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A career at the ragged edge*

*With	apologies	to	William	James
Many	would	find	relief	at	this	point	in	celebrating	the	mystery	of	the	Unknowable…Others	would	rejoice	that	the	finite	and	separatist	
view…had	at	last	developed	its	contradictions,	and	was	about	to	lead	us	dialectically	upwards	to	some	'higher	synthesis'	in	which	
inconsistencies	cease	from	troubling	and	logic	is	at	rest.	It	may	be	a	constitutional	infirmity,	but	I	can	take	no	comfort	in such	devices	for	
making	a	luxury	of	intellectual	defeat.	They	are	but	spiritual	chloroform.	Better	live	on	the	ragged	edge,	better	gnaw	the	file	forever!

The	Principles	of	Psychology	(1890)



The Best of Times, the Worst of Times

• Poor transition of basic or 
clinical observations into 
interventions that tangibly 
improve human health

• Intervention development 
failure-prone and expensive

• Poor adoption of demonstrably 
useful interventions

Fundamental science unprecedentedly advanced, but:

Enormous	opportunity/need	to	deliver	
on	promise	of	science	for	patients
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Moore’s Law

Source:	Wikipedia



The	number	of	new	drugs	approved	by	the	FDA	per	billion	US	dollars	
(inflation-adjusted)	spent	on	research	and	development	(R&D)	has	

halved	roughly	every	9	years	since	1950.	

Scannell et	al.,	Nature	Reviews	Drug	Discovery	11:191,	2012			

Eroom’s Law



NCATS Mission

To catalyze the generation of innovative methods and 
technologies that will enhance the development, 
testing and implementation of diagnostics and 
therapeutics across a wide range of human diseases 
and conditions.



What is Translation?

Translation is the process of turning observations in 

the laboratory, clinic, and community into 

interventions that improve the health of individuals 

and the public - from diagnostics and therapeutics to 

medical procedures and behavioral changes.



What is Translational Science?

Translational Science is the field of investigation 

focused on understanding the scientific and 

operational principles underlying each step of the 

translational process.  

NCATS studies translation as a                 

scientific and organizational problem.



Some of the translational problems on 
NCATS’ to-do list

• Predictive toxicology
• Predictive efficacy
• De-risking undruggable targets/untreatable diseases
• Data interoperability
• Biomarker qualification process
• Clinical trial networks 
• Patient recruitment
• Electronic Health Records for research
• Harmonized IRBs
• Clinical diagnostic criteria
• Clinical outcome criteria (e.g., PROs)
• Adaptive clinical trial designs
• Shortening time of intervention adoption
• Adherence
• Methods to better measure impact on health…



NCATS “3D’s”
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The Problem of Rare Diseases
• ~ 7000 diseases

» ~250 new rare diseases identified each year

» ~80% mendelian genetic

» ~50% onset in childhood

• Population prevalence ~8% (US ~25M; EU ~30M, World 350M)

• Definition of “rare disease” varies by country

» Absolute prevalence: USA<200,000; Japan<50,000; S Korea <20,000…

» Percentage prevalence: EU<5 in 10,000; Australia<1 in 2000…

• <5% of rare diseases have a regulatorily approved treatment

• USA ~300 diseases

• At current rate 3-5 newly treatable diseases/yr… >1000 yrs to all
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Gastrointestinal Disease Researchers

Rare Lung Diseases 
Consortium

NIH
ORDR/NCATS, NCI, NHLBI, 
NIAID, NIAMS, NICHD, NIDCR, 
NIDDK, NIMH, NINDS, ODS

The Data Management  and 
Coordinating Center

Dystonia
Coalition

Brain Vascular
Malformation Consortium

Nephrotic Syndrome
Study Network

Porphyria Rare Disease Clinical
Research Consortium

The Frontotemporal Lobar
Degeneration Clinical
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Primary Immune Deficiency
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Lysosomal
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Autonomic Disorders
Consortium

Inherited Neuropathies
Consortium

Rare Kidney
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Urea Cycle Disorders
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Vasculitis Clinical
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Chronic Graft Versus
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Rett, MECP2 Duplications
and Rett-Related

Disorders Consortium

Clinical Research in ALS & Related
Disorders for Therapeutic Development

Sterol and Isoprenoid
Diseases Consortium

North America Mitochondrial
Diseases Consortium 

Developmental Synaptopathies
Associated with TSC, PTEN

And SHANK3 Mutations

Brittle Bone Disorders
Consortium

Genetic Disorders of
Mucociliary Clearance

• Collaborative Clinical 
Research

• Centralized Data 
Coordination and 

Technology Development

• Public Resources and 
Education

• Training
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Why drugs fail in development

Human	toxicities	found	in	animals

Arrowsmith and	Miller,	Nature	Reviews	Drug	Discovery,	Volume	12,	569	(2013)

Cook	et	al.,	Nature	Reviews	Drug	Discovery,	Volume	13,	419	(2014)
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80%	of	Phase	2	studies	
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Efficacy Safety
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Operational



Well put…
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• “We have moved away from studying human 
disease in humans. We all drank the Kool-Aid on 
that one, me included.  The problem is that it 
hasn’t worked, and it’s time we stopped dancing 
around the problem…We need to refocus and adapt 
new methodologies for use in humans to 
understand disease biology in humans.”

Elias	Zerhouni
Lecture	at	NIH	June	2013
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The Toxicology in the 21st Century 
(Tox21) Program

See	Anton	Simeonov	presentation	



Tox21 Goals

• Identify patterns of 
compound-induced biological 
response in order to: 

» characterize toxicity/disease 
pathways

» facilitate cross-species 
extrapolation

» model low-dose extrapolation

• Prioritize compounds for more 
extensive toxicological 
evaluation

• Develop predictive models for 
biological response in humans



NCATS Comprehensive Repurposing Program
“Systematizing Serendipity”



2012-13 2013-14 2014-15 2015-16 2016-17

Phase	1:	
Development

Phase	2:	Cell	incorporation	&	
organ	integration

Improving Drug Development Efficiency:
The Tissue Chip Program

DARPA	base	periods:	Organ	integration

FDA	provides	insight	and	expertise	
throughout	the	program

Current	Goals:
• Integration
• Compound	testing
• Validation
• Partnerships
• Adoption	by	community

GOAL:	Develop	an	in	vitro	platform	that	uses	human tissues	to	evaluate	the	efficacy,	safety	
and	toxicity	of	promising	therapies.

See	Dobrila	Rudnicki	presentation	



Gut	Enteroids

Pluripotent	Stem	
Cells:	renewable	
human	cell	source

Vagal	Neural	Crest	Cells:	
peripheral	nerve	cells	

Gut	enteroid:	3D	
mulitcellular mini	gut	

As	these	systems	begin	to	mature,	the	nerve	
tissues	are	added	to	the	GI,	creating	physiological-
like	innervated	structures

Gut	Lumen

submucosal nerves

The	nervous	system	in	the	gut	
plays	a	critical	role	in	GI	
function,	including	peristalsis	
(gut	contraction).		Both	nerve	
and	gut	tissue	can	be	
engineered	using	renewable	
human	cell	sources	

myenteric nerves

James	Wells,	Univ.	Cincinnati



Electrical	field	stimulation	(with	ENS)

James	Wells,	Univ.	Cincinnati
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Functional coupling of four chips demonstrates physiological 
processing of the microbiome product trimethylamine (TMA)
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Vernetti L et al (2017)  ‘Functional Coupling of Human Microphysiology Systems: Intestine, Liver, Kidney 
Proximal Tubule, Blood-Brain Barrier and Skeletal Muscle’. Sci Rep 7:42296).



Next Phase Tissue Chip Initiatives
• Tissue Chip Testing Centers (2016-2018)

» Tech transfer and testing at 2 independent centers (Texas A&M and MIT)

• Tissue Chips for Disease Modeling (2017–2022)
» Develop tissue chip models of human diseases, particularly rare

o Using human primary or induced pluripotent stem cell sources
» Use to test effectiveness of candidate therapeutics

• Tissue Chips in Space (2017–2021)
» Partnership with Center for the Advancement of Science in Space (CASIS)
» Adapt, refine chips for on-flight experiments at the International Space 

Station U.S. National Laboratory
o To understand diseases (e.g. bone, muscle, aging) prevalent on earth 

and accelerated in space



NCATS Biomedical Data Translator
The Vision
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• Develop and disseminate a biomedical “data translator” that 
comprehensively displays and relates all classification schemes 
used by different groups within the translational research 
community
» Distinct languages and cultures of different groups maintain distinct 

disease concepts that are not easily traversed

• Integrate multiple types of existing data sources relevant to 
understanding diseases and their potential pathophysiology and 
treatment

• Enable a user to enter the Translator from any data type and 
identify all cognates/connections in any other data type 

• Open source and completely publicly available

See	Christine	Colvis	presentation	



The time is now
• Convergence of data science, engineering, 

and translational expertise 
• Could lead to

» Greatly accelerated translation
» Better diagnosis/prognosis
» New “patient populations”     

• For example: is a disorder
» Schizophrenia (“split-mind”)?
» A collection of symptoms and typical prognosis?
» A brain prefrontal-limbic circuit disorder?
» A synaptic development disorder? 
» A molecular pathway disorder caused by genetic 

factors combined with environmental induction?

• Answer:  Yes.
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2011!

2011
“Recent advances in biomedical 
research have caused an explosion 
of data, offering the potential to 
develop a "new taxonomy" that 
defines disease based on underlying 
molecular and environmental causes, 
rather than on physical signs and 
symptoms.”



Some thoughts to get us started
• Animal research has contributed immeasurably to our 

understanding of biology and disease in many species, 
including humans
» Will continue to be critical for the foreseeable future

• However, it is incontrovertible that a model organism is 
not the organism itself, and that any model is at best an 
experimental approximation
» We have sometimes lost sight of this, with predictable results

• New technologies which allow for human models ex vivo
and non- or minimally-invasive human studies in vivo
are available or rapidly developing, and their 
exploration should be pushed as hard as possible while 
animal model based methods are 3R’ed
» Analogy to development of new energy sources

• We are going to discover fantastic science in the study 
of this most complex of animal species!



Connect With NCATS: 
ncats.nih.gov/connect

Website: ncats.nih.gov

Facebook: facebook.com/ncats.nih.gov

Twitter: twitter.com/ncats_nih_gov

YouTube: youtube.com/user/ncatsmedia

E-Newsletter: https://ncats.nih.gov/enews 

Announcement Listserv: https://bit.ly/1sdOI5w


