


Welcome to the  

 
 
 
 
 
Dear NF Conference Attendees: 
 
It is a great pleasure to welcome you to The Canyons Resort for the 2007 NF 
Conference. We hope this venue offers a refreshing change while maintaining an 
intimate setting for the meeting.  
 
The 2007 NF Conference offers an impressive lineup of presentations including 39 
platform presentations and 70 poster presentations. The platform agenda, based on 
the theme ‘Models, Mechanisms and Therapeutic Targets’, is structured to move from 
molecular signaling to clinical trials over six individual sessions.  
 
In addition, a total of SIX satellite meetings are included at the 2007 NF Conference. 
The Clinical Care Satellite, first established in 2006, has – in response to popular 
demand - expanded from half a day to a full day. The Federal Funding Q&A Satellite 
provides a chance for NF researchers and clinicians to interface with key NF program 
staff at NIH and CDMRP. Both of these are open to all conference attendees. 
 
Some satellites are small invite-only working group meetings focused on one area of 
NF research in which the Foundation is involved. This year, the topics are optic 
pathway glioma, learning disabilities, Schwannomatosis and planning for NF2 clinical 
trials. Outcome reports from these working meetings will help direct future 
Foundation programs. It is important to note that the working satellites are 
investigator-driven: we welcome satellite ideas from you for future NF Conferences. 
 
Finally, those of you who attended the ‘NF Consortium …’ in the past will have noticed 
the meeting has a new name – The NF Conference. The format and content of the 
meeting remain of the same high quality. However this new ‘identity’ gives the 
meeting the recognition it deserves – as the premier annual international NF 
Conference. This new name has also helped us in promoting the meeting and 
attracting new attendees from outside the NF community. We want to keep the NF 
Conference intimate and small, but we also want to engage as many people as possible 
in our mission to end neurofibromatosis through research.  
 
Thank you for attending the 2007 NF Conference. We hope you enjoy the meeting! 
 
Sincerely, 
 

          

 

Kim Hunter-Schaedle, Ph.D.     John W. Risner 
Chief Scientific Officer    President 
Children’s Tumor Foundation    Children’s Tumor Foundation 



CTF OVERVIEW 



About The Children’s Tumor Foundation 
 
 
 
 

The Children’s Tumor Foundation is dedicated to ending neurofibromatosis (NF) through 
research. For over 25 years the Foundation has sponsored research to unravel the molecular 
basis of NF, so that we may progress toward the identification of effective treatments, and 
improve the lives of those living with the disorder. To date, the Foundation has committed 
over $25M to research programs & initiatives. The Children’s Tumor Foundation also provides 
support and resources to patients and families living with NF and their caregivers, and 
endeavors to increase public awareness of NF. The Children’s Tumor Foundation is widely 
praised as a model health organization.  

 
 
 

 
A Track Record of Success 
The Foundation focuses on funding scientists early in their careers, and in seed-funding new and 
innovative ideas that may need proof of concept data to apply for larger federal grants. Through 
our Young Investigator Award program, for over 20 years the Foundation has encouraged young 
scientists into a career in NF research; many of today’s NF community leaders are former YIA 
recipients. The Drug Discovery Initiative, established in 2006, provides seed funding for 
preclinical drug screening. Within ten months of its launch it funded ten individual drug screens.  
 
As well as funding research, the Children’s Tumor Foundation provides support to patients and 
families via a network of Chapters & Affiliates across the United States; serves as a resource to 
patients, families and health professionals by providing thorough, accurate, current and readily 
accessible information; and endeavors to increase public awareness of NF.  
 
The Foundation has long-standing relationships with the National Institutes of Health and 
Department of Defense, and played a key role in the establishing of the Congressionally Directed 
Medical Research Program NF Research Program in 1996.  
 
Founded in 1978 as the National Neurofibromatosis Foundation, in 2005 the Foundation adopted 
the name Children’s Tumor Foundation with the tagline Ending Neurofibromatosis Through 
Research.  This name change has significantly helped in both our fundraising and awareness 
efforts. This is true within the research community as well as the general public: the new name 
has been effective in engaging researchers at the Foundation’s research information booth at 
conferences such as the Society for Neuroscience and American Association for Cancer Research.  
 
Looking to The Future 
In August 2007 the Children’s Tumor Foundation held a research strategic planning meeting to 
review what has been accomplished in the NF research arena in the past ten years, and where 
the gaps are that need funding and attention. The top two priorities of the 2006 NF Strategic Plan 
identified were an NF Clinic Network, and NF preclinical drug screening.   
 
In response to these recommendations in 2006 the Foundation launched the Drug Discovery 
Initiative as described above. Then in May 2007 the Foundation launched the NF Clinic Network 
(CTF-NFCN) to recognize those clinics in the United States that offer NF patients a level of care 
that meets the criteria defined by the Foundation’s Clinical Care Advisory Board. Over the next 
few years we anticipate this will become a cornerstone program of the Foundation’s future 
efforts linking clinical care and research.  
 
We hope to expand additional program areas in the near future. Based on the recommendations 
of the 2006 NF Strategic Plan, hope to expand our preclinical screening efforts and potentially to 
begin support of pilot clinical trials.  
 



Children’s Tumor Foundation Research Programs and Grants 
 
 
 

The Children’s Tumor Foundation has committed over $25M to neurofibromatosis research & 
clinical programs.  
As well as providing funding, the Foundation: 

* Convenes Key NF Research Meetings & Consensus Workshops  
* Serves as a premier source of NF information for scientists & laypersons 
* Liaises with federal agencies to set research priorities & ensure NF research funding 

 
Our current programs are outlined below. For more information, visit www.ctf.org  

 
 

 
 
YOUNG INVESTIGATOR AWARD  
What is it? A grant program to encourage early-career scientists into NF research.   
What funds does it offer? Two-year grants: salary (NIH commensurate) plus travel allowance. 
Who can apply? Pre- or post-doctoral researchers worldwide, with or pursuing an MD, Ph.D. or 
equivalent, no more than 4 years past the completion of their first doctoral degree.   
How do I apply? By completing the current YIA Application available at www.ctf.org   
When is the YIA application deadline? There is one deadline per year, with applications due in 
late winter/early spring. The 2008 deadlines will be announced in the fall at www.ctf.org   
 
 
THE DRUG DISCOVERY INITIATIVE  
What is it? A program for early-stage screening of candidate NF drugs in cell or animal models.   
What funds does it offer? Seed grants of up to $25,000 are available.   
Who can apply? Applicants should have an MD or Ph.D. or equivalent, and access to all resources 
needed.  Applicants from academia and the private sector are welcome, and partnerships between 
the two are encouraged.  Applications are welcomed from all qualified individuals worldwide. 
How do I apply? By downloading and completing the DDI Application available at www.ctf.org  
Deadline? Upcoming deadlines are June 30th, 2007, October 31st, 2007 and February 29th, 2008.   
Other DDI resources: The DDI Toolbox is an online public listing of tools and resources for NF drug 
screening. Includes cell lines, mouse models, and candidate drugs. To submit your tools or see 
what is available, visit www.ctf.org  
 
 
THE NF CLINIC NETWORK 
What is it? A Network of Affiliate Clinics that provide comprehensive NF clinical care.  
What funds does it offer? Affiliate Clinics may apply for up to $50,000/year to support a CTF NF 
Clinic Coordinator. 
Who can apply? Any clinic in the US that sees NF patients may apply.   
How do I apply? Complete the CTF-NFCN Affiliate Clinic Application available at www.ctf.org. This 
is an opportunity for you to provide CTF with information about your NF Clinic and also to express 
interest in NF Clinic Coordinator Funding.  
When is the deadline? Quarterly: June 30th, September 30th, December 31st and March 31st. You 
will be informed within 6 weeks of the deadline whether you have been approved.  
How do Affiliate Clinics then apply for NF Clinic Coordinator Funding? This is dependent upon 
local CTF fundraising in your region. If you have expressed interest in your initial CTF-NFCN 
Affiliate Clinic Application, you will be notified when funds are available & how to apply. 

http://www.ctf.org/
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How Can You Help Us Grow? 
 
 

 Be a Guest Speaker at Support Groups/Medical Symposium 

Often times we try to host medical meetings and support groups to help NF 
families. These opportunities are critical in bringing people together and 
talking about medical discoveries. By contacting the Children’s Tumor 
Foundation office, you can volunteer your services and enhance these 
meetings by presenting your NF experience and expertise. 

 

 Be the Bridge that brings Pharmaceutical Support to CTF 

The more money we raise the more research we can support. The Children’s 
Tumor Foundation is a highly respected organization that meets the highest 
standards in the non-profit community. However, support for our National 
programs, or even for this meeting, would be dramatically increased if we 
could acquire interest from the Pharmaceutical Industry. You can help us 
increase NF awareness and funding by introducing CTF to your contacts and 
helping us build a relationship with them. 

 

 Encourage NF families to contact and support CTF 

As the largest non-government funder of NF research, CTF is leading the 
way in sponsoring medical research. Yet, we believe many of those living 
with NF and their families are unaware of our Foundation and ought to 
connect with us so that we can keep them up to date with what’s happening 
in the NF community. The support they will receive and the assistance we 
can really make a difference.  

 



 

CTF STAFFat the 2007 NF Conference 
 
 
Management             
 
 
 

John W. Risner   President    Jrisner@ctf.org
 
Tom Malone   Director of Finance & Operations   malone@ctf.org
 
 
Research             
 
 
 
 

Kim Hunter-Schaedle, Ph.D. Chief Scientific Officer   Khunter-Schaedle@ctf.org
 
Gina Agiostratidou, Ph.D. Scientific Program Manager  gagiostratidou@ctf.org
 
Min Y. Wong   Research Program Director  mwong@ctf.org
 
Corinne McGown, MPH  Research Program Coordinator  cmcgown@ctf.org
 
Alex LaVenture   Research Staff    alaventure@ctf.org
 
 
Development            
 
 
 

George T. Orfanakos  Vice President    gorfanakos@ctf.org
 
Alice Gordon   VP California Development  agordon@ctf.org
 
Samantha Eburne  VP New England Development  seburne@ctf.org
 
Traceann Adams  Development Coordinator  tadams@ctf.org
 
Melissa Sherman  Development Coordinator  msherman@ctf.org
 
 
 
 
 
 
 
 
 
 

Children’s Tumor Foundation 
95 Pine Street 16th Floor 

New York, NY 10005 
P: 212 344 6633  F: 212 747 0004 

www.ctf.org 
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INTRODUCTION 



5.25

TIME EVENT LOCATION

9:45 AM - 5:00 PM Clinical Care Satellite Kokopelli - Parlor I & II

9:30 AM - 5:00 PM Registration Grand Ballroom Lobby

5:00 PM - 6:45 PM Reception & Welcome Dinner* The Forum

6:45 PM - 10:00 PM Session I - NF Conference Kokopelli - Parlor I & II

8:50 PM - 9:05 PM Break Kokopelli - Parlor III

10:00 PM  - 11:30 PM Wine Tasting Kokopelli - Parlor III

7:30 AM - 8:30 AM Continental Breakfast Kokopelli - Parlor III

8:00 AM  -  Ongoing Poster Session White Pine & Painted Horse 

8:30 AM - 10:20 AM Session II - NF Conference Kokopelli - Parlor I & II

10:20 AM - 10:40 AM Break Kokopelli - Parlor III

10:40 AM -  12:45 PM Session III -  NF Conference Kokopelli - Parlor I & II

5:00 PM - 7:00 PM Poster Presentation White Pine & Painted Horse 

7:00 PM  - 10:15 PM Session IV - NF Conference Kokopelli - Parlor I & II

8:35 PM - 8:50 PM Break Kokopelli - Parlor III

10:00 PM - 11:30PM YIA Mixer** Doc's at the Gondola

7:30 AM - 8:30 AM Continental Breakfast Kokopelli - Parlor III

8:00 AM  -  Ongoing Poster Session White Pine & Painted Horse 

8:00 AM  -  1:00 PM Session V - NF Conference Kokopelli - Parlor I & II

10:30 AM- 10:35 AM Break Kokopelli - Parlor III

2:45 PM - 5:30 PM Session VI - NF Conference Kokopelli - Parlor I & II

12:30:00 PM - 1:00 PM Federal Funding: Q&A Satellite Kokopelli - Parlor I & II

3:55 PM - 4:10 PM Break Kokopelli - Parlor III

5:30 PM -  10:00 PM Reception & Closing Dinner Gondola Ride to Red Pine Lodge

*If it rains, the Welcome Reception and Dinner will be moved to the Pavilion.
**YIA Mixer - Invite Only.
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SCHEDULE AT-A-GLANCE
2007 NF Conference

June 10-12, 2007



SATELLITE MEETINGS 
 

As well as the six main sessions of the 2007 NF Conference, the Children’s Tumor Foundation is 
hosting satellite events on the following topics. Many of these satellites are small working meetings 
targeted at a specific area of NF. Each will develop a workplan that will shape future programs of 
the Children’s Tumor Foundation.  

 
While most of these satellites are invite only, please note that the Clinical Care Satellite and 
Federal Funding Q&A Satellite are open to all NF Conference registrants.  
 
Friday - June 8th 

 
 

8:00AM – 5:00 PM 
Optic Pathway Glioma Satellite – INVITE ONLY
Chair: Dr. David Gutmann, Washington University 
Optic pathway glioma (OPG) is a significant clinical problem in NF1. This satellite will discuss 
current standards for clinical care of OPG, candidate drug targets, and review plans for future 
clinical trials.  
 
12:00PM – 7:00PM 
Learning Disabilities Satellite – INVITE ONLY
Chairs: Dr. Kathryn North (Westmead Hospital, Sydney, Australia) & Dr. Alcino Silva (NIMH)  
Learning disabilities (LD) affect 60% of individuals with NF1, and is currently one of the fastest 
moving areas of NF research.   This will the 3rd satellite on LD hosted by Children’s Tumor 
Foundation in 18 months bringing together the leaders in the field. Discussions will include 
updates on ongoing clinical trials of Lovastatin to treat LD; and plans for future LD preclinical & 
clinical trials.  

 
Sunday - June 10th 

 

9:45AM – 5:00PM 
Clinical Care Satellite:  Hot Topics - OPEN TO ALL
Chairs: Dr. David Viskochil (University of Utah) & Dr. Susan Huson (University of Manchester) 
Now in its 2nd year, this satellite is a forum of the Children’s Tumor Foundation Clinical Care 
Advisory Board. In 2007 the agenda will include ‘Hot Topics’ of NF1 & NF2 clinical care as well as 
the latest updates on NF clinical trials.  
 

Monday - June 11th
 
 

1:00PM – 2:30PM 
NF2 Clinical Trials Roundtable – INVITE ONLY 
Chairs: Dr. Marco Giovannini (Inserm) and Dr. Scott Plotkin (Harvard Medical School/MGH) 
To date no clinical trials have been conducted exclusively for the tumors of NF2, and many 
barriers have prevented these trials from moving forward. This roundtable is the first step toward 
planning a 2-day meeting in New York City in fall 2007 inviting international NF2 clinical experts 
to collaborate on how we might overcome barriers and progress toward NF2 clinical trials.   

 
 

 
 



 

Tuesday - June 12th  
 

12:30PM – 1:00PM 
Federal Funding: Q&A Satellite – OPEN TO ALL
Dr. Jane Fountain (NINDS program staff) and Dr. Naba Bora (Neurofibromatosis Research Program 
(NFRP), US Army) will host this meeting offering tips & suggestions for NF researchers looking for 
federal NF research funding.   

 
Wednesday - June 13th

 
 

7:00AM – 3:00PM 
Schwannomatosis Satellite – INVITE ONLY
Chairs: Dr. Gareth Evans (University of Manchester) & Dr. Anat Stemmer-Rachamimov (Harvard 
Medical School/MGH)  
Schwannomatosis is the least common of the neurofibromatoses, affecting 1:40,000 individuals. It 
has been difficult to study for many reasons. There are few patients; its inheritance patterns are 
not clear; until 2005 there were no clear diagnostic guidelines; and in addition, the gene has 
remained unidentified. In 2007 however a candidate Schwannomatosis gene, INI-1, was 
identified. This satellite meeting presents a challenge to the research community to identify the 
priority areas of Schwannomatosis research that need attention & funding to most quickly 
accelerate progress in the field.  The Foundation will use recommendations arising from this 
satellite to shape future programs in Schwannomatosis. 



 
 
Clinical Care Satellite:        
NF Clinical Updates & Hot Topics 2007  

Sunday - June 10th, 2007 
9:45am – 5:00pm 

Kokopelli - Parlor I & II 
 
 
Chairs:  
David Viskochil, MD, Ph.D (Univ. Utah & Chair, CTF Clinical Care Advisory Board)  
Susan M. Huson, MD (Univ. Manchester)  
                  
 
WELCOME & CTF CLINICAL UPDATES  
 
9:45am: Welcome from the Chairs          David Viskochil, MD, Ph.D.* 

University of Utah 
                              & Susan M. Huson, MD 

University of Manchester 
 

 
9:50am: The Role of the CCAB: A Personal Perspective       Bob Miyamoto* 
                                                                                              Consumer Representative, CCAB 
 
10:00am:  The NF Clinic Network: A New CTF Initiative        David Viskochil, MD, Ph.D.* 

   University of Utah 
 
10:10am: NF Statistics Update                        Jan Friedman, MD, Ph.D.* 

University of British Columbia  
 
10:20am: CTF Updates: Discussion 
 
 
 
REPORTS FROM CTF CLINICAL SATELLITE MEETINGS HELD 6/8/07    
 
10:30am:  2007 Learning Disabilities Workshop:           Kathryn North, MD 

A Report                    University of Sydney, Australia 
 

 
10:40am:  2007 Optic Pathway Glioma Workshop:              David Gutmann, MD, Ph.D.* 

A Report            Washington University 
   
 
10:50am: Satellite Updates: Discussion 
 
 
NF CLINICAL TRIALS UPDATES 
11:00am: DOD NF1 Clinical Trials Consortium Update                      Roger Packer, MD  
                                                                                           Children’s National Medical Center 

Recognizing the Contributions of The Irving Berlin Charitable Fund, Inc. 

 



Recognizing the Contributions of The Irving Berlin Charitable Fund, Inc. 

 

    
11:15am: Lovastatin as a Pharmacological Treatment  
                        for Learning Disabilities in Patients with NF1:                         Maria Acosta, MD 
                      Safety data from Phase 1 study      Children’s National Medical Center 

 
           

11:30am: Ongoing & planned NF1 trials coordinated by 
the National Cancer Institute     Brigitte Widemann, MD  

National Cancer Institute 
        Pediatric Oncology Branch 
            

11:45am: AZD2171 Plexiform trial update                          Dusica Babovic-Vuskanovic, MD 
Mayo Clinic 

 
12:00noon: Planning for NF2 clinical trials:                       Scott Plotkin, MD* 
  the opportunity & the challenge                       Massachusetts General Hospital 
 
 
12:15pm: Clinical Trials Updates: Discussion Period  
 
 
 
 

12.30–1.30pm   LUNCH 
 
 
 
 
HOT TOPICS I: DIAGNOSTIC CRITERIA 
 
1:30pm: International NF1 & NF2 classification          Susan M. Huson, MD  

& diagnostic criteria – updates              University of Manchester 
 

 
1:40pm:  Diagnostic Criteria: Discussion Period 
 
 
 
HOT TOPICS II: NF2 UPDATES 
 
1:50pm: Introduction            Bill Slattery III, MD* 
               House Ear Institute 
                     Member, CCAB 
 
1:55pm: The 2006 Paris NF2 Meeting:    Michel Kalamarides, MD, Ph.D. 
                        An Overview              Beaujon Hospital, Clichy, France 
   
2:15pm: NF2 Mosaicism Update                         Gareth Evans, MD 

University of Manchester 
2:35pm: NF2 Updates: Discussion Period 
 
 
 

2.50PM:  BREAK 



Recognizing the Contributions of The Irving Berlin Charitable Fund, Inc. 

 

 
 
HOT TOPICS III: NEUROFIBROMA UPDATES 
 
3:00pm: Introduction            David Viskochil, MD, Ph.D.* 
 
3:05pm:  Subcutaneous neurofibromas                Pierre Wolkenstein, MD 

Hopital Necker, Paris, France 
 
3:25pm: Principles of surgical management of dermal,                         Abhijit Guha, MD 

plexiform & MPNST neurofibromas                           University of Toronto 
                       

3:45pm: Quantification of dermal neurofibromas                           Amy Theos, MD 
University of Alabama at Birmingham 

 
4:00pm: Imaging tumor burden             Jan Friedman, MD, Ph.D.*   

University of British Columbia 
         
4:15pm: Neurofibroma Updates: Discussion Period 
 
 
 
 
CLOSING SESSION 
 
4:30pm:  Cases that the UK neurofibromatologists        Susan M. Huson, MD,  

find informative and challenging              University of Manchester 
                      Rosalie Ferner, MD, 

                                                                     Guy’s, King’s and St. Thomas  
        School of Medicine 

       & Meena Upadhyaya, Ph.D. 
Cardiff University, Wales 

 
 4:40pm: General Discussion:                      David Viskochil, MD, Ph.D.* 
                                                                & Susan M. Huson, MD 
  What topics should be addressed in future  

NF Conference clinical satellites? 
 

     
5:00pm: Adjourn 

Please join us for the 2007 NF Conference Welcome Reception and Dinner 
 
 
 
 

* Denotes Members of the Children’s Tumor Foundation Clinical Care Advisory Board 
 
 
 
 



 

NF Conference Agenda - 2007 
 

Sunday - June 10, 2007      
 
5:00-6:45PM 
Reception & Welcome Dinner                           The Forum* 
 
  
 
Session I: Intracellular Signaling                                Kokopelli - Parlor I &  II                
Chair: Karen Cichowski, Harvard Medical School / Brigham & Women’s Hospital 
 
6:45PM 
Welcome and Foundation Updates 
Kim Hunter-Schaedle, Chief Scientific Officer, The Children’s Tumor Foundation 
 
7:00-7:05PM 
Introduction 
Karen Cichowski, Harvard Medical School/Brigham & Women’s Hospital 
 
Keynote address: 
 
7:05-7:35PM 
Compartmentalization of Ras Signaling 
Mark Philips, New York University 

 
Session talks:   
 
7:35-8:00PM 
Merlin function in membrane organization in receptor tyrosine kinase signaling 
Andrea McClatchey, Harvard Medical School/Massachusetts General Hospital 
 
8:00-8:25PM 
Phosphorylation and activity of the tumor suppressor Merlin and ERM protein Moesin are 
coordinately regulated by the Slik kinase. 
Sarah Hughes, University of Alberta 
 
8:25-8:50PM 
Tumorigenic transformation by CPI-17 through inhibition of a merlin/ERM phosphatase 
Helen Morrison, Leibniz Institute of Aging Research 
 
8:50PM – 9:05PM 
BREAK 
 
 
9:05-9:30PM 
Defining optic glioma pathogenesis in mice to identify new treatment strategies for children 
with NF1 
David Gutmann, Washington University School of Medicine 
 
 
 



  

 
9:30-9:45PM 
Flow Cytometry Analysis to interrogate signaling in primary stem/progenitor cells with 
hyperactive Ras                
Ernesto Diaz-Flores, University of California, San Francisco 
 
9:45PM – 10:00PM 
DISCUSSION 

 
10pm 
Wine Tasting             Kokopelli - Parlor III 
 
 

Monday - June 11, 2007      
     
7:30AM                            Kokopelli - Parlor III 
Breakfast  
 
 
Session II: Cellular Mechanisms of Tumorigenesis and Tumor Suppression    
Chair: Andrea McClatchey, Harvard Medical School/Massachusetts General Hospital 
 
8:30-8:35AM 
Introduction 
Andrea McClatchey, Harvard Medical School/Massachusetts General Hospital 
 
Keynote address: 
 
8:35-9:05AM 
Oncogene-induced senescence: in-vitro tool or in-vivo reality? 
Daniel Peeper, Netherlands Cancer Institute 
 
Session talks: 
 
9:05-9:30AM 
Regulated inactivation of the NF1 tumor suppressor in gliomagenesis  
Karen Cichowski, Harvard Medical School/Brigham & Women’s Hospital 
 
9:30-9:55AM 
Stabilization of the RasGAP by kelch proteins 
Toshiaki Harashima, National Institute for Basic Science, Japan            
 
9:55-10:20AM 
Merlin - novel functions at the cell membrane? 
Joseph Kissil, Wistar Institute 
  
 
10:20-10:40AM 
BREAK 
 
Session III: Stem Cells                  
Chair: Jonathan Epstein, University of Pennsylvania 
 
10:40-10:45AM 
Introduction 
Jonathan Epstein, University of Pennsylvania  



  

 
Keynote address: 
 
10:45-11:15AM 
The loss of Nf1 promotes self-renewal but not tumorigenesis by neural crest stem cells 
Sean Morrison, University of Michigan Center for Stem Cell Biology and Life Sciences Institute 
 
Session talks: 
 
11:15-11:40AM 
Development of model systems for studying dermal neurofibromas 
Luis Parada, University of Texas, Southwestern 
 
11:40-12:05AM 
Neurofibroma formation in mice: relevance of a glial progenitor cell 
Nancy Ratner, Cincinnati Children’s Hospital Medical Center 
 
12:05-12:30PM 
Is MED28 (magicin) required for maintaining stemness? 
Vijaya Ramesh, Harvard Medical School/Massachusetts General Hospital 
 
12:30-12:45PM 
DISCUSSION 
 
 
Session IV: Genetics and Genetic Strategies                    
Chair: Eric Legius, University of Leuven 
 
 
7:00-7:05PM 
Introduction 
Eric Legius, University of Leuven  
 
Keynote address: 
 
7:05-7:35PM 
Harnessing functional genomics to discover and validate cancer targets and pathway 
William Hahn, Dana Farber Cancer Institute and Broad Institute of Harvard and MIT                                                
 
Session Talks: 
 
7:35-8:00PM 
Title TBD 
Eric Legius, University of Leuven 
 
8:00-8:05PM 
Schwannomatosis: a personal perspective 
Fran Cone, Patient Advocate 
 
8:05-8:20PM 
INI1: Candidate Schwannomatosis gene 
Theo Hulsebos, University of Amsterdam 
 
8:20-8:35PM 
The SMARCB1 (INI1) tumor suppressor in familial Schwannomatosis 
Chelsea Boyd, Harvard Medical School/Massachusetts General Hospital 
 
 



  

8:35-8:50PM 
BREAK 
 
 
8:50- 9:15PM 
Non-cell-autonomous regulation of organismal growth by NF1 
Andre Bernards, Harvard Medical School/Massachusetts General Hospital 
 
9:15-9:30PM 
CGH Comprehensive DNA copy number profiling of MPNSTs 
Kiran Mantripragada, Cardiff University, Wales, UK 
 
9:30-9:45PM 
Aberrant HGF and MET expression may contribute to multiple pathological conditions in NF1 
Larry Sherman, Oregon National Primate Research Center 

 
9:45-10:00PM 
Dissecting the barcode of NF1 tumor susceptibility and variable expressivity 
Karlyne Reilly, NIH-NCI                                     
 
10:00-10:15PM 
DISCUSSION  
 
 
 

Tuesday - June 12, 2007      
     
7:30AM              Kokopelli - Parlor III               
Breakfast 
 
 
Session V: Disease Pathogenesis, Animal Models, and Development                  
Chairs: Luis Parada, University of Texas, Southwestern 
      Andre Bernards, Harvard Medical School/Massachusetts General Hospital 
 
8:30-8:35AM 
Introduction 
Luis Parada, University of Texas, Southwestern 
 
Session Talks:  
8:35-8:55AM 
Identification of a susceptible cell type and cellular events for NF1 neurofibroma formation 
Yuan Zhu, University of Michigan 
 
8:55-9:10AM 
Conditional deletion of Pten tumor suppressor gene and activation of K-Ras oncogene results in 
the development of Neurofibromatoses 
Caroline Gregorian, University of California, Los Angeles  
 
9:10-9:35AM 
NF1 and the cardiovascular system 
Jonathan Epstein, University of Pennsylvania 
 
9:35-9:50AM 
Aberrant CNS gliogenesis in a novel zebrafish model of NF1 
Jeong-Soo Lee, Dana Farber Cancer Institute 
 



  

9:50-10:15AM 
Breast cancer risk in women with NF1 
Gareth Evans, University of Manchester  
 
10:15-10:30AM 
Role of Neurofibromin in prefrontal cortex function 
Carrie Shilyansky, University of California, Los Angeles 
 
 
10:30-10:35AM  
BREAK 
 
10:35-10:40AM 
NF1: A Personal Perspective 
Zoe Gerchick, Patient Advocate 
 
10:40-10:55AM  
Hematopoietic and mesenchymal stem/progenitor cell contributions to skeletal dysplasias in NF1 
Feng-Chun Yang, Indiana University         

 
10:55-11:10AM 
ATF4 is a transcriptional target of neurofibromin signaling in osteoblasts 
Florent Elefteriou, Vanderbilt University      
 
11:10-11:25AM 
NF2/Merlin Mutant Flies Are Deaf 
Frances Hannan, New York Medical College 
 
11:25-11:40PM 
Role of Merlin in Neural Tube Closure, Neural Crest Cell Adhesion and Migration, and Brain 
Development 
Elena Akhmametyeva, The Ohio State University 
 
11:40PM-12:30PM  
DISCUSSION 
 
Federal Funding Update: Q&A 
Chair: Kim Hunter-Schaedle, Children’s Tumor Foundation 
 
 
 

12:30-1:00PM 
Jane Fountain, National Institute of Neurological Disorders and Stroke 
Naba Bora, Neurofibromatosis Research Program (NFRP), US Army 
 
 
Session VI: Therapeutic Targets, Models, and Pre-clinical Studies                   
Chair: Wade Clapp, Indiana University 
 
Session Talks: 

 
2:45-2:50PM 
Introduction 
Kim Hunter-Schaedle, Children’s Tumor Foundation 
 
2:50-3:15PM 
The hematopoietic system is an integral component of the tumor microenvironment and is 
required for plexiform neurofibroma progression 
Wade Clapp, University of Indiana 
 



  

3:15-3:25PM 
The EGFR/MPNST Connection: From Bench to Bedside 
Dave Viskochil, University of Utah 
 
3:25-3:40PM 
The NF1 tumor suppressor is a critical regulator of mTOR signaling pathway                                   
Cory Johannessen, Harvard Medical School/Brigham & Women’s Hospital 
 
3:40-3:55PM 
Targeting the mTOR pathway as a potential therapeutic for MPNSTs 
Gunnar Johansson, Cincinnati Children’s Hospital Medical Center 
 
3:55-4:10PM 
BREAK 
 
4:10-4:15PM 
NF2: a personal perspective 
Patient Advocate, TBD 
 
4:15-4:40PM 
Testing of new agents in NF2 preclinical models 
Marco Giovannini, Inserm 
  
4:40-4:55PM 
Mutations that Cooperate with NF1 Inactivation in Leukemogenesis Influence Therapeutic 
Response to MEK Inhibition 1 
Jennifer O’Hara Lauchle, University of California, San Francisco 
 
4:55-5:10PM 
Pharmacological intervention with Lovastatin for learning disabilities in patients with NF1: 
Preliminary data in neuropsychological result in a phase 1 study 
Maria Acosta, Children’s National Medical Center                       
 
5:10-5:30PM 
Discussion: How can we form an effective preclinical screening consortium? 
 

ADJOURN 
6:30PM – 10PM               Gondola Ride to Red Pine Lodge 
Reception & Closing Dinner 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*If it rains, the Welcome Reception and Dinner will be moved to the Pavilion. 



IMPORTANT NOTES to CHAIRS, SPEAKERS & POSTER PRESENTERS 
 

NOTE TO SESSION CHAIRS  

♦ Please be by the podium 30 minutes before start of session you are chairing to ensure 
, etc. 

 

 

 
& Abstracts Book). 

♦ 

speakers have arrived, go through audiovisual setup

♦ Convene your session PROMPTLY per the schedule! 

♦ Introduce speakers by name & affiliation; and whether they are invited speakers or 
selected abstract speakers.  

♦ Introduce the keynote speaker in more detail, by current affiliation, career, etc. (their 
biosketchs can be located in the Program 

♦ Chairs of evening sessions, the patient advocate need only be introduced briefly by 
name, as they will tell their own ‘story’. 

Please keep your speakers ON TIME. You will be provided a timer! You may want 
to give a 3-minute warning before the end of the talk.  

phone (there will be standing 

 
NOTE 

♦ When fielding questions from the audience please have the audience member 
identify themselves, and speak into the micro
microphones and a handheld microphones).  

♦ At the close of the session please briefly summarize what you see as the key 
‘take home’ points of the session for the group.  

TO SPEAKERS 

Please bring your slides to the meeting either on a CD; flash drive; or bring your 
own laptop. You will 

♦ 
be notified by Foundation staff at registration as to when 

♦ 
derstand audiovisual setup and make sure your slideshow 

♦ 

 
NOTE TO 

to bring your slides to the audiovisual staff.  

Please be available by the podium 30 minutes before start of session in which 
you are speaking to un
is running smoothly.  

Please check your time allotment on the agenda. Please be prepared to 
complete your talk in the timeframe given! 

POSTER PRESENTERS 

Posters will be on display through the Conference in meeting rooms ♦ White Pine 
& Painted Horse.    Posters 1 – 20 will be in meeting room Painted Horse.  

ters 21-70 will be in meeting room White Pine. Presenters should stand by 
ay (June 11th) 5:00 – 7:00 PM. Pushpins will be provided! 

it should be on display by Sunday and 
should remain up until after Session VI on Tuesday evening. 

 
 
Questions?  
Please contact a CTF staff! 

Pos
their posters Mond
You can mount your poster upon arrival; 
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Session I 
 

Intracellular Signaling  
 
Chair: Karen Cichowski  
 
Speakers 
 
 
Mark Philips       Keynote   T1 
 
Andrea McClatchey        T2 
 
Sarah Hughes      T3  
 
Helen Morrison         T4 
 
David Gutmann        T5 
 
Ernesto Diaz-Flores       T6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Mark Philips*          T1 
New York University  
 
 
Compartmentalization of Ras Signaling 
 
           
 
Ras proteins are peripheral membrane proteins that associate with cellular 
membranes by virtue of a series of post-translational modifications that include 
prenylation, proteolysis and carboxyl methylation.  All Ras proteins except 
Kras4B are further processed by palmitoylation.  Whereas the localization of 
mature Ras proteins was originally considered to be the plasma membrane and 
to be static, we now understand that Ras is also expressed on internal 
membranes and its localization is dynamic.  In the case of palmitoylated Ras 
proteins, a cycle of palmitoylation/depalmitoylation regulates bidirectional 
transport pathway between the Golgi apparatus and the plasma membrane and 
Ras can be activated in situ at both locations.  We have recently discovered 
that in lymphocytes N-Ras is activated exclusively on the Golgi when the 
antigen receptor alone is ligated but co-stimulation through the integrin LFA-1 
leads to activation of PLD, accumulation of DAG in the PM, recruitment of the 
Ras GEF RasGRP1 to the PM and activation of Ras on that compartment.  We 
have recently discovered that the localization of Kras4B is also dynamic and is 
regulated by a farnesyl-electrostatic switch controlled by phosphorylation of 
serine 181 in the polybasic region by PKC.  Among the membranes for which 
phosphorylated Kras4B has affinity is the mitochondrial outer membrane and 
the ER.  The implications of subcellular location on signaling will be discussed.  
In particular, the spatial regulation of N-Ras activation in lymphocytes and the 
pro-apoptotic effects of internalized Kras4B will be presented. 
 
* Full author list: 
Adam Mor, Trever Bivona, Steven Quatela, Pamela Sung, Brian Bodemann, Ian 
Ahearn, Michael Dustin, Adrienne Cox and Mark Philips 
 
 
 
Dr. Philips is Professor of Medicine, Cell Biology and Pharmacology at New York 
University where he is also Director of the Honors Program and Associate 
Director of the Medical Scientist Training Program. He directs a research 
laboratory that investigates aspects of the cell biology of cancer and 
inflammation, with a focus on GTPases. Dr. Philips received his MD from 
Columbia College of Physicians and Surgeons. 

  



Andrea McClatchey*°          T2 
Harvard Medical School/Massachusetts General Hospital  
 
 
Merlin function in membrane organization in receptor tyrosine 
kinase signaling 
 
Nf2/Merlin and the related ERM (Ezrin, Radixin, Moesin) proteins are thought to 
provide regulated linkage between the membrane and actin cytoskeleton, 
thereby organizing cortical domains that interface with the extracellular 
environment. From this location, Merlin is poised to function in modulating the 
transmission of mitogenic signals from the extracellular environment. We 
previously demonstrated that Merlin mediates contact-dependent inhibition of 
proliferation by organizing or stabilizing cell:cell junctions. Subsequent work in 
several different cell types, including Schwann cells, revealed a role for Merlin 
as a critical contact-dependent regulator of the ErbB receptorsignaling 
network. Specifically, we found that upon cell contact Merlin negatively 
regulates the Epidermal Growth Factor Receptor (EGFR; ErbB1) by physically 
restraining the EGFR into a membrane compartment from which it can neither 
signal nor be internalized. Through the generation and analysis of a panel of 
mutant versions of Merlin, we have found that this activity requires precise 
localization of Merlin itself to a specific membrane compartment that we have 
begun to define both biochemically and morphologically. Our studies are 
consistent with the idea that local activation of Merlin stabilizes the 
association between adhesion proteins and the cortical actin cytoskeleton 
while locally ‘capturing’ EGFR-containing complexes. This would be a powerful 
way to confer spatial and temporal regulation to membrane receptors and 
modulate their responses to extracellular signals. Indeed, we believe that the 
molecular relationship between Merlin and EGFR could be a paradigm for 
understanding how Merlin and the ERM proteins might control the physical 
distribution of and signaling from other receptors.   
 
        
* Full author list:
Marcello Curto1, Annie W. Chan1, 2, Banu Cole1, and Andrea I. McClatchey1

Massachusetts General Hospital Center for Cancer Research1, Department of Radiation 
Oncology2, and Department of Pathology Harvard Medical School. 
149 13th Street, Charlestown, MA 02129. 
 
°Andrea McClatchey is an active Children's Tumor Foundation Drug  
 Discovery Award Recipient

  



Sarah Hughes*           T3 
University of Alberta, Canada 
 
 
Phosphorylation and activity of the tumor suppressor Merlin and 
ERM protein Moesin are coordinately regulated by the Slik 
kinase 
 
 
Maintenance of epithelial integrity has been clearly linked to control of cell 
proliferation. However, the mechanism by which these processes are linked is 
less well understood. Merlin and Moesin are two closely related members of the 
FERM domain super-family with apparently distinct cellular functions: Merlin, 
the product of the NF2 tumor suppressor gene, has been implicated in 
regulating proliferation, while Moesin and its paralogues Ezrin and Radixin are 
believed to maintain epithelial integrity by organizing the apical cytoskeleton. 
The activity of both proteins is regulated by head to tail folding, which is 
controlled in part by phosphorylation. Few upstream regulators of these 
phosphorylation events are known. In this study, we demonstrate that in 
Drosophila melanogaster, Slik, a Ste20 kinase, controls subcellular localization 
and phosphorylation of Merlin, resulting in the coordinate but opposite 
regulation of Merlin and Moesin. Additionally, we show the first genetic 
evidence that Moesin and Merlin functionally interact through competition for 
Slik kinase activity. These results suggest the existence of a novel mechanism 
for coordinate regulation of cell proliferation and epithelial integrity in 
developing tissues. 
 
* Full author list: 
Hughes, S.C. (1) and Fehon, R.G. (2) 
 
(1) Department of Cell Biology, University of Alberta, Edmonton, Alberta, 
Canada T6G 2H7 
(2) Department of Molecular Genetics and Cell Biology, University of Chicago, 
Chicago, IL 60637 
 
 
 
 
 
 
 

  



Helen Morrison*           T4 
Leibniz Institute for Age Research, Germany 
 
Tumorigenic transformation by CPI-17 through inhibition of a 
merlin/ERM phosphatase 
 
 
Merlin, an ezrin, radixin and moesin [ERM] like protein, is an important 
regulator of proliferation in many cell and tissue types. The activities of merlin 
and ERM proteins are regulated by phosphorylation/dephosphorylation. While 
merlin requires dephosphorylation at serine 518 for activation, ERM proteins 
are regulated in the opposite manner: threonine phosphorylation activates the 
proteins. 
 
Recently we have identified that the phosphatase MYPT-1–PP1 is important for 
cellular growth control in that it dephosphorylates and activates the tumour 
suppressor protein merlin, which subsequently targets the Ras pathway. The 
cellular MYPT-1–PP1 –specific inhibitor CPI-17 causes a loss of merlin function 
characterized by merlin phosphorylation, Ras activation and transformation. 
Although merlin inactivation is a major determinant of transformation by CPI-
17, we also find elevated phosphorylation of ERMs, identified targets of MYPT-
1-PP1.  We can show that active phosphorylated ERM proteins are essential for 
Ras activation and proliferation control. Down regulation of ERMs by siRNA or 
expression of a dominant-negative ezrin mutant abolishes CPI-17 induced 
activation of Ras and reduces the transformed phenotype. Because merlin 
antagonizes ERM function, CPI-17 probably induces a tumour-promoting activity 
of ERMs and loss of the counteracting role of merlin. Taken together, our data 
form the basis for proposing a new pathway leading to transformation that 
includes a phosphatase and an inhibitor involved in actomyosin contractility. 
 
* Full author list: 
Hongchuan Jin, Tobias Sperka, Ingmar Scholl, Peter Herrlich and Helen Morrison 
 

  



David Gutmann           T5 
Washington University School of Medicine, St. Louis  
 
Defining optic glioma pathogenesis in mice to identify new 
treatment strategies for children with NF1 
 

  



Ernesto Diaz-Flores*♦       T6 
University of California, San Francisco 
 
Flow cytometry analysis to interrogate signaling in primary stem/progenitor 
cells with hyperactive Ras 
 
 
The observation that children with NF1 are predisposed to juvenile 
myelomonocytic leukemia (JMML) implicated neurofibromin in hematopoietic 
growth control and myeloid leukemogenesis. Other genetic lesions found in 
myeloid malignancies such as KRAS and NRAS point mutations, the BCR-ABL 
fusion, and PTPN11 mutations support the idea that hyperactive Ras plays a 
central role in myeloproliferative diseases (MPD) and acute myeloid leukemia 
(AML). Despite continued efforts limited progress has been made toward 
developing effective and safe therapeutic agents for patients with NF1 and 
NF1-associated cancers. A fundamental question involves understanding how 
hyperactive Ras deregulates specific biochemical pathways that contribute to 
disease phenotypes and how this information might be used to develop safe and 
specific treatments. 
 
We have exploited two strains of mice that uniformly develop fatal MPDs that 
model JMML: Mx1-Cre, Nf1flox/flox (2) and (Mx1-Cre, LSL-KrasG12D mice. Our 
experimental strategy use intracellular flow cytometry to investigate signaling 
networks in primary bone marrow cells by analyzing phosphorylated proteins. 
After extensive validation of this technique we have analyzed Mx1-Cre, 
KrasG12D mice with MPD. Cells defined by expression of c-kit and no expression 
of mature lineage markers (c-kit+/lin-) comprise 1-3% of nucleated cells within 
the marrow that are enriched for stem and progenitor cell activity. We 
compared panels of signaling molecules (pERK, pSTAT5, pS6…) and stimuli (GM-
CSF, SCF) in wild type (WT) and KrasG12D cells with similar immunophenotypic 
and functional properties. This approach allows us to explore the dynamic 
nature of KrasG12D signaling in the c-kit+/lin- compartment that would 
otherwise be difficult to detect in whole marrow.  
 
FACS analysis of ungated WT and KrasG12D cells showed comparable pERK 
levels in unstimulated as well as GM-CSF stimulated cells. By contrast, focused 
interrogation of c-kit+/lin- cells revealed significant effects of KrasG12D 
expression such as elevated basal and prolonged activation of both pERK and 
pS6 in a higher proportion of cells compared to WT cells. In contrast, c-kit+/lin- 
KrasG12D cells showed markedly attenuated pERK and pS6 response to SCF, the 
ligand for the c-kit receptor suggesting that mutant stem cells can rearrange 
the signaling network. Together, these results demonstrate that it is feasible to 
generate a novel biochemical signature of oncogenic Ras signaling in 
stem/progenitor cells. Focused interrogation of c-kit+/lin- cells also allows us 
to monitor the ability of therapeutic agents to inhibit downstream biochemical 
targets in cells that are required for disease maintenance.  

  



 
I extended this strategy to interrogate signaling networks combining Western 
blotting with flow cytometry in Nf1 deficient hematopoietic cells and Nf1 
deficient cells with retrovirally induced AML. The results from this comparison 
interestingly show that Nf1-deficient MPD cells present a hyperactivate 
signaling network whereas Nf1-deficient AML cells largely rearrange the 
network. This may highlight which signals are important and which dispensable 
for malignant transformation and identify molecular candidates for novel 
targeted therapies in Nf1 associated tumors and associated leukemias. 
 
References: 
1. Diaz-Flores, E., Lauchle, J., Rowe, S., Kim D., Braun B., and Shannon K. Pediatrics/Oncology 
Department, University of California, San Francisco, CA, United States, 94143. 
2. Le et al., Blood 103, 4243, 2004 
3. Braun et al. PNAS 101, 597, 2004 
 
 
 
 
 
 
♦ Ernesto Diaz-Flores is an active Children's Tumor Foundation Young 
Investigator Awardee 2005 - 2007 
 
 

  



Session II 
 

Cellular Mechanisms of Tumorigenesis 
and Tumor Suppression  
 
Chair: Andrea McClatchey  
 
 
Speakers 
 
 
 
Daniel Peeper       Keynote   T7 
 
Karen Cichowski         T8 
 
Toshiaki Harashima      T9  
 
Joseph Kissil         T10 
 
 
 

  



Daniel Peeper           T7 
The Netherlands Cancer Institute, Amsterdam, The Netherlands 
 
Oncogene-induced senescence: in-vitro tool or in-vivo reality? 
 
 
Recent work has revealed an intriguing mechanism contributing to the 
cessation of growth of benign neoplasms: oncogene-induced senescence. Its 
role in the prevention of overt cancer is likely to be substantial. Early 
indications came from in vitro studies, which indicated that oncogenic signaling 
can elicit, paradoxically, a growth-arrest response. This is associated with a 
cellular phenotype reminiscent of telomere-associated replicative senescence, 
and involves the activation of a tumor suppressor gene network. Oncogene-
induced senescence has proven to serve as a powerful setting for functional 
genomic screens for novel cancer genes. It has also led to speculation on 
possible in vivo correlates that might account for the phenomenon of 
proliferative arrest in benign tumors. Several laboratories, including ours, have 
now uncovered substantial support for the notion that oncogene-induced 
senescence acts as an in vivo physiologic mechanism that contributes to 
protection against cancer. 
 
 
 

Daniel Peeper performed his graduate research in the laboratory of Alex van 
der Eb (University of Leiden, The Netherlands) and obtained his Ph.D. in 1994. 
He received his postdoctoral training in the laboratory of Mark Ewen (Dana-
Farber Cancer Institute, Boston, USA) where he studied signalling between Ras 
and the retinoblastoma protein. During a second postdoctoral period in the 
laboratory of René Bernards (Netherlands Cancer Institute), he studied cellular 
protection against oncogenic transformation. Currently, as an Associate 
Professor at the Netherlands Cancer Institute, he is using functional genomic 
screens to identify factors that contribute to cancer, with a focus on 
oncogene-induced senescence.  

  



Karen Cichowski°        T8 
Harvard Medical School/Brigham & Women’s Hospital 
 
Regulated inactivation of the NF1 tumor suppressor in 
gliomagenesis  
 
 
While the NF1- encoded protein, neurofibromin is known to function as a Ras-
GTPase activating protein (RasGAP), little is known about how it is normally 
regulated or mechanistically participates in cell signaling pathways and growth 
control.  We have previously reported that neurofibromin is dynamically 
regulated by the proteasome in response to a variety of growth factors.  
Moreover, its rapid degradation and re-synthesis controls both the initial 
amplitude and duration of Ras activation, respectively. We have found that 
proteolytic degradation of neurofibromin is triggered by a specific class of 
protein kinases.   In addition we have found that 1) neurofibromin is chronically 
destabilized in a subset of sporadic gliomas, 2) its instability is required to 
maintain the tumorigenic phenotype of GBM cell lines and 3) NF1 expression 
sensitizes these cells to the effects of specific protein kinase inhibitors. Thus 
the role of NF1 inactivation in NF1-associated and sporadic gliomagenesis will 
be discussed.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
°Karen Cichowski is an active Children's Tumor Foundation Drug Discovery 
Award Recipient 

  



Toshiaki Harashima*          T9 
National Institute for Basic Science, Okazaki, Japan 
 
Stabilization of the RasGAP by kelch proteins 
 
 
 
The G protein coupled receptor Gpr1 and associated G� subunit Gpa2 govern 
dimorphic transitions in response to extracellular nutrients by signaling 
coordinately with Ras to activate adenylyl cyclase in the yeast Saccharomyces 
cerevisiae1.  Although Gpa2 positively controls the cAMP signaling pathway, it 
does not form a conventional heterotrimeric G protein.  Instead, Gpa2 forms a 
protein complex with the kelch proteins Gpb1 and Gpb2, which contain seven 
kelch repeats that fold into seven bladed � propeller structure strikingly similar 
to a fold by seven WD-40 repeats in G� subunits.  Our studies demonstrate that 
Gpb1/2 negatively control cAMP-PKA signaling and function as novel G� Gpa2 
protein partners, signaling effectors, and G� structural mimics, based on 
genetic and biochemical evidence2, 3.  In addition, Gpb1/2 target the yeast 
RasGAP neurofibromin homologs Ira1 and Ira2 to down-regulate Ras activity4.  
Gpb1/2 bind to a conserved C-terminal domain of Ira1/2, and loss of Gpb1/2 or 
loss of the Gpb1/2 binding domain (GBD) in Ira1/2 results in a destabilization of 
Ira1 and Ira2, leading to elevated levels of Ras2-GTP and unbridled cAMP-PKA 
signaling.  Therefore, Gpb1/2 inhibit Ras activity by stabilizing the RasGAP 
Ira1/2 proteins via their association with the GBD. Because the GBD on Ira1/2 is 
conserved in the human neurofibromin protein, an analogous signaling network 
may contribute to the neoplastic development of neurofibromatosis type 1.  
Importantly, neurofibromin stability is controlled via proteolysis by a 
ubiquitin/proteasome system and mutations in the corresponding region of the 
GBD on neurofibromin have been identified in NF1 patients5, 6, 7, 8. 
 
References 
1. Lorenz, M. C., Pan, X. W., Harashima, T., Cardenas, M. E., Xue, Y., Hirsch, J. P., and 
Heitman, J. (2000). The G protein-coupled receptor Gpr1 is a nutrient sensor that regulates 
pseudohyphal differentiation in Saccharomyces cerevisiae. Genetics 154, 609-622. 
 
2. Harashima, T., and Heitman, J. (2002). The G� protein Gpa2 controls yeast differentiation 
by interacting with kelch repeat proteins that mimic G� subunits. Mol Cell 10, 163-173. 
 
3. Harashima, T., and Heitman, J. (2005). G� subunit Gpa2 recruits kelch repeat subunits that 
inhibit receptor-G protein coupling during cAMP-induced dimorphic transitions in 
Saccharomyces cerevisiae. Mol Biol Cell 16, 4557-4571. 
 
4. Harashima, T., Anderson, S., Yates JR 3rd, and Heitman, J. (2006)  The kelch proteins Gpb1 
and Gpb2, inhibit Ras activity by association with the yeast RasGAP neurofibromin homologs 
Ira1 and Ira2.     Mol Cell 22: 819-830 
 
5. Cichowski, K., Santiago, S., Jardim, M., Johnson, B. W., and Jacks, T. (2003). Dynamic 
regulation of the Ras pathway via proteolysis of the NF1 tumor suppressor. Genes Dev 17, 449-
454. 

  



 
6. Ars, E., Kruyer, H., Morell, M., Pros, E., Serra, E., Ravella, A., Estivill, X., and Lázaro, C. 
(2003). Recurrent mutations in the NF1 gene are common among neurofibromatosis type 1 
patients. J Med Genet 40, e82. 
 
7. Fahsold, R., Hoffmeyer, S., Mischung, C., Gille, C., Ehlers, C., Kücükceylan, N., Abdel-Nour, 
M., Gewies, A., Peters, H., Kaufmann, D., et al. (2000). Minor lesion mutational spectrum of 
the entire NF1 gene does not explain its high mutability but points to a functional domain 
upstream of the GAP-related domain. Am J Hum Genet 66, 790-818. 
 
8. Origone, P., De Luca, A., Bellini, C., Buccino, A., Mingarelli, R., Costabel, S., La Rosa, C., 
Garrè, C., Coviello, D. A., Ajmar, F., et al. (2002). Ten novel mutations in the human 
neurofibromatosis type 1 (NF1) gene in Italian patients. Hum Mutat 20, 74-75. 
 
 
* Full author list: 
Joseph Heitman, MD, Ph.D. Duke University Medical Center, Durham, NC, USA 
 
Notes: 
This study has been supported by a DOD Idea Award; a Children’s Tumor 
Foundation Young Investigator Award; and funding from the Howard Hughes 
Medical Institute. 

  



Joseph Kissil*         T10 
Wistar Institute 
 
Merlin – novel functions at the cell membrane? 
 
 
 
Neurofibromatosis type 2 is an inherited disorder, characterized by 
development of Schwann cell tumors of the eighth cranial nerve. Mutations and 
loss of heterozygosity of the NF2 locus have been detected at high frequency in 
various tumors of the nervous system, including schwannomas, meningiomas 
and ependymomas. Recent work has shed some light on the functions of merlin 
– the product of the NF2 gene. However, it is still not clear which of these 
represent merlin’s tumor suppressive function(s). A major manifestation of 
merlin’s loss of function is impaired contact inhibition- a process that is poorly 
understood. Therefore, we sought to identify proteins that interact with merlin 
at regions of cell:cell contact. Employing affinity purification, we have 
identified a few candidates that have been previously implicated in the 
regulation of tight junction turnover, apical-basolateral polarity and cell 
migration. As loss of junction structures at regions of cell:cell contact and loss 
of cell polarity are crucial steps in tumorigenesis, it is quite likely that merlin 
exerts its growth suppressive effects through the control of these processes. 
These studies will shed light on the normal and tumor suppressive functions of 
merlin and enhance our understanding of the molecular mechanisms underlying 
contact inhibition of cell proliferation, a process frequently impaired in 
tumorigenesis. 
 
* Full author list: 
Chunling Yi, Scott Troutman and Joseph Kissil 
 
 

  



Session III 
 

Stem Cells 
 
Chair: Jonathan Epstein 
 
 
Speakers 
 
 
 
Sean Morrison       Keynote   T11 
 
Luis Parada          T12 
 
Nancy Ratner     T13 
 
Vijaya Ramesh         T14 
 

  



Sean Morrison*           T11 
University of Michigan 
Center for Stem Cell Biology and Life Sciences Institute 
 
The loss of Nf1 promotes self-renewal but not tumorigenesis by 
neural crest stem cells 
 
 
 
Self-renewal is essential to perpetuate stem cells as they generate and 
maintain tissues.  Loss of function mutations in tumor suppressor genes can 
inappropriately activate self-renewal pathways, leading to developmental 
defects and to the transformation of stem cells into cancer. Loss of function 
mutations in neurofibromin (Nf1) lead to neurofibromatosis, an inherited 
disease marked by the formation of benign neurofibromas throughout the 
peripheral nervous system (PNS), and sometimes to malignant peripheral nerve 
sheath tumors (MPNSTs).  A long-standing question in the field is whether 
neurofibromas and MPNSTs arise from the transformation of neural crest stem 
cells (NCSCs) by Nf1-deficiency. NCSCs give rise to much of the PNS during 
development, and persist throughout adult life in the gut but not in other 
regions of the PNS. To test whether Nf1 deficiency renders NCSCs tumorigenic, 
we examined the effect of germline or conditional deletion of Nf1 on NCSC 
function. In most regions of the PNS, Nf1 deficiency increased the frequency, 
self-renewal, gliogenic capacity, and proliferation of fetal NCSCs.  However, 
these effects were limited to fetal development: Nf1-deficient NCSCs did not 
persist postnatally outside of the gut, and did not persist in increased numbers 
within the gut. Since neurofibromas and MPNSTs arise postnatally and mainly 
outside of the gut, this suggests that these tumors must arise from the progeny 
of NCSCs, not NCSCs themselves.  Nonetheless, neural crest progenitors 
induced p19Arf and p53 expression in response to Nf1 deletion, raising the 
possibility that the proliferation or persistence of NCSCs was limited by a 
senescence response. Since MPNSTs often delete Ink4a/Arf and/or p53 we 
wondered whether loss of Ink4a/Arf or p53 in addition to Nf1 would render 
NCSCs tumorigenic. NCSCs also did not persist postnatally outside of the gut, or 
in increased numbers within the gut even in Nf1+/-p53+/- or Nf1+/-Ink4aArf-/- 
mice that went on to form MPNSTs during adulthood. Cancer cells cultured 
from these MPNSTs did not resemble NCSCs. These data suggest that although 
NF1 negatively regulates the self-renewal of NCSCs, loss of Nf1 does not render 
NCSCs tumorigenic or cause them to persist into adulthood in regions of the 
PNS where neurofibromas form. MPNSTs must arise from more restricted glial 
progenitors that arise from NCSCs and persist into adulthood. 
 
* Full author list: 
Jack T. Mosher, Nancy M. Joseph, Sean J. Morrison 
 

  



Dr. Morrison is Henry Sewall Professor in Medicine at the University of 
Michigan Medical School, Research Associate Professor at the University of 
Michigan Life Sciences Institute, and Director of the University of Michigan 
Center for Stem Cell Biology. Dr. Morrison received his B.Sc. in Biology and 
Chemistry at Dalhousie University, Halifax, Nova Scotia, Canada, and his Ph.D. 
in Immunology from Stanford University. He has received a Searle Scholar 
Award, Mental Illness Research Association Milestone Award and Presidential 
Early Career Award for Scientists and Engineers. He has been recognized 
among Technology Review magazine's 100 young innovators (2002) and has 
received Wired magazine's Rave Award for Science. 

  
  

  



 

Luis Parada*           T12 
University of Texas, Southwestern 
 
Development of model systems for studying dermal 
neurofibromas 
 
 
Dermal or subcutaneous neurofibromas are a prevalent feature of NF1. The 
characteristics of tumor appearance include appearance around puberty and a very 
broad range of tumor numbers. These tumors can cause severe discomfort and 
disfigurement and currently there are no practical therapies. Thus, despite their 
benign nature, the development of effective treatments is ranked a high priority 
among the NF1 community. While animal tumor models of plexiform neurofibromas 
exist, no such models are currently available for dermal neurofibromas. To begin to 
approach this problem, we have studies the properties of skin derived progenitor cells. 
These cells can be derived from dermal preparations and when grown under 
neurosphere conditions, exhibit many property similarities to neurosphere derived 
from neural tissue. We hypothesize that these skin-derived progenitors may be the cell 
of origin for neurofibromas. We will describe our current progress in developing this 
line of research to model NF1 based tumors.  
 
 
* Full author list:
Lu. Q. Le & Luis F. Parada, UT Southwestern Medical Center  

  



Nancy Ratner°          T13 
Cincinnati Children’s Hospital Medical Center 
 
Neurofibroma formation in mice: relevance of a glial progenitor cell 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
°Nancy Ratner is an active Children's Tumor Foundation Drug Discovery  
 Award Recipient 

  



Vijaya Ramesh*           T14 
Harvard Medical School/Massachusetts General Hospital 
 
MED28 (magicin) Functions as a Transcriptional Repressor of Smooth Muscle 
Differentiation at the stem cell level: Is MED28 required for maintaining 
stemness? 
 
 
Magicin, a novel protein that we isolated in our laboratory as an interactor of 
the neurofibromatosis 2 (NF2) tumor suppressor protein merlin, associates with 
the actin cytoskeleton as determined by cofractionation, immunofluorescence 
and electron microscopy. In addition, magicin associates with and is 
phosphorylated by Src-family kinases such as Fyn, Src and Lck. Magicin, also 
known as EG-1, is differentially expressed in endothelial cells and has been 
shown to be elevated in many human tumors. Magicin has also been identified 
as a mammalian Mediator subunit, MED28, potentially involved in 
transcriptional regulation. Mammalian Mediator complex, comprising at least 
30 subunits, plays an essential role in transcriptional regulation, and the roles 
of individual subunits are just beginning to emerge. Thus MED28 (magicin) may 
serve as a multi-faceted adaptor/scaffolding protein to relay cellular signaling 
to the cytoskeleton and from the cytoskeleton to the nucleus.  
 
We have observed that downregulation of MED28 expression results in a 
significant induction of several genes associated with smooth muscle 
differentiation, including smooth muscle myosin heavy chain. More 
importantly, multipotent mesenchymal-derived murine precursors cells can 
transdifferentiate into smooth muscle cells when MED28 is downregulated. 
Overexpression of MED28 represses expression of smooth muscle genes in 
concordance with our knockdown data. Our results also show that MED28 is 
expressed in mouse ES cells. Intriguingly, mouse ES cells, where we have 
disrupted one copy of Med28 by homologous recombination, also reveal 
upregulation of smooth muscle differentiation marker genes suggesting that 
MED28 is required for proliferation of pluripotent embryonic stem cells, and 
absence or even a reduction in MED28 may result in premature smooth muscle 
differentiation. Smooth muscle cells are very heterogeneous and arise 
throughout development from multiple types of progenitors. They are highly 
plastic and can readily switch between proliferative and differentiated states 
in response to extracellular cues. Our results, which demonstrate that MED28 
functions as a novel regulator of smooth muscle plasticity by suppressing 
differentiation and probably maintaining proliferative potential have direct 
relevance for smooth muscle tumors. 
 
* Full author list: 
Kim Beyer, Roberta L. Beauchamp, James F. Gusella, Anders Naar and Vijaya 
Ramesh   
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William Hahn           T15 
Dana Farber Cancer Institute and Broad Institute of Harvard and MIT 
 
Harnesssing functional genomics to discover and validate cancer 
targets and pathways 
 
 
 
The development of cancer is a multi-step process in which normal cells sustain 
a series of genetic alterations that together program the malignant phenotype. 
Much of our knowledge of cancer biology derives from the detailed study of 
specimens and cell lines derived from patient tumors. While these approaches 
continue to yield critical information regarding the identify, number, and types 
of alterations found in human tumors, further progress in understanding the 
molecular basis of malignant transformation depends upon the generation of 
increasingly accurate experimental models of cancer as well as more 
sophisticated tools to functionally annotate the cancer genome. Over the past 
several years, we have manipulated oncogenes, tumor suppressor genes and 
telomerase to create experimental models of cancer of defined genetic 
constitution. Models of epithelial cancers created using these methods 
recapitulate many phenotypes found in patient-derived tumors and provide a 
foundation for the investigation of specific cancer pathways. We have used 
these cell systems together with activated kinase libraries to identify new 
oncogenes involved in the transformation of human cells. In parallel to these 
studies, we have developed genome scale RNAi libraries to functionally 
annotate the cancer genome. Using these libraries, we have performed a high 
throughput screen to identify kinases and phosphatases that regulate mitotic 
progression in human cancer cells. By combining these functional approaches 
with information derived from mapping the structural abnormalities present in 
cancer genomes, we have identified several genes that contribute to cancer 
development. Taken together, these studies suggest that combining forward 
and reverse genetic approaches with information derived from the cancer 
genome anatomy mapping projects will yield a comprehensive list of cancer 
vulnerabilities. 
 
Dr. Hahn is Associate Professor of Medicine, Harvard Medical School. He 
received his MD and PhD from Harvard Medical School in 1994. He then 
completed clinical training in internal medicine at Massachusetts General 
Hospital and medical oncology at DFCI. He conducted his postdoctoral studies 
with Dr. Robert Weinberg at the Whitehead Institute and joined the faculty of 
DFCI and Harvard Medical School in 2001.  
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University of Leuven, Belgium 
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Theo Hulsebos*           T17 
University of Amsterdam, The Netherlands 
 
INI1 is a candidate gene for familial schwannomatosis 
 
Schwannomatosis is characterized by the development of multiple spinal, 
peripheral, and cranial nerve schwannomas in the absence of vestibular 
schwannomas. Presence of the latter is diagnostic of neurofibromatosis type 2 
(NF2). Molecular analyses of schwannomas of patients and linkage studies in 
families with Schwannomatosis, previously performed by others, excluded the 
NF2-gene as the causative gene for Schwannomatosis and suggested a location 
of this gene near marker D22S1174 on chromosome 22. We investigated 
whether INI1 is involved in familial Schwannomatosis. This is an attractive 
candidate gene, because it is a tumor suppressor gene that is located within 
short distance of D22S1174. INI1 is a member of the ATP-dependent SWI-SNF 
chromatin-remodeling complex and affects the expression of genes that 
regulate cell cycle, growth, and differentiation. INI1 is known to be involved in 
the development of malignant rhabdoid tumors in children, which these 
patients usually do not survive. We studied a family in which four cousins 
inherited a germline INI1 mutation and developed a malignant brain tumor at 
young age. However, two of the patients survived and one of these developed a 
benign tumor in adulthood. From these studies, we concluded that an inherited 
INI1 mutation is not necessarily associated with short survival of the patient or 
with a rhabdoid or malignant phenotype of the tumor, providing additional 
arguments for the possible involvement of INI1 in Schwannomatosis. To 
determine the possible involvement of INI1 in familial Schwannomatosis, we 
examined the mutational status of this gene in constitutional and tumor DNA of 
a father and daughter, who both had Schwannomatosis. We found an 
inactivating germline mutation in exon 1 of INI1 in both patients and additional 
inactivation of the wild-type INI1 allele, by a second mutation in exon 5 or by 
clear loss, in two of the four investigated schwannomas from these patients. 
Additionally, we investigated INI1 protein expression in these tumors. All four 
schwannomas displayed complete loss of nuclear INI1 expression in part of the 
cells. Although the exact oncogenetic mechanism in these schwannomas 
remains to be elucidated, our findings suggest that INI1 is the predisposing 
gene in familiar Schwannomatosis. 
 
*Full author list: 
Theo Hulsebos, Astrid Plomp, Ruud Wolterman, Els Robanus-Maandag, Frank Baas, and 
Pieter Wesseling 

  



Chelsea Boyd*          T18 
Harvard Medical School/Masschusetts General Hospital 
 
The SMARCB1 (INI1) tumor suppressor in familial 
schwannomatosis 
 
 
Schwannomatosis is a third major form of neurofibromatosis, rarely transmitted 
in an autosomal dominant fashion. Our previous work has narrowed the 
candidate region for familial schwannomatosis to a five-megabase region on 
chromosome 22 proximal to the NF2 gene.  Recently, the tumor suppressor 
SMARCB1 (also known as INI1) contained in this candidate region was found to 
harbor a constitutional nonsense mutation in one single familial 
Schwannomatosis kindred with second hits detected in the family’s tumors.  
This surprising result contrasted with the phenotype of aggressive tumor types 
previously associated with germline and somatic alterations of this transcript.  
We therefore sought to determine if SMARCB1 changes were present in a larger 
number of Schwannomatosis families. 
 
 We studied genomic DNA from 17 unrelated Schwannomatosis patients, 
including five non-founder EBV transformed cell lines, 11 schwannomas 
previously characterized at NF2, and a single meningioma.  The genomic 
structure of the SMARCB1 gene was determined by comparison of the message 
structure (accession AB017523) with the genomic structure (accession 
AP000349 and AP000350).  Direct sequencing of exons was carried out using 
primers flanking the coding regions and adjacent splice junctions.  Alterations 
detected in tumor material were confirmed in paired blood samples.  
Alterations present in blood samples were then assessed in affected relatives. 
 
We have completed analysis of four of the nine coding exons of the SMARCB1 
transcript (1, 2, 3 and 8) and partially completed analysis of an additional two 
(4 and 5).  No alterations from deposited sequence were seen in any sample in 
exon 8.  A presumed polymorphism was found in intron 2, 42 basepairs 5’ to the 
exon 3 splice junction on the unaffected allele of a single specimen.  Three 
changes predicted to produce missense alteration were detected in exons 1 and 
2 with relative loss of the wildtype allele in two.  In all three cases, the change 
was present in a paired blood sample and at least one other affected family 
member.  A presumed splice-site alteration (g to a at the plus 1 position) 
without loss of the normal allele was seen in one tumor.  This mutation was 
also present in the paired blood sample and shared with an affected family 
member.  Finally, a nonsense change was detected in a single sample in exon 
four. 
  
These preliminary data indicate that the SMARCB1 tumor suppressor gene 
accounts for many cases of familial Schwannomatosis with a mutational 
spectrum significantly different then that detected in more aggressive tumor 

  



types and syndromes.  Further work is needed to determine the role of this 
molecule in the more common sporadic form of Schwannomatosis, in NF2 
associated tumors and in sporadic vestibular and non vestibular tumors.  
Pathological correlation of these results with immunohistochemical findings is 
currently underway. 
 
*Full author list: 
Chelsea Boyd, Scott Plotkin, Marie Drottar, Abhijit Guha, Lan Kluwe and Mia 
MacCollin 
 
Notes: 
Supported by a grant from the Department of Defense CDMRP to MM 
 

  



Andre Bernards*           T19 
Harvard Medical School 
Masschusetts General Hospital Center for Cancer Research 
 
Non-cell-autonomous regulation of organismal growth by NF1 
 
 
Homozygous loss of a conserved Drosophila NF1 ortholog results in several 
phenotypes, including a ~20% reduction in post-embryonic size. This defect and 
several others are not readily modified by genetically manipulating Ras 
signaling strength, but are suppressed by increasing signaling through the 
cAMP-dependent protein kinase A (PKA) pathway. To shed light on the in vivo 
functions of NF1, we have for the past decade been interested in identifying 
the responsible mechanism. Insect growth occurs mostly during larval 
development and in large part reflects increases in cell size. During Drosophila 
larval development, NF1 expression appears restricted to post-mitotic CNS 
neurons, and re-expression of NF1 in these cells suffices to restore normal 
growth, implying a non-cell-autonomous mechanism. The primary defect 
appears to be a loss of RasGAP activity, since expression of a functional NF1 
RasGAP catalytic domain is both necessary and sufficient for size rescue. 
Moreover, expression of another RasGAP also rescues, and while heterozygous 
loss of multiple Ras pathway components is insufficient to restore growth, or to 
reduce the elevated phospho-ERK level observed in NF1 CNS extracts, both 
defects are suppressed by combined loss of several Ras pathway components. 
Drosophila NF1 mutants show no obvious defects in feeding behavior, and 
available evidence argues that two neuroendocrine pathways implicated in 
Drosophila growth regulation, those involving insulin and ecdysone, are not 
responsible for the NF1 size defect. To obtain more clues to the underlying 
mechanism, we have analyzed overall gene expression in NF1 requiring cells, 
conducted genetic screens for modifiers, and initiated experiments to identify 
NF1 associated proteins by mass spectroscopy. Results of these and other 
experiments will be presented.     
 
* Full author list: 
Andre Bernards, Anna Tchoudakova, Dongyun Wu, James Walker 

  



Kiran Mantripragada*          T20 
Cardiff University, Wales, UK 
 
Comprehensive DNA copy number profiling of malignant 
peripheral nerve sheath tumours (MPNSTs) using array-based 
comparative genomic hybridisation (array-CGH) 
 
 
Neurofibromatosis type-1 (NF1) is an autosomal dominant cancer predisposition 
syndrome, in which ~10% of the benign neurofibromas develop into highly 
lethal malignant peripheral nerve sheath tumour (MPNST). We report the first 
comprehensive investigation of DNA copy number in MPNSTs using high- 
resolution array-CGH, with the aim to identify molecular signatures that may 
help delineate malignant from benign NF1 tumours. We constructed an exon-
level resolution microarray encompassing 57 selected genes. DNA from 35 
MPNSTs, 16 plexiforms and 8 dermal neurofibromas were profiled using this 
array. The array-CGH profiles of MPNSTs and neurofibromas were markedly 
different. A number of MPNST-specific alterations were identified, including 
amplifications of ITGB4, PDGFRA, MET, TP73 and HGF as well as deletions in 
NF1, HMMR/RHAMM, MMP13, L1CAM, p16INK4A and TP53 genes. As DNA copy 
number changes of the HMMR/RHAMM, MMP13, p16INK4A and ITGB4 genes were 
observed in 46%, 43%, 39% and 32% respectively of the malignant tumours, 
these genes and their pathways represent potential candidates in MPNST 
pathogenesis. Our analysis also revealed concurrent amplifications of the HGF, 
MET and PDGFRA genes in MPNSTs, suggesting their putative role in tumour 
progression. This study highlights the potential of array-CGH in identifying 
novel diagnostic and prognostic markers for MPNSTs. 
 
* Full author list: 
Kiran K Mantripragada, Matthew Caley, Phil Stephens, Chris Jones, Lan Kluwe, 
Victor Mautner, Meena Upadhyaya 
 

  



Larry Sherman          T21 
Oregon National Primate Research Center 
 
Aberrant HGF and MET expression may contribute to multiple 
pathological conditions in NF1
 
 
The MET receptor tyrosine kinase and its ligand, hepatocyte growth factor 
(HGF), promote epithelial cell proliferation, motility and morphogenesis. In the 
peripheral nervous system (PNS) Schwann cells express MET but not HGF.  
However, we, and others, have found that HGF and MET are concomitantly 
expressed in malignant peripheral nerve sheath tumors (MPNSTs) from NF1 
patients both in vitro and in situ.  Furthermore, we found that at least some 
cells in MPNSTs also express HGFA, a serine protease that converts the inactive 
zymogen form of HGF into the active protein.  These data suggested that there 
may be constitutive MET activation in MPNSTs as a result of an autocrine 
HGF/HGFA/MET loop.  Consistent with this hypothesis, we found that MPNST 
cell lines constitutively convert the HGF zymogen into active HGF, resulting in 
a constantly high level of MET phosphorylation. Blocking c-Met activity, using 
either HGF-neutralizing antibodies or an anti-MET ribozyme, inhibits the 
invasive behavior of these cells but not their proliferation. These data indicate 
that aberrantly high MET activity in MPNSTs may contribute to the metastatic 
phenotype of these cells. 
 
In the brain, MET and HGF are expressed by neurons and glial cells during 
development, where HGF acts as a potent neurotrophic factor. In particular, 
HGF and MET messages are in high abundance in the neuronal layers of the 
hippocampus and activation of MET by HGF can influence neuritogenesis as well 
as learning and memory in adult rodents.  MET and HGF expression are also 
upregulated in reactive astrocytes following ischemia and in gliomas where 
they promote survival, invasion and metastasis. We therefore tested whether 
altered MET expression or activity might contribute to the aberrant phenotypes 
of Nf1 null astrocytes in mice with GFAP-targeted Nf1 mutations.  Consistent 
with previous findings, we found that Nf1-/- astrocytes proliferate faster and 
are more invasive than wild-type astrocytes. These Nf1-/- astrocytes expressed 
slightly more MET than wild-type cells in vitro, but not in situ. However, fiber 
tracts containing myelinated axons in the hippocampus, midbrain, cerebral 
cortex and cerebellum express higher than normal levels of MET in older (?6 
months) Nf1GFAPCKO mice. Both Nf1GFAPCKO and wild-type astrocytes 
induced MET expression in neurites of wild-type hippocampal neurons in vitro, 
suggesting that astrocyte-derived signals may induce MET in Nf1 mutant mice. 
Because the Nf1 gene product functions as a RAS GTPase, we examined MET 
expression in the brains of mice with GFAP-targeted constitutively active forms 
of RAS.  MET was elevated in axonal fiber tracts in mice with active K-RAS but 
not H-RAS. These data suggest that loss of Nf1 in either astrocytes or GFAP+ 
neural progenitor cells results in increased axonal MET expression, which may 

  



contribute to the CNS abnormalities in children and adults with NF1.  
Collectively, our data suggest that aberrant MET expression and/or activation 
contribute to NF1 pathogenesis. 
 
* Full author list: 
Larry S. Sherman and Weiping Su 
Division of Neuroscience, Oregon National Primate Research Center, Oregon 
Health & Science University, 505 NW 185th Ave., Beaverton, OR  97006 USA 
 

  



Karlyne Reilly*           T22 
National Cancer Institute, National Institutes of Health  
 
Dissecting the barcode of NF1 tumor susceptibility and variable 
expressivity 
 
One of the major clinical challenges of dealing with Neurofibromatosis type 1 
(NF1) is the variable expressivity of the disease. Being diagnosed with NF1 does 
not give a patient much information on what to expect from his or her disease 
because the phenotype is so variable. A study in monozygotic twins with NF1 
has demonstrated that modifier genes unlinked to NF1 affect the variable 
expressivity of NF1 [1] and we have shown in mice that complex genetic and 
epigenetic interactions control susceptibility to different NF1-associated tumor 
types [2, 3]. We have recently identified a modifier of malignant peripheral 
nerve sheath tumors (MPNSTs) linked to mouse chromosome 9 (Nstr3) that 
increases the incidence of MPNSTs under certain genetic conditions and 
decreases the incidence of MPNSTs under different genetic conditions. Our data 
demonstrate that knowing the genotype at a single modifier is of limited 
predictive value. Susceptibility to complex diseases such as cancer and NF1 can 
be thought of as a genetic barcode made up of the genotypes at multiple 
modifier loci, where a single bar in the code has no predictive value but the 
combination of bars produces a unique and highly predictive code. We 
demonstrate here how multiple Nstr loci interact with inheritance of Nf1 and 
p53 mutations to specify risk for developing MPNSTs. 
 
References 
1. Easton, D., et al., An analysis of variation in expression of neurofibromatosis (NF) type 1 
(NF1): evidence for modifying genes. Am J Hum Genet, 1993. 53: p. 305-13. 
2. Reilly, K.M., et al., An imprinted locus epistatically influences Nstr1 and Nstr2 to control 
resistance to nerve sheath tumors in a neurofibromatosis type 1 mouse model. Cancer Res, 
2006. 66(1): p. 62-8. 
3. Reilly, K.M., et al., Susceptibility to astrocytoma in mice mutant for Nf1 and Trp53 is linked 
to chromosome 11 and subject to epigenetic effects. Proc Natl Acad Sci U S A, 2004. 101(35): 
p. 13008-13. 
 
Funded by the Intramural Research Program of the NIH, NCI. 
 
* Full author list: 
Karlyne M. Reilly (a), Robert G. Tuskan (a), Kristi Fox (b), Erika Truffer (b), Karl 
Broman (c), Shirley Tsang (d), David J. Munroe (d), Keiko Akagi (a) 
(a) Mouse Cancer Genetics Program, Center for Cancer Research, National 

Cancer Institute-Frederick, Frederick, MD, USA;  
(b) Laboratory Animal Science Program, SAIC-Frederick, Frederick, MD, USA;  
(c) Dept. of Biostatistics, Johns Hopkins School of Public Health, Baltimore, MD, 
USA;Laboratory of Molecular Technology, SAIC-Frederick, Frederick, MD, USA. 
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Yuan Zhu*            T23 
University of Michigan  
 
Identification of a susceptible cell type and cellular events for 
NF1 associated neurofibroma formation 
 
 
The hallmark feature of neurofibromatosis type 1 (NF1) is benign neurofibromas 
arising in the peripheral nerve sheath, which contain multiple cell types 
including Schwann cells, fibroblasts, perineurial cells and mast cells. Recent 
studies have established that NF1 inactivation in Schwann cells initiates 
neurofibroma formation. Plexiform neurofibroma, the only neurofibroma 
subtype with malignant transformation potential, is thought to be congenital 
and arises during development. Schwann cell development is a complex process 
that includes multiple transition phases from neural crest stem cells, Schwann 
cell precursors, to more differentiated Schwann cells. The role of NF1 in 
Schwann cell development and the mechanisms underlying how loss of NF1 in 
the Schwann cell lineage leads to neurofibroma formation remain largely 
unknown. In this study, we employed a transgenic approach that targets a NF1 
mutation into different stages of Schwann cell development. We identified 
Schwann cell precursor as a susceptible cell type for neurofibroma formation 
and revealed a critical NF1 function in early Schwann cell development. We 
further characterized distinct stages for neurofibroma development in both 
peripheral nerves. 
 
* Full author list: 
Huarui Zheng1*, Lou Chang1*, Neha Patel*, Lori Lowe, Dennis K. Burns, Luis F. 
Parada, Marco Giovannini and Yuan Zhu 
 

  



Caroline Gregorian*        T24 
University of California, Los Angeles 
 
Conditional deletion of Pten tumor suppressor gene and 
activation of K-Ras oncogene results in the development of 
Neurofibromatoses 
 
Although Nf1+/-, Nf2+/-, and conditional knockout mouse models for either gene 
have provided valuable insight into Neurofibromatoses biology, these models 
fail to recapitulate the full disease spectrum observed in human, suggesting 
other genetic events may be contributing to disease development. To address 
the involvement of other signaling pathways with those controlled by NF1 and 
NF2, we utilized Cre-Lox technology to perturb RAS/RAF/MAPK and 
PI3K/AKT/mTOR, two of the major signaling pathways involved in 
tumorigenesis of the nerve system, individually and in combination. The 
resulting mouse model accurately reflects the human clinical symptoms 
associated with NF1, NF2, and Schwannomatosis.  Pathologically, neoplastic 
nervous system manifestations of NF1 include: 1) malignant peripheral nerve 
sheath tumors, 2) neurofibromas, 3) optic nerve gliomas and 4) malignant 
gliomas. Neoplastic manifestations of NF2 include 1) acoustic schwannomas and 
2) meningiomas, with 3) malignant astrocytoma and oligodendroglioma.  
Manifestations of Schwannomatosis are multiple schwannomas. In addition, key 
mediators of the AKT and RAS signaling pathways (P-AKT, P-mTOR, P-S6, P-ERK) 
are shown to be chronically phosphorylated within these tumors, indicating 
that the neoplasms not only reflect the morphology of the human tumors, but 
also recapitulate the molecular phenotype. Thus, the model reflects key 
features associated with both NF1 and NF2 pathology. We are currently testing 
various imaging modalities to monitor tumor progression and regression in 
response to therapeutics in living animals.  
 
* Full Author List: 
Caroline Gregorian1, Jonathan Nakashima1, Julie Dang2, Sarah Dry2, Michael 
Sofroniew3, Gregory Lawson4, Paul Mischel1,2, Xin Liu1,2 Hong Wu1. 
 
1Department of Molecular and Medical Pharmacology, 2Department of Pathology 
and Laboratory Medicine, 3Department of Neurobiology, 4Division of Laboratory 
Animal Medicine, David Geffen School of Medicine, University of California, Los 
Angeles, CA 90095, USA. 
 
Caroline Gregorian is a predoctoral trainee supported by USHHS Ruth L. 
Kirschstein Institutional National Research Service Award # T32 CA09056. 
 
 

  



Jonathan Epstein        T25 
University of Pennsylvania 
 
NF1 and the cardiovascular system 
 
 
NF1 patients have an increased incidence of cardiovascular diseases such as 
congenital heart disease, cerebrovascular malformation, and hypertension. In 
animal models, endothelial expression of the disease gene, NF1, is critical for 
normal heart development. However, the pathogeneses of the more common 
vascular disorders are not well characterized.  To examine the role of NF1 in 
vascular smooth muscle, we generated mice lacking the murine homolog, Nf1, 
in smooth muscle (Nf1smKO). These mice develop and breed normally. 
However, in response to vascular injury, they display a marked intimal 
hyperproliferation and abnormal activation of MAPK, a downstream effector of 
Ras. Vascular smooth muscle cells cultured from these mice also display 
enhanced proliferation and MAPK activity. Smooth muscle expression of the 
NF1 Ras-regulatory domain (GRD) rescues intimal hyperplasia in Nf1smKO mice 
and normalizes vascular smooth muscle cell MAPK activity in vitro. These 
results show a critical role for Nf1 regulation of Ras-dependent vascular smooth 
muscle proliferation.  In addition, we have identified the zebrafish orthologues 
of NF1, and we have observed cardiovascular phenotypes in zNf1 knockdown 
fish that will be described. 
 

  



Jeong-Soo Lee*♦         T26 
Dana-Farber Cancer Institute 
 
Aberrant CNS gliogenesis in a novel zebrafish model of NF1 
 
 
Neurofibromatosis type I (NF1) is one of the most common diseases that can 
predispose children and adults to develop benign as well as malignant tumors 
both in the central nervous system (CNS) and peripheral nervous system (PNS). 
NF1 results from dominant mutations in the tumor suppressor gene 
neurofibromin 1 (Nf1) whose function is best characterized as a GTPase 
activating protein (GAP) for the Ras pathway.  
 
A common feature of NF1 children includes macrocephaly and aberrantly 
increased white matter in the CNS most likely due to the abnormal gliogenesis. 
These defects have been suggested to be linked to the cognitive deficits and 
CNS tumorigenesis. However, how Nf1 mutations cause this aberrant gliogenesis 
phenotype remains largely unknown, potentially due to the unidentified 
functions of Nf1 contributing to the complex molecular etiology of this disease. 
Complementing in vitro and mouse models of NF1, used to understand Nf1 
function, the development of a zebrafish NF1 model offers many unique 
advantages including in vivo embryonic analysis and forward genetic and small 
molecule screening capacities. These attributes give the zebrafish model 
enormous potential for identifying novel modifiers of human disease pathways. 
The proven conservation of molecular pathways controlling neural development 
and tumorigenesis in zebrafish suggest that a zebrafish NF1 model will be 
relevant to human NF1. 
 
Here we report the identification of zebrafish homologues of Nf1 and the 
functional analysis of its transient knockdown during development by 
morpholino injection.  Zebrafish have two Nf1 genes, named zNf1a and zNf1b, 
versus one neurofibromin gene in mammals, presumably due to the partial 
genome duplication during teleost evolution. Both genes are ubiquitously 
expressed during early embryogenesis and later become restricted to the CNS 
of the head.  Interestingly, the number of oligodendrocyte precursor cells 
(OPCs) and GFAP immunoreactivity in the developing spinal cord increase in the 
morpholino-injected embryos, which is consistent with the observations in 
human NF1 patients and mouse knockout models. MAP kinase pathway, one of 
the well-known downstream targets of Ras, is upregulated upon zNf1a 
knockdown. Further analysis of this zebrafish model will allow us to better 
understand the molecular mechanisms of how NF1-loss causes increased 
gliogenesis and its potential contribution to tumor phenotypes. 
 
 
 
 

  



* Full author list: 
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1 Dana-Farber Cancer Institute, Harvard Medical School, Boston 
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Gareth Evans*         T27 
University of Manchester, England 
 
Women with NF1 are at a moderately increased risk of 
developing breast cancer and should be considered for early 
screening 
 
 
Malignancy risks in neurofibromatosis 1 (NF1) patients are elevated but those 
occurring outside of the nervous system have not been clearly defined. We 
evaluated the risk of breast cancer in women with NF1 in a population-based 
study. 
 
The risk of breast cancer in a cohort of 304 NF1 women aged ≥20 years was 
assessed and compared to population risks over the period 1975-2005 using a 
person years at risk analysis.   
 
 
* Full author list:  
Sharif S, Moran A, Huson SM, Iddenden R, Shenton A, Howard E, Evans DGR 

  



Carrie Shilyansky♦        T28 
University of California, Los Anegles 
 
Role of Neurofibromin in prefrontal cortex function 
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Feng-Chung Yang*        T29 
Indiana University School of Medicine 
 
Hematopoietic and mesenchymal stem/progenitor cell 
contributions to skeletal dysplasias in NF1  
 
The skeleton is a complex tissue that is maintained by interactions between the 
progeny of hematopoietic and mesenchymal stem cells.  Individuals with 
neurofibromatosis type 1 (NF1) have a high incidence of distinct pathological 
skeletal manifestations including osteoporosis, osteopenia, lytic bone lesions 
and scoliosis that collectively affect up to 50% of NF1 patients. Understanding 
of the cellular and molecular basis of these sequelae is incomplete, however, 
murine models offer the potential to determine whether loss of Nf1 leads to 
alterations of mesenchymal and hematopoietic stem/ progenitor cell fates, 
cell-cell interactions and to identify the molecular mechanisms that modulate 
these cell functions.  Osteoclasts are specialized myeloid cells that are the 
principal bone resorbing cells of the skeleton.  We have found that Nf1+/- 
osteoclasts have elevated M-CSF mediated p21ras-GTP, Akt, and Erk 
phosphorylation that are essential for the gains in osteoclast cellular functions 
in proliferation, migration, adhesion, and lytic activity.  Further, in an 
established stress model of osteoporosis, we found that these gains in function 
are associated with more severe bone loss and alterations in biomechanics as 
compared to syngeneic, sex- matched, and age controlled wildtype mice.  
Pharmacological or genetic disruption of PI3-K signaling (p85-alpha) restores 
elevated PI3-K activity, and Nf1+/- osteoclast functions to wildtype levels.  
Furthermore, in vitro differentiated osteoclasts from NF1 patients also display 
elevated Ras-PI3-K activity and increased osteoclast differentiation, migration, 
and lytic activity analogous to murine Nf1+/- osteoclasts. In parallel studies, 
we have found that the pathological gain in function is osteoclasts is further 
exacerbated by changes in fates of Nf1 deficient mesenchymal progenitors that 
lead to a reduction in osteoblast differentiation and mineralization.  
Collectively, these studies provide an approach and identify initial molecular 
targets that have potential implications in the pathogenesis of NF1 bone 
disease. 
 
* Full author list: 
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Florent Elefteriou*        T30 
Baylor College of Medicine 
 
ATF4 is a transcriptional target of neurofibromin signaling in 
osteoblasts 
 
Neurofibromatosis type I (NF1) is characterized by a number of skeletal defects 
that suggest a role of Nf1 in bone biology. Mice deficient for Nf1 are embryonic 
lethal, but conditional selective deletion of Nf1 in osteoblasts  (Nf1ob-/- mice) 
circumvents this lethality and allowed us to investigate the role of this gene in 
osteoblast biology. Phenotypic studies revealed that Nf1ob-/- mice display a 
high bone turnover phenotype characterized by increased bone formation and 
resorption. Molecular analyses demonstrated that osteoblasts lacking Nf1 
secrete increased amount of collagen following activation of a signaling 
pathway involving Ras, the kinases ERK1/2 and RSK2 and the transcription 
factor ATF4. Osteoblasts lacking Nf1 are also characterized by increased 
expression of Rankl, a critical factor for osteoclast differentiation, induced by 
activation of PKA and ATF4. Further supporting the crucial role of ATF4 
downstream of neurofibromin signaling, in vivo overexpression of Atf4 in 
osteoblasts recapitulated the phenotype of Nf1ob-/- mice, while Atf4 loss of 
function led a low bone mass phenotype opposite to Nf1ob-/- mice.  In 
agreement with the role of ATF4 in regulating amino-acid supply, protein diet 
manipulations could correct these ATF4-dependent bone phenotypes in vivo. In 
conclusion, this study reveals an osteoblast-autonomous role of Nf1 in the 
regulation of bone remodeling and identifies ATF4 as a critical transcriptional 
mediator of neurofibromin signaling in osteoblasts. 
 
* Full author list: 
Benson, M.D., Sowa, H., Parada, L.,Karsenty, G., Elefteriou, F. 
 
 

  



Frances Hannan*        T31 
New York Medical College 
 
NF2/Merlin Mutant Flies Are Deaf 
 
Neurofibromatosis Type 2 (NF2) is characterized by bilateral vestibular 
schwannomas, causing profound hearing loss. In addition to its role as a tumor 
suppressor, the NF2 protein Merlin is known to interact with several major 
signaling networks at the actin cytoskeleton, which are important for cell 
adhesion and formation of adherens junctions. In conjunction with the related 
protein Expanded, NF2/Merlin also controls Notch and EGF receptor 
endocytosis, and the Hippo tumor suppressor pathway. Any of these roles of 
Nf2/Merlin could also prove important for auditory function or structure. 
Despite the large evolutionary distance between flies and mammals, their 
auditory systems share remarkable genetic, developmental, and molecular 
similarities. Given the prominent roles of Notch, and the actin cytoskeleton, in 
audition in both flies and mammals, we hypothesized that NF2/Merlin and 
Expanded may play a role in mechanosensory signal transduction and/or 
auditory hair cell development.  
The Drosophila auditory apparatus, Johnston’s organ (JO), is housed in the 
second antennal segment of the fly. The JO consists of an array of about 200 
mechanosensory receptors and accessory cells. In response to a sound stimulus, 
the antenna rotates around the joint between the second and third segments, 
thereby stretching the receptor units, and activating the JO neurons.  The fly is 
presented with an acoustic stimulus that mimics the pulse component of the 
Drosophila courtship song, and recordings of Sound Evoked Potentials (SEPs) are 
readily obtained using sharp electrodes in the antenna and the head. 
We have identified significant hearing defects in fruit flies with mutations in 
the Drosophila orthologs of both NF2/Merlin and Expanded. We also observe 
SEP defects in flies that express a dominant negative Merlin isoform 
MerlindeltaBB specifically in the JO, using the Gal4-UAS system. Preliminary 
ultrastructural analysis using transmission electron microscopy (TEM) shows 
defects in ciliary structures within the mechanosensory receptor units. 
Further exploration of this novel finding using both NF2 mutant flies and mice, 
may lead to breakthroughs such as the identification of pre-tumorous lesions in 
NF2 patients, or novel therapies to reduce tumor impact and/or improve post-
surgical outcomes. 
 
* Full author list: 
Hannan, F. (1), Cosetti, M. (2), Culang, D. (2), Kotla, S. (1), Eberl, D.E. (3) 

1. New York Medical College, Valhalla, NY 
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Elena Akhmametyeva*       T32 
Ohio State University 
 
Merlin, the Product of the Neurofibromatosis 2 (NF2) Gene, Is 
Important for Neural Tube Closure, Neural Crest Cell Adhesion 
and Migration, and Brain Development 
 
Mutations in the Neurofibromatosis 2 (NF2) gene are associated with 
predisposition to vestibular schwannomas and other nervous system tumors.  
The NF2 gene encodes a tumor suppressor protein named merlin or 
schwannomin.  Previous studies indicated that merlin is essential during early 
embryonic development; however, its exact role has not been defined. 
 
To better understand the expression and function of merlin during embryonic 
development and in the tissues affected by neurofibromatosis type 2 (NF2), we 
previously generated transgenic mice carrying a 2.4-kb NF2 promoter driving 
beta-galactosidase (beta-gal) with a nuclear localization signal. Whole-mount 
embryo staining revealed that the NF2 promoter directed strong beta-gal 
expression in the developing brain and in sites containing migrating cells 
including the neural tube closure, branchial arches, dorsal aorta, and 
paraaortic splanchnopleura.  Interestingly, a transient change of NF2 promoter 
activity was noted during neural crest cell migration. 
 
While little NF2 promoter activity was detected in premigratory neural crest 
cells at the dorsal ridge region of the neural fold, significant activity was seen 
in the neural crest cells already migrating away from the dorsal neural tube.  In 
addition, we detected considerable NF2 promoter activity in various NF2-
affected tissues such as acoustic ganglion, trigeminal ganglion, spinal ganglia, 
optic chiasma, the ependymal cell-containing tela choroidea, and the 
pigmented epithelium of the retina.  The NF2 promoter expression pattern 
during embryogenesis suggests a specific regulation of the NF2 gene during 
neural crest cell migration and further support the role of merlin in cell 
adhesion, motility, and proliferation during development. 
 
To examine the role of NF2 during neural tube closure and neural crest cell 
migration, we generated a conditional Nf2 knockout using the Wnt1 promoter 
to drive Cre recombinase expression in the mesencephalon and dorsal midline 
of neural tube.  We showed that the mutant embryos lacking Nf2 function in 
the dorsal midline of neural tube were smaller in size than those of the wild-
type or heterozygous Nf2, and displayed defects in neural tube closure.  The 
neural tube closure defects in the mutant embryos could be seen as early as 
embryonic day 8.5, which corresponded the time of Wnt1 expression.  
Importantly, while cultures of neural tube explants from the wild-type embryo 
displayed typical neural crest cell migration and differentiation, neural tube 
explants from the mutant embryo adhered poorly to the fibronectin-coated 
substratum and mutant neural crest cells were unable to migrate.  These 

  



results indicate that merlin plays an important role during neural tube closure 
and neural crest cell adhesion and migration. 
 
To further examine the role of merlin at various stages of embryonic 
development, we employed the tamoxifen-inducible Cre/LoxP recombination 
system.  For this system, we generated transgenic mice carrying nestin 
enhancer/hsp68 minimal promoter-driven Cre recombinase fused with the 
mutated ligand binding domain of estrogen receptor (nestin-CreER) or the NF2 
promoter-driven CreER (NF2-CreER). 
 
Interestingly, we found that Nf2 inactivation in neural progenitor cells using 
the nestin-CreER resulted in embryos with defects in brain development.  
Together, our results demonstrate that merlin plays key roles at various stages 
of nervous system development during embryogenesis.  In addition, we are 
presently investigating whether Nf2 inactivation in NF2-affected tissues at 
different time points during embryonic development will result in an early 
onset of schwannoma formation. 
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Akhmametyeva, Elena M. (1, 2), Kuan, Chia-Yi (4),  Giovannini, Marco (5, 6), 
Welling, D. Bradley (3) and Chang, Long-Sheng (1,2,3) 
 
(1) Center for Childhood Cancer, Children’s Research Institute 
(2) Departments of Pediatrics, The Ohio State University, Columbus, Ohio 
(3) Department of Otolaryngology, The Ohio State University, Columbus, Ohio 
(4) Division of Developmental Biology, Cincinnati Children’s Hospital Medical 
Center, Cincinnati, Ohio 
(5) Institut National de la Sante et de la Recherche Medicale U674 "Génomique 
Fonctionnelle des Tumeurs Solides,"  
(6) Foundation Jean Dausset-Centre d'Etude du Polymorphisme Humain, Paris, 
France 
 
 
       

  



Session VI 
 

Therapeutic Targets, Models and 
Preclinical Studies 
 
Chair: Wade Clapp 
 
 
Speakers 
 
 
 
Wade Clapp           T33 
 
Dave Viskochil          T34 
 
Cory Johannesen      T35 
 
Gunnar Johansson        T36 
 
Marco Giovannini       T37 
 
Jennifer O’Hara Lauchle      T38 
 
Maria Acosta        T39 
 
 
 
 

  



Wade Clapp*         T33 
Indiana University School of Medicine 

 
The hematopoietic system is an integral component of the tumor 
microenvironment and is required for plexiform neurofibroma 
progression 
 
  
Interactions between tumorigenic cells and the microenvironment are 
increasingly recognized as integral to tumor progression in a range of human 
malignancies.  However, the specific cellular mechanisms that are required to 
initiate these multistage processes are incompletely understood.  Mutations in 
the NF1 tumor suppressor gene cause neurofibromatosis type 1, a pandemic 
autosomal dominant genetic disorder of the nervous system characterized by 
the development of neurofibromas.  Neurofibromas are complex tumors 
composed of Schwann cells, fibroblasts, endothelial cells, and high 
concentrations of degranulating mast cells. Though neurofibromas are generally 
benign, plexiform neurofibromas can progress to malignancy.  Genetic studies 
in cre/lox mice indicate that nullizygous loss of Nf1 in the tumorigenic Schwann 
cells (Krox20; Nf1flox/flox) is necessary, but not sufficient for neurofibroma 
formation when the microenvironment is wildtype. However, neurofibromas 
form with 100% penetrance in Krox20; Nf1flox/- mice that are heterozygous at 
Nf1 in all lineages of the tumor microenvironment (Science, 2002).  Here, we 
addressed the role of the hematopoietic system in the tumor microenvironment 
by using adoptive transfer.   Syngeneic Nf1+/- or wildtype (WT) bone marrow 
was transplanted into lethally irradiated Krox20;Nf1flox/flox mice. Krox20; 
Nf1flox/flox recipients transplanted with WT bone marrow (n=25) did not develop 
plexiform neurofibromas and had a normal lifespan.  In contrast, Krox20; 
Nf1flox/flox mice transplanted with Nf1+/- bone marrow (n=25) consistently 
developed neurofibromas infiltrated with Nf1+/- mast cells.   These mice had a 
90% mortality at 14 months following transplantation.  In complementary 
experiments, WT bone marrow was transplanted into irradiated Krox20; 
Nf1flox/- mice. Despite the remainder of the tumor microenvironment being 
heterozygous, WT bone marrow was sufficient to prevent tumor progression in 
Krox20; Nf1flox/- mice. To specifically assess the role of the mast cell 
compartment in tumor progression, Nf1+/- mice were intercrossed with two 
strains of naturally occurring W mutant mice that have variably diminished c-
kit activity and mast cell function. Mice homozygous at the Wv locus have a 
greater than 90% reduction in c-kit activity, while W41/W41 mutants have 
approximately a 65-75% reduction in c-kit activity.  Importantly, while 
Krox20;Nf1flox/flox mice transplanted with Nf1+/- bone marrow consistently 
develop plexiform neurofibromas, adoptive transfer of Nf1+/-; Wv/Wv or 
Nf1+/-; W41/W41 bone marrow cells into Krox20; Nf1flox/flox mice was sufficient 
to prevent neurofibroma formation.  Collectively, these studies provide genetic 
evidence that the hematopoietic system and specifically mast cells are integral 
to plexiform neurofibroma formation in genetically engineered mice.  These 

  



studies have therapeutic implications for NF1 since molecular therapies 
directed at the haploinsufficient hematopoietic cells, particularly the c-kit 
receptor tyrosine kinase, may have an important role in treating or preventing 
plexiform neurofibromas.  
 
 
* Full author list:
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University of Utah 
 
The EGFR/MPNST Connection: From Bench to Bedside 
 

 
 
 

  



Cory Johannesen*♦        T35 
Harvard Medical School/Brigham & Women’s Hospital 
 
The NF1 tumor suppressor is a critical regulator of the mTOR 
signaling pathway 
 
Loss-of-function mutations in the NF1 tumor suppressor gene underlie the 
familial cancer syndrome neurofibromatosis type I (NF1). The NF1-encoded 
protein, neurofibromin, functions as a Ras-GTPase activating protein (RasGAP). 
Accordingly, deregulation of Ras is thought to contribute to NF1 development. 
However, the critical effector pathways involved in disease pathogenesis are 
still unknown.  
 
The data presented here shows that the mTOR pathway is tightly regulated by 
neurofibromin. mTOR is constitutively activated in both NF1-deficient primary 
cells and human tumors in the absence of growth factors. This aberrant 
activation depends on Ras and PI3 kinase, and is mediated by the 
phosphorylation and inactivation of the TSC2-encoded protein tuberin by AKT. 
Importantly, tumor cell lines derived from NF1 patients, and a genetically 
engineered cell system that requires Nf1-deficiency for transformation, are 
highly sensitive to the mTOR inhibitor rapamycin.  
 
Using a genetic mouse model of Nf1-dependent malignant peripheral nerve 
sheath tumors (MPNST) development, we tested the therapeutic potential of 
rapamycin, an mTOR inhibitor, on Nf1-dependent MPNST growth. Importantly, 
we find that rapamycin completely blocks the growth of these lesions in-vivo. 
Moreover, while tumors rapidly cease proliferation after rapamycin treatment, 
we find no evidence of apoptosis or senescence. Rapamycin has no early effect 
on the microvasculature, HIF-1a translation or HIF-1a-mediated transcription, 
suggesting that these events do not fully explain the rapid proliferative block 
induced by rapamycin. We also present evidence that rapamycin has no effect 
on AKT activity in these tumors, even following long-term treatment.  
 
Finally, we show that rapamycin treated tumors exhibit decreased cyclin D1 
expression, which may in part explain the proliferative suppression observed in 
rapamycin treated lesions. These findings identify the NF1 tumor suppressor as 
an indispensable regulator of TSC2 and mTOR. Furthermore, our results 
demonstrate that rapamycin, or its derivatives, may represent a viable therapy 
for NF1. 
 
*Full author list: 
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Gunnar Johansson*        T36 
Cincinnati Children’s Hospital Medical Center 
 
Targeting the mTOR pathway as a potential therapeutic for 
malignant nerve sheath tumors 
 
Malignant Nerve Sheath Tumor (MPNST) is a highly chemo-resistant sarcoma 
with devastating 21% five-year survival within the context of Neurofibromatosis 
type 1, and 42% five-year survival in sporadic MPNST1.  Upregulated mTOR 
signaling was linked to MPNST and inhibition with rapamycin decreased growth 
of two MPNST cell lines in vitro 2.  mTOR inhibitors can also enhance the effect 
of chemotherapeutics3. We tested the effect of the mTor inhibitor RAD001 in 
combination with the chemotherapeutic agent Doxorubicin and/or EGFR 
tyrosine kinase inhibitor Tarceva, previously used in a clinical trial in patients 
with MPNSTs4. In 5 MPNST cell lines, RAD001 decreased growth, with additional 
benefit when combined with Tarceva.  RAD001 also increased the cytotoxic 
effect of Doxorubicin, correlating with increased levels of apoptosis. To test 
the effect of mTOR inhibition in vivo we used a Xenograft model in which the 
MPNST cell line STS26T was injected subcutaneously into athymic nude mice5. 
We treated nu/nu mice with daily gavage starting 3 or 16 days after tumor cell 
injection. Treatment with the RAD001 prevented further growth of the tumors 
in the early treatment; in the late treatment growth was reduced up until day 
30 post-injection. Similar to what is seen in vitro; combination with Tarceva 
caused an additional benefit. This study confirms that mTOR inhibitors slow 
growth of MPNST cells and further supports targeting of this pathway in MPNST 
therapy.  
References: 
1. Evans, D.G.R., et al. Journal of Medical Genetics, 2002. 39(5): p. 311-314. 
2. Johannessen CM et. al. PNAS, 2005. 102(24): p. 8573-8578. 
3. Beuvink I et. al. Cell, 2005. 120(6): p. 747-759. 
4. Albritton K. H. et. al. Journal of Clinical Oncology, 2006 ASCO Annual Meeting 

Proceedings Part I. Vol 24, No. 18S (June 20 Supplement), 2006: 9518. 2006. 
5. Mahller, Y.Y., et al. Mol Ther, 2007. 15(2): p. 279-286. 
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Marco Giovannini*        T37 
Inserm, Paris 
 
Testing of new agents in NF2 preclinical models 
 
One of the primary objectives of our work include: (a) development of 
preclinical models (including mouse and human tumor xenografts in 
immunodeficient mice, transgenic tumors, and selected in vitro models), with a 
basic understanding of the strengths and weaknesses of each as possible 
components of a preclinical testing program; (b) identification of the key 
scientific issues related to establishment of a program for preclinical testing of 
new agents for their applicability to neurofibromatosis type 2; and (c) 
identification of the key infrastructure requirements for a program for 
preclinical testing of new agents for their applicability to NF2.  
Because of the increasing imbalance between the number of new agents 
potentially available for evaluation and the number that can actually be 
evaluated in NF2 patients, it is essential to develop predictive preclinical 
models of NF2 tumors to help clinical investigators prioritize new agents for 
testing in NF2 patients. 
 
In vitro model systems. Peculiarities in Schwann cell/NF2 biology and the lack 
of tumorigenic NF2 schwannoma/meningioma cell lines have hindered the 
development of a panel of cell lines to test the activity of anticancer agents in 
vitro. By the recent development of tumorigenic Schwann cell lines from GEM 
mouse tumors and tissues, we have overcome a primary obstacle in establishing 
pertinent NF2 in vitro models. The ability of these cell lines to grow as 
xenografts has been developed as an animal test system to study the growth 
and treatment response of engrafted tumors to specific therapeutic agents. 

 
In vivo models systems. Characteristics of GEM mouse models suitable for 
inclusion in a preclinical testing program include: (a) high penetrance of tumor 
development; (b) early initiation and time to progression; and (c) ability to be 
bred in large numbers. NF2 mouse models models are not optimal for testing 
against all agents because they are resource-intensive when used for testing. 
Therefore, testing was restricted to agents shown to be active in xenografts of 
the same tumor type. Recently however, we found that the latency and the 
penetrance of P0-SCH-�39-121-induced Schwann cell tumors in an FVB/N inbred 
mouse background could be significantly altered by the introduction of 
different genetic backgrounds. The high rate of tumor development occurring 
with a predictable time course makes now this model quite tractable for drug 
testing. A mouse model of meningioma involving Nf2 biallelic inactivation is 
also now ready for drug testing. In this model, Cre expression is targeted to 
leptomeningeal cells by linkage to the Prostaglandin D Synthase (PGDS) 
promoter or by direct injection of a adeno-Cre in the CSF circulation. Despite 
the limited penetrance of the lesions, we have demonstrated that new 

  



capabilities for small animal imaging, in particular MRI, may help address this 
challenge. 

 
Available preclinical NF2 models, including a summary of the potential 
strengths and weaknesses of currently available models will be presented. 
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Jennifer O’Hara Lauchle*       T38 
University of California, San Francisco  
 
Mutations that Cooperate with NF1 Inactivation in 
Leukemogenesis Influence Therapeutic Response to MEK 
Inhibition 
 
Hyperactive Ras is a common feature of many cancers, including 
myelodysplastic syndrome (MDS), myeloproliferative disease (MPD), and acute 
myeloid leukemia (AML). Conditional inactivation of Nf1 in murine 
hematopoietic cells in Mx1-Cre, Nf1flox/flox mice induces MPD with 100% 
penetrance2; however, this does not evolve to AML. Upon infection with 
MOL4070LTR, a retroviral insertional mutagen, ~25% of Mx1-Cre, Nf1 flox/flox 
mice develop AML. The Ras effectors MEK and ERK are hyper-phosphorylated in 
Nf1 mutant MPDs and AMLs with Nf1 inactivation.  
 
We investigated the effects of CI-1040, a highly selective inhibitor of the MEK 
kinase, on the growth of hematopoietic progenitor and blast colonies in 
methylcellulose cultures stimulated with GM-CSF. Blast colony formation from 
Nf1 mutant AML cells was abrogated at much lower CI-1040 concentrations 
(0.25 ?M) than wild-type or Nf1 mutant MPD cells (50 ?M). Nf1 mutant mice with 
MPD that were treated with CI-1040 showed no improvement in leukocyte 
counts or survival despite transient MEK inhibition in vivo. In contrast, mice 
transplanted with three unique Nf1 deficient AMLs responded to CI-1040 
treatment with decreased leukocyte counts and markedly prolonged survival 
compared to vehicle treated controls (24 versus 7 days in the vehicle-treated 
cohort; OR 3.5 95% CI 3.0-3.8).  
 
Despite lower white blood cell counts and prolonged survival, all of the 
leukemic mice receiving CI-1040 eventually developed reemergence of 
peripheral blood blasts and died from AML. Leukemias that relapsed during CI-
1040 treatment are remarkably less sensitive to CI-1040 in vitro than the 
vehicle treated AMLs, and do not respond to treatment in secondary recipients. 
This cellular resistance is not due to acquired change in kinase sensitivity to CI-
1040 as we observe equivalent inhibition of pERK in sensitive and resistant 
AMLs that are exposed to a range of CI-1040 concentrations.  
 
Importantly, when compared with untreated leukemias, CI-1040-resistant AMLs 
contain new retroviral integrations. Cloning the integration sites from sensitive 
and resistant Nf1 deficient leukemia pairs resulted in identification of several 
candidate resistance genes including members of the RasGRP family and 
Mapk14, which encodes p38. Our data support the idea that MEK is a relevant 
biochemical target in myeloid leukemia, and show that disease stage strongly 
modulates response. CI-1040 and related inhibitors merit further investigation 
in other NF1-associated cancers.  
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Children’s National Medical Center 

 
Pharmacological intervention with Lovastatin for Learning 
Disabilities in Patients with NF1: Preliminary data in 
neuropsychological result in a phase 1 study  
 
  
Academic difficulties and school failure are the most common reported 
complication of NF1 in childhood, present in up to 80% of children tested. 
Cognitive deficits are often the most significant cause of lifetime morbidity in 
this population. Lovastatin, a fungal antibiotic, is a specific inhibitor of the 
rate-limiting enzyme in cholesterol biosynthesis (a non-selective HMG-CoA 
reductase inhibitor), which is widely used to treat hyperlipidemia in humans. A 
recent study by Li and colleagues used lovastatin to evaluate its benefit on 
cognitive deficits in Nf1+/- mice. The Nf1+/- mice treated with lovastatin 
demonstrated improved performance on attention (using the lateralized 
reaction time task) and spatial learning (using the hidden version of the Morris 
Water Maze). Lovastatin also rescued the pre-pulse inhibition (PPI) deficits of 
the Nf1+/- mice. PPI is significantly reduced in children with ADHD, which has a 
high co-morbidity with NF1. Importantly, lovastatin also rescued the long-term 
potentiation (mechanism of learning and memory) deficits of the mutants. 
Collectively, these results provide compelling evidence that lovastatin can 
reverse the physiological and cognitive deficits observed in Nf1+/- mice.  The 
aim of the present study was to examine the safety of lovastatin as a treatment 
for the neurocognitive deficits in children 10-17 y/o  with diagnosis of NF1. 
Lovastatin may be the first biologically-based, molecularly targeted treatment 
for this indication. Extensive neuropsychological testing was done in all 
patients at the start and end of treatment. Although the study was too small 
for an effective evaluation of efficacy, these preliminary data are critical to 
plan future Phase II and III studies.  
 
EXPERIMENTAL DESIGN: Patients were enrolled from January 2006 to April 
2007. Lovastatin was administered continuously orally once a day at doses of 
20, 30, 40 mg for a total of 12 weeks, with an escalation does for 2nd and 3rd 
group in 1 month period in a phase I design. Extensive neuropsychological 
testing was performed before the medication was started and at week 12 of 
treatment. Test administered as part of this study included the Weschler 
Abbreviated Scales of Intelligence (WASI), California Verbal Learning Test – 
Children’s version (CVLT-C), Wide Range Assessment of Memory and Language, 
2nd Edition (WRAML-2), Continuous Visual Memory Test (CVMT), Test of 
Everyday Attention for Children (TEA-Ch) Benton Judgment of Line Orientation 
(JLO), Lafayette Grooved Pegboard, Behavior Rating Inventory of Executive 
Function (BRIEF) Parent, Teacher and Self-Report form, and Mid Range 
Immediate Post-Concussion Assessment and Cognitive Testing (Midrange 

  



ImPACT; Research Version).We present preliminary analyses of the 
neuropsychological data obtained in our study. 
 
RESULTS: Fourteen patients have been enrolled. At the time of this submission 
10 of 14 patients have finished the 12 week period. Three patients completed 
the 20 mg/day cohort, three patients completed the 30 mg/day cohort and 
currently 4 of 8 patients for 40 mg cohort have finished the 12 week period.  
All patients had previous history of learning problems. 4/14 were in treatment 
with ADHD related medications at the time of enrollment. No changes in dose 
were allowed during the study time. Along the study  5/10 family patients 
reported some subjective improvement while they were in the study. IQ as 
measure at the beginning of the study Full IQ Scale: 70-107; Mean: 89, SD:10.2. 
Non parametric analyses using both the Sign and Wilcoxon Match pairs tests 
showed, statistic significant differences for scores pre-post treatment for the 
following tests for both test: Lafayette Grooved Pegboard Dominant hand, 
selected subtests for story memory delay and recognition from the Wide Range 
Assessment of Memory and Language, 2nd Edition (WRAML-2), selected subtests 
from Continuous Visual Memory Test (CVMT) (hits, d-prime and total score) as 
well as California Verbal Learning Test – Children’s version (CVLT-C) (Total,  
long delay cued and semantic cluster ratio) with a p <0.05 for all described 
subtests. Individual observations of cases have shown improvements in memory 
and attention task pre and post treatment. Interesting, higher IQ’s were found 
in patients in the first cohort that received the lowest dose, and those patients 
have also the highest improvement in some attention tasks. However variability 
between patients is the rule in the analysis of the results. Correlations with 
dose show positive correlations with improvements in performance in the 
following tests: Test of Everyday Attention for Children (TEA-Ch) (Sky search 
score), Benton Judgment of Line Orientation (JLO) (p<0.05) 
 
CONCLUSIONS: The principal conclusion is that lovastatin was well tolerated in 
our patients during the three month period of our study. Although hopeful, the 
small number of patients, the variability in test performance, and the 
possibility of retest effects results in this safety study preclude any firm 
conclusions concerning the efficacy of lovastatin in treating the cognitive 
deficits associated with NF1. While the preliminary data is encouraging, further 
studies of drug efficacy on neuropsychological functioning are necessary. 
 
*Full author list: 
Acosta, Maria T. (1), Seldin-Sommer, Leah (1), Gioia, Gerald (1), Marcus, David 
(1), Shapiro, Marla (1), McCarter, Robert (1), Molina Pablo (4), Arcos-Burgos, 
Mauricio (4), Silva, Alcino (2), Tifft, Cynthia (3), Rosenbaum, Kenneth (3), 
Packer, Roger (1) 
(1) Department of Neurology and Center for Neuroscience and Behavioral 
Medicine, Children’s National Medical Center, Washington DC; (2) Department 
of Neuroscience, UCLA, Los Angeles, CA: (3) Division of Genetics & Metabolism, 
Children’s National Medical Center; (4) National Institute of Health/National 
Human Genome Research Institute 
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Maria T. Acosta*         P1 
Children’s National Medical Center, Washington, DC 
 
Lovastatin as a pharmacological treatment for learning 
disabilities in patients with NF1: Safety data from Phase 1 study 
 
 
Academic difficulties and school failure are the most commonly reported 
complications of NF1 in childhood, present in up to 80%. They are often the 
most significant causes of lifetime morbidity in this population. Lovastatin, a 
fungal antibiotic, is a specific inhibitor of the rate-limiting enzyme in 
cholesterol biosynthesis (a non-selective HMG-CoA reductase inhibitor), which 
is widely used to treat hyperlipidemia in humans. A recent study by Li and 
colleagues used lovastatin to evaluate its benefit on cognitive deficits in Nf1+/- 
mice.  At the molecular level, treatment with lovastatin was found to decrease 
ras activity in these mice as well as reverse their (Long Term Potentiation) LTP 
deficits.  Clinically, lovastatin improved cognitive deficits observed in Nf1 +/- 
mice. 
 
The aim of this study is to examine the safety of lovastatin for treatment of 
neurocognitive deficits in children 10-17 y/o with the diagnosis of NF1. The use 
of oral lovastatin, in this study, will be the first biologically-based, molecularly 
targeted treatment for children with NF1 and cognitive deficits. 
 
EXPERIMENTAL DESIGN:  Fourteen patients were enrolled from January 2006 to 
April 2007. Lovastatin was administered orally, once a day at one of three 
possible doses, 20, 30, 40 mg for a total trial length of 12 weeks, with 
escalation doses for the 2nd and 3rd groups in a one month period, in a phase I 
design. Physical examination, including detailed muscle strength testing, side 
effects check list and laboratory studies including Cholesterol panel, liver 
enzymes, pancreatic enzymes, CPK, myoglobinuria, CBC, renal function were 
evaluated in all visits. A total of 4 to 5 visits were completed by all patients. 
Extensive neuropsychological testing was performed before the medication was 
started and at week 12 of treatment. We present the safety and tolerability 
data in our currently evaluated patients. 
 
RESULTS: At the time of this submission, 10 of 14 patients have finished the 12 
week period. Three patients completed the 20 mg/day cohort, three patients 
completed the 30 mg/day cohort and currently 4 of 8 patients for 40 mg cohort 
have finished the 12 week trial period. All three groups have tolerated the dose 
without significant side effects. Three patients reported side effects described 
as some type of muscle “soreness”, always related with unusual physical 
activity.  No weakness was found on examination.  Three adverse events 
unrelated to the use of lovastatin were present in our group of patients: 
migraine, asthma event, muscle trauma. Laboratory results were within normal 



limits for all parameters for all study patients. Total cholesterol levels 
decreased an average 17% (range 4% - 24%; Pretreatment Mean (PTM): 148.92; 
mg/dl Standard Deviation (SD) 35; Final Study Mean (FSM):123.7; SD 36) across 
all groups and stayed within the normal limits. The decrease of cholesterol 
levels was not related with the total final dose. No alterations in muscle 
enzymes, (CPK:PTM: 65.73 U/L SD 27.83; FSM: 66.67 U/L ; SD 29.15) liver 
function, (ALT: PTM: 34  U/L; SD 4.49; FSM: 35.56 U/L; SD 4.82) (AST:PTM: 
16.92 U/L; SD 4.05; FSM: 16.80 U/L; SD 3.22) pancreatic enzymes (Lipase: PTM: 
266 U/L; SD 153.06; FSM: 231.72 U/L; SD: 53.44) (Amylase:PTM: 62.23 U/L; 
SD:35.44; FST: 52 U/L; SD: 13.79). Neither myoglobinuria nor CBC alterations 
were not observed in any of our patients. 
 
CONCLUSIONS: Lovastatin, in doses up to 40 mg/day, for up to three month 
period, is a well-tolerated medication in ten patients 10-17 y/o with NF1. 
Changes in cholesterol levels were observed in all patients, but were not 
related with dose, and levels stayed in the normal range during the 12 week 
trial period. Side effects were minimal during the treatment. Muscle symptoms 
or changes in muscle enzymes were not significant in our population. This 
preliminary Phase I trial does not demonstrate significant adverse effects in 
patients with NF1. 
 
* Full author list: 
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(1), Shapiro M (1), Seldin-Sommer L (1), Silva A (2) 
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Sükriye Ayter*         P2 
Hacettepe University, Turkey 
 
Cognitive Functions in NF1 Patients and Unaffected Siblings 
 
 
Background: 
Cognitive problems have been described in 30-50% of patients with 
neurofibromatosis type 1 (NF1).  We intended to examine the cognitive profile 
of children with familial and sporadic NF1 and their unaffected siblings. 
Knowing that unaffected siblings of NF1 patients had poorer performance than 
the control group, we analyzed the OMGP gene as a candidate modifier. 
  
Methods: 
We evaluated a multivariate combination of three neuropsychological tests, 
WISC-R, Bender Visual-Motor Gestalt, (BG) and the Judgment of Line 
Orientation (JLO) in 58 children with NF1 (29 famalial and 29 sporatic cases), 
and unaffected 20 siblings of children with NF1. Control groups consisted of 
children with no neurological problems (control, n=40) and attention deficit–
hyperactivity disorder (ADHD) (n=40).  DNA sequencing technics was used to 
identify variations in the OMGP gene since there is some supporting data that 
OMGP gene mutations are related to the other cognitive disorders. Therefore, 
OMGP gene and its 5’UTR were analysed by 8 overlapping fragments. 
 
Results:   
Familial and sporadic NF1 patients had similar scores on all tests. Children with 
NF1 performed lower than ADHD and controls in all WISC-R subtests. They 
performed significantly lower than the controls in BG and JLO tests, and 
significantly lower than their siblings in most WISC-R subtests.  
Unaffected siblings of NF1 performed significantly lower than the control 
children in all WISC-R subtests, verbal IQ, Performance IQ and Full IQ scales, 
and JLO; they performed significantly lower than the ADHD group in 
Comprehension and Picture Arrangement subtest scores. We only identified 
OMGP 62 polymorphism in seven NF patients but no any other variations were 
obtained.  
 
Conclusion:   
In this study, unaffected siblings of NF1 patients had poorer performance than 
the control group, and in Comprehension and JLO tests, than the ADHD group. 
These findings suggest factors other than the NF1 gene mutations contribute to 
the cognitive profile of these children, and, perhaps, of their siblings with NF1. 
These can be related to the environment, such as the presence of a sibling with 
cognitive disturbances and genetic background. We assumed that the OMGP 
gene would be the good canditate modifier gene because of its close 



relationship of the expression profile and genetic location. But we could not 
detect any variation in OMGP and its 5’UTR. 
 
* Full author list: 
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Hacettepe University, Turkey 
 
High resolution melting analysis for the rapid and sensitive 
detection of mutations in NF1 tumor patients 
 
 
Background: Neurofibromatosis type 1 (NF1) is a common autosomal dominant 
disorder caused by mutations of the NF1 gene. It is characterized by 
pigmentation anomalies, neurofibromas and a variety of other possible 
complications, including an increased risk of malignant tumors. The NF1 gene 
product neurofibromin is a large protein, member of the negative growth 
regulatory proteins called tumor suppressors. Because of the size and 
complexity of the NF 1 gene, the variety of mutations and the need to identify 
the specific mutation in each family has created a pressing clinical need for the 
rapid and sensitive molecular characterisation of NF1 mutations. We described 
here the application of high resolution melting Curve analysis (HRM) to screen 
for NF1 mutations in clinical samples of tumor patiens. 
 
Methods: We developed a high-resolution melting curve (HRM) assay to detect 
germline and somatic mutations in the exons of NF1 gene using the 
intercalating dye SYTO9. Real-time polymerase chain reaction technologies 
have replaced many of the more labor-intense methods in the molecular 
diagnostics laboratory. An advantage of this technique is that the detection 
takes place in the same instrument and reaction tube as the amplification. This 
eliminates postamplification manipulation of the product and makes it much 
faster and less labor intensive than other screening methods. We analyzed 31 
NF1 patients with different tumors for germline mutations.  
 
Results: Known NF1 mutations in different samples were readily detectable 
using HRM. Significant differences were present in the melt curves for each of 
the mutations compared with those of the wild-type sequences. The main 
limitation of HRM is that the precise mutation cannot be readily identified and 
it thus needs to be used in conjunction with a sequencing method. 
Nevertheless, because HRM is both inexpensive and high throughput, we 
believe that HRM is now the method of choice for screening tumour samples for 
germline and somatic mutations prior to sequencing. We have detected 2 and 4 
base pair deletions in different exons and we confirmed this variations by 
sequencing. Full list of mutations will be presented at the meeting. 
 
Conclusion: High-resolution melt curve analysis is a quick, reliable method for 
identifying mutations especially due to small deletions or insertions which are 
important for NF1 tumors. As targeted therapies focus increasingly on key 
mutations in oncogenic pathways, it will be necessary to screen not only for 



multiple exons within candidate genes, but also multiple genes within key 
pathways to confirm or exclude involvement of that pathway.  HRM will enable 
high-throughput screening of gene mutations for patients and accelerate 
research aimed at identifying novel mutations in NF1. 
 
* Full author list: 
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Dusica Babovic-Vuksanovic*      P4 
Mayo Clinic 
 
Update on studies with pirfenidone in NF1 
 
 
Aim: Neurofibromatosis type I (NF1) is a common tumor predisposing disease in 
humans. Plexiform neurofibromas are a major cause of morbidity in these 
patients. Unfortunately, effective medical therapy for these tumors is lacking. 
The histopathology of neurofibroma is complex, with diverse cellular content 
and large amount of fibrous tissue. We hypothesized that events connected 
with fibrogenesis might constitute a point of molecular vulnerability of 
plexiform neurofibromas. 
 
Methods: Pirfenidone is a novel, small molecule agent that exhibits potent 
activity against fibroblasts in vitro and in vivo. We developed an animal model 
for neurofibroma (human neurofibroma xenotransplants into SCID mice) and 
evaluated effects of pirfenidone on neural tumor implants.  
 
Results: Survival of neurofibroma xenografts in SCID mice treated with oral 
pirfenidone was significantly lower when compared with survival of xenografts 
in non-treated animals. Based on encouraging preclinical studies, human 
studies for patients with plexiform neurofibromas have been initiated. Clinical 
trial on 24 adults was recently completed at Mayo Clinic and majority of 
patients remained stable for 2 years of treatment, not experiencing major 
toxicity. The multicenter pediatric phase I study has been completed and Phase 
II study is still ongoing.  
 
Conclusion: Pirfenidone is a well-tolerated oral agent. Results from so far 
completed trials are promising, indicating its potential role in treatment of 
NF1. Because of variable and incompletely understood natural history of 
neurofibromas, interpretation of outcome from clinical trials is difficult and 
will require longer follow-up of larger population of treated patients and 
placebo-controlled trial to determine the role of pirfenidone in therapy of NF1-
related tumors. 
 
* Full author list: 
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Dr. Gardner’s legacy: characterization of an historic NF2 
mutation 
 
Subtypes of neurofibromatosis 2 (NF2) have been defined as i) a common 
severe form with early onset and young mortality, and ii) a relatively milder 
form characterized by the later onset and bilateral vestibular tumors with few 
other manifestations. The latter form carries the designation of the “Gardner 
phenotype” in honor of an extraordinarily large family first described by Dr. W. 
James Gardner and Dr. Charles Frazier in 1929. Our previous studies of samples 
from this family failed to reveal causative mutation by exon scanning.  
Subsequent reports have suggested that some mild phenotypes may be caused 
by deletions of the NF2 locus.  In this work we describe the historic 
characterization of a deletion born by the original Gardner family.   
 
Genomic DNA from a non-founder of the original Gardner family was included 
in a cohort of samples in which previously reported exon scanning failed to 
detect mutation for alternative analysis.  Micro satellite screening of this 
cohort to determine potential hemizygosity revealed that in the Gardner family 
sample, markers centromeric to NF2 (D22S193 and D22S1150) and those 
intragenic (NF2TET and D22S929) were uniformly uninformative while those 
more distal were informative.  Expressed polymorphisms in the 3’untranslated 
region showed complete loss of heterozygosity between DNA and cDNA 
samples, further supporting the impression of a promotor deletion.  Multi-
ligation probe analysis (MLPA) of the 17 coding exons of the NF2 gene and 
surrounding loci detected a single copy spanning from NIPSNAP1 (approximately 
50 kbp centromeric to the NF2 gene), through exon 2 of NF2.  Subsequently we 
employed sequential quantitative polymerase chain reaction (qPCR) to narrow 
the telomeric breakpoint to a region of less then 200 basepairs in intron 2. 
qPCR using primer pairs centromeric to the NF2 locus has revealed that the 
deletion extends a minimum of 140 kbp beyond the NF2 promotor and includes 
at least three other transcripts.   
 
In addition to the historical interest of defining the mutation in the Gardner 
family, this work adds to the body of data suggesting that deletions eliminating 
NF2 expression and elements centromeric to NF2 confer a mild phenotype.  
Especially provocative is the finding that in open skull autopsies done on 14 
affected family members, no meningiomas outside of a single collusion tumor 
in the cerebellar pontine angle have been detected.  Since 50% of all NF2 
patients develop meningiomas, this observation suggests that the Gardner 
family deletion is largely incompatible with meningioma genesis.  We are 



currently refining the characterization of the deletion’s breakpoints to 
determine if a repetitive element has driven the excision and to determine 
exactly which centromeric transcripts are hemizygous. 
 
*Full author list: 
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Baylor College of Medicine 
 
Spatial rescue of NF1 memory deficit in Drosophila  
 
 
Non-specific cognitive impairments are one of the many manifestations of 
Neurofibromatosis Type 1 (NF1) [1].  A learning phenotype is also present in 
Drosophila melanogaster that lack a functional neurofibromin (Nf1) gene.  
Multiple studies have indicated that Nf1-dependent learning in Drosophila 
involves the cAMP pathway, including the illustration of a genetic interaction 
between Nf1 and adenylyl cyclase (rut-AC) [2].  Olfactory classical conditioning 
experiments have previously demonstrated a requirement for cAMP pathway 
signalling, including rut-AC activity, in neurons of the mushroom bodies [3].  To 
determine whether Nf1 is also required in neurons of the mushroom bodies, a 
UAS-dNf1 transgene was conditionally expressed, in the Nf1 mutant 
background, under the control of various GAL4 drivers, each of which induces 
expression in a specific subset of neurons within the Drosophila brain.  Rescue 
of the three-hour memory phenotype in these animals strongly suggests that 
expression of neurofibromin in a distinct set of mushroom body neurons is 
sufficient for promoting normal learning and memory.  Additional olfactory 
classical conditioning experiments were conducted, using Nf1 homozygous null 
mutants, to determine whether neurofibromin is required for the formation of 
olfactory memory or for its stability over time.  Preliminary results suggest that 
neurofibromin is actually required during both phases of memory.  Results of 
this study identify a minimal region of the Drosophila brain in which 
neurofibromin is required during the acquisition and maintenance of olfactory 
memories. 
 
References: 
Ref. 1. North, K., Neurofibromatosis Type 1. Am. J. Med. Genet.  97: 119-127. 
Ref. 2. Guo et al (2000). A neurofibromatosis-1-regulated pathway is required 
for learning in Drosophila. Nature.  403: 895-898. 
Ref. 3.  McGuire et al (2003). Spatiotemporal rescue of memory dysfunction in 
Drosophila, Science.  302: 1765-1768. 
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Jessica B. Casaletto*♦        P7 
Harvard Medical School/Massachusetts General Hospital 
 
Roles of Merlin and Ezrin in Junctional Remodeling During Tissue 
Morphogenesis and Tumorigenesis 
 
 
The NF2 tumor suppressor, Merlin, and the closely related ERM (Ezrin, Radixin, 
Moesin) proteins localize to the membrane:cytoskeleton interface and are 
thought to link the actin cytoskeleton to various membrane-associated 
proteins.  Previous work from our lab demonstrated that Nf2-deficiency in 
primary cells results in the loss of contact-dependent inhibition of proliferation 
and defective cell:cell communication.  We discovered that Merlin localizes to 
adherens junctions (AJs) in wild-type cells and is required for their 
stabilization.  Loss of AJs has been linked to tumor development and metastasis 
in humans and mice.  Despite the similarity of the ERM proteins to Merlin, 
studies suggest that the ERM proteins promote cell transformation, survival, 
motility, and invasiveness; in fact increased Ezrin expression has been linked to 
tumor metastasis. Our studies of Ezrin-mutant mice reveal that Ezrin plays an 
important role in junctional remodeling in the intestinal epithelium during both 
villus morphogenesis in the embryo and tissue homeostasis in the adult. Indeed, 
our recent biochemical analyses reveal altered brush border membrane 
architecture and altered distribution of apical junctional components to these 
membranes in the absence of Ezrin. This is consistent with recent studies 
implicating Drosophila Moesin, the only ERM expressed in the fly, in the 
establishment of an apical junctional region, and in turn, for the establishment 
of stable AJs. Taken together, our studies suggest that Merlin and Ezrin may 
play opposing roles in junctional remodeling. 
 
*Full author list: 
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Long-Sheng Chang*        P8 
The Ohio State University 
 
Tumor-Suppressor Merlin Regulates Epidermal Growth Factor 
Receptor Signaling in the Drosophila Wing through the Clathrin 
Adaptor Protein LAP 
 
 
Merlin, the Drosophila homologue of the protein encoded by the human 
Neurofibromatosis 2 (NF2) gene, is important for the regulation of cell 
proliferation and differentiation in the eye and wing.  Recent studies showed 
that Merlin and Expanded cooperatively regulate the recycling of membrane 
receptors such as the epidermal growth factor receptor (EGFR).  By performing 
a search of proteins involved in vesicular trafficking for genetic interaction 
with Merlin, we found that over-expression of the clathrin adaptor protein LAP 
in the wing pouch resulted in extra vein material formation.  Co-expression of 
Merlin with LAP restored the normal venation phenotype in the wing.  By using 
various Merlin truncation mutants, we identified the C-terminal portion of 
Merlin to be important for the Merlin-LAP genetic interaction.  Furthermore, 
we showed that the LAP protein colocalized with the Merlin protein at the 
internal face of the plasma membrane.  Together with previous findings, the 
results suggest that both Merlin and Lap may control of wing venation through 
the EGFR signaling pathway.  Mosaic clone analysis revealed that, unlike wild-
type cells, Merlin mutant clones could cross vein restriction borders, similar to 
that observed for the mosaic clones of the overgrowth mutant fat.  These 
results corroborate well with the recent report indicating that FAT cadherin 
and Merlin function in the Hippo tumor suppressor signaling pathway, which 
regulates cell proliferation and likely, cell migration. 
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HSF1 is a powerful modifier of carcinogenesis 
 
 
Heat-shock factor 1 (HSF1) is the master regulator of the heat-shock response, 
one of the most evolutionarily conserved cytoprotective mechanisms known. 
HSF1 function has long been implicated in both physiological and pathological 
processes including aging, hypoxic-ischemic injury, and neurodegenerative 
disorders. However, whether and how it might be involved in malignant 
transformation remain largely unknown. Employing both animal and in vitro 
cell-culture models, we examined the roles of HSF1 in tumorigenesis. HSF1 acts 
at a global level to enable transformation by orchestrating an entire network of 
cellular functions including cell proliferation, cell survival, translation, and 
glucose metabolism. Ironically, HSF1, which normally enhances organismal 
survival and longevity by coupling cellular physiology to environmental 
contingency, also acts as a potent enabler of the lethal phenomenon of cancer. 
Our data demonstrate that HSF1 is a powerful modifier of oncogenesis and 
plays a key role in balancing aging, longevity, and cancer risk. 
 
*Full author list: 
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Merlin regulates EGFR membrane distribution and signaling 
 
 
Nf2/Merlin and the related ERM (Ezrin, Radixin, Moesin) proteins are thought to 
provide regulated linkage between the cell membrane and actin cytoskeleton, 
thereby organizing cortical domains that interface with the extracellular 
environment. From this location, Merlin is poised to function in modulating the 
transmission of mitogenic signals from the extracellular environment. We 
previously demonstrated that Merlin mediates contact-dependent inhibition of 
proliferation by organizing or stabilizing cell:cell junctions. Subsequent work in 
several different cell types, including Schwann cells, revealed a role for Merlin 
as a critical contact-dependent regulator of the ErbB receptor signaling 
network. Specifically, we found that upon cell contact Merlin negatively 
regulates the Epidermal Growth Factor Receptor (EGFR; ErbB1) by physically 
restraining the EGFR into a membrane compartment from which it can neither 
signal nor be internalized. Through the generation and analysis of a panel of 
mutant versions of Merlin, we have found that this activity requires precise 
localization of Merlin itself to a specific membrane compartment that we have 
begun to define both biochemically and morphologically. Our studies are 
consistent with the idea that local activation of Merlin stabilizes the 
association between adhesion proteins and the cortical actin cytoskeleton 
while locally ‘capturing’ EGFR-containing complexes. This would be a powerful 
way to confer spatial and temporal regulation to membrane receptors and 
modulate their responses to extracellular signals. Indeed, we believe that the 
molecular relationship between Merlin and EGFR could be a paradigm for 
understanding how Merlin might control the physical distribution of and 
signaling from other receptors.  
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Angiogenic profile in sporadic and NF2-related schwannomas 
 
 
Vestibular schwannoma (VS) and meningiomas are benign tumors that comprise 
35-40% of all brain tumors. Neurofibromatosis 2 (NF2) is characterized by the 
presence of bilateral VS and multiple meningiomas for which alternative 
treatments are desperately needed. Currently there are no well-tolerated 
agents that produce disease stabilization or regression. This is especially 
critical for NF2 patients where tumor progression often occurs.  
 
Previous groups have shown VEGF expression in small series of sporadic VS. In 
this study, we expand these findings to include a larger sample VS that include 
both sporadic and NF2 tumors. Furthermore, we broadened our study to 
include 5 parameters commonly used to characterize angiogenesis in tumors: 
microvascular density (MVD), VEGF, VEGFR2, PDGFRα and PDGFRβ. 
 
Formalin-fixed, paraffin-embedded specimens were obtained from surgical 
resections of 22 patients with sporadic VS and from 21 patients with NF2 that 
underwent surgical resection at MGH. Sections were stained with polyclonal 
antibodies against VEGF (Santa Cruz Biotechnology, Santa Cruz, CA), VEGFR2, 
PDGFR? and PDGFR? (Cell Signaling), CD31, and von Willebrand factor (Dako, 
Carpinteria, CA). Intensity of immunostaining was scored in semi-quantitative 
fashion (0—no expression, +1—mild expression, +2—moderate expression, +3—
strong expression) for VEGF, VEGFR2, PDGFR?, and PDGFR?. MVD was calculated 
by averaging the number of CD31-positive vessels in 5-15 fields (10x). Intensity 
of each parameter was quantified for endothelial and tumor cells respectively. 
 
Expression of VEGF was detected in all sporadic and NF2-related VS. Strong (+3) 
expression of VEGF in tumor cells was more common in sporadic VS (45%) than 
in NF2-related VS (5%). In contrast, endothelial-bound VEGF was more common 
in NF2-related VS (75%) than in sporadic VS (45%).  
 
There was no difference in mean MVD between sporadic (13.5 vessels/mm2) 
and NF2-related tumors (12.5 vessels/mm2). The number of vessels expressing 
VEGFR2 was greater in sporadic (10.7 vessels/mm2) than in NF2 (7.4 
vessels/mm2).  Similarly the percentage of tumors expressing PDGFR? on 
vessels was greater in sporadic tumors (82%) than in NF2 tumors (55%). VEGF 
expression in tumor cells was universal in this series of sporadic and NF2-
related VS.  
 



Although the intensity of VEGF expression appears greater in sporadic lesions, 
endothelial- bound VEGF is more common in NF2-related lesions and is 
positively associated with increased MVD.  This finding indicates a potential 
activity of the VEGF angiogenic pathway in this patient population with subtle 
differences between NF2 and sporadic tumors with respect to the endothelial 
receptors. Therefore anti-VEGF therapy such as bevacizumab represents a 
rational approach to treating NF2 patients with VS in which surgery is not 
possible or has failed. A better understanding of the respective angiogenic 
mechanisms is necessary prior to using tyrosine kinase inhibitors. 
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Comparison of One-, Two-, and Three-Dimensional Measurements 
of Plexiform Neurofibromas in Children with NF1 
 
 
Background: 
Solid tumor response criteria (RECIST, WHO) have limited value in the 
evaluation of complex and slow growing tumors like plexiform neurofibromas 
(PN) in patients with neurofibromatosis type I (NF1). A reproducible method of 
automated volumetric MRI analysis is used in ongoing clinical trials to 
sensitively detect changes in PN size. We compared 1 dimensional (1D), 2 
dimensional (2D) and 3 dimensional (3D) measurements to assess progression of 
PN. 
 
Methods: 
PN progression was defined as a ≥ 20% increase in the sum of the longest 
diameters (1D, RECIST), a ≥ 25% increase in the sum of the product of the 
longest perpendicular diameters (2D, WHO), and a ≥ 20% increase in the sum of 
volumes. Patients who were enrolled on one or more ongoing clinical trial for 
PN were included in this study if they had NF1 and a measurable PN (longest 
diameter ≥3cm), were ≤25 years of age at the time of the first evaluation, had 
volumetric MRI analysis of their PN at the Pediatric Oncology Branch between 
September 1999 and December 2005, had been followed with repeated MRI 
scans for a period of at least 18 months, and gave informed consent for serial 
MRI scans when enrolled on a clinical trial. PNs were evaluated by 1D, 2D, and 
3D measurements. 1D and 2D measurements were performed on a section of 
each PN that could be consistently identified by an anatomical landmark, and 
did not always reflect the true longest diameter. Volume measurements were 
performed as described by Solomon et al, 20042 using MEDx software.  For 
patients with more than one PN, measurements for individual PN were 
summed. Progression free survival was determined by Kaplan-Meier analysis. To 
estimate measurement variabilty, linear regression was used to obtain the 
slopes for change in 1D-, 2D-, and 3D measurements over time for each 
patient, and the resulting R values were compared. 
 
Results:  
49 patients with 61 PN were included in this study. Eight patients had 2, and 
two patients 3 PN. The median (range) age of the patients was 8.3 years (3.3 to 
25 years), 30 were male, and 19 were female.  The median evaluation period 
was 34 months (range 18-70 months).  
 
 



 Method of Measurement 
Characteristics 1D 2D 3D 
Progressive disease (N) 12 19 34 
Stable disease (N) 37 30 15 
Median time to progression (Months) 48.3 Not reached 19.4 
Mean R value for slopes  0.68  0.73  0.86 
 
Conclusions: 3D measurements resulted in earlier detection of progression 
compared to 1D or 2D measurements. The ability of 3D analysis to detect 
smaller changes in PN size than 1D or 2D measurements makes time to disease 
progression using change in PN volume a clinically relevant endpoint in clinical 
trials for NF1 and progressive PN. 
 
Reference: 
1.  Solomon J, Warren K, Dombi E, Patronas N, Widemann B.  
Automated detection and volume measurement of plexiform neurofibromas in 
neurofibromatosis 1 using magnetic resonance imaging. Comput Med Imaging 
Graph 2004;28(5):257-265. 
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Individual with probable germline mosaic NF1, presenting as 
atypical neurofibromas and high-grade MPNST transformed from 
low grade MPNST 
 
 
Individuals with NF1 have an increased risk of developing malignant peripheral 
nerve sheath tumours (MPNST), which often herald a poor prognosis.  It is 
uncertain whether the presence of atypical neurofibromas (hyper-cellular, 
neurofibromas with atypia) is a risk factor for malignancy.  Furthermore, it is 
not known whether low-grade MPNST can transform to high-grade tumours. 
 
We present a patient with two offspring with classical NF1 who developed 
atypical neurofibromas as the sole manifestation of NF1 and a high-grade pelvic 
MPNST that transformed from a low-grade lesion.    
 
A 35 year-old male developed ureteric obstruction at age 6 years and required 
a shunting procedure.  At age 22 years he complained of backache and urinary 
symptoms.  A large pelvic mass was demonstrated on MRI and was excised. 
Histology showed an atypical neurofibroma.  At age 27 years he experienced 
mild urinary symptoms and MRI showed a recurrent pelvic lesion.  Multiple 
biopsies revealed a low-grade MPNST that was deemed inoperable and he was 
treated conservatively.  At age 30 years 18FDG PET scan was negative for 
malignant change.  One year later he complained of increasing bladder 
symptoms suggestive of outflow obstruction.  At surgery a large pelvic tumour 
was partially removed and was shown to be a high-grade MPNST. He received 
radiotherapy and chemotherapy.  At age 35 years he has developed progressive 
local disease, lung and adrenal metastases.    
 
In the past he presented at age 17 years with upper cervical cord compression, 
and an atypical neurofibroma was excised from C2.  Subsequently he developed 
symptomatic lesions in the popliteal nerve and neck, which were removed and 
were atypical neurofibromas. He complained of persistent headache and an 
occipital ganglioglioma was excised at age 26 years.   
 
This patient has no other stigmata of NF1, mutation testing for NF1 was 
negative, but a somatic mutation of the NF1 gene was demonstrated in an 
atypical neurofibroma in the neck. He has 2 children with café au lait patches 
and skinfold freckling.   
 
This is a unique presentation of an individual with multiple atypical 
neurofibromas as the only manifestation of NF1.  He is likely to have a germline 



mosaic form of NF1 because of his atypical clinical manifestations, two 
offspring with NF1 and absent NF1 mutation in blood.  To our knowledge, this is 
the first documented example of an atypical neurofibroma recurring as a low -
grade MPNST and transforming to a high-grade MPNST.  This patient provides 
compelling evidence 1) that malignancy can occur in the context of mosaic NF1 
2) Atypical neurofibromas are pre-malignant in some cases and 3) low-grade 
MPNST have the potential to transform to high grade lesions. 
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malignant peripheral nerve sheath tumours in neurofibromatosis 1.  Canc Res 
2002; 62: 1573-1577. 
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D. Freedenberg*          P14 
Vanderbilt University School of Medicine 
  
NF1 deletion detected by chromosomal microarray analysis in an 
11 month old infant with developmental delays and multiple 
congenital anomalies 
 
NF1   gene deletions are thought to be present in 5 % of individuals with clinical 
stigmata of NF1.  Phenotype is thought to represent haploinsufficiency with a 
broad spectrum of congenital anomalies including cardiovascular, connective 
tissue dysplasia, dysmorphic features, and increased incidence of mental 
retardation and CNS anomalies in addition to the classical stigmata of NF1.     
 
We report an infant evaluated at 11 months of age for developmental delay 
and dysmorphic features. She had an uncomplicated prenatal and neonatal 
course.  At eight weeks of age she had bilateral tortuous ureters identified. Her 
echocardiogram at three months of age thickened pulomic valve with suspected 
pulmonary valve stenosis. At 11 months she had developmental delays with 
sensory integration disorder, hypotonia, delayed speech, and   motor skills. She 
was also described as having long periods of laughter with no seizures, and a 
high pain tolerance.  She was noted to have multiple cafe au lait spots with no 
axillary or inguinal freckling. Dysmorphic features included hypertelorism, 
anteveted nostrils, and slightly coarsened features.  MRI findings noted subtle 
T2 hyperintensity in the head of the right caudate nucleus and right globus 
pallidus. She had normal chromosomes, normal Angelman methylation studies, 
and normal metabolic screening.  Chromosomal Microarray analysis noted a loss 
in the copy number of three clones in the 17q11.2 region (RP11-848P1, RP11-
1406, and RP11-805L22), confirmed by FISH analysis. At 25 months of age she 
met diagnostic criteria for NF1 with axillary and inguinal freckling, increasing 
numbers of cafe au lait spots, and plexiform neuroma  
 
We report an 11 month old with dysmorphic features, developmental delays, 
multiple cafe au lait spots and ureteral tortuosity.  Although she had multiple 
cafe au lait spots at initial presentation the severity and diversity of findings 
lead to an extensive evaluation for the etiology of her symptoms.  A deletion in 
the NF1 region was identified by chromosomal miccroarrray analysis. 
 
Our patient extends the  phenotype of individuals with NF1 deletions and 
reinforces the recommendation for expectant management of young children 
with CALS  who do not meet diagnostic criteria for NF1. 
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Karen Frey*         P15 
Kaiser Permanente Northern California Regional Neurofibromatosis Clinic 
 
Kaiser NF Clinic: A Case Management Model 
 
 
The Kaiser Permanente Northern California Regional Neurofibromatosis Clinic 
provides multidisciplinary evaluation and case management for children and 
adults with NF1 and NF2.  The Neurofibromatosis Clinic was started in 2002 by 
Ronald Bachman, MD, geneticist at Kaiser in Oakland, California.  The Clinic 
continues to be housed in, and supported by the Genetics department in 
Oakland.   
 
The goal of the NF Clinic is to provide coordinated care and follow-up of 
patients with NF1 and NF2. Our team of physicians/providers from 13 medical 
specialties meets monthly for a full day clinic. The NF clinic currently funds 2 
nurse coordinators with master’s degree preparation to coordinate the clinic 
and provide clinical case management. 
 
The poster presentation will: 
 

• Illustrate our unique model for delivery of comprehensive care for 
patients with Neurofibromatosis 

 
• Describe the process of evaluation and treatment planning by our 

interdisciplinary team 
 

• Discuss our case management model for ongoing follow-up, including 
case assessment and interventions 

 
• Discuss the role of the clinic coordinator/case manager 

 
• Introduce our Learning Disabilities Algorithm for patients with NF1 
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Memorial Sloan-Kettering Cancer Center 
 
Novel Insights into Merlin's Tumor Suppressor Function 
 
 
Loss-of-function of Merlin initiates Neurofibromatosis type II and contributes to 
the development of multiple sporadic malignancies.  Recent studies have 
revealed that the dephosphorylated, closed form of Merlin mediates contact 
inhibition of growth.  In sparse cells, PAK phosphorylates the C-terminus of 
Merlin, inactivating the protein and thereby enabling exit from contact 
inhibition.  Most tumor-derived mutations disrupt the closed conformation of 
Merlin, and experiments in vitro suggest that the closed, but not the open, 
form of Merlin suppresses tumorigenesis.  By using tandem affinity purification 
followed by mass spectrometry, we have discovered that Merlin interacts 
specifically with the receptor component (X) of a novel E3 ubiquitin ligase, 
Cul4-DDB1-X.  Merlin-S518A, which cannot be phosphorylated by PAK and is 
thereby stabilized in the closed conformation, interacts well with Cul4-DDB1-X, 
whereas Merlin-S518D, which is open, as well as Ezrin, do not interact with the 
ligase. 
 
Notably, several tumor-derived mutants of Merlin, including some missense 
mutants mapping to the surface of the FERM domain, display reduced binding 
to Cul4-DDB1-X, suggesting that Merlin’s interaction with the ligase is 
important for tumor suppression.  Knock down of the receptor component of 
the ligase, X, does not stabilize Merlin, suggesting that Merlin is not a 
physiological substrate of the ligase.  In vivo ubiquitylation assays indicate that 
Merlin suppresses the activity of Cul4-DDB1-X, placing Merlin upstream of the 
ligase.  Knock down of the receptor component of the ligase, X, suppresses the 
proliferation of malignant mesothelioma cells lacking Merlin, suggesting that 
the ligase operates to remove a block to mitogenesis.  Imaging studies indicate 
that Merlin colocalizes with Cul4-DDB1-X at the plasma membrane, in 
endocytotic vesicles, and in the nucleus, suggesting possible roles for Merlin’s 
inhibition of this ligase in receptor endocytosis and nuclear signaling.  These 
results suggest that Merlin suppresses tumorigenesis by inhibiting Cul4-
Roc1DDB1-X and are consistent with the hypothesis that Merlin controls both 
receptor endocytosis and the Hippo signaling pathway. 
 
* Full author list:  
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Angela Hadjipanayis*♦       P17 
University of Florida College of Medicine 
 
Toward Characterization of Loci that Cooperate in NF1-related 
Myeloid Leukemia 
 
 
Juvenile myelomonocytic leukemia (JMML) is an aggressive myeloproliferative 
disease characterized by leukocytosis, monocytosis, thromobocytosis, 
splenomegaly, and lymphadenopathy. Children with NF1 are at a 200-500-fold 
increased risk for JMML, and a ~20% if children with JMML have NF1, which may 
not be clinically evident at diagnosis. In contrast to other inherited cancer 
syndromes, the overall penetrance of JMML in NF1 is low and about 25% of 
cases demonstrate cytogenetic abnormalities in addition to loss of the normal 
NF1 allele. Based on this and other research, it has been hypothesized that 
somatic mutations at other genes are necessary to cause JMML.  To search for 
such loci, the Nf1Fcr mouse mutation was crossed onto the BXH2 mouse 
background.  Nf1Fcr/BXH2 mice developed acute myeloid leukemia (AML), and 
common sites of viral integration were mapped in the tumors. Three loci were 
identified and termed Epi1, Epi2, and Epi3. 
 
The Epi1 integration was hypothesized to cause increased expression/activity 
of the Myb oncogene. To test this functionally, we constructed a mouse 
reconstitution model that over-expresses Myb with inactivation of the Nf1 gene 
in bone marrow. These mice have leukocytosis and are dying with evidence of 
myeloid dysplasia, and organ infiltration. We are analyzing tissues and controls 
to determine the exact diagnosis and whether Myb appears to accelerate onset 
of the disease compared to Nf1 mutant only.  At the Epi2 locus, viral 
integration was in intron 1 of Mrps18B, which encodes mitochondrial ribosomal 
protein 18B.  This gene lies head-to-head with another gene less than 1 kb 
away, Ppp1r10, encoding a protein phosphatase regulatory protein. The 
integration could have several possible effects on one or both genes, and we 
are performing experiments to sort out the pathogenetic mechanism.  
 
We will present up-to-date results, including mouse data and resolving possible 
changes in human tumors, that may lend evidence toward one or more 
mechanisms of how Epi2 might cooperate with Nf1 loss in myeloid leukemia."    
 
*Full author list: 
Angela Hadjipanayis (1), Brandon Sack (1), Angell Shieh (2), Jessica Walrath 
(1), James Zucali (1), Vicky Kelley (1), Mignon Loh (2), Jenny Geurts (3), David 
Largaespada (3), Scott Kogan (4), Jim Resnick (1), Kevin Shannon (2), Peggy 
Wallace(1) 
 



(1) University of Florida College of Medicine 
(2) University of California at San Francisco, Department of Pediatrics 
(3) University of Minnesota Cancer Center 
(4) UCSF Department of Laboratory Medicine 
 

 
♦ Angela Hadjipanayis is an active Children’s Tumor Foundation Young 
Investigator Awardee. 



 

C. Oliver Hanemann*        P18 
Peninsula Medical School, Universities of Exeter and Plymouth, England 
 
Haploinsufficiency in NF2 polyneuropathy 
 
 
Neurofibromatosis 2 (NF2) is a hereditary tumour disease characterised by 
development of multiple nervous system tumours. Polyneuropathy seems to 
occur quite frequently in Neurofibromatosis type 2 and in most cases aetiology 
of this neuropathy is unclear, especially when the neuropathy is symmetric. 
Neurofibromatosis 2 is believed to follow the two hit hypothesis. According to 
this one allele is mutated in the germline, the second hit is somatic and results 
in tumour formation. The second hit most frequently is a loss of the NF2 locus 
often the entire chromosome 22. We wondered what the underlying genetics in 
peripheral nerve of NF2 patients with polyneuropathy is.  We identified NF2 
patients with polyneuropathy in which we could detect the germline mutation 
and in which we also could analyse NF2 gene dosage in archived nerve biopsies 
from these patients using a newly developed method. We show merlin 
haploinsufficiency in peripheral nerves of two different patients with NF2 
related polyneuropathy. This finding was further supported by showing that 
approx. 50 % merlin expression in a cell line using shRNA results in altered gene 
expression previously shown in schwannomas. Thus we suggest that reduced 
merlin gene dosage is relevant in NF2 associated polyneuropathy. Considering 
hereditary neuropathies this would yet be another example that altered gene 
dosage in Schwann cells leading to polyneuropathy. 
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Gordon Harris*             P19 
Harvard Medical School/Massachusetts General Hospital 
 
Update: Digital image archiving pilot project for patients with 
NF1 and NF2 
 
 
Magnetic resonance imaging (MRI) is commonly used to evaluate vestibular 
schwannoma (VS) in patients with NF2, and plexiform neurofibroma (PN) in 
patients with NF1.  In making treatment decisions for clinical care or clinical 
trials, it is important to accurately determine whether a lesion is growing, and 
if so, at what rate.  Unfortunately, the current state of clinical practice does 
not typically include longitudinal volumetric measurements for accurate lesion 
growth tracking. 
 
In addition, many NF patients receive care at multiple different specialty 
centers, complicating comparisons because of differing protocols and the 
unavailability of prior comparison images from remote institutions.  To address 
the clinical and research need for longitudinal tumor imaging analyses, we 
developed a centralized service to receive MRI scans electronically, perform 
volumetric analyses, and report resulting images, measurements, and graphs.  
We developed a secure, Web-based reporting system for longitudinal tracking 
of these NF tumor metrics, viewable remotely by referring physicians and study 
staff.  We implemented this digital image archiving, analysis, and reporting 
system locally, and are piloting it with select outside hospitals.  To date, we 
have entered imaging data from 12 NF1 and 23 NF2 patients.  
 
As part of this project, we evaluated linear diameter and volumetric 
measurements of VS lesions to assess the relative sensitivity of these measures 
for assessing lesion growth.  For direct comparison, we analyzed volume growth 
vs the cube of linear growth, which estimates volume growth based on linear 
change.  
 
As further validation of the improved sensitivity of volumetric analysis, we 
evaluated linear diameter and volumetric measurements in 15 VS lesions in 10 
NF2 subjects across 43 MRI scans spanning 2-7 years per subject, and found that 
the cube of linear measures underestimated volumetric growth by 50% on 
average (101±89% volumetric growth vs 50±55% linear growth cubed, which 
estimates volume growth based on 13±14% linear growth; p=0.005).   
 
Volumetric measurements of complex NF tumors often involve detailed analysis 
of multiple imaging studies and most facilities possess neither the technology 
nor the dedicated human resources to make these measurements in a reliable 
cross platform and time-efficient manner.  This may lead to uncertainty in 
determining if individual lesions have grown, or to an inaccurate assessment of 



growth over time. We developed a system for integrating centralized 
longitudinal volumetric VS and PN measurements into a Web-based report to 
address these issues in the context of both clinical care and research studies.  
We are interested in expanding this service world wide to provide access for NF 
patients and their care providers to quantitative, reproducible volumetric data 
for scans from remote hospitals and imaging centers. The ultimate goal of this 
service is to improve care for NF patients by providing reliable longitudinal 
measurements of tumor growth. 
 
* Full author list: 
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Dual-reporter therapeutic screen assay in an NF1 astrocytoma 
model 
 
 
Neurofibromatosis type 1 (NF1) is the most common genetic cancer 
predisposition syndrome affecting the nervous system and NF1 patients are at 
an increased risk for the development of astrocytomas and malignant 
peripheral nerve sheath tumors (MPNSTs).  Astrocytoma/glioblastoma is the 
most common malignant form of brain cancer and is often unresponsive to 
surgical treatment and current pharmacological therapies. Despite several 
potential therapeutic agents against astrocytoma and glioblastoma [1], there 
are currently no effective therapies for astrocytoma or NF1 patients and there 
is a great need for the identification of effective anti-tumor agents.  Screening 
experimental therapeutics for anti-proliferative and cytotoxic effects in an NF1 
model of astrocytoma will lead to the identification of potential anti-tumor 
treatments specifically targeting astrocytoma.  We have developed a novel 
dual-reporter system in NF1/p53-null astrocytoma cells in order to 
simultaneously and rapidly assay cellular proliferation and viability in vitro.  
This dual reporter system can be used to screen compound libraries, 
experimental therapeutics and therapeutic combinations for the highest degree 
of anti-proliferative efficacy. Several compounds have been identified that 
show anti-poliferative activity in the nanomolar range, are effective in various 
human brain tumor cell lines and are selective for brain tumor cells over other 
tumor types. The long-term objective of this project is to identify therapeutics 
that show the best anti-proliferative effects in astrocytoma cells and then to 
confirm these findings in vivo. 
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VA Palo Alto and Stanford University 
 
NF1 Interchromosomal Interactions in Normal and NF1 Mutant 
Cell Lines 
 
 
One of the most remarkable aspects of neurofibromatosis 1 is the great 
variability in the expression of the disease, in which some affected patients 
may have few or mild manifestations, while others may have quite severe 
disease. Epistasis refers to a gene interaction in which gene A interferes with 
the phenotypic expression of gene B, in such a way that even if gene B is the 
“disease gene” (e.g., NF1), gene A may play an important or determining role 
in how the disease is manifest. We have described a new form of epistasis in 
which direct, long range, physical interactions between genes, or gene-gene 
interactions mediated by specialized DNA binding proteins such as CTCF, lead 
to modification of phenotypic read-out.  
 
Using the associated chromatin trap (ACT) and chromosome conformation 
capture (3C) assays which are designed to assess physical propinquity, we 
investigated long range interactions of the human NF1 gene that are mediated 
by CTCF in normal cultured cells. Using chromosome immunoprecipitation, we 
found multiple CTCF binding sites on NF1 in cultured cells. We explored long-
range chromatin associations with each of 7 CTCF binding sites and identified 
at least 14 distinct long-range interactions.  
 
Among the genes that were found to be physically associated with NF1 (which 
is on chromosome 17) were ARF4 (ADP-ribosylation factor 4, a member of the 
RAS superfamily involved in membrane traffic, signal transduction and 
organelle integrity) and SLMAP (sarcolemma associated protein) on 
chromosome 3p14.3, ZNF250 (a putative human ortholog of mouse Nstr2, a 
gene which controls resistance to nerve sheath tumors in a mouse model of 
neurofibromatosis 1) on chromosome 8q24.3, PPP2R3A (protein phosphatase 2) 
on chromosome 3q22.2, and TCL1A (T-cell leukemia/lymphoma protein 1A on 
chromosome 14q32.13.  
 
We utilized a B lymphocyte cell line (GM11602; Corriel) in which exon 1 of the 
NF1 gene is deleted. This exon contains the CTCF binding site (ECR4) that 
interacts with both ARF4 and SLMAP in normal fibroblasts (HFB1) and in a B-
lymphocyte cell line (GM11601), and thus, there is no interaction of NF1 with 
this portion of chromosome 3 in GM11602 cells. The relative expression of ARF4 
was increased ~1.8 fold and that of SLMAP was increased ~1.6 fold in the 
GM11602 NF1- cells compared to normal B cells GM11601 with the intact NF1, 
suggesting that the interchromosomal interactions of NF1 regulate gene 



expression on chromosome 3p14.3. It will be of interest to study the potential 
contribution of these associated genes to the pathophysiology and clinical 
manifestations of neurofibromatosis 1. 
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An E3 ubiquitin ligase that controls RAS signaling though the 
degradation of the NF1 tumor suppressor 
 
The NF1 gene encodes a tumor suppressor protein, neurofibromin, which acts 
as a negative regulator of Ras signaling.  Ras critically regulates cell growth and 
proliferation in most tissues, and moreover, mutations in Ras proteins and 
many upstream and downstream effectors have been found in the majority of 
all human cancers.  Notably, loss-of-function mutations in the NF1 gene are 
responsible for the familial cancer syndrome neurofibromatosis type I (NF1).  
NF1 patients are predisposed to developing a variety of tumor-types, including 
benign and malignant tumors in the central and peripheral nervous systems, 
attributed in part to aberrant Ras signaling in these tissues.  However, little is 
known of the mechanisms that regulate neurofibromin expression and function.  
Previously, we have shown that neurofibromin is dynamically regulated by the 
ubiquitin-proteasome system in a variety of mammalian cell types, concurrent 
with Ras activation. 
 
However, the specific effectors that induce the degradation of neurofibromin 
have not yet been described.  Presently, we have begun to elucidate a novel 
mechanism that may control Ras signaling through the directed degradation of 
neurofibromin.  We have identified an E3 ubiquitin ligase that is specifically 
required for neurofibromin degradation, and thus may serve as a regulator of 
neurofibromin stability.  Furthermore, depletion of this ubiquitin ligase 
specifically attenuates Ras activation and significantly decreases the activation 
of the extracellular signal-regulated kinase (ERK), a critical effector of Ras 
signaling, resulting in impaired cellular proliferation.  In this context, these 
defects appear to be dependent on the regulation of the Ras pathway by 
neurofibromin, since its genetic ablation restores the activation of ERK 
downstream of growth factor receptor activation.   
 
Understanding the mechanisms that regulate neurofibromin degradation may 
provide the opportunity for designing or applying effective therapies aimed at 
increasing neurofibromin protein stability.  This may be of particular 
significance to NF1 patients, since even haploinsufficiency at the NF1 locus has 
been shown to contribute to some symptoms of the disease in both model 
systems and human patients, including tumor development.  Moreover, a 
mechanism of enhanced neurofibromin stability may be amenable to 
manipulation in the treatment of other cancer types fueled by mutations that 
result in the unscheduled activation of Ras. 
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Trent Hummel*         P23 
Cincinnati Children's Hospital 
 
Microarray gene expression data utilized to identify possible 
serum biomarkers of NF1 
 
 
Patients with NF1 develop benign neurofibromas that can progress to malignant 
peripheral nerve sheath tumors (MPNST).  There are currently no reliable 
methods for detecting plexiform neurofibroma growth or transformation to 
MPNST in patients with Neurofibromatosis type 1.  We hypothesized that NF1 -
/- Schwann cells in plexiform neurofibromas secrete proteins which correlate 
with neurofibroma tumor burden, and that there are unique proteins in serum 
that correlate with MPNST tumor burden.  Identification of secreted proteins 
might lead to a serum test for neurofibroma burden and/or malignant 
transformation.  Gene expression from 9 independent cultures of primary 
human Schwann cells were compared to 67 NF1 tumor samples including 
cultured neurofibroma Schwann cells and primary tumors on an Affymetrix 
platform by the NF1 Microarray Consortium(1). 
 
The resulting profiles were filtered through the Secreted Protein Database with 
a confidence rank of 0-3.  This yielded a list of genes that encode putative 
secreted proteins and are up-regulated in NF1 cell cultures and tumor samples 
compared to normal human Schwann cells.  Differential expression of 9 mRNAs 
encoding putative secreted proteins was confirmed by quantitative real-time 
PCR. 
 
To further validate these candidates, we confirmed protein expression by 
Western blots of serum free conditioned media.  Two candidates were further 
analyzed in sera from a nu/nu MPNST mouse xenograft model and in human NF1 
sera using ELISA based systems.  One candidate revealed higher serum levels of 
in NF1 patients with plexiform neurofibromas compared to de-identified serum 
controls.  These results confirm the feasibility of utilizing microarray gene 
expression patterns to identify possible serum biomarkers of NF1. 
 
Refrences: 
Ref 1. NF1 Microarray Consortium members include: Nancy Ratner, Shyra 
Miller, Bruce Aronow, Marco Giovannini, Anat Stemmer-Rachamimov, Peggy 
Wallace, Conxi Lazaro, and Grier Page. 
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Georgette N. Jones*♦          P24 
Ohio State University Medical Center 
 
Loss of PRKAR1A affects NF gene product functions 
 
 
Carney Complex is an autosomal dominant multiple endocrine neoplasia 
syndrome characterized by spotty skin pigmentation, myxoma, endocrine 
overactivity, and schwannoma. Although a second gene is yet to be discovered, 
at least half of known cases of CNC result from inactivating mutations in the 
gene PRKAR1A, that encodes the type 1a regulatory subunit of the cyclic AMP 
responsive Protein Kinase A. Our lab previously described the Prkar1a+/- mouse 
model which develops tumors comparable with the human disease, including 
non-pigmented schwannoma in about 33% of animals (1). In order to pursue this 
finding, we have developed a neural crest specific knock-out mouse for Prkar1a 
to specifically address the role of the gene in Schwann cell tumorigenesis. We 
found that mice deficient for Prkar1a in a subset of facial neural crest cells 
grew to adulthood and developed uni- or bilateral schwannomas of the facial 
nerve with nearly 80% penetrance by 6 months of age. Analysis of these tumors 
by immunohistochemistry showed CyclinD1 over-expression – a finding which 
was independent of Akt and ERK activation, and consistent with earlier studies 
in our lab using Prkar1a-/- mouse embryonic fibroblasts (MEFs; 2). 
 
Schwann cell tumors, known as peripheral nerve sheath tumors (PNSTs), are 
not only found in CNC patients, they are also commonly found in patients with 
the Neurofibromatosis syndromes, NF1 and NF2. Previous reports indicate that 
PKA may interact with the NF gene products neurofibromin (NF1) and merlin 
(NF2), and we aimed to investigate those interactions in our mouse model. 
Analysis of Prkar1a-/- MEFs did not show changes in levels of neurofibromin or 
merlin expression. However, studies in our schwannoma model in vivo indicated 
that there was downregulation of merlin protein levels in our tumors. Studies 
of neurofibromin are ongoing. These data confirm that PKA signaling affects 
the function of the NF2 gene product merlin, and suggests that dysregulation of 
this pathway can promote Schwann cell tumorigenesis.  
 
References:  
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Eeva-Mari Jouhilahti*        P25 
Institute of Biomedicine of Turku, Finland 
 
Reading of the genome by human Schwann cells 
 
Type 1 neurofibromatosis (NF1) is one of the most common autosomal dominant 
diseases. It is caused by a single mutation in a tumor suppressor gene 
neurofibromin 1 (NF1) and according to several major studies it affects one in 
~3500 individuals world wide. The NF1 gene is exceptionally large, spanning 
more than 350 kb of genomic DNA and containing ~60 exons. Moreover, the 
mutation rate at the NF1 gene locus is estimated to be ~ 1x10 
4/gamete/generation which is one of the highest of any human disease genes. 
NF1 syndrome is characterized by complex, multicellular and benign 
neurofibroma tumors, which consist mostly of Schwann cells fibroblasts, and 
perineurial cells. The genotype of a typical NF1 patient is heterozygous (+/-) 
for NF1 mutation, and constitutive NF1-/- genotype is apparently lethal. 
However, numerous studies suggest that a subpopulation of the tumor Schwann 
cells carry a second NF1 mutation and therefore both NF1 alleles are 
inactivated in these cells. 
 
In this study, the focus is on the effects of NF1 gene mutation at the whole 
genome level. The study addressed three separate questions. First, how similar 
are different +/- Schwann cell lines with each other? Second, which genes have 
changed their expression due to the loss of second NF1 allele and are those 
genes the same in different tumors, and third, how much do the different -/- 
cell lines differ from each other? Three tumors from one patient were removed 
and their cells were enriched into +/- and -/- Schwann cell lines2. Next, RNA 
from each cell culture was extracted and hybridized to commercial Illumina 
gene chips. Finally, the gene expression data achieved from the chips was 
processed using a freely available programming environment and programming 
language R (http://www.r-project.org/) and free software packages from the 
Bioconductor project (http://www.bioconductor.org/). Briefly, the results 
show that different +/- cell lines from same NF1 patient show high correlation 
with respect to their gene expression profiles. Furthermore, somatic 
inactivation of the second NF1 allele changed the reading of the genome. 
However, gene arrays revealed variable gene expression profiles in the three 
different NF1-/- Schwann cell populations.  
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In vitro cytotoxicity of standard chemotherapeutic agents in 
human malignant peripheral nerve sheath tumor cell lines 

 

 

Background:  Malignant peripheral nerve sheath tumors (MPNST) are aggressive 
soft tissue sarcomas (STS), which occur with high incidence in patients with 
NF12.   In addition, patients with NF1 associated MPNST have a worse survival 
outcome than those with sporadic MPNST.  Clinical responses of MPNST to 
standard chemotherapy agents used to treat STS have been observed, 
especially to ifosfamide containing regimens, but NF1 associated MPNST may be 
less responsive than sporadic MPNST3.  However, the response rate of MPNST to 
standard neoadjuvant chemotherapy agents used to treat STS is unknown, and 
is the primary objective of an ongoing clinical trial.  We are evaluating the in 
vitro response to standard chemotherapeutic agents used to treat pediatric and 
adult sarcomas in NF1 associated and sporadic MPNST cell lines. 
 
Methods:  The in vitro cytotoxicity profile of vincristine and doxorubicin was 
measured in two NF1 associated (ST8814, T265p21) and one sporadic (STS26T) 
MPNST cell lines. Cytotoxicity was measured using a novel ACEA RT-CES™ 
assay, which measures ongoing changes in electrical impedance of adherent 
cells offering the advantage of continuous, real time monitoring of cellular 
cytotoxicity.  Dose response curves were constructed by plotting the percent 
cell survival vs. concentration of drug.  The IC50, Maximal Effect and slope of 
the sigmoidal dose response curve were estimated using MLAB mathematical 
modeling software (Civilized Software Inc, Silver Spring, MD).   
 
Results: 
 

Cell line IC50* Chemotherapeutic Agent 
ST8814 T265p21 STS26T 

Vincristine 0.0236 0.0112 0.0015 
Doxorubicin 0.1708 0.1606 0.0701 

  *  IC50 is the concentration (µM) that produces half of the maximal effect. 
 
Conclusion: Vincristine and Doxorubicin are cytotoxic to MPNST cell lines at 
concentrations achieved in standard doses administered to patients.  NF1 
associated MPNST cell lines were 10-fold more resistant to vincristine and 2-
fold more resistant to doxorubicin than the sporadic MPNST cell line.  Ongoing 
work includes the evaluation of etoposide, activated ifosfamide and 
cyclophosphamide (4-Hydroperoxy-ifosfamide, 4-hydroperoxy-
cyclophosphamide), and of combinations of these agents in MPNST cell lines.  



Potential differences among NF1 associated and sporadic MPNST cell lines will 
be further explored. 
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Signal Therapy of NF by PAK1 Blockers 
 
 
The NF1 gene product is a RAS GAP, whereas the NF2 gene product inhibits 
directly PAK1, a Rac/ CDC42-dependent Ser/Thr kinase. More than a decade 
ago, we demonstrated that both NF1 and NF2 gene products block the 
oncogenic RAS signalling, reversing RAS trans-formation. Several years ago, 
NF1-deficient tumors were shown to require PAK1 for their growth in vivo, and 
more recently we found that NF2-deficient tumors also require the same kinase 
for their growth in vitro.  
 
Among the anti-PAK1 drugs/ingredients that we have identified or developed 
for the treat-ment of NF1 and NF2, the ring peptide FK228 appears to be the 
most potent both in vitro and in vivo.  The IC50 for NF tumor cells is around 5 
pM in vitro, and causes the complete regression of NF1-deficient MPNST 
xenograft in mice. Its direct target is an HDAC (histone deacetylase), and 
activates a specific set of tumor suppressor genes such as p21 (a CDK inhibitor) 
and RAP1a (a RAS antagonist), which eventually block both up-stream and 
down-stream of PAK1. Unfortunately, however, FK228 is still in clinical trials 
(phase 2) for cancers, but not for NF, and it would take several more years for 
this powerful drug to enter NF trials, and eventually give any benefit to NF 
patients.  
 
So we have recently started developing anti-PAK1 ingredients from natural 
products, which are inexpensively available in the market, hoping to give the 
immediate benefit to NF patients. The first natural anti-PAK1 ingredient(s) was 
found in an ethanol extract of Chinese (Sichuan) pepper which selectively 
blocks PAK1 activation, but not another kinase called AKT. The IC50 for MPNST 
cells is around 10 �g/ml, and this extract suppresses the growth of NF1-
deficient cancer xenograft in mice by 50%. More recently we found in the 
market a much more potent natural anti-NF therapeutic called “Bio 30”. The 
IC50 for NF tumor cells is 2-8 �g/ml (depending on cell lines), and this product 
suppresses the growth of MPNST xenograft in mice by more than 90% over 100 
days. Bio 30 is a water-miscible CAPE-rich extract of NZ (New Zealand) 
propolis. Currently we are testing its therapeutic effect on NF2-deficient 
Schwannoma xenograft in mice.  
 
CAPE (caffeic acid phenethyl ester) is the first identified anti-cancer ingredient 
in propolis, an extract from bee hives, and is so far the most potent natural 
derivative of CA (caffeic acid) that down-regulates the GTPase Rac, a direct 



activator of PAK1. However, CAPE alone has never been in clinical trials, 
because the poor bioavailability (due to its water-insolubility). Propolis 
contains a plenty of lipids, which solubilize CAPE and other anti-cancer 
polyphenols such as galangin, chrysin and apigenin. Interestingly, CAPE appears 
to work synergistically with these other polyphenols in Bio 30 to suppress the 
growth of these NF tumors both in vitro and in vivo. Bio 30 is a very safe 
healthcare food supplement and costs only a dollar for daily treatment of both 
NF and formidable cancers such as pancreatic cancers.   
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Fine-tile CGH of the Schwannomatosis candidate region 
 
 
Linkage studies have defined a candidate region for familial schwannomatosis 
of approximately 5.6Mb proximal to the NF2 gene on chromosome 22. To 
investigate potentially pathogenic copy number alterations, including deletion 
and duplication of various sizes in this region, we performed fine-tile CGH on 
genomic DNA derived from a panel of familial Schwannomatosis patients.  
 
An array was designed containing 385005 oligonucleotide probes, each of 45-85 
nucleotides. The initial stringency was set at 3 (meaning one probe has up to 5 
close matches over the entire gemone) with a potential increase to 1 by 
selective analysis of probes with only one match. 3,079,358 basepairs of the 
5.6Mb candidate region were directly covered by probes (55%). The mean 
interval of adjacent probes from start to start was 6 basepairs (range 2 
basepairs to 6.4 kbp). Probe-design, hybridization and initial data analysis were 
performed by NimbleGen Systems, Inc (www.nimblegen.com). 
 
Eleven samples were hybridized to the array, including genomic DNA from 
seven lymphoblastoid cell lines derived from unrelated non-founder 
schwannomatosis patients and one control human sample. The remaining three 
samples consisted of genomic DNA from two rodent-human hybrids containing 
the affected chromosome 22 of a non-founder individual on a mouse 
background along with a control hybrid containing an unaffected chromosome 
22 on a mouse background. 
 
Copy number variation in the immunoglobulin region was seen in four of the 
seven lymphoblastoid cell lines and ranged from approximately 1 Mb, to 
approximately 33, 6 and 1.5 kb. A second segment with multiple copy number 
variations across all samples occurred from approximately position 22,600,000 
to 22,700,000 (build 36.2).  Copy number variation was detected  in one of the 
two affected hybrid samples with reduction over in a 2.1kb segment 
(23,780,225-23,782,395) containing a transcript of unknown function 
(KIAA1671). In the same hybrid DNA, the signals of a single probe at 24,200,322 
and that of two probes at 24,253,347-379 were reduced, while none of the 
surrounding probes showed alteration. Hybridization was performed in 
duplicate for each of the mouse-human hybrid samples and the results were 
congruent with regards to these findings.  
 
We describe the construction and validation of a fine tile CGH array useful for 
the detection of both polymorphic changes within the candidate 
schwannomatosis region and for detection of potentially pathogenic 



alterations.  Further work is in progress to determine potential pathogenicity of 
these findings.  In addition, with the recent discovery of a schwannomatosis 
associated alteration in the INI1 tumor suppressor gene, we are currently 
focusing on the single copy probes that lie within this locus. 
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Multiple roles for neurofibromin 1 in skeletal development 
 
 
Neurofibromatosis type I (NF1) is an autosomal, multisystem disease with an 
incidence of 1:3500 live births. The skeleton is frequently affected in NF1, and 
bone abnormalities are present in approx. 50% of patients. Major skeletal 
symptoms associated with this disease are severe and progressive scoliosis, 
congenital tibia bowing, thinning and pseudarthrosis of long bones, focal bone 
lesions, sphenoid wing dysplasia, and focal bone gigantism. In order to address 
the hypothesis that bone abnormalities in NF1 are directly related to a yet 
unknown function of /NF1/ in skeletal development and/or remodeling we 
inactivated NF1 gene in the limb mesenchyme using Prx1Cre mice. Limb 
specific NF1 knock out recapitulates key aspects of Von Recklin hausen’s 
disease associated bone dysplasia, including long bone shortening and tibia 
bowing. Our results indicate tibial bowing is caused by decreased stability of 
the cortical bone due to a high degree of porosity, decreased stiffness and 
reduction in the mineral content as well as hyperosteoidosis. Accordingly, 
osteoblasts show an increase in proliferation and a decreased ability to 
differentiate and mineralize in vitro. The reduction in growth is due to lower 
proliferation rates and a differentiation defect of chondrocytes. Abnormal 
vascularization of skeletal tissues is likely to contribute to this pathology as it 
exerts a negative effect on cortical bone stability. Furthermore, Nf1 has an 
important role in the development of joints, as shown by joint fusions and 
other abnormalities. Thus, Nf1 has multiple essential roles in skeletal 
development and growth. 
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Impact of NF1 on school performance 
 
 
Background: Children with NF1 frequently suffer from cognitive problems and 
Learning Disabilities (LD). However, the impact of NF1 on school performance 
as expressed in need for remedial teaching and Special Education has not been 
measured sofar. The aim of this study is to determine the impact of NF1 on 
school performance, and to calculate which neuropsychological- and disease 
parameters can predict LD’s in children with NF1. 
 
Methods: 86 Teachers of NF1 patients aged 7-17 years filled out the Teacher’s 
Report Form with additional questions on Remedial Teaching. 62 Children were 
assessed by a pediatric neuropsychologist. Frequencies were computed for 
special education, remedial teaching, LD (learning efficacy >1SD below 
average), Specific LD (learning efficacy >1SD below intelligence) and General 
LD. Using forward stepwise linear regression we determined which parameters 
predict low learning efficacy in the didactic domains of technical reading, 
comprehensive reading, spelling and mathematics. 
 
Results: 75% of the children with NF1 have an LD in one or more didactic 
domain. There are more specific than general LD. 85% of NF1 children receive 
remedial teaching for learning, behavior, speech problems and/or motor 
problems, and 37% attend special education. Attention, visual spatial skills and 
verbal memory are the most important predictors of LD in NF1. The severity of 
physical symptoms of NF1 highly correlates with the severity of the deficits on 
school performance and neuropsychological outcome. 
 
Conclusions: School problems are a major complication of NF1 in children. 
Only 15% of the Dutch children with NF1 is able to function without remedial 
teaching. Children with more severe physical symptoms of NF1 have a worse 
school performance and neuropsychological outcome. Problems in school 
performance can be predicted from a specific neuropsychological profile. 
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The role of merlin in schwannoma development: lessons from in 
vitro studies 
 
 
Although it was cloned more than ten years ago, it is still unclear how biallelic 
loss of NF2 gene triggers tumorigenesis. To get a better understanding of this 
process, we have compared the molecular consequences of Nf2 inactivation in 
primary mouse Schwann cell cultures and in human schwannomas.  
 
Primary Schwann cell cultures were derived from mice harbouring a conditional 
Nf2 allele, and Nf2 was subsequently inactivated via an adenovirus mediated 
expression of the Cre recombinase. Following loss of Merlin expression, we 
could observe 2 major cellular phenotypes. First, Nf2 deficient cells displayed 
increased saturation density due to loss of contact inhibition of proliferation. 
Second, inactivation of Nf2 induced immortalisation of the primary Schwann 
cells in culture. 
 
At the molecular level, we observed that loss of merlin expression resulted in 
the accumulation of several types of transmembrane proteins. Importantly, 
membrane expression levels of ErbB family receptors, that are essential for 
Schwann cell proliferation, were increased and this accumulation was not due 
to increased transcription. This observation promped us to investigate the role 
of merlin in the regulation of the ErbB receptors transport from and to the 
cytoplasmic membrane. We found that merlin inhibits the delivery of these 
receptors to the cytoplasmic membrane. In parallel, gene expression profiling 
revealed a strong signature typical of an activated AKT pathway in Nf2 
deficient Schwann cells. This activation was confirmed by western-blot. Taken 
together, these observations suggest that the accumulation of activated ErbB 
receptors at the cytoplasmic membrane stimulates the PI3K/AKT pathway and 
is responsible for the growth advantage of  Nf2-/- Schwann cells. This was 
further demonstrated by restoration of contact inhibition of proliferation and 
senescence in Nf2 deficient Schwann cells by inhibition of either ErbB receptors 
or PI3K activity. 
 
Very interestingly, the level of expression of the ErbB 2 and 3 receptors in a set 
of 30 human schwannomas was found to be significantly higher than in normal 
human nerves. As in the Schwann cell cultures, this overexpression was not of 
transcriptional origin suggesting that defective transport of receptors to the 
membrane could be the cause. In addition, levels of activated AKT were clearly 
higher in schwannomas than in normal nerves. Our study strongly suggests that 
schwannoma formation is the consequence of PI3K/AKT pathway activation 
triggered by the accumulation of receptors of the ErbB family. We therefore 



propose that the ErbB receptors and the PI3K/AKT pathway could be interesting 
therapeutic targets for the treatment of human schwannomas. 
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Regulation of merlin activity by Protein Kinase A 
 
 
The NF2 gene product merlin regulates proliferation in many cell types, 
however its tumor suppressor function still remains unknown. Phosphorylation 
has been suggested to regulate merlin’s activity. Merlin is phosphorylated at a 
C-terminal serine (S518) by both protein kinase A (PKA) and p21 activated 
kinase (PAK). Phosphorylation at this C-terminal serine enhances merlin-ezrin 
heterodimerization, therefore it is the phosphorylated form of merlin that is 
thought to interact with ezrin at the cell membrane. Phosphorylation of merlin 
at serine 518 is predicted to result in an unfolded molecule incapable of 
influencing cell growth. The C-terminal serine is dephosphorylated by MYPT-
PP1 and the dephosphorylated form of merlin is thought to function as the 
active tumor suppressor. 
 
In this work we have further studied pathways involved in regulation of 
merlin’s activity. We have identified an additional PKA phosphorylation site in 
the N-terminus of merlin. We have studied the effect of N-terminal PKA 
phosphorylation on merlin’s ability to interact with other proteins by in vitro 
binding assays and bimolecular fluorescence complementation. In addition, we 
have characterized the interplay between the two PKA phosphorylation sites 
and their role in regulating merlin’s biological functions. These analyses will 
help us in our aim to understand the effect of PKA phosphorylation on merlin’s 
activity. 
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Ral, but not Raf, enhances the nonautonomous effects of PI3K on 
perineurial glial growth in the fly peripheral nerve 
 
 
Drosophila peripheral nerves, structured similarly to their mammalian 
counterparts, comprise a layer of motor and sensory axons, wrapped by an 
inner peripheral glia (analogous to the mammalian Schwann cell) and an outer 
perineurial glia (analogous to the mammalian perineurium).  We recently 
reported (Lavery et al., 2007) that expression specifically within the peripheral 
glia of the constitutively active RasV12 increases growth of the perineurial glial 
layer, and that this cell nonautonomous effect occurs through PI3-kinase (PI3K) 
and Akt-dependent inhibition of the transcription factor FOXO.  Here we report 
that the growth-promoting effects of PI3K-CAAX are suppressed in flies 
expressing hypomorphic loss of function Ras alleles Ras12A/Rase2F.  Surprisingly, 
Ras is required in peripheral glia for this effect: expression of the dominant-
negative RasN17 specifically in the peripheral glia also suppresses the effects of 
PI3K-CAAX, suggesting that Ras-mediated perineurial glial growth activation 
requires a downstream effector in addition to PI3K.  In an effort to identify this 
downstream effector, we expressed within the peripheral glia gain-of-function 
or dominant-negative forms of Raf, either in an otherwise wildtype background 
or in combination with PI3K-CAAX. 
 
We found that expression of these transgenes conferred only minor changes in 
perineurial glial thickness.  Similarly, expression of the constitutively active 
RalV20 in peripheral glia in an otherwise wildtype background conferred no 
change in perineurial glial thickness.  However, co-expression within the 
peripheral glia of PI3K-CAAX and RalV20 significantly enhanced the PI3K-induced 
growth effect on the perineurial glia.  Therefore, we hypothesize that Ral in 
combination with PI3K activates perineurial glial growth nonautonomously. 
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Modulation of NF1 mRNA splicing by drug treatment 
 
 
A great part of mutations in the human NF1 gene affects the correct splicing of 
the NF1-pre-mRNA, exon skipping being the most common observed effect. 
Accordingly, among the set of patients harbouring point mutations in our 
studied population, 44% of them carried a mutation affecting splicing and 65% 
of them carried a mutation producing exon skipping. Recent studies in different 
genetic disorders have demonstrated, by a variety of approaches, that splicing 
can be modulated by small molecules or drugs. In a former collaboration with 
the group of Dr. Slaugenhaupt’s (Massachusetts General Hospital, Harvard 
University, Boston) we demonstrated that the plant cytokinin kinetin acts 
improving exon 36 inclusion in a minigene model system containing a splice 
mutation causing exon 36 skipping (c.6724C>T) (Hims et al. 2007, J Mol Med, 
DOI 10.1007). These encouraging results prompted us to investigate the effect 
of a battery of drugs in a subset of cell lines belonging to NF1 patients bearing 
splicing defects. We present here the analysis of 6 different drugs, previously 
described as putative modifiers of the splicing in other genetic disorders, in 
cell lines derived from patients showing 19 different NF1-splicing defects. We 
have measured the proportions of full-length and aberrant spliced transcripts 
by using an Agilent 2100 Bioanalyzer. Our results showed partial reversion of 
the splicing defect for 4 different NF1 mutations. Functional studies are in 
progress in order to determine if the observed results translate in functional 
differences. 
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Cell Origin of Dermal Neurofibromas 
 
 
Although dermal neurofibromas are the most common tumor seen in 
Neurofibromatosis Type I (Nf1) patients, to date, the development of dermal 
neurofibroma has not been report in any conventional or conditional knock-out 
mouse models.  This raises the possibility that Neurofibromin (NF1) ablation has 
not been targeted in the right population of Schwann cells.  Recently, a 
population of neural progenitor cells was identified in both human and mouse 
dermis, which can differentiate into neuron and glial lineages.  We hypothesize 
that dermal neurofibromas in the skin are derived form this population of 
neural stem/progenitor cells in the dermis when NF1 is ablated.  This rationale 
stems from the distinctly unique pathology of dermal vs. plexiform 
neurofibromas.  Plexiform neurofibromas are embryonic and almost always 
present at birth, whereas the dermal neurofibromas occur at around puberty 
and are exclusively in the skin, indicating that plexiform and dermal 
neurofibromas originate from two different neural/Schwann progenitor cells. 
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OSU03012 and (S)-HDAC-42, Two Novel Inhibitors of the 
PI3K/AKT Pathway, Are Potential Therapeutic Agents for 
Vestibular Schwannomas 
 
 
Vestibular schwannomas (VS), benign tumors originating from Schwann cells of 
the 8th cranial nerve, cause hearing loss, disequilibrium, and facial nerve 
paralysis. Currently there is no drug therapy available for the treatment of 
these tumors. VS occurs both sporadically and in an autosomal dominant 
disorder called neurofibromatosis type 2 (NF 2). Most sporadic VS and all of the 
NF2-associated VS are caused by biallelic inactivation of the Neurofibromatosis 
2 (NF2) gene that codes for a tumor suppressor protein named merlin for 
moesin, ezrin, and radixin-like protein. Merlin shares sequence homology with 
the ezrin-radixin-moesin (ERM) family of proteins, linking cell surface receptors 
to the actin cytoskeleton.  
 
However, how NF2 inactivation leads to tumor formation is presently not 
understood. We and others have recently found that the phosphatidylinositol-3 
kinase (PI3K)/AKT pathway was frequently activated in VS compared to normal 
vestibular nerve from the same patient.  Given the fact that merlin may exert 
its growth suppressive activity by inhibiting PI3K via binding to the PI3K 
enhancer long isoform (PIKE-L), the loss of functional merlin in VS cells could 
result in activation of the PI3K/AKT pathway.  Thus, drugs targeting the 
PI3K/AKT pathway have potential as therapeutic agents for VS.  The OSU03012 
compound is a novel derivative of the COX2 inhibitor Celecoxib (CelebrexTM). 
It is a potent inhibitor of phosphoinositide-dependent kinase 1 (PDK1), an 
upstream kinase that phosphorylates and activates AKT, but lacks the COX2 
inhibitory activity of the parent drug, which limits its side effect profiles.  
These unique features may make it a well-tolerated drug for long-term 
treatment of benign tumors like VS.  
 
To assess the efficacy of OSU03012, we prepared primary VS cells and human 
malignant schwannoma HMS-97 cells, and grew them in the medium containing 
varying concentrations of OSU03012.  The levels of cell proliferation and AKT 
phosphorylation were measured using the MTS assay and Western blot analysis, 
respectively. We found that treatment with OSU03012 resulted in inhibition of 
cell proliferation in both VS and HMS-97 with the IC50 values in the low 
micromolar range. Concomitantly, treatment with OSU03012 led to decreased 
AKT phosphorylation at both the Ser-308 and Thr-473 sites in a dose-dependent 
manner.  By TUNEL staining, we showed that OSU03012 induced apoptosis in 
both VS and HMS 97 cells. These results indicate that the OSU03012 compound 
efficiently inhibits cell proliferation and promotes apoptosis in schwannoma 



cells via decreased AKT phosphorylation. We have also tested another drug, 
(S)-HDAC-42, which belongs to a novel class of anti-tumor drugs that act by 
inhibiting histone deacetylase (HDAC).   
 
Recent studies showed that this phenylbutyrate-derived HDAC inhibitor could 
down-regulate the AKT pathway by disrupting interactions between protein 
phosphatase-1 (PP1) and HDAC6, an isoform of HDAC, and consequently 
allowing free PP1 to interact with and dephosphorylate AKT. We found that (S)-
HDAC-42 could also inhibit the proliferation of both VS and HMS-97 cells with 
the IC 50 values in the low micromolar range. These results indicate that both 
the OSU03012 and (S)-HDAC-42 compounds are potential therapeutic agents for 
VS. Further investigation of these novel compounds in a VS xenograft model is 
ongoing. In addition, experiments are in progress to examine the possible 
synergistic action between these two drugs since they both inhibit the 
PI3K/AKT pathway but through different targets.  All of these experiments may 
set the stage for phase I clinical trials on VS in the future. 
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Detection of Growing Change of Plexiform Neurofibroma using 
FDG_PET-CT: A case report 
 
 
PN can degenerate into MPNST. Because the main function will be lost to the 
patient after removing PN, someone does not accept the operation if the 
malignant diagnosis is not certain. A patient with tumor of left sciatic nerve 
whose partial tumor was removed in 2004, pathological report of the tumor is 
PN. It is uncertain whether the tumors have undergone malignant change. After 
that time, the tumor is getting bigger and bigger, and the function of left lower 
limb is losing much and much. 
 
Objective: To report the condition of Growing Change of Plexiform 
Neurofibroma of left sciatic nerve by using FDG_PET-CT in a case. 
 
Method: FDG_PET-CT were used separately in June 30, 2006 and March 16, 
2007 in this case. Based on the change of both the size of the biggest tumor 
and suv values to predict whether malignant degeneration happened to the PN.  
 
Results: The suv is 1.6,and the caliber of the biggest Tumor is 2.7cm on June 
30,2006. The suv is 2.3, and the caliber of the biggest Tumor is 3.2cm on March 
16,2007. 
 
Conclusion: The change of FDG_PET-CT result is not enough to make a 
diagnosis of malignant degeneration. A biopsy must be performed. 



Alison Lloyd*         P38 
University College London 
 
NF1 loss deregulates Schwann cell/axonal interaction 
 
 
The behaviour of Schwann cells is strictly dependent on axonal signals. During 
development, axonal signals control Schwann cell association, polarisation and 
myelination. Upon nerve injury, these processes are reversed – in response to a 
damaged axon the Schwann cells dedifferentiate and proliferate to supply a 
pool of precursor cells - these cells then, reassociate and remyelinate the 
regenerating axon as an important part of the repair process. Patients with NF1 
characteristically develop tumours derived from Schwann cells that proliferate 
in the absence of axonal contact. The initiation step in the formation of these 
tumours is loss of NF1, which leads to activation of the canonical Ras/Raf/ERK 
signalling pathway. 
 
We have previously shown that constitutive Ras/Raf/ERK signalling results in a 
deregulation of the differentiation process (Harrisingh et al., EMBO J, 2004). 
Activation of this pathway both blocks differentiation and induces the 
dedifferentiation of myelinating cells. We now show that activation of this 
pathway disrupts normal Schwann cell/axonal interactions leading to the 
dissociation of Schwann cells from the axon. Using mouse Schwann cells 
containing a floxed NF1 allele we have explored the effects of Ras activation as 
a result of NF1 loss and found that it is sufficient to disrupt Schwann 
cell/axonal interactions. We are currently exploring the mechanisms involved. 
 
* Full author list: 
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Expression of tissue inhibitor of matrix metalloproteinases (TIMP) 
3 by an occolytic HSV enhances efficacy against neural tumors in 
part VIA reduction of circulating endothelial progenitors 
 
 
PURPOSE: Matrix metalloproteinases (MMPs) regulate multiple tumor-
promoting processes such as cell migration, invasion, mobilization of circulating 
endothelial progenitors (CEPs) and angiogenesis. Microarray studies of human 
cancers, including malignant peripheral nerve sheath tumor (MPNST) and 
neuroblastoma (Nb), show downregulation of TIMP genes and upregulation of 
MMPs. Previously, we demonstrated that oncolytic herpes simplex virus (oHSV) 
mutants inhibit growth and angiogenesis of MPNST and Nb xenografts. We 
hypothesized that combination of oHSV therapy with MMP inhibition, via TIMP3 
expression, would enhance the antitumor efficacy of oHSV. 
 
METHODS: MMP expression in human MPNST and Nb cells and xenografts was 
evaluated via gelatin zymography and MMP substrate cleavage assay. Human 
Timp3 or firefly luciferase genes were cloned into an ICP6-/ICP34.5-/- HSV-1 
backbone to create oHSV.T3 and oHSV.Luc, respectively. Transgene insertion 
and expression were verified by PCR, western blot, intracellular flow cytometry 
and in vivo bioluminescent imaging. Antitumor efficacy was evaluated against 
primary human MPNST cells, human MPNST and Nb cell lines and xenografts 
(both NF1-associated and sporadic for MPNST). Peripheral blood was analyzed 
for CEPs by flow cytometric identification of low side scatter, Flk1 and CD133 
double-positive cells. 
 
RESULTS: MPNST and NB cells and xenografts expressed MMPs. Despite similar 
virus replication kinetics, infection of cells with oHSV.T3 reduced MMP activity 
and enhanced cytotoxicity relative to oHSV.Luc. oHSV.Luc treated mice showed 
robust tumor-selective transgene expression. oHSV.T3-treated mice showed 
reduced number of CEPs in peripheral blood. Furthermore, oHSV.T3-injected 
tumors showed enhanced intratumoral virus replication and antitumor effect, 
resulting in increased overall survival.   
 
CONCLUSIONS: TIMP3 expression by an oncolytic HSV enabled increased 
cytotoxicity against neural cancer cells and enhanced in vivo antitumor 
activity. These effects were mediated via multiple mechanisms including direct 
cellular toxicity, MMP inhibition, increased intratumoral virus production and 
decreased mobilization of CEPs. TIMP3 is thus an attractive therapeutic 
transgene for neural crest derived tumors, especially those whose growth is 
MMP dependent. 
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Telomerase activity and expression of human telomerase 
subunits hTR and hTERT in malignant peripheral nerve sheath 
tumours 
 
 
Telomerase enzyme, which compensates for loss of telomeric repeats during 
cell division, is not normally active in somatic cells. Conversely, telomerase 
activity and the expression of its enzymatic subunits, human telomerase RNA 
(hTR) and human telomerase reverse transcriptase (hTERT), have been 
demonstrated in germline cells, many human tumours and tumour-derived cell 
lines. Therefore, telomerase is a potentially important prognostic biomarker 
for use in screening early cancer.  
 
Malignant peripheral nerve sheath tumours (MPNSTs) are highly invasive soft 
tissue sarcomas with poor prognosis. Almost half of all MPNSTs in the general 
population occur in individuals with neurofibromatosis type-1 (NF1), while the 
remaining tumours are sporadic in origin. The lifetime risk of MPNST 
development in NF1 is ~10%.  Although previous MPNST studies have shown an 
elevated expression of hTERT, there are no reports regarding the telomerase 
activity in MPNSTs and neurofibromas in NF1.  
 
The aim of our study was to analyse the association of telomerase activity and 
the expression of hTR and hTERT in both malignant and benign tumour tissues 
from NF1 individuals. Samples from 25 MPNSTs and 9 plexiform neurofibromas 
were analysed for their intrinsic telomerase activity using a standardised 
telomerase repeat amplification protocol (TRAP). Twelve MPNSTs (48%) were 
found to be telomerase positive, whereas none of the plexiform neurofibromas 
showed any telomerase activity indicating that telomerase activation is a late 
event in NF1 tumourigenesis.  
 
In order to correlate the expression of hTR and hTERT with telomerase activity, 
we performed RT-PCR on 14 MPNSTs and 5 plexiform neurofibromas. Whereas, 
expression of hTR was detected in both malignant and benign tumours, the 
hTERT expression was only observed in 4 MPNSTs (29%), which were also 
telomerase positive. This is the first study to address the significance of 
telomerase activity in NF1 tumours and reports that telomerase is specifically 
active in NF1-associated malignant tumours. Therefore, telomerase might 
represent a prognostic marker for the onset of malignancy in MPNSTs. Further 
experiments are underway to substantiate this data and to better correlate 
telomerase activity to expression of the hTR and hTERT in NF1 related tumours. 
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Bleomycin local injection therapy in multiple cutaneous tumor of 
NF1 
 
 
In Neurofibromatosis 1 (NF1), multiple cutaneous tumors are developed in late 
childhood or adolescence and increase with age. There have been no effective 
therapies for prevention of tumor growth from the early stage of onset, and 
limited resections are only tried at a stage where the tumor has been clearly 
formed, most being left untreated. Since 1983 we have performed a long-term 
Bleomycin local injection therapy in this tumor in an early stage of onset or in 
the flat and elevated tumor; as a result, the tumors were clinically suppressed 
or became flat and without cicatrized, which we have also confirmed 
histopathologically. 
 
Administration and dosage: Bleomycin 1mg/ml dissolved in 1% Procaine HCL 
solution was locally injected into the tumor at intervals of every two weeks or 
every four weeks on account of outpatients’ convenience. The dose ranging 
from 0.05ml to 1.0ml was injected into the tumor itself or beneath the tumor 
according to its size; the total daily dose was up to approximately 3mg. 
 
Results: micropapules were depressed or flattened with two to three times of 
injection and most with 10 to 20 times or more of injection. This therapy was 
effective for tumors of the face and neck.  We have now continued to carry out 
this therapy in mild, elevated small papules in an early stage of onset and 
pachydermatocele. After this therapy, recurrence of these tumors is rare. 
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Surgical treatment of nerve sheath tumors involving the sciatic 
nerve in NF1 
 
 
This retrospective study describes the technique for excision of tumors from 
sciatic nerve, deviations from normal surgical anatomy imposed by 
neurofibromatosis type 1 (NF1), and the safety and long-term results of such 
removal.  Patients with NF1 and symptomatic and/or enlarging tumors arising 
within the sciatic nerve (n=8) underwent surgical excision of tumor at the 
University of Texas M.D. Anderson Cancer Center between 1998 and 2007.  
Selective en bloc excision of tumor was performed concomitant with 
monitoring of sciatic function by direct nerve stimulation and 
electromyographic recording.  Histology included neurofibroma (n=4), 
neurofibroma with atypical features (n=3), and neurofibrosarcoma (n=1).  
Tumors typically arose from a single fascicle, and per-patient number of 
tumors removed was 1 (n=6), 2 (n=1), and 5 (n=1).  Tumor location was almost 
equally divided between tibial (n=7) and common peroneal (n=6) divisions.  
Variations in sciatic nerve anatomy were recorded, and patients were 
evaluated at intervals to assess their pre- and post-operative neurological 
status.  Adjuvant local radiotherapy was given only to the patient with 
neurofibrosarcoma.  All patients in this series maintained preoperative function 
after excision, and no patient showed tumor recurrence over a mean followup 
of 24 months (range, 2 to 103 months).  As tumor was associated with proximal 
separation of the sciatic nerve divisions in 4/8 patients, separation of the 
divisions occurs more proximally in the presence of NF1-related nerve sheath 
tumor (p<0.05) than in a tumor-free control population without NF1.  Despite 
daunting appearance on MRI, which did not typically allow preoperative 
delineation of uninvolved nerve fascicles from tumor, sciatic tumors can be 
separated from normal nerve in NF1.  Even with more anaplastic histology (50% 
were atypical or frankly malignant), neurofibromas can be removed safely and 
completely from the sciatic nerve in symptomatic patients with NF1. 
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Toward a Molecular Model of Tumor Formation in NF1: Global 
Gene Expression Comparison to Normal Human Schwann Cells 
Distinguishes Benign and Malignant Peripheral Nerve Sheath 
Tumors 
 
 
There is currently no effective therapeutic regimen for the treatment of benign 
neurofibromas or malignant peripheral nerve sheath tumors (MPNSTs) 
associated with Neurofibromatosis Type 1 (NF1), and no accurate method of 
predicting tumor burden.  To gain insight into NF1 tumor formation and provide 
candidates for molecular-based diagnostics and treatment strategies, we 
formed the NF1 Microarray Consortium.  NF1 mutations cause elevated Ras 
activity, and loss of p53 and alterations in other cell cycle regulators have been 
documented in MPNST.  Schwann cells or their progenitors are the pathogenic 
cell type for neurofibroma.  Thus, we compared global gene expression of 9 
independent cultures of primary Schwann cells to 88 NF1 tumor samples 
including primary tumors and cultured neurofibroma Schwann cells. 
 
Gene expression profiles distinguished tumor samples from normal Schwann 
cells and benign tumor samples from malignant tumor samples.  Gene 
expression profiles did not distinguish cutaneous and plexiform neurofibromas, 
although only the latter can progress to malignancy.  Expression of Schwann 
cell markers was down-regulated, and expression of neural crest markers was 
up-regulated in all tumor samples, reflecting aberrant differentiation in tumor 
cells.  Expression of numerous MHC molecules was down-regulated in all tumor 
samples, suggesting a mechanism of tumor cell evasion of the immune system.  
Genes associated with cell adhesion were also significantly over-represented.  
Differential gene expression was more pronounced in MPNSTs than benign 
neurofibromas both in number of genes and magnitude of expression.  We 
confirmed differential expression of 60 genes with QRT-PCR (76% confirmed 
across all samples), validating the microarray data.  
 
To identify transcriptional changes directly downstream of NF1 mutation, 
global gene expression was analyzed in MPNST cells infected with an adenoviral 
NF1-GAP related domain.  Expression of 100 genes differentially expressed in 
MPNST cells relative to normal Schwann cells was restored to nearly normal 
levels. 
 
Our results highlight the utility of gene expression profiling by comparison to a 
normal cell population in identifying genes and molecular pathways that are 
potential biomarkers and/or therapeutic targets for the treatment of NF1 
patients.  We are currently analyzing global gene expression in NF1 mouse 



models with the ultimate goal of conducting a comprehensive comparison of 
human and mouse model systems of NF1.  Supported by DAMD-W23RYX-4010-
N803 (to NR) and NIH K01-NS049191-01A1 (to SM). 
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Identification of genetic alterations in Schwann cells isolated 
from varying subtypes of NF1 associated peripheral nerve tumors 
 
 
Primary transformation of Schwann cells with loss bi-allelic loss of 
neurofibromin expression is common to the varying subtypes of neurofibromas 
prevalent in Neurofibromatosis type1 (NF1) patients. However, these 
neurofibromas vary in their pathology and biological behavior. Dermal 
neurofibromas (DNFs) remain benign, plexiform neurofibromas (PNFs) have ~10-
15% risk of transformation to a malignant peripheral nerve sheath tumor 
(MPNST), which can behaves like a widely metastasizing sarcoma. The genetic 
alterations leading to the initiation and malignant transformation of these 
Schwann cells, in addition to loss of neurofibromin, are largely unknown. In 
addition, the limited studies to date have used the entire neurofibroma, 
comprised of several non-transformed cell types, in addition to the 
transformed Schwann cells. To specifically investigate the genetic alterations 
in Schwann cells in the neurofibroma subtypes, we undertook high-resolution 
(~2-4 Mb) arrayCGH (aCGH) analysis on micro-isolated schwann cell DNA. 
 
In addition to loss of the NF1 gene at 17q11.2, additional regions of non-
random chromosomal alterations were observed, which increased with 
biological aggressiveness of the schwann cells: 12.2/tumor (n=5) in DNFs, 
17.75/tumor (n=8) in PNFs and 20.0/tumor (n=7) in MPNSTs. Chromosomal 
losses were more prevalent in the benign DNFs and PNFs, compared to mainly 
gains in MPNSTs. Imbalances common to the benign and malignant PNSTs were 
regional losses on chromosomes 2q, 11q12-13, 13q13-21, 7q11.2, 19p13.2-13.1 
and 19q13.2-13.4, likely harboring genes involved early in tumor initiation. In 
contrast, regional gains on chromosomes 4q22-34, 5p14-15.2, 6q22-24, 8q, 
13q22- 33, 17q22-25, and 20q11.2-13.2 were restricted to MPNSTs, likely 
harboring genes involved in malignant progression. Some of these chromosomal 
alterations detected by aCGH, including loss of NF1, were verified by FISH 
analysis. To further observe the affect on expression of genes from these 
regions, we performed transcriptional profiling using RNA from the Schwann 
/transformed cells of the same patients (frozen samples). The analysis is 
currently underway, but initial results reveal concordance of alterations 
between DNA and RNA. Also, we will examine the micro-proteome in these 
Schwann cells (as little as 103 cells required) using iTRAQ mass-spec based 
analysis (project supported by a DOD Concept Award). Demonstration of 
distinct patterns of alterations in each PNST subtype, at the level of the 
genome, transcriptome and proteome, provides the basis for future 
identification of novel oncogenes and tumor suppressor genes involved in 



initiation and progression of NF1 associated PNSTs, and will help identify key 
molecular events which underlie the varying biology between subtypes of 
neurofibromas in NF1 patients. 
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Axonal Transport in the NF1-/+ Knockout Mouse 
 
 
Mutation of the Nf1 gene (and loss of neurofibromin function) results in 
constitutive activation of the Ras signaling pathway.  Heterozygous knockout 
mouse models for NF1 (Nf-/+) display deficits in visuospatial learning and 
memory, also related to Ras pathway activation.  Neurofibromin also functions 
to modulate other Ras-independent cellular signaling pathways (such as the 
adenylate cyclase-cAMP pathway) and loss of neurofibromin might affect many 
different cellular processes in neurons and glia.    
 
A number of studies have identified novel neurofibromin protein-protein 
interactions. These include association between neurofibromin and 
microtubules, neurofibromin and the kinesin-1 heavy chain (KHC/KIF5B) [1], 
and neurofibromin and amyloid precursor protein [2].  The heterozygous Nf1-/+ 
knockout mouse exhibits decreased expression of several kinesin superfamily 
members [3].  APP itself is a receptor for kinesin light chains, and is important 
for the anterograde axonal transport of membranous vesicles.   
 
These observations led us to hypothesize that the primary mutation in the Nf1 
gene leads to defects in kinesin-mediated axonal and dendritic transport, and 
this may contribute to the defects in synaptic plasticity and the cognitive 
disturbance characteristic of NF1.  
 
We have begun a series of experiments examining axonal transport in sciatic 
nerves of wild-type and heterozygous Nf-/+ mice.  After anesthesia, both 
sciatic nerves are exposed, and a ligature is placed around the sciatic nerve in 
the distal thigh.  After 3-6 hours, the animals are euthanized, and sciatic 
nerves removed.  Sciatic nerves are snap frozen and blocked for sectioning and 
immunohistochemistry using antibodies against tubulin, synaptophysin, syntaxin 
1, and synaptotagmin.  Intensity of staining with these synaptic markers in the 
segment immediately proximal to the ligature in wild-type and Nf-/+ nerves is 
compared.  In separate experiments, after nerve ligation, a 4 mm segment of 
nerve immediately proximal to the ligature (D = distal) and a 4 mm segment at 
the origin of the nerve from the spine (P=proximal) are removed.  Nerve 
segments from 20 wild-type and 20 Nf-/+ nerves were pooled for Western blot 
analysis with the antibodies against tubulin, syntaxin 1, synaptophysin and 
synaptotagmin.  The intensity of the specific bands (normalized to intensity of 
tubulin band) in the proximal and distal segment are compared, in Nf-/+ and 
wild-type nerves. 
 
 



* Full author list: 
Shannon Snyder BS, MFS, Stephen Gabe Rice, BS, MS, Garilyn Jentarra, PhD, Johana 
Vallejo, PhD, Vinodh Narayanan, MD 
 



Caroline O’Donnell*        P46 
Department of Neurology, Massachusetts General Hospital 
 
Semi-automated measurement of cutaneous neurofibromas in 
subjects with NF1 
 
 
Cutaneous neurofibromas (CNF) are virtually universal in adult patients with 
neurofibromatosis 1 (NF1) and can be present in large numbers, becoming a 
significant source of discomfort and morbidity for individuals.  Quantifying the 
CNF burden in patients is difficult, as there is presently no reliable way to 
count tumors or measure their size.  
 
We measured the height of CNF in four subjects with NF1, using skin calipers 
and the FastScan handheld laser scanner system (Polhemus, Colchester, VT).  A 
defined area of skin on the forearm (2 cm x 10 cm) and back (5 cm x 5 cm) was 
framed by a black cloth for measurement.  Skin surfaces were imaged by three 
independent operators using the FastScan system. 
 
Reference surfaces were constructed by two independent analysts using Delta 
software (ARANZ, New Zealand). This software interpolates a flat surface over 
the region of interest and then determines the height of the tumors in the 
region by comparison between the original surface (with tumor) and the 
interpolated reference surface (without tumor). We analyzed the effect of scan 
acquisition and reference surface generation on tumor heights by correlating 
results generated by independent scanners and analysts, respectively.  The 
height of 11 back CNF and 25 arm CNF were measured on three subjects.  The 
heights of back tumors, as determined by different scanners but same analysts 
(effect of scan acquisition), and with statistical adjustment for correlation 
within subject, were highly correlated (0.98 on the log scale).  The heights of 
back tumors, as determined by same scanners but different analysts (effect of 
reference surface generation). were also highly correlated (0.98).  The heights 
of arm tumors were less correlated when all tumors were included (0.57) but 
when small tumors (<1 mm) were excluded, the correlation improved to 0.99.  
In general, the height of tumors measured by calipers exceeded that measured 
by laser scanning by about 1 mm. 
 
FastScan laser scanning is a fast and reliable technique to measure the height 
of CNF in patients with NF1.  Although laser scanning in unable to measure 
tumors < 1 mm reliably for technical reasons, it can generate accurate surfaces 
of complex shapes such as the face.  Further research is needed to develop 
paradigms that estimate total body tumor burden from CNF and to measure 
CNF size over time.  This technique may be helpful in identifying genotype-
phenotype correlations in NF1 and in measuring response of CNF to medical 
intervention. 
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The role of merlin in drosophila spermatogenesis 
 
 
The Merlin mutants of Drosophila melanogaster are sterile.  Adult males 
hemizygous for the Mer3 allele had seminal vesicles but were almost free of 
sperm.  Although most Mer3 spermatocytes underwent normal meiotic 
divisions, some showed abnormal onion-stage spermatids or defects in spindle 
organization.  During the sperm individualization stage, both the sperm nuclei 
and actin cone bundles were abnormally distributed in the Mer3 cyst.  Not all 
nuclei within a Mer3 cyst had sperm heads with a normal needle shape; 
instead, the sperm heads were round, suggesting defects in the sperm head 
packaging.  At the cyst polarization or comet stage, the Mer3 cyst, in contrast 
to that of the wild-type, displayed abnormalities such as failure of grouping the 
sperm nuclei near a defined region of the cyst wall. Immunostaining of testis 
tissues revealed that during meiotic prophase and metaphase the Merlin 
protein was detected in the cellular cortex of spermatocytes, similar to that 
seen in somatic tissues. In telophase, Merlin was redistributed to the periphery 
of spindles in the vicinity of the presumptive contractile ring. During 
cytokinesis, Merlin was mostly found near the newly forming cellular 
membranes. At the onion-stage spermatids, the Merlin protein was 
accumulated in the nebenkern. This mitochondrial localization was maintained 
until mature sperm formation.  In the mature sperm, Merlin expression was also 
seen as a dot in the acrosome.  Consistently, electron microscopy analysis 
demonstrated the loss of axoneme-mitochodrial derivative association in the 
Mer3 and Mer4 spermatids. Taken together, these results suggest that Merlin is 
important for the control for cyst polarization and axoneme-nebenkern 
association during spermatogenesis. 
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An unusually large, recurrent vestibular schwannom 
 
 
Vestibular schwannomas (VS) have no known medical therapies available. 
However, significant morbidity including hearing loss and facial weakness 
remain major concerns. VS can be divided into four general categories 
including unilateral sporadic VS, neurofibromatosis type 2 (NF2)-associated VS, 
cystic, and malignant schwannomas.  Among VS, sporadic unilateral solid 
tumors are by far the most common, occurring in 10-13 persons per million per 
year.  Recurrence after complete excision is seen in less than one percent of 
our patients (6 of >600 excisions).  When tumors recur, they generally grow 
slowly at one to two millimeters per year.  We have identified a patient who 
underwent a complete translabyrinthine excision of a moderate sized (2.4 cm 
diameter) primary VS of the left cerebello-pontine angle, but experienced 
unusually rapid regrowth.  Surveillance MR imaging four years after the initial 
excision showed a recurrent mass measuring 2.8 cm.  Neuropathology 
confirmed a benign appearing schwannoma. Growth of the recurrent tumor in 
cell culture demonstrated remarkable growth of schwannoma cells with S100-
positive reactivity.  Excision of both the primary and recurrent tumors showed 
tenacious adherence of both masses to their surrounding environment, 
specifically to the facial nerve.  Prolonged surgical times were required for 
successful anatomical salvage of the seventh cranial nerve, however, recovery 
of facial function was partial and prolonged.  Facial function three months 
after excision of the recurrent schwannoma is still House-Brackmann grade 
VI/VI.  Immunohistochemical analysis of both the primary and recurrent tumor 
tissue sections is presently in progress to identify any molecular difference in 
the expression of key signaling proteins that might explain the clinical 
aggression of this otherwise pathologically benign tumor. 
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What else does neurofibromin do? A novel genomic strategy to 
characterize the “genetic signature” of NF1 
 
 
Introduction. Neurofibromin is a well-characterized tumor suppressor but its 
other putative functions are not well understood. We hypothesized that 
differential expression of transcripts between NF1-affected (A) and NF1-
unaffected (U) humans (and mice) may be due to interaction with or regulation 
by neurofibromin. We used lymphoblastoid cell lines (LCLs) available from 
Coriell and ECACC. (NF1 is expressed in LCLs.) Similar strategies have been 
successfully used in surrogate tissues to characterize “genetic signatures” of 
other neurologic disorders2-4.  
 
Methods. Three LCL sample sets (18 adults, 9 children, 8 adults) were 
stratified by age and institution and balanced for gender and number of A and 
U individuals in each group. NF1 genotyping of all samples was performed. The 
mouse sample set included 6 Nf1+/- C57BL6/J animals5 and 6 wild-type 
animals. All animals were ~ 8 months old and sex-balanced. Total RNA was 
isolated from LCLs and/or mouse spleen CD19 positive cells (B-lymphoblasts). 
Illumina and NHGRI 2-color microarrays were used. For each of the 4 sample 
sets, permuted t-test comparing A vs U gene expression showed few 
statistically significant genes after multiple testing correction. Since expressed 
genes may be biologically significant but not statistically significant, we 
evaluated the extent that gene lists overlapped 1) across the 4 groups and 2) 
across the 2 platforms. We selected the top ~600-800 differentially expressed 
genes and compared the 4 groups either pair-wise (six possible intersections) or 
three-way (four possible intersections). P-values were calculated for each 
resultant group of genes in common. Mouse genes were converted into 
corresponding human homologues prior to any comparison.  
 
Results.  1) The three pair-wise intersections among human sets yielded 47 to 
78 overlapping genes (p = 0.02 to 0.0005). Of the 3 mouse-human pair-wise 
intersections, only one was statistically significant (p = 5.61x10-6; 30 common 
genes). Three-way intersections revealed a 7-gene overlap among the 3 human 
sets (p = 0.021) and a 6-gene overlap between mouse and 2 human sets (p = 
0.0017). The remaining 2 three-way intersections were not statistically 
significant. For one human sample set gene lists from the Illumina and NHGRI 
array were compared; the overlap of 114 genes (p = 0.0002), had a 100% 
concordance for the direction of over- or under-expression. 2) Pathway and 
gene set analyses of the 4 sample sets using BRB ArrayTools (NCI) and Gene Set 
Enrichment Analysis (Broad-MIT) revealed that several functional gene sets 
were overrepresented in both mouse and human expression datasets.  



Discussion/Conclusion. Few statistically significant differentially expressed 
genes were found within our 4 groups; this is likely due to the small sample size 
and modest expression differences. However, comparison of a group’s top ~800 
genes 1) across the 3 human groups, 2) across the 2 microarray platforms and 
3) across mouse and human resulted in statistically-significant overlapping gene 
lists. Current work focuses on qPCR validation of these genes and comparison 
with clinically relevant tissues (fibroblasts). 
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Whole body MRI evaluation in familial Schwannomatosis 
 
 
Schwannomatosis is characterized by the presence of multiple non-vestibular, 
non-intradermal schwannomas.  Most patients present with pain and are found 
to have multiple schwannomas on imaging.  Familial occurrence of 
Schwannomatosis has been difficult to estimate but is less than 50% seen in 
other neurofibromatoses.  Whole body MRI (WBMRI) is a new imaging technique 
by which the entire body can be imaged in a relatively short prior of time. 
WBMRI can provide a global assessment of tumor burden including the number 
and location of schwannomas and may assist in presymptomatic diagnosis of 
offspring.  
 
We studied two families in which multiple members met diagnostic criteria for 
Schwannomatosis (families 3 and 10).  Two subjects from family 10 had clinical 
signs of Schwannomatosis, one subject was an obligate carrier without clinical 
manifestations, and two subjects were considered at risk.  The subject from 
family 3 was an obligate carrier with a one year history of back pain that led to 
diagnosis of a retroperitoneal schwannoma at age 60.   
 
Each subject was imaged from head to ankles in the supine position using a 1.5 
Tesla magnet, integrated body coil, and no intravenous contrast.  Using five 
acquisitions, the entire body was imaged using a fat suppressed fluid sensitive 
STIR sequence. The images were then fused into a single whole body DICOM 
image.  The number and type of tumors (discrete vs plexiform) were identified 
by a board-certified radiologist and tumor volume was calculated using semi-
automated analysis.  Linkage analysis was determined using two centromeric 
markers (D22S427, D22S264) and one telomeric marker (D22S1164) flanking the 
Schwannomatosis candidate region.  Multiple tumors were detected in subjects 
with clinical signs of Schwannomatosis and in obligate carriers.  The number of 
tumors per affected subject ranged from 3 to 14 with an average of 9.5.  The 
legs were most commonly affected (37%), followed by the 
chest/abdomen/pelvis (32%), head/neck (11%), arms (11%), and pelvis/leg 
(11%).  All tumors were discrete in appearance with an average volume of 7.7 
cm3 and the majority of tumors caused no symptoms.  The two subjects at risk 
for Schwannomatosis did not manifest tumors on WBMRI.  Phasing of markers 
flanking the candidate region confirmed that neither subject carried the 
affected allele.   
 
WBMRI scan provides unique information about patients with familial 
Schwannomatosis.   In this study, clinically affected members and obligate 
carriers all had multiple tumors regardless of their clinical status.   This study 



suggests that patients with Schwannomatosis and obligate carriers of 
Schwannomatosis have a greater tumor burden than is clinically apparent.  
WBMRI is a powerful research tool to study this disorder; further work is 
needed to determine its clinical utility. 
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Oncolytic HSV vectors expressing therapeutic trans 
 
 
Oncolytic herpes simplex virus (HSV) vectors, which replicate in and kill tumor 
cells but not normal tissue, are a promising therapeutic approach for cancer 
therapy.  They are very efficacious in treating tumors of the nervous system, 
including NF mutated tumors.  As a model for malignant peripheral nerve 
sheath tumors (MPNST), we have used cell lines (obtained from L Parada, 
Southwestern Medical School, Dallas, TX) derived from spontaneously arising 
tumors in Nf1/Trp53 heterozygous mice.  Individual cell lines form tumors in 
athymic mice, with varying efficiency.  The tumor cells also vary in their in 
vitro susceptibility to oncolytic HSV vectors.   
 
NF1 tumors tend to be highly vascular and involve an intimate interaction 
between the microenvironment and different cell types.  Therefore, we have 
begun to examine 'armed' oncolytic HSV vectors that express therapeutic 
transgenes that target the tumor stroma.  Using a newly developed HSV-
bacterial artificial chromosome (BAC) system we have introduced the 
transgenes for platelet factor 4 (PF4) and dominant-negative fibroblast growth 
factor receptor (dnFGFR) into G47?, a third-generation oncolytic HSV vector.  
Both of these proteins have anti-angiogenic, as well as other anti-tumor 
activities. 
 
Neither of these proteins inhibits oncolytic HSV replication in infected cells.  
Expression of dnFGFR, and to a lesser extent PF4, enhanced the in vitro 
cytotoxicity of G47? in MPNST tumor cells, and both demonstrated even greater 
cytotoxicity of vascular endothelial cells.  Most importantly, in athymic mice 
dnFGFR and PF4 expression demonstrated increased growth inhibition of 
subcutaneous MPNST tumors.  We believe that targeting both NF tumor cells 
and the tumor environment is a powerful therapeutic strategy for NF mutated 
tumors.  Oncolytic HSV vectors, while inherently cytotoxic, provide a promising 
platform for the expression of therapeutic transgenes.  This combination should 
even permit effective treatment of tumors that do not support robust viral 
replication.   
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High incidence of voice and oral motor control disturbances in 
NF1: a preliminary report 
 
 
Introduction: Neurofibromatosis Type 1 (NF1) is a genetic dominant disease 
with a wide variety of clinical manifestations. These manifestations are usually 
benign but most patients present some impairment of life quality due to 
learning and behavioral disabilities that affect their social adjustment. Voice 
abnormalities and oral motor disorders have been reported (2, 3). However, 
these changes have not been quantified. This study aimed to measure and 
quantify voice and oral motor disturbances in NF1 patients. 
 
Methods: Fifteen NF1 patients (7 male, 8 female), aged between 11 and 58 
years, were randomly selected from the Neurofibromatosis Outpatient 
Reference Center, Federal University of Minas Gerais, Brazil. All patients signed 
the informed consent protocol. The diagnosis of NF1 was established according 
to the NHI criteria. Voice was recorded and analyzed in a computer program 
(VOX Metria, 2.6). All patients were asked to speak the vocals /a/, /i/ and /u 
and numbers ranging from 1 to 10 in a sustained and automatic way, 
respectively and to spontaneously report the opinion about their voices. The 
fundamental frequency, extension, irregularity and intensity of voice were 
analyzed. The velopharyngeal motility and orofacial organs function were 
assessed by nasopharyngoscopic and direct examinations.  
 
Results: In this series NF1 patients presented hoarseness (60%); reduced 
maximal time phonation (53%); fluctuation on sustained vowel emission (/a/, 
/i/ and /u/; 86%), reduced vocal resistance (46%), mild hyper nasality (36%), 
orofacial organs hypotonia (greater than 50% for all orofacial organs); and 
palatal lower or regular motility (86%).   
 
Conclusion: High incidence of voice and oral motor control disturbances were 
detected in a Portuguese speaking series of NF1 patients. These results are 
probably related to neurological disorders reported in NF1 patients that lead to 
orofacial organs and velopharyngeal muscle insufficiency (4). Research is on 
course to assess if early speech therapy can contribute to minimize these 
disturbances. 
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Resistance to 3-Nitrotyrosine in NF1 Cell Cultures as a Potential 
Clue to NF1 Vasculopathy 
 
 
In 1980 I demonstrated that fibroblasts cultured from NF1 neurofibromas and 
ostensibly normal NF1 skin were moderately resistant to the effects of adding 
of 3-Nitrotyrosine (3NT) to the culture medium (In Vitro 16:706-14, 1980). The 
resistance was dose-related over concentrations of 0.2, 0.4, 0.8, 1.6 and 3.2 
mM. The same cell lines were not resistant to the adverse effects of p-
fluorophenylalanine or 5-fluorotryptophan.  
 
Since that time, it has become clear that 3NT is a sensitive marker of oxidative 
stress and an inhibitor of vascular smooth muscle cell proliferation 
(Toxicol.Lett. 121:127-34, 2001; Eur.J.Cell Biol. 85:1241-52, 2006). 
 
I propose that the demonstrated resistance to the 3NT inhibitory effect 
documented in NF1 cell cultures indicates an increased viability of NF1-derived 
cells in the face of oxidative stress, including that consequent to hypoxia. This 
in turns means that hypoxia, rather than compromising NF1 vascular 
endothelial and smooth muscle cells, actually allows them to survive and 
proliferate under circumstances that otherwise would be lethal (at the cellular 
level). 
 
In this presentation I will present the original data in this new context in order 
to instigate interest in the factors that underlie the NF1 vasculopathy, which 
otherwise is so poorly understood at the pathogenesis level. 
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A Functional MRI Study of Response Inhibition in Children with 
and without NF1 and ADHD 
 
 
Approximately 30-50% of children with neurofibromatosis type 1 (NF1) have 
symptoms of ADHD that are relieved by stimulant medications such as 
methylphenidate.  The inability to inhibit responses is a characteristic symptom 
of ADHD.  We examined whether the neural basis of response inhibition in NF1 
children with comorbid ADHD differed from age-matched typically developing 
children, and whether administration of methylphenidate reduced those 
differences.  Six children with NF1 and ADHD (mean age = 9.5 years) and 6 
control children (mean age = 9.6 years) performed a Go-No Go task with 
increasing demands for response inhibition during fMRI. Children with NF1 were 
imaged while on and off methylphenidate.  Subjects in both groups made more 
errors with increasing response inhibition. However, methylphenidate did not 
improve performance in children with NF1. Control children exhibited 
activation of the dorsal cingulate gyrus in the low demand condition with 
additional recruitment of the putamen and insular regions in the high demand 
condition. Children with NF1 exhibited more extensive activation in the same 
regions.  In the NF1 population, administration of methylphenidate increased 
activation in areas involved in motor control (dorsal cingulate, supplementary 
motor area, caudate) and insular regions bilaterally.  Parent ratings of 
behavioral regulation did not differ between the 2 groups.  
 
In conclusion, despite having a similar behavioral presentation to controls, the 
NF1 population demonstrated more extensive activation patterns that were not 
normalized by methylphenidate. Thus, the neural substrate of response 
inhibition and its response to stimulant medication may be different in children 
with NF1 than without NF1. 
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An mES cell model of Schwann cell differentiation 
 
 
The Neurofibromatosis Type 1 (NF1) gene functions as a tumor suppressor gene, 
of which one known function is to turn off the p21ras pathway by hydrolyzing 
active rasGTP to inactive rasGDP. Loss of neurofibromin (the protein product of 
the NF1 gene) in the autosomal dominant disorder NF1 is associated with 
tumors of the peripheral nervous system, particularly neurofibromas, benign 
lesions in which the major cell type is the Schwann cell (SC). NF1 is the most 
common cancer predisposition syndrome affecting the nervous system. We have 
developed an in vitro system for differentiating mouse embryonic stem cells 
(mESC) that are NF1 wild type (+/+), heterozygous (+/-), or null (-/-) into SC-
like cells to study the role of NF1 in SC development and tumor formation. 
These SC-like cells, regardless of their NF1 status, express SC markers, and 
support and preferentially direct neurite outgrowth. They are also capable of 
expressing myelin protein.  NF1 null and heterozygous SC-like cells proliferate 
at an accelerated rate compared to NF1 wild type; this growth advantage can 
be reversed to wild type levels using a Mek inhibitor. The mESC of all NF1 types 
can also be differentiated into neuron-like cells and the behavior and genetic 
repertoires of the cells under different developmental conditions compared.  
This system provides an ideal paradigm for studies of the role of NF1 in cell 
growth and differentiation. 
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Targeting microRNA regulation of meningioma growth 
 
 
Most cases of meningiomas (~ 60%) are caused by mutations in the gene for 
neurofibromatosis type 2 (NF2). The NF2-encoded protein, merlin, links the 
actin cytoskeleton to specific membrane proteins. Despite numerous studies, 
merlin's mechanism of action as a tumor suppressor protein is still poorly 
understood. Merlin and its cellular partners may be involved in cell growth and 
survival processes, which may, be regulated by microRNAs (miRNAs). miRNAs 
are 19- to 25-nt non-coding transcripts that are encoded in the genomes of 
invertebrates, vertebrates and plants. miRNAs are an abundant class of gene 
regulators that have been shown to control biological functions involved in 
cellular proliferation, differentiation and apoptosis. Many specific miRNAs are 
known to be up- or down-regulated in a variety of cancers, supporting a role 
for miRNAs in tumorigenesis. To date, there have been no reports on miRNA 
expression profiles in meningiomas. In this study we analyzed miRNA profiles 
and mRNA expression in a series of merlin positive and merlin negative 
meningiomas. In order to provide insight on the mechanisms controlling 
meningioma development and progression a miRNA array screen has been 
performed on 14 sporadic WHO grade I meningiomas (6 merlin negative and 8 
merlin positive) and 3 normal arachnoidal samples. Preliminary results indicate 
that levels of specific miRNAs were quite similar among the meningioma 
samples;   marked differences from the normal samples; with approximately 
10% of miRNAs disregulated (increased or decreased over 2 fold). A few of 
these miRNAs were found to be upregulated only in merlin negative tumors. 
The findings of this study should provide insight into previously unknown 
pathways critical to meningioma growth. miRNA signatures of meningiomas may 
also help in the diagnosis/prognosis of these tumors and provide targets for 
treatment. 
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Glial cell line-derived neurotrophic factor enhances the 
sensitivity of sensory neurons from wild-type and NF1+/- mice 
 
 
People with Neurofibromatosis Type I (NF1), a common genetic disorder 
characterized by tumor formation, often experience enhanced pain in response 
to noxious stimuli. Since this pain is often a result of injury, it is likely of the 
inflammatory type, which is related to increases in inflammatory mediators. A 
number of substances, including growth factors, are released when 
inflammation is incited. The release of these substances creates an 
environment, known as the inflammatory milieu, within which the physiology of 
tissues is altered. Nerve growth factor (NGF) is one of the growth factors 
produced during inflammation and has a well established role in sensitization 
of sensory neurons and causing enhanced responses in animal models of 
inflammatory pain.  
 
There is evidence that the sensitizing effects of NGF may be a result of 
activation of the Ras signaling cascade, which is a cascade that is enhanced as 
a result of the mutation in the NF1 gene. Glial cell line-derived neurotrophic 
factor (GDNF) family ligands (GFLs) also activate the Ras cascade and are 
released at increasing levels during inflammation. Although NGF is a well-
established sensitizer of sensory neurons, modulation of sensory neuron 
sensitivity by GDNF family ligands is less well characterized. One functional 
endpoint that can be used to determine sensory neuron sensitivity is the 
measurement of peptide neurotransmitter release, including calcitonin gene-
related peptide (CGRP). 
 
Consequently, an increase in peptide release in response to a given stimulus 
would indicate sensitization, which may be responsible for the increased pain 
sensations in people with NF1. Isolated sensory neurons from wild-type and 
Nf1+/- adult mice were exposed to GDNF or NGF and an enhancement in the 
stimulus-evoked release of CGRP was measured and the results from each 
genotype compared. The release of CGRP was 50-55% higher after a 20-minute 
treatment with 100 ng/mL NGF, 10 ng/mL GDNF, or 100 ng/mL GDNF than in 
the absence of growth factors in wild-type mice. The effect of the growth 
factors on peptide release from Nf1+/- neurons was even larger than from wild-
type cells. 
 
Alternatively, the level of phosphorylated extracellular signal-related kinase 
(p-Erk), an effector downstream of activated Ras, was measured after similar 
exposure to GDNF or NGF. Baseline levels of p-Erk were greater in Nf1+/- mice 
than in wild-type mice. After a 20 minute treatment with 100 ng/mL NGF, 10 



ng/mL GDNF, or 100 ng/mL GDNF, the p-Erk levels of the isolated sensory 
neurons were increased as compared to those not exposed to growth factors in 
both genotypes, more so in Nf1+/- mice than in wild-type mice. These data 
illustrate that NGF and GDNF are able to modulate stimulus-evoked release of 
CGRP and increase p-Erk levels, and that this modulation is enhanced in Nf1+/- 
mice. Therefore, the increased amounts of these growth factors in chronic 
inflammatory states, such as in the case of NF1, can enhance the sensitivity of 
the sensory neurons and increase sensory neuronal transmission. This 
sensitization may explain the hyperalgesia, or increased response to noxious 
stimuli, experienced during inflammation and as a result of NF1. 
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Tumorigenic transformation by CPI-17 through inhibition of a 
merlin phosphatase 
 
 
Merlin is a tumour suppressor protein which belongs to a family of membrane-
actin linker proteins called ezrin, radixin and moesin [ERM]. Merlin unlike ERM 
proteins is an important inhibitor of proliferation in many cell and tissue types. 
The activities of ERM proteins and of merlin are regulated by 
phosphorylation/dephosphorylation. While merlin requires dephosphorylation 
at serine 518 for activation, ERM proteins are regulated in the opposite 
manner: threonine phosphorylation at a conserved site activates the proteins 
Recently we have shown that MYPT-1–PP1d is important for cellular growth 
control in that it dephosphorylates and activates the tumour suppressor protein 
merlin, which subsequently targets the Ras pathway. The cellular MYPT-1–PP1d 
–specific inhibitor CPI-17 causes a loss of merlin function characterized by 
merlin phosphorylation, Ras activation and transformation. Although merlin 
inactivation is a major determinant of transformation by CPI-17, we also find 
elevated phosphorylation of ERMs. We have identified that active 
phosphorylated ERM proteins are essential for Ras activation and proliferation 
control. Down regulation of ERMs by siRNA or expression of a dominant-
negative ezrin mutant abolishes CPI-17 induced activation of Ras and reduces 
the transformed phenotype. Because merlin antagonizes ERM function, CPI-17 
probably induces a tumour-promoting activity of ERMs and loss of the 
counteracting role of merlin. Taken together, our data form the basis for 
proposing a new pathway leading to transformation that includes a phosphatase 
and an inhibitor involved in actomyosin contractility. 
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Biochemical and functional analysis of germline KRAS mutations 
that cause disorders of the noonan syndrome spectrum 
 
 
Noonan syndrome (NS) is a common dominant disorder characterized by short 
stature, facial dysmorphism, cardiac defects, and skeletal malformations.  
Noonan syndrome shares phenotypic features with neurofibromatosis type I and 
cardio-facio-cutaneous (CFC) syndrome.  We discovered novel de novo germline 
KRAS mutations that introduce V14I, T58I, or D153V amino acid substitutions in 
individuals with NS and P34R or F156L substitutions in individuals with CFC 
syndrome2.  Recombinant V14I and T58I K-Ras proteins displayed reduced rates 
of intrinsic GTP hydrolysis and impaired responsiveness to GTPase-activating 
proteins.  V14I and T58I K-Ras rendered primary hematopoietic progenitors 
hypersensitive to growth factors and deregulated signal transduction in a cell-
lineage specific manner. 
 
We have been investigating the biochemical properties of the P34R, D153V, and 
F156L K-Ras mutant proteins. P34R and D153V K-Ras display normal intrinsic 
GTP hydrolysis, whereas F156L K-Ras appears as defective intrinsically as 
oncogenic G12D K-Ras.  P34R K-Ras is completely resistant to both p120 GAP 
and neurofibromin, which is intriguing as these data suggest that the ability of 
GAPs to down-regulate Ras-GTP levels is dispensable for normal development. 
By contrast, homozygous Gap and Nf1 deficient mouse embryos do not survive 
to birth.  D153V K-Ras has a normal response to both GAPs, whereas F156L K-
Ras displays a partial response. Interestingly, F156L K-Ras also displays a 
markedly increased rate of guanine nucleotide exchange.  We expressed 
mutant Ras proteins in COS-7 monkey kidney cells to investigate activation of 
Ras and downstream effectors.  P34R and F156L K-Ras display markedly 
elevated Ras-GTP levels and aberrantly activate MEK, whereas the D153V 
mutant is only mildly activated in these cells. 
 
In addition, primary hematopoietic progenitors expressing P34R, F156L, and 
D153V K-Ras display hypersensitive patterns of colony growth in response to 
growth factors. The range of biochemical properties displayed by mutant K-Ras 
proteins that underlie NS and CFC syndrome supports the idea that intrinsic 
GTPase activity, responsiveness to GAPs, and guanine nucleotide exchange all 
regulate Ras activity in vivo.  
 
Our studies of P34R K-Ras also raise the possibility that GAP-independent 
properties of p120 GAP and neurofibromin regulate developmental programs.  
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Somatic mutational mechanisms responsible for LOH in 
neurofibromas: types, patient frequencies and breakpoints 
 
 
The number of benign dermal neurofibromas (dNFs) is highly variable among 
NF1 patients. There are evidences pointing that this number is determined, at 
least in part, genetically. Our group is interested in identifying genes and 
allelic variances important for modifying the number of neurofibromas in NF1 
patients. For doing so, a main aspect constitutes the compilation of phenotypic 
information for a large set of NF1 patients, such as age and number of benign 
dNFs.  
 
It has been demonstrated that the vast majority of somatic inactivation of the 
NF1 gene in dNFs are due to mutation.  According to this, genes responsible for 
the integrity of the DNA are good modifier candidates. LOH is frequently 
identified in neurofibromas as an evidence of somatic mutation. Different 
mechanisms have been demonstrated to be responsible for LOH: mitotic 
recombination, deletion and loss of a 17 chromosome and reduplication of the 
remaining. We have data indicating that the frequency of LOH in neurofibromas 
is dependent on the NF1 patient. We would like to include information about 
mutation and mutational mechanisms in neurofibromas as part of the 
characterization of our set of NF1 patients. For doing so we are systematically 
analyzing neurofibromas for the presence of LOH and for the type of 
mechanism generating LOH. We are setting up a multiplex microsatellite 
genotyping assay that will use together with the MLPA technique for such 
characterization. Up to now we have characterized 328 neurofibromas 
belonging to 68 NF1 patients, 92 of them showing LOH. We are investigating 
the mechanisms leading to LOH in each case, the extent of LOH and trying to 
identify deletion and recombination breakpoints. 
 
* Full author list: 
Carles Garcia(1), Belen Canet (2), Eva Pros (1,2), Ignacio Blanco (4), Llucia 
Benito (4), Anna Ravella (3), Conxi Lazaro (1,2), Eduard Serra (1) 
 
(1) Centre de Genètica Mèdica i Molecular - IDIBELL, Hospital Duran i Reynals, 
Barcelona, Spain 
(2) Laboratori de Recerca Translacional, Institut Català d’Oncologia 
(3) Servei de Dermatologia, Hospital de la Creu Roja, Barcelona, Spain 
(4) Unitat de Consell Genètic, Institut Català d’Oncologia, Hospital Duran i 
Reynals, Barcelona, Spain 
 



Yiping Shen*          P61 
Harvard Medical School/Massachusetts General Hospital 
 
Comparison of genomic imbalance in sporadic and NF2 
meningiomas 
 
 
Meningiomas are common intracranial neoplasms, accounting for about 20% of 
all brain tumors. They may occur as sporadic tumors in the general population, 
or in association with neurofibromatosis 2 (NF2), where ~50% of individuals 
develop meningiomas. Although inactivation of the NF2 gene, which encodes 
the tumor suppressor merlin, is responsible for initiation of all meningiomas in 
NF2 patients and is thought to initiate most sporadic meningiomas, it is 
uncertain whether both meningioma types have similar genomic profiles and 
share the same genetic progression events.  
 
Whole genome high resolution array CGH, capable of detecting both large and 
small chromosomal copy number alterations, offers a powerful route for 
constructing and comparing genomic profiles, implicating genomic imbalance 
regions as segments which may harbor genes responsible for tumor initiation 
and progression. 
 
Here, we performed the whole genome oligo array CGH analysis on 56 
meningiomas of both benign (53) and atypical (3) grades from 40 NF2 patients, 
and compared the imbalance events with 53 sporadic meningiomas of 
equivalent grades (29 and 24, respectively) 37 of  which showed chromosome 
22 deletion. There were significantly more imbalanced chromosomal segments 
(ICS, chromosomal 22 deletion excluded) per tumor in NF2 associated 
meningiomas compared either to all sporadic meningiomas (2.2 vs 1.1, P=0.03 
for benign; 11.7 vs. 4.4, P=0.006 for atypical)  or  to sporadic meningiomas 
with chromosome 22 loss (2.2 vs. 0.8, P=0.04 for benign; 11.7 vs. 5.8 P=0.01 for 
atypical). 
 
Notably, excluding one outlier sporadic benign tumor with 12 separate gain 
events, more gain of copy number events per tumor were seen in NF2 
associated meningiomas than in sporadic meningiomas (0.7 vs. 0.1, P=0.04 for 
benign; 5.0 vs. 0.6, P=0.0002 for atypical).  The gain events in NF2 associated 
meningiomas, occurring in both grades, involved almost every chromosome 
except chromosome 6 and X Y. The most recurrent gain events occurred on 
chromosome 7 and 12. In sporadic meningioma, gain events only occurred in 
high grade tumors, mainly on chromosome 17 and 20. Chromosome 22 deletion 
was the most frequent imbalance event in both groups of meningioma, as 
expected, followed by 1p deletion, which also occurs at similar frequency in 
both groups of meningioma (25% in NF2 meningiomas and 31% in sporadic 
meningioma). 



The next most frequent imbalance events were 14q loss (25%) in sporadic 
meningioma and 7q gain (21%) in NF2 meningioma.  While the frequency of 
chromosome 11 imbalance (7%) was similar in both groups they consisted of 
deletion events in sporadic meningioma and gain events in NF2-associated 
meningiomas. Unsupervised clustering analysis using non-chromosome 22 
imbalance information revealed relative clustering of NF2 associated 
meningiomas vs. sporadic meningiomas.  
 
In addition, we identified a small deletion on chromosome14 in an atypical 
meningioma. Chromosome 14 deletion has been recognized as a tumor 
progression event for meningioma, with most of the deletion events involving 
the whole or large portion of chromosome 14 and no specific gene having yet 
been identified as a tumor progression gene candidate. The small deletion we 
detected on 14q22, which overlaps with all other chromosome 14 deletion 
events, harbors several interesting candidate genes worthy of further study. 
Finally Array CGH genomic profiling provided unique evidence supporting 
independent tumorigenesis of meningiomas in NF2 patients where multiple 
tumors occur at different locations. 
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Clinical characterization of four patients with NF1 and suspected 
glomus tumors 
 
 
Introduction: Glomus tumors are benign tumors that arise from the glomus 
body, a ubiquitous contractile neuromyoarterial receptor that controls blood 
pressure and temperature. Glomus tumors are classically 1) located in the 
distal phalanx, 2) solitary and 3) affect middle-aged women2. They present 
with a triad of hypersensitivity to cold, severe paroxysmal pain and pinpoint 
pain in the finger. Multi-focal glomus tumors in patients with NF1 have been 
reported, suggesting a possible association3. In four patients with NF1 
complaining of fingertip pain, we used clinical history, magnetic resonance 
imaging (MRI) and in one case surgery, to further characterize suspected 
glomus tumors. 
 
Methods and Results: Adults diagnosed with NF1 were recruited to the NIH 
Clinical Center for a natural history study on disease variability. Of the 
approximately 75 participants in our cohort, four reported a history of fingertip 
pain. Patient 1 was a 35-year-old female with classic glomus tumor symptoms. 
MRI revealed tumors in three of six symptomatic digits. The lesions in these 
three fingers were surgically excised and confirmed histologically to be glomus 
tumors. She had immediate resolution of pain in one finger and partial in the 
other two digits. Patient 2 was a 35-year-old female who reported pain in her 
left 4th digit for the past 3 years and recently developed pain in her right 1st 
digit. No abnormalities were observed on physical exam or by bilateral hand 
MRI. Patient 3 was a 42-year-old male with a 10-year history of pain in his left 
5th digit.  On physical exam a mass was clearly visible.  MRI revealed a lesion 
consistent with a neurofibroma. Neurofibromas have been reported to surround 
glomus tumors4.   Patient 4 was a 50-year-old male with a 15-year history of 
pain in his left arm with symptoms consistent with reflex sympathetic 
dystrophy (RSD). MRI of the left forearm and hand revealed lesions consistent 
with glomus tumors of the left 2nd and 4th digits. Bilateral hand radiography 
revealed scalloping of the left 2nd and 4th digits and right 1st digit.  
 
Conclusions: Our experience supports the hypothesis of an association between 
NF1 and glomus tumors. Four of our 75 patients reported fingertip pain, 
suggesting that this complication of NF1 may be more common than previously 
anticipated. In sporadic cases, multi-focal tumors are very rare. In three of our 
four patients, glomus tumors were either suspected or confirmed in multiple 
fingers. Our patients also showed considerable variability in the natural history 
of the probable glomus tumors ranging from mild temperature sensitivity and 
pain to RSD. There was a spectrum of physical exam findings from grossly 



enlarged fingertips to no visible abnormalities. None of the symptomatic 
fingers had a blue discoloration as described in other patients with subungual 
glomus tumors2. We plan on imaging the symptomatic digits (with negative 
previous MRI) from patients 1 and 2 with a 3-Tesla MRI with dedicated fingertip 
coil. In addition we are pursuing the molecular pathogenesis of glomus tumors 
in NF1 with loss of heterozygosity studies, comparative genomic hybridization 
and determination of clonality. 
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Analysis of the 5’ and 3’ UTR in neurofibroma-derived cultured 
cells from a patient with multiple isolated neurofibromas 
 
 
Comprehensive mutational analysis through UAB Medical Genomics Laboratory 
(MGL) detects a mutation in over 95% of patients who meet NIH criteria for 
Neurofibromatosis Type 1 (NF1). Testing is comprised of RNA and DNA based 
assays detecting nonsense, frameshift, missense and splicing errors, 
complemented with assays detecting copy number changes within the NF1 gene 
and flanking genes. A research focus of MGL is to gain understanding of the 
molecular alterations underlying the phenotype in those patients whose 
presentation overlaps with NF1, but also have atypical components.  We are 
studying a patient with multiple small histopathologically confirmed 
neurofibromas only. No NF1 mutation was found by comprehensive analysis of 
blood lymphocytes. However, different NF1 mutations were found in distinct 
NF1-/- Schwann cell populations selectively cultured from multiple 
neurofibromas. 
 
Interestingly, whereas the mutations appeared homo/hemizygous at the cDNA 
level, the gDNA clearly showed heterozygosity at the sites investigated, 
suggestive of loss of expression of one allele in the NF1-/- Schwann cells. By 
sequencing of the complete 3’UTR we identified a SNP 
(NM_0010424921:c.11419C>T) that is constitutively present in this patient. 
Using this marker, we found that only one NF1 allele is expressed in the 
neurofibroma derived Schwann cells, whereas both alleles are expressed in 
blood and fibroblasts. Genomic DNA was heterozygous at the SNP for all cell 
types tested.  
 
We hypothesize that there is Schwann cell-specific loss of NF1 expression in 
this patient. We explored possible mechanisms for this Schwann cell specific 
loss of expression beginning with sequencing of ~5kb of the 5‘ NF1 UTR in order 
to detect any alterations in the promoter region. Other methods for analysis of 
the promoter region include study of the methylation status and array CGH. 
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SMARCB1 (INI-1) Staining in Schwannomatosis-associated 
schwannomas 
 
 
INTRODUCTION: The SMARCB1 protein product (also known as INI1) is a 
component of the human transcription complex implicated in a rare human 
tumor suppressor gene syndrome of atypical teratoid rhabdoid tumors (AT/RT). 
Recently, mutations in SMARCB1 were found in both a constitutional and 
somatic context in a single family with schwannomatosis.  Interestingly, the 
associated tumors were shown to have heterogeneous cell staining suggesting a 
mixed population of null and haploinsufficent cells. To determine if these 
findings are more generally applicable, we performed immunohistochemistry 
on a panel of 8 tumors derived from 6 patients in 4 familial schwannomatosis 
families and 12 tumors from 10 sporadic schwannomatosis patients.  
 
METHODS:  Immunohistochemistry was performed using the antibody BAF47 
(BD Biosciences) at a concentration 1:50. Antigen retrieval was achieved by 
microwaving or steaming in Borg Decloaker RTU (BD Biosciences) for 48 
minutes. Control specimens included 3 AT/RT tumors (negative for SMARCB1), 
one medulloblastoma and one normal cortex (positive for SMARCB1INI-1)).  
 
RESULTS:  As expected, the cortex and medulloblastoma showed strong 
positive staining of all cells. The AT/RT showed negative tumor cells with 
positive endothelial staining and scattered positive cells (probably 
macrophages or lymphocytes). Staining of the familial schwannomatosis cases 
showed a mixture of positive and negative cells. In some tumors there was 
clear segregation positive and negative areas while in others the negative and 
positive cells were intimately intermixed. The ratio of positive/negative nuclei 
also varied from tumor to tumor ranging from less then 25% positivity to over 
50%.  Staining of sporadic tumors was more variable: 5 of the tumors were 
uniformly positive, 3 were mostly positive with a minor component of negative 
cells and the remaining 2 were with a significant component of negative cells. 
2 of the 5 uniformly positive cases occurred in patients in which another tumor 
contained negative cells suggesting heterogeneity within tumors (sampling bias) 
or within patients. 
 
CONCLUSIONS: These immunopathological results support the role of the 
SMARCB1 tumor suppressor in the genesis of both familial and sporadic 
schwannomatosis tumors and suggest that, similar to the NF1 tumor suppressor 
in plexiform tumors, two populations of cells exist within the tumor mass.  
Further work is underway to expand these results to a larger panel of 
schwannomatosis tumors, examine SMARCB1 in sporadic tumors from 



genetically normal individuals, and correlate these results with molecular 
findings. 
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Long Bone Dysplasia in NF1 
 
 
Neurofibromatosis type 1 (NF1) is diagnosed clinically based on the presence of 
2 of 7 criteria as previously developed by a panel of experts in 1987 (2).  The 
sixth criterion focuses on skeletal findings and is stated as follows: “A 
distinctive osseous lesion such as sphenoid dysplasia or thinning of long bone 
cortex, with or without pseudarthrosis.”  The most characteristic skeletal 
abnormality observed in young children with NF1 is long bone dysplasia.  The 
wording for this criterion is misleading and may be confusing.  In particular, 
“thinning of long bone cortex” is not the usual radiographic presentation of 
long bone dysplasia in NF1, and no mention of long bone bowing, which is much 
more typical, is included.  The distinctive clinical features of long bone 
dysplasia in NF1 are anterolateral bowing of the tibia with or without 
ipsilateral involvement of the fibula or, more rarely, of the ulna and/or 
radius(3).  A better description of what constitutes a distinctive osseous lesion 
in NF1 is needed to use this sixth criterion more effectively. 
 
We reviewed all radiographs of the lower leg of patients with the following 
diagnostic codes: (pseudarthrosis of bone, pseudarthrosis of tibia, 
neurofibromatosis generalized, neurofibromatosis of tibia, and non-union of 
fracture) at the Shriners Hospital for Children Intermountain over 52 years 
between 1950 and 2002.  Radiographs with instrumentation or fracture of the 
tibia were excluded in order to assess the initial radiographic findings of tibial 
dysplasia.  A total of 26 cases fitting the above criteria were identified.  
Anterolateral bowing was observed in 25/26 (one individual had posterolateral 
bowing).  Cortical thickening near the apex of the bowing was observed in 
27/27 individuals.  The fibula was dysplastic in 21/26 individuals. 
 
The most characteristic radiographic findings in a dysplastic tibia prior to 
fracture are anterolateral bowing with medullary canal narrowing and cortical 
thickening that is greatest at the maximum point of bowing, usually located 
near the distal third of the tibia. We propose to eliminate the example of 
“thinning of the cortex, with or without pseudarthrosis” used in the diagnostic 
criterion.  We suggest that anterolateral bowing of the distal third of the leg, 
with or without fracture or pseudarthrosis, is a more appropriate description of 
the primary finding a clinician will use to fulfill the sixth diagnostic criterion 
for NF1.  Clarification of this diagnostic criterion is important for the clinician 
and for research protocols utilizing these criteria for inclusion in therapeutic 
trials.  Appropriate interpretation of these distinctive osseous lesions will 
improve understanding of the natural history and pathophysiology of NF1.   
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Is pulmonary arterial hypertension in NF1 secondary to a 
plexogenic arteriopathy? 
 
 
Background. Neurofibromatosis type 1 (NF1) is a common monogenic disorder 
of dysregulated tissue growth secondary to mutations in NF1, a tumor 
suppressor gene that regulates RAS. Pulmonary arterial hypertension (PAH) in 
NF1 is recently recognized and is hypothesized to be secondary to an 
underlying vasculopathy. Patients with NF1 and PAH are typically diagnosed 
with “primary pulmonary hypertension,” now termed “idiopathic pulmonary 
arterial hypertension” (IPAH). Vasculopathies are uncommon but well-
recognized complications of NF1 and classically affect the renal and cerebral 
vascular beds.  
 
Methods. We describe four new patients with NF1 and IPAH and review and 
update four previously-published patients. We performed genetic testing of 
BMPR2, the gene mutated in 70% of patients with familial PAH and 
approximately 25% of patients with IPAH. We report, for the first time, the 
pathologic findings in the autopsy-obtained lung of one patient with NF1 and 
PAH. 
 
Results. No secondary cause of pulmonary hypertension was identified in any of 
the eight patients reported or updated here. In all patients, systolic pulmonary 
artery pressure as measured by catheterization or estimated by 
echocardiography was severe (60 mm Hg or greater). Long-term prognosis was 
poor. In four patients we observed the mosaic pattern of lung attenuation on 
computed tomography of the chest, a radiographic finding that can be 
consistent with an underlying vasculopathy. No mutations or rearrangements in 
BMPR2 were found. We observed complex plexiform lesions in the pulmonary 
vasculature of the one available autopsy specimen. They are a hallmark of 
plexogenic pulmonary arteriopathy and are associated with several severe 
types of PAH. (Plexiform lesions should not be confused with plexiform 
neurofibromas, distinctive tumors seen in NF1.) 
 
Conclusions. We provide radiographic and pathologic evidence of an underlying 
pulmonary vasculopathy in neurofibromatosis type 1 and infer causality with 
the observed IPAH. The lack of either secondary causes or BMPR2 mutations or 
rearrangements suggests that the pathogenesis of IPAH in NF1 lies elsewhere. 
Neurofibromin, the protein product of NF1, and an important regulator of RAS, 
is expressed in the endothelial cells and vascular smooth muscle cells of many 
species, including humans. Current work investigates our hypothesis that loss of 
heterozygosity of NF1 in endothelial cells, subsequent dysregulation of the RAS 



pathway and misguided angiogenesis results in a plexogenic pulmonary 
arteriopathy. Our findings suggest that NF1 be considered as “associated with 
pulmonary arterial hypertension (APAH)” as outlined in the 2003 Revised 
Clinical Classification of Pulmonary Hypertension. The pulmonary vasculature 
should now be included among the arterial beds affected by NF1 vasculopathy. 
In recognition of NF1 as a distinct cause of PAH, we propose it be termed NF1-
associated pulmonary arterial hypertension (NF1-PAH). 
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Clinical course of brainstem lesions in children with NF1 
 
 
The presence of multiple, non-enhancing areas of hyperintensity without mass 
effect are well recognized on magnetic resonance imaging in patients with 
Neurofibromatosis type 1.  Focal regions of brainstem enlargement associated 
with signal change with or without contrast enhancement are considerably less 
frequent. The neuroimaging characteristics and natural history of these 
expansile brainstem lesions are poorly understood; it remains unclear if these 
lesions represent a variation of the commonly described “NF spots” or whether 
they define a distinct clinical entity.   
 
We describe the natural history of brainstem lesions in 23 children with NF1, 
prompted by changes in neurologic status or examination.  At our institution, 
screening neuroimaging studies are not performed on asymptomatic patients.  
Clinical data, indication for imaging, prior therapies and serial neuroimaging 
studies were reviewed. 
 
A total of 125 patients underwent neuroimaging studies, of whom 23 (18.4%) 
had brainstem lesions and MRIs available for review.  13/23 patients had 
concurrent optic pathway tumors.  3/23 patients had low grade gliomas at 
other sites.  Although 7 patients received additional treatment, only 3/7 
received treatment specifically for the brainstem abnormality.  With a median 
follow up time of 68.8 months for untreated patients and 93.4 months for 
patients who received therapy, only one previously untreated patient has 
experienced radiographic and clinical progression.  All 23 patients are alive and 
well.   
 
We conclude that brainstem lesions in NF1  are relatively frequent (nearly 20% 
in our cohort of patients) and behave in a biologically indolent nature; most do 
not require therapeutic intervention, unless there are evolving neurologic 
symptoms. 
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Detection of copy number changes at the NF1 locus 
 
 
Neurofibromatosis type 1 (NF1) is a common autosomal dominant disease 
caused by various types of mutations in the NF1 gene. We have previously 
developed a locus specific DNA microarray for detection of copy number 
changes at the NF1 locus by comparative genomic hybridisation (CGH) analysis. 
The original array contains 183 probes pooled from 444 PCR products. In the 
current work, we have used 493 probes derived from single PCR products (200-
998 bp in size) to construct a higher resolution array with a smaller average 
probe size for molecular diagnosis of NF1. This has improved the average 
resolution from 12.6 kb in the previous array to 4.5 kb in the current version. 
The performance of the newly constructed microarray was validated with 14 
well-characterised NF1 mutations for CGH analysis. These mutations represent 
deletions from ~7 kb to over 2 Mb in size. Using this array coupled with the 
software BlueFuse, we examined a total of 55 NF1 patients for copy number 
changes at the NF1 locus, detecting deletions in 4 of them.  
 
These results demonstrate that a locus specific microarray constructed from 
single PCR products can efficiently detect copy number changes at the NF1 
locus, providing a simple method for the molecular diagnosis of NF1.  
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Congenital disseminated NF1 
 
Congenital disseminated NF1 is rare with just two cases previously reported. 
We present a deceased baby with congenital disseminated NF1 in whom we 
performed molecular analysis. This female infant was the first child of healthy 
unrelated parents. During the pregnancy, polyhydramnios and a cystic hygroma 
were diagnosed. She was born at 32 weeks gestation in poor condition with 
APGAR scores of 0, 1, 3 and 5. Despite intervention she died at 42 hours of age. 
Post mortem examination showed widespread oedema with disemminated 
plexiform neurofibromata in almost every tissue, expanding into the nerves in 
numerous tissues. It was not possible on histology to comment if there was 
more than one tumour. A diagnosis of NF1 was made. 
 
A germline mutation (R461X) in exon 10a of the NF1 gene was found. A 2bp 
deletion (3508delCA) in codon 1170 of exon 21 was identified in DNA derived 
from some tumour tissue but not all. Loss of heterozygosity in NF1 and TP53 
was observed in other tumour samples. No microsatellite instability was 
observed in the tumour samples.  
 
This is the first report of molecular analysis of the NF1 gene in a patient with 
disseminated congenital neurofibromatosis. This case had developed a de novo 
germline mutation and three additional somatic “second hits” in the NF1 and 
TP53 genes. The molecular basis of this early and high incidence of mutations is 
not known.  
 
It is probable that the ‘second hits’ in this patient occurred at a very early 
stage during embryogenesis, such that plexiform neurofibromas developed in 
virtually every organ. Further studies will be required to address the underlying 
molecular basis of apparent high and early mutation rates observed in patients 
with disseminated neurofibromatosis.   
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Jianqiang Wu*         P70 
Cincinnati Children’s Hospital 
 
NF1 loss in a developing glial cell initiates neurofibroma 
formation 
 
 
Neurofibromatosis type 1 (NF1) is an autosomal dominant inherited disease 
which predisposes formation of neurofibromas, Schwann cell tumors of neural 
crest origin. Using gene inactivation, we show in vitro that inactivation of Nf1 
at embryonic day 12.5 (E12.5), but not at neural crest or Schwann cell stages 
elicits a population of cells to propagate. Inactivation of Nf1 in vivo early in the 
Schwann cell linage recapitulates all peripheral nerve manifestation of human 
NF1 patients, including plexiform neurofibromas, cutaneous neurofibromas, 
and pigmentation. Tumors contain proliferating Schwann cells that show 
biallelic inactivation at Nf1 while endothelial cells, mast cells, and fibroblasts 
all maintain wild type status. Our results suggest that timing is critical for 
neurofibroma formation. This novel mouse model offers new insights into 
neurofibroma origin and will provide an effective tool for drug therapeutic 
trials.  Supported by 1R01NS28840 (to NR). 
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Survey: How can we Develop an Effective Preclinical Drug Screening Consortium? 
 
The Children’s Tumor Foundation is planning an expansion of the preclinical screening efforts we began in 2006 
with the Drug Discovery Initiative. Looking ahead, the Foundation is planning to establish a Preclinical Screening 
Consortium. It is envisioned this will be comprised of five Centers working collaboratively to identify potentially 
effective NF therapeutics through preclinical screening of candidate drugs in NF mouse models.  Interested 
participant Centers may apply individually; the Consortium will then be assembled by a Foundation-appointed 
Review Committee. During a six-month planning period for which seed-funds will be provided, the assembled 
Consortium must develop a full Consortium Grant Application for Foundation review. Following approval, it is 
anticipated that the Foundation will commit approximately $4M to this effort, with a goal that this funding will 
accelerate the identification of candidate NF therapeutics for future clinical trials.    
 
Session VI of the 2007 NF Conference will include a discussion on how the Foundation can establish this 
Consortium to be as effective as possible. Following this Session, we invite you to complete the attached survey. 
Your feedback is important as we plan this major new Foundation initiative. 
 

1. It is proposed to establish the new Consortium using a similar program model to the CDMRP NFRP 
Clinical Trials Consortium (i.e. Centers apply individually for inclusion in the Consortium; the 
Consortium is assembled by a Foundation-appointed Review Committee; and each site receives seed-
funding to initiate collaborative interactions and to prepare a full Consortium Grant Application). 
Comments? 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
2. Should the Consortium include xenograft and genetically engineered mouse models? 

 
 

Yes ____ No ____ 
 

How can the two be used most effectively in conjunction?   

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
3. It is proposed that the initial Consortium will focus only on tumors, and will include NF1 and NF2 

tumor models. Comments? 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
4. Name up to FIVE tumor types you think should be included in the initial Consortium. Your 

recommendation should be based on availability of validated mouse models;  
 
 
 
 
 
 
 
 
 

 
Please print clearly and neatly 



Please print clearly and neatly 

 
 
 
 
 
 
 
 
 
 
 

 
5. Current knowledge of drug targets; and significance of this tumor type to NF patient mortality or 

quality of life. 
 

 
a. _________________________________________________________________ 
 
b. _________________________________________________________________ 
 
c. _________________________________________________________________ 
 
d. _________________________________________________________________ 

 
e. _________________________________________________________________ 

 
6. It is anticipated that the Consortium will function in adjunct to the continuing DDI Awards program 

(seed funding grants for preclinical drug screening) and DDI Toolbox (online resource listing of drug 
screening tools). Do you have any suggestions on how we can maximize this interaction? 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

_______________________________________________________________________________ 
 

7. Can you recommend individuals from outside the NF community (e.g. cancer researchers) who might 
be candidates for the Consortium Oversight Committee? 

 
a. ____________________________________________________________________ 
 
b. ____________________________________________________________________ 
 
c. ____________________________________________________________________ 

 
 

8. Is it likely you may apply to participate in the NF preclinical consortium? 
Yes____ No____ 

 
 
 

If yes, what is your area of specialty? 
NF1____ NF2____ Tumor type_____________________________________________________ 

 
9. Do you have any other comments or suggestions? 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
10. Your name (optional) ______________________________________________________________ 

 
 
 
 

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 



              

        NF Conference Survey 2007  
 

 
 
 

1. Your name (optional) ____________________________________________________ 
 
2. Are you a…  
 
 
 

MD Ph.D. Pre-Doc Post-Doc Clinician Researcher Other ____________ 
 
3.  How Many NF Conferences have you attended?  
 

This is the first one    2-5    More than 5 
 
4. Meeting theme:  
 
 
 

This year’s meeting master theme is ‘‘Models, Mechanisms and Therapeutic 
Targets’’. Is a master theme a good idea when organizing the meeting?  
 
 

No……………………………...……………....Don’t Care………..……………………………………………....Yes 
1    2               3              4                      5 
 
 

What master 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 & 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 & 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: 
 
 
 

Do you like the existing layout of this meeting (morning & evening sessions, some 
‘free’ time in between sessions)?  
 
No……………………………...…..…………Don’t Care………..………………………………………………..Yes 
1    2               3               4                   5 
 
 
Please comment: 



Please print clearly and neatly 2

 
____________________________________________________________________ 
 
____________________________________________________________________ 
 
____________________________________________________________________ 
 
9. Meeting Location: 
 
 

How convenient was Park City, UT for you to access to?  
 
 
 
 

Not……………………………...….……..ok………..………………………………………………………………..Very 
1    2               3           4                   5 
 
Do you think Park City, UT is an ideal location for the 2008 NF Conference? 
 
 
 

No……………………………...…....Don’t Care………..………………………………………………………..Yes 
1    2               3           4                   5 
 
Do you have any suggestions as to where in the US this meeting could be held (e.g. 
resorts/meeting facilities) to accommodate around 150-200 attendees? 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
10. Please add any other comments you might have about the meeting and how we 
might make it even better! 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
 
 
________________________________________________________________________ 
 
 
 
 
 

 
 

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. 



 
 

 

Notes 
 
 



 
 

 

Notes 



 
 

 

Notes 



 
 

 

Notes 
 



THANK YOU to our 2007 NF  
CONFERENCE SPONSORS 

 
 

                                                                         
 
 
 

                     
 
 
 
 
 
 
 

 

 
 

 
 

 
 

The Gilbert Family 
 

In Memory of Marcy Horvitz by the 
Richard Horvitz Family Foundation 

 
Stuart and Vicki Match Suna 

 
The Walker Family: Lottie, Nate and Linda 

 
 
 
 
 
 
 
 

Special THANKS the Conference Organizers: 
Karen Cichowski, Harvard Medical School/Brigham & Women’s Hospital 

Eric Legius, University of Leuven, Belgium 


	Sessions-Web.pdf
	Sessions-Web

	Confirmed_Speakers_Web.pdf
	Confirme Speakers-Web

	Satellite_Meetings_Web.pdf
	Satellite Meetings-Web

	002-PART 2 - Children's Tumor Foundation Overview.pdf
	About The Children’s Tumor Foundation 

	003-PART3 - Research Programs and Grants.pdf
	Children’s Tumor Foundation Research Programs and Grants 
	 
	YOUNG INVESTIGATOR AWARD  
	 
	 
	THE DRUG DISCOVERY INITIATIVE  
	 
	THE NF CLINIC NETWORK 



	005-PART 5-CTF Staff at the 2007 NF Conference.pdf
	 
	Management             
	Research             
	Development            

	006-PART 6- Schedule At-A-Glance.pdf
	Sheet1

	007-PART 7-Satellite Meetings.pdf
	Friday - June 8th 
	 
	 
	8:00AM – 5:00 PM 
	Optic Pathway Glioma Satellite – INVITE ONLY 
	 
	12:00PM – 7:00PM 
	Learning Disabilities Satellite – INVITE ONLY 
	 
	Sunday - June 10th 
	 
	9:45AM – 5:00PM 
	Clinical Care Satellite:  Hot Topics - OPEN TO ALL 
	Monday - June 11th 
	1:00PM – 2:30PM 
	NF2 Clinical Trials Roundtable – INVITE ONLY 
	 

	Tuesday - June 12th  
	 
	12:30PM – 1:00PM 
	Federal Funding: Q&A Satellite –  
	 
	 
	7:00AM – 3:00PM 
	Schwannomatosis Satellite – INVITE ONLY 



	008-PART 8 - Clinical Care Satellite Agenda.pdf
	  
	 
	Clinical Care Satellite:        
	NF Clinical Updates & Hot Topics 2007  
	 
	 
	Chairs:  
	David Viskochil, MD, Ph.D (Univ. Utah & Chair, CTF Clinical Care Advisory Board)  
	Susan M. Huson, MD (Univ. Manchester)  
	                  
	 
	WELCOME & CTF CLINICAL UPDATES  
	University of Utah 
	 
	 
	REPORTS FROM CTF CLINICAL SATELLITE MEETINGS HELD 6/8/07    
	NF CLINICAL TRIALS UPDATES 

	                      Safety data from Phase 1 study      Children’s National Medical Center 
	National Cancer Institute 
	 
	 
	12.30–1.30pm   LUNCH 

	 
	HOT TOPICS I: DIAGNOSTIC CRITERIA 
	1:40pm:  Diagnostic Criteria: Discussion Period 

	 
	HOT TOPICS II: NF2 UPDATES 


	University of Manchester 
	 
	HOT TOPICS III: NEUROFIBROMA UPDATES 


	Hopital Necker, Paris, France 
	University of Alabama at Birmingham 
	University of British Columbia 
	CLOSING SESSION 







	009- PART 9- NF Conference Agenda-2007.pdf
	Oncogene-induced senescence: in-vitro tool or in-vivo reality? 
	Karen Cichowski, Harvard Medical School/Brigham & Women’s Hospital 
	 
	9:30-9:55AM 
	Toshiaki Harashima, National Institute for Basic Science, Japan            
	Joseph Kissil, Wistar Institute 
	Sean Morrison, University of Michigan Center for Stem Cell Biology and Life Sciences Institute 
	Luis Parada, University of Texas, Southwestern 
	Vijaya Ramesh, Harvard Medical School/Massachusetts General Hospital 
	Eric Legius, University of Leuven 
	Fran Cone, Patient Advocate 
	Theo Hulsebos, University of Amsterdam 
	CGH Comprehensive DNA copy number profiling of MPNSTs 
	Kiran Mantripragada, Cardiff University, Wales, UK 
	Larry Sherman, Oregon National Primate Research Center 
	DISCUSSION  
	Caroline Gregorian, University of California, Los Angeles  
	Jonathan Epstein, University of Pennsylvania 
	Gareth Evans, University of Manchester  
	Zoe Gerchick, Patient Advocate 
	Feng-Chun Yang, Indiana University         
	Elena Akhmametyeva, The Ohio State University 
	 
	 
	 
	 
	12:30-1:00PM 





	010- PART 10 - Chair-Speaker-Poster NOTES.pdf
	NOTE TO SESSION CHAIRS  
	 Please be by the podium 30 minutes before start of session you are chairing to ensure speakers have arrived, go through audiovisual setup, etc. 
	 Convene your session PROMPTLY per the schedule! 
	 Introduce speakers by name & affiliation; and whether they are invited speakers or selected abstract speakers.  
	 Introduce the keynote speaker in more detail, by current affiliation, career, etc. (their biosketchs can be located in the Program & Abstracts Book). 
	 Chairs of evening sessions, the patient advocate need only be introduced briefly by name, as they will tell their own ‘story’. 
	NOTE TO SPEAKERS 
	 
	NOTE TO POSTER PRESENTERS 

	011- PART 11 - Sessions I-VI.pdf
	Session I 
	Intracellular Signaling  
	 
	Chair: Karen Cichowski  
	 
	Speakers 
	Leibniz Institute for Age Research, Germany 
	 Session II 
	Cellular Mechanisms of Tumorigenesis and Tumor Suppression  
	Chair: Andrea McClatchey  
	 
	 
	Speakers 
	 
	Oncogene-induced senescence: in-vitro tool or in-vivo reality? 
	Regulated inactivation of the NF1 tumor suppressor in gliomagenesis  
	Stabilization of the RasGAP by kelch proteins 
	Merlin – novel functions at the cell membrane? 

	 Session III 
	Stem Cells 
	Chair: Jonathan Epstein 
	 
	 
	Speakers 
	University of Michigan 
	Center for Stem Cell Biology and Life Sciences Institute 
	University of Texas, Southwestern 
	Cincinnati Children’s Hospital Medical Center 
	Harvard Medical School/Massachusetts General Hospital 

	Session IV 
	Genetics and Genetic Strategies 
	Chair: Eric Legius 
	 
	 
	Speakers 
	Andre Bernards        T19 

	 
	 
	INI1 is a candidate gene for familial schwannomatosis 
	Non-cell-autonomous regulation of organismal growth by NF1 
	Cardiff University, Wales, UK 
	Oregon National Primate Research Center 
	National Cancer Institute, National Institutes of Health  



	 
	Session V 
	Disease Pathogenesis, Animal Models and Development 
	Co-Chairs: Luis Parada and Andre Bernards 
	 
	 
	Speakers 
	Jeong-Soo Lee        T26 
	NF1 and the cardiovascular system 
	Dana-Farber Cancer Institute 
	University of Manchester, England 
	Indiana University School of Medicine 
	New York Medical College 
	NF2/Merlin Mutant Flies Are Deaf 




	 Session VI 
	Therapeutic Targets, Models and Preclinical Studies 
	Chair: Wade Clapp 
	 
	 
	Speakers 
	Marco Giovannini       T37 
	Cincinnati Children’s Hospital Medical Center 
	Inserm, Paris 





	012- PART 12 - Participant List.pdf
	Participants

	013- PART 13 - FullAbstractList.pdf
	Maria T. Acosta*         P1 
	Children’s National Medical Center, Washington, DC 
	  
	Sükriye Ayter*         P2 
	Hacettepe University, Turkey 
	Cognitive Functions in NF1 Patients and Unaffected Siblings 

	Sükriye Ayter*         P3 
	Hacettepe University, Turkey 

	Dusica Babovic-Vuksanovic*      P4 
	Mayo Clinic 
	Update on studies with pirfenidone in NF1 

	Chelsea Boyd*         P5 
	Harvard Medical School/Massachusetts General Hospital 

	Dr. Gardner’s legacy: characterization of an historic NF2 mutation 
	Monica Buchanan*(        P6 
	Baylor College of Medicine 

	Spatial rescue of NF1 memory deficit in Drosophila  
	Jessica B. Casaletto*(        P7 
	Harvard Medical School/Massachusetts General Hospital 

	Long-Sheng Chang*        P8 
	The Ohio State University 

	Chengkai Dai*(          P9 
	Whitehead Institute 
	HSF1 is a powerful modifier of carcinogenesis 
	Harvard Medical School/Massachusetts General Hospital 

	Merlin regulates EGFR membrane distribution and signaling 

	Emmanuelle Di Tomaso*               P11 
	Harvard Medical School/Massachusetts General Hospital 
	Angiogenic profile in sporadic and NF2-related schwannomas 
	National Cancer Institute, National Institutes of Health 



	Rosalie F. Ferner*        P13 
	Guy's and St. Thomas' Hospitals, London 

	D. Freedenberg*          P14 
	Vanderbilt University School of Medicine 

	Karen Frey*         P15 
	Kaiser Permanente Northern California Regional Neurofibromatosis Clinic 
	Kaiser NF Clinic: A Case Management Model 

	Novel Insights into Merlin's Tumor Suppressor Function 
	Angela Hadjipanayis*(       P17 
	University of Florida College of Medicine 

	C. Oliver Hanemann*        P18 
	Peninsula Medical School, Universities of Exeter and Plymouth, England 
	Haploinsufficiency in NF2 polyneuropathy 

	 Gordon Harris*             P19 
	Harvard Medical School/Massachusetts General Hospital 

	 Jessica Hawes*         P20 
	National Cancer Institute, National Institutes of Health 

	Andrew R. Hoffman*        P21 
	VA Palo Alto and Stanford University 
	NF1 Interchromosomal Interactions in Normal and NF1 Mutant Cell Lines 

	Pablo E. Hollstein*         P22 
	Harvard Medical School /Brigham and Women’s Hospital  

	Trent Hummel*         P23 
	Ohio State University Medical Center 

	Loss of PRKAR1A affects NF gene product functions 
	Institute of Biomedicine of Turku, Finland 

	Reading of the genome by human Schwann cells 
	National Cancer Institute, Pediatric Oncology Branch 
	University Hospital Eppendorf, Hamburg, Germany  
	Signal Therapy of NF by PAK1 Blockers 
	Fine-tile CGH of the Schwannomatosis candidate region 
	Multiple roles for neurofibromin 1 in skeletal development 
	Impact of NF1 on school performance 
	Fondation Jean Dausset, France 
	University of Helsinki, Finland 

	Regulation of merlin activity by Protein Kinase A 
	Rice University 
	Cancer Research Institute – IDIBELL, Spain 

	Modulation of NF1 mRNA splicing by drug treatment 
	The University of Texas Southwestern Medical Center 

	Cell Origin of Dermal Neurofibromas 
	The Ohio State University 
	Shenzhen People's Hospital, China 
	University College London 
	Cincinnati Children’s Hospital 
	M.D. Anderson Cancer Center, University of Texas 
	University of Cincinnati College of Medicine 
	MD Barrow Neurological Institute 
	Department of Neurology, Massachusetts General Hospital 
	Russian Academy of Sciences, Novosibirsk, Russia 

	The role of merlin in drosophila spermatogenesis 
	The Ohio State University 

	An unusually large, recurrent vestibular schwannom 
	National Human Genome Research Institute, National Institutes of Health 
	Harvard Medical School/Massachusetts General Hospital 

	Whole body MRI evaluation in familial Schwannomatosis 
	Massachusetts General Hospital 

	Oncolytic HSV vectors expressing therapeutic trans 
	Federal University of Minas Gerais, Brazil 
	The Neurofibromatosis Institute, La Crescenta, CA 


	Therese M. Roth*        P55 
	University of Michigan Medical School 
	An mES cell model of Schwann cell differentiation 

	 Okay Saydam*            P56 
	Massachusetts General Hospital 
	Targeting microRNA regulation of meningioma growth 
	Indiana University School of Medicine 
	University of California, San Francisco 
	Hospital Duran i Reynals, Barcelona, Spain 
	National Human Genome Research Institute, National Institutes of Health 
	Department of Genetics, University of Alabama at Birmingham 

	Long Bone Dysplasia in NF1 
	National Human Genome Research Institute, National Institutes of Health 
	Harvard Medical School/Children’s Hospital Boston 

	Clinical course of brainstem lesions in children with NF1 
	Cardiff University, Wales 
	Cardiff University, Wales 
	Congenital disseminated NF1 
	Cincinnati Children’s Hospital 






	014- PART 14- Index.pdf
	T=Platform Talk 
	P=Poster Presentation 
	Ayter, S………………………………………………………………………………………P2, P3 
	Ferner, R……………………………………………………………………………..…………P13 
	Hadjipanayis, A………………………………………………………………………..……P17 
	Hughes, Sarah…………………………………………………………………………………T3 

	Johansson, Gunnar……………………………………………………………………….T56 
	Jones, G…………………………………………………………………………………….……P24 
	Kluwe, L……………………………………………………………………………….. P27, P28 
	Laulajainen, M……………………………………………………………………………….P32 
	McClatchey, Andrea………………………………………………………………….……T2 
	Peeper, Daniel………………………………………………………………………………..T7 
	Rabkin, S…………………………………………………………………………………………P51 
	Saydam, O………………………………………………………………………………………P56 
	Scholl, I………………………………………………………………………………….………P58 
	Shen, Y……………………………………………………………………………………………P61 
	Wu, J………………………………………………………………………………………………P70 
	Yang, Feng-Chun……………………………………………………………………………T29 



	015- PART 15- NF Quick Reference.pdf
	T2, T10, T3, T4, T14, T31, T37, T39, P5, P7, P8, P10, P11, P16, P18, P28, P31, P32, P36, P47, P48, P56 
	T24, P15, P19, P24, P50 
	T17, T18, P64, P50 
	T1, T7, T15, P33 

	017- PART 17- NF Conference Survey 2007.pdf
	Min Wong  
	Min Wong 


	018-Part 18-Notes.pdf
	 
	Notes 
	 
	Notes 
	 
	Notes 
	 
	Notes 

	019-PART 19-Back-Sponsors Page.pdf
	 
	The Gilbert Family 
	 
	Stuart and Vicki Match Suna 




