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EDITORIAL

Old, Yet Ever New
Penny A. Asbell, MD

Department of Opthalmology, Mount Sinai Medical Center, New York, New York

Communication is the key to success, whether

you are a clinician in practice, a clinician scientist

or laboratory-based researcher, or a patient hearing a

diagnosis for the first time. Given the explosion in the

amount of medical information and the revolutionary

nature of some of that information, we all need meth-

ods to stay abreast not only in our areas of special

interest but also outside of our specialties, in order to

maintain our cutting-edge knowledge and to provide

excellence in patient care, research and education.

This journal seeks to fill that need.

With this issue we are relaunching the Mount
Sinai Journal of Medicine and dedicating it to

improved communication among all participants in

medicine today, with the hope that quality, in-depth

review articles will allow all stakeholders-clinicians,

teaching faculty, basic and clinical researchers-to

integrate new information into their lives and utilize

this information for new discoveries and new insights

into patient care. To highlight this change in focus of

the Journal, we have added a new subtitle: A Journal

of Translational and Personalized Medicine.

What is translational medicine? The simple

answer is research that goes from "bench to bedside

and back again" to provide continuous feedback

and improvements in understanding, diagnosing and

treating human disease. Advances will depend on

improving the pathway from understanding basic

disease mechanisms to effective new treatments:

"translational experimental therapeutics."

What is personalized medicine? With the advent

of identification of the human genome there can

be no doubt that each individual is unique and

ultimately deserves a unique approach to diagnosis

and treatment based on the individual's own genetic

response to the environment and to treatment. The

bar has been raised, and the challenge now is to

find molecular markers that will enable doctors to

prevent disease even before symptoms appear. This

new approach holds great promise for fine-tuning

patient care and ultimately for reducing healthcare

costs. Translational and personalized medicine both

profit from the use of modern information systems,

which have made it possible to analyze and

correlate massive databanks of heretofore unrelated

information and given birth to the new field of

systems biology and network sciences.

The Momit SinaiJournal ofMedicine has a dis-

tinguished career, continuously publishing since 1934

and included in the Index Medicus from the very first

volume. We aim now to build upon this tradition

of education across medical specialties through pre-

sentation of medical research-based information with

our new mission and new journal format to bring

added value to all our readers and inspire the creative

thinking needed to create new ways to understand,

prevent and treat human disease.

"It is not the strongest of the species that

survives, nor the most intelligent, but rather the one

most responsive to change. "-Charles Darwin

II
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Department of Opthalmology
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New York, NY 10029
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The Journal: A Retrospective
Barbara J. Niss, MA^ and Arthur H. Aufses, Jr., MD^

^ Mount Sinai Archivist, Levy Libraiy, Mount Sinai Medical Center, New Yort:, New York

^Professor of Surgery and Health Policy, Mount Sinai Medical Center, New York, New York

Abstract

With this issue, The Mount SinaiJournal ofMedicine

moves from being a general medical publication to

one specializing in translational and personalized

medicine. This article traces the histoiy of TljeJournal

from its beginning in 1934 to the present day. The
Editors and their editorial policies are discussed,

with mention of many articles over the years that

have made the Journal tnily a part of Mount
Sinai's history. Mt SinaiJMed 74:2-6, 2007. © 2007
Mount Sinai School ofMedicine

Keywords: journalism, medical publishing periodi-

cals mount sinai hospital.

This issue of The Mount Sinai Journal of

Medicine represents a new beginning. However, each

new beginning also marks the end of what went

before, and so it is now appropriate to look back

at the history of the Journal. As one of a very few

institutionally based publications, the purpose and

path of this publication have always been different

from the mainstream.

To people who love the histoiy of Mount Sinai,

reading the Mount Sinai Journal is like looking

through a scrapbook filled with old fnends and

memories. The Journal tells its tales of Mount

Sinai in two different ways. First there are papers

about Mount Sinai itself, with memoirs telling stories

stretching back to the old Hospital on Lexington

Avenue, because the Journal was founded at a time

when people who knew the original "giants" were

still around^'^'^. There is even a history of the Hospital

Address Correspondence to:

Barbara J. Niss

Box 1102

Mount Sinai Medical Center
. . v^..^,

1 Gustave L. Levy Place
.mmujgt

New York, NY 10029-6574 ^PHH
Email: Barbara.Niss@mssm.edu

Published online in Wiley InterScience (www.interscience.wiley.com).

DOI:10.1002/msj.20000

as a whole, written for the 90th anniversary in 1942^.

Then there are the scientific papers that have formed

the main portion of the Journal over the years, its

raison d'etre. These show the state of research at

Mount Sinai, the areas of interest of the staff, and

how medicine and research were understood and

practiced at each point in time.

The Journal did not set out to be historical

documentation of Mount Sinai's path. It was born

in 1934 as an outgrowth of what has been a

continuing theme at Mount Sinai for over a century:

the imperative that this institution should serve the

community by being a place of learning and teaching.

This theme was evident in the 1930s in the Clinical

Pathological Conferences (CPCs) that were open

to-and well attended by-the general medical public;

in the post-graduate courses that were offered to

outside physicians and put on a formal basis with

Columbia University in 1923; and in the special

lectures that were endowed to bring outside experts

in both the basic sciences and clinical fields to the

campus to speak. It is no coincidence that from the

beginning of Thejournal of The Mount Sinai Hospital

in 1934, a portion of the content has been composed

of those CPCs, presentations, and lectures. Under

the aegis of the Hospital's Committee On Medical

Education and Publications, theJournal was founded

specifically to help share the knowledge that was

created or delivered at Mount Sinai.

In 1940, the first Editor of the Journal wrote

a (not surprisingly) brief history of the publication.

That Editor was Joseph A. Globus, MD, a pioneer

neuropathologist who joined Mount Sinai's staff in

1920 on a fellowship and spent his entire career

here. He founded the neuropathology laboratory at

Mount Sinai and performed ground-breaking work

on brain tumors and their classification. Along with

the Mount S'mzi Journal, he was also founding editor

of the Journal of Neuropathology and Jixpehmental

Neurology in 1942. In his 1940 review of the events

leading up to the creation of the Mount Sinai

publication, he wrote:

© 2007 Mount Sinai School of Medicine
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On Maixli 15, 1934 the first numlx-r of the Journal

was to appear, but I still had no sul:)scribers, no

material for the Journal and no definite arrangement

for its publication. I communicated with members of

the staff, alumni and friends of the hospital and an

immediate response resulted in 580 subscribers to the

Journal. ... It was highly essential to get outstanding

material for the first number of the Journal and the

problem was fortunately solved when Dr. Gallop [sic]

delivered his Welch lectures. He was very anxious to

have it published early and the Journal of the Mount

Sinai Hospital was the only journal that could publish

it so hurriedly. It was a Godsend to the Journal and

insured success for the finst number of the JournaP.

That first issue set the tone of the Journal for

the next two decades. Along with the CoUip article,

there were seven case reports, a memorial essay on

the Mount Sinai surgeon, Alexis V. Moschcowitz, and

one page of abstracts of articles by Mount Sinai

authors published elsewhere. The issue included

many types of illustrations, including x-rays, medical

drawings, photographs, and slides. All of this could

be had for the annual subscription price of $2. Mount

Sinai's reputation was such, and the Journals quality

substantial enough, that from its first volume, it was

indexed in the Index Mediciis, making information

about its content available world-wide. By 1940, the

paid circulation for the bi-monthly publication was

700, with an additional 250 being sent gratuitously to

libraries around the world, with the exception, noted

pointedly by the Editor, of Italy and Germany^.

The Journal remained centered on clinical cases

and lectures during the Globus years, but not

exclusively so. Special issues devoted to eminent

Mount Sinai physicians were published upon their

retirement, the anniversary of their service at Mount

Sinai, or death. These festschrifts often assumed the

theme of their subjects' specialty: Bernard Sachs and

neurology'^; Edwin Beer and urology^; A.A. Berg

and surgery*^. The growing medical specialties were

also represented by the inclusion of lectures in

these fields, such as the Isidore Friesner Lecture

in Otolaryngology, which, in 1951, was given by the

respected otologist, Julius Lempert'^ There were also

memorial essays and obituaries published whenever

Mount Sinai physicians, and some Trustees, died.

Other types of articles appeared over these decades,

ultimately making the Journal a general medical

publication of broad interest to practicing physicians.

In 1952, Joseph Globus died. Although from the

beginning, and to this day, there has always been

an Editorial Board on which the Editor could lean, it

has played a greater or lesser role depending on the

people involved and the Editor. Many Mount Sinai

physicians and scientists have served on the Boards

over the years, but it is hard to document their

exact role, especially since the Journal has always

had strong Editors with confirmed opinions on their

direction. Globus was certainly just the first in this

mold. On the 50th anniversary of [ha Journal, Lester

Tuchman wrote:

Dr. Globus was the captain, the crew, and the bo'sun

tight of our good ship Nancy Bell. It was his drive,

his industry, his zeal, his good-hearted and never-

misunderstood bluster which was the driving force of

the Journal. Without Dr. Globus the Journal would
never have survived'".

But survive it did. Solon S. Bernstein, MD,

from the Department of Medicine, was appointed

the second Editor of the Journal, but he died

suddenly of a brain tumor and only oversaw volume

20. Thus, in 1954, on the twentieth anniversary of

the founding of the Journal, Lester R. Tuchman,

MD, was promoted from the Editorial Board to be

the third Editor, later becoming the longest serving

Editor in Journal history. Over the next two decades,

under Tuchman's leadership, the Journal evolved to

match the changing medical landscape, as well as the

changing Mount Sinai Hospital.

Tuchman, interestingly enough, served as House

Surgeon while on the house staff at Mount Sinai. He
later rose through the ranks in the Department of

Medicine to become a full Attending and Director of

Medicine at the Mount Sinai affiliated City Hospital

Center at Elmhunst. Tuchman laid out his plans for

the Journal in an editorial in 1954. He noted that

"the major aim of the Journal, now as then, is to

make available its pages for case reports based upon

the extraordinary clinical material which our Hospital

has always had, some of which might otherwise be

lost." Tuchman, noted, however, that the editors now
preferred that their authors "come from the ranks of

the House and Resident Staffs, Fellows, and younger

men generally To encourage these submissions,

the Joseph H. Globus Memorial Prize was created

for the best paper published by authors of Assistant

Attending and lesser rank each year in the Journal.

The first Prize was awarded in 1955 to Dr. Mortimer

Ostow for his paper entitled, "Electrical response

of the cerebral cortex to corticopital impulses: a

comparison of peripheral and contralateral cortical

.stimulation^'". A prize to encourage house staff

contributions was created in 1957. The Ralph Colp

Award was established by friends, colleagues and

patients of Dr. Colp and submissions in Colp's own
field of surgery were given preference. Two years

later, another House Staff award was created, the

Daniel Stats Memorial Prize.

Although Tuchman kept the focus of theJournal

on case reports, several changes happened over

DOI:10.1002/MSJ



4 The Journal: A Retrospective

The Editors of Wc Moiiiil Siiuti Joiinuil of Medicine, 1934-1974. From left to right: Joseph A. Globus, MD
(1934-1952); Solon S. Bernstein, MD (1952-1953); and Lester R. Tuchman, MD (1954-1974).

these years. The practice of including CPCs ended

as they declined in importance in the Hospital

(although they later reappeared and disappeared

again). A section called "Radiological Notes" was

created, and the volumes grew in size. A series of

special symposia issues on particular topics were

produced, with some of these also published as

monographs. These ranged from the first in 1956,

The Management of Tuberculosis, edited by Irving

Selikoff^- to The Approach to Diagnosis in Modem
Neurology, edited by Morris B. Bender'-^. The subject

matter of articles marked a step into modernity with

a piece on computers in biomedical research in

1965. Also in the 1960s, the pages of the Journal

were first opened up for nonMount Sinai authors.

By 1968, the Journal continued on a bi-monthly

basis, printing nearly 2,000 copies and distributed

to medical libraries around the world. In an article

in The Mount Sinai Hospital News, the value of the

Journal was summarized as being the encouragement

of young authors to publish; allowing authors to use

more graphics in their articles; and a quicker turn-

around period, allowing material to appear in print

faster^''.

The creation of the Mount Sinai School of

Medicine in the 1960s had a tremendous impact

on the Journal. Some of the early papers about

the new medical school appeared in its pages^''.

When the School was formally dedicated in October

1968, the Journal published the speeches of the

four Nobel Laureates who had been invited to mark

the occasion. (Probably not the first Laureate papers

to appear; some of the earlier Welch and Janeway

Lecture recipients went on to win the Nobel Prize.)

Medical students were aLso encouraged to publish

their research here and a prize to honor the best

of these student papers was later created. Also, as

the School developed affiliations with area hospitals

and the off-site faculty grew, the Journal pages were

opened to a larger group of authors and readers. But

the biggest impact occasioned by the creation of the

school was the decision to change the name of the

Journal from TheJournal ofTheMount Sinai Hospital

to The Mount SinaiJournal ofMedicine. This became
effective with volume 37 in 1970.

After holding the Editorship for twenty years,

Lester Tuchman stepped down in 1974, the 40'*^

anniversary of the Journal. The Mount Sinai Hospital

Medical Board passed a resolution in Tuchman's

honor, noting "that the Medical Board of Mount

Sinai Hospital record herein this expression of our

undying gratitude to Dr. Tuchman, inscribing his

name in these annals to make known for succeeding

generations the quality and scope of his contribution

to the preeminence of this institution"^'". Tuchman
was succeeded as Editor by David A. Dreiling, MD,
a surgeon and world renowned pancreatologist who
had joined the Editorial Board in 1961. (Dreiling also

edited the AmericanJournal of Gastroenterology.) In

his debut editorial, he stated that he "intends the

Journal to participate in the educational program of

the Medical Center, for the medical student body,

the Hospital medical staff, and the postgraduate

physicians. We hope the Journal will serve as a

medium of exchange between basic scientist and

clinician, between student and educator, between

Medical Center and commimity, and finally between

alumnus and Mount Sinai'*'."

Dreiling implemented two major changes during

his editorship. In 1979, with the first number of

volume 46, the Journal changed format and began

to be printed at its more recent 8 1/2 by 11

inches size. Initially it had a blue masthead, but

beginning with volume 51 in 1984, the Journal

colors changed with each new year and volume.

It was not until 1996 (volume 63) that there was a

return to the traditional, and to us familiar, blue and

white covers. The other big change implemented

DOI:10.1002/MSJ
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by Dreiling was the effort in 1984 to "nationalize"

the Journal. This involved the publication's affiliation

with three institutions-Cedars-Sinai Medical Center,

Los Angeles; Mount Sinai Medical Center, Chicago;

and Mount Sinai Medical Center, Miami. Dreiling

hoped that these affiliations would broaden the base,

not only of subscribers, but also of possible authors

and reviewers. His ultimate goal was to have enough

material to publish monthly, a goal that was never

quite reached, although more issues were produced

over the next couple of years before settling back to

six. The formal affiliations were also short-lived, as

institutional priorities changed over time.

In 1990, Sherman Kupfer, MD was appointed Co-

Editor with Dreiling, who was in ill health. Dreiling

died the next year and Kupfer assumed the full

Editorship. Kupfer was really a triple threat: a skilled

clinician in renal medicine; a funded researcher in

kidney disease; and a devoted educator who taught

physiology to medical students and clinical skills to

scores of house staff in the Department of Medicine.

He headed Mount Sinai's Research Committee for

many years, and served as Deputy Dean from

1973-1984.

In an article outlining his plans for the Journal,

Kupfer reviewed the history to date and once again

stated the belief that there was still a need for

a general medical journal that could pull together

information across a spectrum of research and

practice, as well as such areas as health policy,

ethics and community medicine. He promised to

continue to include special lectures and symposia

given at Mount Sinai, grand rounds, case reports, and

theme issues. He hoped to introduce articles about

new drugs and include features on autopsy studies

and surgical pathological specimens, as well as

abstracts of work done at Mount Sinai's Department

of Medicine and at the affiliates. As before, Kupfer

hoped that the Journal would attract young authors.

medical students and house staff, who would like

a place to publish their early works. He promised

a responsive editorial staff, and a quick turnaround

time for manuscripts'^.

Over the next twelve years, Kupfer and the

Editorial Board lived up to their words. A new
column. Dermatology Notes, was introduced. Most

issues featured articles under the headings of Grand

Rounds, General Articles, and some Case Reports

and Book Reviews. Theme issues were popular,

with medical ethics appearing frequently, reflecting

its growing presence at Mount Sinai itself. A new
occasional series called Classics in Medicine was

begun in 1999. Kupfer was very attuned not only to

the Journal's history, but Mount Sinai's as well. The

first Classic article was a reprinting of James Collip's

Welch Lecture from volume 1 in 1934'*^. The next

were two articles by Mount Sinai authors published

elsewhere in the 1930s that laid the groundwork for

what became known as Crohn's disease'^ '". Kupfer

hoped that by reprinting articles such as these, he

could bring them to the attention of current readers.

He also felt that, since the Journal had been placed

online starting with volume 64 in 1997, the inclusion

of these articles would make them available to a

much larger readership on the Worid Wide Web.

As Kupfer noted in a 2000 editorial: ''The Journal

will continue to republish accounts of important

contributions made by Mount Sinai staff, from its

own archives as well as from other publications,

particularly where hard copy access may be limited

or difficult. I hope that our readers will find this

useful-^"

In 2003, Kupfer died, leaving the Journal in the

hands of Associate Editors Leslie A. Kuhn, MD, and

Philip S. Ledereich, MD. Kuhn, a member of the

Division of Cardiology for many years, was named
full Editor starting with the May 2005 issue, and has

served as such through the end of 2006, completing

The Editors of The Mount Sinai Journal oj Medicine, 1974-2006. From left to right: David A. Dreiling. MD
(1974-1991); Sherman Kupfer, MD (1990-2003); and Leslie Kuhn, MD (2005-2006).
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volume 73- At the end of its current life, ihe Journal

was around 425 pages per volume, and cost $85 for

an annual individual subscription.

Conclusion

After 72 years of publishing, what then has the Mount

Sinai Journal accomplished? It was rarely the place

for publication of original ground-breaking research,

with the notable exception of Ezra Greenspan and

Mack Fieber's work on combination chemotherapy

for breast and ovarian cancer, which was rejected by

the mainstream cancer journals"'. But it was never

the intention of the Journal's founders or Editors

to produce such a publication. It was instead their

goal to extend Mount Sinai's usefulness to the world

by spreading the knowledge created or displayed

at the institution to a broad audience, and in this

they have succeeded. In his 1974 letter of resignation

from the editorship, Lester Tuchman wrote to Fenton

Schaffner, MD, then Chairman of the Committee on

Medical Education and Publications, that "Foreign

readership is impressive, as evidenced by the large

numbers of reprint requests which come from scores

of countries and from all continents. Members of

our staff returning from the most remote and exotic

countries, as well as from famous old centers, are

continually astounded at the respect in which the

Journal is held all over the world'^." As Dreiling

noted in 1984, on the Fiftieth anniversary of the

Journal: "Our aim. . . above all [is] to make the

Journal truly useful to all of our readers, and thus to

serve medicine""*." A noble goal, well fulfilled.
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Abstract

In the past decade, there has been an increasing

emphasis on laboratory-based translational research.

This has led to significant scientific advances in

our understanding of disease mechanisms and in

the development of novel approaches to therapy

such as gene therapy, RNA interference, and stem

cells. However, the translation of these remarkable

scientific achievements into new and effective

disease-modifying therapies has lagged behind

these scientific accomplishments. We use the term

"translational experimental therapeutics" to describe

the pathway between the discovery of a basic disease

mechanism or novel therapeutic approach and its

translation into an effective treatment for patients

with a specific disease. In this article, we review the

components of this pathway, and discuss issues that

might impede this process. Only by optimizing this

pathway can we realize the full therapeutic potential

of current scientific discoveries and translate the

astounding advances that have been accomplished

in the laboratoiy into effective treatments for our

patients. Mt Sinai J Med 74:7-14, 2007. ©2007
Mount Sinai School ofMedicine

Keywords: experimental therapeutics, translational

science, clinical trials.

Introduction

During the past decade, there has been an exponen-

tial growth in translational bench research aimed at

understanding the underlying nature of disease and

developing novel forms of therapy.' This has led

to major scientific accomplishments in diverse fields

such as molecular genetics, cell biology and bio-

chemical pathophysiology, and in the development

of potentially revolutionary forms of treatment such

as stem cells, gene therapy, and RNA interference.

It is not surprising, therefore, that there is a high

expectation for immediate therapeutic benefits in a

wide range of disease states. Despite these scientific

advances, the translation of bench research findings

into clinically relevant treatments is neither simple

nor assured. We have coined the term "translational

experimental therapeutics" to describe the pathway

of events between the initial laboratory discovery and

the development of a new and approved therapy for

a human disease (Table 1). This review will address

the nature of this translational process, and touch on

some of the potential issues and stumbling blocks that

have limited our ability to translate positive research

findings into effective therapies.
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Preclinical Investigations

Discoveries relating to the etiology/pathogenesis

of disease states and hypotheses for possible

therapies based on these discoveries are frequently

made at the level of in vitro model systems

using cell and tissue preparations. The kinds of

obserx'ations that can be made in these systems

include disease- and treatment-related alterations

in gene and protein expression, posttranscriptional

protein modifications, perturbations in cell signaling
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Table 1. Tl.ie ExperinioJtcil Tniiishilioiial Therapeutic Pathway.

In I'itro (single cell, cell culture) experiments to define mechanism and candidate intenentions

i

In vivo (whole animal) experiments to assess efficacy in relevant models

i

Animal experiments for safety

i

Dmg activity studies

I

IND application to the FDA (in the US)

i

hiitial human testing (Phase I)

i

Exploratory (proof of concept) human efficacy and safety experiments (Phase II)

i

Confirmatory human efficacy and safetv experiments (Phase III)

i

Effectiveness in medical practice (Postmarketing sui'veillance)

pathways (paiticularly those related to cell function,

plasticity, survival, and deatli), and changes in the

meinbrane-based receptor systems. These changes

have the potential to provide new targets for

the development of novel therapeutic interventions.

Once a potential pathogenic mechanism has been

identified, experiments can be designed to examine

novel dmgs or therapeutic strategies that might

interfere with these pathologic processes. Again,

such experimentation is often initially performed

in relatively simple in vitro tissue culture model

systems. How these cell and tissue culture studies

relate directly to human disease, however, remains a

matter of some conjecture.

Following sufficient replication to warrant faith

in the reliability of the in vitro observations, the

next logical step is to examine these observations

in more complex systeins such as animal models of

the disease. The closer the animal model reflects

the pathophysiology of the human disease, the

more likely the model is to be predictive of

the human response to an intervention. Rodent

and canine species have been commonly used to

try and replicate human pathophysiology and to

test putative therapeutic interventions. They have

been particularly valuable for testing models of

diseases related to acute and chronic toxic exposure

(e.g. smoking, air pollution, carcinogens).- Smaller

animals such as nematodes and drosophila are also

now widely used, and although more remote from

the human condition, they permit high throughput

and economical study of the molecular pathways

involved in disease pathogenesis, identification of

new targets for candidate dixigs, and effects of

new treatments. * The nonhuman primate is the

laboratory inodel that most closely resembles the

human, but experimentation is limited, owing to the

cost and availability of these aniinals. Primates are

typically used to address the more inature research

questions (i.e. after they have been tested in lower

animals) or those, which cannot be answered in

lower animals. The choice of an animal model for a

disease inay be influenced by species-specific factors.

For example, HIV infection is unique to huinans, and

animal models are based on the use of similar, but not

identical, agents (e.g. simian immunodeficiency viais,

feline immunodeficiency virus). Similarly, the toxin

MPTP causes a Parkinson's disease-like syndrome in

mice and monkeys, but not in rats. The development

of transgenic mouse models that carry a mutation

known to cause or act as a predisposing factor for

a human genetic disorder has been an enormous

step forward in developing animal models that have

a closer etiopathogenic link to a human disease.'"^

Interestingly, the transgenic animal models created

for human neurodegenerative diseases such as

Huntington's disease (R6/2 mice), ainyotrophic lateral

sclerosis (SOI3 mutant), Parkinson's disease (Parkin,

alpha synuclein, LRRK2 mutations), and Alzheimer's

disease (APP mutation) do not precisely model

the human disease, nor have they been shown to

accurately predict the human response to a disease

modifying intervention.*^"^' While animal models are

often of great value in predicting human response,

these data illustrate that the same pathogenic agent

may cause a different disease or even no disease

in a different species, illustrating the difficulty in

precisely and predictably translating results from

aniinal models to humans.

Safety is an important consideration that must

be addressed at the preclinical stage, before begin-

ning human trials. Most academic-based researchers

focus on creating a compelling scientific basis for

a proposed intervention. However, for translational

DOI:10.1002/MSJ
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experimental therapeutics and the introduction of

a new agent into humans, the establishment of

the safety profile of the proposed intervention is

paramount. While pharmaceutical comj^anies and

those interested in regulatoiy requii ements trequently

have extensive experience in conducting the stan-

dard preclinical toxicologic, genotoxic, mutagenic

and teratogenic experiments, academic researchers

often have little experience in creating the necessaiy

animal safety database needed to support human
experimentation. Paradoxically, the US Food and

Drug Administration (FDA) and the European reg-

ulatory authorities (via the International Conference

on Harmonization [ICH]) have fairly standard guide-

lines for the animal safety data that is required prior

to human experimentation, but they have no require-

ments for the amount of scientific evidence that must

be obtained prior to proceeding with the study of

a new intervention in humans.'^ This dichotomy

between the data supporting a scientific rationale

and the data supporting safety is a frequent stum-

bling block in taking a novel intervention from animal

to human experimentation. Some relevant guidance

documents from the FDA web site, agreed as part of

the ICH process, are listed in Table 2.

Drug Activity: Getting Ready for
Clinical Trials

when an intervention has been identified as a

potential therapy, it is important to perform traditional

measures of drug activity such as absorption,

distribution, elimination, and metabolism prior to

clinical testing for its safety and efficacy in humans.

Information regarding how much of a drug is

absorbed, by which route of admini.stration (oral,

intravenous, subcutaneous), to what degree it is

protein bound and displaced by competing agents,

to which tissue it is delivered and at what

concentration, how it is metabolized, identification

of active or toxic metabolites, route of elimination

(renal, respiratory, fecal, skin), and potential to

interfere with metabolism of other drugs are all

important steps in characterizing a new drug prior

to initiating clinical trials in humans. In addition,

a very important consideration is whether the

compound can exert its proposed mechanism of

action at concentrations that are achievable in

humans. For example, it is important to know that

a putative monoamine oxidase (MAO) inhibitor for

the treatment of Parkinson's disease reaches the

brain in its anticipated active form and in sufficient

concentration to accomplish its intended mechanism

of action (i.e. inhibit MAO in the brain). In this

Tcihlc 2. GiiicJduce Dociimoils Rei>cinli}i^ An inull Scifely

Dala Needed lo C'onducI Human /iireslif^dlinus.

IVI'3 Nonclinic'cil sufcly studies tor ilic

conduct of human clinical trials

for pharmaceutic al.s

jtilv 1997

S7A Satet\' pharmacc >logy .studies tor

human pharmaceuticals

July ziJOJ

S4 (luidancc on the duration of chronic

toxicity testing in animals

June 1999

S3A To.xicokinetics: The assessment of

systemic exposure in to.xicity

studies

March 1995

S2B Genotoxicity: A standard battery for

genotoxicity testing of

pharmaceuticals

July 1997

S5A Detection of toxicity to reproduction

for medicinal prcxiucts

Sept 1994

SIA The need for long-term rodent

carcinogenicity studies of

pharmaceuticals

March 1996

These documents can be obtained at the FDA web
site (wavw.fda.gov) by going to the Guidance page and
searching for the specific docciments.

regard, it is important to appreciate that some drugs

have U-shaped curves, whereby they are effective

within a limited range of concentrations, but are

ineffective at higher or lower levels. In selecting a

dose for human studies, it is important to appreciate

that plasma concentraticjns may not provide an

accurate measure of the drug concentration at the

intended target site, that effective concentrations in

one species may not be effective in another species,

and that daig metabolism and transport may vary

across species. Thus, selecting the correct do.se for a

given human trial may be difficult, and a full-range

dosing study in both animal models and humans
is usually required to define ineffective, effective,

and tcjxic doses. The central nervous system presents

Linique considerations, as nonlipoi^hillic agents do
not pa.ssively cross the blood-brain barrier, and

active transport .systems that carry drugs both into

and out of the brain may dramatically alter daig

concentrations in the brain. The.se measures of

drug activity should ideally be well characterized

prior to the u.se of a new intervention in human
experiments.

A high proportion of potential therapeutic com-

pounds will fail to transition to human study becau,se

of safety issues encountered in animal testing, as well

as unanticipated problems with bioavailability and

elimination. Particular areas of concern are inhibition

of the cytochrome P450 enzyme system, which can

alter the metabolism of manv other drugs, pro-

longation of cardiac rei^olanzation resulting in long

QT intervals, and an increased risk of arrythmia (US

DOI:10.1002/MSJ
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Department of Health and Human Sei^vices, FDA,

Center for Dmg Evaluation and Research (CEDR),

Center for Biologies Evaluation and Research (CBER).

Guidance for industry: E14 clinical evaluation of

QT/QTc interval prolongation and proarrhythmic

potential for nonantiarrhythmic drugs. ICH of techni-

cal requirements for registration of pharmaceuticals

for humian use (ICH), October 2005)^^ and impair-

ment of renal function. The challenges in assem-

bling sufficient preclinical evidence to support the

rationale for human testing, as well as the chal-

lenges of generating adequate preclinical safety data

have been recognized by the NIH Roadmap, an ini-

tiative to reengineer the clinical research and daig

development process. The NIH RAID pilot pro-

gram (www.nihroadmap.nih.gov/raid) is specifically

designed to help the investigators generate the ani-

mal toxicology data that are necessary to support

human investigation. Resources are also available

through this program to help with the production of

sufficient quantities of drugs or other interventions

according to good manufacturing practices (GMP).

Laboratory evaluations are often performed with

chemical (research) grade interventions. The man-

ufacturing regulations surrounding the creation of

daigs for testing in human patients is much more

stringent, and governed by FDA regulations accord-

ing to chemistry, manufacturing, and composition

criteria (CMC). The transition from the manufacture

of a chemical grade to a daig grade inteivention can

be costly and complicated. If there is no pharmaceuti-

cal manufacturer to assist with this process, academic

investigators have few resources to draw on aside

from the RAID program or NIH specific initiatives.

There are other issues surrounding the manufacture

of a drug, including the determination of which excip-

ient should be employed along with the active agent

(an excipient is an inert substance, which is added

to a dmg to provide bulk, for example in tablets),

and whether the intervention should be administered

as a pill, capsule, powder or injection. Frequently,

the formulation used in preclinical disease models is

different from that employed in human experiments,

and may account for different safety and efficacy

responses in human clinical trials in comparison with

animal studies.

Clinical Trials

There is surprisingly little agreement within the sci-

entific community about what preclinical evidence

provides a satisfactory scientific rationale and jtis-

tification for transitioning from animal to human
experimentation. Scienti.sts, clinicians, and ethicists

debate the magnitude of change, the degree of

specificity of the effect, and the level of safety that

needs to be established before proposing experi-

mental interventions in humans. Some researchers

have proposed that benefits with a new inteiven-

tion must be demonstrated in at least two different

animal models before beginning human experimen-

tation. It should be appreciated, however, that for

many diseases there is no good animal model and

safety and efficacy can only be properly assessed in

patients with the target disease. These deliberations

underscore the uncertainty of the predictive value

of observations in animal models.-^ There is also a

debate as to how often studies should be replicated

by independent laboratories. It is an interesting fact

that when initial observations are replicated, con-

firming laboratories tend to find a less robust effect

of a putative intervention,' and when nonconfirma-

toiy results are obtained, they are frequently not

published by the investigator or are not accepted

for publication by the major journals. This publica-

tion bias against nonconfirmatory replication may be

a significant stumbling block in determining which

mechanisms and interventions are most worthy of

further investigation, and can lead to human subjects

being unnecessarily exposed to a new agent that has

not been adequately demonstrated to be effective or

safe in the laboratory.

When the hurdles of establishing a scientific

rationale and therapeutic effect in preclinical disease

models, animal toxicology, daig manufacture, and

dosing have been overcome, an intervention can

make the transition from animal to human experi-

mentation. In the United States, this transition can

only be made after the satisfactoiy completion of

an in\estigational new daig (IND) exemption appli-

cation to the FDA. (CDER and CBER. Guidance

for Industiy: Content and format of IND appli-

cations for Phase 1 studies of drugs, including

well-characterized, therapeutic, and biotechnology-

derived products, November 1995). As part of the

IND process, investigators must describe the planned

clinical protocol and review how they have addressed

issues such as toxicology/safety, daig activity, and

daig manufacture. Most INDs are submitted by an

industrial sponsor, but individual investigators can

independently request an IND. Individuals who wish

to submit an IND for the first time should seek advice

from an experienced investigator who has already

gone through this process. The FDA will meet in

person with the applicant and will assist with the

investigator-initiated IND application. Once the IND
has been sLibmitted, the FDA will provide feedback

within a statutory timeframe regarding any perceived

DOI:10.1002/MSJ
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deficiencies in the data submitted to support human
experimentation.

All studies performed on human subjects must

be approved by an Institutional Review Board (IRB)

comprised of physicians, scientists, and lay members
prior to their initiation. The IRB assures that there

is equitable selection of subjects, potential risks are

minimized, the risk benefit ratio is reasonable, and

the informed consent fully describes in layman's

language the possible risks and benefits of the

procedure and any conflict of interest for the

investigator or the institution. Additional review may
be imposed for high-risk interventions such as gene

therapy (must be approved by the recombinant

advisory committee (RAC) of the FDA) and vulnerable

populations such as children (must be approved by

a special federal IRB that reviews high-risk pediatric

research). All patients must understand the full details

of the procedure and sign an IRB-approved informed

consent before any aspect of the human study can

be initiated.

Phase I Clinical Trials

Initial human experimentation, also referred to

as Phase I or Human Pharmacology testing, is

usually performed in healthy volunteers, but can,

in some circumstances (for example with oncologic

drugs), be conducted in individuals with the target

disease process. Initial Phase I testing is usually

done in a highly controlled environment such as

an inpatient clinical research center, and usually

involves single dose exposure of the intervention

to a limited number of individuals with intensive

monitoring of safety and pharmacokinetic data

(Table 3). Dosing for human trials is typically

based on an extrapolation from doses that are

effective and tolerated in animals, and is an

inexact science. Several steps are taken to introduce

a safety margin for initial human dosing. Safety

and tolerability of a single low dose is initially

performed in small cohorts of individuals (usually

6-10 subjects). Thereafter, the dosage is gradually

titrated upwards to a level that is not tolerated

or induces side effects. This single dose paradigm

is usually followed by a multiple dose study,

typically 1 week in duration. Again, intensive

safety monitoring and pharmacokinetics, particularly

with doses that provide the maximal concentration

of drug exposure (Cmax), must be a part of

these investigations. The importance of careful

monitoring during Phase I studies is illustrated

by the recent experience with TGN1412, a novel

superagonist anti-CD28 monoclonal antibody that

directly stimulates T cells. ^-^ Within 90 minutes of

receiving a single intravenous dose of the daig,

six volunteers developed a systemic inflammatory

response characterized by a rapid induction of

proinflammatory cytokines. They became critically

ill with hypotension, pulmonary infiltrates, renal

failure, and disseminated intravascular coagulation.

Fortunately, the subjects had been closely monitored,

effective interventions could be made, and there were

no fatalities. Depending on the target population for

the intervention, further Phase I study may also need

to be done in healthy elderly populations or in those

with renal or hepatic impairment.

Phase n clinical trials

If the accumulated safety and laboratory data in Phase

I support further human investigations. Phase II or

Therapeutic Exploratory testing (Proof of Concept

Study) is conducted in the target disease patient

population to provide a further assessment of safety

as well as potential efficacy across a range of

doses. Most Phase II studies are performed as

multicenter, double blind, and placebo-controlled

trials. These studies typically involve dozens to

hundreds of subjects followed for 1-3 months.

Careful evaluations of safety and accepted measures

of disease activity based on clinical and laboratory

examination are a standard part of Phase II testing.

There is also a concerted effort to identify nonclinical

markers of di.sease activity (e.g. biomarkers) that

could be used to track the therapeutic response

to the new intervention. Less intensive monitoring

of pharmacokinetics is usually done in Phase II.

In some fields such as oncology, it has become

traditional to perform Phase II studies in an open-

label manner and to compare the study results

with historical measures of disease progression

and toxicity. Blinding and contemporaneous control

groups are, however, preferred whenever possible.

Subjects who participate in Phase II studies are

typically followed in an open-label extension phase

in order to provide long-term safety data. Issues

that must be considered in Phase II studies

include the manufacture of matching placebo (made

according to GMP regulations), the complexities of

managing a large scale, multisite trial, and regulatory

reporting requirements, particularly with respect to

adverse effects. Contract Research Organizations are

often employed to aid with study oversight, site

monitoring, and database management. Investigative

teams typically include clinical and basic researchers,

biostatisticians, database managers, study monitors,

and clinical trialists with a particular interest in the

disease and in the management of clinical research

studies.
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Table 3- Stage ofHuman Clinical Trials.

Stage Purpose Subjects

Phase I
,

....
1 oleraoiiity Healthy controls

Human pliarmacology Safety (Tens)

Pharmacokinetics

Phase II Explore efficacy in disease states
•

Patients

Therapeutic exploratory Additional safety (Dozens)

Evaluate dose-response

Phase III Demonstrate efficacy Patients

Therapeutic confirmatory E.stablish safety (Hundreds-thousands)

Phase IV Refine dosing Patients

Therapeutic use Identify less common side effects (Thousands)

Identify new indications Hundreds-thousands

Phase in clinical trials

The vast majority of compounds tested in Phase I and

II studies fail to progress to Phase III testing because

of safety concerns, lack of efficacy, or both. Phase III,

or Therapeutic Confirmatory testing, represents the

final stage in testing a driig for clinical approval.

Such studies are typically rigorous, prospective,

randoinized, double blind, placebo-controlled trials

of at least 6 months in duration and involve hundreds

if not thousands of patients. Prespecified primary

and secondary endpoints are defined in a hierarchal

order, with consideration of the final indication

and wording of the label if the drug is eventually

approved.

New Drug Application

Typically, positive efficacy results in two separate

Phase III studies are required for approval of a new
molecule or intervention. Regulatory agencies such

as the FDA also typically require an acceptable safety

profile based on a database of at least 600 subjects

who have been treated with the intervention for

at least 6 months in placebo-controlled studies (US

Department of Health and Human Services, Food and

Drug Administration, CEDR, and CBER. Guideline

for industry: The Extent of Population Exposure to

Assess Clinical Safety: For Daigs Intended for Long-

term Treatment of NonLife-Threatening Conditions.

ICH of Technical Requirements for Registration of

Pharmaceuticals for Human Use (ICH), March 1995),

controlled data on 100-200 subjects who have

received treatment for 1 year, and a total of about

1500 subjects who have been exposed to the drug

for some period of time. Although this sounds like a

large number of patients, particularly for an academic

researcher, it is a relatively small number considering

the number of persons who could be exposed to the

agent if the drug is approved for marketing. The FDA

Table 4. Factors that Might Account for Why
Positii'e Results in the Laboratory do not Translate

to Effectire Werapiesfor Patients.

• Unanticipated side effects (clinical and
laboratory)

• Animal models do not accurately reflect the

human disease

• Selection of incorrect do.se for clinical trial

• Wrong population studied

• Wrong clinical trial design

• Insensitive or incorrect clinical endpoint

also requires postmarketing surveillance to track side

effects, as some are only appreciated after a very

long-term exposure or after tens of thousands of

patients have been exposed to them.

The regulatory requirements for approval of a

new treatment, the ultimate endpoint of translational

experimental therapeutics, involve a complex process

with national peculiarities and quirks. The New Daig

Application (NDA) process within the US can take

many years and cost tens of millions of dollars.

Meetings prior to submission of the NDA can facilitate

the process by helping to identify FDA's concerns

about the adequacy of the data with respect to

demonstrating safety and efficacy. In situations with

new classes of therapeutic agents or in circumstances

of uncertainty, the FDA may seek the advice of

an advisory committee (www.fda.gov/oc/advisory).

There are approximately two dozen such advisory

committees that support the various therapeutic areas

within the different offices of the FDA (drug, biologic,

and device areas). Ultimately, the FDA will negotiate

directly with the sponsor of the NDA in determining

whether a drug has suitable data to support its

approval for use in medical practice, what the exact

indication for the intervention will be, and how the

label will be worded.
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Why do Drugs that Work in the
Laboratory Fail in Clinical Trials?

It is important for the reader to a]i]ircciatc that the

large majority of drugs that initially start on the

"translational experimental therapeutics" pathway fail

to complete the development process, and some fail

to gain FDA approval, despite a full preclinical and

clinical trial package having been obtained. Thus, the

amortized cost of the average new drug coming to

market in the United States at the present time is in

the range of 1 billion dollars. Some of the reasons

for this failure have been discussed in this reviev*-

and include unanticipated clinical and laboratory

side effects or lack of efficacy in preclinical or

human studies, and technical problems with dmg
pharmacokinetics and manufacture. These problems,

although discouraging, are to be expected. What is

more disconceiting are the number of agents that are

well tolerated and do not have side effects, but fail to

provide efficacy in clinical trials despite compelling

laboratory evidence suggesting that these agents

should have been effective. A recent example is TCH-

346, a propargylamine that was tested as a putative

neuroprotective agent in PD and amyotrophic lateral

sclerosis.^'* The drug had powerful and profound

protective effects on many different types of motor

neurons in a wide variety of preclinical models, but

had no beneficial effects on any of the preselected

primary or secondaiy outcome measures in clinical

trials. It is interesting to speculate on the reasons why
this kind of situation might occur (Table 4). Firstly,

laboratory changes upon which a new treatment is

based may represent secondary or epiphenomena

and not directly relate to the cause of the disease.

Thus, the treatment may be miscalculated from the

outset. Secondly, the preclinical models in which

new interventions are tested may not refiect the

etiopathology of the disease process, and may,

therefore, not be predictive of the effect of the agent

in the human disease state. Tissue culture is very

remote from the human patient, and it is not clear

that any results obtained in vitro will directly bear

on what will occur in the human disease. Further,

many animal models are not precise replicas of

the etiopathogenesis of the human illness that is

being studied. Thus, positive, or for that matter

negative, results in these models may have little

or no predictive relevance as to whether or not

a new intervention will prove helpful for human
patients with the target disease. Thirdly, it may be

essential to deliver drugs to target sites at more

precise concentrations than we can currently attain if

we are to see a comparable effect to that observed

in an animal model. Translating the do.se of a drug

that provides positive results in animal models to an

effective dcjse in humans is an impreci.se art, and it

is possible that .studies testing drugs in thousands of

patients and costing tens of millions of dollars may
have had no chance of working in the first place

because of the dose .selected. This is a particular

problem when testing a drug in a chronic disease

when there is no progressive animal model in which

to test the potential disease-modifying properties of

the drug, and where there are no biologic markers

of disease progression. Finally, clinical trial issues

such as the patient population and trial design may
limit the possibility of detecting the desired effect.

Most importantly, the wrong clinical endpoint may
have been chosen. It is important to have a clinical

endpoint that accurately measures the effect of the

agent on the disease process, and not an unrelated

biomarker. Reduction in pain may not herald a

fundamental improvement in the underlying arthritis

or neuropathy. Reducing levels of homocysteine

may not address the fundamental causative problem

and may not reduce the risk of heart disea.se,

stroke, or dementia observed in patients with high

homocysteine levels. And treatment-induced change

in an imaging biomarker of a disease process does

not necessarily imply that the daig has an effect

on the disease process itself. It is also important to

select an endpoint that is not readily confounded,

thereby impairing detection of the desired effect. For

example, it may be difficult to differentiate small

changes in an outcome measure of a disease state

that result from trivial symptomatic effects of a new
diTig from important disease modifying effects.-^

Conclusions

The concept of translational experimental therapeu-

tics involves the e.stablishment of an effective and safe

therapeutic intervention for a disease state based on

.scientific advances made in the laboratoiy. This pro-

cess includes the development of novel interventions

targeted at a laboratoiy-defined pathophysiological

mechanism, te.sting the intervention in laboratory

models, and appropriate human experimentation

(Table 1). Determining the scientific basis for a dis-

ease mechanism and establishing benefit and safety

in relevant animal models are important initial steps

in that process. Sufjsequent introduction of the inter-

vention to humans with careful monitoring of safety

and disease response are the next .steps. Selection of

the correct dose and utilization of clinical endpoints

or outcome measures that accurately reflect the effect

of the intervention on the propcjsed target disea.se are
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critical to the drug development process, and remain

important challenges. It is discouraging to consider

that the scientific advances taking place in the labo-

ratory today are outstripping our ability to translate

them into effective therapies. Further insights into

the cause of individual diseases, the development of

more relevant and predictive animal models, better

ways to determine the optimal dose for a given ther-

apy, and more accurate ways to assess the impact of

a drug on a disease state are urgently required, if the

high expectations of translational science are to be

realized soon.

It has also not failed to catch our attention that

clinical researchers in the first half of the twentieth

century had considerable success in developing new
therapies for clinical disorders without the scientific

resources available today. It should be noted

that effective treatments for depression, epilepsy,

psychosis, and anxiety were developed largely on

the basis of clinical observations made by astute

physicians, sometimes in individual patients, and it

is interesting to speculate upon how many of these

dmgs, which have benefited so many millions of

patients, would have been discovered if we relied

exclusively on translational research and how many
could have made it through today's demanding and

expensive regulatory approval process.
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Abstract

Personalized medicine introduces the promise to use

molecular markers that signal the risk of disease or its

presence before clinical signs and symptoms appear.

This information underlies a new healthcare strat-

egy focused on prevention and early intervention,

rather than reaction to advanced stages of disease.

Such a strategy can delay disease onset or minimize

symptom severity. The molecular foundations that

enable personalized medicine include detection of

variation in nucleotide sequence of genes and in char-

acteristic patterns of gene expression, proteins and
metabolites. Genetic and molecular patterns are cor-

related with disease manifestations, drug respon.ses,

treatment prognosis, or prediction of predisposition

to future disease states. However, the uncertainties

for personalized medicine are considerable, includ-

ing economic, ethical, legal, and societal questions.

Although much of its promise remains unproven

to date, the foundations of personalized medicine

appear solid and evidence is accumulating rapidly

pointing to its growing imponance in healthcare

(Fig. 1). Mt Sinai J Med 74:15-21, 2007. ©2007
Mount Sinai School ofMedicine

Foundations for Personalized
Medicine

Genetic Heterogeneity as Foundation
for Personalized Medicine
Genetics became an increasingly important part of

medical research and practice in the late 1950s.

Initially, the field focused on diseases due to a single

defective gene that could be traced through families

in a way that followed Mendel's laws of inheritance,

or disorders due to defects in the structure or number

of chromosomes.' In contrast, most common human
diseases and daig responses are polygenic, requiring

the action of several gene variants. These traits or

diseases are also called complex traits.^ The concept

of genetic linkage and its application to discovering

genes associated with diseases and complex traits has

been one of the major technical advances in modern

molecular genetics.^ Fundamental to this concept is

the identification of sites of variation in the sequence

of the genome. Although human DNA sequences are

99.9% identical to each other, the remaining 0.1% of

variation is of great interest.-^

Key Words: genomics, preventive medicine, phar-

macogenomics, bioethics.
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Single Nucleotide Polymorphisms and
Haplotypes
when a \ariation in DNA between individuals is

found sufficiently frequently in normal populations,

it is referred to as a polymorphism. Examples of poly-

morphisms include single nucleotide polymorphisms

(SNPs), insertions and deletions of nucleotides,

and repetitive sequences (microsatellites). SNPs may
occur in linked groups called haplotypes, defined

as a combination of alleles from closely linked

loci found on a particular chromosome. Millions of

known sites in the genome vary between different

people and provide linkage markers for extensive

studies of families or populations. Their ethnic dis-

tribution is a natural representation of the genetic

evolution of humans.^ Current data suggest that the

median difference in allele frequency between major

Published online in Wiley InterScience (v^-ww. interscience.wiley.com).
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ethnic groups is between 15 and 20%. This means

that \'ery common alleles (those present in more

tlian 20% of the population) tend to be shared,

whereas rarer alleles may be specific to an eth-

nic subset of the population.^ SNP analysis is being

used to investigate the genetic basis of suscepti-

bility of common diseases and xariation in drug

response and metabolism. Only SNP that fall in a

protein-coding region of a gene, or within control

regions of DNA that govern the gene's activity, are

likely to make a difference to the gene product.

Knowledge about the number and genomic location

of polymorphisms has risen rapidly in the past 10

years. The total number of common SNPs in the

human genome is now estimated at over 10 million

(see Entrez SNP database (2005). National Center

for Biotechnology Information. Axailablc online at

www.ncbi.nlm.gov/entrez/query.fcgi?dh=snp).

Genetic data for haplotype analysis are available

from the HapMap project.^' The goal of the project

is to develop a haplotype map of the human
genome that will describe the common patterns of

human DNA sequence variation, including haplotype

frequencies among population samples from Nigeria,

Japan, China and the USA. An important objective

of haplotype mapping is to identify those SNPs that

"tag" or identify SNP variation in haplotype blocks

(tag SNPs).^'^ This could reduce genotyping costs

by severalfold and enable large-scale genotyping

projects that would otherwise be too expensive.

The number of tag SNPs needed will vary with the

amount of linkage disequilibrium in a region, and the

required statistical power for the study. The optimal

strategies for using sets of tag SNPs are currently

under development and are the subject of much
debate. In particular, the numi^ier of SNPs that will be

required to determine the spectrum of common and

rare variations that underlies individual disease risk

or drug response.

At present new technologies for sequencing are

being developed that combine the accuracy of current

sequencing techniques with lower costs. Overall,

these approaches should be able to improve today's

sequencing methods by several orders of magnitude.

Although this technology is improving there are

still many difficulties to be overcome in matching

phenotypes, disea.se susceptibility or variations in

drug response, to SNP haplotypes.

Large scale association siudies of SNPs or hap-

lotypes and either disease risk or drug response

are prone to both false-positive and false-negative

results, which might arise by chance given the

multiplicity of tests that are typically performed

in gene association studies. To overcome these

problems, studies will need to be large, involv-

ing thousands of people, particularly, if associ-

ations are to be examined for sub.strata of the

population, for example by age, gender, ethnicity,

disease group or lifestyle characteristics. Problems

can also arise if the population sample includes

people from different ethnic groups with different

population structures.^" Replication .studies will be

required, either in a different study, population or

substrata.

Promises of Personalized Medicine

Advances in Genomic Testing for
Clinical Practice

Genomic tests may be conducted on the person

(to test for inherited variation) or on the disease

tissue (currently confined to oncology). The test

conducted would usually be an examination of

genomic sequence looking for specific variants, but

could include expression analysis-a cjuantilatixe or

Cjualitative determination of the messenger RNA
transcriiied in a tissue or organs. Genomic tests may
also include the examination of protein pnxlucts,

or functional tests, also designed to reveal genetic

differences in the target individual or tissue (Fig. 2).

With the range of these tests, several goals for clinical

genomic testing co\er the .spectrum of personalized

medicine applications (Table 1). The first goal is the

subdivision or molecular segmentation of common
diseases into different molecular subtypes, which may
be more or less susceptible to specific treatments.

Secondly, genomic testing should support the

evolution of more logical approaches to drug dosage,

efficacy and the prevention of adverse reactions by

analyzing the genetic basis for differences in the

pharmacodynamic or pharmacokinetic properties of

drugs. Finally, by identifying determinants of genetic

susceptibility to various common disea.ses, genomic

Publications
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I'ig 1. PiibMed search witii keywords "personalized

medicine" by calendar year.
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Clinical Data:
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Personalized Medicine Applications:

diagnostic sub-grouping of diseases

prediction of disease risk

prediction of drug response

Fig 2. Integration of molecular, clinical, and other data

to enable personalized diagnostics and personalized risk

predictions.

testing should offer new targets that inay be evaluated

for pharmacological intei^ention. These goals for

clinical genomic testing are discussed further in the

following sections.

The most progress in refining molecular het-

erogeneity of common diseases has been achieved

in cancer research. Two genetic tests now on the

market can identify disease susceptibility and guide

preventive care. One is a test for BRCAl and BRCA2
genetic variants that indicates hereditary propensity

for breast and ovarian cancer.^' Women with BRCAl
or BRCA2 genetic risk factors have a 36 to 85% life-

tiine chance of developing breast cancer, compared

with a 13% chance among the general female popula-

tion. For ovarian cancer, women with certain BRCAl
or BRCA2 gene variants have a 16 to 60% chance

of contracting the disease, compared with a 1.7%

chance among the general population. Use of the

BRCAl and BRCA2 genetic test can be used to guide

preventive measures, such as increased frequency of

mammography, prophylactic surgery, and chemopre-

vention. The second currently available genetic test

is the pl6 test for melanoma.' ' Pl6 accounts for up

to 40% of hereditary cases of inelanoma and has

also been linked to pancreatic cancer. For those who
test positive, several prevention options are avail-

able, including early detection, preventive surgery

on suspicious lesions, and reduced sun exposure.

The treatment of early stage breast cancer in women
may be transformed by several assays in develop-

ment that scan a panel of genes correlated with

risk of disease recurrence and response to therapy.'-^

One such assay now being used in clinical settings is

Oncotype DX, which analyzes the expression of 21

genes.''' The information provided by this test .sup-

ports both treatment and monitoring decisions based

on the foreknowledge of disease progression, time

to event, and likelihood of treatment benefit.'"'

Pharmacogenomics

Tests to Predict Drug Efficacy

Studies have linked differences in dmg responses to

differences in genes that code for the production

of drug-inetabolizing enzymes, dixig transporters,

or daig targets.
"^"'^ Detection of these genetic

differences provides the opportunity to use genetic or

other forms of molecular screening to select optimal

therapy the first time and avoid a trial-and-error

approach to prescribing. For example, about 30% of

breast cancers are characterized by overexpression of

a cell surface protein called human epidermal growth

factor receptor 2 (HER2).''^ In normal quantities,

HER2 promotes normal cell growth. But when a

genetic mutation causes HER2 to be overexpressed

on the cell surface, certain breast cells are prompted

to multiply uncontrollably and invade surrounding

tissue.'^ Women with HER2-positive breast cancer do

not respond well to standard therapies. Development

of an antibody drug-Herceptin(trastuzumab)-that

specifically inhibits the HER2 receptor has greatly

improved the survival rate of women with this deadly

form of cancer.^" Molecular diagnostic tests have

been developed that measure either HER2 protein

levels or gene copy numbers to identify patients who
will benefit from receiving Herceptin.

Gleevec (imatinib), another successful example

of personalized medicine, is used in the treatment of

chronic myelogenous leukemia (CML) and malignant

gastrointestinal stromal tumors. CML is caused

by a chromosomal rearrangement that creates a

fusion between two normal proteins, producing

one abnormal protein called Bcr-Abl that proinotes

a rapid increase in the number of white blood

cells. Gleevec binds specifically to Bcr-Abl and

inhibits its action. Appropriate prescription of the

drug can be confirmed by a diagnostic test that

detects the presence of the BCR-ABL gene. Studies

show vastly improved response rates and lower

toxicity for CML patients receiving Gleevec coinpared

with patients receiving standard chemotherapy.^'

Recently, a genetic test to monitor the einergence

of Gleevec resistance has been introduced. Gleevec

resistance occurs in about 4 to 5% of CML cases

(Genzyme 2006). This new test could provide an

additional tool for personalization of treatment.

DOI:10.1002/MSJ
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Table 1. Proposed benefits ofpersonalized medicine".

• Detect disease at an earlier stage, when it is easier to treat effectively

• Enable the selection of optimal therapy and reduce trial-and-error prescribing

• Reduce adverse drug reactions

• Increase patient compliance with therapy

• Improve the selection of targets for drug discovery

• Reduce the time. cost, and failure rate of clinical trials

• Revi\'e drugs that failed clinical trials or were withdrawn from the market

• Avoid withdrawal of marketed drugs

• Shift the emphasis in medicine from reaction to prevention

• Reduce the overall cost of healthcare

"Adapted from The Case for Personalized Medicine availaiile

at http://www.personali2edmedicinecoalition.org/communications/TheCasefor-

PersonalizedMedicine.l 1 . 1 3pdf

Tests to Guide Dosing and Avoid
Adverse Drug Reactions
StLiciies estimate that over 2 million serious adverse

drug reactions (ADRs) occur annually in the United

States, causing as many as 137,000 deaths. Some
of these deaths could be prevented by testing

individuals for genetic variations indicating their

susceptibility to toxic reactions. Many adverse dnag

reactions are caused by variations in genes coding

for enzymes. Enzymes are complex proteins that

catalyze cheinical reactions in the body, such as the

metabolism of nutrients or dmgs. About half of all

dmgs are metabolized by the cytochrome P4SO family

of enzymes present in the liver and ga.strointestinal

tract (BCBS 2004). There are over 30 different forms

of these enzymes, each coded for by a different gene.

Variations in these genes can lead to decreased or

increased metabolism of certain drugs. As a result,

some individuals may have trouble inactivating a

dmg and eliminating it from their body, while others

eliminate the drug before it has a chance to work.

For drugs that are metabolized too slowly, there is an

increased risk for patients to be "overdosed" when
given a typical dose, possibly resulting in serious

toxicity. The FDA has approved the Amplichip

cytochrome P450 test, which can detect variations

in two important cytochrome P450 genes.-- The

information provided by Amplichip and siinilar tests

will help physicians make better decisions about

drug treatments and dosages. The IIGTIAI a.ssay

was also approved by the FDA to predict patients'

safety-related responses to irinotecan used in the

treatment of colon cancer. The test allows physicians

to adjust the irinotecan dosage for the approximately

10"/(i of patients who metabolize the active form

of the drug too slowly. Administration of the dmg
warfarin, used to prevent blood clots, is complicated

by genetic variations in a drug metabolizing enzyme
(CYP2C9) and a vitamin K metaholi/ini; enzyme
(VKORCl).'^ Dosing is typicall> aeliusted for the

individual patient through multiple rounds of trial

and error, during which the patient may be at risk

of excessive bleeding or further blood clots. The

need to get warfarin dosing right the first time to

avoid adverse effects led an FDA advisory committee

to recommend genotyping for all patients receiving

warfarin. An actual revision of the dn.ig label awaits

the results of a definitive clinical study. Thiopurine

methyltransferase (TPMT) is another enzyme that

has been studied from a personalized medicine

perspective. TPMT is responsible for inactivating

purine dmgs used for treating acute lymphoblastic

leukemia (ALL) and other diseases.'-^-"' TPMT gene

variations can cause variations in enzymatic activity

and thus drug metabolism. One in 300 patients has

both copies of their TPMT genes coding for an

inactive form of the enzyme, a condition known as

TPMT deficiency. In these patients, the normal dose

of purine drugs results in an accumulation of active

compound, which may cause a potentially fatal bone

inarrow reaction that results in an abnormal lowering

of the white blood cell count. After a few cases of

fatal toxicity in TPMT-deficient ALL children treated

with a purine drug, physicians started screening for

variations in the TPMT gene before administering

the drug. When a TPMT deficiency is detected, the

dose is k^wered to 10 to 15% of the standard dose.

This adjustment ensures that systemic levels of the

drug are comparal:)le to those found in patients with

normal TPMT who have been given a standard dose.

Improving Clinical Trials

Personalized medicine provides a new economic

model of drug de\ elopment that benefits both phar-

maceutical companies and patients. For example,

clinical trials of Herceptin and Gleevec leading to

initial regulatory approval were conducted in a rela-

tively small number of patients qualified by specific

biomarkers. The use of these biomarkers perinitted

DOl:10.1002/MSJ
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clearer results in clinical trials and faster, less expen-

sive paths to FDA approval. Encouraged by these

success stories, several major pharmaceutical com-

panies are targeting diseases with a smaller defined

patient population in order to reduce the initial cost

and duration of clinical trials, and then later expand-

ing the daigs' indications to other related diseases.-'^

Uncertainties and Challenges for
Personalized Medicine

Cost-effectiveness

The aim of any evaluation of health economics

is to determine how healthcare resources can be

used most prudently. Using the tools of health

economics, the analysis of cost-effectiveness in

pharmacogenomics and personalized medicine can

be used to examine the clinical and economic impact

of such interventions. In pharmacogenomics, many
of the new technologies will be competing with

existing methods of diagnosis and treatment. As

such, they will need to undergo rigorous evaluation

in large-scale trials. Although the introduction

of pharmacogenomic testing has the potential to

reduce costs through improved interventions, greater

efficacy, less inappropriate prescribing and fewer

ADRs, it is not clear whether or not the tests will

increase or decrease overall health costs. This is

because of the costs of developing, evaluating and

implementing pharmacogenetic testing; associated

costs of training and clinical time needed to

administer and interpret the tests effectively; and

auditing their use in a health service setting. While

the assessment of cost-effectiveness is relatively well

developed in the healthcare system, its application

to pharmacogenomics and personalized medicine

is far less developed. In general, personalized

medicine therapies and diagnostic tests have not yet

prompted widespread review and cost-effectiveness

analysis, but a number of studies that have been

conducted provide some interesting insights, as well

as preliminary validation of the economic benefits of

personalized medicine in the delivery of healthcare.

Reimbursement
Adequate and timely coverage and reimbursement

by insurers are also critically important to the adop-

tion of personalized medicine therapies. In many
cases, reimbursement follows regulatory approval.

For example, the joint FDA approval of both Her-

ceptin and a diagnostic test for determining which

breast cancer patients would benefit from Herceptin

paved the way for reimbursement of both products

by most third party payers. Medicare reimburse-

ment policy for diagnostic tests is usually based

on confirming traditional diagnosis of existing signs

and symptoms. Such an approach can discourage

adoption of molecular tests, which may be more pre-

dictive in nature. Reimbursement policies will have

to be realigned to support a more preventive, proac-

tive approach to medicine. Medicare coverage of

Herceptin/Herceptest and the gene expression pro-

file Oncotype DX portends an increasing awareness

among payers of the value of personalized medicine.

Keeping formulary policy up to date with personal-

ized medicine will also be important to adoption by

physicians and patients.

Ethical and Societal Considerations
Ethical considerations surrounding the translation

of personalized medicine research into practice

are focused on the principles of consent, privacy

and confidentiality. A number of key tenets have

emerged. For example, the use of genomic infor-

mation collected in research relies on the voluntary

nature of the consent but concerns arise about the

privacy of the information that is obtained and

stored. Genuine voluntary consent may be diffi-

cult to obtain in clinical trials or in clinical practice

when, for example, routine genotyping from DNA is

part of the trial or clinical process, which may be

difficult to refuse. Privacy and confidentiality mea-

sures must be in place to protect participants in

research. However, concerns about the anonymity

of samples and its compatibility with fulfilling the

objectives of the research remain to be addressed.

Genomic stratification of disease may prove to be

an economic disincentive for those developing new
medicines. This may require the adaptation of exist-

ing orphan medicine legislation. Genomics and eth-

nic groups requires further scrutiny as there is a

danger that ethnicity, rather than genetic profiling,

may be used in the allocation of pharmacogenetic

tests and medicines. Health professionals will require

education and training to communicate genomic

information, and the associated risks to patients.

Finally, privacy and confidentiality of genomic infor-

mation could have implications for family members.

This could lead to circumstances in which the obliga-

tion of health professionals to their individual patients

comes into conflict with their obligations to others,

which may lead to encouraging patients to share

genomic information with family members.
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Genetic Information Nondiscrimination
Currently, federal and state laws offer only a

patchwork of protection against the misuse of genetic

information. To fulfill the promise of personalized

medicine, basic genetic nondiscrimination legal

protections need to be established in order to

enable and encourage individuals to participate

in research, and take full advantage of genetic

screening, counseling, testing, and new therapies.

Although the public is generally supportive and

anticipatory of personalized medicine, the fear of

genetic discrimination in employment and health

insurance is a significant obstacle to full participation.

Proposed legislation, such as the Genetic Information

Nondiscrimination Act of 2005, suggests that most

of the gaps in privacy protection can be covered.

One survey indicated that about half of the public

(48%) is interested in using genetic information

to understand and optimize their health. The

degree to which physicians utilize personalized

medicine will be limited by their knowledge of the

subject and their awareness of available tests and

treatments. Most medical education institutions have

not incorporated personalized medicine into their

curricula. Educational programs will be necessaiy

to prepare a healthcare workforce capable of

administering personalized medicine.

Transformation ofAcademic Medical
Centers to Enable Personalized

Medicine

Electronic Clinical Data and Sample
Repositories

Genomic testing will generate vast quantities of

data, much of it unintelligible to the healthcare

provider. Genetic testing differs from most other

laboratory tests as it potentially gives a result that

can last a lifetime, which will need to be recorded

and stored in an electronic medical record (EMR).

Interpretation and use of genomic testing will require

informatics solutions combine morbidity, information

on medications, age, gender and lifestyle such as

occupation and smoking, to provide a risk analysis.

It is likely that a variety of SNPs will be involved,

so dedicated informatics solutions may be needed

for the clinician to aid interpretation of the results

of tests. The results, with interpretation, will need

to be available to all clinicians, including nurses

and pharmacists (community and hospital) who are

prescribing, so the ability to access rapidly up-to-

date data in primary-, secondary- and tertiary-care

settings will be required. The availability of electronic

data about patients in the health service, linking

prescription data for individual patients with clinical

outcomes, will enable new uses to be made of the

data for research and audit. Widespread adoption

of electronic medical records will play an important

role in preparing our health system for personalized

medicine, providing rapid access to both clinical

information and molecular test results so patients and

physicians can make optimal treatment decisions.

EMRs will also accelerate the treatment discovery

cycle by providing researchers with access to large

databases of (anonymous) patient data. Relating

findings from the electronic medical record back

to genotypic data will require access to biological

samples from individual patients, or stored genetic

data, and the identification of a representative control

group within the database.

Education of Healthcare Workforce
Because there seems little doubt that genomics

will play an increasingly important role in clinical

practice, doctors, nurses, and pharmacists of the

future will require a much stronger basic training

in the fundamentals of human genetics than they

have received hitherto. Education in genetics at

undergraduate, postgraduate and continuing medical

education levels has trailed behind the enormous

scientific and technical advances in this field.

Knowledge about simple inherited conditions, such

as cystic fibrosis or Duchenne muscular dystrophy,

has improved diagnosis for patients and their families

and provided them with alternative options for

reproduction. Clinical genetics promotes nondirective

consulting and addresses consent and confidentiality

for patients. One area of urgent need is for a renewed

focus on training in clinical pharmacology. During the

1940s and 1950s many drugs were discovered that

are still the basis for much of our current prescribing.

Because of the need to study their effects in humans,

the discipline of clinical pharmacology emerged, both

in academia and industry.

Conclusions

Currently, the evidence establishing a clear-cut case

for personalized medicine remains largely anecdotal

rather than statistical, but that is to be expected for

such a nascent field. In oncology, there are many
proofs of principle for personalized medicine, and

many more are emerging. Multiple examples have

demonstrated the utility of personalized medicine in

selecting optimal therapy, rescuing drugs from failed

clinical trials, and shifting emphasis from disease

treatment to disease prevention. Furthermore, little
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hard evidence is available on the impact of a

personalized medicine approach on pharmaceutical

industry productivity or healthcare economics.

Whether personalized medicine will transform

clinical care is uncertain. However, at least in

some cases, a personalized medicine approach to

treatment has led to cost savings in the administration

of healthcare, demonstrated itself to be a viable

business strategy for product development, and

most importantly, proven its benefit to patients. It

is therefore reasonable to expect that many more
successful examples of personalized medicine will

be seen in the near future.
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Abstract

Over the years, pathologists have served to make
morphologic diagnoses for clinicians when provided

with a biopsy or surgically resected tissue speci-

men. Traditionally, pathologists have used a series

of morphologic techniques and relied on the micro-

scopic appearance of resected tissues to determine a

pathologic diagnosis and, with respect to neoplastic

lesions, provide predictions of the potential growth

pattern that might be anticipated. With the intro-

duction of the techniques of molecular biology in

medicine, the role of the pathologist has changed as

have the tools available for characterizing pathologic

specimens. With the pathologist's unique perspective

on disease processes and access to tissue specimens

from the operating room, he has become a key player

in the area of translational and personalized medicine

and the development of new approaches to diagnosis

and translational research. Mt SinaiJMed 74:22-26,

2007. © 2007 MoiDit Sinai School of Meclicine

Keywords: pathology, translational, transgenic,

tissue bank.

Introduction

in the emerging era of translational and personalized

medicine the role played by the pathologist has

begun to change and has become considerably

broader. Pathology, as the scientific study of the

manner and means by which disease alters the form

and function of normal tissues, has traditionally been

a major contributor to establishing diagnoses and

understanding the fundamental mechanisms which

undedie disease processes. With the increasing use

of the powerful new tools of radiologic imaging,

genetics, and molecular biology, one might have

assumed that the role of the pathologist would

shrink in importance. As I will argue, the situation is

quite the contrary and the need for the services and

insights of the clinical and research pathologist has

never been greater. This paper will provide examples

of how advances in translational and personalized

medicine offer opportunities for enhanced pathologic

diagnosis for patients and research study of animal

models of disease.

Evaluation of Biopsy Specimens to
Provide Individualized Prognostic

Information

The pathologist has traditionally been thought of

as a physician who wears an eosin-stained lab

coat and performs autopsies somewhere in the

hospital basement or provides anatomic diagno.ses

on myriads of surgical specimens and biopsies

removed from li\ ing patients. In many settings, this

stereotypic description has some validity; however.
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For over 100 years the diagnostic pathologist has

been primarily responsible for performing morpho-

logic evaluations on tissue specimens received from

the surgical theater or the autopsy room. In the

pathology laboratory, these studies primarily rely on

gross inspection and light microscopic evaluation

of tissues assisted by hematoxylin and eosin and

other dyes that help to define tissue anatomy. In

the second half of the 20th century this approach

became significantly augmented by the additional

information that could be provided by more spe-

cialized techniques. Immunohistochemistry permitted

identification of a wide variety of normal cellular

markers and more specific pathologic markers of dis-

ease processes. In many instances this has allowed

the pathologist to visualize aspects of disease states

that were never before recognized. The introduction

Published online in Wiley InterScience (www.interscience.wiley.coin).
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of electron microscopy similarly permitted identifica-

tion of pathologic alterations in subcellular organelles

that were below the level of resolution of the light

microscope. These approaches have aided in the

classification of a wide range of diseases, particularly

neoplastic lesions. In addition, they have provided

insights into the nature of the cells participating in the

pathologic process and helped to clarify underlying

disease mechanisms. Using this type of information,

plus an enormous amount of empiric morphologic

observations, pathologists have been able to further

refine the means by which diseases are defined, iden-

tified and classified. Accordingly, we are now able to

characterize neoplastic lesions as being either benign,

premalignant, or malignant and to predict with a rea-

sonable degree of accuracy, important characteristics,

such as their growth rate, tendency to recur, and risk

of metastasis. By and large, this approach has served

us well and remains the mainstay of the current

practice of diagnostic pathology.

However, in recent years, the situation has

begun to change as basic translational research and

the molecular characterization of specific disease

conditions has provided a new and powerful vision

into the nature of a variety of lesions. This new
approach promises to enable the pathologist to

provide to the treating clinician more comprehensive

information on the nature of a lesion, and to

allow more accurate predictions of its growth

characteristics and likely response to different modes
of therapy. In addition, molecular approaches have

also allowed for the identification of a genetic

profile that is associated with increased risks

of developing specific diseases. In essence, such

molecular characterization involves the evaluation of

two separate and sometimes interrelated substrates,

namely, the host individual and the specific nature

of the pathologic lesion encountered in that patient.

For example, it has become increasingly appreciated

that a number of genetic conditions carry with them

an increased risk for the subsequent development

of various forms of cancer. The identification of

the presence of such an underlying condition can

therefore, provide important information for treating

clinicians and signal the need for targeted cancer

surveillance in the patient as well as in other family

members. For example, individuals with mutations

of the tumor suppressor gene PTEN suffer from

Cowden's syndrome, which is characterized by the

development of multiple hamartomatous lesions in

tissues derived from all three germ cell layers.

However, it is also now recognized that such patients

are also at greatly increased risk for developing a

variety of malignancies, including breast (25-50%

lifetime risk) and thyroid (10% lifetime risk) cancers.^

Molecular characterization of neoplastic tissues,

as opposed to that of the host, also has the

potential to provide important information on such

a lesion's potential to grow, recur after resection,

respond to specific forms of chemotherapy, etc.

In recent years, the molecular characterization of

neoplastic lesions has become well established and

is now standard practice in the field of hematologic

oncology. Here the morphologic evaluation of the

bone marrow aspirate represents the starting point

in the diagnostic workup of a patient with leukemia.

The classic pathology report with its morphologic

assessment is now routinely accompanied by the

use of fluorescence-activated cell sorting techniques

to identify specific cell types as well as more

detailed evaluation of the genetic characteristics of

the malignant cells through the use of cytogenetic

and molecular phenotyping."-^ All of this information

is utilized to give a more complete and meaningful

characterization of the nature of the neoplastic

process and sei^ves to provide a more accurate

prediction of a malignant cell's potential to respond

to specific forms of therapy.

Increasingly, the treating clinician strives to

achieve a mode of therapy that has been individual-

ized to the specific molecular phenotype of the lesion

present in a specific patient, viewed in the context of

the genetic make-up of that individual. This concept

is referred to as personalized medicine and represents

an approach in which research findings derived from

translational approaches can be applied to individual

patients. In theory, this approach allows for treat-

ments to be tailored to the individual patient and his

disease in an attempt to obtain maximal effectiveness.

Additional approaches allow one to evaluate geneti-

cally based alterations of an individual patient's ability-

to metabolize specific daig therapies (pharmacoge-

netics). This overall approach offers great promise for

the future, but currently remains largely theoretical,

with only a very few instances (hematologic oncol-

ogy, being one) in which this goal is beginning to be

achieved.

A further example of the modern approach to

pathologic diagnosis of a specific neoplastic lesion

has occurred in the area of neuropathology, namely

in the diagnostic characterization of oligodendroglial

tumors (oligodendrogliomas). Oligodendrogliomas

are a relatively uncommon form of primary glioma,

comprising about 10% of all central nervous

system gliomas. Gliomas as a group have a

poor prognosis and are ultimately fatal. Over

the years, it had been noted that of all the

different forms of glioma, oligodendrogliomas have

the highest rate of responsiveness to radiation

and/or chemotherapeutic treatment (about 70% of
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oligodendriomas show some response to therapy).

Until recently, based on purely morphologic criteria,

oligodendrogliomas were characterized as being

anaplastic or nonanaplastic, with the implication

that the former category had a more rapid growth

pattern and thus a worse prognosis with more rapid

progression of symptoms and death. This approach,

employing purely morphologic criteria, appeared

to work reasonably well. Under the banner of

the Worid Health Organization (WHO)-sponsored

grading system^ nonanaplastic oligodendrogliomas

are classified as WHO grade 2 while anaplastic

oligodendroliomas are classified as WHO grade 3.

This approach has been widely accepted and adopted

by diagnostic neuropathologists.

However, the approach to oligodendrogliomas

changed when the tumors began to be examined

and characterized based on their underlying molec-

ular characteristics.''^ Genetic analysis reveals that

approximately 50% of oligodendrogliomas in adults

are associated with deletions located at chromosomes

Ip and/or 19q. It was further observed that deletions

of both the Ip and 19q sites were associated with a

poor response to chemotherapy and a significantly

worse 5-year survival rate when compared to cases

with only one of these deletions. One recent study

showed that patients that lacked the Ip and 19q dele-

tions had a substantially longer median survival time

than those with these genetic markers (7.0 versus 2.8

years, respectively).
'

While predicting oligodendroglioma chemother-

apy response is hardly an everyday issue in clinical

oncology, this represents an example where the

molecular characterization of a patient's tumor can

provide meaningful information that can more effec-

tively guide treatment and predict outcome than

routine histopathology. Indeed, some have argued

that this information provides a more accurate out-

come measure than the standard classic morpho-

logic grading provided by experienced diagnostic

neuropathologists.^ In this situation, clearly both are

needed, but here we have an example where proper

clinical care will require that these extra steps be

taken. It is highly likely that additional examples of

the advantages of such molecular approaches will

soon follow for other tumors of the nervous system

as well as cancerous lesions encountered elsewhere

in the body. Indeed, a very recent study reported a

signature involving five genes which was associated

with increased time of relapse-free survival among
patients with non-small-cell lung cancer.'-*

Evaluation of Transgenic Animal
Models of Disease

The ability to manipulate the genetic makeup of small

animals through the use of transgenic approaches has

radically enhanced our capacity to inve.stigate human
disease and to provide valuable animal models of a

wide variety of conditions. As described by Kieburtz

and Olanow in this issue of the Journal, transgenic

animals that carry mutations associated with a variety

of human diseases are now being widely used to

study disease mechanisms, identify new targets for

the development of new drugs, and to test putative

disease modifying therapies. The animal species that

has been most widely used to date is the mouse, but

attempts are now being made to extend this to other

species such as nematodes,'*^ drosophila'^ and rats.^-

In the production of tran.sgenic animals, the

pathologist is often called upon to perform morpho-

logic evaluations to determine if structural lesions

are present in genetically altered animals and, if

so, how well they mimic the human disease that is

being modeled. Transgenic animals frequently model

only certain aspects of the human disease they are

meant to represent, while other aspects of the dis-

ease are lacking. For example, Alzheimer's disease

pathology is characterized by amyloid plaques, neu-

rofibrillaiy tangles, and neuritic changes. For many
years, transgenic mice were created that were touted

as representing valid models of human Alzheimer's

disease'-^ because they expressed amyloid plaques,

yet the neurofibrillary tangles, neuritic changes and

other important pathologic features of the disease

were missing in these models. Such transgenic ani-

mals may have considerable research value but it

is important that these deficiencies in the model be

recognized and considered in interpreting results.

Pathologists are uniquely trained to be able to evalu-

ate such models and recognize these distinctions. In

some transgenic animals, the corresponding lesions

produced in the transgenic mouse model match well

with the human disorder, however, this is not always

the case. Surprisingly, many attempts at generating

transgenic animals have yielded either subtle or no

identifiable morphologic abnormalities despite the

fact that the transgenic animal carries the same gene

mutation that induces the illness in humans. In other

situations, the organ system or specific anatomical

region that is involved in the human disease remains

normal while other structures are identified as abnor-

mal in the transgenic animal. There appears to be no

way of predicting which outcome will be obtained.

Either way, the mutant animal that is produced may
still yield valuable information on gene/environment
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interactions and liow the mutant <^ene induces ixitliol-

ogy of any type. In all cases, ihe transgenic animals

must lie carefully e\aluateel morphologically and

compared to wild-type animals. Here, ti.ssue exam-

ination by a knowledgeable pathologist is e.ssential

and can be very helpful in interpreting the utilirv' of

the model.

It should be appreciated that most pathologists

trained in identifying human disease have little

experience with mouse anatomy, particulady if one

is looking at embiyonic or neonatal specimens.

On the other hand, most morphologists with

expertise in mouse anatomy have little knowledge

or understanding of the nature of the lesions present

in association with human ciisease and the methods

needed to display them to best advantage. A team

approach is best here with the human pathologist

providing insights into how well the transgenic

mouse model mimics the disease, as it is seen in

man.

Tissue Banking for Molecular
Characterization

With the advent of genetic screening, gene microarray

and proteomic technology, there has been an increas-

ing trend for clinical and translational researchers

to partner with anatomic pathologists to estab-

lish human tissue specimen banks to support such

research.'* '"' Here, it is hoped that broadbased sur-

veys of changes in DNA, RNA and protein expression

in the tissues of patients with a variety of specific

disease states will provide an important resource

for studying disease etiology, pathogenic mecha-

nisms, and the effects of drugs or interventions on a

wide variety of outcome measures. The gene array

microchip approach can provide a huge amount of

data about a wide range of normal and pathologic

cellular functions. Although at present this approach

amounts to the ultimate "fishing expedition", the

broad sweep of cellular functions and signaling path-

ways that can be assessed by such an approach

promises to ultimately yield extremely valuable clin-

ical information to both the basic researcher and

the clinician. In addition, the capability of screen-

ing protein expression in the cell through proteomic

methods, a technology which increases by orders of

magnitude the amount of information that can be

obtained, provides further avenues for similar inves-

tigation. The data sets that are generated by this

approach are simply enormous and major invest-

ments and collaboration in the field of bioinformatics

will be required to sort out the wheat from the chaff.

Nonetheless, these approaches offer the basic .sci-

entist, clinician, and pathologist an opi^ortunily to

uncover specific cellular functions and signals that

underlie or are associated with a myriad of disease

proces.ses, to predict the course and outcome of

established disea.ses as well as identify individuals in

the earliest stages of disorders, long before traditional

clinical manifestations could be appreciated.

In order to cany out such studies one first

needs access to large numbers of well-characterized,

properly prepared and stored tissue samples with

a minimum of autolytic degradation. This has

stimulated pathologists to become involved in a

growing movement to establish tissue banks by

collecting and storing portions of the thousands

of surgically derived tissue samples they recei\ e in

their laboratories for diagnostic evaluation as well

as examples of normal tissues. The pathologist must

play a key role in this process since he/she has

immediate access to these tissues and controls (or

at least should control) their proper handling and

utilization. Additional banking opportunities may
be derived from blo(Kl and other clinical samples

and this has added to resources available. The
pathologist, experienced in both anatomical and

clinical laboratory operations, is unique in having

the expertise and facilities needed to deal with the

enormous number of samples that will be required

for such an effort.

Of course it is essential that prior to their

being prepared for banking, the specimens receive

proper sampling for the diagnostic workup by the

pathologist. The removal of portions of a tissue

sample that are critical for this clinically essential

process canncjt be tolerated. For example, a specimen

for cancer resection in which the margins cannot be

properly checked for the adequacy of its removal

because these portions have been accessioned for

tissue banking is an unacceptable practice. It is

important to recognize that tissue specimens that

are banked for use in future research of this

type are frequently not homogeneous and may
have foci of necrosis, inflammation, cancer, etc.

that are microscopic in size but may influence the

results of future gene array and proteinomic studies.

Based on the dramatic magnification of molecular

approaches, such foci may either be missing or

included in the specimen being analyzed and thus

provide misleading data. The pathologist is the one

individual who best understands these issues and

can provide insights into how to interpret data

obtained from specimens with such heterogeneous

constituents.

The movement towards banking of normal

and surgery-derived specimens has raised important
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issues for consideration. It is essential that proper

consent from the patient for the banking process

includes allowing continued use of these tissues for

research purposes. Who owns the banked tissues and

has the rights of discovery on these specimens has

recently emerged as a rather contentious issue.

Access to such banked tissue specimens by for-

profit companies and who holds the rights to

develop commercial products based on banked

tissue-related studies have also raised concerns. What

is to be done with clinical information associated

with the specimen and what measures have been

taken for providing anonymity also has to be

established. What is to be done with the information

derived from tissue samples obtained from clinically

normal individuals that contain insights regarding

the likelihood that they will develop cancer or

dementia? These issues will have to be addressed,

and most major academic medical centers are now
actively engaged in addressing scientific, logistic

and ethical issues involved in properly establishing

tissue bank repositories to support work of this

type-

Summary

Translational research is, by its veiy nature, cooper-

ative research in which basic scientists partner with

clinician scientists to bring new advances directly

to the bedside. In such a cooperative arrangement,

the pathologist stands between these two groups

of scientists. Trained to recognize and understand

how disease processes induce stmctural, biochemi-

cal, and functional alternations in tissues and organs,

the pathologist provides an enormously powerful

perspective to those looking to apply basic science

findings directly to patients. Further, the patholo-

gist's access to tissue specimens removed at surgery

or at autopsy, provides a means by which DNA,
RNA and protein expression may be characterized in

disease states, especially cancer. As we now begin

to move beyond the concepts of cellular pathology

introduced by Rudolf Virchow in the latter part of

the 19th century, it is clear that the pathologist will

play a unique and increasingly critical role in fur-

thering advances in translational and personalized

medicine.
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Abstract

The global relationship between drugs that are

approved for therapeutic use and the human
genome is not known. We employed graph-

theory methods to analyze the Federal Food
and Drug Administration (FDA) appnncd drLigs

and their known molecular targets. We used the

FDA Approved Dmg Products with Therapeutic

Equivalence Evaluations 26''^ Edition Electronic

Orange Book (EOB) to identify all FDA approved
drugs and their active ingredients. We then connected

the list of active ingredients extracted from the EOB
to those known human protein targets included

in the DmgBank database and constmcted a

bipartite network. We computed network statistics

and conducted Gene Ontology analysis on the

drug targets and drug categories. We find that

drug to dmg-target relationship in the bipartite

network is scale-free. Several classes of proteins

in the human genome appear to be better targets

for drugs since they appear to be selectively

enriched as drug targets for the currently FDA
approved drugs. These initial observations allow for

development of an integrated research methodology
to identify general principles of the drug discox eiy

process. Mt Sinai J Med 74:27-32, 2007. ©2007
Mount Sinai School ofMedicine

Keywords: FDA dmgs, network analysis, graph-

theory. Systems Biology, Orange Book, drug

discovery.
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Introduction

Drug discovery is an empirical proce.ss. In spite

of the enormous successes over the past 50

years in the discovery and use of therapeutic

agents, it is often not clear why some drugs

work and others have limited utility, with adverse

effects that become apparent only after extensive

use. Developing analytical methods that facilitate

the discovery of some of the general rules for

discovering targets for therapeutic agents, and the

effects of drug-target interactions, both beneficial

and adverse, would be valuable in moving the daig

discoveiy process forward. For this effort, the field

of Systems Biology and network sciences could be

u,seful.

Systems Biology is an emerging interdisciplinaiy

science that integrates biochemistry and cell-biolcjgy

with genetics and physiology, as well as bioinfor-

matics and computational biology to obtain holistic

descriptions of biological systems at the cellular,

tissue/organ and organismal levels. Operationally,

such descriptions are obtained by tightly combining

multivariable experiments and computational model-

ing to develop global views of dynamics at various

scales of organization and across scales. Such inte-

grated operational approaches are made possible

due to advancements in experimental techniques,

which allow the capture of the state of many cel-

lular components at once. Computational methods

and tools have greatly enabled advances in Sys-

tems Biology. The dramatic reduction in the cost of

hardware, the continuing advances in applied math-

ematics that contribute to new algorithms, and the

rapid pace of new software and database devel-

opment, as well as the broadband networks that

greatly facilitate access to the new databases and

software, all contribute to the emergence of Sys-

tems Biology as a powerful new discipline. One
of the promises Systems Biology brings is c^ur abil-

ity to better understand cellular, tissue and organ
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behavior at the molecular level. This understand-

ing could lead to better dmg design, multidrug

treatments, side-effect predictions, and rapid drug

targeting and development as well as biomarker dis-

covery.

Currently, the most comprehensive knowledge

about the functional characteristics of cellular com-

ponents is qualitative. Hence, graph-theory, a field

of mathematics applied to, and developed within,

the fields of sociology and computer-science has

been used to analyze regulatory networks within

cells^'^-'^. Here, cellular components, such as pro-

teins and metabolites, are represented as nodes,

and their interactions represented as links. This con-

sideration results in directed or undirected graphs

(networks). These networks can be analyzed using

different algorithms that provide organizational infor-

mation about the system from a top-down view.

Most commonly, cellular regulatory networks such

as cell signaling and gene regulation systems are

abstracted to directed networks. These networks, if

understood from a global perspective, could, in con-

junction with molecular mechanisms, help explain

the origins of phenotypic behavior, and explain

how this behavior changes in disease states and

is restored by drug treatment. The construction of

networks may allow us to see how information from

initial daig-target interactions affects many compo-

nents and interactions in regulatory networks within

mammalian cells to alter the disease state. To con-

struct such a network. Food and Dmg Administration

(FDA) approved drugs can be considered nodes and

their drug-target interactions as links. At first, this

bipartite network of daig-target interactions can be

analyzed.

We developed a bipartite network of FDA
approved drugs and their targets. We conducted

statistical analyses to obtain a description of this

network. Analysis of the targets using Gene Ontol-

ogy indicates that certain functional classes of pro-

teins may be "iietter" drug targets. This approach

is a promising direct method to connect phar-

macology and computational graph-theoretical Sys-

tems Biology, but it surely has limitations. For

example, many drugs share the same therapeu-

tic target but have known differential effects.

These may be due to differential distribution

within the body or differential interactions with

as yet unidentified targets. These would not be

captured easily with this approach. We summa-

rize the limitations of graph-theoretical approaches

and suggest initial metrics to iiandle the inhent

complexity'.

Analysis of the FDA's Electronic
Orange Book

The FDA Approved Drug Products with Therapeutic

Equivalence Evaluations 26''^ Edition Electronic

Orange Book (EOB)^ lists 11, 706 approved

prescription drugs (RX) with therapeutic equivalence

evaluations, 390 approved over-the-counter (OTC)

daigs, and a list, containing 8820 approved products

that have been discontinued. We excluded discontin-

ued drtigs from further analysis. Many drug products

use the same active ingredients. We found 1323

unique active ingredients in all the OTC and RX
dmg products listed in the FDA's Orange Book.

Many drug products use multiple active ingredients.

Figure 1 shows a histogram of the distribution of

active ingredients in FDA approved dmg products.

This distribution fits an exponential with the majority

of dmgs containing a single active ingredient, and

only three drugs containing eight active ingredients.

Each entry in the FOB also lists the date of approval.

Figure 2 shows the addition of new active ingredi-

ents approved by yc^ir- The rate of approval of new
active ingredients has a uniform distribution with an

average of 33-5 dmgs per year, and a high standard

deviation of 10.4. Over the past 10 years there has

been more fluctuation in the approval rate with peaks

in years 1996 and 2000 (66 in 1996, and 53 in 2000).

Since we eliminated all discontinued drugs from the

analysis, we indicate the number of approved drugs

per year that are still available. Dmgs approved since

1983 and subsequently discontinued will alter the

distribution .somewhat.

100000

10000 -.

1 2 3 4 5 6 7 8

Active Ingredients

Fig 1. Numlier of active ingredients in each drug record

li.sted in the FDA's Orange Book.
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Fig 2. Number of newly approved active ingredients since

1983. Note that 528 were approved before 1983 but the

information about their distribution is not provided in the

Orange Book. Since discontinued drugs were removed
from this analysis, the number of approved drugs per year

is the number of those drugs that are still available.

Linking FDA approved drugs to
DrugBank

to form high order clusters, for this we identified

islands in the network. Islands are isolated clusters of

connected nodes in a network separated from other

parts of 1 le network. Island analysis found that the

drug-target bipartite network contained 179 islands,

with a single giant connected island made of 481

nodes (dmgs and targets) (Fig. 4). The connectivity

distribution of this network best fits a power-law

(Fig. 5). Using this database, we linked the list of

active ingredients extracted from the FDA's Orange

Book to their listed molecular targets. From the list

of 1471 approved unique active ingredients extracted

from all the dmgs listed in the FDA's orange book,

we were able to find 783 matching entries in

the DaigBank database. Out of these 783 active

ingredients, 710 had at least one human protein

target.

Recently, Wishart et al? developed a web-based

resource database called DrugBank, containing many
FDA approved drugs and some of their known
targets. Our aim was to map FDA approved drugs

and their active ingredients with known human gene

targets. "We extracted from the DrugBank database

most drug-target interactions resulting in a network

made of 1052 drugs targeting 485 proteins. The

resultant bipartite network (the network has only

two layers made of drugs and targets) contains 1537

nodes and 1815 interactions extracted from 2240

research articles (Fig. 3). Since the network is made
of presumably, isolated drug-target interactions, we
wanted to see whether these interactions are linked

Size of Islands

31 23 20 19 19 16 16 13 13 13 12 12 12 12 10 10 10

„ 500

400
u5

« - 300

3 i2 200

^ ^ 100
TO

^ 0

1 3 5 7 9 11 13 15 17

Rank Based on Island Size

Fig 4. One hundred seventy nine islands were found in

the drug-target bipartite network containing a single giant

connected island made of 481 nodes (drugs and targets).

1052 FDA Approved Drugs

485 Known Protein Targets

Fig 3. Visualization of the bipartite drug-target network extracted from DrugBank. Orange
nodes represent drugs and blue nodes are known biomolecular targets. The network is

made of 1537 nodes (1052 drugs and 485 targets) and 1815 interactions extracted from 2240

research articles.
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1 10

Drugs per target and targets per drugs

Fig 5. Distribution of dfug-target interactions in a bipartite

network created from DmgBank.

GO and Drug Category Analysis of
the Targets

To understand the functional capabilities of

dmg targets we applied Gene Ontology analy-

sis of the proteins constituting the dmg targets

group. We downloaded the reference file for

human protein annotations from EMBL-EBI GOA
Human version 44.0 from the following URL:

ftp://ftp.ebi.ac.uk/pub/databases/GO/goa/HUMAN/

gene_association.goa_human.gz and then matched

the 485 target gene names extracted from Dmg-
Bank to their gene ontology*^ terms using AmiGO^.
The targets are enriched in GO terms for mem-
brane proteins, receptors, transcription factors and

cell signaling components (Fig. 6).

Linking the Targets to a Consolidated
Protein-protein Interaction Network

We are now developing an integrated database

of mammalian interactions from several publicly

available databases containing tens of thousands of

interactions. From this interaction network we will

idetitify human proteins that are dmg targets. Seeing

how targets and pathways are linked and interact

with one another may be useful in developing further

insights into the human dmg-responsome.

Limitations

It is doubtful whether the graph-theory analysis

and data described here can be used to predict

side effects. In this qualitative analysis we used

available targets, which tend to be therapeutic

targets. With just that information, every member
of a family of dmgs with only one defined target

will have indistinguishable potential effects. For

example, if HMG-CoA reductase is the target, then

lovastatin, pravastatin, atorvastatin, simvastatin, and

rosuvastatin are nodes with arrows directed to HMG-
CoA reductase. From a simple graph-theory view,

these different dnjgs will cause identical patterns.

However, we need to consider a number of additional

specifications such as (1) pro-dmg status: the need

for metabolism to activate the dmg; (2) interaction

parameters with the target enzyme, e.g. the Ki

may be different; (3) some differences among these

dmgs may be due to their binding to other targets

which are not currently well defined, and may
not be simply due to reduction in cholesterol

synthesis, e.g. lovastatin, but not pravastatin, blocks

leukocyte function antigen l-tiiediated lymphocyte

adhesion^; (4) even when multiple dmgs have the

same molecular target, they might have different

tissue distribution because of differences in physical

properties such as lipid solubility; (5) the current

analysis is most likely to involve only the parent

dmg or the active moiety derived from a prodmg,

and not its other metabolites, which could have

pharmacological actions similar to or different from

the parent dmg.

So while graph-theoretical analysis may poten-

tially be able to predict some differential adverse
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Fig 6. Gene ontology repeated terms counted for all the drug targets versus repeated terms counted for all

human proteins reveal enrichment in receptors, signal transduction components, and transcription factors.
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Drug metabolites Scenario 9 Scenaric 10 Scenario 1

1

Scenario 12

effects of dixigs working on different defined targets,

it appears that within a class of drugs with the same

therapeutic target simple graph-theoretical analysis

will be insufficient. Quantitative modeling analysis, in

conjunction with network analyses, may be required.

Table 1 summarizes different combinatorial scenarios

involving parent drug, metabolites, targets and tissues

that may contribute to differential effects of diTigs

within a therapeutic class. If multiple dmgs with vary-

ing potencies or efficacy interact with the same target,

as is the case with the statins, then the combinato-

rial complexity described in Table 1 will increase.

An additional problem arises in the classification

of targets. For example, the DrugBank database is

incomplete in terms of dmg targets. In many cases the

existence of multiple targets is included in descrip-

tive material but these targets are not listed in the

database. In some cases it appears that the decision

was made to include only targets with presumed

therapeutic actions and omit those primarily associ-

ated with adverse effects. In other cases an argument

can be made that some of the omitted targets may be

involved in therapeutic effects as well. For example,

the listing for the tricyclic antidepressant amitripty-

line, includes only the norepinephrine and .serotonin

transporters as targets. It does not list histamine

HI receptors, at which amitriptyline is more potent

than as an uptake blocker, or muscarinic receptors,

which contribute to amitriptyline's side effect profile'\

The listing for the alpha/beta adrenergic antagonist

carvedilol lists alpha-1 and beta-1 receptors but not

beta-2 receptors. Carvedilol is essentially a nonselec-

tive beta blocker with similar Ki for human beta-1

and beta-2 receptors^". For the anti-mu.scarinic drug

atropine, all five muscarinic receptors are listed as tar-

gets, but for the anti-muscarinic oxybutynin only the

Ml receptor is listed, although oxybutynin has simi-

lar affinity for M3 and M4 receptors". And as a final

example, the only target listed for the antiarrhythmic

drug quinidine is the voltage-gated sodium channel,

although this drug has long been known to block

potassium-channels'^. This action is a major contrib-

utor to the prolongation of cardiac action potential

duration produced by quinidine, and its increased

probability of producing the arrhythmia torsade de

pointes compared to selective sodium channel block-

ers. These limitations are described not as a criticism

of DaigBank, which is a very valuable initial effort

for the pharmacology research community, but to

highlight the complex issues that will require further

reasoning to develop rules for database and network

developrnent.

Conclusions

Our initial attempt to develop a network to

understand the connectivity between FDA approved

dmgs and their targets, and how these targets

themselves cluster, is preliminary but has many
potential uses. Lamb et al}^ have recently mapped
microarray signature patterns after application of FDA
approved and other drugs to cancer cell-lines with

the goal of identifying similarities and differences

among the effects induced by the different drugs.

Their approach treats cells as black boxes. The drugs

are the inputs and the gene expression patterns

are the output. Our ability to link dmgs to their

targets and the targets to a network of protein

interactions and signaling networks may lead us to

understand the internal configuration of the black

box in between the drug target(s) and their effects,

such as gene expression patterns. We hope to be able

to connect phenotypes induced by different dmgs to

the regulatory patterns and molecular mechanisms

that lead to changes in gene expression patterns.

This understanding could lead to the identification of

new multidmg treatments, side-effect prediction, and

the discovery of new dmg targets.
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Introduction

The hands of healthcare workers are the most

common mode of transmission of pathogens to

patients because most healthcare workers such

as physicians and nurses fail to wash their

hands before and after touching a patient. Proper

hand hygiene can prevent health care-associated

infections and the spread of antimicrobial resistance.^

The authors list certain factors that contribute to

poor compliance with hand hygiene, including

poor access to handwashing facilities such as

sinks, the time required to perform standard

handwashing, irritant contact dermatitis associated

with frequent use of soap and water, high workloads

for the healthcare workers, knowledge deficits

among healthcare workers, and the failure of

healthcare facility administrators to make hygiene

an institutional priority.^ The authors conclude that

scientific evidence and ease of use support the

use of alcohol-based hand rubs for hand hygiene

during patient care and contacts.^ The alcohol

rub technique, the authors further conclude, is

microbiologically more effective, more accessible,

less likely to cause problems and saves time and

human resources.' Finally, the authors conclude

that there is substantially better adherence to hand

hygiene with alcohol rub than with handwashing and

it should become the standard for hand hygiene in

healthcare facilities and settings.'

Brief Literature Review

Device utilization in critically ill patients is

responsible for a high risk of complications such

I
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as catheter-related bloodstream infections, ventilator-

associated pneumonia and urinary tract infections."

Antiseptic-coated catheters may reduce catheter-

related infections, but this hypothesis requires further

confirmation.

-

The authors conclude with a series of

recommendations to prevent or reduce device-

associated infections including handwashing and

other measures.- Corona and Raimondi review the

epidemiology and preventive measures of mosoco-

mial infections in an intensive care unit.^ The authors

state that over 80% of such infections are related to

device utilization needed for patient life support. The

authors make a series of recommendations to reduce

or prevent such infections, including the use of multi-

use, closed system suction catheters, lubrication of

the endotracheal tube cuff with a water-soluble gel

and other measures. The authors conclude that the

use of these measures may reduce morbidity and

mortality in ICU patients who need devices for life

support.-^ Collins and Hampton conclude that effec-

tive handwashing, including diying, is recognized as

a critical factor in infectic control. "Handwashing is

not always undertaken as it should be"."* The authors

recommend that ways of promoting hand hygiene

md ways of ensuring that healthcare workers follow

iiygienic guidelines must be found.'* In a very lengthy

review with over six hundred references, Kampf and

Kramer quote the CDC guidelines that hygienic hand

disinfection with an alcohol-based hand rub is the

preferred method to be used after patient care activi-

ties, including wound dressing.^ Handwashing is also

indicated after using the restroom and after blowing

the nose and other situations of risk of spreading

microorganisms.^ Tiaki discusses handwashing rituals

and regimes in practice and states that handwashing

is a basic nursing task and a profoundly important

aspect of nursing practice. Done well, concludes

the author, it can greatly reduce the risk of infec-

tion. Done badly, it can severely compromise patient

care.''

Jonathan Katz states that the importance of

thorough handwashing for protection against various

types of infection has been known since early

Published online in Wiley InterScience (www.interscience.wiley.com).
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recorded history/^ He tabulates the indications

for handwashing and tlie recommended hygienic

techniques. The author concludes that handwashing

is considered the single most important intei-vention

for prevention of nosocomial infection in patients

and healthcare workers. Unfortunately, states the

author, compliance with standard protocols for hand

hygiene in the health care environment is generally

poor. The author strongly recommends that the

Guidelines issued by the CDC in 2002 for hand

hygiene in the healthcare setting^ be adopted.*^

Thomas Kovach describes a program which provides

detailed workshops covering handwashing and

infection control.*^ These workshops are conducted

by qualified infection control nurses and are

accredited by the American Nursing Association.*^

Umbilical cord infections are also a problem

in many developing countries. Mulhany and his

colleagues discuss the problem at some length

and offer recommendations to reduce or prevent

such infections.^ Their review is comprehensive and

very informative.^ MuUer and McGeer discuss febrile

respiratoiy illness in the intensive care unit setting

and provide guidelines for standard precautions

including handwashing and other measures.'*^

Handwashing in Jewish Law

Judaism requires handwashing in a variety of

situations for hygienic, ethical, legal, moral and

spiritual reasons. For example, in the morning upon

arising from sleep, one is required to wash ones
hands and recite a blessing. After using the restroom,

one must wash one's hands and recite a blessing.

Before and after a meal, a biblical commandment
requires Jews to wash their hands and recite a

blessing over the handwashing and over the food,

which God has provided for us.

Before the priestly blessing can be offered, the

Priests (Kohanim) must wash their hands. When the

Temple was functioning in Jerusalem, the Priests had

to wash their hands and feet before performing their

temple service. On the Day of Atonement (Yom
Kippur), the High Priest has to wash not only his

hands and feet but immerse his whole body in a

ritual loath five times during the day as he performs

the ritual service. If a Jew touches or lifts or carries

a ritually unclean object such as a corpse or part

of a corpse or skeleton, he is obliged to cleanse

himself by immersion in a ritual bath. Thus, Jewish

Law requires handwashing for a variety of hygienic

and religious reasons in different situations.

Discussion and Summary

The hands of healthcare workers are the most

common mode of transmission of pathogens to

patients because most healthcare workers such

as physicians, nurses, technicians, therapists and

others fail to wash their hands before and after

patient contact.^ Many factors account for this

noncompliance with standard hygienic principles,

including personal resistance by the healthcare

worker, lack of access to handwashing facilities

such as sinks, contact dermatitis from frequent

contact with soap and other cleansing agents,

lack of administrative support for providing clinical

hygiene facilities, policies, and other reasons, none

of which are insurmountable. Recent evidence

suggests that alcohol swabs may be just as or even

more effective than handwashing and are certainly

more convenient. Many authors recommend them

highly.

Particular attention must be paid to hygiene in

an ICU setting or wherever devices are needed and

used for life supporting patient care.

Conclusion

Infection control by handwashing and other methods

have come a long way in the past few decades

but some problems are not yet solved. Macias and

Ponce-de-leon focus on these problems and on the

new challenges for infection control because of

the ever-growing number of immunocompromised

patients and the occurrence of new infections such

as SARS and the avian flu epidemic. The authors

conclude that infection control by handwashing and

other methods is still under consideration due to

the introduction of new and sophisticated invasive

procedures dictated by "scientific developments

which are changing the face of medicine". We
need a new and vigorous commitment to our patients,

conclude the authors. "To prevent, educate and train"

is too vague, continue the authors. To be fair and

honest with our patients, the authors finally conclude,

we must establish specific points for initial action for

hospitals without a tradition of infection control, as

the authors tabulate for the reader,
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Abstract

Proposing a medical diagnosis aposteriori of a person

who died a long time ago is not as impossible as it

sounds if sufficient medical history is available.

A whole book of the Bible is devoted to Job and
his trials. The diagnosis of leprosy has been generally

accepted by medieval commentators because the

verses of the Book speak of ulcers disseminatetl over

the skin, and also because leprosy is an exemplaiy

sanction imposed by way of example by God to

punish those who have committed a sin.

In this paper, we have taken the different verses

with a medical content from the Book of Job, and
recon,staicted the clinical picture as if the patient had
turned up in the 21st century in order to see if the

diagnosis of leprosy may be called into question, and

to discuss the limits of the medico-historic approach.

The clinical picture of the disease consists

of deterioration in the general condition, with

widespread pain, confusk^n, skin eruptions, bilious

vomiting, and so on.

Under these conditions, if Job did exist, and

if the retrospective medical histoty is reliable, the

most likely diagnosis is that of scabies rather than

leprosy. Mt Sinai J Med 74:36-39, 2007. ©2007
Mount Sinai School ofMedicine

Keywords: Job, medical history, retrospective

diagnosis.
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Introduction

A whole book of the Bible is devoted to Job and

his trials, as a testimony to the importance of his life

and experiences.' He asked fundamental questions,

rather than accepting readymade answers based on

traditional authority. He represents a break in Biblical

thought.

-

In his Book, Job is happy about everything;

he venerates God, showering him with offerings.

And in all respects, his life is an example of piety

until the point at which God decides to put him

to the test and allows Satan to inundate him with

misfortunes and suffering, all his wealth disappears;

his children die; Job himself is struck down with

"leprosy" and finds himself abandoned on a dung

heap where patients branded by malediction await

death. ^ His faith enables him to bear all his torment

and in the end, God sends his blessing upon him.'

The diagnosis of leprosy has been generally accepted

by medieval commentators (malignant ulcer for the

Syrian, Greek, and Hebraic tradition) because the

verses of the Book speak of ulcers disseminated

over the skin, also because leprosy is an exemplary

sanction imposed by way of example by God to

punish those who have committed a sin.^
"*

But since the term leprosy covered a series of

skin disea.ses, should the diagnosis of leprosy be

revised?

It would not be impossible to make a

retrospective diagnosis of Job's ailment if images

of the person existed at the time when he is thought

to have lived.

But with rare exceptions such as the Synagogue

at Doura Europos, the first representations of Biblical

persons date only from the end of the Middle Age.

Later on, the Book of Job was included in the

Vulgate, and Christian artists made but not as many

representations of Job as their imaginations gave

them leave.

Published online in Wiley InterScience (www. intenscience.wiley.com).
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Fig 1. A Flemish picture dating i'rom the 17th century

representing Job (as the artist imagines him) covered in and
suffering from skin problems; erythema, excoriated vesicles,

areas of necrosis with seropurulent discharge, and so on.

Consistent with erythema multiforme? Courtesy of the Museum
of Medicine of Bmssels.

In this paper, we have taken the different verses

with a medical content from the Book of Job, and

reconstructed the clinical picture as if the patient had

turned up in the 21st century in the Emergency Room
of a general hospital with his symptoms and clinical

signs, in order to see if the diagnosis of leprosy may
be called into question, and to discuss the limits of

the medico-historic approach.'-^

The Clinical Picture

A patient of about 50 years of age, of Middle-Eastern

origin, presents in the Emergency Room of a general

hospital for nonlocalized pain and changes in his

general condition; he is accompanied by his wife

who urges him to rely on divine mercy, and by three

friends who keep telling him that he deserves his fate

and that suffering is a punishment and a means of

purification.

Medical History

Those accompanying him inform us that until

recently, he lived in the country surrounded by his

seven sons and three daughters, that he had a large

cattle ranch which he managed with the help of

numerous employees. His life style was described as

comfortable. Recently, while he was away, his house

collapsed and his children perished in the fire. This

came as a great blow to him. Since then, he has been

very depressed and is haunted by the thought of his

death (Job I; 1 and X;l).

For 7 days and nights before he was brought to

the hospital, he was being woken up by severe pain

(XIV; 22) and at night especially, by pain in his bones

(XXX; 17). He then discovered skin lesions from the

soles of his feet to the top of his head. These sores

progressively ulcerated (II;7 and 13).

His general condition then rapidly deteriorated.

At present, he complains particularly of dorso-

kimbar pain and in particular, of skin ulcers that

are so itchy he is scratching himself with a sliver

of broken glass (II; 8), and, in his words, his body

is rotting as he lies there. He is also vomiting large

quantities of bile (cholemesis?)(VII; 5 and XVI; 13)

and the vomit is sometimes bloody (XVI; 18).

Physical Examination

The Emergency Room doctor observes that the

patient is depressed and very wasted (the bones are

protruding) (XIX; 20 and XXX; 30); he is wrinkled

and appears older than his age (XVI; 8); his face is

very emaciated and looks gray (XVI; 16); his cranium

is balding (this seems to be a recent problem) (I; 20);

he trembles now and then particularly when he is

talking (XXI; 6); his pulse is strong and rapid (XXI;

6 and XXX. 17); his eyelids are a deathly color (XVI.

16). His breath is fetid (XIX; 17).

Ulcerated lesions cover his whole body; they are

painful when touched; some of them are punilent (as

if there were worms) and others have a crust (VII; 5).

DOI:10.1002/MSJ
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Cracked skin is also noted (VII; 5). In some places,

the skin has become black (XXX; 30).

Several centuries later, artists tried to represent

his condition; he is depicted as aged, thin, vexed

or imploring the heavens, with protuberant bones,

bearded, bald or the hair standing on end in terror,

and exceptionally covered with ulcers that ooze

blood.

After his examination, the patient insisted on

leaving and disappeared.

Some weeks later, the hospital learned that he

had recovered and was leading an untroubled life.

Discussion

What is the diagnosis that can be made? The

clinical picture of the disease consists of deterioration

in the general condition, with widespread pain,

confusion, skin eruptions, and bilious vomiting. More

specifically, the decline in the general condition

was progressive, then was recently aggravated. The

pain is not confined to one area but preferentially

localized in the lumbar region. The mental confusion

is characterized by agitation interspersed with

calmer periods, hallucinations and also by coherent

discourse.

The skin condition is dominated by prurient

and/or ulcerous lesions with exudates (superinfec-

tion?), crusts, cracks, etc. and no part of the body is

spared; to these main symptoms are added bilious

vomiting, tachycardia, a greyish hue, and a signifi-

cant weight loss. A priori, the patient does not seem

to have a temperature (verses XXX; 30) and the

condition healed "spontaneously".

The diagnosis of leprosy adopted to begin with

may be considered questionable because the skin

lesions of leprosy are neither pruritic nor painful (in

the area affected, a loss of sensitivity to heat and pain

is noted), are complex and spontaneous healing is

exceptional; moreover the Hebrew term for leprosy

("Tzaraath") encompasses a range of conditions of

the skin.

In the Biblical sense, leprosy is described as a

swelling of the skin, with a crust, a whitish patch,

whose severity may be evaluated by the depth of the

skin affected, which is not related here.

Parenthetically, according to certain commenta-

tors, the malignant ulcers covering Job from foot to

head might be Nisle Ulcer mentioned in Deuteron-

omy (XXVIII 28;27), or given its gravity, tuberculoid

leprosy.

"Job's syndrome" is improbable; although

immune deficiency is complicated by secondary skins

superinfections, as the condition is genetic it is not

curable. Patients suffering from Job's syndrome have

a protuberant forehead, deep-set eyes, an enlarged

nose, thickened lower lip and ears that are not

reported here; nevertheless the physical deformities

were clearly identified by the Hebrews because they

forbade people with them access to and service in

the Temple.

Disseminated pustular psoriasis, generalized

vaccinia, and pyoderma gangrenosum are not

excluded.

In a patient who raised animals, an infectious

disease such as vaccinia is possible, but vaccinia

lesions are not pruritic.

A clinical picture associating dementia and

dermatitis can be explained by a lack of vitamin PP,

thus suggesting pellagra, but this excludes diarrhea.

The condition may also be caused by a reactive

depression following the brutal death of several

members of his family which might have led to him

giving up, leading to severe weight loss and even

vitamin deficiency.

The personality of the patient is not known, but

at this stage, the skin lesions and the behavioral

problems with hallucinations present a condition

mimicking a disease state possible.

The skin condition could also fall within

the bounds of a systemic condition such as

spontaneously resolving vasculitis. The depressive

condition might have led the patient to partake of

opium (in the form of a poppy extract) or cannabis,

which could have made him agitated, and it is known
that these substances, in particular, if they are not

pure, may cause the complication of arteritis which

affects the extremities and gets progressively worse

over time.

The possible hypothesis of a cancerous condi-

tion with metastases in the bone, leading to lumbar

pain, and complicated by an acute systemic picture

merits consideration but seems improbable when you

consider the subsequent favorable outcome.

Micro-angiopathic anemia, fungal infections,

and septicemia could also explain the hyperacute

picture.

Finally, the best explanation of the skin

condition central to the clinical picture may be a

parasitic infestation due to scabies; in this case, the

lesions are very pruritic, particularly in the night,

small in size, papuliferous, even erythematous, with

occasionally a small canal that is difficult to locate;

scabies may become eczematous or infected. The

ulcers, the pmritis, the need to scratch himself, and

the favourable outcome are all elements that suggest

this diagnosis.

In conclusion, if the retrospective medical history

is reliable, the most likely diagnosis is that of scabies.
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The Book of Job is important in the monotheist

tradition, as it evokes the problem of evil and the

attitude of God toward the misfortunes that affect the

just person.

But, if job had been struck by scabies rather

than by leprosy, would the face of the world have

changed?
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Introduction

In 2006\ an elderly woman with hypothyroidism was

described who manifested the biochemical changes

of ll|6-hydroxydehydrogenase type 2 enzyme (llyS-

HSD2) deficiency similar to those observed in Appar-

ent Mineralocorticoid Excess (AME) syndrome. The

biochemical findings reverted to normal when thy-

roid treatment was administered. Molecular genetic

studies did not detect a mutation in the Ily8-HSD2

gene; thus the patient did not have AME, but only

biochemical changes. The biochemical changes sim-

ilar to 11/3-HSD2 deficiency were associated with

hypertension, hypokalemia, hyporeninemia, and low

serum aldosterone concentration. These abnormali-

ties were reversed with thyroid treatment.

This case is prismatic because it will change the

diagnostic procedures to include biochemical studies

of Cortisol metabolism in hypothyroidism, a veiy

common disorder.

I
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The presentation of AME in an elderly patient

is tmusual, as AME is most often found early

in life-. AME results from the inactivation of the

Cortisol —> cortisone shuttle (F — E shuttle), and

causes severe hypertension with hypokalemia and

metabolic alkalosis. Other clinical features include

persistent polydipsia and polyuria, and failure to

thrive. Biochemical markers include low plasma

renin activity (PRA), low steroid levels including

low to undetectable aldosterone and a decrease in

blood pressure in response to restriction of dietary

Na"*". Licorice, glycyrrhizic acid and carbenoxolone

are competitive inhibitors of llyS-HSD2 activity and

have been known to cause acquired AME. However,

AME is most often found it its monogenic form.

Over 30 mutations in the gene encoding 11|0-HSD2,

HSD11B2, causing AME have been found-^.

Case Report

Inagaki et al.^ describe the case as follows:

The patient, an 84-year-old woman, presented with

hypertension and hypokalemia caused by primary

hypothyroidism, and these changes were reversed

by thyroid treatment. While on candesartan, her

blood pressure remained elevated at 160-180/80-90

mmHg. Endocrine evaluation of her thyroid function

showed increased thyroid-stimulating hormone (TSH),

and decreased free thyroxine and free triiodothyro-

nine. Ultrasonography showed an atrophic thyroid,

while antithyroid peroxidase and antithyroglobulin

antiix)dies were negative. Liver functions were nor-

mal, but seaim creatinine and mean 24-h creatinine

clearance showed some impairment of renal func-

tion. Sodium and chloride levels were normal, while

potassium was low (2.6 mEq/1). While the patient was
hypokalemic, urinary potassium excretion was very

high (24.8 mEq/day). Both PRA and aldosterone were

low, while adrenocorticotropic hormone (ACTH), Cor-

tisol and catecholamines were normal. The adrenals

Publi.shed online in Wiley InterScience (w^-^-. interscience.wiley.com).
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were found to be normal upon radiological scan. No
mutations were found upon analysis of the HSD11B2
gene, which encodes the lly3-hydroxyciehydrogenase

type 2 (11^-HSD2) enzyme. Other causes of AME
were ruled out: ingestion of licorice and glycyrrhizic

acid, ecoptic ACTH syndrome, and tumors producing

deoxycorticosterone or corticosterone.

Treatment of the patient's hypothyroidism with

levothyroxine sodium reversed the hypokalemia and

hypertension. PRA and aldosterone levels returned to

normal ranges after the F/E ratio lowered, hnprove-

ment of the patient's general fatigue and lower leg

edema occurred. Finally, her blood pressure was
maintained by the initial dosage of candesartan, and

senmi potassium levels remained normal without

potassium gluconate or sprinolactone.

Discussion
Hellman et al. first reported in I96I that thyroid

hormone may inactivate the conversion of F to

E, affecting the F ^ E shuttle. The altered F

—^ E shuttle has been related to many conditions

ranging from hypertension to end-stage renal disease,

liver cirrhosis, intrauterine growth retardation, and

preeclampsia"*. Early thyroid hormone replacement

therapy may be prudent in subclinical hypothyroid

patients if hypothyroidism causes symptoms of

mineralocorticoid excess resulting from changes

in Cortisol metabolism. Thyroid hormone's effect

on Cortisol metabolism may contribute to the

pathogenesis of common diseases such as central

obesity and idiopathic osteoporosis. In the largest

study of AME patients with HSDl 1B2 gene mutations

in both severe' and mild forms^', the patients were

clinically euthyroid and the thyroid hormone axis

was normal.

Conclusion

The patient in "AME manifested in an elderly

patient with hypothyroidism" represents a prismatic

case in which a common endocrine disorder

(e.g. hypothyroidism) causes biochemical changes

suggesting an acquired and treatable form of

abnormal Cortisol metabolism.
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