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Biology Is complicated

Gene OFF < > Gene ON
Fertilized Egg >Adult

Fat bulldup < > Fat breakdown
Non -dividing cell < > Dividing cell

Unconnected neuron ———> Connected neuron

Young organism > Old organism
These processes are not controlled by simple switches,
or even by long, multi -step, linear pathways.

Such owilaridngo woul d render u:
and respond to changes in time and environment.
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Networks of interacting genes control biological processes
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The result: Biology i1s complicated. Therefore, so is disease.




NIH Research: Understand - biology to treat and cure

What Is a disease
gene?

If | have one, why does
It only change the

risk , sometimes by tiny
amounts, that | will get
the disease?

Why does disease
diagnhosis so often seem
almost like guesswork?
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How could gathering more information about me, about other
people, about mice, fruit flies and yeast, make my health better?

disease



Complex organisms (like us) evolved from simpler ones

Compl ex organisms evolved by addit.|
and regulators onto those in simpler organisms

Therefore, we can ounpacko compl ex|
discovery) research on both simple and complex organisms

It works. Look at the sources of big breakthroughs:

Breakthrough Experimental organism

Gene regulation bacteria and their viruses

Cell division baker 6s yeast, cl
Cancer genes chicken virus

Development fruit fly, sea urchin, fish

Aging and lifespan soil worm, pond scum

Learning and memory sea snall

Neuron -target connections chicken

\We still have:a-long way-to go.-How organize and prioritize?



The NIH research portfolio

An i nwvestigatione mi-ght pay of f
year, or a-decade; or at all. And when it .

) Clinical 159
does,; - the rewards are MEyEgmy ed by t

who bore its costs, but also by those
who did-not. That- - s why the private
sector under -invests in basic
science- 0 and why. the public
sector must invest in this Basic Research 60%6

kind of research.
President Barack Obama
2009

Translational A
Research

Basi c scilenti1 f I

provides scientific capital.

Vannevar Bush
1945
Prioritization: Collect-lots of-data about lots of processes in

lots of organisms. And use o understand and-treat disease.



And that s why we re here today. Because something
call ed preci sion medicine e
opportunities for new medical breakthroughs that we
have ever seen.

President Barack Obama
January 30, 2015



Precision Medicine: Google maps for biology and disease

Google Maps: GIS layers Information Commons
Organized by Geographical Positioning Organized Around Individual Patients

Exposome

Transportation
ransportat Signs and Symptoms

Land Use Genome

Census Tracts K Epigenome

Structures

Postal Codes
= Other Types of Patient Data

Raster Imagery
~ = Individual Patients

Build massive data network to aggregate and analyze information
from patient cohorts, healthy populations, experimental organisms;
determine disease mechanisms and networks; precise health advice,
diagnosis, treatment for each individual




The challenges and outcomes of NIH research

A Prioritization

[1] Study all biological processes where they can best be
understood; [2] aggregate, integrate, analyze vast collections
of biological data, creating a knowledge network; [3] use to
iInform diagnosis and treatment -decisions for each individual, to
empower further research; and to advance clinical care and
iInform patients and citizens.

A Compeling outcomes of precisionmedicine

-- a research ecosystem that makes full use of discoveries in
basic, clinical and social/behavioral sciences;

-- health and health care tailored precisely to each individual;

- greater worker productivity, with a higher quality of life;

-- reduced health care costs due to improved prevention, early
precise diagnosis, better control of chronic-disease, and
avoidance of unnecessary tests and ineffective therapies.

But how can this be organized? How decide what
to do and who will do-it?



National Institutes of Health

A federation of 27 separate Institutes and Centers ; one of the agencies of
the Public Health Service , which in turn is part of the US Department of
Health and Human Services

Nineteen Institutes fund biomedical research grants:

National Cancer Institute

National Eye Institute

National Heart, Lung, and Blood Institute

National Human Genome Research Institute

National Institute on Aging

National Institute on Alcohol Abuse and Alcoholism

National Institute of Allergy and Infectious Diseases

National Institute of Arthritis and Musculoskeletal and Skin Diseases
National Institute of Biomedical Imaging and Bioengineering
National Institute of Child Health and Human Development

National Institute on Deafness and Other Communication Disorders
National Institute of Dental and Craniofacial Research

National Institute of Diabetes and Digestive and Kidney Diseases
National Institute on Drug Abuse

National Institute of Environmental Health Sciences

National Institute of General Medical Sciences National Institute of Mental Health
National Institute of Neurological Disorders and Stroke

National Institute of Nursing Research
Also:

A Center for Scientific Review (CSR)

Center for Information Technology

National Center for Complementary and Alternative Medicine
National Center for Research Resources

National Library of Medicine



