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 Kabuki Syndrome: rare pediatric disorder 

– Characterized by distinctive facial appearance

– Can cause heart defects, growth deficiency, mental retardation

 NIH-funded researchers used whole exome sequencing to 

find gene variants linked to syndrome

– Second generation sequencing technology: faster; cheaper

– Results confirmed by traditional Sanger sequencing

 MLL2 found to be mutated in 9 of 10 patients

– Most mutations were loss of function

Clinical Applications of Genomic Analysis: 

Identifying Cause of Rare Disease

http://www.washington.edu/


Clinical Applications of Genomic Analysis: 

Identification of a New Disease

 Symptoms exhibited by Kentucky siblings

– Progressive, debilitating joint pain

– Calcium build-up in arteries of hands and feet; not heart

 Louise and Paula, sisters, seek answers at NIH Undiagnosed 

Diseases Program

 SNP analysis and targeted sequencing shows disease is 

caused by mutation in NT5E

– NT5E encodes protein, CD73, that 

converts AMP to adenosine

– CD73 deficiency allows calcium to 

build up in arteries

 New disease: “arterial calcification due to CD73 deficiency,” or 

“ACDC”



 Loss of Hair

 Diminished subcutaneous fat 

 Growth retardation

 Cardiovascular disease

 Early death
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Clinical Applications of Genomic Analysis: 

Diagnosis and Treatment

 Patient: 6-year-old Nic

– Severe inflammatory bowel disease 

from just before 2nd birthday

– 100+ surgeries – little solid food –

no diagnosis

 Whole exome sequencing

– Found mutation in XIAP gene

– Gene previously linked to blood disorder; curable by bone 

marrow transplantation

 Diagnosis allows treatment

– July 2010: Nic receives stem cell transplant from 

healthy donor

– Today: doing well; recovery continues

Credit: Gary Porter, Milwaukee Journal Sentinel



 ClinSeq: trans-NIH study, led by NHGRI, exploring how to 

apply genome sequencing in a clinical setting

 Enrolling 1,000 participants

 Initial focus: genetic risk for coronary heart disease

– 200–400 genes implicated 

– Disease phenotypes correlated with variants 

 Moving to whole-genome sequencing 

– Stay tuned for details about a 

healthy volunteer in this afternoon’s 

panel discussion

Clinical Applications of Genomic Analysis: 

Sequencing in a Clinical Research Setting

Rick Del Sontro



The Cancer Genome Atlas (TCGA)

 A comprehensive, collaborative effort led by NIH 

– To map genomic changes in major types, subtypes of 

cancer …

– To help chart a new course in cancer research

 Pilot project initiated in 2006

– Established scientific infrastructure; demonstrated “proof 

of concept”

– Focused on 3 types of cancer: glioblastoma multiforme; 

ovarian; lung

– Success of pilot  expansion: Phase II

 Now aim to characterize 20 cancer types in detail 

over the next four years



 Acute myeloid leukemia (AML)

– Cancer of blood-forming cells in the bone marrow

– ~13,000 cases diagnosed in U.S. annually

– 5-year survival rate: 21%

 Landmark study of AML genome

– Completed DNA sequences of skin (normal) cells and tumor 

cells in patient; compared sequences

– Found all mutations unique to tumor: 10

 Research has continued; to date:

– Whole genome analysis of normal; tumor – 50 patients

– All data, plus 150 additional AML specimens, to TCGA

All the Mutations: Acute Myeloid Leukemia





Despite greater investments in R&D by pharma, 

FDA approvals of new medical entities appear to 

be declining
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Glaxo tries biotech model to spur drug innovations. Wall Street Journal, July 1, 2010.
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Approximately 95% of Candidate 

Compounds Prove Ineffective

- Pharmaceutical Research and Manufacturers of America; FDA
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The Problem of Rare and Neglected 

Diseases

 ~7,000 diseases affect humankind – but only a small fraction 

support commercial development of therapeutic agents

 Two types of neglected diseases:

– Low prevalence, i.e., “rare” (<200,000 diagnosed in U.S.)

• There are >6000 rare (orphan) diseases

• Cumulative prevalence in U.S. ~ 25 – 30 million

• Most are single gene diseases

• <200 have any pharmacotherapy available

– High prevalence but “neglected”

• Occur chiefly among impoverished and 

marginalized populations in developing 

nations (treatment costs  prohibitive)

• Most are infectious



NIH Therapeutics for Rare and Neglected 

Diseases (TRND) Program

 Congressionally-mandated effort to speed development of 

new drugs for rare and neglected diseases

 Collaboration between NIH-intramural and extramural labs 

with appropriate expertise

 Projects will:

– Enter TRND at a variety of stages of development

– Be taken to phase needed for external organization to adopt 

for clinical development

– Not duplicate PhRMA projects

 TRND will encourage creative partnerships; novel 

approaches to intellectual property



TRND Pilot Projects

Disease Type Pathology Collaborators
Compound 

type
Stage

Schistosomiasis, 

Hookworm
Neglected

Infectious 

parasite
Extramural NME

Early (lead 

optimization)

NPC Rare 
CNS, 

liver/spleen

Disease Fnd, 

Extramural, 

Intramural

Repurposed 

approved 

drug

Mid-stage

HIBM Rare Muscle
Biotech, 

Intramural

Intermediate 

replacement 
Pre-IND

Sickle Cell 

Disease
Rare Blood

Nonprofit, 

Intramural, 

Extramural

NME Mid-stage

Chronic 

Lymphocytic 

Leukemia

Rare Cancer
Disease Fnd,

Extramural

Repurposed 

approved 

drug

Pre-IND



Therapeutics for Rare and Neglected 

Diseases (TRND): Pilot Project on SCD

 Compound originally identified at VCU

 Structure: 5-hydroxymethyl-2-furfural 

(Aes-103)

– Binds to sickle hemoglobin and increases its 

oxygen affinity

 Stage of project: late preclinical

Aes-103   0mM Aes-103   5mM
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New NIH-FDA Partnership

 NIH-FDA Joint Leadership Council

– Established 2010

 NIH and FDA will:

– Invest in advancing translational and regulatory science

– Better define regulatory pathways for coordinated 

approval of co-developed diagnostics and therapeutics

– Develop risk-based approaches for appropriate and 

accurate review of diagnostics

– Make accurate information about 

tests readily available
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Tell us what you think… 
www.nih.gov



“Cutting the deficit by gutting 

our investments in innovation and education is like 

lightening an overloaded airplane by removing its 

engine. It may make you feel like you're flying high 

at first, but it won't take long before you feel the 

impact.” 

— President Barack Obama, 2011 State of the Union



NIH
Turning discovery 
into health





Draft Mission Statement for National 

Center for Advancing Translational 

Sciences (NCATS)

To advance the discipline of translational science 

and catalyze the development of novel diagnostics 

and therapeutics across a wide range of human 

diseases and conditions
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 Established by the Affordable Care Act 

 CAN will

– Advance the development of “high need cures” 

– Reduce barriers between research discovery and clinical trials in 

areas that the private sector is unlikely to pursue in an adequate 

or timely way

 Review Board advises NIH Director

– 24 members, including  representatives from academia, 

private industry, and patient advocacy groups 

A Bold New Paradigm: 

Cures Acceleration Network (CAN)



Cures Acceleration Network:

Funding Mechanisms

 Grant Awards:

– Up to $15 million per award per fiscal year

 Partnership Awards:

– $1 match for every $3 from NIH

– Up to $15 million per award per fiscal

 Flexible Research Awards: 

– DARPA-like authority

– Not to exceed 20% of total appropriated funds in any fiscal year





Clinical Applications of Genomic 

Analysis: Individualized Cancer Treatment

Christopher Hitchens

Complete sequencing of 

his esophageal cancer 

has just uncovered an 

“actionable” mutation.

Stay tuned!



 Sisters and siblings now have their diagnosis

 New knowledge of this disease mechanism:

– Will guide treatment development

– May illuminate metabolic pathways involved in calcification –

including osteoporosis



TCGA: Phase II

 FY2010 – FY 2011 budget: $275M

 Expansion: to identify recurrent genomic and epigenomic 

drivers for at least 20 cancers over next 5 years

– 6 decided: lung, breast, kidney, endometrial, colon, and acute 

myeloid leukemia

– Others to be added based on prevalence

 Data are made available rapidly to worldwide 

research community 



HOLD

NIH and AesRx partnership: next stage

 Will take Aes-103 beyond pre-clinical 

development and into initial clinical trials

 Trials (2) to be conducted in NIH Clinical Center

 Supported by NIH through TRND; Clinical 

Center; National Heart, Lung, and Blood Institute
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