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Introduction

Content For many, understanding molecular medicine is
like standing at the tip of a long oceanic pier, gaz-
ing out. This vast, boundless body of information
is enticing to some, overwhelming to most. If we
choose to ignore it, at the very least, we will be
lesser providers of care. We can choose to accept
it or, better, embrace it, and we will not only ben-
efit our patients but elevate the quality of modern
medicine, entering new diagnostic and treatment
frontiers.

Over a century of research on nucleic acids
has led to step-by-step advancements in the
understanding of their role in inheritance and dis-
ease. The uncovering of the double helix struc-
ture of DNA by James Watson and Francis Crick
in 1953 was instrumental, beginning an era of
manipulating these genetic building blocks to
predict, diagnose, and manage disease, spawning
the discipline of molecular diagnostics (Fig. 1.1).
The completion of the Human Genome Project in
2003 was another notable leap. As part of this
project, the entire 3.2 gigabase human genome
was sequenced [1]. Since then, more genomes
have been sequenced, including those from
research organisms such as Drosophila melano-
gaster (fruit fly) and Caenorhabditis elegans
(roundworm), pathogens such as Haemophilus
influenzae, and, of course, more humans, includ-
ing James Watson himself. Out of the Human
Genome Project, we learned of the approximately
25,000 human genes, a surprisingly low total
capable of orchestrating our development and
every menial and complex task. We confirmed
that all humans are >99.9 % genetically alike,
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Fig.1.1 Timeline of significant events in molecular diag-
nostics. There have been innumerable impactful events in
the history of molecular diagnostics over the past half

even at the base pair level, with the other <0.1 %
holding the mystery to all of our individual dif-
ferences and genetic sources of disease. And,
perhaps most importantly, the human genome
became accessible to the entire investigative
world, providing an unprecedented template for
molecular research. The field of molecular medi-
cine became poised to explode. Molecular diag-
nostics has captivated medicine in a “Gangnam
Style” fashion—fresh, new, and unavoidable. But
unlike the popular song, molecular diagnostics
has staying power.

In contrast to more conventional diagnostic
tools such as histology, cultures, and biochemi-
cal assays, molecular diagnostics is traditionally
defined by the use of DNA-based (or RNA-based)
tests for the diagnosis of human disease. The field
has evolved, however. Molecular diagnostics is
no longer limited to mere diagnostics, separat-
ing itself from other ancillary tests in its ability to

linked to MSH2 defects

2011
FDA approval of vemurafenib and
first companion BRAF assay

2013
Genetests.org eclipses 3000
genetic diseases with mutations

FDA approval of dabrafenib
and companion BRAF assay

FDA approval of trametinib
and companion BRAF assay

dl

2010
Commercial availability of first
melanoma FISH assay

MYC amplification reorganized in
post-radiation angiosarcoma

2008

Polyomavirus discovered in Merkel cell carcinoma

2003

The Human Genome Project is completed

century. Several, including some in the field of dermatol-
ogy, are highlighted here

predict disease behavior and a patient’s response
to therapeutic targets. In colon cancer, for exam-
ple, the diagnosis is usually not in question, but
molecular testing—KRAS mutational analysis, for
example—is ordered to predict whether or not the
tumor will respond to a specific therapy—cetux-
imab. Now, the trifecta of “molecular diagnostics”
includes diagnostics (identifying and classifying
disease), prognostics (predicting disease course),
and theranostics (predicting response to therapy),
with the latter arguably the most rapidly grow-
ing area. And the field refuses to stay stagnant, as
applications continue to reach new areas, such as
risk assessment and therapeutic monitoring.

In dermatology, the incorporation of molecu-
lar diagnostics has admittedly lagged behind
other disciplines, with only few and focused prac-
tical applications. This narrative is beginning to
change, however, with recent important advance-
ments and exciting new applications, touching all
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areas of the above italicized trifecta. As exam-
ples, molecular tests are now used to help iden-
tify germline mutations in the genodermatoses,
somatic mutations in tumors such as melanoma
and various sarcomas, and the presence of certain
cutaneous infectious agents, just to name a few.
For melanoma and lymphoma, testing can poten-
tially predict tumor behavior and modify patient
staging. And, regarding theranostics, there is no
better impactful example in dermatology than
the recent observation that targeted therapy to
the mutated B-RafVE in a subset of melanoma
patients dramatically reduces tumor burden and,
in rare cases, leads to apparent cure. The entire
treatment paradigm for melanoma and other can-
cers is evolving. “Excision and pray” approaches
are being replaced by personalized medicine.
Treatment regimens are now being tailored to
the individual based on their genome and their
tumor’s genome. In cases of relapse, second and
third rounds of targeted therapy may induce sec-
ond and third rounds of remission, respectively.
Ultimately, in patients unable to achieve a cure,
therapy may evolve to constant tumor genome
surveillance with molecularly based fine-tuning
of treatments, transforming cancer, as we cur-
rently know it, into a chronic illness not unlike
HIV and diabetes.

With every new test comes hope for revolu-
tionizing applications. In their wake, however,
we often struggle with how to implement them.
For example, there is a great tendency to overuse
new diagnostic tests, supplanting conventional
means. Molecular diagnostic tests are like any
other ancillary test, dependent on the prevalence
of the disease in the population tested. Testing a
large number of samples in a population of low
disease prevalence will increase the number of
false positives and result in a poor predictive
value for the assay. Molecular testing is designed
to shape a diagnosis for the pathologist, not be
a crutch for the “parapathologist” (see Fig. 1.2
for further development of this concept). New
tests may also introduce unanticipated practical
or ethical problems. We are now able to gener-
ate immense patient and/or tumor genetic data,

most of which we do not understand. We must
resist the temptation of testing just because we
can, without an evidence-based infrastructure.
A recent Supreme Court decision on gene pat-
enting and the new practice of linking specific
molecular tests to the FDA approval of therapy
have opened avenues and introduced new wrin-
kles, respectively, for laboratories interested in
test development.

Indeed, this is an exciting time in dermatol-
ogy, and our goal as authors is to present this cur-
rent (and near-future) state of affairs of molecular
testing as it pertains to the dermatology patient,
recognizing that this is in constant flux. In the fol-
lowing chapters, we begin with a basic introduc-
tion to molecular biology and commonly used
methods for molecular diagnostics. We continue
by covering practical applications of molecular
diagnostics over a cross section of dermatologic
disease, including melanoma, lymphoma, soft
tissue tumors, genodermatoses, and infectious
disease. Throughout the text, we emphasize the
role of the dermatopathologist in test selection,
preparing the sample, and interpreting results.
And as molecular assays trend toward the genera-
tion of thousands of data points in a single reac-
tion, we underline the importance of critically
evaluating data in the context of the individual
patient, often requiring input by the entire care
team. We offer some practical advice, to those
ordering molecular tests as well as to those
considering performing such tests, with the fol-
lowing chapters serving as a potential template
for a comprehensive dermatologic molecular
diagnostic test menu. Our focus is on current,
practical applications, but we also take several
opportunities to look ahead, exploring the future
of molecular diagnostics in dermatology and its
potential impact on later generations. So as we
pull off the fresh seal of the molecular peanut
butter jar, exposing its contents with that initial
scoop, we hope that all readers—clinicians,
pathologists, laboratorians, or other inquisitive
minds—independent of their level of molecular
expertise, can find some nugget that will provoke
thought or perhaps even change their practice.
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Fig. 1.2 Conceptual schematic of the role of a new diag-
nostic test. With every new diagnostic test, there is a posi-
tive or negative result. The power of the test, or its ability
to distinguish the presence or absence of disease, is
dependent on its performance characteristics, including
but not limited to sensitivity and specificity. This concept
can be applied to a biochemical assay, a molecular test, or
even looking through the microscope. Using melanoma as
an example, the experienced pathologist may look at an
H&E section through the microscope and be able to dis-
tinguish melanoma from nevus in most cases, with a small
but significant overlapping area corresponding to ambigu-
ous lesions or lesions with indeterminate biology (a). The
“parapathologist” will have a different starting point, less
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able to distinguish benign from malignant, with virtually
overlapping circles (b). With the use of a molecular or
other ancillary test, the goal is to pull those circles apart,
minimizing the overlapping area. The blue bold lines
along the edges of the overlapping circles represent a
narrow population of cases with the highest (positive and
negative) pretest probability. In (b), there is overutiliza-
tion (more area in intersection of circles leading to addi-
tional testing) with many of the tested cases having a low
pretest probability and, thus, higher numbers of false-
positive and false-negative results. Ancillary tests are
designed to supplement conventional tests and rarely
completely eliminate interpretive overlap. PPV positive
predictive value
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Key Points

* Nucleic acids are essential for all forms
of life.

e The human genome is composed of
approximately three billion base pairs of
DNA, which are organized into two
copies of each of 22 autosomes (non-sex
chromosomes) and one pair of sex chro-
mosomes (either XX or XY), for a total
of 46 chromosomes.

e In humans, DNA stores the genetic code
of life. It is the blueprint, or recipe, for
producing all of the proteins needed to
carry out cellular functions.

e RNA carries out many diverse and
highly specialized cellular functions.
These functions primarily involve the
processes of transcription and transla-
tion, which lead to the production of
proteins. RNA functions not only to pro-
duce proteins but also to regulate the
production process.

e The term “gene expression” is used to
indicate the production of RNA and/or
protein from a gene. A gene may be
silent (no expression) or may be
highly expressed. The expression level
of genes results in the phenotype of a
cell.

e DNA can be altered from normal (wild
type) in a wide variety of ways includ-
ing chromosomal number alterations,
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structural alterations, and sequence
alterations.

e DNA alterations are either inherited
(germline) or acquired (somatic).
Germline mutations result in inherited
diseases. Somatic mutations are impor-
tant drivers of neoplasia.

* The structural and chemical properties
of nucleic acids can be exploited to
develop molecular diagnostic tests with
an array of clinical utilities.

2.1 Introduction

Many think of Watson and Crick’s description of
the double-stranded helix as the beginning of
nucleic acid research, while in fact, nucleic acids
were first discovered almost 100 years prior
(1869) by Swiss scientist Friedrich Miescher. As
indicated by the name nucleic acid, initial work
discovered these molecules in the nucleus of cells
and determined that they had acidic properties.
Early work also determined that there are two
basic types of nucleic acids, deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA).
Although these basic properties were understood,
it would take decades to reveal the structure and
function of these molecules. Around the same
time (1865), the Austrian monk Gregor Mendel
established the idea that physical characteristics
are passed from one generation to the next by
discrete units, later to be called genes. Over the
next several decades, the parallel research into
the function of nucleic acids and the mechanism
of inheritance started to converge. The microbi-
ologist Oswald Avery and his colleagues at the
Rockefeller Institute in New York are largely
credited with the collision of these two areas,
establishing that DNA, not proteins as many had
hypothesized, was the carrier of genetic informa-
tion [1].

James Watson and Francis Crick, along with
significant contributions from Rosalind Franklin,
determined the structure of DNA in 1953. This
historic discovery is considered the beginning of

the development of modern  genetics.
Understanding the structure of DNA provided an
almost immediate understanding of how DNA
was replicated and how it might be passed from
one generation to the next. In their landmark pub-
lication, Watson and Crick wrote “It has not
escaped our notice that the specific pairing we
have postulated immediately suggests a possible
copying mechanism for the genetic material” [2].
The discovery of the double-helix structure of
DNA also laid the foundation for the develop-
ment of molecular biology methods and tools,
further accelerating research and discovery.

It is now well established that nucleic acids
are found in all living cells and in viruses and are
essential for all forms of life. Also well estab-
lished is the concept that while the structures of
DNA and RNA are similar, their function and
some important chemical characteristics are very
different. The sequencing of the entire human
genome and the rapid advances in the fields of
genetics and molecular biology have set the stage
for a much greater understanding of human dis-
ease. Application of this knowledge is leading to
improvements in making diagnoses and identify-
ing effective treatments. The concept that nucleic
acid alterations resulted in inherited diseases was
obvious early on. It was not until the early 1990s,
however, that researchers began to appreciate the
genetic nature of cancer [3].

This discussion relates specifically to the struc-
ture and function of human DNA and RNA. It is
not the purpose of this chapter to provide a com-
prehensive review of nucleic acids and molecular
biology. There are entire textbooks devoted to
these topics. Rather, the purpose of this chapter is
to review basic concepts in molecular biology and
nucleic acid chemistry to provide an understand-
ing of the nomenclature and vocabulary required
to comprehend molecular testing and its impact
on patient care. The normal structure and cellular
functions of nucleic acids are reviewed, providing
a foundation for the discussion of molecular
methods used in the clinical molecular laboratory
(Chap. 3). In addition, this chapter begins the dis-
cussion of how deviations from normal structure
and function result in disease, with special atten-
tion given to dermatologic disease.
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