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Precision Medicine Preface

Healing has always involved a personal interaction between the physi-
cian and the patient. The doctors’ skill, experience and observations
have been used to provide an individualized treatment in al forms of
medicine that we know of. But today we have access to unprecedented
amount and detail of data on patients’ disease and genetic background,
leading to the idea that we can provide much more precise treatments to

individuals, Precision Medicine.

Understanding the molecular basis of disease has always been a corner-
stone of effective treatment. The identification of infectious agents has
led to the development of vaccines, antibiotics and anti-parasite medica-
tions. The characterization of ABO blood groups and in vitro tests al-
lowed blood transfusions to be safely performed. Recognition of genetic
disease, the structure of DNA and DNA cloning allowed genetic diagno-
sis, testing and prevention. And the identification of specific mutations
and alterations in tumor cells has allowed the development of targeted

therapies.

However, most therapies are equally applied to all patients with little re-
gard to the genetic background of the individual or unique genetic char-
acteristics of the patients’ disease. In cancer we now recognize that ev-

ery tumor is genetically different, and within a tumor are populations of
1
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cells that can rapidly evolve and change. Some patients respond very
well to a therapy or are cured, and some patients have severe side
effects from specific medicines. By using new genomic technology we
can increasingly be more precise about which therapy will best suit each
individual patient.

Some Milestones Leading to Precision Medicine

1796—Edward Jenner formally tests cowpox as a vaccine against small-
pox. Founder of the field of immunology and vaccination.

1857—Louis Pasteur develops the germ theory of disease leading to pre-
vention of bacterial infections.

1900—Karl Landsteiner and Jan Jansky independently discover the
ABO blood group system leading to effective blood transfusion.
1902—Sir Archibald Edward Garrod-lIdentification of Alkaptonuria as a
genetic error of metabolism Develoment of the field of inborm errors of
metabolism.

1928—Sir Alexander Fleming identifies Penicillin and founds the field
of antibiotics.

1941—George Beadle and Edward Tatum present the one gene one en-
zyme hypothesis leading to the identification of genes for genetic disease.
1949—Linus Pauling and coworkers describe Sickle cell anemia as a
molecular disease.

1953—Rosalind Franklin and coworkers publish X-ray images of DNA
crystals, James Watson and Francis Crick solve the structure of DNA.
1976—Allan Maxam and Walter Gilbert describe chemical method of
DNA sequencing.

1977—Frederick Sanger describes enzymatic DNA sequencing method.
2
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1989—-Cloning of the gene for cystic fibrosis.

2001—FDA approval of Gleevec, targeted therapy to chronic myeloge-
nous leukemia.

2003—First draft of the human genome completed by the Human Ge-
nome Project and Celera Genomics.

2015—Announcement of President Obama of US Precision Medicine In-

itiative.

In 2015 President Obama announced the Unite States Precision Medi-
cine Initiative with the goals of further improving cancer diagnosis and
care, building a large cohort to study the genetics of health, further
guaranteeing patient privacy, improving the approval process of targeted
medications and fostering academic and private partnerships. This an-
nouncement has excited scientist and physicians around the world to

make this an international effort to improve the health care of the world.

To achieve more precision in medicine we need to have highlv integrated
databases with clinical histories, lifestyle factors like diet and exercise,
anthropomorphic measurements over time such as height and weight, as
well as the patients’ genome sequence. With this information, and the
data for medications, therapies and outcome, one can begin to more
precisely understand a response that a patient is likely to have and to

build the information base needed for more effective therapy.

However, we increasingly recognize that the human body responds in
very complex ways to the environment, disease and therapy. The human

body is host to a huge constellation of bacteria and other organisms,
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mostly in the gut, but also on all surfaces. How this microbiome effects
our health is only being now investigated. Cells and tissues undergo
complex alterations in DNA methylation of genes, as well as modifica-
tion of chromatin structure, regulating genes on a cell-to-cell basis over

time.

Understanding the regulation of the epigenome will require intensive
study. Nearly all diseases involve some interaction with the immune sys-
tem. Immune response to specific antigens and/or inflammation are in-
creasingly recognized as aspects of nearly all disease processes. All in-
dividuals have unique immune systems that change over the person’s
lifetime , and the development of immune modulatory drugs is one of the

most rapidly developing areas of medicine.

These are exciting times in the development of precision medicine. This
is one of the greatest challenges of human society and the future will
bring many challenges and advances that will lead to improved human
health in China and the world. This book gives an overview of the rele-
vant knowledge on precision medicine with the hope that global re-
searchers can contribute their own efforts to realizeprecision medicine in

clinical practice.

Michael Dean, PhD

National Cancer Institute
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1.1 BEEFNEAHS

Precision medicine is an emerging approach for disease prevention and treat-
ment that takes into account people’s individual variations in genes, environment,
and lifestyle. The Precision Medicine Initiative will generate the scientific evidence
needed to move the concept of precision medicine into clinical practice.
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