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Human Conditions with Known Molecular Basis
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Source: Online Mendelian Inheritance in Man, Morbid Anatomy of the Human Genome 



SO….
 



Steps in the drug development process 
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(Per project cost) 



Moore’s Law
	

Source: Wikipedia
 



  
     

    

Eroom’s Law
 

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 



 Costs and probabilities in drug development
 

Target-to-hit Hit-to-lead Lead Optimization Preclinical Phase I Phase II Phase III Submission to launch (Final)
p(TS) 80% 75% 85% 69% 54% 34% 70% 91% 

19.4 14.6 12.4 8.6 4.6 1.6 1.1 1WIP need for 1 launch 
24.3 Cost per WIP per Phase 
$1 

$2.5 $10 $5 $15 $40 $150 $40 
Cycle time (years) 1.0 1.5 2.0 1.0 1.5 2.5 2.5 1.5 

$24 $49 $146 $62 $128 $185 $235 $44 $873Cost per launch (out of 
pocket) % Total cost per NME 
3% 

6% 17% 7% 15% 21% 27% 5% 
Cost of capital 11% 
Cost per launch (capitalized) $94 $166 $414 $150 $273 $319 $314 $48 $1,778

Paul SM et al., Nature  Reviews Drug  Discovery  9:203, 2010
 
Paul SM et al., Nature Reviews Drug Discovery 9:203, 2016





  

 

 

              

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.
 



  

 

  

  

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. 



Repurposing 
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Stem Cell Technology 

Facility Assay , Chemistry Technologies BrIDGs 

Tox21  (Systems Toxicology) 

Repurposing 

Paradigm/Technology Development 

Deliverables 

Genome-wide 
RNAi systems 
biology data 

Chemical 
genomics data 

Leads for 
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effective for  new 

indications 

New drugs for  
untreatable diseases 
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Predictive in vitro 
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Novel clinical 
trial designs 

More efficient/faster/cheaper translation and th erapeutic  development 



NCATS DPI Staff
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• Released August 11, 2015

• Featured on our home page

 www.ncats.nih.gov

Video of NCATS Preclinical Innovation 

Laboratories
 





 

Developing drugs for Galactosemia
 
NCATS collaboration with Kent Lai, University of Utah)
 

Rare autosomal recessive,  metabolic 
disorder  caused by GALT deficiency (1  
in 60,000) 

Currently diagnosed by testing  
newborns for  GALT activity and 
galactose in blood spot test 

Only treatment  is to restrict galactose & 
lactose 

75% 
mortality  if 
untreated 

Chronic  complications 

Leloir Pathway 

  
 

Hypothesis: inhibition of GALK could 
prevent toxic buildup of gal-1-p and 
improve patient outcomes 



 

compounds 

eened

 
structure

DEVELOPMENT OF GALK INHIBITORS
 
High-throughput  screen 

280,000+ 

scr 

Galactosemia mouse models 

•	 280,000+ compounds
screened

•	 Single chemical series
identified

Selective GALK inhibition 

• Inactive against
GALK2

• Clean  in Kinome
panel

Cellular efficacy 

• Decreases gal -1 -p
levels in patient cells

• No effect on cell
viability

Medicinal chemistry optimization of series (GALK activity, ADME/PK 
properties) 

Pharmacokinetic profiling
 

•	 Single chemical series
identified

•	 Possesses acceptable PK
profile

Co-crystal
 

• Inhibitor/GALK co -
crystal structure
resolved 

• Only mouse model for 
galactosemia that closely
mimics the human p henotype

• Compounds currently being
tested

GOAL: Preclinical
 
development
 

confidential 



Patient-driven science
 



Why Repurposing?
 

  >500,000 compounds, 15 yrs 

1-2 years? 

Clinical 
Trials 

Lead 
Lead 

Optimization 

Preclinical 
Development 

HitScreen Target FDA 
approval 

3000 drugs
 



 

NCATS Comprehensive Repurposing Program
 
“Systematizing Serendipity”
	



 

 

 

  

  

 

   

  

 

 

 

Therapeutics for Rare and Neglected 

Diseases (TRND) Program
 

•	 Model: Collaboration between NIH intramural labs with preclinical drug

development expertise and extramural labs with disease-area / target

expertise

•	 Projects:
 May enter at various stages of development

 Taken to stage needed to attract external organization to adopt for

final clinical development

 Serve to develop new generally applicable platform technologies and

paradigms

•	 Eligible Applicants:
 Academic, Non-Profit, Government Lab, Small Business, or Large

Biotech / Pharma

 Ex-U.S. applicants accepted

•	 Intellectual Property:
 Partnerships are creative

 TRND may generate intellectual property



  

TRND Portfolio
 
Therapeutic Area/Disease Organization Name(s) Partner Type(s) 

  Autoimmune pulmonary alveolar 

proteinosis 

Cincinnati Children’s Hospital Academic 

Creatine Transporter Defect Lumos Pharma, Inc. Biotech 

 Chronic lymphocytic leukemia  Leukemia & Lymphoma Society, University of Kansas Cancer 

Center 

 Disease foundation, academic 

 Core binding factor leukemia NHGRI  NIH intramural labs 

Fibrodysplasia ossificans progressiva  Massachusetts General Hospital Academic 

   GNE Myopathy (Hereditary Inclusion Body  

 Myopathy NIBM) 

 New Zealand Pharmaceuticals, NHGRI    Biotech and NIH intramural clinical labs 

Hemoglobinopathies  Phoenicia Biosciences, Inc. Biotech 

Hypoparathyroidism Eli Lilly & Co. Pharmaceutical 

LEOPARD syndrome  Beth Israel Deaconess Medical Center Academic 

Malaria Loyola University Chicago Academic 

Niemann-Pick disease type C  

   

 

  

    

  

Ara Parseghian Medical Research Foundation, Niemann-Pick 

Type C Support of Accelerated Research (NPC-SOAR), Einstein 

College of Medicine, University of Pennsylvania, Washington 

University, Eunice Kennedy Shriver National Institute of Child 

Health and Human Development (NICHD) and National 

Human Genome Research Institute (NHGRI) 

 

  

Disease foundation, academic, 

NIH intramural labs 

Retinitis pigmentosa University of California, Irvine Academic 

Schistosomiasis CoNCERT Pharmaceuticals Biotech 

 Sickle cell disease   Aes-Rx, National Heart, Lung and Blood Institute Biotech, NIH intramural labs 



 

 

 

  

   

 

 

 

 

 

 

TRND
 
Niemann  Pick Type C  Collaboration
 

•	 Drug: Cyclodextrin (HPBCD)

•	 Collaborators

 NICHD

 Denny Porter – Clinical

 Washington University

 Dan Ory – Biochemistry, Biomarkers

 Albert Einstein and UPenn

 Steve Walkley and Charles Vite - Animal

models

 Johnson & Johnson Pharmaceuticals

•	 NPC disease foundations involved and

facilitating

•	 Milestones

 February 2011: 2-hydroxypropyl-β-

cyclodextrin (HP-β-CD) selected by

TRND as pre-clinical candidate

 December 2012: IND filed

 February 2013: Phase I initiated and

1st patient dosed

 January 2015: Agreement signed with

Vtesse to complete clinical

development of HPBCD for NPC and

investigate use in other LSDs

 September 2015: Phase I completed

 October 2015: Phase II start planned



 

Agreement with Vtesse January 7, 2015
 
Advancing treatments for  Lysosomal Storage Disorders
 

• CRADA: NCATS - NICHD – Vtesse (Gaithersburg, MD)
 



  

 

Tissue Chip Program
 
GOAL: Develop an in  vitro platform that uses human tissues to evaluate 

the efficacy, safety and toxicity of  promising therapies. 

• All ten human physiological systems  will be

functionally represented by human tissue

constructs:

• Circulatory • Musculoskeletal

• Endocrine • Nervous

• Gastrointestinal • Reproductive

• Immune • Respiratory

• Integumentary • Urinary

• Physiologically relevant, genetically diverse, and

pathologically meaningful.

• Modular, reconfigurable platform.

• Tissue viability for at least 4 weeks.

• Community-wide access.



 

Microphysiological Systems 

from Common Building Blocks 
Computational  Design 

- systems integration  
- multi-scale modeling 

- simulation 
- feedback 

Scaffold
- purified  ECM  
- synthetic polymers 
- composites 

Cells 
- stem/progenitor 
- differentiated 
- mixed  cell  types 

Functional Readout 
- real-time, label-free, non-destructive  

sensing 
- imaging 

Structure 
- porosity 
- topography 
- stiffness 

Spatial/Temporal 

Patterning 
- cytokine  gradients 
- controlled  release 

Perfusion 
- embedded  channels 
- vascularization  

Bioreactors 
- optimized  culture conditions 
- biomechanical properties 
- blood  mimetics 

Host Response 
- generalized  inflammation  
- specific  immunity 

Innervation 
- signal propagation  
- coordinated  response 



 

  

Engineered Cardiac Muscular Thin  Films
 

Film length 
Automatic projection tracking 

Science  2007;317:1366 

Lab Chip 2011;11:4165 

Biomaterials  2010;31:3613 

J  Pharm  Tox Methods 2012;65:126 Data provided by Dr. Kit Parker, Wyss Institute 



What is Barth Syndrome? 
Barth syndrome (BTHS; OMIM #302060) is a rare, life-threatening
genetic disorder primarily affecting males around the world. t is 
caused bya mutation inthe tafazzin gene (TAZ, also called G4.5), 
resulting in an inborn error of lipid metabolism. 

Though not always present, cardinal characteristics of this 
multi-system disorder often include combinations and'Jarying 
degrees of: 

• C.ardiomyopathy
(Usually dilated with variable myocardial hypertrophy,
sometimes with left ventr cular noncompaction and/or
endocardial tibroelastosis)

• Neutropenia
(Chronic, cyclic, or intermittent)

• Underdeveloped skeletal musculature and muscle
Wl!aknl!SS

• Growth delay 
(Growth pattern similar to but often more severe than
constitutional growth celayl

• Exercise intolerance

• Cardiolipin abnormalities

• 3-methylglutaconic aciduria
(Typically a 5- to 20-fold increase)

Devin(age 9) and Henry (age 5). 

Important Clinical Problems 
May Include (in varyingseverity):

• Congestive heart failure

• L fe-threatening bacterialinfection

• Gross motor delay

• Ri k uf f<l <ll d11h·1Ll 1111i d

• Short stature in the early years, followed by accelerated
growth in mid- to late puberty 

• Extreme fatigue 

• Diarrhea and/or constipation

• Feeding problems (e.g., difficulty sucking,swallowing,
or chewing; aversion to some food textures; selective 
or pic<v eating) 

• Recurrent mouth ulcers

• Risk of thrombosis

• Diminished capacity for exercise

• Hypoglycemia, including fasting hypoglycemia
(especially in the newborn period) 

• Chronic headache, abdominal pain,and/or body aches
(especially during puberty) 

• Osteoporosis

• Some mild learning disabilities



   

C
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Heart on a Chip Barth Model 

B
 CA 

A 

E 

D 
Normal  Contractility of Wild  

Type Tissues 
Impaired  Contractility of 

Diseased Tissues 
Rescued  Contractility of 

Diseased Tissues 

Dr. Kevin Parker, Harvard University: 

http://diseasebiophysics.seas.harvard.edu 

http://diseasebiophysics.seas.harvard.edu




https://ncats.nih.gov/pubs/features/evatar
 

https://ncats.nih.gov/pubs/features/evatar


 

  

Learn More About NCATS
 

Website: www.ncats.nih.gov
 

Facebook: facebook.com/ncats.nih.gov
 

Twitter: twitter.com/ncats_nih_gov
 

YouTube: youtube.com/user/ncatsmedia
 

E-Newsletter: ncats.nih.gov/news-and-

events/e-news/e-news.html 

Email us! info@ncats.nih.gov
 

http://www.ncats.nih.gov/
mailto:info@ncats.nih.gov
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