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Gabriella Miller Kids First Research Act
 

 Signed into law on April 3, 2014 
 Ended taxpayer contribution to presidential 

nominating conventions 
 Transferred remaining $126 million into the 

Pediatric Research Initiative Fund 
 Authorized appropriation of $12.6 million per year 

for 10 years to the NIH Common Fund for pediatric 
research; first appropriation was for FY2015 



  

 

 

NIH Common Fund
 

 Run by the Office of 
Strategic Coordination, 
Office of the NIH 
Director 
 Trans-NIH programs 

involving multiple 
NIH Institutes 



  

  
     

 

  
  

 
 

    

Gabriella Miller Kids First Planning
 

 January 2015 – A Trans-NIH Working Group 
consisting of Dr. Collins, other IC Directors, and NIH 
staff considered the challenges and opportunities for 
transformative pediatric research 
 Ideas coalesced around the need for a pediatric data 

resource consisting of well-curated clinical and 
genetic sequence data 
 Focus on pediatric cancers and structural birth 

defects 
 Leadership by NICHD, NHLBI, NHGRI and NCI 



 

     
     

   
    

  

   

Kids First Common Fund Working Group
 

 Trans-NIH Structural Birth Defects Working Group: 
NICHD, NHLBI, NHGRI, NIAAA, NIAMS, NIDCR, 
NIDDK, NIDA, NIEHS, NINDS, OD/ORIP, CDC 
 NCI’s Pediatric Oncology Preclinical & Clinical 

Programs, NEI, NIAID 
 Bioinformatics Specialists 

 Extramural research community stakeholders 
 Advocacy Communities 



      
  

     
 

   
 

  
    

 

  

Overall Goal
 

To develop a data resource for the pediatric research 
community of well-curated phenotype and sequence 
data that will help determine the biological basis of 
childhood cancers and structural birth defects 

Cohort identification and enrichment 
Data Resource development integrating 

genomic and other data with community portal 
Pilot projects using the data resource to mine, 

aggregate, link, and analyze data 

Limited funds mandate focused effort
 



   
  

  

 
   

 
    

Progress to Date
 

 PAR-15-259  Discovery of the Genetic Basis of 
Structural Birth Defects and of Childhood Cancers: 
Gabriella Miller Kids First Pediatric Research 
Program (X01)  7 cohorts in the pipeline 
 PAR-16-150  X01 applications due June 17, 2016 
 RFA-RM-16-001  Kids First Sequencing Center 

applications to be reviewed June 2016 
 Data Resource Center RFA  coming soon 



  
      

  

 

GETTING STRUCTURAL:
 
BIRTH DEFECTS AND THE KIDS 


FIRST DATA RESOURCE
 

Bruce D. Gelb, M.D.
 
Mindich Child Health and Development Institute
 

Departments of Pediatrics and Genetics & Genomic Sciences
 



DISCLOSURES
 

• None for this presentation
 



   

 

How Might Investigators Use the
 

Kids First Data Resource?
 



  

Pediatric Cardiac Genomics Consortium
 

Boston Children’s/Brigham and Women’s -CHOP-Columbia-Mount Sinai-Yale 



    
 

WES STUDY #2, Science 2015
 
Gene with Multiple Mutations
 



    WES STUDY #2, Science 2015
 
CHD +/- Extracardiac
 



    WES STUDY #2, Science 2015
 
Findings
 



D
 

De Rubeis et al., November 2014
 



 CHD GENETICS
 
Architecture  Understood
 



 
  

 

CHD GENETICS
 
What’s Missing?
 

• Exomic Mutations 
– Saturation 

– Other Modes (Recessive, Somatic) 

• Non-Exomic 
– Isolated CHD = Cardiac Enhancer/Promoter 

Mutations? 

• Epigenetics 



   
 

DECIPHERING DEVELOPMENTAL 

DISORDERS STUDY
 

• United Kingdom 

• Recruitment 
– April 2011 – April 2015
 

– 14,000 Patients with DDs 

• Genomics 
– Arrays 

– Exome Sequencing 



 
Wright et al.
 
Lancet 2015
 



DDD STUDY 
Meta-Analysis 

The Deciphering Developmental Disorders Study, Nature 2015
 



      
   

 

   

 

Kids First Pediatric Research Program
 
Structural Birth Defects
 

• Congenital Diaphragmatic Hernias 

• Disorders/Differences of Sex Development 

• Orofacial Cleft Birth Defects 

• Structural Heart and Other Birth Defects 

• Syndromic Cranial Dysinnervation Disorders
 



  
    

 
 

 

 

WHOLE GENOME SEQUENCING
 
What To Expect
 

• De Novo Mutations 
– ~ 50-75 SNVs and Indels/Proband 
– Improved Exome Coverage; ~1.5 SNVs/Proband 

• Structural Variation 
– Far Wider Range in Sizes and Types 

• Enormous Numbers of Inherited Variation
 



   
    

  

 

KIDS FIRST DATA RESOURCE
 
Case  Uses for  Birth Defects WGS
 

• Genomics-Capable User 
– Primary Need: Access to VCF or BAM Files 
– Functionalities 

• Stable Large Pipe for Downloading 
• Phenotypic Data 

• Genomics-Naïve User 
– Primary Need: Look-Up Functionality 
– Functionalities 

• Gene- and Variant-Centric Look-Up 
• Phenotype-Centric Look-Up 



   KIDS FIRST DATA RESOURCE
 
Interface
 

• Graphical 
• Range of Variation 

– SNVs 
– Indels 
– Structural Variation 

• Phenotype Data 
– Primary Need: Look-Up Functionality 

• Functional Genomics 
– ChIP-Seq 
– Epigenome Roadmap 



   
  

  
   

  
  

Clinical, Genetic, and 
Epidemiologic Approaches to 

Understanding Cancer Etiology 
Payal P. Khincha, MD, MSHS 

Clinical Fellow, Clinical Genetics Branch 
Division of Cancer Epidemiology and Genetics 

April 26, 2016 



  A Multidisciplinary Approach
 

Clinical Studies 
• Phenotype 
• Family Studies 
• Psychosocial Studies 
• Prevention 
• Treatment 

Basic Science 
• Genetics 
• Molecular Biology 
• Biochemistry 

Epidemiology 
• Populations 
• Biomarkers 
• Environment 
• Genetics 

Rare Common 

27 



Early Family  
Studies Advancing understanding of cancer etiology 

Current  
Research 

Families with  multiple International consortium;  TP53 tumor  Li-Fraumeni  cancers  in children,  medical,  genetic, &  suppressor gene Syndrome young adults psychosocial studies 

Wilms’ Tumor,  Aniridia, Multicenter study  of  childhood cancer New  avenues  of  research in  
Congenital  WAGR  syndrome molecular and  cellular  
Malformations biology 

Precursor  Familial  Chronic  Family and  International CLL 
 monoclonal B-cell Lymphocytic  population  studies consortium, genomics
 lymphocystosis Leukemia 

Myotonic Dystrophy Leukemia  Is  DM  a c ancer  DM  patients have  
(Dystrophica developed in  susceptibility  2-fold i ncreased 
Myotonica,  DM) patient with DM disorder? risk 
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Clinical Genetics Branch 
“Saving lives & improving the quality of life for individuals predisposed to cancer” 

 Family Studies 

 Inherited Bone Marrow Failure Syndromes* 

 DICER1 Pleuropulmonary Blastoma Cancer Predisposition Syndrome* 

 Li-Fraumeni Syndrome* 

 Familial Testicular Cancer 

 Neurofibromatosis Type 1 

 Breast/Ovarian Cancer 

 Behavioral, Counseling, Psychological, and Social Implications of
 
Increased Cancer Risk
 

 Clinical Epidemiology Unit 

 HPV Epidemiology, Screening, and Prevention 

 Gynecologic Malignancies 

 Myotonic Dystrophy and Cancer Susceptibility 

 Telomere Molecular Epidemiology 

*Currently recruiting participants 
http://dceg.cancer.gov 

29 

http:http://dceg.cancer.gov


Family Studies- common schema
 

Participant  accrual 
• Participant  calls  the 

referral  nurse 
• Study  team  reviews 

Questionnaires 
• Family  History 
• Individual  History 

Field Cohort 
• Medical  record review 
• Genetic  counseling & 

testing 
• Biospecimens 

Clinic Cohort 
• Evaluation at  NIH  

Clinical  Center 
• Subspecialists 
• Biospecimens 

30 



https://www.marrowfailure.cancer.gov/ 
31 



 

NCI IBMFS Study 

 Disorders studied 
 Fanconi Anemia 

 Dyskeratosis  Congenita 

 Diamond-Blackfan Anemia 

 Shwachman-Diamond 
Syndrome 

 Congenital  Neutropenia 

 Thrombocytopenia Absent 
 
Radii  Syndrome
 

 Others 

 Evaluations 
 Questionnaires 

 Medical  Record Review 

 IBMFS Team 

 Genetic  Counseling 

 Subspecialists 

 Biospecimens 

Cancer susceptibility  
Dysmorphology 

https://www.marrowfailure.cancer.gov/
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NCI IBMFS Cohort, 2002-2015
 

 
 

 Screened 
Families 

Consente 
d 

Families* 

Affected 
Individuals 

Relatives Total 

FA 211+3 127+3 147+3 380+12 527+15 
DBA 122 87 106 301+45 407+63 
DC 120+34 103+29 152+38 329+77 481+115 
SDS 55+17 31+17 27+18 89 116 
AMEGA 5 1 1 1 2 
TAR 10 7 8 21 29 
OTHERS 144 53 57 120 177 
TOTAL 721 458 557 1375 1932 

*Consented less than screened: some not eligible, some still in progress. 
“+” means resembling the syndrome but unable to prove, called “XX-like”. 

https://www.marrowfailure.cancer.gov/ 33 
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https://ppb.cancer.gov/
 34 

http:https://ppb.cancer.gov


 

  

 
 

  
 

 
  

 

 
  

  
  

Pleuropulmonary Blastoma in DICER1 Syndrome
 

Type I PPB 
Cystic tumor 
5-year OS: 91% 
Median age: 8 mo 

Type II PPB 
Mixed cystic/solid 
tumor 
Mixed-pattern primitive 
sarcoma 
5-year OS: 71% 
Median age: 35 mo 

Type III PPB 
Solid tumor 
High-grade sarcoma 
5-year OS: 53% 
Median age: 41 mo 

https://ppb.cancer.gov/ Data: Messinger, Stewart et al., Cancer 2015 
Images: Priest et al., Pediatric Pulmonology 2009 
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DICER1 Syndrome
 

DICER1: an 

endoribonuclease critical to
 
the generation of small
 
noncoding regulatory
 
RNAs contains a “hotspot”
 
for mutations
 

Science (2009) 325; 965 

•	 Multi-nodular goiter  

•	 Sex-cord stromal tumors 

•	 Cystic  nephroma + Wilms 

•	 Embryonal rhabdomyosarcoma of 
cervix 

•	 Nasal  chondromesenchymal 
hamartoma 

•	 Ocular  medulloepithelioma 
Witkowski et al, British Journal of Cancer (2013) 109; 2744–2750 

https://ppb.cancer.gov/
 36 
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  NCI DICER1 Syndrome Cohort
 

  

 

 

Accrual Clinical 
Center Cohort Total Enrolled 

Families 37 82 

DICER1 mutation carriers 99 173 

DICER1-negative controls 69 220 

Not yet tested 0 67 

Total individuals 168 460 

https://ppb.cancer.gov/
 37 
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http://lfs.cancer.gov
 38 

http:http://lfs.cancer.gov


Li-Fraumeni Syndrome
 

 Autosomal dominant inheritance 

 Multiple different cancers 
 TP53 accounts for about 70% 
 Early onset cancers 
 Childhood cancer 

 By age 30 ~50% of women and ~30% 
of men 

 By age 60 nearly everyone 

 More than half develop multiple 
cancers 

Annals of Internal Medicine 1969;71(4): 747-752 

  

    
 

  

   

http://lfs.cancer.gov
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Li-Fraumeni Syndrome at NCI: Family Accrual
 

159 families enrolled 

 56 LFS

53 (94%)  TP53+ 

2 (4%)  TP53

1  (2%) VUS 

77 LFL
 

12 multiple 

primary cancers
 

 51 (66%)  TP53+

24 (31%)  TP53

2  (3%) VUS 

10 (83%)  
TP53+ 

2 (17%)  TP53

14 mutation carriers, not meeting FHx criteria
 
http://lfs.cancer.gov
 40 
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Li-Fraumeni Syndrome at NCI
 

 More precisely define the clinical 
spectrum 

 Identify potential risk modifying factors 

 Establish an effective cancer screening 
program 

 Identify other potential novel causative 
gene(s) 

 Evaluate the psychological and social 
functioning effects in affected families 

 Genetic counselling and testing of 
appropriate family members 

41 
http://lfs.cancer.gov 

http:http://lfs.cancer.gov


    Integrated Approach to Understanding Cancer 
Susceptibility 

Genomics Basic Science 

Clinical 
Medicine Epidemiology 

Birth defect Cancer 
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The Human Microbiome 

Data Coordination Center
 

Owen White
 
University of Maryland School of Medicine
 

Gabriella Miller Kids First Pediatric Research 

Program NIH Data Workshop 


April 2016.
 



hmpdacc.org 



• Citations of  original HMP
publications  :  470 
Total  number of DACC 
website  users:  157,  
(45% returning visits) 
Number of users in 
2014: 50,733 

• 
855 

• 

  Citations of all HMP  
Publications 

0 
2000 
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10000 



  

 

 
 

 

 

  

Initiatives and Organization of the HMP 

Technology 
Development 

Ethical, Legal and 
Social Issues 

Demonstration 
Projects Sequencing 

Centers 

Clinical Sites 

Data Analysis and 
Coordination Center Computational 

Tools 

Data 
Generation 

Data 
Analysis 

Sample 
Collection 

Dissemination 
& 

Publication 

WGS 16S Reference 
genomes 

Filtering/ 
trimming 

Chimera 
removal 

Organismal census 

Taxonomic 
classification 

Clustering 
into OTU’s 

16S rRNA genes 



 
   

 

 

 

 
Metabolic 
Reconstruction 

Filtering/ 
trimming 

Chimera 
removal 

Organismal census 

Taxonomic 
classification 

Clustering 
into OTU’s 

Organismal 
census 

Quality trimming 

Human filtering 

Shotgun metagenomic 
data: 16S rRNA genes 

Sampling 15/18 body 
sites 

DNA extraction 
High throughput 

sequencing 

QC 

DigiNorm 
k-mer 

reduction 

IDBA-UD 
Assemble 

Contig non-
redudification 

MetaPhlAn2 
Community 

Profile 

MetaGeneMar 
k 

Gene Calling 

Community 
Profiles 

Bowtie 
Reference 

Alignments 

Alignments 

Clustering non-
redundification 







Documented Protocols
 



  

 
 

 
   

Documented Protocols
 

Reference genomes - 14 
Annotation, gene naming, core gene evaluation, genome 
assembly metrics 

16S - 8 
Human sequence removal, community profiling, file 
generation 

WGS – 11 
Human screening, read processing, assembly, annotation, 
metabolic reconstruction 



Features: 
• Common sample provenance 
• Common data provenance 
• Common protocol design 
• Centralized infrastructure 
• Centralized analysis infrastructure 





  
 
 

 

Data uncertainty 

Origin, library prep, nucleic acid prep 
Biological sample still available? 
Subject/volunteer still available? 
Publication, downstream citations 
Quality in comparison to all others 
Patient phenotype 
Associated with disease? 



 
   

 

Protocol harmonization
 

Phenotyping 

Exome sequencing 

Functional genomics/`omics preparation 

Informatics: 
Variant types: (CNV, de novo mutations) 
Leveling across all known datasets 



Insert IHMC code stuff.
 



Insert IHMC code stuff.
 



Insert IHMC code stuff.
 



   

 

 

Things are likely to be worse here 

Many different submitters 
Much less motivation to be consistent 
It is imperative to compare to external datasets 
Sharing data is much larger in scope 
Loss in power 





   PhenX measures to identify opportunities 
for cross-study analysis. 



   PhenX measures to identify opportunities 
for cross-study analysis. 



   PhenX measures to identify opportunities 
for cross-study analysis. 



Clinical and Translational  Science Award Consortium  Coordinating Center. 



  Clinical and Translational Science Award Consortium Coordinating Center. 



  

   

 

 

Clinical and Translational Science Award Consortium Coordinating Center. 

Shared IRB review for multi-site studies 

• Common institutions submit review documents 
• Divide/share review process 
• Promoting consistency and compliance 
• Easing IRB approval through cooperation 



 

    

 

  

PI Registry 
Contact PIs, recuit 
Capture: 
•	 IRB forms with specific description of patient phenotypes

in your study 
• Biosamples or volunteers available to consortium 
ID: 
•	 Other volunteers relevant to your study 
•	 Samples relevant to your 
•	 Reference samples/resources 
•	 Methods 
•	 Potential role in protocol in harmonization 



  

 

 

 

 

Can the cloud solve our problems? 


Maybe, but not a panacea 

Not necessarily cheaper 

Not necessarily easier 

Absolutely will not improve standards 

Absolutely will not solve sharing 



Thank you 

IGS 
Michelle Giglio 
Jonathan Crabtree 
Heather Creasy 
Victor Felix 
Joshua Orvis 
Anup Mahurkar 

Harvard 
Curtis Huttenhower 

UCSD 
Rob Knight 

NIH – NHGRI
 
Common Fund
 

iHMP Centers
 



   
  

 

Data Sharing: The PCGC Experience
 

Gabriella Miller Kids First Data Resource Workshop
 

National Institutes of Health
 

April 26, 2016
 



Opportunity
 
Themes
 



Gladstone 

UCSF 

UCSD 

Cardiac Genetics 

Cardiac Development 

BCH 

Utah 

Yale 

Harvard 

Utah 

Mt Sinai 



 

 

 

24770 subjects 
9702 genomes 

140 TB of data 
676 elements 



 

 
 

 

 

Data Resource
 

Awareness creates opportunity 
PCGC Data Hub 
• Query, reporting, discovery 
• Genotype-phenotype correlations 
• Virtual cohorts 

Principles 
• Access immediacy 
• Interoperability, reproducibility, provenance
 
• Secure environment 
• Distribution node (dbGaP) 





  Pennington et al, JAMIA, 2014
 







 
 

 
  

Query: 
Subjects with heterotaxy 
No evidence of structural heart disease in either parent 
Pathogenic variants in genes KCNA1, CFC1, FOXH1, GDF1 



  

 

  

Bench to Bassinet
 

PCGC Data Hub successes:
 
• Data management 
• Access immediacy 
• Traditional dissemination (inc GMKF) 

Challenges: 
• Volume 
• Cost 
• Distributed analysis 
• Community empowerment
 



Challenge
 
Themes
 

C
ul

tu
re

s 



 
 

  

Landscape
 

Questions: 
• Can I share? 
• What should I share? 
• How can I share?
 
• Why would I share?
 



Data socialization
 

Systems People 

Process 



   

 

 

 

       

48% Not required

Uncertainty
 

Reasons given for not sharing data
 

42% IP/confidentiality 
37% Don’t know how/where 
31% Cost 
26% Data parasites 
26% Misinterpretation/misuse 
23% Ethical concerns 
22% Credit/attribution 
12% Not useful 

Derived from: Ferguson L, Exchanges Blog, Wiley Publishing, 11-3-14
 



 

  

Behavioral economics
 

Vibrant data communities 
- PubMed Central 
- ExAC server 
- TCGA 
- Facebook 
- Linux 

• Well-defined roles/rules 
• Simple roles/rules 
• Actor-oriented 
• Incentivized participation 
• Product lead vs. operational excellence
 



Trust
 



  

 

 
 

 
 

 

 

 

 

 
 

 

 

 

 

 

B2B communityBench to Bassinet 

CCHMC ACC 
• Rachel Akers 
• Jim Cnota 
• Stacy France 
• Nathan Hawk 
• Stephen Hope 
• Bridget Kellner 
• Eileen King (co-PI) 
• Mojtaba Kohram 
• Michal Kouril 
• Michael Kuhlmann 
• Guillaume Labilloy 
• Chunyan Liu 
• Lauren Lykowski 
• Lisa Martin 
• Diana McClendon 
• Nick Ollberding 
• Andy Rupert 
• Ting Sa 
• Nathan Salomonis 
• Michael Wagner 
• Alison Wheeler 
• Pete White (co-PI) 

Site PIs/co-PIs 
• Daniel Bernstein 
• Martina Brueckner 
• Benoit Bruneau 
• Neil Chi 
• Sylvia Evans 
• Bruce Gelb 
• Richard Lifton 
• Jane Newberger 
• Len Pennachio 
• Katie Pollard 
• William Pu 
• Amy Roberts 
• Christine Seidman 
• Jon Seidman 
• Deepak Srivastava 
• Mariin Tristani-Firouzi 
• Axel Visel 
• Joe Yost 

NIH 
• Jon Kaltman 
• Melissa Parisi 
• Gail Pearson 
• Charlene Schramm 



 
 

  
 

  

ClinGen, ClinVar, The Seqr Platform 
and the Matchmaker Exchange 

Heidi L. Rehm, PhD, FACMG 
Director, Partners HealthCare Laboratory for Molecular Medicine 
Medical Director, Broad Institute Clinical Research Sequencing Platform 
Associate Professor of Pathology, Brigham and Women’s Hospital and 

Harvard Medical School 
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