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Publisher’s Preface

The publication of the 2001 YEAR BOOK series marks the 100th anni-
versary of the original Practical Medicine Series of Year Books. To com-
memorate this milestone, each 2001 Year Book includes an anniversary
seal on the cover. The content and format of the Year Books remain
unchanged from the beginning of the last century—each volume consists of
abstracts of the best scholarly articles of the year, accompanied by expert
critical commentaries.

The first Year Book appeared in 1900 when Gustavus P. Head, MD,
produced the first Year Book of the Nose, Throat and Ear, a volume
consisting of highlights from the previous year’s best literature, enhanced
by expert observations. Dr Head assembled a small group of distinguished
physicians to serve as editors, and the first series of Year Books was
published in 1901. The first volumes of the Year Book series—General
Medicine, General Surgery, The Eye, Gynecology, Obstetrics, Materia
Medica and Therapeutics, Pediatrics, Physiology, and Skin and Venereal
Diseases—appeared at monthly intervals, with 10 volumes published in 1
year. The entire series was met with critical enthusiasm.

In 1904, Dr Head’s brother, Cloyd, assumed responsibility for the
management of the Year Books. In 1905, the volumes began to appear at
regular intervals during the calendar year mstead of on a monthly basis. By
World War I, the Year Books had been established as an authority on
medical and surgical progress.

The postwar period brought about a significant change in the practice of
medicine: specialization. To accommodate the rise of specialization in
medicine, the Year Books were now sold as individual volumes rather than
only as a complete set. This change brought about a tremendous response
and sales of the books increased. In 1922, the Year Books became even
more specialized, as the books now had different editors for the different
medical specialties covered in each volume. Later, in 1933, the title of the
series changed from the Practical Medicine Series of Year Books to the
Practical Medicine Year Books to reflect these new designs.

The Year Books have grown significantly from the first 10-volume series
in 1901 to a diversified series of 32 volumes in 2001. That the Year Book
series is the only series of their kind to have survived is a testament to the
vision and commitment of its founders. Some minor changes in format and
design have occurred throughout the years, but the mission of the Year
Book series—to provide a record of exceptional medical achievements
distinguished by the reflections of many of the great names in medicine
today—has remained constant.

xvii
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Introduction: Human Genome Project, Brain
Research, and Clinical Neurology in the New
Millennium

Medical history is replete with sagas of physicians and scientists who
doggedly pursue dreams to understand and alleviate human suffering. In
these pursuits, at some point between the first glimpse of true success and
the final maturation of an important concept, many enthusiasts smile and
a few skeptics frown. It is in this context that we stand today with regard
to the human code of life. The first draft of the human genomic sequence
has just been released. Now we must come to terms with what it means
and how it is going to change the way we practice medicine in the 21st
century. The question is: Is this the dawn of a new medical era, or are we
still dreaming? Separating fact from fancy is central to this question.

In 1988, the history of biology was forever altered by the bold congres-
sional decision to fund the greatest scientific effort in modern biology—
one that would, in ultimate detail, decipher the complete human genetic
code. On October 1, 1990, the Human Genome Project (HGP) officially
began. Ten years later, the HGP is closing in on the goal with the release
of the working draft (=90% complete sequences), which holds some
80,000 human genes (the number of genes remains contentious) embedded
in more than 3.2 billion nucleotides. The genetic alphabet alone would fill
200 telephone books if printed out, without annotations describing what
those sequences do. Our current knowledge of tissue-specific gene expres-
sion tells us that at least 50% of these genes are expressed in the brain, and
at least 25% may be specific to the nervous system. It is therefore not
surprising that we, the neurologists, encounter the majority of the known
human genetic diseases and, by analogy, will have major stakes in this new
genomic science. Neuroscientists in general and neurologists in particular
will have to be capable in this century of gleaning the useful genomic
information and of transferring it to the clinical practice—to prevent and
treat neurologic disorders. In this editorial, we overview the immensely
useful offshoot of the HGP that we have witnessed along the way during
the last 6 years. We consider how the dream will become reality in coming
decades, and we conclude with the cautionary note of the skeptics.

The goals' of the HGP were “to complete a detailed human genetic map,
determine the complete sequence, and find all genes.” It is wrong to
assume that at its inception the major work of the HGP was devoted to
large-scale sequencing. Large-scale genomic sequencing began only in
1998, since many other kinds of genomic information were needed before
embarking on full-scale sequencing. In the first 8 years, HGP’s scientific
goals mostly focused on technical development, genome mapping, and
work to characterize the genomes of certain smaller animals. One particu-
lar map, known as the human genetic map, was particularly helpful for
gene hunters even in the early stages. The genetic map consists of a series
of sequence-based markers that can be used to pinpoint the likely neigh-
borhood of an altered gene responsible for a disease or other trait. The
goal was to establish markers close enough to give a gene researcher a high
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4 / Introduction

likelihood of placing the gene in a reasonably bridgeable interval. By 1994,
an international consortium of leading HGP researchers published a ge-
netic map containing more than 6000 markers spaced less than 1 mb
(million base) apart. By following the inheritance of a disorder through
several generations of a family and by linking its cosegregation with a
defined but anonymous genetic locus, the early researchers homed in on
several highly penetrant gene mutations with mendelian inheritance pat-
terns.

A second human genetic map, known as the genomic physical map,
followed soon thereafter. The physical map provides cloned and ordered
sets of contiguous DNA that represent regions of a chromosome, a com-
plete chromosome, or the whole genome. Once genetic markers define the
region containing the sought-after gene, cloned pieces from the physical
map provide a resource from which investigators then can isolate the gene
more efficiently. At the end of 1998, the HGP provided a physical map that
contained more than 41,000 DNA markers, which are known as sequence
tagged sites (STSs). When properly aligned, these pieces covered 98% of
the human genome. With this density of DNA markers, most genes in the
human genome were within 100 kb (kilobase) of an STS. Planners of the
HGP at its inception had adopted a policy of releasing data every 24 hours
to a free, publicly accessible database. In the United States, GeneBank
(http://www.ncbi.nlm.nih.gov) has served as the public repository of se-
quence information. The value of this database as a resource for medical
research around the world was incalculable. The research community all
over the world benefited from this publicly funded effort almost on a daily
basis. According to one account, the GeneBank website in mid 1990 was
receiving more than 200,000 queries a day for information on gene se-
quences. Gene discovery by the positional cloning approach once took
years to decades, yet an investigator using these powerful tools sometimes
mapped and isolated the gene in a matter of weeks. We witnessed the
discovery of gene after gene, both common and uncommon, literally every
week. We also witnessed the commercial diagnostic laboratories stepping
in to offer services at a cost, and we began using this valuable genetic
information for accurate clinical diagnosis, informative patient counseling,
and effective disease prevention.

During this early learning curve, we also recognized the complexity of
allelic and locus heterogeneity in disease expression. Nosologic debates
regarding several neurologic syndromes disappeared overnight and newer
clinical concepts emerged. Words were replaced by numbers to describe
certain hereditary neurologic diseases such as spinocerebellar ataxia and
limb-girdle muscular dystrophy. Entirely unforeseen molecular mecha-
nisms in disease expression were discovered. Friedreich ataxia, for ex-
ample, turned out to result from the expansion of a triplet nucleotide
(GAA) repeat in the noncoding region of the mitochondrial “frataxin”
protein. Deficient frataxin protein in Friedreich ataxia is now linked to the
mitochondrial iron loading and cellular toxicity. Expansion of the triplet
nucleotide CAG repeats in several autosomal dominant ataxias leads to
nuclear protein aggregates, which ultimately results in neuronal toxicity
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and death. An entirely new field of nuclear and mitochondrial interge-
nomic communication and its many defects that result in mitochondrial
diseases with mendelian inheritance is unfolding before us. Now we know
how similar phenotypes of Leigh syndrome can be inherited in maternal
lineage or in mendelian patterns. On the other hand, clinically different
neurological syndromes—cerebral autosomal dominant arteriopathy with
subcortical ischemic leukoencephalopathy, familial hemiplegic migraine,
and one form of episodic ataxia—can all result from mutations in the
calcium channel gene. Miyoshi distal myopathy and one form of limb-
girdle muscular dystrophy are both linked to the mutations in dysferlin
gene. And there are many other examples. This all brought further ques-
tions and challenges, as well as more opportunities. But most important,
we witnessed the way we practice neurology changing forever.

Now with the decoding of almost the entire human genome, we cur-
rently have some 80,000 or so gene sequences in the GeneBank database.
It is important to realize that we do not yet know the precise number of
functional genes in the sequenced genome. This perhaps is an example of
the powerful molecular genetic tools and technology that leaves the gene
hunters lagging behind. We currently know the function of approximately
3500 genes. Now will begin the hard work of recognizing all human genes
and understanding human diseases at the most fundamental level. How
much this will ultimately affect clinical medicine and neurology can only
be speculated at this stage.* But one obvious area will be the teasing out
the genetic components of the so-called “polygenic” and “complex” dis-
orders—hypertension, diabetes, epilepsy, migraine, autoimmune disease,
and psychiatric disorders—that result from the interplay of a variable
number of genes, as well as environmental factors, human behavior, and
lifestyle.

The linkage analysis and positional cloning techniques were suited for
discovering monogenic disease with high penetrance (ie, a stereotype dis-
ease phenotype). More powerful approaches are required to identify
weakly penetrant alleles that contribute to the common polygenic or
multifactorial disorders. One new powerful strategy could be mapping the
genetic variation in human population to provide a density map of com-
mon DNA variants. DNA sequence variations include insertions and de-
letions of nucleotides, differences in the copy number of repeat sequences,
and single-nucleotide polymorphisms (SNPs), which occur quite fre-
quently throughout the human genome. About one in every few hundred
bases in the human genome is a SNP. Most SNPs are located outside the
protein-coding sequences, but those within coding sequences, known as
cSNPs, are of particular interest because they are more likely to affect
protein function. One might have surmised that such studies would be of
use only in nuclear families or in inbred small ethnic clusters. But this is
clearly not the case. SNPs can be used as markers in genome-wide linkage
analysis of families, small and large ethnic groups, and in large populations
with affected members. Because the human species consists of relatively
few generations, recombinations have not disrupted linkage disequilib-
rium over distances of 3 to 100 kb in most populations. Consequently,
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association studies of large human populations for certain disease-associ-
ated polygene mapping can be informative. The scope of such research
may extend to determine the genetic component even in apparently spo-
radic disease. For example, more than 90% of amyotrophic lateral scle-
rosis is nonfamilial. Why rare individuals in all populations and more
people in endemic areas like Guam exposed to seemingly identical and
different environments, respectively, have ALS develop may be in part due
to the interaction of individuals’ genotype traits.

In our lifetime, we can expect the transition from genetics to individual
genomics. This means that we will be able to identify the individual’s
genetic variation and its effect on the individual’s biological function. The
so-called “DNA chip” currently provides a promising approach for a
genome-wide search of genetic variations, for the detection of heteroge-
neous gene mutations, as well as for a gene expression profile.> The
adaptation of dot-blot hybridization on DNA chips, also called microar-
rays, generally consists of a thin slice of glass or silicone about the size of
a postage stamp on which threads of synthetic nucleic acids are arrayed.
Sample probes are added to the chip, and the matches are read by an
electronic scanner. The microarray chips that can hold thousands of arrays
have now been developed. Microarray technology is currently in use to
study developmentally expressed genes, genomic comparisons across ani-
mal species, genetic recomblnatlon, large-scale analysis of gene copy num-
bers and their transcription profile, as well as protein expression in cells.
Microarray technology is being used in clinical practice to detect the
oncogene mutations in cancer patients, human immunodeficiency virus
sequence variation in AIDS cases, and the expression of cytochrome P-450
genes in patients with potential adverse drug reactions.

The ability to rapidly survey and compare gene expression levels be-
tween reference and test samples is moving the drug discovery process
toward a more genomic orientation. The microarray technology is cur-
rently exploiting collections of known sequences to pinpoint drug effects.
Novel disease genes and their expression profile may suggest new targets
for drug design. Even if such targets are identified through studies in a
subset of patients with a strong inherited tendency to have a given disease
develop, new treatments are likely to be discovered. For example, an
understanding of the regulation of the receptor for low density lipopro-
teins that came from genetic studies in familial hypercholesterolemia led to
the development of HMG-CoA reductase inhibitors (statins), which are
now a mainstay for the prevention and treatment of hypercholesterolemia,
atherosclerosis, coronary artery disease, and stroke.

The identification of the human genetic variation should eventually
allow clinicians to subclassify neurologic diseases and devise therapy best
suited to the individual patient. There may be large differences in effec-
tiveness, as well as in toxicity, of medication from one person to the next.
This basic concept has spawned the burgeoning new field of pharmacoge-
nomics, which attempts to use genetic information to predict response to
drug therapies. The scope of human pharmacogenomics ranges from iden-



