the fingertip. We recently reported that NF1-associated glomus tumors arise from bi-allelic inactivation of
the gene NF1. To further investigate the biology of these tumors, we performed analysis of the genomic architecture in two sporadic and three NF1-associated
glomus neoplasms using high-resolution Illumina SNP-CGH microarrays. DNA was collected from primary cell cultures that were established from dissected
glomus tumors. DNA samples were processed and hybridized to the Illumina HumanOmni1-Quad microarrays. White blood cell DNA was used as germline
control in NF1-associated glomus tumors (germline DNA for the patients with sporadic glomus tumors was unavailable). Analyses of copy number variants
(CNV) and loss of heterozygosity (LOH) regions were done using cnvPartition (Illumina) application. Every putative CNV or LOH region from NF1-associated
tumors was compared to its matching germline DNA sample. For the sporadic tumors, where control germline DNA was unavailable, normal copy number
for each region was assumed to be 2 and deviation from that was considered as copy number loss or gain. We scanned the genomes of five glomus tumors
and found 66 CNV regions shared by at least four out of five tumors. Seventy four per cent of the CNVs were deletions, ~24% of the CNVs were mixed (copy
loss in some tumors and copy gain in others), and the remainder were CNVs with a copy gain. Sixty five per cent of CNVs were deletions spanning 5’-end of a
gene (1st exon and/or 5’-UTR and/or promoter of a gene). The size of the majority of the CNVs (~73%) was less than 1 Kb. Our analysis shows that glomus
tumors are associated with copy number variations at multiple loci. The fact that these CNVs are shared by 80% of the tumors in the sample set may point to
functional importance of these variations in tumor formation. We note that the majority of these CNVs are deletions spanning 5’-ends of genes that may result
in inactivation of these genes.
* Additional Authors: Beert, E., Legius, E. (Catholic University Leuven) and Stewart, D.R. (NHGRI).
Funding Acknowledgements: National Human Genome Research Institute Intramural Research Program.
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Custom designed oligonucleotide microarray for profiling copy number alterations on 22q in Schwannomatosis patients lacking SMARCB1 and NF2
mutations
Arkadiusz Piotrowski*#
University of Alabama at Birmingham and Medical University of Gdansk, Poland
Schwannomatosis is a genetic disorder which is manifested by multiple peripheral schwannomas and, at the same time, absence of VIII cranial nerve tumors.
Molecular background of Schwannomatosis patients includes mutations in the SMARCB1 and NF2 genes, of which the former is considered to be the main
casual factor. However, about 2/3 Schwannomatosis patients (including familial and sporadic cases) have no mutations in either of these genes in the
peripheral blood DNA. Since copy number aberrations constitute one of the routes by which SMARCB1 and NF2 genes are inactivated in Schwannomatosis,
we hypothesized that there might be cryptic copy number changes in the non-coding regions of these genes or in other loci on chromosome 22. To test this
hypothesis we have designed and experimentally validated an array which consists of 40305 oligonucleotides (45220 including control features), and spans
the following chromosomal regions at varying resolution (<100 bp - 10kb), depending on the region of interest:

	
  

	
  

(The above figure is based on UCSC genome browser image.). Using comparative genomic hybridization we are currently applying this array to test a series of
37 patients (characterized by absence of vestibular schwannomas by MRI and presence of multiple schwannomas) with no germline mutation in the SMARCB1
and NF2 genes, including 6 familial cases.
Additional Authors: Poplawski, A., Yao, S., Messiaen, L. (University of Alabama at Birmingham).
Funding Acknowledgements: Children’s Tumor Foundation Young Investigator Award to AP.
# Current Children’s Tumor Foundation Young Investigator Awardee.
Surgical Management of the Paralyzed Face in Patients with NF2
Scott R. Plotkin*
Harvard Medical School/Massachusetts General Hospital
Facial weakness is a common and devastating complication of neurofibromatosis 2 (NF2). Weakness can occur by direct compression of the facial nerve
by tumors in the internal auditory canal or through post-operative complications of vestibular schwannoma resection. Although facial paralysis is treatable,
surgeons have been reluctant to operate on NF2 patients due to the multiplicity of tumors and their bilateral location. We review our clinical experience with
gracilis free-tissue transfer for the purpose of facial reanimation in patients with NF2. We retrospectively reviewed the charts of patients with NF2 and complete
unilateral facial paralysis who underwent facial reanimation in the Facial Nerve Center at the Massachusetts Eye and Ear Infirmary. We reviewed charts and
operative reports and reported treatment details and functional outcomes. Five patients were treated between 2006 and 2009, including three men and two
women. The age of presentation of debilitating facial paralysis ranged from 13 to 50 years old. All patients were treated with a one-stage free gracilis muscle
transfer for smile reanimation. Each obturator nerve of the gracilis was coapted to the masseteric branch of the trigeminal nerve. Measurements of relative
excursion of the oral commissure between the re-animated and the unaffected side revealed near-symmetric smiling movement in all cases after surgery. In
conclusion, management of facial paralysis in patients with NF2 is oftentimes overlooked when defining a care plan. The paralyzed midface may be treated
successfully with single-stage free gracilis muscle transfer in the motivated patient.
* Additional Authors: Vakharia, K.T., Cheney, M., Hadlock, T. (Massachusetts Eye and Ear Infirmary).
Impact of Attention Deficit/Hyperactivity Disorder on the Cognitive Phenotype of NF1
Natalie Pride* (Dr. Jonathan Payne will present poster on behalf)
Children’s Hospital at Westmead, University of Sydney
NF1 is associated with an increased incidence of neuropsychological deficits. Attention deficit-hyperactivity disorder (ADHD) occurs in 30-40% of children
with NF1, presenting additional risk for cognitive impairment. This study examined the impact of an additional diagnosis of ADHD on the cognitive phenotype
of children with NF1. We also sought to determine whether the academic underachievement that often accompanies NF1 is exacerbated by inattention and
executive dysfunction. Univariate analysis of data from a large cohort of children with NF1 and ADHD (n=63) and NF1 only (n=135) revealed that the presence
of ADHD in children with NF1 exacerbates the cognitive phenotype, primarily in the areas of attention, executive functional abilities, and working memory.
Backwards elimination linear regression results suggested that at least some of the academic difficulties experienced by children with NF1 are due to deficits
in executive functional abilities, ADHD behavioral symptoms, and an inability to inhibit and shift their attention. Thus behavioral and medical therapies for ADHD
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may lead to more generalized improvements in cognitive function in children with NF1 and systematic clinical trials are warranted.
* Additional Authors: Payne, J.M., North, K.N. (Children’s Hospital at Westmead, University of Sydney).
The Neurofibromatome (Neurofibromin, S100 Proteins, Ras, p53) and the Initiation of Neurofibromas from Haploinsufficient Schwann Cells
Vincent M. Riccardi
The Neurofibromatosis Institute
A generalized cancer model of NF1 leads some authors to ignore the role of haploinsufficiency (HI) in the pathogenesis of some NF1 features (learning
disabilities, decreased muscle strength). Even though loss of both NF1 alleles has not been unequivocally established for all NF1 neurofibroma Schwann cells
(SC), most cancer-oriented authors presume that NF1 neurofibroma initiation requires SC diploinsufficiency (DI). One serious problem is that neurofibromas
in different phases of development (i.e., ignoring the age of the lesion and/or age of the patient) have been incorrectly presumed to be in the same phase
of progression. I here demonstrate that DI likely develops only later in neurofibroma development and that in both the HI and DI phases all four elements of
the Neurofibromatome are responsible for the origin and progression of neurofibromas arising in large and medium-sized peripheral nerves. I emphasize
that the therapeutic targets for such neurofibromas are both the NF1 HI SC as well as the NF1 DI SC, especially in the early phases of the disease. Phase
0 (Baseline): ordinary Axon-SC interaction in a developing or mature peripheral nerve. Phase 1 (Initial Disruption): compromised Axon-SC interaction
due to mechanical, hypoxic or toxic insults, leading to localized inflammation mediated by RAGE, multiple S100B and S100A proteins, p53, etc. Phase 2
(Incipient Neurofibroma): extensive additional mast cell (MC) infiltration and inflammation at the site of Axon-SC disruption. Phase 3 (Normoxic Nonclonal
Neurofibroma): aggravated inflammation with proliferation of NF1 HI SC, fibroblasts, MC and excessive intercellular collagen and mucopolysaccharides –
wound-healing gone awry. Phase 4 (Hypoxic Nonclonal Neurofibroma): localized alternating hypoperfusion and hyperperfusion, with the additional stress
of reactive oxygen and reactive nitrogen species, further aggravating Phase 3. Phase 5 (Schwann Cell Clonal Neurofibroma): the clonal DI SC adds to
the proliferation of HI SC, the former affording some stress relief. Phase 6 (Early Atypical Neurofibroma): the aggravating effects of SC Ras hyperactivity
combined with a dampening of p53 function bring SC cooperativity to its limit. Phase 7 (Late Atypical Neurofibroma): SC semiautonomy is apparent in
excess cellularity and further compromise of energy metabolism and p53 dysfunction. Phase 8 (Neurofibrosarcoma): a portion of DI SC become autonomous
(malignant) and, with the loss or dysfunction of p53, undergo widespread chromosomal rearrangements, failure of apoptosis and invasiveness.
Using the Nf1 -/+; Trp -/+ cis Model to Screen for and Investigate New Therapies for NF1
Anthony Rizzo*
National Institutes of Health, National Cancer Institute-Frederick
Astrocytoma/glioblastoma is the most common malignant form of brain cancer and is often unresponsive to current pharmacological therapies and surgical
interventions. Despite several potential therapeutic agents against astrocytoma and glioblastoma, there are currently no effective therapies for astrocytoma,
creating a great need for the identification of effective antitumor agents. We developed a novel dual-reporter system in Trp53/Nf1- null astrocytoma cells to
simultaneously and rapidly assay cell viability and cell cycle progression as evidenced by the activity of the human E2F1 promoter in vitro. The dual-reporter
high-throughput assay is being used to screen a number of compound libraries ranging from reasonably well understood compounds to uncharacterized
natural products. The Library of Pharmaceutically Active Compounds (LOPAC-1280), which contains a variety of compounds that are currently approved and
used to treat conditions ranging from intestinal discomfort, to depression, to cancer was one the first libraries analyzed by this assay. Several compounds,
and classes of drugs, not indicated in the treatment of cancer have been identified as ‘hits’—demonstrating cytostatic effect—in our model. Furthermore, we
have stratified our hits by compound classes and function to identify target cellular pathways for the development of future antitumor agents. We are in the
process of validating the cytostatic activity of these hits through a panel of astrocytoma cell lines compared to primary astrocytes. This secondary screen,
coupled with a mouse tumor model could be used as a method of identifying potential novel applications of these drugs to treat astrocytoma.
* Additional Authors: Hawes, J., Henrich, C., Wilson, J.A., Thomas, C., Wamiru, A., Evans, J., Goncharova, E., Beutler, J., Reilly, K.M. (National Cancer
Institute-Frederick)
Funding Acknowledgements: Jennifer and Daniel Gilbert Neurofibromatosis Institute at Children’s National Medical Center.
Fluorescence in situ hybridization testing for KIAA1549:BRAF fusion in NF1-associated and sporadic pilocytic astrocytoma
Fausto J. Rodriguez*
Mayo Clinic College of Medicine
Pilocytic astrocytoma (PA) is the most frequent primary brain tumor arising in the setting of NF1. Although histologically similar, NF1-associated and
sporadic PA demonstrate biologic differences, given the more indolent behavior of NF1-associated tumors and variations in anatomical sites of origin. Recent
studies have demonstrated that the majority of sporadic PA demonstrate a tandem duplication of BRAF resulting in a KIAA1549:BRAF fusion, both genes
located in chromosomal arm 7q. Similar studies have highlighted the absence of BRAF aberrations in NF1-associated PA. In this study we explored the
utility of fluorescence in situ hybridization (FISH) to evaluate for KIAA1549:BRAF in NF1-associated and sporadic PA. PAs obtained from tissue microarrays
including 24 sporadic PA and 9 NF1-associated PA were tested using a dual FISH color strategy with custom designed probes targeting KIAA1549 and BRAF.
KIAA1549:BRAF fusion was absent in all 9 (100%) NF1-associated tumors. In contrast, KIAA1549:BRAF fusions were detected in approximately half of
sporadic PA. Our results confirm prior findings of KIAA1549:BRAF fusion absence in NF1-associated PA. This suggests that KIAA1549:BRAF and NF1 loss
represent alternative, mutually exclusive mechanisms for activation of ERK/MAPK signaling in PA.
* Additional Authors: Flynn-Gilmer, H.C., Jenkins, R.B.
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Funding Acknowledgements: Supported in part by Grant Number 1 UL1 RR024150 from the National Center for Research Resources (NCRR).
Diffusion Tensor Imaging Assessment in Children with NF1
Tena Rosser*
Childrens Hospital Los Angeles, USC Keck School of Medicine
Histopathologic studies and various neuroimaging modalities have demonstrated increased water content in the myelin of children with neurofibromatosis
type 1 (NF1), particularly in areas involving T2-weighted hyperintensities (T2H). 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) using DTI in children with and without NF1. Methods: Retrospective analysis of conventional T2/FLAIR and DTI brain MRIs in
12 children (8 males, 4 females) with NF1 ages 22 months to 15 years (mean 6.1 years) was performed. ADC and FA were measured in 11 standardized
regions of interest (ROI). T2H were present in seven NF1 patients and were also evaluated. Comparison was then made to corresponding ROI in agematched controls (mean 5.3 years). Results: Using t-tests, significantly increased ADC values (p < 0.05) were found in children with NF1 in the caudate,
putamen, globus pallidus (GP), internal capsule (anterior/posterior), thalamus, frontal white matter, frontal gray matter and parieto-occipital white matter
but not in the genu or splenium. No significant differences were found in the FA values between the NF1 and control populations except in the splenium
(p = 0.0089). No global differences were detected between right-left measurements. Seven NF1 subjects had T2H in a variety of locations. 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.
Conclusions: ADC values were significantly higher in white matter, gray matter and T2H in children with NF1. Thus, DTI reveals global microstructural
changes suggestive of increased brain water content in NF1. This finding likely has important implications for understanding the intracranial abnormalities
and cognitive dysfunction see in individuals with NF1.
* Additional Authors: Tavare, J., Panigrahy, A. (Childrens Hospital Los Angeles, USC Keck School of Medicine).
Astrocytic Hamartoma of the Optic Nerve and NF2
A.D. Rothner*
Cleveland Clinic Foundation
Objective: To describe an unusual ophthalmologic manifestation of NF2. To review ophthalmologic manifestations of NF2. An eight year-old female was
diagnosed with NF1 at the age of 13 months. The Eight Café au Lait Macules (CALM) led to this diagnosis. Neuroimaging was normal. Ocular exam was
normal. At age five, a dilated eye examination revealed optic disc drusen overlying the inferior optic disc and an Epiretinal membrane (ERM) overlying the
macula. At age eight the drusen took on a grayish-white chalky appearance, with inferior retinal nerve fiber layer (RNFL) thickening, and extension past the
optic disc margin. These findings were consistent with a diagnosis of astrocytic hamartoma of the optic disc. Ocular coherence tomography (OCT) of both
eyes confirmed the ERM in the right eye and revealed the presence of vitreomacular traction from the posterior hyaloids with a large vitreous condensation.
A MRI of the brain and spinal cord revealed bilateral enhancing masses at the internal auditory canal, consistent with bilateral vestibular schwannomas. A
diagnosis of NF2 was made. Genetic testing confirmed the diagnosis. Ophthalmological abnormalities are well recognized in NF2. Ocular symptoms may be
the initial finding and lead to the diagnosis. In a prospective series of 15 young patients with NF2 by Meyers et al, cataracts were found in 11 patients (73%),
ERMs in 12 patients (80%) and combined pigment epithelial and retinal hamartomas (CPERH), optic nerve glioma, and optic nerve meningioma each in one
patient. Others findings included diplopia and paretic strabismus secondary to cranial nerve tumor growth with subsequent palsies, neurotrophic keratopathy
associated with seventh nerve palsy, papilledema, optic atrophy, intraocular schwannomas, vitreoretinal degeneration with retinal detachment, nystagmus,
amblyopia, and lid function disturbances. We were unable to find additional reports of astrocytic hamartoma of the optic nerve in patients with NF2. We
believe this to be a novel type of glial proliferation not previously reported. In conclusion, ocular symptoms and ophthalmological abnormalities are frequent
in NF2. They may be the initial presenting symptom. A thorough ophthalmological examination, may lead to an earlier specific diagnosis of NF-2. Ultrasound
and OCT may be quite valuable. Careful, repeated follow up examinations are often needed before a diagnosis can be made.
Additional Authors: Traboulsi, E.T., Hayden, B.C., Moodley, M., Rychwalski, P.J., Sachdeva, R. (Cleveland Clinic)
Café au Lait Macules (CALM) in NF2
A. D. Rothner
Cleveland Clinic Foundation
CALM are major diagnostic features of NF1. Their presence has been noted in NF2, but only rarely studied. We review a documented case of NF2 initially
misdiagnosed as NF1 due to the presence of 8 CALM. We reviewed our series of NF2 patients, and the NF2 literature to ascertain the frequency of CALM
in NF2. Details of a child with NF2 are presented. Our series of 25 children with NF2 was reviewed, looking closely at the number of CALM at presentation.
The children/adolescent (C/A) NF2 literature was surveyed to ascertain the frequency of CALM. A female was diagnosed with NF1 at the age of 13 months.
Eight CALM were noted. MRI and eye exams were normal. At age eight, an ocular lesion previously diagnosed, as drusen took on a grayish-white chalky
appearance, with inferior retinal nerve fiber layer (RNFL) thickening. These findings were consistent with a clinical diagnosis of astrocytic hamartoma
of the optic disc. MRI of the brain and spinal cord revealed bilateral enhancing masses at the internal auditory canal consistent with bilateral vestibular
schwannomas. A diagnosis of NF2 was made and confirmed by genetic testing. In our series of C/A with NF2, 9/25 had CALM, most had 1-2 macules;
one had 5 macules. Ruggieri et al, 8/24 had CALM. The authors felt that the CALM in NF2 were more irregular and paler. Asthagiri et al stated that 33-45%
of patients had CALM, but ‘they are often (single) and inconspicuous.’ Parry et al review of 63 patients noted CALM in 47.5%, 4 had 3, 5 had 4, and 1 had
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8. The majority of, but not all, patients with 6 or more CALM will eventually meet criteria for NF1. Median age for the presence of 6 CALM was 33 months.
CALM have been reported in a wide variety of mendelian disorders, including: McCune Albright syndrome tuberous sclerosis, fanconi anemia, Bloom
Syndrome, ataxia telangiectasia, Russell-Silver syndrome, multiple lentigines (LEOPARD) syndrome, multiple endocrine neoplasia type 2b, and BannayanRiley-Ruvalcaba syndrome.The histology of CALM in NF-2 seems similar to those seen in NF1.
* Additional Authors: Moodley, M., Zurker, V.L., Sachdeva, R. (Cleveland Clinic)
Nerve gene expression patterning in NF1 mouse models
A. D. Rothner*
Cleveland Clinic Foundation
To provide additional data regarding HA in C/A with NF-1.Todetermine if NF-1 patients with abnormal MRI’s have a higher frequency of HA then those
patients with normal scans. NF-1 is an autosomal dominant disease associated with both CNS and systemic disorders that predispose to HA. These
disorders include tumors, vascular abnormalities, hypertension secondary to renal artery stenosis, and pheochromocytoma. Although HA are thought to be
more frequent in patients with NF-1, the data is limited and contradictory. A literature review of HA in patients with NF-1. Review of 200 patients positively
diagnosed with NF-1 in Cleveland Clinic between ages 6-18 years. Telephone interviews clarified data when necessary. MRI scans were reviewed. The HA
frequency in those with normal scans were compared to those with abnormal scans. The literature suggests that 15-30% of patients with NF-1 have HA.
These frequencies do not differ significantly from population controls.
Of our 200 pts / avg age 12.9 years, M/F=114/86, 138 experienced No HA. 62 (31%) had HA (M/F=37/25). 31 (15.5%) were episodic migraine, 19 (9.5%)
TTH, 8 (4%) Chronic Daily HA, 4 (2%) mild HA.
Evaluation of MRI scans, 112 normal, 61 abnormal, and 27 insufficient data. There was an insignificant increased frequency of HA in patients with abnormal
scans. We concluded that the NF-1 population is no more subject to headaches than the general population. Headache is not a direct result of the systemic
or intracranial effects of NF-I both in the overall NF-1 population and in those patients with specific MRI scan abnormalities. Despite our findings, if a patient
presents with symptoms of increased intracranial pressure, hypertension, progressive neurological disease, and/or focal neurological abnormalities on
neurological exam, further imaging and investigation is warranted.
* Additional Authors: Daniel Elefant, Research Assistant
A model of local double inactivation of NF1 in mouse fracture healing
Aaron Schindeler*#
Children’s Hospital at Westmead, University of Sydney
Congenital tibial dysplasia (CTD) involves bowing and weakness of the tibia that leads to fracture and poor subsequent bone healing. CTD and scoliosis are
key diagnostic features of the autosomal dominant genetic condition NF1. Based on some compelling new evidence that CTD is associated with local double
inactivation of NF1, we are developing advanced murine systems to model the genetics of Nf1 inactivation in mice. We have previously shown deficient bone
healing in the Nf1+/- mouse. We are currently developing a more advanced model of CTD capable of modelling the double-inactivation of Nf1 in vivo. This
model uses a Cre expressing adenovirus (Ad-Cre) to induce local gene deletion in Nf1flox/flox or Nf1flox/- mice. In the context of fracture healing, local cells
transduced with the virus will be double-inactivated, and we expect the formation of a non-union. Cultured bone marrow cells exposed to the Cre-expressing
adenovirus are efficiently transduced and PCR confirms that Nf1 is indeed deleted. Similarly, Nf1flox/flox mice treated with Ad-Cre at the fracture site have
Cre mediated Nf1 deletion as determined by PCR on genomic DNA and Cre immunostaining on tissue sections. Mice from the Cre-responsive Z/AP reported
strain, show reporter expression in healing fractures following Ad-Cre injection. Functionally, Nf1flox/flox mice locally injected with Ad-Cre on the day of
tibial fracture surgery remain not united when examined by X-Ray and microCT at 3 weeks post-fracture. Histologically, the non-union is characterised by
a fibrous plug at the fracture site accompanied by a small amount of cartilage. We hypothesise that the local deletion of Nf1 at the fracture prevents the
differentiation of pre-osteoblasts, and cellular contributors to fracture healing remain undifferentiated and fibrotic. These data indicate that local deletion of
Nf1 at the fracture site can have a direct and causal impairment of fracture healing. Future studies are aimed at testing novel therapies that will specifically
improve fracture healing in CTD.
* Additional Authors: El-Hoss, J., Peacock, L., Mikulec, K., Morse, A., Little, D.G.
Funding Acknowledgements: Children’s Tumor Foundation Young Investigator Award to AS; NHMRC Australia Project Grant #512245.
# Current Children’s Tumor Foundation Young Investigator Awardee.
Merlin inhibits neurite outgrowth in the central nervous system
Alexander Schulz*
Institute of Age Research, Fritz-Lipmann-Institute
The NF2 gene product merlin is known to provoke gliogenic tumours as a result of its mutagenic loss. Merlin’s physiological anti-mitogenic function
makes it unique among its ezrin-radixin-moesin (ERM) family members. While ERM proteins and merlin are known to be expressed in glial cells of the
peripheral and central nervous system (CNS), merlin’s neuronal expression pattern and function have been less well investigated. We report for the first
time a relevant merlin function in process formation in developing and mature neurons. Within cerebellar Purkinje cells (PCs), merlin was localised in the
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soma, sprouting dendrites and axons. Merlin expression in PCs was high during the period of initial dendrite regression and declined during later phases of
dendrite elongation. Consistently, merlin expression in vivo was increased in Engrailed-2-overexpressing PCs, which are characterised by a reduced dendritic
extension. Furthermore, overexpression of merlin in dissociated forebrain and cerebellar cultures and in neurogenic P19 cells caused a significant inhibition
of Rac signalling and decline in neurite outgrowth, while conversely inhibition of merlin expression increased process formation. This effect on dendrite
development was dependent on merlin phosphorylation status. We thus provide evidence that merlin plays a pivotal role in controlling the neuronal wiring in
the developing CNS.
* Additional Authors: Geissler, K. J. (Fritz-Lipmann Institute), Kumar, S., Baader, S.L. (University of Bonn), Leichsenring, G. (University of Jena), Morrison,
H. (Fritz-Lipmann Institute, University of Jena)
Funding Acknowledgements: German Research Foundation grant SFB 604 and Deutsche Krebshilfe grant 107089 (both to H.M.)
Identification of copy number changes affecting the SPRED1 gene using Array CGH
Emily Spencer*
University of Alabama at Birmingham
Legius syndrome (aka NFLS [OMIM 611431]) was identified by Brems et al in 2007 as phenotypically similar but genetically distinct from Neurofibromatosis
Type 1. The phenotype consists of café-au-lait macules, axillary freckling and macrocephaly. Minor lesions in SPRED1 (15q14) have been identified using
genomic as well as cDNA based sequencing while deletions have been found using RT-PCR, Array Comparative Genomic Hybridization (aCGH), Quantitative
PCR (qPCR) and Multiplex Ligation-dependent Probe Amplification (MLPA). Using aCGH and MLPA we identified two patients carrying a deletion spanning
~6MB of Chromosome 15 [(15q14(31,745,910-37,000,416)X1 and 15q13.3q14(30,965,692-37,586,958)X1] . Patients presented with multiple CALM
and cleft palate. Review of the literature revealed reported large deletions containing 15q14. Patient descriptions mostly included cleft lip/palate and always
included developmental delay, with no mention of CALM or other pigment phenotype. The incidence of developmental delay is not surprising given the
large sizes (and many genes affected) of these deletions, however SPRED1 was not previously mentioned in the reports as a candidate gene to explain
the developmental delay in these individuals. Our recent advancements in the understanding of the phenotype associated with Loss of Function SPRED1
mutations may help to explain some features of the phenotype observed in patients carrying a 15q14 deletion.
* Additional Authors: Mikhail, F., Messiaen, L. (University of Alabama at Birmingham), Bellus, G. (Denver Children’s Hospital).
Sonographic monitoring of PNF-xenografts in mice
Melanie Spyra*
University Medical Center Hamburg-Eppendorf
Small pieces of plexiform neurofibroma (PNF) xenografted onto the sciatic nerve of nude mice can remain vital for at least 60 days, providing an in vivo
model for drug treatment. However, the xenografts are small (< 2 mm) and are deep under the muscle layer, and thus can not be monitored without
sacrifying the animals. To solve this problem, we evaluated the application of high-frequency-ultrasound-based digital imaging with a lateral resolution
of 30 micrometer as a non-invasive method to assess the size of the PNF xenografts. With the in vivo micro imaging system Vevo 770, a measurement
takes approximately 10 min while the mice are anaesthetized. Multiple section measurement enables three-dimensional reconstruction of the xenograft and
provides precise informations about size and volume. Furthermore, intra-xenograft structure can be visualized. For example, we were able to observe a
structure boundary around the tumour which likely corresponds to the inflammatory area (Figure below). Sonographic measurement of PNF-xenografts is
especially suited for monitoring effects of drug-treatment. Ultrasound measurement of a xenografted PNF tumour fragment at 7 (left) and 60 (upper right)
days after implantation. Lower left: Red represents the core tumour implant while the green area may correspond to the inflammatory areas around the
implant. Lower right: Tumour volume measured weekly and calculated using five different definitions of the boundary.
Additional Authors: Gleiss, J., Eschenhagen, T., Demestre, M., Kluwe, L., Mautner, V.F.
Funding Acknowledgements: US Department of Defense CDMRP NF Research Program Award (W81XWH-06-1-0280 and W81XWH-07-1-0359).
Mutant Isocitrate Dehydrogenase 1 immunohistochemistry is not useful in identifying low grade astrocytoma in NF1 patients		
Anat Stemmer-Rachamimov*
Harvard Medical School / Massachusetts General Hospital
Gliomas are the most common malignancy of the central nervous system in neurofibromatosis type 1 (NF1) patients. Most are pilocytic astrocytomas
(PAs) (WHO grade I), but diffuse astrocytomas (WHO grade II-IV) also occur. Recently, isocitrate dehydrogenase 1 (IDH1) mutations have been shown in
40%-70% of low grade and high grade infiltrating sporadic (non-NF1) astrocytomas (1). The most common IDH1 mutation involves a change of arginine
to histidine in codon 132 (R132H) for which an antibody has recently been developed. IDH1 was shown to be a reliable marker in distinguishing sporadic
(non-NF1) low grade astrocytomas from reactive astrocytosis, by mutation analysis or immunohistochemistry (2-3). The distinction between low grade
infiltrating astrocytomas and gliosis with scattered atypical cells is particularly relevant in NF1 in which scattered atypical cells may be seen in the white
matter. To evaluate the utility of the mutant IDH1 immunohistochemistry as a marker for low grade astrocytoma in the setting of NF1, six surgical specimens
of diffuse low grade astrocytomas from NF1 patients were retrieved from the pathology archives at the Massachusetts General Hospital. PAs were excluded
due to known low incidence of IDH1 mutation (1). The slides were reviewed by two pathologists (SCP & ASR) to confirm the diagnosis. Mutant IDH1
immunohistochemistry was performed following previously published protocol (3) with positive and negative controls. All six diffuse infiltrating NF1–
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associated astrocytomas were negative for the mutant IDH1 antibody. Our study shows that in contrast to previously published studies in sporadic (non
NF1) gliomas, mutant IDH1 expression is not present in NF1-associated low grade astrocytomas. Therefor in the NF1 patient, mutant IDH1 expression is not
helpful for distinguishing low grade gliomas from reactive astrocytosis. Furthermore, IDH1 may not be involved in gliomagenesis in NF1 patients or in the
small subset of sporadic gliomas with NF1 alterations (4).
* Additional authors: Camelo-Piragua, S., Plotkin, S.
References: 1. Yan H et al. N Engl J Med. 2009 Feb 19;360(8):765-73; 2. Horbinski C et al. J Neuropathol Exp Neurol. 2009 Dec;68(12):1319-25 ; 3.
Camelo-Piragua S et al. Acta Neuropathol. 2010 Jan; 4. Verhaak, RGW et al. Cancer Cell, 2010, Jan 19; 17:98-110.
JNK inhibitor SP600125 promotes osteogenic differentiation in NF1-deficient cells
Kate Sullivan*
The Children’s Hospital at Westmead, University of Sydney
NF1 is an autosomal dominant disorder with a complex series of characteristic symptoms, each with limited penetrance. The skeletal manifestations of NF1
include scoliosis, tibial dysplasia/pseudarthrosis, and systemic osteopenia. Orthopaedic operations are challenging in these patients as in vitro studies have
indicated a decreased potential for osteoblastogenesis and an increased potential for osteoclastogenesis. NF1 encodes for the neurofibromin gene, which is
a negative regulator of Ras signaling. Thus Ras activity is likely to be important to the modulation of bone cell differentiation and function. The canonical Ras
signaling pathway has mitogen-activated protein kinase (MAPK) as its downstream target. MAPK activity has previously been shown to be upregulated in
NF1-deficient skeletal tissues. However, elevated Ras activity has the potential to affect other related pathways including c-Jun N terminal kinase (JNK), and
this has been shown in the microglia of Nf1+/- mice. JNK signaling has also been linked to fibrosis, and NF1 is also seen as a fibrotic disorder. Thus we
have speculated that a Ras-JNK axis may contribute to the NF1 bone phenotype. To test the role of JNK signaling in normal and NF1-deficient osteogenesis,
we have adopted an in vitro approach. Cell lines and primary bone marrow stromal cells (BMSCs) were differentiated under osteogenic conditions and
treated with and without the JNK inhibitor SP600125. Co-treatment with bone morphogenetic protein-2 (BMP-2) was also trialed. In cell lines, JNK inhibition
had a pro-osteogenic effect as measured by enzymatic assays, matrix mineralization, osteogenic gene expression, and protein marker analysis. This finding
was also confirmed using primary cells from Nf1+/- mice. In summary, JNK inhibitors may be new and potentially useful adjunctive agents for orthopaedic
medicine particularly in the context of NF1, although this will need to be further evaluated in cell culture and pre-clinical models.
* Additional Authors: Schindeler, A., Little, D.G.
Funding Acknowledgements: Orthopaedic Research & Biotechnology Unit.
Therapeutic Potential of a Novel Hsp90 Inhibitor, NXD30001, for NF2
Karo Tanaka*
House Ear Institute
The NF2 protein, Merlin/Schwannomin, is a tumor suppressor that interacts with and regulates a wide variety of proteins. The link between Merlin and
multiple signaling pathways suggests that activation of multiple pathways may play direct roles in NF2-associated tumor formation and progression.
However, the involvement of Merlin in various pathways also presents a challenge in developing targeted therapeutics for the treatment of NF2. Therefore
simultaneous inhibition of multiple targets essential for the growth and survival of NF2-deficient tumors offers a novel therapeutic concept. The heat shock
protein 90 (Hsp90) is a ubiquitous chaperone protein that is responsible for maintaining proper folding, activation, and assembly of a wide range of *client*,
including major oncoproteins. As many of the Hsp90 client proteins are over-expressed or deregulated in NF2-related tumors, we hypothesize that targeting
Hsp90 will be efficacious for the development of NF2 therapeutics. Nexgenix Pharmaceuticals is developing a fully synthetic novel small molecule inhibitor
series, which are based on the Radicicol scaffold. These are highly potent, specific inhibitors of Hsp90 with anti-proliferative activity against a variety of
human tumor cell lines. Data from pharmacokinetic studies in mice indicate that the lead compound, NXD30001, penetrates the blood-brain and bloodspinal cord barriers and accumulates in nervous tissue. Furthermore, preliminary toxicity studies demonstrate that NXD30001 is less toxic than the Hsp90
inhibitor currently most advanced in clinical development (17-AAG). We previously validated the therapeutic potential for NXD30001 by demonstrating
effective inhibition of tumor growth in mice bearing xenografts with Her2 positive BT474 breast cancer cells. Consistently, NXD30001 was observed to
concentrate in tumor tissue and to induce efficient client protein depletion. In addition, we have demonstrated efficacy for NXD30001 in mouse models for
glioblastoma, with treatment resulting in dramatically enhanced survival and tumor regression. In studies with NF2-deficient cell lines, NXD30001 is effective
in inhibiting proliferation. Treatment of NF2-deficient cells with NXD30001 results in the depletion of key signaling proteins involved in NF2 pathogenesis,
including ErbB2 and Akt. Preliminary studies with an NF2 xenograft model demonstrated reduced tumor growth with NXD30001 treatment and provided the
basis for evaluating the compound in more relevant in vivo models for NF2. Here, we will present the status of our in vivo evaluation of NXD30001 for NF2
and the results from ongoing efficacy trials.
* Additional Authors: Chareyre, F.1, Jaffer, Z.M.2, Chen, R.2, Winssinger, N.3, Rubenstein, A.E.2,4, and Giovannini, M.1 1 House Ear Institute, Los Angeles,
CA; 2 Nexgenix Pharmaceuticals Holdings, Inc., New York, NY; 3 Universite Strasbourg, Strasbourg, FR; 4 New York University School of Medicine, New
York, NY
Funding Acknowledgements: Children’s Tumor Foundation Drug Discovery Initiative Award to MG.
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Standard of Care for Children and Adolescents Diagnosed with Neurofibromatosis Type 1 and Learning Disabilities
Lloyd A. Taylor*
The Citadel
The purpose of the platform discussion will be present findings from our investigation of standards of care for treatment of learning disabilities among
pediatric patients with neurofibromatosis type 1 (NF1). This study sought to explore the effectiveness of the national Neurofibromatosis (NF) Clinics
as it relates to the diagnosis and treatment of NF1 associated learning disabilities in children. Children with NF1 commonly encounter difficulties with
learning within the traditional academic environment and these difficulties are difficult to address due to ongoing medical concerns/conditions as well as
discrepancies regarding the diagnosis of learning disorders (c.f. Hyman, Shores, Arthur & North, 2006). In an effort to assess the variability among clinics
regarding referrals for evaluation for learning difficulties, we surveyed 22 NF clinics located throughout the United States via on-line accessible surveys.
Surveys utilized were the “Provider Survey: Neurofibromatosis Type 1” and the “Parent Survey: Neurofibromatosis Type 1” which were developed following
interviews with providers and parents. Questions selected for the surveys were reviewed for accuracy by a physician assistant familiar with NF1 and a
licensed clinical psychologist familiar with chronic disease and learning difficulties among children. Final surveys were further reviewed by members of the
Children’s Brain Tumor Foundation staff prior to distribution to parents and providers. Survey information was obtained between July 2007 and December
2007. Results of this work suggest variability among clinics regarding referrals to specialists for learning disability evaluations as well as discrepancies
between parental perceptions of the importance of learning disabilities and the attention provided by providers to these issues. In addition, the results of this
work suggest a need for providers and mental health professionals to work in concert to address the academic and cognitive difficulties children with NF1
routinely encounter. This platform presentation will review the results of this study and will provide a framework and conceptual model for a standard of care
for patients with NF1. We will also explore the implications of approaching NF1 treatment via a behavioral health model.
* Additional Authors: Woodall, L., Ricks, J., Fortson, B., Bushardt, R., Hinkson, B.
A Comparison of Language Characteristics of Preschool Children with and without NF1
Heather L. Thompson*
University of Utah
Children with NF1 exhibit developmental language delays1. However, studies comparing language characteristics of children with and without NF1 are
lacking. The purpose of the present investigation is to describe the language skills of children with NF1 compared to typically developing (TD) children. Ten
children with NF1 (group 1) and ten TD children (group 2) participated. Each child in group 1 was matched with a child in group 2 according to the variables
of age, gender and mother’s level of education. Group 1 included 6 males (mean age: 54 [months], range: 37-69) and 4 females (mean age: 46, range:
37-57). Group 2 included 6 males (mean age: 53 [months], range: 38-64) and 4 females (mean age: 46, range: 36-57). Children participated in a 2.5-3
hour assessment session. In addition to other assessment measures, a 200-utterance language sample was collected. Language samples were transcribed
and coded according to Systematic Analysis of Language Transcripts (SALT) conventions and analyzed using SALT software. Group means on a number of
language variables including Mean Length of Utterance (MLU), Number of Different Words (NDW), and Composite Tense Score (CTS) were compared through
paired-samples t-tests. Results demonstrated that preschool children with NF1 exhibit significant differences in MLU and NDW (p<0.004). Nonsignficant
differences in CTS mean scores were observed, with greater variability in CTS scores for children with NF1 compared to the TD group. Results suggest that
while children with NF1 exhibited shorter average sentence lengths and smaller vocabularies, performance in morphosyntax appeared to be more similar than
different when compared to TD children of the same age. Results of this research have implications for planning speech-language intervention for children
with NF1.
* Additional Authors: Viskochil, D.H., Stevenson, D.A., Turner, R.T., Groves, S.E., Chapman, K.L.
Funding Acknowledgements: Canadian Institutes of Health Research Doctoral Research Award Program, Ontario Barbershoppers’ Harmonize for Speech
Fund, Doris Duke Charitable Foundation.
References: 1. Thompson H, et al. Am J Med Genet Part A 2010;152A:284–290
Histologic Analysis of UBOs in a Patient with NF1
James H. Tonsgard*
The University of Chicago Pritzker School of Medicine
NF1 is an autosomal dominant multisystem disorder that affects about 1 in 3000 people. The most common orthopedic manifestations of NF1 include
scoliosis, vertebral dysplasia, pseudarthrosis, and overgrowth. Giant cell granuloma (GCG) is a benign intraosseous lesion that is preferentially located
in the anterior of the maxilla and the mandible. The lesions are characteristically large, expanding the cortical plate, reabsorbing tooth roots, and moving
teeth. Radiographically it appears as multilocular radiolucencies of bone. Histologically, CGC is composed of many mulitnucleated giant cells. The giant
cells may represent osteoclasts or macrophages. There are two types of GCG’s, non-aggressive and aggressive. The aggressive form of GCG has rapid
growth and is more likely to absorb roots and perforate the cortical plate. It also has a high rate for recurrence and can be painful and cause paresthesia.
In aggressive tumors, alternatives to thorough curettage have included corticosteroids, calcitonin, and interferon alpha-2a. While GCG of the jaw has been
reported in several patients with NF1, the genetic association between GCG and NF1 is currently not well established. While some GCGs in the context
of NF1 have demonstrated loss of heterozygosity of the NF1 gene in the CGC, others have not. We report a 12 year old female whose first presentation to
our NF clinic was prompted by a rapidly expanding mandibular mass. She met criteria for NF1 by having multiple café-au-lait macules and intertriginous
freckling. A small right chiasm optic glioma and large cystic lesion in right posterior parietal lobe consistent with pilocytic astrocytoma were incidentally
identified during imaging of the jaw mass. Fine needle aspirate of the mandibular mass revealed a giant cell lesion with large multinucleated giant cells
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consistent with possible granuloma, Brown tumor or other giant cell lesion/neoplasm. Calcium and PTH were normal making a Brown tumor associated with
hyperparathyroidism unlikely. Excisional biopsy confirmed a diagnosis of GCG. She is currently being treated with weekly steroid injections into the lesion. We
will present the clinical course, results of molecular testing, and response to steroid injections.
* Additional Authors: Muilenburg, A., Smith, R., Tannous, R.
Case Report: Giant Cell Granuloma in a Patient with NF1
Pamela Trapane*
University of Iowa
Neurofibromatosis type 1 (NF1) is an autosomal dominant multisystem disorder that affects about 1 in 3000 people. The most common orthopedic
manifestations of NF1 include scoliosis, vertebral dysplasia, pseudarthrosis, and overgrowth.
Giant cell granuloma (GCG) is a benign intraosseous lesion that is preferentially located in the anterior of the maxilla and the mandible. The lesions are
characteristically large, expanding the cortical plate, reabsorbing tooth roots, and moving teeth. Radiographically it appears as multilocular radiolucencies of
bone. Histologically, CGC is composed of many mulitnucleated giant cells. The giant cells may represent osteoclasts or macrophages.
There are two types of GCG’s, non-aggressive and aggressive. The aggressive form of GCG has rapid growth and is more likely to absorb roots and perforate
the cortical plate. It also has a high rate for recurrence and can be painful and cause paresthesia. In aggressive tumors, alternatives to thorough curettage
have included corticosteroids, calcitonin, and interferon alpha-2a.
While GCG of the jaw has been reported in several patients with NF1, the genetic association between GCG and NF1 is currently not well established. While
some GCGs in the context of NF1 have demonstrated loss of heterozygosity of the NF1 gene in the CGC, others have not.
We report a 12 year old female whose first presentation to our NF clinic was prompted by a rapidly expanding mandibular mass. She met criteria for NF1
by having multiple café-au-lait macules and intertriginous freckling. A small right chiasm optic glioma and large cystic lesion in right posterior parietal lobe
consistent with pilocytic astrocytoma were incidentally identified during imaging of the jaw mass.
Fine needle aspirate of the mandibular mass revealed a giant cell lesion with large multinucleated giant cells consistent with possible granuloma, Brown tumor
or other giant cell lesion/neoplasm. Calcium and PTH were normal making a Brown tumor associated with hyperparathyroidism unlikely. Excisional biopsy
confirmed a diagnosis of GCG. She is currently being treated with weekly steroid injections into the lesion.
We will present the clinical course, results of molecular testing, and response to steroid injections.
* Additional Authors: Ann Muilenburg, Richard Smith, Raymond Tannous - University of Iowa
Identifying Modifier Genes of MPNSTs in the Nf1;p53cis Mouse Model of NF1
Jessica Van Schaick*
National Cancer Institute-Frederick; Institute for Biomedical Sciences, The George Washington University Medical Center
The current study aimed to identify modifier genes of malignant peripheral nerve sheath tumors (MPNSTs) in the Nf1;p53cis (NPcis) mouse model of NF1.
Previous studies have shown that the incidence of MPNST development in the NPcis mouse model is affected by the parental transmission of the mutant
chromosome 11. We are focusing on the candidate modifiers responsible for this difference in tumor incidence when the mutated chromosome is either
inherited from the mother or father. In this study microarray analysis was used to examine gene expression differences between MPNST primary tumors
derived from NPcis mice varying in inheritance of the NPcis chromosome from the mother or father. Grb10 was found to be more highly expressed in
MPNSTs with the mutant chromosome 11 coming from the mother (NPcis maternal). Zrsr1 was found to be more highly expressed in MPNSTs with the
mutant chromosome 11 coming from the father (NPcis paternal). qPCR was used to validate both gene expression differences. Grb10 and Zrsr1 are normally
imprinted in the mouse, however we chose to focus on Grb10 due to its role as a cytoplasmic signaling adapter protein. Fluorescence in situ hybridization
(FISH) was used to examine the presence of Grb10 on chromosome 11. Grb10 was found to be lost more frequently in NPcis paternal MPNST cell lines,
potentially contributing to the decrease in Grb10 gene expression seen in these tumors. We examined Grb10 isoform expression and found paternal isoforms
expressed in the MPNSTs in addition to the maternal isoforms normally expressed in peripheral nerve. Due to these results we are examining whether loss
of imprinting is contributing to tumorigenesis. In order to study the function of Grb10 in vitro, over 200 clones of Grb10 isoforms were sequenced from the
NPcis MPNSTs, and several new isoforms were identified. Finally we have generated NPcis;Grb10cis mutant mice and are assaying for tumor incidence,
growth, latency, and survival of the mice. Preliminary studies indicate that NPcis;Grb10cis mice have an increase in tumor volume and a decrease in survival
compared to NPcis mice. Our studies indicate that Grb10 is a potential candidate modifier gene of MPNSTs by acting in a growth suppressive manner.
* Additional Authors: Akagi, K. (The Ohio State University Comprehensive Cancer Center); Burkett, S., DiFabio, C., Tuskan, R., Walrath, J., Reilly, K. (National
Cancer Institute-Frederick).
Funding Acknowledgements: Intramural Research Program of NIH.
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Relative Risks for Cancers in the NF1 Population in Utah
David Viskochil*
University of Utah
Relative risks for cancer in the NF population have not been determined in North America. The Utah Population DataBase (UPDB) is a unique data resource
with over 2 million Utah founders and their descendants. The UPDB has been linked to the Utah Cancer Registry (UCR), a statewide cancer registry (since
1966), and the University of Utah Health Sciences Center (UUHSC) data warehouse, an electronic database including all patient-related information since
1994. Using these resources we identified cancers observed in excess in NF1 compared to the Utah population. We screened the UUHSC data warehouse
for NF individuals (ICD-9 codes 237.7, 237.70, and 237.71), and matched them to the Utah Cancer Registry. Expected rates of cancer for NF patients were
calculated using age- and sex-specific rates of cancer estimated from the entire UPDB. Comparison of observed-to-expected cases of cancer provided
a calculated estimate of relative risk for cancers in the NF population. We identified 245 cases of NF1, and cancers were identified in 31, whereas 3.23
cancers were expected in an age- and sex-matched population. The overall relative risk of cancer was 9.6 with a 95% confidence interval of 6.96-12.97.
Cancers in excess were brain (11 observed 0.15 expected) (RR=72.23, 95% CI 40.51-119.55), malignant peripheral nerve sheath tumor (MPNST) (RR
= 1591.86, 95% CI 693.25-3141.89), spinal cord, Ewings sarcoma, small intestine cancer, and tongue cancer. The relative risk for breast cancer in this
population was 1.98 (95% CI of 0.05-11.05).
CNS tumors in the Utah NF1 population were coded as follows:
237.7 (von Recklinghausen; 67 entries):
2 astrocytomas
			
2 glioblastomas
			
1 meningioma
237.70 (NF, Unspecified; 100 entries):		
3 astrocytomas
237.71 (Neurofibromatosis 1; 78 entries):
3 pilocytic astrocytomas
			
1 glioma, malignant
			
1 cranial nerve cancer
In conclusion, in Utah, the relative risk of specific cancers in neurofibromatosis type 1 is significantly higher than in the general population. High-grade
astrocytomas are as concerning as MPNST in the NF1 population.
* Additional Authors: Cannon-Albright, L., Stevenson, D.
Funding Acknowledgements: CANCER CONTROL AND POPULATION SCIENCES PILOT PROJECT INITIATIVE, Huntsman Cancer Institute, 2008/2009.
Pharmacological rescue of learning defects in a fly model of NF1
Linnea R. Vose*#
New York Medical College
Besides a host of physical abnormalities, many patients with NF1 have cognitive problems, including learning defects, difficulty with judgment of line
orientation (JLO) tasks, and attention deficit hyperactivity disorder (ADHD). It has been shown animal models of NF1 also exhibit learning defects in a variety
of tasks, specifically the Morris water maze for mice and associative olfactory learning for flies. We have recently shown that NF1 mutant flies have visual
learning defects, and that NF1 larvae have defective olfactory learning. The NF1 protein is a large protein capable of controlling multiple signaling pathways.
The central GAP-related domain (GRD) is responsible for down-regulating Ras and downstream MAPK and mTOR pathways required for Drosophila memory
formation. The carboxy-terminus of the NF1 protein is capable of activating adenylyl cyclase (AC) to increase cyclic AMP levels required for Drosophila
learning. Many pharmacological compounds are known to inhibit proteins in these pathways, including FDA approved lovastatin, rolipram, and rapamycin.
Silva and colleagues showed that lovastatin could improve spatial learning in mice which prompted ongoing clinical trials with lovastatin for humans with
NF1. We hypothesize that the learning and memory defects of NF1 mutant Drosophila can be rescued by treatment with drugs affecting signaling proteins
downstream of the NF1 protein. Adult flies were tested for learning using an established associative learning protocol that measures the ability of flies to
distinguish between two odors, one of which was paired with electric shock. We showed that acute lovastatin or rolipram treatment can rescue the olfactory
learning defect of NF1 flies. Larvae were tested using a similar odor-shock protocol recently developed in our laboratory. Preliminary results suggest
that lovastatin and rolipram can affect larval olfactory learning. Adult visual learning was tested using a flight simulator that pairs one of two visual cues
with aversive heat punishment. NF1 mutant visual learning defects can be rescued by lovastatin but not rolipram, suggesting the Ras pathway may be
more important than cyclic AMP signaling for visual learning. The combination of these results strongly supports the continued study of these and other
compounds targeting proteins downstream of NF1 in search of a drug capable of rescuing NF1-associated learning defects. These results also validate the
NF1 fly model as a useful tool in screening pharmacological compounds.
* Additional Authors: O’Brien, P.F.1, Grossman, A.1,2, Hannan, F.1. 1New York Medical College, Valhalla, NY. 2Mnesis LLC, Pleasantville, NY.
Funding Acknowledgements: Children’s Tumor Foundation’s Drug Discovery Initiative Award to F.H.; Children’s Tumor Foundation Young Investigator Award
to L.V.; US Department of Defense CDMRP Neurofibromatosis Research Program Awards.
# Current Children’s Tumor Foundation Young Investigator Awardee.
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Social-Emotional Functioning in Youth with NF1 and Plexiform Neurofibromas (PNs)
Katherine Walker
National Health Institutes
Background: NF1 is a genetic disorder often associated with high incidences of emotional dysfunction and social skills deficits (Gilboa et al., 2010). This
study evaluated relationships between anxiety, depression, social functioning, and severity and visibility of NF1-related symptoms in youth with pervasive
NF1 and PNs.
Methods: During the baseline psychological evaluation of an NF1 natural history study, primary caregivers of youth ages 3 to 20 (N=45) completed the
parent versions of the Behavior Assessment System for Children, Second Edition (BASC-P), the Vineland Adaptive Behavior Scales, Second Edition (VABSII) Socialization scale, and an adapted version of the NF1 Visibility and Severity Scale (Ablon, 1996). Patients completed self-report forms of the BASC-II
(BASC-SR; ages 11-18) and NF1 Visibility and Severity Scale (ages 11+).
Results: Twenty-seven males and 18 females (mean age=11.9 yrs, range=3-18) participated in the psychological assessment. Substantial proportions of
caregiver ratings of their child’s behavior were in the At-Risk or Clinically Significant ranges on the BASC-P Depression (30%) and Anxiety (24%) subscales,
although mean T-scores were in the Average range (55.7 and 54.0, respectively). By contrast, only 2% and 14% fell in the At-Risk or Clinically Significant
range on the BASC-SR Depression (mean=48.4) and Anxiety (mean=50.2) subscales, respectively. On the VABS-II Interpersonal Relations (VABSIR) subscale, 29% (n=13) of children scored below average. Lower scores (indicating worse functioning) on the VABS-IR subscale were associated
with higher (worse) scores on the BASC-P Anxiety (r=-.31) and Depression (r=-.42) subscales (ps<.05). Patients who rated their NF1 symptoms
as moderate/severe scored significantly higher on the BASC-SR Anxiety subscale versus those with mild ratings (F=4.8, p<.05), although means for
both groups were within normal limits. Parents who rated their children’s symptoms as moderate/severe reported higher levels of anxiety (F=6.3) and
depression (F=6.4) on the BASC-P subscales (ps<.05). A high proportion of symptom ratings for both visibility (73%) and overall severity (67%) were
inconsistent across caregivers and patients. Significantly more caregivers than patients rated visibility as moderate/severe (X2=4.0, p<.05).
Conclusions: Symptoms of depression, anxiety and interpersonal problems are prevalent in youth with NF1 and PNs by parent report, but not child selfreport. Patients who rate their symptoms as moderate/severe are more anxious than those with mild symptom ratings. In addition, patient and caregiver
ratings of the visibility and severity of the child’s NF1 symptoms often are inconsistent, with caregivers rating physical manifestations and emotional
dysfunction more severely than patients.
Full List Authors: Staci Martin, PhD; Pam Wolters, PhD; Brigitte Widemann, MD; Pediatric Oncology Branch (POB), National Cancer Institute (NCI), National
Institutes of Health (NIH), Bethesda, MD
Funding Support: Funded by NCI Contract #HHSN261200800001E, Intramural research program of the NIH, NCI, POB, and previous NCI contract #HHSN
261200477004C.
Differential neurocognitive phenotype in NF1 children with Noonan-like features
Karin S. Walsh*
Children’s National Medical Center
Identification of children with unique concurrent features of NF1 and Noonan syndrome (NFNS) has occurred over the past 25 years, as recognition of
the RAS-MAPK pathway syndromes has emerged. Research has shown NFNS to be associated with NF1 mutations. The co-occurrence of these features
has been reported in approximately 12% of NF1 patients in one study. The biological and genetic mechanisms are not well defined. There have been no
studies on neurocognitive outcomes in this particular group, which is the primary objective of this study. Ten children were identified within our clinic as
having characteristics of NFNS (e.g., NF1 features plus relative macrocephaly, ptosis, mid-face hypoplasia, short neck). To examine potential differential
neurocognitive profiles in these unique children, they were matched by age, gender, and maternal education to children with NF-1 exclusive (n=10) and
non-NF-1 controls (n=5). This was a convenience sample captured from one of two larger NF-1 neurocognitive studies completed at our site. The majority
of children were male (92%) in this sample, and all represented de novo cases of NF1. Five of the younger NFNS children were matched to both NF1 and
control subjects, while the other five could only be matched to NF1 subjects. Overall, the NFNS group demonstrated significantly poorer global cognitive
development than both the NF1 and control groups (χ2=10.74, p=.005). The NFNS group fell in the low average range (M=86, SD=17.50) while the NF1
and control groups fell in the average range (M=110.4, SD=17.02 and M=110.6, SD=7.96, respectively), with the latter demonstrating less variability
in the group. While these patients share Noonan and NF1 phenotypes, the genotype has not been defined. Our clinical observations suggest a distinct
neurological and genetic process in the NFNS population that appears to result in more cognitive impairment than the pure NF1 patients. In the past, these
children have not been approached differentially in the clinic setting, although this study suggests they may be at risk for more significant developmental
disruptions and may require additional assessment and treatment approaches.
* Additional Authors: Rosenbaum, K., Copenheaver, D., Kardel, P., Acosta, M.T., Zand, D., Packer, R.J.
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Living with NF: a study on the quality of life in adults with NF
Daphne L. Wang*
Harvard Medical School/Massachusetts General Hospital
Neurofibromatosis (NF) 1, NF2, and schwannomatosis are conditions characterized by a genetic predisposition to multiple nerve sheath tumors. NF-related
neurofibromas and schwannomas can develop anywhere in the body including the skin, peripheral nerves, and central nervous system, which can lead to
significant morbidity including extensive skin tumors (NF1), hearing loss (NF2), and chronic pain (schwannomatosis). Despite the common perception that
patients with NF are at risk for psychiatric comorbidity, the rates of mood and other quality of life indicators have not been examined among such patients.
The purpose of the current study is to examine psychosocial factors among patients with NF1, NF2, and schwannomatosis. This study is part of an ongoing
project; to date, 68 adult patients with NF1, NF2, or schwannomatosis who received care at MGH in Boston completed surveys during a scheduled clinic
visit. Each participant was asked to complete the: 1) Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff, 1976); 2) State Trait Anxiety
Inventory-Trait (STAI-T) (Spielberger et al., 1970); and 3) Rosenberg Self-Esteem Scale (Rosenberg, 1989). Participants were 35 patients with NF1 (11
male, 24 female), 24 with NF2 (15 male, 9 female), and 9 with schwannomatosis (7 male, 2 female). Forty-three percent of patients (n = 29; 13 NF1,
12 NF2, 4 schwannomatosis) obtained a score of 16 or greater on the CES-D indicative of clinically significant levels of depression. On the STAI-T, 37%
(n =25; 10 NF1, 12 NF2. 3 schwannomatosis) reported high levels of anxiety symptoms, 22% (n = 15; 7 NF1, 4 NF2, 4 schwannomatosis) reported
moderate levels of anxiety symptoms, and 41% of patients (n = 28; 18 NF1, 8 NF2, 2 schwannomatosis) reported no symptoms/low levels of anxiety
symptoms. Twelve percent of patients (n = 8; 4 NF1, 3 NF2, 1 schwannomatosis) reported low self-esteem on the Rosenberg Self-Esteem Scale. These
preliminary results suggest that depression and anxiety may be common among adult NF patients, and that NF may be associated with reduced quality of
life. As this is the first study to examine psychosocial factors among patients with NF, more research in this area is needed.
* Additional Authors: Smith, K.B., Esparza, S., Leigh, F.A., Muzikansky, A., Park, E.R., Plotkin, S.R.
Increased Ca2+ channel density and activation properties and increased glutamate release in hippocampal/cortical neurons from Nf1 haploinsufficient
mice
Yuying Wang*
Indiana University School of Medicine
More than two million people worldwide, including over a hundred thousand Americans, suffer from NF1, a disease linked to mutations of the neurofibromin
gene (NF1). About half of the people with NF1 suffer from learning and memory deficits. The molecular mechanisms underlying these deficits are beginning
to be explored in mice harboring a heterozygous mutation of Nf1 (Nf1+/-). Although changes in transmitter release have been observed in these mice, to
date there have been no studies addressing if ion channel activity is altered in neurons from Nf1+/- mice. Our study addressed this gap in knowledge by
measuring Ca2+ currents from hippocampal neurons of wild-type and Nf1+/- mice. Our analysis revealed that overall Ca2+ current density was ~1.75-fold
higher in hippocampal neurons from Nf1+/- mice. This increase was likely due to an increase in L-type Ca2+ channels in neurons from Nf1+/- mice as the
density of nifedipine-resistant current was similar between the genotypes. In addition, release of the excitatory neurotransmitter, glutamate, was ~60%
higher in neuronal cultures from Nf1+/- mice compared to wild-type neurons. Finally, since neurofibromin has been implicated in axon/neurite outgrowth, we
measured the dendritic complexity and axonal length of neurons using Sholl analysis. We found that both complexity of dendrites and axonal lengths were
increased in neurons from Nf1+/- mice compared to wild-type neurons. In sum, our data show that Nf1+/- mice have a greater amount of Ca2+ channels that
activate at less depolarized potentials than their wild-type counterparts. As the amount of Ca2+ determines the strength of transmitter release, the higher
levels of neurotransmitter release observed in Nf1+/- mice coupled with the abnormal dendritic complex may contribute to disruption in learning and memory
in Nf1+/- mice and in people with NF1.
* Additional Authors: Brittain, J.M., Wilson, S.M., Garcia, A.S., Hingtgen, C.M., Khanna, R.
Differential lipid raft targeting of neurofibromin and CRMP-2 and regulation of transmitter release by CRMP-2 in sensory from Nf1 haploinsufficient
mice
Sarah Marie Wilson*
Indiana University School of Medicine
Mutations of the neurofibromin gene (NF1) cause neurofibromatosis type 1 (NF1), a disease in which learning disabilities and changes in pain signaling
are common. These phenotypes are recapitulated in mice with a heterozygous mutation of Nf1 (Nf1+/-). Recently, direct interactions between collapsin
response mediator protein 2 (CRMP-2) – an axonal growth/guidance protein – and neurofibromin have been demonstrated. However, it is not known if
this complex exists in Nf1+/- mice or if it has any functional impact on neuronal function. Co-immunoprecipitation and immunocytochemistry revealed the
existence of neurofibromin-CRMP-2 complex in neuronal tissue from Nf1+/- mice. In addition, both proteins are enriched in cholesterol and sphingolipid
rich, “lipid raft-like” microdomains within the plasma membrane. These rafts are critical for organizing specialized signaling transduction platforms within
neuronal membranes. Notably, a significantly lower percentage of total neurofibromin is raft-associated in brain tissue from Nf1+/- mice compared to
wildtype mice (31.4 ± 0.9% vs. 44 ± 1.1% (n=4); p <0.05, Student’s t-test). In contrast, CRMP-2 levels within raft fractions were higher in Nf1+/- mice
compared to wild-type mice (47.6 ± 1.3% vs. 36.6 ± 3.3% (n=4), p<0.05). Since we have previously shown that CRMP-2 levels can contribute to
changes in transmitter release (Chi et al., 2009), we next tested if alterations in CRMP-2 levels in Nf1+/- mice could affect release of the neuropeptide
transmitter, calcitonin gene related peptide (CGRP), from isolated sensory neurons. Treatment of sensory neurons from Nf1+/- mice with short interfering
RNA (siRNA) to CRMP-2 caused an ~53% decrease in stimulus-evoked release of CGRP compared to neurons treated with scramble siRNA. Taken
together, these results demonstrate an alteration of normal neurofibromin-CRMP-2 interaction in neurons from an animal model of NF1 and that alterations of
CRMP-2 activity in those neurons has a impact on transmitter release.
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* Additional Authors: Schmutzler, B.S., Brittain, J.M., Garcia, A.S., Hingtgen, C.M., Khanna, R.
Impact of Pediatric Illness (IPI) Scale Parent Form: Validity and Reliability Data for Children with NF1 and Plexiform Neurofibromas (PNs
Pam Wolters*
National Institutes of Health, National Cancer Institute
The physical manifestations, learning disabilities, and emotional difficulties associated with NF1 can negatively impact a child’s day-to-day functioning
and well being. Thus, it is important to assess quality of life (QOL) in addition to medical outcomes in clinical trials. However, few existing pediatric QOL
scales include both parent proxy and patient self-report forms, assess cognitive effects, or are validated for NF1. The IPI Scale assesses QOL in children
with chronic illness with central nervous system involvement ages 6 to 18 years. It consists of parallel parent, child, and adolescent forms, which yield
mean scores (higher scores indicate better QOL) for four domains [Adaptive Behavior (AB), Emotional Functioning (EF), Medical/Physical Status (MP),
Cognitive Problems (CP)] and the Total Scale (TS). This study presents validity and reliability data for the parent form of the IPI Scale in children with NF1
and PNs. At baseline, primary caregivers of children with NF1 enrolled on treatment trials for PNs and/or a natural history (NH) study completed the IPI
Scale and an adapted version of the NF1 Symptom Severity Scale (Ablon, 1996). Children on the NH study also were given a comprehensive psychological
evaluation. Analyses examined internal consistency of the domains and total scale, concurrent validity with established measures, and discriminant validity
to distinguish between patients with mild vs. moderate/severe NF1 symptoms. Caregivers of 91 children (mean age=11.3 yrs, range=6-18 yrs) completed
the IPI Scale, and a subset of 42 children (mean age=12.3 yrs) participated in the psychological evaluation. Cronbach alpha reliability estimates for the
domains and total scale of the parent form were .82 (AB), .77 (EF), .82 (MP), .79 (CP), and .91 (TS). AB domain scores correlated with the Vineland
Adaptive Behavior Scale 2nd edition Daily Living (r=.40, p<.05) and Behavior Assessment System for Children 2nd edition (BASC) Activities of Daily
Living (r=.50, p<.001) parent report measures. EF domain scores correlated with BASC Anxiety (r=-.56, p=.0001) and Depression subscales (r=-.61,
p<.0001); MP domain scores were associated with the BASC Somatization subscale (r=-.58, p<.0001); and CP domain scores correlated with the
Wechsler Digit Span (r=.44, p<.005), California Verbal Learning Test T-score (r=.4, p<.01), and BASC Attention subscale (r=.70, p<.0001). Children
rated by caregivers as having moderate/severe symptoms had significantly lower IPI Scale total scores (poorer QOL) than those with mild symptoms
(F=24.8, p<.0001). In conclusion, the domains and total scale of the IPI Scale parent form have good internal consistency in youth with NF1 and PNs.
Concurrent validity is established from correlations with validated measures assessing similar domains. Furthermore, significantly poorer QOL in children
experiencing more severe NF1 symptoms indicates discriminant validity. Thus, the parent IPI Scale appears to be a valid and reliable measure of QOL in
children with NF1.
* Additional Authors: Martin, S., Walker, K., Widemann, B.
Funding Acknowledgements: Intramural research program of the NIH, NCI, POB; NCI Contract #HHSN261200800001E; and previous NCI contract #HHSN
261200477004C.
NF1 exonic substitutions affecting splicing
Jing Xie*
University of Alabama at Birmingham
Our group previously developed a comprehensive NF1 mutation analysis algorithm, using an RNA-based core assay (Messiaen and Wimmer, 2008). Using
this approach, we have identified 280 unrelated patients carrying one out of 95 different splice mutations within constitutively expressed exons with 66/95
described for the first time. Together, they account for 30% of all splice mutations identified in a cohort of 3100 unrelated patients. Eight out of 29 mutations
previously reported, were misclassified as missense/nonsense mutations as effect on splicing was not assessed after DNA-based analysis. 59/95 (62.1%)
were singular mutations, 19/95 were observed twice (20%), 10/95 (10.5%) were observed 3-5 times and 7/95 (7.4%) were observed 9-40 times. We
categorized these exonic splice mutations into 4 types as proposed by Wimmer et al (2007): exon skipping resulting from mutations disrupting a canonical
5’/3’ splice site (Type I), partial exon loss due to the creation of a de novo exonic splice site outcompeting the wild-type splice site (Type III), partial exon
loss by activating a cryptic splice site due to exonic mutations (Type IV) and exonic mutations causing exon skipping by altering exonic splice enhancer
(ESE) sequences (Type V). Type I exonic splice mutations (37/95 mutations found in 75/280 patients) and Type III exonic splice mutations (19/95 mutations
found in 91/280 patients) were the most common in this study. The outcome and mechanism of Type IV and V mutations however is most unexpected and
cannot readily be predicted by in silico prediction tools. We identified 23 mutations (including 12 novel ones) expected to affect splicing through their effect
on ESEs (Type V). These mutations were mainly found in the exons 4b, 7, 11, 14, 18, 30, 33, 36 and 37 and hence correct splicing of this set of exons
is likely strongly dependent on ESEs. A decisive evaluation of “missense” or “synonymous” alterations in terms of anticipated pathogenicity is frequently
challenging, and evaluation of splicing is essential as a first functional approach, as in silico splice prediction tools will not allow to make a definite
conclusion.
Additional Authors: Callens, T., Williams, J., Messiaen, L.
References: L. M. Messiaen, K. Wimmer. NF1 mutational Spectrum. Monogr Hum Genet 2008, vol 16, pp63-77; K.Wimmer et al. Extensive in silico
analysis of NF1 splicing defects uncovers determinants for splicing outcome upon 5’ splice-site disruption. Human Mutation 28(6),599-612,2007
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Merlin functions through a novel tight junction associated protein complex to regulate Rac and MAPK signaling
Chunling Yi#
Wistar Institute
Merlin has previously been shown to inhibit Ras-MAPK signaling by negatively affecting the levels of active Rac1-GTP. However, the exact mechanism
through which Merlin downregulates Rac1 activity has been not determined. We have identified a novel tight-junction-associated protein complex comprising
Merlin and a number of tight junction associated proteins, which may mediate the regulation of Rac1 by Merlin. We show that Merlin directly interacts and
co-localizes with one of these tight junction proteins in epithelial and Schwann cells and along myelinating peripheral nerve, and that several tumor-derived
mutations disrupt Merlin’s ability to associate with this protein. We establish that the interaction between Merlin and this novel Merlin-binding protein
prevents this protein from binding to Rac/Cdc42 GAP Rich1, thereby freeing Rich1 to inactive Rac1. Furthermore, we demonstrate that this novel signaling
pathway mediates the tumor suppressive function of Merlin, as depletion of this Merlin-interacting protein in Nf2-/- schwannoma cells down-regulates the
Ras-MAPK signaling pathway, and impedes cellular proliferation in vitro and tumor development in vivo. Finally, we observe that this novel Merlin-interacting
protein is upregulated in human schwannomas, suggesting that this protein may serve as a potential therapeutic target for NF2 related tumors.
# Current Children’s Tumor Foundation Young Investigator Awardee
Therapeutic intervention of preclinical symptoms in a NF1 mouse model
Huarui Zheng*#
University of Michigan Medical School
We previously generated a mouse model by using Schwann cell lineage-specific ablation of Nf1, which recapitulates human plexiform neurofibroma with
high penetrance throughout the peripheral nerves including the sciatic nerves. Although it takes more than 12 months for these mutant mice to develop
frank neurofibromas, we have identified pre-neoplastic phenotypes in mutant sciatic nerves at as early as 3 months of age. In sciatic nerves of mutant
mice at post natal day 90 (P90), we identified a subset of non-myelinating Schwann cells (nmSCs) as early stage neurofibroma cells, which exhibit a
spectrum of abnormalities. These abnormal nmSCs are either dissociated or dissociating from axons, often accompanied by axonal degeneration and
mast cell infiltration. Proliferation of these abnormal nmSCs leads to significantly increased cellularity in mutant nerves. Altered mTOR (mammalian target
of rapamycin) activity was also observed at this stage. Based upon these observations, we propose that deregulated mTOR activity may be underlying
molecular mechanism of neurofibroma initiation. To test this hypothesis, we are using rapamycin, a mTOR inhibitor, to treat mice starting from P30 until P90,
at which time point they are analyzed. The extent of pre-neoplastic phenotypes at P90 can serve as assays for the efficacy of this treatment.
Additional Authors: Chang, L., Zhu, Y.
Funding Acknowledgements: Children’s Tumor Foundation Young Investigator Award to HZ, ACS (RSG DDC-110857) and US Department of Defense CDMRP
NF Research Program Award (NF050041).
# Current Children’s Tumor Foundation Young Investigator Awardee
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AGENDA

Session 8: Modifier Genes in NF1
The purpose of this session is to review the evidence for NF1 modifiers, look at progress in man and mouse to date, learn
from other diseases and look at how new technologies may assist. The panelists and Chairs have been chosen to bring
complementary expertise.
We hope it will be an opportunity to plan for the future and address issues such as:
•
•

With the advent of SPRED1, exon 17 three bp deletion, microdeletions, etc., should NF1 genotyping now be part of future
modifier studies in humans.
What cohort samples are available now / how many do we need / how should they be phenotyped?

Session Breakdown

The times in parentheses are the length of time for the presentation/time for discussion.
4:30

Introduction by the Chairs
Meena Upadhyaya and Andre Bernards

4:32

Examples from other diseases
Mark Daly (18/2)

4:52

NF1 Genotype-phenotype correlation: Where have we got to?
Bruce Korf (10/2)

5:04

What can we learn from Twin studies
Betty Schorry (10/2)

5:16

Progress in Mouse modifier studies
Karlyne Reilly (15/3)

5:34

Modification of neurofibroma burden
Andre Bernards (15/3)

5:52

Progress in man: U.S. studies
Doug Stewart (10/2)

6:04

Progress in man: European studies
Pierre Wolkenstein (10/2)

6:16

Panel discussion and summary by Chairs

6:30

Close
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Reyeshouse
Jennifer
Riccardi
Vincent
Rizvi
Tilat
Rizzo
Anthony
Rodriguez
Fausto
Rosenbaum
Kenneth
Rosser
Tena
Rother
A. David
Rukin
Deborah
Russo
Brittany
Sabatini
David
Sabha
Nesrin
Sarchet
Kara
Scheideler
Mark
Schindler
Aaron
Schorry
Elizabeth
Schulz
Alexander
		
Sedor
Joanne
Seidlin
Mindell
Senchak
Frances
Serra-Arenas
Eduard
		
Settleman
Jeffrey
Shannon
Kevin
Shaw
Susanna
Shbarou
Rolla
Siler
Danielle
Siqveland
Elizabeth
Sites
Emily
Skirzenski
Tara
Smith
Miriam
Souza
Juliana
Spencer
Emily
Spyra
Melanie
		
Stemmer-Rachaminov Anat
		
Stepanova
Dina
Stern
Ed
		
Stevenson
David
Stewart
Douglas
Sullivan
Kate
Suna
Stuart M.
Tanaka
Karo
Tepas
Kathleen
Testa
Joseph

Institution			

LAST 		

University of Texas Southwestern
Medical Center
The Children’s Hospital at Westmead, 		
Australia
Children’s Hospital of Wisconsin
University of Minnesota Masonic Cancer
Center
Massachusetts General Hospital
Cincinnati Children’s Hospital
National Cancer Institute - Frederick
Children’s Hospital & Clinics of MN
The Neurofibromatosis Institute
Cincinatti Childrens Hospital
National Cancer Institute
Mayo Clinic
Children’s National Medical Center
Childrens Hospital Los Angeles
Cleveland Clinic Foundation
Rainbow Babies and Children’s Hospital

Thompson
Heather
Tonsgard
James
		
Trapane
Pamela
Ullrich
Nicole
Van Schaick
Jessica
Viskochil
David
Vitte
Jeremie
Vose
Linnea
Wahllaender-Danek
Ute
Walker
James
Walker
Katherine
Walker
Nate
Wallace
Sibylle
Wallace
Stephanie
Walrath
Jessica
Walsh
Karin
Waner
Milton
Wang
Daphne
Wang
Xia
Wang
Yu-Wing
Warner
Kegan
Watson
Adrienne
Weaver
Jeffrey
		
Welling
Bradley
Widemann
Brigitte
Wilson
Sarah
Wirtanen
Tracy
Wolkenstein
Pierre
		
Wolters
Pamela
Wu
Jianqiang
Xie
Jing
Yates
Charles
Yi
Chunling
Yohay
Kaleb
Zheng
Huarui
Zhu
Yuan

Whitehead Institute
Hospital for Sick Children
University of Indiana - Neonatal Pediatrics
National Institute of Health
University of Sydney, Australia
Cincinnati Children’s Hospital
Institute of Age Research,
Fritz-Lipmann-Institute
OCCMH
Seidlin Consulting LLC
Avalon Ventures
Institute of Chemical Research of Catalonia,
Spain
Harvard Medical School
University of California, San Francisco
University of Minnesota
University of Arkansas
National Institute of Health
Children’s Hospitals and Clinics of MN
Cincinatti Childrens Hospital
CTF Board of Directors
University of Manchester, United Kingdom
Minas Gerais Federal University
University of Alabama Birmingham
University Medical Center Hamburg-		
Eppendorf, Germany
Harvard Medical School / Massachusetts
General Hospital
Fox Chase Cancer Center
CTF Medical Advisory Committee,
CTF Board of Directors
University of Utah
National Institute of Health
The Children’s Hospital at Westmead
CTF Board of Directors
House Ear Institute
National Cancer Institute
Fox Chase Cancer Center

FIRST

Institution			
University of Utah
The University of Chicago Pritzker
School of Medicine
University of Iowa
Children’s Hospital Boston
National Cancer Institute
University of Utah
House Ear Institute
New York Medical College
Germany
MGH Cancer Center
SAIC-Frederick, Inc./NCI
CTF Board of Directors
Mount Sinai Hospital
Seattle’s Childrens Hospital
National Cancer Institute
Children’s National Medical Center
Vascular Birthmark Institute
Massachusetts General Hospital
Henry Ford Health System
Stark Neurosciences Research Institute
Diller Cancer Center
University of Minnesota
Pittsburgh Dermatology & Skin Cancer
Center, P.C.
Ohio State University Medical Center
National Cancer Institute
Indiana University School of Medicine
Littlest Tumor Foundation
French Referral Center for
Neurofibromatosis, France
National Cancer Institute
Cincinatti Childrens Hospital
University of Alabama Birmingham
The OSU Eye and Ear Institute
The Wistar Institute
New York Presbyterian Hospital
University of Michigan
University of Michigan Medical School

Please note that any registrations received
after June 1, 2010 are not listed here.
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Maps

MAPS

	
  
Saturday:
Welcome Dinner & Reception - Rusty Scupper

	
  

A - Sheraton City Center Hotel		

B - Rusty Scupper

Sunday: Clinical Roundtable - Black-Eyed Susan Riverboat

A - Sheraton City Center Hotel		
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B - Black-Eyed Susan

	
  

	
  

2010 NF Conference Survey
Please print clearly and neatly

1. Your name (optional) _____________________________________________________________________________
2. Are you a… (please select one)
❏ M.D. ❏ Ph.D.

❏ M.D. and Ph.D. ❏ Pre-Doc

3. How many NF Conferences have you attended?
❏ This is the first one
❏ 2-5

❏ Post-Doc

❏ Other: _________________

❏ More than 5

4. Meeting theme:
This year’s meeting theme is ‘‘Back to the Future’’. Is a theme a good idea when organizing the meeting?
No……………………………...…...........................Don’t Care………..…………………………………………..Yes
1		
2		
3		
4
5
What themes would be good to tackle in future years?
________________________________________________________________________________________________
________________________________________________________________________________________________
5. ‘Basic research: clinical’ ratio:
Do you think this year’s meeting agenda balances basic research and clinical programs, or is it too focused on basic research, or too
focused on clinical programs?
Too much research…………………………….............Was balanced………………………………......………Too Clinical
1		
2		
3		
4
5
6. Do you think it’s a good idea for the Foundation to include satellite symposia before and after the main meeting?
No……………………………...…...........................Don’t Care………..…………………………………………..Yes
1		
2		
3		
4
5
7. What topics would you like to see addressed in satellite symposia?
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
8. Meeting Layout:
Please select one:
❏ Morning and evening sessions, afternoon free
❏ Morning and afternoon session, evening free
Please comment:
________________________________________________________________________________________________
________________________________________________________________________________________________
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9. Meeting Location:
How convenient was Baltimore, Maryland for you to access to?
Not……………………………...….……........................OK………..………………..…………………………..Very
1		
2		
3		
4
5
How do you feel about having the Conference in a “City” setting; like Baltimore, Maryland?
No……………………………...…...........................Don’t Care………..…………………………………………..Yes
1		
2		
3		
4
5
How do you feel about moving the Conference back to a mountain resort with a more intimate setting like Jackson Hole, Wyoming?
No……………………………...…...........................Don’t Care………..…………………………………………..Yes
1		
2		
3		
4
5
Please select which approach you prefer; Conference being held in:
❏ City setting - most meals on your own (lower registration fee)
❏ Resort setting – Foundation pay for most meals (higher registration fee)
Do you have any suggestions as to where in the U.S this meeting could be held (e.g., resorts/meeting facilities) to accommodate
around 250-300 attendees?
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
10. Registration Fee:
Do feel the current registration fee charged is fair?
Too much……………………………...….....................Don’t Care………..……………………………………Fair Price
1		
2		
3		
4
5
11. Please add any other comments you might have about the meeting and how we might improve it!
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________
________________________________________________________________________________________________

Please place the completed survey in the box labeled “Completed Surveys” at the meeting registration desk. After the meeting surveys
can be submitted to:
Min Wong, Children’s Tumor Foundation
95 Pine St, 16th Floor, New York, NY 10005
or FAX to:
Min Wong, (212) 747-0004
THANK YOU!
Your responses will help us better plan future NF meetings. If you have any questions about completing this survey, please see a
member of Foundation staff.
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Special thanks to the 2010 NF Conference Chairs
Dr. Sue Huson and Dr. Filippo Giancotti

Thanks you to our 2010 sponsors

Thanks You NIH for SUPPORT

Unauthorized recording (audio or video) or photographing of platform presentations or poster presentations
at the 2010 NF Conference is strictly prohibited.
©2010 Children’s Tumor Foundation

