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Cover Image

Keeping up with the rapid progress in our understanding of normal and
diseased skin is a challenge. Knowing what has been learned in a given
study requires an appreciation of the laboratory assays and other research
techniques employed, but this information is sometimes hard to find.
In this photograph, a group of dermatology residents references the JID’s
online Research Techniques Made Simple articles during a journal club
session to assure proper interpretation of the original report under discussion.
Photograph by Thomas M. Ruenger, Deputy Editor, with the assistance of
Boston University dermatology trainees.

editorial

Demystifying Medical Science: We’re Here to Help

T

he Journal of Investigative Dermatology
(JID) is proud to offer this collection
of Research Techniques Made Simple
(RTMS) articles as an educational resource for
your dermatology training program. The collection consists of the RTMS articles published each
month from October 2012 to September 2013
and is archived on the JID Connector homepage
(http://www.nature.com/jid/jid-connector/index.
html), searchable by topic, date, and authors.
Each article is accompanied by self-assessment
questions, and the CD-ROM included with this
monograph has PowerPoint presentations summarizing each article, appropriate for use in
didactic sessions or for self-study.
The RTMS series was launched with the
support of a pilot educational grant from the
American Academy of Dermatology and is continuing with the generous support of an unrestricted educational grant from Lilly USA, LLC. Its
short-term goal is twofold: (i) to help trainees and
clinician–educators better understand the featured technique and hence studies that employ
it and (ii) to increase the relevance and utility of
JID for the broad dermatology community. Long
term, we envision the RTMS articles as one means
of maintaining, and a key element in enhancing,
scientific literacy among dermatologists.
Without a strong medical/dermatologic
vocabulary, it is not possible to follow the vast
clinical literature of our specialty. Equally,

without a sound understanding of widely used
laboratory assays and statistical and epidemiologic methodologies, it is not possible to appreciate the advances in diagnosis and treatment
that result from their use.
The RTMS articles are created by small
teams of trainees, content experts, and clinician
educators. In this first year, 18 trainees and 11
faculty, representing 22 academic medical
centers, have contributed. In the coming year,
teams will include trainees and faculty from
Europe as well as the United States.
We look to you, our readers, to help shape
this educational program. Your suggestions for
research techniques to feature in future articles
will be most welcome. If you volunteer to
coauthor one or more articles, we will gladly
arrange this for you. Please contact us at
JIDEditor@sidnet.org.
Laboratory-based and clinical research
efforts are revolutionizing dermatology:
elucidating the pathophysiology of previously
mysterious diseases, facilitating diagnosis,
and expanding therapeutic options. Don’t
compromise your appreciation of these
advances! As a first and most important
step, we invite you to master the language of
research, with the RTMS articles as your primer.
Barbara A. Gilchrest, MD
Editor

Journal of Investigative Dermatology (2013) 133, 1.
doi:10.1038/jid.2013.299

© 2013 The Society for Investigative Dermatology
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editorial

Confessions of a JID-Lapsed Clinician–Educator

I

will be the first to admit it. Somewhere along
the line, I, like many clinician–educators,
stopped reading JID regularly. Most of us read
JID at one point (usually during residency, when
it was required reading for journal club). As we
get lost in clinical medicine and further removed
from our basic science lectures, it becomes more
difficult to keep up with the ever-increasing body
of scientific knowledge that is the basis of our
challenging specialty. And so the JID is left on the
shelf in the wrapper—assuming we even still subscribe—and our scientific literacy shrinks away.
The problem with this is that our field is strongly based in science, and our scientific discoveries keep us moving forward. Just in recent years,
basic science discovery has provided breakthroughs as diverse as the first effective medical
therapies for metastatic melanoma and basal cell
carcinoma based on identifying key oncogenic
mutations and intracellular signaling pathways,
and multiple nonscarring laser therapies based
on a detailed appreciation of skin optics. Clinical
research, such as randomized controlled trials and systematic reviews, helps determine the
direction of care we provide every day. We use
these advances to benefit our patients, but often
we have only a crude understanding of the science that underlies them. We, as dermatologists,
therefore risk being reduced to simple technicians, employing tools that we barely understand. An even greater potential tragedy is that,
in being removed from the scientific base of our
field, we clinicians lose the opportunity to provide critical feedback to our laboratory-based
investigators about unmet needs that might be
addressed with cutting-edge technology. Those
of us working in the medical trenches actually
understand the diseases much better than do
many of our laboratory-based colleagues; it is
our responsibility to help bridge the translational
gap that is essential to fully understand and manage skin diseases.

Journal of Investigative Dermatology (2012) 132, 2307–2308.
doi:10.1038/jid.2012.277
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With welcome support from the American
Academy of Dermatology in the form of a small
Program for Innovative Continuing Medical
Education in Dermatology (PICMED) Educational
Grant, we have undertaken a pilot project to
increase JID’s relevance and accessibility to trainees and practicing dermatologists by creating new
online features that will help to demystify science
and allow us to reconnect with our scientific
base. Enter “Research Techniques Made Simple”
(RTMS). This pilot project consists of 10 brief,
online articles; the first appears in conjunction
with this month’s issue. Each article will explain
in simple terms a widely used laboratory or clinical-research technique that has been employed
in recent scientific (and often also clinical) publications. The goal of this project is to help those
without a strong background in research visualize
and understand the basics of a given technique.
We want to help readers feel comfortable reading articles that utilize the technique and to better
understand the results and outcomes of the studies. We have asked authors of the RTMS articles
to explain the benefits and limitations of a particular technique and to discuss when and why it
might be employed. They will use several recent
JID articles to highlight their discussions.
To produce the monthly articles, we are
assembling 10 teams, each consisting of two
to four individuals (ideally, a trainee or two,
a clinician–educator, and a science content
expert), who will work together to ensure that
the material is both scientifically accurate and
meaningful to readers at many different levels of scientific understanding. Because we
anticipate that these articles will be useful to
residency training programs (many of which
do not include basic scientists among their
faculty), downloadable PowerPoint slides,
appropriate for use in journal clubs or other
didactic sessions, will accompany each article.
All articles will be reviewed by the JID Editorial
Board and, once accepted, published online,
where they will be part of the JID archive.
In our first article, Jahan-Tigh and colleagues
beautifully explain flow cytometry and guide
© 2013 The Society for Investigative Dermatology

editorial

readers through data that otherwise might be daunting to the
uninitiated (doi:10.1038/jid.2012.282). I promise that anyone
who reads their article will never again fear a scatter plot. I
offer particular thanks to this team for working on short notice
and for being willing and able to make changes as the project evolved. Future topics include confocal microscopy, metaanalysis, and immunofluorescence techniques. I urge you to
read them, share them with trainees and colleagues, and give
me your feedback by e-mail at JIDEditor@sidnet.org.

© 2013 The Society for Investigative Dermatology

Will “Research Techniques Made Simple” create the next
generation of basic scientists? Maybe not. But we hope the
series will remind us that we all have a bit of scientist in us.
Kathryn Schwarzenberger, MD
Editor, “Research Techniques Made Simple”
Correspondence: Kathryn Schwarzenberger, MD, The University of Tennessee
Health Science Center, Department of Dermatology, 840 930 Madison Building,
Memphis, TN 38163, USA. E-mail: kschwarz@uthsc.edu

www.jidonline.org
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Flow Cytometry
Richard R. Jahan-Tigh1,2, Caitriona Ryan3,4,5, Gerlinde Obermoser5 and Kathryn Schwarzenberger6
Journal of Investigative Dermatology (2012) 132, e1. doi:10.1038/jid.2012.282

Of the techniques available to both the clinician and the
researcher, few are as widely employed as flow cytometry.
With applications that range from common clinical laboratory tests, such as complete blood count with differential and monitoring of CD4 cell count in HIV patients,
to advanced, multicolor flow cytometry used to identify
subtypes of inflammatory cells active in diseases such as
psoriasis and lupus, flow cytometry has become rapid,
flexible, and sensitive.
THE FLOW CYTOMETRY PROCESS

Flow cytometry measures single cells “flowing” through
a detector system. The process begins with the selection
of fluorescent-labeled antibodies specific to cell-surface
markers used to characterize the cell population of interest. These cell surface markers are usually glycoproteins
called cluster of differentiation (CD) markers, and they
help differentiate cell subpopulations (e.g., CD3+CD8+ for
cytotoxic T cells). Flow cytometry can be performed on a
variety of tissues, including peripheral blood, bone marrow aspirates, skin biopsies, and tissue culture cell lines
(Macey, 2007). The sample is processed, for example,
with enzymatic degradation, centrifugation, and/or filtration to isolate the cells of interest, and the resulting cellular suspension is “stained” with fluorescent antibodies.
The single cell suspension is then introduced into the flow
cytometer into a cell-free buffer solution called the sheath
fluid, which flows toward a laser aimed at the solution’s
path. Because the flow of the liquid through the tubing is
laminar, or sheet-like, and the diameter of the tubing narrows along its path, the cells are forced to line up single
file as they approach the laser (Figure 1). The fluorescent
chemical bound to the antibody, called a fluorophore, is
chosen based on the specific wavelength of laser present
in each flow cytometer. If cells have the selected marker on the surface, the bound antibody–fluorophore will
absorb the laser energy and subsequently release it in
the form of a specific wavelength of light as the cells pass
through the laser. The emitted light is detected by an opti-

WHAT FLOW CYTOMETRY DOES
• Flow cytometry is a sensitive, powerful method for
simultaneously obtaining information on various
cellular processes, including expression of surface
markers, intracellular cytokine and signaling
proteins, or cell cycle.
• Flow cytometry measures these characteristics on
each cell individually in a high-throughput fashion
and excels in characterizing heterogeneous cell
populations.
• Flow cytometry is capable of sorting cells based on
almost any of the features it measures.

LIMITATIONS
• Flow cytometry is limited by its requirement
that analyzed cells be in suspension, making
information on tissue architecture and cell–cell
interactions unavailable.
• Cell subpopulations with similar marker expression
are difficult to differentiate and analyses that
employ more fluorophores are subject to signal
spillover.
• Flow cytometry may generate massive amounts of
data, making analyses complicated.

cal system that is sensitive to various wavelengths, allowing for information on multiple surface markers to be read
simultaneously and collected by an adjoined computer.
Specialized software then can graphically represent the
distribution of the labeled cell populations in one-, two-,
or three-dimensional formats (Figure 2).
A variety of fluorochromes are available that individually emit light of specific, different wavelengths while
absorbing light of the same wavelength. This is the basis

Department of Dermatology, University of Texas Houston Medical School, Houston, Texas, USA; 2Department of Dermatology, University of Texas MD
Anderson Cancer Center, Houston, Texas, USA; 3Department of Dermatology, Baylor University Medical Center, Dallas, Texas, USA; 4Menter Dermatology
Research Institute, Dallas, Texas, USA; 5Baylor Institute for Immunology Research, Dallas, Texas, USA and 6Division of Dermatology, University of Vermont
College of Medicine, Burlington, Vermont, USA

1

Correspondence: Richard R. Jahan-Tigh, University of Texas Health Science Center at Houston, MD Anderson Cancer Center, 6655 Travis Street, Suite 980,
Houston, Texas 77030, USA. E-mail: Richard.R.Jahantigh@uth.tmc.edu; Gerlinde Obermoser, Baylor Institute for Immunology Research, Flow Cytometry
Shared Resource Laboratory, 3434 Live Oak, Dallas, Texas 75204, USA. E-mail: E64349@BaylorHealth.edu
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Figure 1. Schematic representation of a flow cytometer. For details please see text. (1) Forward-scatter detector, (2) side-scatter detector, (3) fluorescence
detector, (4) filters and mirrors, and (5) charged deflection plates.

Figure 2. Scatter plots displaying the FSC (X-axis) and SSC (Y-axis) of lysed whole peripheral blood. The FSC scatter data provide information on the relative
size of the cells, whereas the SSC data estimate the granularity. Four ways of displaying identical data: (i) pseudocolor dot plot (allows simultaneous information
of rare events (dots) and high-frequency areas with dots of different color), (ii) dot plot where each dot represents one event (note that here only 10,000 events
are shown to avoid oversaturation of dots), (iii) 5% probability density plot, and (iv) 5% probability contour plot, where the density of a population is translated
in varying shades of color or concentric rings of varying distance. Major leukocyte populations as defined by FSC and SSC properties are shown in (i). FSC-A,
forward scatter area; RBC, red blood cells; SSC-A, side scatter area.

© 2013 The Society for Investigative Dermatology
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for polychromatic flow cytometry, and it allows for a flow
cytometry sample labeled with different fluorochrome–
antibody complexes to be read simultaneously with one
pass through the laser. Because emission spectra of fluorochromes overlap to varying degrees, a single detector
may see fluorescence originating from more than one
fluorochrome; this spillover must be removed using a
mathematical algorithm, so that one detector reports signal from only one fluorochrome. This process is called
“compensation.”
In addition to antibodies, fluorescent dyes are available
that label the plasma membrane, DNA, or, for example,
substrates for enzymes (e.g., apoptosis-inducing caspases or autophagy-related enzyme LC3). Thus, it is possible to simultaneously measure multiple parameters in a
single cell by detecting cell-surface molecules defining
the lineage (CD3+CD4+ T-cell lymphocytes), activation
status (HLA-DR, CD38), phosphorylation status of signal
transduction molecules (“phospho-flow”), intracellular
cytokine production, cell cycle phase (via DNA content),
viability, calcium flux, oxidative burst, etc.
FLOW CYTOMETRIC CELL SORTING, “FLUORESCENCEACTIVATED CELL SORTING”

Cells of interest can be separated to very high purity (very
often 99%) by cell-sorting flow cytometers. After cells
are “interrogated” by laser light in the flow chamber, the
single cell stream is broken accurately into tiny droplets
by a fine nozzle vibrating at ultrasonic frequency. Very
rapid computation of the signals elicited by the cell in the
flow chamber makes it possible to deflect droplets carrying cells of interest using positive, neutral, or negative
electric charges (Figure 1). The droplets enter an electromagnetic field and are pushed, based on their charge,
into different sorting containers.

FLOW CYTOMETRY DATA ANALYSIS

In addition to the fluorescence data, optical information
known as forward scatter (FSC) and side scatter (SSC) is
obtained based on the angle of light emitted from the analyzed cell. Classically, FSC is light scattered at a small angle
and detected by a sensor on the opposite side of the 488nm/blue laser source (Figure 1). FSC essentially provides
information correlating with cell size. Light that scatters
off the cell at a 90° angle, called “side-scatter,” is picked
up by an adjacent series of sensors and provides information on the granularity of the cell. This could be useful, for
example, when trying to distinguish between lymphocytes
and granulocytes. The scatter plot is one of the most basic
means of visualizing flow cytometric data, and the information is plotted with the X-axis as FSC intensity and the Y-axis
as SSC intensity (Figure 2). The axes of the plots are labeled
with the name of the fluorochrome and the surface marker
(e.g., FITC–CD3 for fluorescein isothiocyanate–labeled CD3
cells). Cells positive for both markers will be located in the
upper right quadrant, whereas cells negative for both will be
located in the bottom left quadrant (Figure 3). For the scatter
dot plots the axes are linear, whereas in fluorescence plots,
because of the wide range of fluorescence signals, they are
usually displayed logarithmically (Herzenberg et al., 2006).
“Gating” is the term used to describe the selection of a subpopulation of cells for analysis. For example, if further characterization of only lymphocytes within the white blood cells
is desired, the region of the lymphocytes on the FSC–SSC plot
would be outlined and a gate placed on the lymphocyte cell
population. How this is then represented is described in the
following example: Jones et al. (2012) explored the expression patterns of T-plastin (PLS3) on Sézary cells. Single-color
flow analysis was first used to distinguish the PLS3+ cells
from the PLS3– cells, with the cell marker being measured on
the X-axis and the number of counts on the Y-axis (Figure 4,

Figure 3. Gating strategy to define lymphocyte subsets. (i) Histogram (univariate) plot of CD3 expression; this one-dimensional graph corresponds to a
typical bar chart and is called “histogram” in flow cytometry. (ii) Pseudocolor plot of CD3 versus CD4. This display gives a better view on the distribution
of CD3 expression than the histogram, in particular for **CD3 low expressing cells; note both axes are logarithmic, unlike the linear axes of scatter plots in
Figure 2. (iii) Cartoon detailing interpretation of quadrant gates of (ii). CD3+CD4+ cells are displayed in the top right quadrant (46.2% of lymphocytes). CD,
cluster of differentiation.
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bottom). They then “gated on,” or only allowed analysis of,
the PLS3– cells (upper left) and then gated on the PLS3+ cells
(upper right) and plotted both populations by CD3 by CD4
fluorescence. This demonstrated that a diverse population
existed within the PLS3– cells, most of which stained weakly
for CD3 and CD4, but that there was also a separate population that stained more strongly for CD3 and CD4, representing CD3+CD4+PLS3– Sézary cells. When only PLS3+ cells
were examined (i.e., the CD3, CD4 plot gating on PLS3+
cells), most of them were CD3+CD4+, leading the authors to
conclude that although PLS3+ may label a substantial subset
of Sézary cells, some tumor cells will be missed if relying
only on PLS3 staining. Figure 4 demonstrates another common convention in flow cytometry, which is either to show
the percentage of a certain cell population with a line and a
number, as in this figure, or to split the plots into quadrants or
geometric shapes with an adjacent number representing the
percentage of the total cell population delineated.
WHAT ARE THE MAJOR ADVANTAGES AND
DISADVANTAGES OF FLOW CYTOMETRY, AND HOW DOES
IT COMPARE WITH OTHER TECHNIQUES?
Figure 4. An example of gating in which the single-color flow analysis
is shown with the X-axis labeled with the name of the fluorescently
labeled cell marker, PLS3, on a logarithmic scale and the number of
counts of the marker on the Y-axis. Two cell populations are seen:
one that is positive for PLS3 (on the right) and a second that is negative
(on the left). The fluorescent by fluorescent dot plot on the upper left is
“gated on”—or restricted to—those cells that were PLS3 negative and
demonstrates a large group of heterogeneous cells with weak staining
for CD3 and CD4 and a separate population with stronger CD3/CD4
staining. In the upper right, PLS3+ cells are gated on and the CD3 by CD4
fluorescent plot shows that most of the analyzed cells in that gate are
CD3/CD4, although the CD3 is an order of magnitude higher than CD4.
Taken together, this experiment demonstrated that the Sézary cells from
this patient were mostly, but not all, PLS3+ (Jones et al., 2012). CD, cluster
of differentiation; PLS3, T-plastin.

Flow cytometry is the most important technology for generating
correlative information about single cells within heterogeneous sample preparations and in a high-throughput fashion.
Advances in technology and fluorophore chemistry allow for
the rapid and quantitative measurement of up to 20 parameters
of cell phenotype simultaneously in a highly sensitive and
reproducible manner (De Rosa et al., 2001) The greatest advantage of polychromatic flow cytometry is its high specificity for
discrete cell subsets and rare populations, as demonstrated
by Kagami et al. in their pivotal psoriasis study (Kagami et al.,
2010; see Figure 5). Rare cell subsets with frequencies as low
as 0.01% (e.g., antigen-specific cytokine-producing cells) can
be detected. In addition, flow cytometric cell sorting allows for
isolation of cells of interest to very high purity.

Figure 5. Kagami et al. (2010) reported an increased frequency of Th17, Th22, and Th1 cells, specialized CD4+ Th lymphocytes producing IL-17A,
IL-22, and IFN-γ, respectively, in untreated psoriasis patients compared with healthy controls using seven-color flow cytometry. The fluorescence
plots are gated on CD4+ lymphocytes that have been stimulated for 6 hours with phorbol myristate acetate, followed by staining for IL-17A, interferon
(IFN)-γ, and IL-22. Of note, most cells producing IL-22 do not produce IL-17A or IFN-γ at the same time: in the middle plot, a total of 3.2% of cells are
positive for IL-22 staining (2.33% cells produce only IL-22 and not IFN-γ, whereas 0.87% produce both cytokines). Similarly, in the right fluorescein
plot, a total of 3.27% of cells produce IL-22 (2.99% of cells are single positive for IL-22 and 1.25% are double positive for IL-22 and IL-17A). A similar
observation can be made for IL-17A-producing cells. CD, cluster of differentiation; IL, interleukin; Th, T helper.

© 2013 The Society for Investigative Dermatology
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Highly multiplex data can also be generated by genomewide transcriptional profiling (micorarray, RNAseq); however, these data do not allow for the distinction of signals on
a single-cell basis. Likewise, various immunoblotting techniques (such as western blot) and polymerase chain reaction
use cellular lysates and do not provide information about
single cells. Enzyme-linked immunosorbent assays measure
soluble, and not cell-bound, markers.
WHAT ARE THE MAJOR LIMITATIONS OF THIS
TECHNOLOGY?

Cells must be in a single-cell suspension to be evaluated in
a flow cytometer. Although this is not a problem for blood
cells, tissues must be disrupted, which can affect cellular
function. Also, information about tissue architecture is not
available. The number of parameters per cell that can be measured simultaneously is limited by the number of detectors
to less than two dozen, and, because of the spillover effect,
only 6–12 color experiments are performed routinely in most
laboratories (Roederer, 2001). Validation of results is required
using the simultaneous detection of multiple markers to
increase specificity or the analysis of stimulated cytokine production of isolated cells to further confirm their phenotype.
An important limitation to flow cytometry is a surprising lack
of standardization in assay and instrument set-up; standards
are also lacking in how flow data are analyzed and reported, although numerous efforts have been launched recently
(Maecker et al., 2010; Britten et al., 2011). Finally, because of
the massive amount of data generated, flow data analysis can
become very complicated and relies almost exclusively on
gating by a human expert. Automated multidimensional visualization and gating tools as well as postanalysis data aggregation models for flow cytometry data (Qiu et al., 2011) are
being developed to fill this gap.

QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

1. Side scatter (SSC) and forward scatter (FSC) provide
information on ___________and _________, respectively.
A. Tissue architecture, granularity.
B. Granularity, size.
C.

Size, cell–cell interactions.

D. Cell-surface markers, intracellular signaling.
2. “Gating” refers to:
A. The process of cells lining up single file before
entering the laser path.
B. The field the cells enter during the sorting
process.
C. The restriction of a portion of the analyzed cells
for further analysis.
D. The overlapping fluorophore signals generated
in flow experiments with many fluorophores.
3. In a fluorescent by fluorescent scatter plot, cells present
in the upper right quadrant of the plot are generally:
A. Negative for one marker, positive for the other.
B.

Negative for both markers.

C.

Positive for aberrant marker expression.

D.

Positive for both markers.

SUMMARY AND FUTURE DIRECTIONS

New developments aim to combine the advantages of flow
cytometry (i.e., measuring multiple parameters on a singlecell level) with transcriptional profiling or microscopy (imaging flow cytometry) or to push into the realm of “single-cell
proteomics” (Irish et al., 2006) by adding many more “detectors” with mass spectroscopy. Cytometry by time of flight, or
mass cytometry, employs time-of-flight mass spectrometry to
discriminate a set of more than 40 heavy metal ion–labeled
antibodies without the drawbacks of fluorescence spillover or autofluorescence (Bendall et al., 2011, 2012). The
Fludigm Biomark system allows the quantification of mRNA
levels using highly multiplexed real-time polymerase chain
reaction using special microfluidic devices, thereby allowing detection of up to more than 100 gene transcripts from a
single cell (Bagwell, 2011).
Flow cytometry is a pivotal tool for the analysis of cell
subsets and their complex interplay in immunological and
biological processes. It has advanced our understanding of
the immune system and is likely to play a fundamental role
in the future in identifying biomarkers for disease prognosis or treatment response (“companion diagnostic tests”) and
the development of individualized medicine.
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The Role of Systematic Reviews and Meta-analysis
in Dermatology
Katrina Abuabara1,4, Esther E. Freeman2,4, and Robert Dellavalle3
Journal of Investigative Dermatology (2012) 132, e2. doi:10.1038/jid.2012.392

Systematic reviews of the medical literature are key tools in
comprehensively summarizing data and helping clinicians
and policy makers to make informed, evidence-based decisions regarding patient care and health policy.
Systematic reviews often contain a meta-analysis, a
statistical method that synthesizes the available data from
independent studies in order to answer a specific research
question. According to the Cochrane Collaboration—an
international organization dedicated to promoting and managing systematic reviews and evidence-based medicine—
a meta-analysis (i) provides more precise estimates of the
effects of an intervention than those from individual studies
alone and (ii) allows for investigation of consistencies and
differences across studies (Higgins and Green, 2011).
We review the basic methodology behind high-quality
systematic reviews and meta-analyses, explain the statistical
methods and analyses involved in meta-analyses, and emphasize how this methodological tool can be used in the field of
dermatology.
STUDY DESIGN METHODOLOGY: FORMULATING
A CLINICAL QUESTION, ELIGIBILITY CRITERIA,
AND SEARCH STRATEGY

Guidelines on how to report systematic reviews and metaanalyses have helped to establish criteria for developing,
carrying out, and evaluating these studies. The first set of
guidelines was published in 1999 under the title QUOROM
(QUality Of Reporting Of Meta-analysis) Statement (Moher
et al., 1999). In 2009 these guidelines further evolved into
PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-Analyses), which established a 27-item checklist to
aid researchers in planning and reporting studies (http://www.
prisma-statement.org) (Liberati et al., 2009). The PRISMA
statement is also a useful tool for readers to reference when
evaluating a systematic review or meta-analysis.
Formulating an appropriate and specific research question is key to any study and underpins systematic reviews
and meta-analyses. A research question should be feasible, interesting, novel, ethical, and relevant, known as the

ADVANTAGES OF SYSTEMATIC REVIEWS
AND META-ANALYSES
• A systematic review is a comprehensive summary
of available data pertaining to a specific question,
organized through a rigorous design. Such reviews
often contain a meta-analysis, which is a statistical
method for synthesizing data from multiple studies.
• These techniques are used to answer specific
research questions and help to minimize bias,
improve precision of intervention estimates, and
increase the statistical power of identifying a real
effect. They may also help to settle controversy
when individual studies show conflicting results
and can be used to identify research gaps.

LIMITATIONS
• Limitations include the risk of misleading results if
individual studies are biased or their reporting is
not standardized. Although they are often useful for
summarizing an intervention effect from randomized
controlled trials, meta-analyses are less effective
for capturing adverse effects or summarizing
observational studies.

FINER criteria (Thabane et al., 2009). A well-established
format for structuring research questions is known by the
acronym PICOT: Population, Intervention, Comparator,
Outcome, Time-frame (Liberati et al., 2009; Moher et al.,
2009). For example, in the systematic review and metaanalysis published by Hadley et al. (2006) in the Journal
of Investigative Dermatology on the use of imiquimod
for actinic keratosis, the population was patients with
actinic keratosis (AK), the intervention was use of topical
imiquimod, the comparator was placebo vehicle cream,
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PRISMA, authors are encouraged to contact study authors for
clarification and identification of further studies, and they
should explicitly announce such contact, as well as specify
the date last searched (Moher et al., 2009). The search results
should be presented in a flow diagram that clearly illustrates
the number of studies included and the reasons for exclusion of studies that met initial search criteria (Figure 1).
After key studies have been identified for inclusion in
the systematic review, two independent reviewers extract
data from the studies. These results should be extracted on
piloted standardized forms.
ASSESSING RISK OF BIAS IN INDIVIDUAL STUDIES

Figure 1. Flow diagram illustrating the search strategy and inclusion/
exclusion criteria used in a systematic review and/or meta-analysis.
Originally published with the PRISMA Statement (Liberati et al., 2009).

the outcome measures were multiple and included complete clearance of lesions in treatment area, partial clearance, and complete clearance of a particular lesion, and
the time-frame was number of weeks of treatment needed.
Structuring a research question by addressing each of these
elements is independently associated with better reporting
quality in randomized controlled trials (RCTs) (Rios et al.,
2010) and should also be used in approaching systematic
reviews and meta-analyses (Higgins and Green, 2011).
A hallmark of the systematic review is prespecified inclusion and exclusion criteria for studies, known as eligibility
criteria. These criteria stem from the PICOT question above,
defining the types of participants that will be included and
the types of interventions to be studied and potentially
also limiting the type of study design (Higgins and Green,
2011; Moher et al., 2009). To use the same study example as
above, inclusion criteria for the systematic review by Hadley
et al. were randomized, double-blind trials investigating
imiquimod for AK with efficacy or safety data. Exclusion
criteria were reviews with clinical information published
elsewhere, biochemical or immunological studies, abstracts,
and studies of conditions other than AK.
Once the research question and eligibility criteria have
been established, a search strategy should be laid out. This
strategy will specify the electronic databases to be searched,
as well as the search terms to be used. The Cochrane
Collaboration recommends searching the electronic databases CENTRAL and MEDLINE as a minimum, together with
EMBASE, if available. Searches should also include national
and regional databases, gray literature (such as technical
reports or working papers from research groups or committees), relevant journals, conference abstracts, other reviews
and guidelines, and ongoing studies in trial registries, over
a specified period of time (Higgins and Green, 2011). As per
© 2013 The Society for Investigative Dermatology

Having identified appropriate studies and extracted data
in duplicate, the author should assess individual studies
for bias. Both PRISMA and Cochrane caution against the
use of numerical scales to assess the quality of studies,
recommending a more descriptive approach of assessed
methodological components. Studies should be assessed for
selection bias (appropriate generation of random allocation
sequence, concealment of this sequence, and intention-totreat analyses), performance bias (blinding of participants
and providers), detection bias (blinding of outcome assessment), attrition bias (loss to follow-up), and reporting bias
(differences between reported and unreported findings)
(Liberati et al., 2009; Moher et al., 2009). An excellent
example of a bias assessment and discussion can be seen
in the recent systematic review by Nankervis et al. (2012),
“Prospective Registration and Outcome-Reporting Bias
in Randomized Controlled Trials of Eczema Treatments: A
Systematic Review.”

Figure 2. Forest plot. Used for presenting the results of a meta-analysis
comparing two different antibiotic combinations for human brucellosis.
The summary statistic for each study is shown as a square with a horizontal
line indicating the confidence interval. At the bottom of the graphic, the
overall intervention effect estimate is represented by a diamond, with the
center showing the point estimate and the horizontal tips illustrating the
confidence interval. The significance of each study and the overall estimate
are highlighted by whether they cross a vertical line of no effect. Originally
published with the PRISMA Statement (Liberati et al., 2009).
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STATISTICAL META-ANALYSIS

Meta-analysis allows data from multiple studies to be statistically combined. First, a summary measure is decided
upon and a summary statistic is estimated for each study.
Next, an overall intervention effect is calculated. Finally,
to ensure that the results are valid and robust, researchers
typically test for heterogeneity and publication bias and
perform sensitivity analyses. Multiple software programs
are available for meta-analysis; these may vary in terms of
usability, although most give consistent numerical results
(Bax et al., 2007).
The first step in data analysis is to decide on a summary measure and calculate a corresponding summary
statistic for each study. The choice of a summary measure
will depend on the clinical question and type of data. For
example, for dichotomous or “yes-or-no” data (e.g., did the
patient develop melanoma: yes or no?), the risk ratio, odds
ratio, absolute risk reduction, and number needed to treat
all commonly use summary measures. For survival or timeto-event data (e.g., the number of months until melanoma
development), the hazard ratio is the best summary measure. Researchers should choose the measure that is most
appropriate for their data and that will give a consistent estimate of the treatment effect for the clinical situation (Deeks,
2002) and then calculate the same measure for each study.
Each of the common summary statistics listed above can
be reexpressed in terms of each other; however, when the
unit of analysis differs among studies, care must be taken
to avoid bias. For example, summary statistics may vary significantly based on the level of randomization (individual
or group), number of treatment attempts, number of observations per patient, and whether multiple observations or
body areas were included per patient.
Once summary statistics have been derived for each study,
the overall intervention effect can be calculated. This effect
is the pooled or weighted average of the effects estimated
from the individual studies. Two commonly used approaches
for combining data include fixed-effects and random-effects
models. Fixed-effects models (such as Mantel–Haenszel and
inverse variance approaches) account for only within-study
variability. Random-effects models (such as DerSimonian,

Table 1.

Figure 3. Funnel plot. The results of individual studies are plotted against a
measure of the precision of the data. In this example, the odds ratio is plotted
on the horizontal axis and the standard error of the natural log of the odds
ratio—a measure of the precision of the data—is plotted on the vertical axis
(this is a more precise estimate of statistical power than sample size alone).
Because larger studies are more precise, most will fall within an area that
forms a funnel or inverted V. In the presence of publication bias, fewer small
studies that do not show a significant effect will be published, leading to a
blank area in the bottom corner of the graph highlighted by the large blue
circle. Reprinted and modified from Cochrane Handbook for Systematic
Reviews of Interventions (Higgins and Green, 2011) with permission from
Wiley. For additional discussion of funnel plots, see the TED video by Ben
Goldcare on “Battling Bad Science” available at http://www.ted.com/talks/
ben_goldacre_battling_bad_science.html.

Laird, and Bayesian approaches) account for both withinand between-study variability and are generally considered
more appropriate in settings of greater between-study heterogeneity, as described below. A more detailed summary
of each of these statistical approaches can be found in the
Cochrane Handbook for Systematic Reviews of Interventions
(Higgins and Green, 2011).
Results are typically presented in a forest plot (Figure 2),
which provides a visual representation of the amount of variation between studies and the pooled estimate (Lewis and
Clarke, 2001).

Rating the strength of clinical recommendations

GRADE

•U
 sed by the World Health Organization in their guideline development process
•C
 lassifies strength of recommendations into strong or weak. A strong recommendation means that based on the available evidence, clinicians are
very certain that the benefits either do or do not outweigh the risks of an intervention

•W
 ebsite: http://www.gradeworkinggroup.org/intro.htm
SORT

•U
 sed by the American Academy of Dermatology
•G
 rades strength of recommendation into A, B, and C, with A-level evidence based on consistent, good-quality, patient-oriented evidence, B based on
inconsistent or limited-quality, patient-oriented evidence, and C based on consensus, usual practice, or opinion

•W
 ebsite: http://www.aad.org/education-and-quality-care/clinical-guidelines/guideline-development-process
Abbreviations: GRADE, grading of recommendations assessment, development and evaluation; SORT, strength of recommendation taxonomy.
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The final steps in a meta-analysis are to assess for sources
of bias and test the consistency of the results. Heterogeneity,
or whether there is greater variation in the results between
the studies than would be attributable to chance, may be
due to differences between the participants, interventions,
outcomes, study design and funding, or the statistical methods used. To assess heterogeneity, statistical methods such
as the χ2 test and I2 test are commonly used. I2 values <40%
are generally considered low; however, the statistic may be
imprecise when few studies are being compared. In addition
to heterogeneity, publication bias may also affect the results.
Smaller negative studies are less likely to be published, and
the treatment effect may be overestimated if such studies are
not included. Funnel plots are often used to assess for publication bias (Figure 3). Finally, sensitivity analyses may be
used to gauge the robustness of results, which may involve
removing certain studies that are considered heterogeneous
or of lower quality and then repeating the analysis.
LIMITATIONS OF META-ANALYSIS

Meta-analyses may be performed for various reasons.
Combining data from multiple studies may increase the
power or chance of detecting a real effect, improve precision,
and help to settle controversy where individual studies show
conflicting results. Nonetheless, there is the risk that the
results may be misleading if the individual studies are subject
to bias, if there is significant heterogeneity among studies, or
if there is publication or reporting bias that is not addressed
appropriately. It is important for authors to reference any
identified sources of heterogeneity, as well as whether there
are subgroups for which evidence is stronger than for others,
and then decide whether there is sufficient evidence to draw
clear conclusions.
SUMMARY AND USE OF SYSTEMATIC REVIEWS
AND META-ANALYSES

In a busy health-care setting, systematic reviews and metaanalyses allow a health-care provider or researcher to
understand available evidence in a synthesized, coherent
manner (Williams and Dellavalle, 2012). Whether you are
performing a systematic review and meta-analysis or reading the literature in order to make a health-care or policy
decision, it is important to understand the methodology
behind these techniques. Understanding the methods will
allow you to assess the quality of the systematic review or
meta-analysis and the strength of the evidence behind it.
Finally, in using results from a systematic review and
meta-analysis, either in a clinical practice or in a guideline development setting, conclusions are drawn, either
implicitly or explicitly, regarding the strength of recommendations. There has been a recent movement to employ
a systematic and explicit approach to making these judgments (Ebell et al., 2004; Guyatt et al., 2008). Table 1
describes two commonly used systems: GRADE and SORT.
We refer to these scoring systems here because their use is
increasing and they are of growing importance to informed
dermatologists; Cochrane reviews now employ GRADE
methodology in their summary of findings.
© 2013 The Society for Investigative Dermatology

QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

1. GRADE and SORT describe which of the following?
A. 
Techniques for assessing the risk of bias in
individual studies.
B. Guidelines on how to report systematic
reviews and meta-analyses.
C. 
Types of fixed-effect models used in statistical
meta-analysis.
D. 
Methods for rating the strength of clinical
recommendations.
2. Which of the following is true regarding
random-effects models?
A. 
They are generally considered more
appropriate if the I2 value is >40%.
B. 
They are rarely used in meta-analysis.
C. 
They are often employed to assess the risk
of bias in individual studies.
D. T
 hey are most appropriate when betweenstudy heterogeneity is low.
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Answers and a PowerPoint slide presentation appropriate for journal club
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Introduction to Confocal Microscopy
Adaobi Nwaneshiudu1, Christiane Kuschal2, Fernanda H. Sakamoto3, R. Rox Anderson3,
Kathryn Schwarzenberger4 and Roger C. Young5
Journal of Investigative Dermatology (2012) 132, e3. doi:10.1038/jid.2012.429

Conventional microscopy requires viewing a thin-cut
“section” of fixed or frozen tissue, and therefore cannot be
used to view thick tissue samples or for in vivo investigations.
In vivo microscopy requires a virtual, rather than a physical,
section of the specimen. Confocal microscopy, developed
and patented by Marvin Minsky in 1955, uses optical imaging to create a virtual slice or plane, many micrometers deep,
within the tissue. It provides very-high-quality images with
fine detail and more contrast than conventional microscopy.
In addition, the imaging technique allows for reconstruction of virtual 3-dimensional (3-D) images of the tissue when
multiple sections are combined.
WHAT IS CONFOCAL MICROSCOPY? A SIMPLE EXPLANATION

In conventional microscopy, a tissue section is placed on
the microscope stage and the entire field of the specimen is
simultaneously illuminated by light and visualized. Although
the brightest and highest intensity is at the focal point of the
objective lens of the microscope, there is illumination of other
parts of the sample, resulting in background “noise,” which
compromises the quality of the image. Both conventional and
confocal microscopy can use reflected light or fluorescent
light to image the specimen. However, in confocal microscopy, a beam of incoming light (the excitation beam) is focused
through the microscope objective on a small spot inside
the tissue, which can be almost as small in diameter as the
wavelength of light itself—about 0.5 μm. The same objective
gathers the reflected or fluorescent light coming back from the
tissue, but unlike conventional light microscopy, this light is
projected (like a slide projector) and not directly viewed. In
conventional light microscopy, although only a small field of
tissue is illuminated at one time, some of the reflected or fluorescent light scatters, which could blur or obscure the image.
Confocal microscopy overcomes this problem using a small
pinhole aperture in a screen that allows only the light emitting from the desired focal spot to pass through. Any light
outside of the focal plane (the scattered light) is blocked by

ADVANTAGES OF CONFOCAL MICROSCOPY
• High-resolution, high-contrast images.
• Reconstruction of 3-D images.
• Absence of artifacts induced by conventional
microscopy (e.g., shrinkage, loss of fat, no blood flow).
• I n vivo microscopy to a skin depth of about 200 μm.

LIMITATIONS
• Depth of imaging is limited by optical penetration
and signal-to-noise ratio. In vivo confocal
microscopes can generate high-resolution images of
the entire epidermis and a superficial layer of dermis.
• Photobleaching of fluorescent probes and
phototoxicity of live samples are no worse with
confocal microscopes than with conventional
fluorescence microscopes. However, multiphoton
fluorescence microscopes can nearly eliminate
photobleaching compared with either confocal
or conventional imaging.
• High cost relative to conventional microscopy
or dermoscopy.

the screen. In optical terms, the pinhole is placed in a conjugate focal plane as the tissue specimen (hence the designation
“confocal”). A sensitive light detector, such as a photomultiplier tube, on the other side of the pinhole is used to detect
the confocal light. This technique allows the specimen to be
imaged one “point” at a time.
To create an image of the specimen, the focal spot is
rapidly and serially scanned in the X–Y plane, which is why
confocal microscopes yield horizontal virtual-sectioned
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images. As the scanning progresses, signal from the detector is fed to a computer that collects all the “point images”
of the sample and serially constructs the image one pixel
at a time. Because the sample is not actually sectioned, it
is possible to image a “stack” of virtual, confocal image
planes that can later be used to make tomographic images,
similar to the reconstructions of magnetic resonance imaging or computed tomography scanners in medicine. Images
are displayed on a video monitor and what results is a
sharp, high-contrast image that could not be acquired by
conventional light microscopy.
FLUORESCENCE CONFOCAL MICROSCOPY

Fluorescence confocal microscopy is most commonly used
for dermatologic research of in vitro or ex vivo studies. In general, fluorescence microscopy uses dyes that fluoresce when
stimulated by light (“fluorophores”) and are added to the specimen depending on the purpose of the imaging. Fluorescence
microscopy is generally much more sensitive than light
microscopy. Fluorophores that specifically target and identify subcellular structures such as the cytoplasm, sarcoplasmic reticulum, nuclei, and mitochondria have been designed.
Fluorophores improve sensitivity and specificity by increasing
the signal-to-noise ratio and by allowing better and sharper
detection of the target. The excitation light in fluorescence
confocal microscopy is usually provided by a laser at a wavelength that will also excite a specific fluorophore. In some
instances, more than one fluorophore can be used at the same
time, and by switching the excitation light or by observing at
different emission wavelengths, different parts of the specimen
can be distinguished. When the excitation laser hits the target
tissue, it generates high intensities of fluorescence at a welldefined focal point. Both the laser light (the excitation beam)
and the resultant emission fluorescence pass through the
same objective—a special mirror called a dichroic mirror that
reflects the incoming, higher-energy (but shorter-wavelength)
laser light, but allows the lower-energy (higher-wavelength)
fluorescent light to pass through to the light detector (Figure 1).
As described above for reflectance confocal microscopy, a
Photo detector

Spatial filter
with pinhole
Dichroic
mirror

Figure 2. In vivo RCM image showing features of benign nevus. (a) An
8-mm-diameter lesion suspicious of melanoma with focal broadening of the
pigment network. (b) Dark focus with regular bright-pigmented cells around
dark dermal papillae at the dermoepidermal junction. Diagnosis: lentiginous
junctional nevus with mild dysplastic features (adapted from Guitera et al.,
2009). RCM, reflectance confocal microscopy.

pinhole is also used in fluorescence confocal microscopy
to eliminate scattered light. The end result is that light is collected from a highly focused point. Images of the scanned
specimen can then be reconstructed point by point. One
limitation of fluorescence microscopy is the phenomenon of
photobleaching; fluorophores tend to irreversibly fade or react
when exposed to excitation light. Various strategies are being
explored to minimize this problem.
Most confocal microscopes use this laser-scanning strategy
and can be applied to the field of dermatology. For example, in
vivo reflectance confocal microscopy (RCM) has been used to
delineate pigmentary changes in skin due to aging or specific
stimuli, such as ultraviolet radiation (UVR). In the study, investigators were able to detect UVR-induced pigmentary changes
in the skin of pigmented guinea pigs, a common animal model
for studying human pigment biology (Middelkamp-Hup et al.,
2006). The changes could be detected well before a tanning
response was clinically visible and included increase in melanocyte size, dendricity, and number and pigmentation of keratinocytes in the irradiated epidermis.
Confocal microscopes that do not require laser scanning
include the spinning-disk confocal microscope. Spinningdisk confocal microscopes use an alternative design, specifically a series of moving pinholes on a disk, called the
Nipkow disk, to scan and obtain the confocal images.
Another nonlaser strategy uses a modulator that creates a
moving pattern of light focused in the virtual plane, which is
then projected onto a CCD camera in which each little pixel
on the camera chip acts somewhat like a pinhole.
LIVE REAL-TIME MICROSCOPY

Len
s
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X

Figure 1. A simplified view of confocal microscopy.
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In vivo RCM, as mentioned above, generates optical sections within the depth of intact tissue and is a useful tool
for studying the skin surface, epidermis, and superficial dermis because it provides cellular resolution. Melanin acts as
a natural contrast agent for RCM, which has been shown
to improve melanoma diagnostic accuracy by identifying
both malignant features in apparently benign lesions and
benign features in clinically appearing malignant lesions.
© 2013 The Society for Investigative Dermatology
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Blood flow, inflammatory cells, and dermal collagen fibers
are also seen. The practical limitations of RCM at present
are its limited field of view and cost compared with regular
microscopy or dermoscopy. However, there is a high-quality RCM inside every DVD or CD player; therefore, RCM
may eventually be clinically practical. Guitera et al. (2010)
used in vivo RCM to define unique features that can distinguish lentigo maligna from benign macules on the face
(Figures 2–4). Two major positive diagnostic features for
malignancy were identified (i.e., nonedged papillae and
round, large pagetoid cells >20 μm) and four minor features
were shown, including three or more atypical cells at the
dermoepidermal junction in 0.5 × 0.5 mm2, follicular localization of atypical cells, and nucleated cells in the dermal
papillae. One negative diagnostic feature for malignancy
was a broadened honeycomb pattern, which was seen in
benign lesions and normal epidermis.

Figure 5. Confocal microscopy showing hair autofluorescence. (Left)
trichoschisis; (right) trichorrhexis nodosa–like fracture (adapted from
Liang et al., 2006).

OTHER CONSIDERATIONS

The advantages of confocal microscopes compared with conventional microscopes include sharper, more detailed images; ability to image a virtual section inside live cells or tissues;
ability to track dynamic events such as blood flow and cell
migration; and ability to image a stack of virtual confocal
image planes that can later be used to make tomographic
or 3-D images of cells or tissues, similar to reconstruction of
magnetic resonance or computed tomography images. The
disadvantages include cost and limited depth (typically up
to about 200 μm) when imaging intact tissues. Fluorescence
confocal microscopes have become a mainstay for biological
research, used to image dyes, immunofluorescence probes,
and green fluorescent protein.
Figure 3. In vivo RCM image showing features of lentigo maligna. Atypical
cobblestone pattern with small, bright, nucleated cells of the epidermis of
a lentigo maligna of the cheek (adapted from Guitera et al., 2010). RCM,
reflectance confocal microscopy.

Figure 4. In vivo RCM image showing features of lentigo maligna.
Numerous atypical cells (both dendritic and large, roundish cells) at the
dermoepidermal junction of a lentigo maligna of the cheek (adapted from
Guitera et al., 2010). RCM, reflectance confocal microscopy.

© 2013 The Society for Investigative Dermatology

MOVING FORWARD

Confocal microscopy started a modern revolution, but it is
not the only way to see virtual sections inside cells or tissues.
Two other forms of specialized microscopy that image virtual sections include deconvoluted and multiphoton imaging microscopes. Deconvolution uses mathematical models
and computation to improve imaging. Multiphoton fluorescence microscopes use very brief, intense laser pulses at long
wavelengths of light that can penetrate more deeply to excite
fluorescence only at the focal spot. Multiphoton microscopes
are still at an early stage of development for in vivo skin
imaging, but appear to be promising. Collagen, elastin, cell
cytoplasm, and nuclei are easily and specifically seen with
multiphoton microscopy of skin in vivo. Scanning confocal
electron microscopy (SCEM) is another scanning technique
using concepts similar to those in laser scanning confocal
microscopy (LSCM), by which 3-D images can be acquired.
The main difference is that high-energy electrons are used
instead of light; SCEM is lethal and cannot be used to image
living cells. In SCEM, a focused electron beam illuminates
the sample, and depth resolution is obtained by placing the
collection system for scattered electrons symmetrical to the
illumination system (Zaluzec, 2007). As with other electron
microscopes, resolution is higher than in optical microscopy.
www.jidonline.org
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compared with conventional microscopes. The problems
of fluorescent probe photobleaching and phototoxicity
inherent in conventional fluorescence microscopy are also
present with confocal microscopy. Multiphoton microscopy
is an alternative strategy for fluorescence microscopy, which
offers higher resolution, somewhat greater depth of imaging,
and minimal photobleaching. Technologies for microscopy
are promising and are still being improved.

QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

Figure 6. Scanning electron microscopy. (Upper left) Grooved, irregular
hair surface. (Upper right) Flattened hair, resulting in a ribbon-like
appearance. (Lower left) Trichorrhexis nodosa–like fracture. (Lower right)
Trichoschisis. The original magnification in millimeters is indicated by the
length of the row of dots (adapted from Liang et al., 2006).

Liang et al. (2006) used both SCEM and LSCM to characterize hair abnormalities in trichothiodystrophy patients, who
show fragile hair that breaks easily owing to decreased sulfur
content (Figures 5 and 6). Structural features of breaks, autofluorescence of the hair, and z-slices of autofluorescent hair
shafts were analyzed by confocal microscopy. The scanning
electron microscopy enabled a detailed examination of hair
shaft abnormalities. Strands of hair, 12 mm long, were fixed
to a standard aluminum specimen stub with a carbon adhesive tab. Gold coating revealed visualization of the eroded
cuticular layer. Using various microscopy techniques, the
investigators were able to characterize structural and molecular hair abnormalities in trichothiodystrophy patients.
SUMMARY

Confocal microscopy is a technique in optical imaging
that uses point illumination via a spatial pinhole to eliminate out-of-focus signals. The excitation light in confocal
microscopy is usually provided by a laser to generate high
intensities of fluorescence or reflectance from the focal
spot. Fluorescence confocal microscopy is the most used
in dermatology to analyze ex vivo and in vitro samples.
Reflectance confocal microscopy can be used for real-time
microscopy and uses melanin as a natural contrast agent.
Confocal microscopy has many advantages, including
increasing the optical resolution and contrast of an image
of a specimen; facilitating reconstruction of 3-D images;
enabling collection of serial optical sections from thick
specimens; and enabling in vivo imaging without the artifact induced by tissue processing (Pawley, 2006). In addition to LSCM, 3-D images of nonliving samples can also
be acquired by SCEM, where an electron beam is used for
illumination, resulting in higher resolution compared with
confocal microscopy. Limitations of confocal microscopy
include the depth of imaging within thick samples and cost
18
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1. Features of confocal microscopy include which
of the following?
A. 
Formation of the focal point of the objective
lens on a pinhole to decrease “noise.”
B. 
Increase in the optical resolution and contrast
of the image.
C. 
Ability to reconstruct a 3-D image of the specimen.
D. 
Ability to collect serial optical sections from
thick specimens.
E. All of the above.
2. Which microscope uses a series of moving pinholes
on a disk?
A. 
Programmable array microscope.
B. 
Spinning-disk confocal microscope.
C. 
Scanning transmission electron microscope.
D. 
Phase-contrast microscope.
3. What is the role of a photomultiplier tube?
A. 
It collects fluorescence at the dichroic mirror.
B. 
It provides the excitation light.
C. 
It scans the emitted light.
D. 
It detects the emitted light.
4. What may be the consequence of using two different
fluorescent dyes?
A. 
Photobleaching.
B. 
Phototoxicity.
C. 
Chromatic and spherical aberration.
D. 
Less-detectable photons.

© 2013 The Society for Investigative Dermatology
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Immunofluorescence Techniques
Ian D. Odell1 and Deborah Cook2
Journal of Investigative Dermatology (2013) 133, e4. doi:10.1038/jid.2012.455

INTRODUCTION

Immunofluorescence is a powerful technique that utilizes
fluorescent-labeled antibodies to detect specific target
antigens. It is used widely in both scientific research and
clinical laboratories. This article presents key concepts in
the use of antibodies in immunofluorescence and their
application in the diagnosis of dermatologic diseases.
ANTIBODIES

An antibody is a protein complex produced by B cells that
initiates an immune response against a target antigen. The
basic organization of an antibody includes two functional domains that, together, resemble the letter Y (Figure 1,
left). The Fab (fragment having the antigen binding site)
domain makes up the arms of the Y, and at the end of each
arm is a variable region responsible for antigen binding,
called the antigen-binding site. The Fc (fragment that crystallizes) domain comprises the tail of the Y, which effector cells, immune proteins, and other antibodies recognize
primarily. This unique structure allows direct detection
of antigens in the skin using a single fluorophore-labeled
antibody or indirect detection through binding of a fluorophore-labeled secondary antibody raised against the Fc
domain of an unlabeled primary antibody (Figure 1, right).
Because the Fc domain is conserved within a species, the
labeled secondary antibody can be used to detect any primary antibody raised from a single species. This system is
versatile and cost-effective because few labeled antibodies
are required to detect many possible primary antibodies.
For more information about laboratory procedures using
antibodies, see Harlow and Lane (1999).
In certain bullous diseases, connective-tissue diseases,
and vasculitides, patients produce antibodies against an
antigen in their own skin or blood vessels. Detection and
characterization of the autoantibody–antigen complexes
is accomplished by laboratory analysis of a skin biopsy
and (possibly) a blood sample. Clinically, it is important
to collect the biopsy from the appropriate location for
the type of autoimmune disease under consideration.
Because immune deposits are degraded in inflamed
or blistered skin, bullous diseases require biopsy of

WHAT IMMUNOFLUORESCENCE DOES
• Immunofluorescence is a microscope-based
technique used clinically to diagnose certain
cutaneous diseases by detection of autoantibody–
antigen complexes.
•Techniques including direct immunofluorescence,
indirect immunofluorescence, and salt-split skin
are utilized depending on the clinical scenario.
• Direct immunofluorescence is performed on
patients’ skin using fluorophore-labeled antibodies
that directly bind to the pathogenic autoantibody–
antigen complexes in the skin.
• Indirect immunofluorescence techniques are
used in dermatology primarily to detect circulating
pathogenic autoantibodies.

LIMITATIONS
• Fluorescence signals depend on the quality and
concentration of the antibody, proper handling of
the specimen, and detection with the appropriate
secondary antibodies.

normal-appearing skin immediately adjacent to a lesion,
whereas connective tissue diseases and vasculitides can
be evaluated by biopsy of the skin lesion itself. The biopsy
can be stored temporarily in Michel’s transport medium
(3.12 M ammonium sulfate, 5 mM N-ethylmaleimide,
5 mM magnesium sulfate heptahydrate, and 25 mM
potassium citrate, pH 7.0) (Michel et al., 1972). The nearsaturating concentration of ammonium sulfate preserves
autoantibody–antigen complexes of the specimen for
days by precipitating the proteins, which prevents them
from diffusing away from their original location in the
tissue. However, the transport medium is not a fixative, so
the integrity of cellular membranes will be lost over time
(Vaughn Jones et al., 1995).
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Figure 1. Antibody structure and interactions. (Left) A cartoon of an IgG
antibody. Each oval represents a 110-amino-acid domain. The dark blue
ovals together represent a heavy-chain polypeptide, the magenta ovals
represent a light-chain polypeptide, and the yellow rectangles represent
disulfide bonds between polypeptides. (Right) An antigen (purple) and a
fluorophore-conjugated secondary antibody demonstrate the binding events
between antigen recognition and the fluorescent signal.

target, after which a fluorophore-labeled second antibody
(directed against the Fc portion of the primary antibody)
is used to detect the first antibody. This technique is more
complicated and time consuming than direct immunofluorescence (because it requires a second incubation period);
however, it is more sensitive because more than one secondary antibody can bind to each primary antibody, which
amplifies the fluor
escence signal. A variation of indirect
immunofluorescence testing is used to detect circulating
autoantibodies in immunobullous diseases. In this situation,
the primary antibody is the suspected autoantibody in the
patient serum. The serum is incubated with thin sections
of normal human skin or other animal tissues, which are
known to consistently and sensitively bind the antibody of
interest. Monkey esophagus, for example, is an excellent
substrate for detecting antidesmoglein antibodies. When
the test is positive, autoantibodies in the serum bind to the
target antigen in the tissue sample; the second, fluorophorelabeled antibody then binds to the Fc portion of the autoantibody, allowing it to be visualized with the fluorescence
microscope. The fluorescence pattern created by the circulating autoantibodies demonstrates the same pattern as
would a perilesional skin biopsy with DIF.

DIRECT IMMUNOFLUORESCENCE (DIF)

SALT-SPLIT SKIN

DIF uses fluorescent-tagged antibodies to bind directly to the
target antigen in the skin. In autoimmune bullous diseases,
the target antigen is the autoantibody or complement that
causes the blister. Once the tissue is received in the laboratory, it is washed, rapidly frozen, and cut into 5- to 6-μm
sections that are placed on glass slides. The slides are incubated with the fluorescent-tagged antibodies directed against
the target antigen. Typically, a panel of antibodies directed
against different antibody isotypes (IgA, IgG, IgM), as well
as complement, is used. A drop of each fluorescent-labeled
antibody is placed on a separate tissue section as well as
appropriate positive and negative controls. The working concentration of each antibody is previously titrated to obtain
the highest signal-to-background ratio. The slides are incubated for 30 minutes at room temperature in a dark, humidified chamber. The antibody is then drained, the slides are
washed, and the labeled tissue sections are mounted and
viewed with a fluorescence microscope. Diagnosis is based
on the binding pattern (for example, intercellular, linear at
dermal–epidermal junction), as well as the isotype (for example, IgG, IgA) of the antibody detected.
DIF techniques can also be used to detect nonantibody
targets in the skin, such as infectious organisms. In this case,
a fluorophore-labeled primary antibody directed against the
suspected antigen is used to detect the presence or absence
of the organism. This technique is rapid and quite specific, but, owing to the limited number of antibodies that can
bind to the specific target, it may be less sensitive than other
microbiologic techniques.

Certain diseases cannot be distinguished using routine DIF
techniques. Bullous pemphigoid (BP; with autoantibodies against BP180 and BP230 antigens) and epidermolysis

INDIRECT IMMUNOFLUORESCENCE

Indirect immunofluorescence utilizes a two-step technique, in which a primary, unlabeled antibody binds to the
© 2013 The Society for Investigative Dermatology

Figure 2. Time course of desmosome disassembly in response to
pemphigus vulgaris (PV) IgG. Keratinocytes (KCs) were exposed to PV IgG
at 4°C for 20 minutes and subsequently shifted to 37°C for 1, 3, 6 and 24
hours. The localization of human IgG and desmoplakin (DP) was monitored
by immunofluorescence microscopy. In cells incubated at 4°C (a−c), PV
IgG labels cell borders and desmoplakin staining is predominantly in
punctate linear patterns at cell-cell junctions. After 1 hour of treatment,
with PV IgG (d−f), the PV IgG-desmoglein-3 (Dsg3) molecules accumulate
in a puncta that are distal to cell-cell borders, whereas desmoplakin
(e) staining is unchanged. KCs treated with PV IgG for 3 and 6 hours exhibit
a rearrangement of desmoplakin into linear arrays emanating from cell
borders, which contain both Dsg3 and desmoplakin. Following treatment
with PV IgG for 24 hours (m−o) both Dsg3 and desmoplakin are noticeably
mislocalized and/or absent from cell-cell junctions. Bar = 10 μm. Reprinted
from Jennings et al. (2011).
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Figure 3. Immunological analysis of anti-desmoglein-3 (Dsg3) mAbs
isolated from the paraneoplastic pemphigus (PNP) patient. Indirect
immunofluorescence of anti-Dsg3 single-chain variable fragment (scFv)
clones in human skin. (a) PNP-A1, (b) PNP-B1, and (c) PNP-C1 showed
cell surface staining of the keratinocytes, whereas clone (d) PNP-D1,
was negative. (e) An scFv isolated from a pemphigus vulgaris (PV) patient
(D31)2/28 was used as a positive control. (f) Pretreatment of human
skin cryosections with EDTA prevented the cell binding of PNP-C1 to
keratinocytes. Bar = 100 μm. Reprinted from Saleh et al. (2012).

bullosa acquisita (with autoantibodies against collagen VII)
both create a linear band of IgG and complement at the dermal–epidermal junction. Splitting the skin prior to evaluation
allows these target antigens to be more accurately localized.
The skin is incubated in 1 M sodium chloride, which splits
the skin at the level of the lamina lucida. Collagen VII
immune complexes are retained on the dermal side and
BP180 immune complexes on the epidermal side of the sample, allowing discrimination between the two diseases.
LIMITATIONS

A number of factors can affect the quality of a fluorescence
image. The quality and concentration of the labeled
antibody are important to achieve a high signal-tobackground ratio. Too much nonspecific antibody binding
from either a poor-quality antibody or a high concentration
may not allow accurate localization of immune complexes.
Alternatively, a dilute antibody may not provide sufficient
signal. Proper handling of the biopsy specimen, with storage
in Michel’s transfer medium or flash freezing, is important
to retain the location and antigenicity of the immune
complexes. Finally, the signal from fluorescent probes is
lost over time with exposure to light (a phenomenon called
bleaching). Therefore, it is important to keep samples in the
dark when not in use, use only as much light as necessary
from the microscope, and use an antifade agent in the
mounting medium, such as p-phenylenediamine (for a
review of the principles of fluorescence microscopy, see
Lichtman and Conchello, 2005).
Further limitations of immunofluorescence relate to how
dermatologic diseases are diagnosed. Currently, bullous
diseases are diagnosed by immunofluorescence based on
the location of the autoimmune complexes, the presence
of inflammatory infiltrates, the class of the autoantibody,
and the morphology of the immune complexes (e.g.,
continuous, linear, granular) (for a complete review, see
22
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Mutasim and Adams, 2001). Because immunofluorescence
is the gold standard for diagnosis of bullous diseases, it
is difficult to assess the sensitivity and specificity of the
technique. Also, if a limited set of antibodies is used in
the clinical laboratory, diseases with an untested class of
antibody, such as those mediated by IgA, may be missed.
This scenario is circumvented by testing all samples with a
standardized panel of antibodies directed against human
IgG, IgM, and IgA and complement C3. The application
of enzyme-linked immunosorbent assay, a technique in
which a recombinant antigen is detected with a primary
and enzyme-linked secondary antibody, to diagnose
autoimmune bullous diseases may have its use in certain
clinical settings (Amagai et al., 1999).
IMMUNOFLUORESCENCE IN BULLOUS DISEASES

Jennings et al. used immunofluorescence techniques
to study the spatial and temporal changes of the
desmosomal protein desmoglein 3 (Dsg3) induced
by anti-Dsg3 antibodies, which are associated with
pemphigus vulgaris (PV) (Jennings et al., 2011). As shown
in the top panels of Figure 2, PV IgG first binds Dsg3 on
the surface of keratinocytes, consistent with its in vivo
location in desmosomes. Over time, some Dsg3 moves
to intracellular punctate structures, as shown at the 1and 3-hour time points, suggesting that the autoantibody
induces Dsg3 endocytosis. By utilizing fluorophores
with different emission spectra, the authors were also
able to follow the signal from desmoplakin, a second
desmosomal protein. The center row in Figure 2 shows
that desmoplakin remains mostly at the cell surface during
Dsg3 endocytosis and rearranges into linear arrays prior to
eventual degradation. The bottom row of Figure 2 shows
merged images of the fluorescent antibody signals. As in
the top row, green areas represent the anti-PV IgG signal,
red areas the antidesmoplakin antibody signal, and yellow
areas the overlay of the green plus red signals. Together,
the images suggest a progressive loss of nondesmosomal
Dsg3 from the plasma membrane via endocytosis,
followed by internalization of desmosomal proteins and
eventual degradation.
Patients with paraneoplastic pemphigus also express
anti-Dsg3 antibodies. In a study by Saleh et al. (2012),
phage display was used to isolate monoclonal antibodies
against Dsg3 from a patient with paraneoplastic
pemphigus. By incubating them with normal human skin
and then detecting the immune complexes with a labeled
secondary antibody, the authors showed that three of the
antibodies generated the expected pattern in the basal
epidermis (Figure 3a–c). A fourth autoantibody bound
recombinant Dsg3 in an enzyme-linked immunosorbent
assay, but did not stain the basal epidermis, indicating
that recombinant proteins and fresh tissue may present
altered epitopes (Figure 3d). As well, it was previously
shown that anti-Dsg3 antibodies bind calcium-sensitive
epitopes, so the authors reveal evidence that the staining
here is also calcium-dependent in Figure 3f because it
can be abrogated by preincubation of the skin with the
© 2013 The Society for Investigative Dermatology
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metal chelator EDTA. Figure 3e shows the staining pattern
generated by incubating normal skin with the serum from a
patient with PV as a positive control.
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QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

1. 
What is the purpose of Michel’s solution?
A. Fix the tissue before detection.
B. 
Cross-link cellular components to retain the
integrity of cellular structures.
C. Disrupt plasma membranes to give antibodies
access to their target antigens.
D. Precipitate the immune complexes to preserve
antigenicity.
2. How many additional antibodies are required to
detect autoimmune complexes?
A. 1.
B. 2.
C. 3.
D. 4.
3. Which of the following techniques is more
sensitive than immunofluorescence for the
diagnosis of some autoimmune bullous diseases?
A. Light microscopy.
B. ELISA.
C. Dermatoscope.
D. Western blot.
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Comparative Effectiveness Research
Vinod E. Nambudiri1,2 and Abrar Qureshi2
Journal of Investigative Dermatology (2013) 133, e5. doi:10.1038/jid.2012.497

WHAT IS COMPARATIVE EFFECTIVENESS RESEARCH....
AND WHY DO IT?

Comparative effectiveness research (CER) aids clinicians
faced with medical decision making by identifying the best
strategies among a variety of available preventive, diagnostic, and treatment options. Differing from early-phase clinical trials—in which an intervention is compared with a placebo and assessed for efficacy—the goal of CER is to discriminate among clinical interventions on the basis of clinical effectiveness, cost-effectiveness, adverse effects, or other
distinguishing factors.
As part of the American Recovery and Reinvestment Act
of 2009, the US government allocated $1.1 billion for the
funding of CER with two primary aims: “(1) to conduct,
support, or synthesize research that compares the clinical
outcomes, effectiveness, and appropriateness of items, services, and procedures that are used to prevent, diagnose, or
treat diseases, disorders, and other health conditions; and
(2) encourage the development and use of clinical registries, clinical data networks, and other forms of electronic
health data that can be used to generate or obtain outcomes
data” (Department of Health and Human Services, http://
www.hhs.gov/recovery/programs/cer/index.html, accessed
15 September 2012). One motivation behind the funding of
CER is stimulating the delivery of higher-quality health care
in a more cost-effective manner. Through well-designed and
executed studies, CER has the potential to greatly enhance
the practice of evidence-based dermatology (Williams,
2011). Common methodological approaches to conducting CER include randomized controlled trials and systematic reviews. This article will review recent examples of CER
study designs in the dermatology literature as well as statistical analyses used to interpret such designs.
METHODS OF CER

CER may be conducted through a variety of study methods.
One approach is to perform a systematic review of existing literature addressing one clinical question. Systematic
reviews are detailed analyses and evaluations of all the published data on a specific topic to date. The aim is to draw
conclusions from the large volume of data that are assessed
across multiple published studies to answer the question

WHAT COMPARATIVE EFFECTIVENESS
RESEARCH DOES
• Aims to discriminate among clinical interventions
on the basis of clinical effectiveness, costeffectiveness, adverse effects, or other
distinguishing factors.
• Answers questions from the patient and provider
perspective of “which therapy is better?”
• Provide insights for future health-care policy and
clinical decision making.

LIMITATIONS
• Conducting randomized trials to provide the best
evidence is often expensive, labor intensive, and
time-consuming.
• Rare conditions or disease states may not have
sufficient individuals available for enrolling in such
studies.
• Interpretation of studies is contingent upon
appropriate study design and methodology.

at hand. These reviews offer the opportunity to conduct
statistical analyses of aggregated data—a so-called metaanalysis—to gain broader insights that any one study would
not have been large enough to assess. The use of patient registries built around specific clinical conditions facilitates such
research by aggregating data for further study and analysis.
Another approach to CER is to design a randomized controlled trial to answer a specific clinical question. Studies that
randomize patients to receive one commonly used medication versus another constitute a fundamental exercise of CER.
Under this method, participants are randomly assigned to
two or more groups that differ only on the basis of exposure
to the study variable addressing the clinical question (namely,
the medications, procedures, or diagnostic tools being compared). The groups are followed for predetermined outcomes
of interest to address the question at hand, and the results of
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the two groups are compared by statistical analyses. Patients
may be randomized at the individual level, or whole groups
of patients may be randomized to particular interventions
in the “cluster randomized” approach. Although often considered the gold standard for clinical research, randomized
controlled trials are expensive, labor intensive, and timeconsuming and may be particularly difficult to conduct for
studying rare diseases.
CER IN DERMATOLOGY: THERAPEUTICS

Several common dermatologic conditions may be initially
managed with a variety of medication classes. In a patient
presenting with moderate acne, topical macrolide antibiotics, topical retinoids, topical benzoyl peroxide, and systemic
antibiotics may all be considered part of the initial therapeutic regimen; similarly, for a patient presenting with mild to
moderate atopic dermatitis of the face, topical corticosteroids
or topical calcineurin inhibitors may be considered. Within
each of these broad classes of medications, several treatment
choices exist. Large randomized trials comparing multiple
treatments head to head for a single condition—such as acne
(Ozolins et al., 2004) or head lice (Chosidow et al., 2010)—
offer important lessons for therapeutic agent selection by
demonstrating significant differences in clinical effectiveness
across treatments. The important point is that study participants must be randomly assigned to two or more treatments
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Figure 1. Kaplan–Meier curves. These curves demonstrate event-free and
disease-free survival in patients treated with different topical steroid regimens
for bullous pemphigoid. From Joly et al., 2009.
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in the same study, using the same study design, double blind,
with efficacy measured using the same disease severity indices. Surgical therapeutics may also be compared for effectiveness via randomized controlled trials, as has been done
to assess surgical excision versus Mohs micrographic surgery
for basal-cell carcinoma of the face (Mosterd et al., 2008).
“Real-world” studies in which participants are patients treated in private-practice as well as academic settings, using onlabel medications to manage the same disease process, are
also considered within the scope of CER. The study design is
cross-sectional, in which patients with the same clinical condition are treated with a range of therapeutic interventions
and assessed for clinical response in a nonrandomized manner, as has been done with a variety of psoriasis treatments
(Gelfand et al., 2012).
A large comparative effectiveness study published in the
Journal of Investigative Dermatology in 2009 assessed two
treatment regimens of the same steroid, clobetasol propionate, for disease control and event-free survival in patients
with bullous pemphigoid (Joly et al., 2009). A total of 312
patients with moderate or extensive bullous pemphigoid
were randomized to treatment with either high-dose clobetasol (40 g/day) or low-dose clobetasol (10–30 g/day). An
important methodological component of any such trial is
the a priori estimation of sample size, which calculates the
number of subjects needed to detect significant differences in
effects between interventions. The 2009 study was designed
to have 80% power to detect a 33% difference in eventfree survival between the two groups, with a one-sided logrank test and type I error of 5%. Simply put, the statistical
power of the study is the probability of finding a significant
difference that does exist between the two groups; increasing the power of the study while holding other parameters
equal will increase the number of experimental samples
needed to reach the same level of significance. A type I error
occurs when a difference between the two groups is claimed,
although one does not actually exist. The probability of a
type I error is known as α. Decreasing α—and thus reducing
the probability of making such an error—while holding other
parameters equal will require a larger sample size.
The bullous pemphigoid study cited above used the logrank test for analysis of event-free and disease-free survival
between patients in the two treatment groups (Figure 1). This
test is used to assess differences between populations in the
probability of an event over time, such as death or disease
recurrence, and is often used for comparisons of survival
between experimental groups (Bland and Altman, 2004).
Such data are routinely plotted in Kaplan–Meier curves,
which display time on the x-axis and percentage of surviving
or unaffected individuals on the y-axis. Joly and colleagues
reported no significant difference in overall event-free survival (patients unaffected by life-threatening adverse events
or death) between the two treatment groups (P value = 0.95,
Figure 1a). Significantly fewer side effects were seen in the
lower-dose group. However, there was a significantly higher
rate of disease relapse in subjects given the lower dose of
steroids (P value = 0.012, Figure 1b). The authors concluded
that the lower-steroid regimen demonstrated comparable
www.jidonline.org
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Table 1. Mean values of the Sk-29 and of the Sk-17
scores and their ICC in different dermatological
conditions
Symptoms

Acne
Alopecia androgenetic

Psychosocial

n

Sk-29 Sk-17

193

33.2

37.3

0.939

32.1

33.6

0.927

77

13.0

15.5

0.950

16.3

16.4

0.901

ICC

Sk-29 Sk-17

ICC

Alopecia areata

52

9.9

9.8

0.948

22.0

23.4

0.929

Bacterial infections

53

40.2

44.6

0.910

26.0

26.0

0.907

Balanitis

25

33.6

37.2

0.889

24.0

27.2

0.951

Benign skin neoplasias

175

13.9

15.7

0.930

10.0

8.2

0.907

Dermatitis

249

45.1

50.2

0.942

25.9

26.6

0.937

27

17.8

21.1

0.968

22.3

21.2

0.941

32

34.2

38.4

0.942

20.3

16.8

0.914

116

28.1

31.8

0.954

17.4

17.0

0.925

Hair loss
Lichen planus
Mycoses
Nail conditions

38

17.4

20.0

0.964

17.0

15.0

0.862

306

10.3

12.3

0.925

8.7

6.7

0.911

Non-melanoma skin
cancers

79

18.2

19.6

0.930

12.8

9.2

0.890

Pemphigus/bullous
diseases

17

44.2

46.0

0.968

38.3

37.0

0.983

Pityriasis rosea

29

27.6

31.1

0.882

21.0

19.6

0.920

Pruritus

54

49.2

53.7

0.903

29.4

24.8

0.953

Psoriasis

220

47.9

54.2

0.946

32.5

33.0

0.941

Rosacea

60

33.3

33.2

0.951

26.2

26.1

0.953

Scabies and other
ectoparasitic infections

34

51.5

57.0

0.942

40.7

40.8

0.935

Scars

19

29.1

33.2

0.971

33.2

33.3

0.942

Scleroderma/
connective tissue
disorders

49

35.2

40.0

0.954

28.5

29.2

0.953

Nevi

Seborrheic dermatitis

85

33.5

36.3

0.942

19.1

20.2

0.906

Urticaria

29

44.8

44.8

0.908

27.5

28.4

0.921

Viral infections

68

19.9

21.1

0.946

18.0

16.9

0.939

Vitiligo and other
pigmentation disorders

54

12.0

11.3

0.916

19.5

20.3

0.921

Other dermatoses

60

39.1

41.3

0.948

29.0

30.3

0.920

Missing and other
diagnoses

287

28.2

29.6

0.956

21.2

20.9

0.929

2,487

28.9

31.9

0.957

21.6

21.1

0.940

Overall

Abbreviations: ICC, intraclass correlation coefficient; Sk-17, Skindex-17;
Sk-29, Skindex-29.
From Sampogna et al., 2012.

clinical effectiveness with fewer side effects and lower overall costs that outweigh the slightly higher rate of relapse, a
powerful lesson for both patients and their clinicians going
forward. When addressing multiple treatment interventions
in CER, selecting the appropriate statistical model and test
is critical for a valid interpretation of the results and to limit
research wastage caused by flawed designs or methodology
(Williams and Delavalle, 2012).
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CER IN DERMATOLOGY: DIAGNOSTIC TOOLS AND
HEALTH-CARE TECHNOLOGIES
As a field in which clinical activities span physical diagnosis,
medical and surgical treatments, long-term patient followup, and population health, clinical dermatology integrates
several technologies into its routine practice. In addition to
comparisons of pharmacologic treatments, CER can also be
used to assess diagnostic instruments and other health-care
technologies used in the practice of dermatology. There is
a great need to develop outcomes in dermatology that are
valid and reliably measure the diagnosis of a disease (e.g.,
screening questionnaires used in large epidemiology studies
or diagnostic criteria used during a physical exam), disease
severity (e.g., the Eczema Area and Severity Index), subphenotypes of disease (e.g., localized alopecia areata versus alopecia areata totalis), and health-related quality-of-life indices. Beyond development of indices and outcomes, CER is
needed to better assess the use of measures in various settings (e.g., clinic vs. clinical trial). For example, efforts have
begun to systematically review the process by which skin
cancer is diagnosed by specialist and nonspecialist clinicians
and to better understand the clinical impact of noninvasive
technologies such as dermoscopy and photography on skin
cancer diagnosis (Parsons et al., 2011).
Another recent study compared the Skindex-29 with the
Skindex-17, two health-related quality-of-life survey instruments that quantify the patient burden of dermatologic disease (Sampogna et al., 2012). The Skindex-17 consists of a
subset of questions that are derived from those in the longer
29-item questionnaire. Data from 2,487 patients who completed Skindex-29 surveys administered in a single institution
were used to compute corresponding Skindex-17 scores. The
mean values from these two sets of scores were then compared (Table 1). Sampogna and colleagues used intraclass
correlation coefficients (ICCs) to compare the scores on the
two questionnaires. The ICC is a statistical test used to calculate the reproducibility of measurements (or scores) of two
different instruments measuring the same entity. The correlation coefficient is reported from 0 to 1. A high ICC represents
a high degree of agreement between the scoring instruments.
The two Skindex scores were found to have an ICC of 0.957
for questions regarding symptoms and an ICC of 0.94 for
questions regarding psychosocial impact of disease. The high
level of concordance observed between the instruments led
the researchers to suggest that the shorter questionnaire may
be effectively used to measure health-related quality of life,
thereby reducing challenges associated with a longer survey,
such as great respondent burden. Such research adds meaningful data by addressing the very metrics by which we assess
dermatologic disease and also inspires further investigation
of the effectiveness of our research tools and methodologies.
FUTURE DIRECTIONS FOR CER IN DERMATOLOGY

The current attention focused on CER by federal and international agencies looking to enhance the quality of medical-care delivery argues strongly for increased CER efforts
within dermatology. Identifying meaningful future directions for such research should help translate into better,
© 2013 The Society for Investigative Dermatology
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evidence-driven, more effective patient care. Surveys of
clinicians actively engaged in the treatment of patients with
psoriasis have identified particular therapeutic interventions
that these practitioners would like to see compared in future
CER studies (Wan et al., 2012), providing guidance for additional work in the field. Recent studies comparing electronic-health and teledermatology visits for the management of
chronic conditions such as acne (Watson et al., 2010) and
atopic dermatitis (van Os-Medendorp et al., 2012) begin to
address the value of technology-based care delivery in the
practice of clinical dermatology. With proper planning and
analysis, CER studies represent a powerful addition to the
investigative dermatologist’s toolkit for answering an array
of complex questions. Current attention to better, more
efficient, and lower-cost health-care delivery in the United
States may be the burning platform for CER. With increasing
demand for reducing variation and clinical process improvement, CER may finally receive the attention required to propel the next group of large studies. The ultimate challenge for
the practicing clinician will be to translate these studies into
better care for patients with dermatologic disease.
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QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

1. Study designs used for comparative effectiveness
research include which of the following?
A.

Systematic review.

B.

Randomized controlled trial.

C.

Cross-sectional study.

D. All of the above.
2. Differences in survival between two treatment
groups are best compared using which of the
following statistical methods?
A.

Paired t test.

Joly P, Roujeau JC, Benichou J et al. (2009) A comparison of two regimens of
topical corticosteroids in the treatment of patients with bullous pemphigoid:
a multicenter randomized study. J Invest Dermatol 129:1681–7

B.

Log-rank test.

Mosterd K, Krekels GA, Nieman FH et al. (2008) Surgical excision versus Mohs’
micrographic surgery for primary and recurrent basal-cell carcinoma of the
face: a prospective randomised controlled trial with 5-years’ follow-up.
Lancet Oncol 12:1149–56

D.

Ozolins M, Eady EA, Avery AJ et al. (2004) Comparison of five antimicrobial
regimens for treatment of mild to moderate inflammatory facial acne vulgaris
in the community: randomised controlled trial. Lancet 364:2188–95

C. ANOVA.
Fisher’s exact test.

3. The ICC representing the best degree of agreement
between two diagnostic tools among the following is:
A.

<0.01.

Parsons SK, Chan JA, Yu WW et al. (2011) Noninvasive diagnostic techniques for
the detection of skin cancers. In: AHRQ Comparative Effectiveness Reviews.
Rockville, MD: Agency for Healthcare Research and Quality.

B.

0.05.

C.

0.50.

Sampogna F, Spagnoli A, Di Pietro C et al. (2012) Field performance of the
Skindex-17 Quality of Life Questionnaire: a comparison with the Skindex-29
in a large sample of dermatological outpatients. J Invest Dermatol 133:104–109

D.

0.95.

© 2013 The Society for Investigative Dermatology

www.jidonline.org

27

research Techniques made simple 

Polymerase Chain Reaction
Lilit Garibyan1 and Nidhi Avashia2
Journal of Investigative Dermatology (2013) 133, e6. doi:10.1038/jid.2013.1

The advent of the polymerase chain reaction (PCR) radically
transformed biological science from the time it was discovered (Mullis, 1990). For the first time, PCR allowed for specific
detection and production of large amounts of DNA. PCRbased strategies have propelled vast scientific endeavors such
as the Human Genome Project. The technique is widely used
by clinicians and researchers to diagnose diseases, clone and
sequence genes, and carry out sophisticated quantitative and
genomic studies in a rapid and very sensitive manner. One of
the most important medical applications of the classic PCR
method is detection of pathogens. In addition, the PCR assay
is used in forensic medicine to identify criminals. Because
of its widespread use, it is important to understand the basic
principles of PCR and how its use can be modified to provide
for sophisticated analysis of genes and the genome.
THE PCR PROCESS

PCR is a simple, yet elegant, enzymatic assay that enables
amplification of a specific DNA fragment from a complex
pool of DNA. Kary Mullis, who conceptualized the PCR assay,
explained that it “lets you pick the piece of DNA you’re interested in and have as much of it as you want” (Mullis, 1990). PCR
can be performed using source DNA from a variety of tissues
and organisms, including peripheral blood, skin, hair, saliva,
and microbes. Only trace amounts of DNA are needed for PCR
to generate enough copies to be analyzed using conventional
laboratory methods. For this reason, PCR is a sensitive assay.
Each PCR assay requires the presence of template DNA,
primers, nucleotides, and DNA polymerase. The DNA polymerase is the key enzyme that links individual nucleotides
together to form the PCR product. The nucleotides include
the four bases—adenine, thymine, cytosine, and guanine (A,
T, C, G)—that are found in DNA. These act as the building
blocks that are used by the DNA polymerase to create the
PCR product. The primers in the reaction specify the exact
DNA product to be amplified. The primers are short DNA
fragments with a defined sequence complementary to the
target DNA that is to be detected and amplified. These serve
as an extension point for the DNA polymerase to build on.
The above-mentioned components are mixed in a test tube
or 96-well plate and then placed in a machine that allows
repeated cycles of DNA amplification to occur in three basic

WHAT PCR DOES
• PCR is a very sensitive technique that allows rapid
amplification of a specific segment of DNA.
• PCR makes billions of copies of a specific DNA
fragment or gene, which allows detection and
identification of gene sequences using visual
techniques based on size and charge.
• Modified versions of PCR have allowed quantitative
measurements of gene expression with techniques
called real-time PCR.

LIMITATIONS
• The DNA polymerase used in the PCR reaction is
prone to errors and can lead to mutations in the
fragment generated.
• The specificity of the generated PCR product may
be altered by nonspecific binding of the primers to
other similar sequences on the template DNA.
• To design primers to generate a PCR product, some
prior sequence information is usually necessary.
steps. The machine—essentially a thermal cycler—has a thermal block with holes into which the test tubes or plates holding the PCR reaction mixture are inserted. The machine raises
and lowers the temperature of the block in discrete, precise,
and preprogrammed steps (Weier and Gray, 1988). The reaction solution is first heated above the melting point of the
two complementary DNA strands of the target DNA, which
allows the strands to separate, a process called denaturation.
The temperature is then lowered to allow the specific primers to bind to the target DNA segments, a process known
as hybridization or annealing. Annealing between primers
and the target DNA occurs only if they are complementary
in sequence (e.g., A binding to G). The temperature is raised
again, at which time the DNA polymerase is able to extend
the primers by adding nucleotides to the developing DNA
strand (Figure 1). With each repetition of these three steps,
the number of copied DNA molecules doubles.

1
Department of Dermatology, Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts, USA and 2Department of Dermatology,
Boston University and Boston Medical Center, Boston, Massachusetts, USA

Correspondence: Lilit Garibyan, Wellman Center for Photomedicine, 50 Blossom Street, Tier 2, Boston, Massachusetts 02114, USA. E-mail: lgaribyan@partners.org

28

Journal of Investigative Dermatology (2013), Volume 133

© 2013 The Society for Investigative Dermatology

research Techniques made simple 

ANALYSIS OF THE PCR PRODUCT

There are two main methods of visualizing the PCR products:
(i) staining of the amplified DNA product with a chemical
dye such as ethidium bromide, which intercalates between
the two strands of the duplex, and (ii) labeling the PCR primers or nucleotides with fluorescent dyes (fluorophores) prior
to PCR amplification. The latter method allows the labels to
be directly incorporated in the PCR product. The most widely
used method for analyzing the PCR product is agarose gel
electrophoresis, which separates DNA products on the basis
of size and charge. Agarose gel electrophoresis is the easiest method for visualizing and analyzing the PCR product.
It enables determination of the presence and size of the PCR
product (Figure 2). A predetermined set of DNA products with
known sizes is run simultaneously on the gel as standardized
molecular markers to help determine the size of the product.
Typically, when PCR is used to detect the presence or
absence of a specific DNA product, it is called qualitative
PCR. Qualitative PCR is a good technique to use when PCR
is performed for cloning purposes or to identify a pathogen. For example, in a study by Dworkin et al. (2009), qualitative PCR was used to detect the presence of Merkel cell
polyomavirus in cutaneous squamous cell carcinoma (SCC) in

immunocompetent individuals. Using genomic DNA isolated
from SCCs excised from immunocompetent individuals and
primers specific to virus genes, the investigators were able to
demonstrate the presence of a 351-base-pair (bp) viral gene in
6 of 16 samples tested by the presence of a PCR product band
about 351 bp long, as seen on a 2% agarose gel with ethidium bromide (Figure 3). The experiment also included template
DNA from a polyomavirus containing plasmid as a positive
control (P) and a negative water control (W). The first lane (M)
is the molecular marker, which is used to identify the size of
the detected PCR product. The presence of a viral-specific gene
detected by PCR is indicated by a plus sign; the absence of a
viral gene is indicated by a minus sign.
QUANTITATIVE PCR

Quantitative real-time PCR (qPCR) provides information
beyond the mere detection of DNA. It indicates how much of a
specific DNA or gene is present in the sample. qPCR allows for
both detection and quantification of the PCR product in real
time, while it is being synthesized (VanGuilder et al., 2008).
The two methods commonly used to detect and quantify the
product are (i) fluorescent dyes that nonspecifically intercalate
with double-stranded DNA and (ii) sequence-specific DNA

DNA
5v

3v
Target
sequence

3v

5v

Cycle 1
Denaturation

1

Annealing

2

Extension

3

5v

Cycle 3

3v

Cycle 2

Figure 1. Schematic presentation of the polymerase chain reaction principle. Modified from “PCR: Uses, Steps, Purpose,” SchoolWorkHelper, St. Rosemary
Educational Institution (http://schoolworkhelper.net/pcr-uses-steps-purpose).
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Figure 2. Visualization of the PCR products on an agarose gel. Identification
of an alternatively spliced mouse Langerin transcript. Ethidium bromide–
stained agarose gel showing PCR products from full-length mouse Langerin
obtained from C57BL/6 fresh Langerhans cells (fLC) and from fetal skin–
derived dendritic cells (FSDDC). From Riedl et al. (2004).

However, PCR also has limitations. Because it is highly
sensitive, any form of contamination of the sample by even
trace amounts of DNA can produce misleading results (Vogel
et al., 2012; Smith and Osborn, 2009). In addition, to design
primers for PCR, some prior sequence data are needed.
Therefore, PCR can be used only to identify the presence or
absence of a known pathogen or gene. Another limitation
is that the primers used for PCR can anneal nonspecifically to sequences that are similar, but not completely identical, to target DNA. Moreover, incorrect nucleotides can be
incorporated into the PCR sequence by the DNA polymerase,
albeit at a very low rate.

QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

Figure 3. Qualitative PCR detects the presence of Merkel cell polyomavirus in
cutaneous squamous cell carcinoma in immunocompetent individuals. MCPyV
detection. The presence of MCPyV in squamous cell carcinomas, genomic
normal DNA, and adjacent skin DNA was determined via PCR using VP1
primers. A representational result is shown, with 6 of 16 samples tested showing a
PCR product at 351 bp. All experiments included DNA from an MCPyV plasmid
as a positive control (P) and a negative water control (W). M, molecular weight
marker; +, positive for virus; −, negative for virus. From Dworkin et al. (2009).

probes consisting of fluorescently labeled reports. These methods permit detection only after hybridization of the probe with
its complementary DNA target. Real-time PCR can be combined with reverse transcription, which allows messenger RNA
to be converted into cDNA (i.e., reverse transcription), after
which quantification of the cDNA is performed with qPCR
(Valasek and Repa, 2005). Quantification of the desired gene
during the exponential amplification avoids problems that are
associated with end-point PCR, which is analysis after completion of the final PCR cycle.
Analysis of tumors is an ideal example of the use of PCR.
It can be employed to isolate and amplify DNA of tumor suppressor genes or proto-oncogenes. In turn, quantitative PCR
can be used to quantify the amount of the particular gene
isolated. On the other hand, quantitative PCR can be used to
analyze single cells and quantify any combination of DNA,
mRNAs, and proteins (Stahlberg et al., 2012).
ADVANTAGES AND LIMITATIONS OF PCR

PCR has several advantages. It is a simple technique to
understand and use, and it produces results rapidly (Vogel
et al., 2012). It is highly sensitive, with the potential to produce millions to billions of copies of a specific product for
sequencing, cloning, and analysis. This is true of qPCR as
well, but qPCR has the advantage of quantification of the
synthesized product. Thus, it can be used to analyze alterations of gene expression levels in tumors, microbes, or other
disease states.
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1. Qualitative PCR and quantitative PCR provide
information on ____________ and ________,
respectively.
A. Presence/absence of specific DNA product; how
much of a specific DNA product is present.
B. How much of a specific DNA product is present;
presence/absence of DNA product.
C.

RNA; DNA.

D.

Gene by-products; RNA.

2. The most widely used method of analysis of the PCR
product is:
A. Agarose gel electrophoresis.
B. Western blot.
C.

ELISA.

D.

FISH.

3. A major advantage of using PCR as compared with
other molecular biology techniques is:
A.

Low risk of contamination.

B.

Rapidity.

C.

Low sensitivity.

D.

Low specificity.

4. The PCR process contains these three steps:
A.

Denaturation, extension, annealing.

B. Annealing, denaturation, extension.
C.

Denaturation, annealing, extension.

D.

Extension, annealing, denaturation.
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SUMMARY AND FUTURE DIRECTION

PCR is a simple and widely used process in which minute
amounts of DNA can be amplified into multiple copies. In
addition to working rapidly, it is able to quantitatively demonstrate how much of a particular sequence is present. As
with all methods, the validity of the results should be compared with the specificity associated with the method. The
future of PCR is promising, combining various assays and
approaches to produce greater insight into various gene combinations. For example, in a study to link distinct taxa within
the microbial community to specific metabolic processes,
stable isotope probing was combined with qPCR (Postollec
et al., 2011; Smith and Osborn, 2009). Microarray experiments can be validated by qPCR approaches because of the
method’s rapidity.
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Microarray Technique, Analysis, and Applications
in Dermatology
Jennifer Villaseñor-Park1 and Alex G Ortega-Loayza2
Journal of Investigative Dermatology (2013) 133, e7. doi:10.1038/jid.2013.64

The Human Genome Project, completed in 2003, identified the sequence of the approximately 25,000 genes that
comprise the human genome. Knowledge of the structure
of the human genome opened the doors to studying the
actual function of specific genes, which is necessary to
understanding health and disease. DNA microarrays are
one technique that advances understanding of the genome
from structure to function.
For the most part, every cell in the body contains a
complete set of identical DNA. What makes a given cell
different from another is that only certain genes are active,
or “expressed,” within the cell. The information contained
within the DNA in a given cell is transcribed into
messenger RNA (mRNA), which is subsequently translated
into proteins that allow the cell to exist and function.
Diseased cells may fail to work properly because they do
not express necessary genes, express the wrong genes,
or express inappropriate amounts of a needed gene. The
ability to detect these abnormalities provides researchers
with key information that may be used to diagnose and
manage diseases.
DNA MICROARRAY TECHNOLOGY

Microarray technology can be used for a variety of functions, several of which are discussed below. For purposes
of clarity, we focus on the use of the technique to assess
gene expression levels.
Older techniques looking at gene expression were timeconsuming and provided information only on relatively
few genes at one time. DNA microarrays are unique in
that they allow scientists to investigate the expression of
thousands of genes at one time. In addition, they permit
simultaneous comparisons between different cells, such as
between a diseased and a normal cell.
HOW DO MICROARRAYS WORK? THE BRIEF VERSION

Microarrays are based on the principle that nucleic acid
bases bind to their complementary bases. Known segments of DNA are used as “probes” to bind and identify
sample mRNA. Although this is not substantially different

WHAT MICROARRAY ANALYSIS DOES
• DNA microarrays allow the entire genome to be
studied at one time.
• The technique is relatively simple, with little
“hands-on” work.
• Microarrays offer qualitative and quantitative
comparison of gene expression among different cells.

LIMITATIONS
• Inappropriately selected controls may not yield
relevant results.
• Tissue processing is not standardized, leading to
the possibility of the contribution of surrounding
nontumor tissues to gene expression profiles.
• There is a lack of appropriate “normal” or control
specimens.
• Gene expression does not always correlate with
cellular phenotype.
• Although costs are decreasing, they have been high
to date.

from other hybridization techniques (such as Southern and
northern blotting), what is unique about microarrays is the
amount of information that is provided at one time. Tens
of thousands of DNA sequences (or even larger numbers
of oligonucleotides) are arranged in a known and orderly
fashion (hence “array”) on a small, solid support structure
or microchip. The test sample is allowed to bind to the
array. If a gene in the sample is expressed, its mRNA will
bind, or hybridize, to its complementary DNA probe on
the chip. The array is then scanned, providing both qualitative and quantitative information about the function of
specific genes. DNA microarrays allow simultaneous and
parallel determination of the expression of numerous
genes and are thus a powerful laboratory tool.
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Microarrays

Various microarray systems have been developed. Some
are commercially available; others are produced primarily
in research laboratories. The type of solid support used
(e.g., glass or filters), the surface modifications with various
substrates, the type of DNA fragments used on the array
(e.g., cDNA, oligonucleotides, genomic fragments), whether
the transcripts are synthesized in situ or presynthesized
and spotted onto the array (i.e., spot arrays), and how DNA
fragments are placed on the array are all characteristics that
differentiate among the available microarrays (Holloway
et al., 2002). There are now many commercially available
microarrays that are of high quality and low cost.
The most common probes used on array platforms
are complementary DNA (cDNA) or oligonucleotides.
Ideal probes should be sequence-validated, unique, and
representative of a significant portion of the genome, and they
should have minimal cross-hybridization to related sequences.
Probes for cDNA arrays are composed of cDNAs from cDNA
libraries or clone collections (e.g., bacterial cDNA and
bacterial artificial chromosome clone sets) that are “spotted”
onto glass slides or nylon membranes at precise locations.
Spotted arrays composed of a collection of cDNAs allow for
increased choice of sequences incorporated in the array and
may allow for gene discovery when unselected clones from
cDNA libraries are used (Schulze and Downward, 2001).

Diseased cells

Normal cells

mRNA
is isolated
m
ted
from cells

Reverse transcription to cDNA

Tagged with fluorescent label

Labe
Labeled
cDNA hybridizes
to the probes on the chip.
Gene expression
Diseased cells fluoresce RED
ce fluoresce GREEN
Normal cells
bot fluoresce YELLOW
Cells with both
Microarray chip
ess
with attached probes
Scan

Oligonucleotide arrays consist of probes composed
of short nucleotides (15–25 nt) or long oligonucleotides
(50–120 nt) that are directly synthesized onto glass slides
or silicon wafers, using either photolithography or ink-jet
technology. The use of longer oligonucleotides (50–100
mers) may increase the specificity of hybridization and
increase sensitivity of detection (Kane et al., 2000). Arrays
fabricated by direct synthesis offer the advantage of using
reproducible, high-density probe arrays containing more
than 300,000 individual elements, with probes specifically
designed to contain the most unique part of a transcript.
This method allows for increased detection of closely
related genes or splice variants.
The hybridization process

Whether cDNA or oligonucleotides are used as a probe, the
test sample must be prepared. In most cases, the “target,” or
that which should hybridize to the probe, is mRNA. This is
extracted from the tissue, transcribed into its complementary
cDNA, and labeled with either a fluorescent dye (“fluorophore”) or a radioactive isotope. The use of different fluorophores facilitates direct, parallel comparison between different tissue types; this technique could, for example, allow
simultaneous comparison of known diseased versus normal
tissue. Fluorescent dyes commonly used for cDNA labeling
include Cy3 (which fluoresces green) and Cy5 (which fluoresces red). The labeled targets are hybridized to the probes
for 16–24 hours, during which time the targets competitively bind to the corresponding array probe. The array is then
washed and scanned using a laser confocal microscope. The
relative fluorescence of each spot is detected and recorded.
The data can then be analyzed to determine which genes
are actively expressed (Figure 1). Several computing programs for image processing and data analysis are on the
market, from both academic and private institutions (e.g.,
Biodiscovery, National Human Genome Research Institute,
Spotfire, and Stanford University).
The type of data generated from microarrays depends on
several factors, including the experimental design, the purity
of samples, the quality of the microarray design, and data
analysis. Although microarrays are capable of generating
a large amount of data, microarray data do not distinguish
between differences in expression that are attributable to
experimental design and those that are secondary effects.
Careful selection of controls and experimental samples may
decrease the possibility of identifying irrelevant changes in
gene expression. In addition, caution should be advised in
interpreting genes that show no change in expression levels
because this may reflect DNA elements on the array that
fail to detect the appropriate transcript species. Verification
of data generated from microarray experiments using
quantitative reverse-transcriptase PCR, northern blot analysis,
or RNase protection assays may be important.
USES OF MICROARRAYS

Figure 1. The hybridization process.

© 2013 The Society for Investigative Dermatology

Microarray technology allows simultaneous analysis of
several thousand DNA transcripts derived from experimental tissue or cells. This technique can be used to detect
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technology has also been useful in biomarker determination, enabling the discovery of gene sets that correlate with
disease. Other uses include changes in gene expression
following exposure to medications or toxins in order to
predict their effectiveness or adverse effects, respectively.
Microarrays may also be used to personalize therapy in
patients recently diagnosed with cancer.
APPLICATIONS IN DERMATOLOGY

Figure 2. Relative expression of a series of microRNAs. From Caramuto et al., 2010.

Figure 3. Comparison of microRNA expression profiles. From Caramuto et al., 2010.

differences in gene expression levels, small nucleotide
polymorphisms, and other sequence differences, as well
as microRNA (miRNA) transcript levels (miRNAs are short,
noncoding RNAs that regulate gene expression in many
biologic processes). A microarray technique called comparative genomic hybridization is used to detect genomic gains or losses in the number of copies of genes in a
given person’s DNA. This technique can provide clinical
and prognostic information in certain tumors. Microarray
34

Journal of Investigative Dermatology (2013), Volume 133

Skin biology was one of the first scientific fields to
benefit from microarray technology. It has been applied
to a variety of dermatologic disease processes, including
melanoma, cutaneous T-cell lymphoma, psoriasis,
lupus erythematosus, and scleroderma. Its application
in the detection of different gene expression levels
and of differences in genetic sequences—including
single-nucleotide polymorphisms (SNPs)—as well as in
identification of new genetic targets makes microarray
technology very attractive. Investigators using microarrays
to determine global miRNA expression profiles identified
deregulation of certain miRNAs as significantly different
among melanoma lymph node metastases, melanoma cell
lines, and melanocyte cultures (Caramuto et al., 2010;
Mueller et al., 2009). Moreover, a miRNA signature of high
expression of miR-193b and low expression of miR-191
was found to be significantly associated with poor survival
(Caramuta et al., 2010). These studies identified previously
unrecognized molecular targets in melanoma. Figures 2
and 3 show examples of how the data from such arrays are
obtained and interpreted.
Figure 2 (Caramuto et al., 2010) shows the relative
expression of a series of miRNAs (listed on the y-axis)
obtained from multiple nonmelanoma (NM 1–3 on
the x-axis) and melanoma (M1–M16) cell lines. Yellow
indicates relatively high expression; blue indicates
low expression. Detailed analysis of the data allowed
researchers to identify a small number of miRNAs that were
differentially expressed in melanoma versus nonmelanoma
cell lines (some were underexpressed; others were
overexpressed).
As shown in Figure 3 (Caramuto et al., 2010), the
researchers further used microarray technology to
determine whether certain miRNA expression profiles
(those chosen are listed on the right side of the arrays)
could be used to discriminate among BRAF mutants
and BRAF and NRAS wild-type mutants. The strongest
association with BRAF mutation status was shown with
miR-193a, whose expression was significantly reduced in
the melanoma lines.
In inflammatory disorders, the microarray is most
likely to be used to understand molecular pathogenesis.
Psoriasis is a polygenic chronic inflammatory disease
of keratinocytes in which T cells play a crucial role.
Microarray analysis has been used since the early 2000s to
expand the existing knowledge of gene expression patterns
in psoriasis (Kunz, 2008). This technique can be used
alone or in combination with other techniques. In a recent
publication (Mitsui et al., 2012), the investigators studied
© 2013 The Society for Investigative Dermatology
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QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

1. The term “array” in microarray refers to the
arrangement of which of the following on the chip?
A. The probe.
B. The target.
C. The fluorophore.
D. The antigen.
2. The most common types of probes used for
microarrays are:
A.

Complementary DNA.

B. Single-nucleotide polymorphisms.
C. Antibodies.
D. Double-stranded DNA.
3. Microarray analysis has been used to study:

from the epidermis and dermis. DNA microarray analysis
was then used to define gene expression patterns in these
different regions of the skin. The investigators established
the validation of combining LCM and cDNA microarray
analysis and were able to ascertain the presence of CCL19/
CCR7 in psoriatic dermal aggregates, along with the
presence of gene products of mature dendritic cells.
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Fluorescence In Situ Hybridization
Amy Y.-Y. Chen1 and Andrew Chen2
Journal of Investigative Dermatology (2013) 133, e8. doi:10.1038/jid.2013.120

Fluorescence in situ hybridization (FISH) is a cytogenetic technique used to detect the presence or absence and location of
specific gene sequences. It can visualize specific cytogenetic
abnormalities (copy number aberrations) such as chromosomal deletion, amplification, and translocation. FISH has been
used in prenatal diagnosis and has served both as a diagnostic
and as a prognostic marker for various sarcomas. More recently, FISH entered the field of dermatology in aiding the evaluation of ambiguous melanocytic lesions. This article will discuss
the concept of FISH, its application, and its advantages and
limitations in dermatology, with an emphasis on melanoma.

WHAT FISH DOES
• FISH is used to visualize specific cytogenetic
abnormalities.
• It can serve as a supplementary diagnostic tool in
pigmented lesions. However, it should not be used
as a stand-alone test.
• FISH cannot replace traditional histopathologic
analysis.
• FISH must correlate clinical, pathologic, and
molecular information.

HOW IS FISH PERFORMED?

FISH involves the binding, or annealing, of fluorescencelabeled, target-specific nucleic acid probes to their
complementary DNA or RNA sequences and the subsequent
visualization of these probes within cells in the tissue of
interest. The tissue of interest can either be formalin-fixed,
paraffin-embedded sections or fresh-frozen tissue.
First, the DNA or RNA sequences from the tissue of interest
are allowed to denature to become single stranded. Next, a
FISH probe is selected and applied. The selection of an appropriate FISH probe is a critical step for enhancing its value as a
diagnostic test because FISH only detects those chromosomal
abnormalities that are specifically targeted by the probes used.
Different probes are used depending on the diseases or malignancies under investigation. For example, a large number of
recurrent cytogenetic abnormalities have been found in melanomas by comparative genomic hybridization (CGH); these
recurrent abnormalities serve as excellent candidates for FISH
probes (Song et al., 2011).
Once the probe is selected, the fluorescence labeling of
the probe can be done either directly or indirectly. In direct
fluorescence labeling, the fluorochrome(s) to be detected by
the fluorescence microscope is directly bound to the probe
DNA. In indirect labeling, a hapten, which is not visible under
a fluorescence microscope, is incorporated into the probe
DNA. The hapten is then detected immunohistochemically
by a fluorophore-tagged antibody directed against the hapten. Next, the fluorescent-labeled probe and the target DNA
or RNA sequences are brought together in the hybridization
process, during which the fluorescent-labeled probe anneals

LIMITATIONS
• Probe design requires knowledge of specific
chromosomal abnormalities to be studied.
• Cutoff signals may differ among laboratories.
• Processing errors, imperfect hybridization,
nonspecific binding, photobleaching, interobserver
variability, and false-positive and -negative results
are possible.

to the targeted sequences. Posthybridization washings remove
excessive unbound probe. The slides are then examined.
Principles of FISH are illustrated in Figure 1.
Because FISH can be performed on formalin-fixed, paraffin-embedded tissue, it is possible for a pathologist to select a
specific area or areas of tumors to be examined by FISH. This
enables correlation between FISH results and tumor morphology under conventional light microscopy. For more details
about FISH, readers are referred to the Fluorescence In Situ
Hybridization (FISH)—Application Guide (Liehr, 2009).
INTERPRETATION OF FISH

Each fluorescently labeled probe that hybridizes to a cell
nucleus in the tissue of interest appears as a distinct fluorescent dot. Each dot identifies a single copy of the chromosomal
locus with a homologous DNA sequence. Diploid nuclei will
have two dots. If there is duplication in the region of interest,
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CGH typically requires paraffin block preparation. In addition,
copy number changes must be present in at least 30–50% of
the cells for them to be evident on CGH analysis, whereas
FISH requires only 20–30 well-visualized cells to provide an
accurate count of fluorescence signals. As a result, FISH can
be used both in large bulky tumors and in tumors in which
the malignant component only contributes to a small proportion of the overall cellular populations. Last, FISH probes can
demonstrate balanced translocations that are not detectable at
CGH resolution (Gerami and Zembowicz, 2011).
FISHING IN DERMATOLOGY: MELANOMA AND MORE

Figure 1. Schematic diagram of the fluorescence in situ hybridization
(FISH) technique. Reprinted from O’Connor, 2008.

In contrast to melanoma and a subset of Spitz nevi, melanocytic nevi do not show chromosomal aberrations after karyotyping or CGH. These cytogenetic differences have been
exploited to aid in the diagnosis of ambiguous melanocytic
lesions. A landmark study to identify the most accurate FISH
probes for melanoma was carried out in 2009 (Gerami et
al., 2009a). Fourteen candidate cytogenetic abnormalities
detected on CGH in prior studies were tested through FISH on
148 melanomas and 153 nevi (including 17 Spitz nevi and 30

the gain will result in more than two dots. Conversely, if there
is a loss in the region of interest, one or no dots will result. In
practice, several probes can be combined into a single multicolor FISH experiment. For example, different probes can be
labeled with different colors such as red, green, yellow, and
aqua, which allows simultaneous interrogation of multiple
cytogenetic signatures. Overlapping wavelength spectrums
of the currently available fluorochromes limit the maximum
number of probes in a single experiment to four (Gerami and
Zembowicz, 2011). The number of dots per nucleus with a
specific fluorescent color can be detected either manually or
with software designed for automated analysis. Because of the
intrinsic variability of FISH signals, a sufficient number of cells
must be examined to yield a meaningful result.
FISH results are usually reported as a percentage of nuclei
containing more than two copies of a particular locus of interest or as a percentage of cells showing a loss or gain of a particular chromosomal region. The cutoff signals, or the exact
percentage of cells needed to be considered an abnormal
FISH result, must be determined and validated with appropriate controls for each probe. Because the cutoff values are
empirically derived, the values may differ among laboratories.
Needless to say, having rigorously interrogated cutoff values
is important to the robustness of a FISH assay (Gerami and
Zembowicz, 2011).
WHAT FISH CANNOT DO: COMPARISON BETWEEN
FISH AND CGH

To perform FISH, one must know what one is “FISHing” for.
The FISH result is only positive or negative in relation to the
interrogated chromosomal region. This is in contrast to CGH,
in which copy number aberrations of the entire genome in
a tissue of interest are interrogated in a single experiment.
Compared with FISH, CGH is more expensive and has a
longer turnaround time. Because cells must be microdissected,
© 2013 The Society for Investigative Dermatology

Figure 2. Histology and dual-target fluorescence in situ hybridization
(FISH) with probe RMC11B022 for chromosome 11p and RMC11P008
for chromosome 11q. (a) Case 2, normal CGH measurement; (b) case 13,
gain of chromosome 11p; and (c) case 15, normal CGH measurement. FISH
shows that infrequent cells with large nuclei (arrow) are polyploid; green
signals, chromosome 11p; red signals, chromosome 11q. Reprinted with
permission from Bastian et al., 1999.
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dysplastic nevi). A set of four probes targeting 6p25 (RREB1),
6q23 (MYB), 11q13 (CCND1), and centromere 6 (CEP6) were
determined to offer the best sensitivity and specificity, 86.7 and
95.4%, respectively. The optimal discriminatory algorithms for
defining positive FISH results based on these four probes were
also established (Gerami et al., 2009a). These four probes are
now commercially available and have been tested in a number of subsequent studies to aid in the diagnosis of ambiguous
melanocytic lesions. FISH has been used to distinguish nevoid
melanoma from mitotically active nevi (Gerami et al., 2009b).
The majority of Spitz nevi have a normal chromosomal
analysis; however, a subset of Spitz nevi have been found
to have increased copy number of chromosome 11p (Figure
2) (Bastian et al., 1999). The increase in 11p has not been
found in melanoma, allowing for possible differentiation in
difficult-to-diagnose spitzoid melanocytic neoplasms.
FISH may play a future role in determining prognosis
and identifying tumors with greater metastatic potential,
although the clinical utility of these have yet to be determined. For example, FISH analysis for monosomy 3 has
helped confirm the diagnosis of metastatic uveal melanoma
(Busam et al., 2012).
Although FISH can serve as an adjunct in diagnosis of
melanocytic lesions, there are intrinsic limitations to its
results such as processing errors, imperfect hybridization,
nonspecific binding, photobleaching caused by prolonged
light exposure, and interobserver variability, as well as falsenegative and false-positive (tetraploidy) results. Furthermore,
because melanomas are genetically heterogeneous, different
genetic aberrations may be seen in different sections of the
same tumor, underscoring the importance of selecting the
most appropriate area(s) for FISH analysis.
Use of the FISH technique in other areas of clinical dermatology has not been as well established. For example,
although FISH is not routinely used in the diagnosis of
cutaneous lymphomas, recent publications investigating specific gene rearrangement, deletion, or translocation
have shown the potential for future applications in cutaneous T-cell lymphoma to provide a biologic basis for possible gene-directed therapy as well as prognosis (Marty et al.,
2008; Pham-Ledard et al., 2010). Figures 3 and 4 show the
use of FISH to identify IFN regulatory factor 4 gene (IRF4)
translocation in certain cases of cutaneous T-cell lymphoma. Figure 3 shows in schematic fashion how break-apart,
dual-color fluorophore-labeled probes can be used to demonstrate translocations, as well as extra copies of the locus
of interest. IRF4 gene probes directed against the 5′ and 3′
ends were differentially labeled (one red, one green) and
hybridized. Figure 4 shows a comparison of binding to normal and diseased tissues; the FISH pattern in Figure 4d is
normal, with dual color (red and green). In Figure 4h, the
signal pattern is split (one locus is dual color, but the other
red and green are split), which is consistent with a translocation. Figure 4l demonstrates an extra signal, which is consistent with an extra copy of the IRF4 locus. More recently,
FISH has been utilized to assess clonality in bone marrow
and skin infiltrates in patients with neutrophilic dermatoses
and myeloid malignancy (Sujobert et al., 2012).
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Figure 3. IRF4 locus-specific fluorescence in situ hybridization (FISH)
strategy. (a) Schematic representation of all BAC clones hybridizing to the 6p25
region used in this study. RP11-119L15, CTD-2317K17, and CTD-3052J12
BAC clones, which showed nonspecific hybridization on chromosome 16,
were discarded. The break-apart BAC probe strategy used CTD-2308G5 as the
5′ IRF4 BAC probe and RP11-164H16 as the 3′ IRF4 BAC probe. (b) The FISH
signal pattern expected in interphase nuclei samples. Normal nuclei would
exhibit a two-fusion (2F) signal pattern corresponding to the juxtaposition
of BAC clones probes. Nuclei with an IRF4 locus break point, suggesting
translocation, would show a split signal pattern (1F–1R–1G). Nuclei with extra
copies of a nonrearranged IRF4 locus should exhibit more than a 2F signal
pattern. Reprinted with permission from Pham-Ledard et al., 2010.

Figure 4. Histological, immunophenotypical, and fluorescence in situ
hybridization (FISH) aspects of three typical cases with and without IRF4 locus
rearrangement. Left: Lymph node section of cutaneous anaplastic large-cell
lymphoma (C-ALCL) without IRF4 locus rearrangement. (a) Hematoxylin–eosin
and safran (HES). Bar = 20 μm. (b) Positivity of CD30 immunostaining.
(c) Immunostaining shows expression of multiple myeloma antigen 1 (MUM1)
by more than 85% of tumor cells. (d) Normal FISH signal pattern (2F). Bar =
5 μm. Middle: Skin section of case 6 with C-ALCL and IRF4 rearrangement.
(e) HES, ×400. (f) Positivity of CD30 immunostaining. (g) Immunostaining
shows MUM1 expression by more than 85% of tumor cells. (h) Split FISH signal
pattern (1F–1R–1G). Bar = 5 μm. Right: Skin section of case 8 with transformed
mycosis fungoides and IRF4 locus rearrangement. (i) HES, ×400. (j) Positivity
of CD30 immunostaining. (k) Immunostaining shows MUM1 expression by
10–50% of large tumor cells. (l) FISH signal pattern shows an extra signal of
SpectrumGreen-labeled RP11-164H16 (2F+1G extra signal), indicating that the
break point maps to the 6p25 region in the genomic area corresponding to the
RP11-164H16 sequence. Bar = 5 μm. Reprinted with permission from PhamLedard et al., 2010.
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QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

1. What does FISH detect?
A.

Protein structure abnormalities.

B. Specific chromosome copy-number aberrations.
C. Presence of specific antigens.
D. Presence of complement.
2. Where does the FISH probe localize to?
A.

Golgi apparatus.

B.

Cytoplasm.

C.

Cell membrane.

D.

Nucleus.

3. What is the FISH probe composed of?
A.

Proteins.

B.

Lipids.

C.

Carbohydrates.

D. Nucleic acids.
4. What is the maximum number of FISH probes that
can be used in a single experiment?
A. Two.
B. Three.
C.

Four.

D.

Five.

© 2013 The Society for Investigative Dermatology

SUMMARY

FISH is a powerful technique used to visualize specific cytogenetic abnormalities. Its most significant role in dermatology
to date lies in its ability to aid in the diagnosis and management of ambiguous melanocytic lesions. Although recent studies have suggested that FISH can be used as a supplementary
diagnostic tool in pigmented lesions, FISH must not be used as
a stand-alone test, and it cannot replace traditional histopathologic analysis. One must correlate clinical, pathologic, and
molecular information. “FISHing” in dermatology continues to
evolve, and we look forward to future studies to further delineate its roles in various dermatologic diseases.
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Genome-Wide Epigenetics
Brian C. Capell1,2 and Shelley L. Berger1
Journal of Investigative Dermatology (2013) 133, e9. doi:10.1038/jid.2013.173

WHAT IS EPIGENETICS?

The term “epigenetics” was coined by Conrad Waddington
to describe “the branch of biology which studies the causal interactions between genes and their products, which
bring the phenotype into being” (Goldberg et al., 2007).
Very broadly, the word has come to refer to the study of
the regulation of genes, their expression, and how that
translates into particular phenotypes, independent of any
change to the underlying DNA sequence. More simply
stated, epigenetics is the study of functionally relevant
changes in gene expression (with subsequent changes in
cellular phenotype) that result from mechanisms other
than from changes in the underlying DNA nucleotide
sequence.
Despite the fact that there is no change in the nucleotide
sequence, epigenetic modifications may be heritable and
can be passed down to subsequent generations through
cell replication and division of alternative chromatin states.
This “turning on or off” of genes explains why, despite having the same underlying DNA sequence, a keratinocyte
looks and behaves so differently than a hepatocyte and
why the epigenetic state is carried over to maintain celland tissue-type specification. Although a given cell’s (or
individual’s) genome remains relatively stable over time,
the epigenome can and does vary depending on a number
of factors, including environmental conditions. These processes allow for many “good” functions, including normal
organism development; however, aberrant epigenetic
mechanisms are implicated in different disease processes,
including malignancies.
This article provides a brief overview of the field of
epigenetics and offers a glimpse into some of the major
techniques used to study it, with a particular focus on
chromatin immunoprecipitation followed by sequencing
(ChIP-seq), the current standard method for studying
proteins and other epigenetic factors that bind to DNA.
At the heart of epigenetic control is the organization of DNA into chromatin. This begins with 147 base
pairs of DNA wrapped around eight histone proteins,
which include the core histones H2A, H2B, H3, and H4
(Figure 1). Each of these histone octamers is referred to
as a nucleosome. The nucleosomes are packaged tightly

ADVANTAGES OF CHIP-SEQ
• ChIP-seq provides a powerful tool with which to
assess with excellent resolution the binding of
any transcription factor, histone modification, or
other DNA-binding protein of interest across the
entire genome.
• It allows investigators to assess how these
modifications or transcription factors affect
different phenotypes or disease states.

LIMITATIONS
• ChIP-seq reports only relative, not absolute,
values of the bound proteins.
• Investigators must know the factor of interest
in advance.
• ChIP-seq can be limited by the availability
and quality of the antibody to the protein or
modification of interest.

into even more compact fibers known as chromatin.
Through this complex structure, epigenetic regulation
occurs primarily through four mechanisms. First, DNA
can undergo direct chemical modification by cytosine
methylation, which is a general marker of gene silencing.
Second, posttranslational modifications of the core histones can occur, primarily through methylation, acetylation, ubiquitylation, and phosphorylation, making up the
primary chromatin structure (Figure 1). Acting in concert
with these two aspects of the epigenetic machinery, noncoding RNAs contribute to the regulation of these processes (Greer and Shi, 2012). Finally, the chromatin is then
packaged, via long-range interactions, into a higher-order
structure within the cell nucleus.
All of these organizational steps serve to modulate DNA
accessibility and thus control gene expression. More open
regions of chromatin, or euchromatin, are poised for activation by the transcriptional machinery, whereas more
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Figure 1. Major epigenetic modifications. (a) Histone modification. A
total of 147 base pairs of DNA (depicted as yellow lines) wrap around eight
histone proteins (depicted as blue cylinders) to form nucleosomes. When
nucleosomes are packaged together, they form chromatin. Posttranslational
modifications (e.g., addition of acetyl, methyl, or ubiquitin groups) of histones
alter local chromatin conformation. Variability in chromatin compaction
affects the accessibility of genes. Loosely condensed regions (euchromatin) are
more actively expressed and tightly condensed regions (heterochromatin) are
repressed. The image depicts histone acetylation, associated with loosening
of local chromatin and more active gene expression. (b) DNA methylation.
DNA methylation occurs through the addition of a methyl group to the C5
position of cytosine to form 5-methylcytosine, typically at cytosine phosphate
guanine dinucleotides. In promoter regions, DNA methylation silences genes
by interfering with transcription factor binding. DNA methylation is typically
associated with tightly condensed chromatin. Reprinted with permission from
Cheng and Cho, 2012.

closed regions generally exist as more stably repressed
regions known as constitutive heterochromatin, or regions
that are repressed but poised for activation, known as facultative heterochromatin. Certain histone modifications
tend to be associated with particular transcriptional states,
such as trimethylation of the histone H3 at lysine number
4 (H3K4me3) with transcriptionally active euchromatin,
trimethylation of histone H3 at lysine 9 (H3K9me3) with
transcriptionally repressed constitutive heterochromatic
domains, and trimethylation of histone H3 at lysine 27
(H3K27me3) with facultative heterochromatin. Acetylated
histones tend to mark active genes. These associations

are sometimes referred to as the histone code or—more
accurately, because of the complexity of the histone modifications—as a histone language (Berger, 2007).
Each step of this organization may provide sophisticated
layers of regulation with potentially profound implications
ranging from the maintenance of cell fate during cellular
differentiation in development to the turning on or off of
tumor suppressors or oncogenes in cancer. For example,
hypermethylation of the FAS gene decreases its expression
and results in a reduced ability to undergo apoptosis in
Sézary syndrome (Jones et al., 2010). That epigenetic factors may be modifiable or reversible makes their study
particularly promising from a disease perspective. The
histone deacetylase inhibitors vorinostat and romidepsin
used in the treatment of cutaneous T-cell lymphoma are
two primary examples, and numerous other compounds
are currently under development (Dummer et al., 2012).
ChIP BASICS

Several techniques are used in genome-wide epigenetic
studies. ChIP, in which an antibody to a specific histone
modification or other DNA-binding protein of interest
is used, lies at the heart of many of these technologies.
Initially, ChIP was employed to analyze chromatin structure at discrete genomic loci. It has been used more
recently in conjunction with microarrays to analyze
gene expression (ChIP-chip). However, with the advent
of next-generation sequencing technology and its contin
uously declining costs, ChIP-seq has become the standard
method of analyzing genome-wide maps of DNA-binding
proteins and chromatin modification enrichment.
Offering much greater resolution and depth of coverage,
ChIP-seq has enabled tremendous progress beyond ChIPchip. This comprehensive mapping strategy has allowed
investigators to ascribe associations between particular histone modifications and either active or repressed transcription, as well as assign them to particular locations across
the genome, including enhancers, promoters, gene bodies,
and insulators. Numerous variations on the standard ChIP

Table 1. ChIP-seq variations
Technique

Basic overview

DNase-seq

Uses DNase1 endonuclease to digest the DNA in areas depleted of nucleosomes, thus identifying areas genome
wide of open chromatin where regulatory factors typically bind, although it does not identify the specific bound
factors.

ChIP-exo

Uses λ-phage endonuclease digestion of the DNA rather than sonication to greatly improve the resolution of precisely where the factor of interest binds and to remove contaminating DNA.

FAIRE-seq

Formaldehyde-assisted identification of regulatory elements is similar to DNase-seq in that the formaldehyde identifies nucleosome-depleted regulatory regions by extracting the DNA that is not cross-linked to nucleosomes.

ChIP-MNase

Micrococcal nuclease is used to digest the DNA and determine where nucleosomes are present.

Chromatin-capture technologies
(3C, 5C, HiC)

These techniques help map higher-order chromatin structure. 3C, or chromosome conformation capture, is a
method to map local chromosome interactions based on the increased frequency of molecular interactions between
chromosome fragments in close three-dimensional proximity in the nucleus. 5C extends the amount of the genome
that can be assayed and HiC allows the entire genome to be assayed, although at a limited resolution.

ChIA-PET

(Chromatin interaction analysis with paired-end tag sequencing.) This technique is similar to the chromatin capture
technologies above, but it employs a chromatin immunoprecipitation step to show how higher-order chromatin
structure affects transcription.

© 2013 The Society for Investigative Dermatology
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Figure 2. Basic epigenome browser view. This view highlights an ~9-Kb
segment of the KRT5 gene, with the dark blue rectangles and lines depicting
the gene structure. Profiled cells are primary cultured neonatal foreskin
keratinocytes (KCs, top) and fibroblasts (bottom). These KCs express KRT5,
whereas fibroblasts do not. Starting from the top, there are high levels of
H3K4me3 histone modification signal (associated with active transcription) at
the promoter in KCs (depicted in green). In pink, H3K27me3 signal (associated
with gene repression) shows low levels in KCs. Regions of methylated DNA are
depicted in brown, with minimal signal in KCs and high levels in fibroblasts.
Unmethylated DNA is depicted with light blue vertical bars and shows a
high number of sequencing peaks for KCs compared with a low number for
fibroblasts. Reprinted with permission from Cheng and Cho, 2012.

protocol have created complementary assays that have
enhanced our ability to interrogate chromatin modifications and gain different information (Table 1).
The initial step in ChIP-seq involves cross-linking DNA
and protein in a population of cells with formaldehyde.
The chromatin is then sonicated into small fragments of
roughly 200–600 base pairs. An antibody to the protein
or histone modification of interest is used to immunoprecipitate the DNA–protein complex. Input DNA (the part of
the sample that is removed prior to the immunoprecipitation step) is the most common control. The cross-links are
then reversed to allow the DNA to be assayed by creating a DNA library for next-generation sequencing. During
library preparation, the DNA is selected for its size by gel
electrophoresis, typically in the range of 200–300 base
pairs. The DNA is then amplified by polymerase chain
reaction prior to sequencing (Furey, 2012; Park, 2009).
Most ChIP-seq experiments have been performed
with the Illumina Genome Analyzer, and they typically
produce 8–15 million sequence reads, which are then
mapped back to the human genome to look for peaks of
signal enrichment of statistical significance relative to the
control. Establishing these peaks is highly dependent on
threshold settings. Sharp peaks often define transcription
factor binding sites, whereas broad peaks often represent
large domains (Figure 2). In general, the more common a
histone modification is across the genome, the greater the
number of sequence reads required to accurately map it.

Similarly, the specificity and sensitivity (i.e., affinity) of the
polyclonal antibodies used is one of the most important
determinants of the success of the experiment. Antibodies
can vary not only from different companies, but also from
batch to batch (Furey, 2012; Park, 2009). Development of
monoclonal antibodies for histone modifications is helping to ameliorate these antibody variation issues.
Both underlying genetic and environmental factors can
influence the underlying chromatin state. Therefore, it is
important to keep in mind that ChIP captures a particular
modification at a particular moment in time, and its results
are limited by the fact that chromatin can have stable differences both across varying cell populations and within
a population of a particular cell type that may be of variable heterogeneity (Zhou et al., 2011). Thus, to make final
conclusions, the results of multiple ChIP experiments must
be aligned and compared. Other quality-control measures
include testing independent antibodies, given the possibility of nonspecific binding and cross-reactivity of similar
histone modifications, and RNA interference against the
enzymes responsible for adding the modifying group or,
alternatively, mass spectrometry.

QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

1. Heterochromatin refers to:
A. Actively transcribed regions of DNA to which
transcription factors actively bind.
B. The core structure around which 147 base pairs
of DNA bind.
C. Constitutively closed and transcriptionally
repressed areas of genome organization.
D. Areas of the genome marked by the histone
modification H3K4me3.
2. The major role of ChIP-seq experiments lies in:
A. 
The ability to map DNA methylation patterns
across the genome.
B. The ability to map the bound histone modifications and other proteins bound to chromatin
across the genome.

LIMITATIONS

ChIP reports only relative, and not absolute, enrichment
of particular modifications across the genome; thus, it is
not always possible to infer biological relevance when signals are more subtle. The technique is inherently biased
in that one must know the particular protein or histone
modification one seeks prior to starting the procedure.
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C. The ability to analyze gene expression changes
with changes in chromatin modifications.
D. The ability to associate single-nucleotide polymorphisms with various disease states.

© 2012 The Society for Investigative Dermatology
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THE FUTURE

ChIP and its variations (discussed in Table 1) are providing investigators with powerful tools to study the epigenome
and its role in normal and diseased states. Next-generation
sequencing technologies have allowed comprehensive
genome-wide perspectives through both ChIP-seq and its
variations (Table 1), as well as other techniques such as
whole-genome bisulfite sequencing for the study of DNA
methylation. These techniques are likely to become more
common and streamlined as sequencing technology continues
to improve—for example, as sensitive and fast techniques such
as nanopore sequencing become available. Many important
questions remain, from how epigenetic marks are inherited
to dissecting precisely how various epigenetic modifications
and global changes in chromatin organization are regulated by
various signals, including environmental exposures and developmental cues. As these mysteries are unraveled, they should
have important implications for many fundamental processes
inherent to dermatology, including processes as diverse as hair
follicle stem-cell differentiation, skin cancer, and skin aging
(Botchkarev et al., 2012; Cheng and Cho, 2012).
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North, South, or East? Blotting Techniques
M.W. Nicholas1 and Kelly Nelson2
Journal of Investigative Dermatology (2013) 133, e10. doi:10.1038/jid.2013.216

One of the cornerstones of modern molecular biology,
blotting is a powerful and sensitive technique for identifying
the presence of specific biomolecules within a sample.
Subtypes of blotting are differentiated by the target
molecule that is being sought. The first of these tech
niques developed was the Southern blot, named for Dr.
Edwin Southern, who developed it to detect specific DNA
sequences (Southern, 1975). Subsequently, the method was
modified to detect other targets. The nomenclature of these
techniques was built around Dr. Southern’s name, resulting
in the terms northern blot (for detection of RNA), western
blot (for detection of protein), eastern blot (for detection
of posttranslationally modified proteins), and south
western blot (for detection of DNA binding proteins). Most
researchers consider the eastern blot and the southwestern
blot variations of western blots rather than distinct entities.
THE BLOTTING PROCESS

The basic principles underlying these techniques are vir
tually identical. First, the target molecules (DNA, RNA, or
protein) are separated by a combination of their size and
charge using the appropriate method of gel electrophoresis;
second, separated molecules are transferred to a mem
brane; and third, the membrane is queried with a probe
directed against the specific molecule of interest (Figure 1).
In the first step, separation of target molecules by gel elec
trophoresis, large target molecules may first be modified to
facilitate movement through the gel. Very large sequences
of DNA are processed with restriction endonucleases to cut
them into smaller pieces. RNAs often require no additional
manipulation, and proteins may be denatured with specific
detergents. Denaturing a protein means “unfolding” it
from its naturally occurring three-dimensional (or tertiary)
structure to a partially or completely linear structure. The
denaturing step also disrupts most protein–protein interac
tions. Most commonly, sodium dodecyl sulfate, a detergent,
is used to denature proteins in this setting. It also provides a
stronger negative charge, which facilitates gel electrophore
sis. The sample is then loaded onto a gel where, in response
to application of an electrical charge, molecules vertically
separate based on size and charge, with smaller and more
charged molecules running through the gel more rapidly

WHAT BLOTTING DOES
• Blotting allows specific and sensitive detection of a
protein (western) or specific DNA or RNA sequence
(Southern, northern) within a large sample isolate.
• Targets are first separated by size/charge via gel
electrophoresis and then identified using a very
sensitive probe.
• Variations of these techniques can detect post
translational modifications and DNA-bound proteins.
• Western blotting may also be used to detect a
circulating antibody in a patient sample or confirm
an antibody’s specificity.

LIMITATIONS
• Blotting is more time- and labor-intensive than
newer techniques and probably not as sensitive.
• Specificity and sensitivity can be altered by the
technique and reagents chosen.
• Determination of the quantity of molecules present
is not as accurate as with newer techniques.
• In the case of western blotting, the tertiary
structure is destroyed and therefore the relevant
epitope recognized by the primary antibody may
not be recognized.

and thus traveling farther than large molecules in the same
period of time. A “ladder” consisting of molecules of stan
dardized and known sizes is run parallel with the samples,
which allows the technician to estimate the size of each
unknown molecule.
In the second step, the molecules are horizontally trans
ferred to a membrane, again using an electrical gradient,
which maintains the vertical separation established by gel
electrophoresis. This step is akin to making a carbon copy,
except the molecules themselves are transferred, rather
than an image.
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CURRENT USE AND NEW TECHNOLOGY

Figure 1. Overview of blotting steps.

Finally, the membrane is treated with probes that bind
only the specific molecule being sought (Figure 1); the type
of probe varies based upon the target molecule. For nucleic
acids (DNA and RNA), the probe is a labeled complementa
ry (antisense) strand that hybridizes to the target sequence.
For proteins, a monoclonal antibody (the primary antibody)
binds to the protein of interest; this is followed by a second
antibody (the secondary antibody), which recognizes the Fc
portion (the “fragment crystallizable” portion, or the “stem”
of the Y shape) of the primary antibody and is itself labeled,
allowing specific detection. This “two-step” method is used
for cost control because labeling each specific monoclo
nal antibody would be quite expensive. Because of the
use of antibodies, the western blot technique is sometimes
referred to as immunoblotting. Regardless of which form of
probe is used, the label may be a radioactive isotope or a
fluorescent or chromogenic dye, all of which allow detec
tion of the presence of the probe under specific conditions.

Blotting techniques have been widely employed for more
than 30 years and have provided the foundation of our
understanding of molecular biology. However, these tech
niques have been largely—and in some cases complete
ly—usurped by new technologies (Table 1). Southern blots
have been replaced by multiple techniques. Real-time PCR
boasts incredible sensitivity; theoretically, this method is
able to detect even a single copy of the target sequence and
compare relative copy numbers across samples rapidly and
reliably, with little technical expertise required. Fluorescent
in situ hybridization (FISH) allows detection of specific
sequences within a tissue sample with high sensitivity and
precise localization. Northern blots have given way to
reverse-transcription real-time PCR, again a more sensitive
and more user-friendly technique. Both PCR and FISH also
boast more accurate determination of the quantity of the
target present, another major advantage.
Western blots are still considered by many to be a gold
standard for examining protein expression, and they are
still used routinely in research. In a single recent issue of
the Journal of Investigative Dermatology, three studies
employed western blotting (Gordon et al., 2013; Kidwai et
al., 2013; Wang et al., 2013). Gordon et al. used it to con
firm the expression of particular proteins in culture. In this
case, the label was a radioisotope, and the images shown
are X-ray films that were incubated layered on the mem
brane. It is important to note that western blotting was used
even though the proteins’ mRNA was detected in the sam
ples; this is because the presence of mRNA does not ensure
the presence of the protein itself (Figure 2).

APPLICATIONS OF BLOTTING

These techniques, particularly the western blot, may also be
used to detect the presence of biological probes (circulat
ing antibodies) to a single protein or group of proteins. For
example, if a patient showed clinical evidence of circulating
antibodies to a skin protein (e.g., collagen VII in epidermoly
sis bullosa acquisita), the target protein could be separated
via gel electrophoresis and transferred to a membrane, which
would then be treated with a serum sample from the patient;
this would act as the primary antibody or probe. If antibod
ies recognizing collagen VII were present, they would bind to
their target protein on the membrane and could be detected
with labeled antihuman Fc antibodies. One could imagine
how this technique might also enable the determination of
targets for unknown circulating autoantibodies by providing
a “slurry” of known proteins for the patient’s serum to react
against. One notable example of a disease illuminated by
this technique is paraneoplastic pemphigus; patients’ serum
was found, via western blot, to contain antibodies recogniz
ing multiple proteins expressed in the epidermis. However, a
significant limitation of the western blot process arises in the
protein denaturing required to allow passage through the gel:
this commonly disrupts the tertiary structure of the protein,
which may compromise the three-dimensional epitope struc
ture required for autoantibody recognition.
© 2013 The Society for Investigative Dermatology

Figure 2. Western blot analysis for expression of various proteins in culture.
Radioactive labeled probes were used and blots were incubated overlying X-ray
film. Reprinted with permission from Gordon et al. (2013).
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Table 1. Blotting techniques
Name

Target

Probes used

Newer alternative techniques

Southern

DNA

Complementary (antisense) sequence of DNA or RNA

PCR, real-time PCR, FISH

Northern

RNA

Complementary sequence of DNA or RNA

RT-PCR, real-time RT-PCR

Western

Protein

Monoclonal antibody

ELISA, immunohistochemistry, immunofluorescence, flow cytometry

Abbreviations: ELISA, enzyme-linked immunosorbent assay; FISH, fluorescent in situ hybridization; RT-PCR, real-time reverse transcription PCR.

Although the western blot continues to enjoy popularity,
newer techniques including immunohistochemistry, immu
nofluorescence, and flow cytometry are more sensitive and
precise, allowing examination of protein expression with
in whole preserved tissues or specific cell types and not
requiring a homogenized sample. ELISA is another tech
nique that has replaced the western blot in many settings;
it may be mass produced to quickly and efficiently detect
a known target and is frequently cheaper and less techno
logically complex than a western blot. Determination of
the quantity of protein present is also more accurate and
straightforward when compared with western blot. Another
key advantage of ELISA (enzyme-linked immunosorbent
assay) is that it does not typically require disruption of the
three-dimensional structure of a target protein, allowing
preservation of immunologic epitopes. However, in many
settings, western blot can be rapidly and relatively inexpen
sively employed and may often provide the answer sought,
thus explaining its continued popularity.
USE IN CLINICAL PRACTICE

Although these techniques are not frequently used in current
clinical practice, they do have their place. Western blots are
used to diagnose infectious diseases—most commonly and
famously, HIV. Some clinical immunofluorescence labora
tories employ western blotting techniques as confirmatory
tests as well (such as detecting circulating anti–collagen VII
antibody in epidermolysis bullosa acquisita or multiple anti–
self proteins in paraneoplastic pemphigus, as above). Often,
however, these clinical applications are supplanted by massproduced ELISA with reduced cost and expedited throughput.
CONFLICT OF INTEREST
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SUPPLEMENTARY MATERIAL

Answers and a PowerPoint slide presentation appropriate for journal club or
other teaching exercises are available at http://dx.doi.org/10.1038/jid.2013.216.

Corrigendum
In the recent article, “North, South, or East? Blotting Techniques”, the authors
referred to a recent example of the use of this technique from Gordon et al.
(“Alteration of the EphA2/Ephrin-A Signaling Axis in Psoriatic Epidermis”;
J Invest Dermatol 133:712-722, 2013). The authors were incorrect in
describing the probe Gordon et al. used for this experiment: the secondary
antibodies were labeled with peroxidase, not radioisotope; the secondary
antibodies were then detected by enhanced chemiluminescence using X-ray
film. Although the current article addresses that primary and secondary
antibodies are virtually always employed in this technique, it was not
specified that this was the case in the highlighted example. The authors regret
the error.
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QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

1. The target molecule type for Southern blotting is:
A. RNA.
B. DNA.
C.

Protein.

D. Lipids.
2. Limitations of the western blot technique include all
of the following except:
A. Low specificity.
B. Loss of antibody epitope with denaturing.
C. Less accurate determination of quantity.
D. Higher cost as compared with ELISA.
3. Which of the following techniques is most
commonly employed in modern research?
A. Southern blot.
B. Northern blot.
C. Western blot.
D. Eastern blot.
4. Place the following blotting steps in order:
A. Transfer to membrane.
B. Detect probe.
C. Separate via gel electrophoresis.
D. Treat with probe.

© 2013 The Society for Investigative Dermatology
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Next-Generation Sequencing: Methodology and Application
Ayman Grada1 and Kate Weinbrecht2
Journal of Investigative Dermatology (2013) 133, e11. doi:10.1038/jid.2013.248

INTRODUCTION

Nucleic acid sequencing is a method for determining
the exact order of nucleotides present in a given DNA or
RNA molecule. In the past decade, the use of nucleic acid
sequencing has increased exponentially as the ability to
sequence has become accessible to research and clinical labs all over the world. The first major foray into DNA
sequencing was the Human Genome Project, a $3 billion,
13-year-long endeavor, completed in 2003. The Human
Genome Project was accomplished with first-generation
sequencing, known as Sanger sequencing. Sanger sequencing (the chain-termination method), developed in 1975
by Edward Sanger, was considered the gold standard for
nucleic acid sequencing for the subsequent two and a half
decades (Sanger et al., 1977).
Since completion of the first human genome sequence,
demand for cheaper and faster sequencing methods has
increased greatly. This demand has driven the development of second-generation sequencing methods, or nextgeneration sequencing (NGS). NGS platforms perform
massively parallel sequencing, during which millions of
fragments of DNA from a single sample are sequenced in
unison. Massively parallel sequencing technology facilitates high-throughput sequencing, which allows an entire
genome to be sequenced in less than one day. In the past
decade, several NGS platforms have been developed that
provide low-cost, high-throughput sequencing. Here we
highlight two of the most commonly used platforms in
research and clinical labs today: the LifeTechnologies Ion
Torrent Personal Genome Machine (PGM) and the Illumina
MiSeq. The creation of these and other NGS platforms has
made sequencing accessible to more labs, rapidly increasing the amount of research and clinical diagnostics being
performed with nucleic acid sequencing.
OVERVIEW OF THE METHODOLOGY

Although each NGS platform is unique in how sequencing is accomplished, the Ion Torrent PGM and the Illumina
MiSeq have a similar base methodology that includes template preparation, sequencing and imaging, and data analysis
(Metzker, 2010). Within each generalized step, the individual

WHAT NGS DOES
• NGS provides a much cheaper and higherthroughput alternative to sequencing DNA than
traditional Sanger sequencing. Whole small
genomes can now be sequenced in a day.
• High-throughput sequencing of the human
genome facilitates the discovery of genes and
regulatory elements associated with disease.
• Targeted sequencing allows the identification
of disease-causing mutations for diagnosis of
pathological conditions.
• RNA-seq can provide information on the entire
transcriptome of a sample in a single analysis
without requiring previous knowledge of the
genetic sequence of an organism. This technique
offers a strong alternative to the use of microarrays
in gene expression studies.

LIMITATIONS
• NGS, although much less costly in time and money
in comparison to first-generation sequencing, is
still too expensive for many labs. NGS platforms
can cost more than $100,000 in start-up costs, and
individual sequencing reactions can cost upward of
$1,000 per genome.
• Inaccurate sequencing of homopolymer regions
(spans of repeating nucleotides) on certain NGS
platforms, including the Ion Torrent PGM, and
short-sequencing read lengths (on average 200–500
nucleotides) can lead to sequence errors.
• Data analysis can be time-consuming and may
require special knowledge of bioinformatics to
garner accurate information from sequence data.

platforms discussed have unique aspects. An overview of the
sequencing methodologies discussed is provided in Figure 1.
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Template preparation

Data analysis

Template preparation consists of building a library of nucleic
acids (DNA or complementary DNA (cDNA)) and amplifying that library. Sequencing libraries are constructed by fragmenting the DNA (or cDNA) sample and ligating adapter
sequences (synthetic oligonucleotides of a known sequence)
onto the ends of the DNA fragments. Once constructed,
libraries are clonally amplified in preparation for sequencing.
The PGM utilizes emulsion PCR on the OneTouch system to
amplify single library fragments onto microbeads, whereas
the MiSeq utilizes bridge amplification to form template clusters on a flow cell (Berglund et al., 2011; Quail et al., 2012).

Once sequencing is complete, raw sequence data must
undergo several analysis steps. A generalized data analysis
pipeline for NGS data includes preprocessing the data to
remove adapter sequences and low-quality reads, mapping
of the data to a reference genome or de novo alignment of
the sequence reads, and analysis of the compiled sequence.
Analysis of the sequence can include a wide variety of bioinformatics assessments, including genetic variant calling for
detection of SNPs or indels (i.e., the insertion or deletion of
bases), detection of novel genes or regulatory elements, and
assessment of transcript expression levels. Analysis can also
include identification of both somatic and germline mutation
events that may contribute to the diagnosis of a disease or
genetic condition. Many free online tools and software packages exist to perform the bioinformatics necessary to successfully analyze sequence data (Gogol-Döring and Chen, 2012).

Sequencing and imaging

To obtain nucleic acid sequence from the amplified libraries, the Ion Torrent PGM and the MiSeq both rely on
sequencing by synthesis. The library fragments act as a
template, off of which a new DNA fragment is synthesized.
The sequencing occurs through a cycle of washing and
flooding the fragments with the known nucleotides in a
sequential order. As nucleotides incorporate into the growing DNA strand, they are digitally recorded as sequence.
The PGM and the MiSeq each rely on a slightly different
mechanism for detecting nucleotide sequence information.
The PGM performs semiconductor sequencing that relies
on the detection of pH changes induced by the release of
a hydrogen ion upon the incorporation of a nucleotide into
a growing strand of DNA (Quail et al., 2012). By contrast,
the MiSeq relies on the detection of fluorescence generated
by the incorporation of fluorescently labeled nucleotides
into the growing strand of DNA (Quail et al., 2012).

APPLICATIONS

The applications of NGS seem almost endless, allowing for
rapid advances in many fields related to the biological sciences. Resequencing of the human genome is being performed to identify genes and regulatory elements involved in
pathological processes. NGS has also provided a wealth of
knowledge for comparative biology studies through wholegenome sequencing of a wide variety of organisms. NGS
is applied in the fields of public health and epidemiology
through the sequencing of bacterial and viral species to facilitate the identification of novel virulence factors. Additionally,
gene expression studies using RNA-Seq (NGS of RNA) have
begun to replace the use of microarray analysis, providing
researchers and clinicians with the ability to visualize RNA
expression in sequence form. These are simply some of the
broad applications that begin to skim the surface of what
NGS can offer the researcher and the clinician. As NGS continues to grow in popularity, it is inevitable that there will be
additional innovative applications.
NGS IN PRACTICE

Figure 1. Next-generation sequencing methodology.

© 2013 The Society for Investigative Dermatology

Whole-exome sequencing
Mutation events that occur in gene-coding or control
regions can give rise to indistinguishable clinical presentations, leaving the diagnosing clinician with many possible
causes for a given condition or disease. With NGS, clinicians are provided a fast, affordable, and thorough way to
determine the genetic cause of a disease. Although highthroughput sequencing of the entire human genome is possible, researchers and clinicians are typically interested in
only the protein-coding regions of the genome, referred to as
the exome. The exome comprises just over 1% of the genome
and is therefore much more cost-effective to sequence than
the entire genome, while providing sequence information for
protein-coding regions.
Exome sequencing has been used extensively in the past
several years in gene discovery research. Several gene discovery studies have resulted in the identification of genes
that are relevant to inherited skin disease (Lai-Cheong and
McGrath, 2011). Exome sequencing can also facilitate the
www.jidonline.org
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or clinicians to include specific genomic regions of interest.
In addition, sequencing panels that target common regions of
interest can be purchased for clinical use; these include panels that target hotspots for cancer-causing mutations (Rehm,
2013). Targeted sequencing—whether of individual genes or
whole panels of genomic regions—aids in the rapid diagnosis of many genetic diseases. The results of disease-targeted
sequencing can aid in therapeutic decision making in many
diseases, including many cancers for which the treatments
can be cancer-type specific (Rehm, 2013).

QUESTIONS
Answers are available as supplementary material online
and at http://www.scilogs.com/jid/.

Figure 2. Clinical application of whole-exome sequencing in the detection
of two disease-causing mutations. Reprinted from Cullinane et al., 2011.

identification of disease-causing mutations in pathogenic
presentations where the exact genetic cause is not known.
Figure 2 (Cullinane et al., 2011) demonstrates the direct
effect that NGS can have on the correct diagnoses of a
patient. It summarizes the use of homozygosity mapping
followed by whole-exome sequencing to identify two disease-causing mutations in a patient with oculocutaneous
albinism and congenital neutropenia (Cullinane et al., 2011).
Figure 2a and 2b display the phenotypic traits common to
oculocutaneous albinism type 4 and neutropenia observed
in this patient. Figure 2c is a pedigree of the patient’s family,
both the affected and unaffected individuals. The idiogram
(graphic chromosome map) in Figure 2d highlights the
areas of genetic homozygosity. These regions were identified by single-nucleotide-polymorphism array analysis and
were considered possible locations for the disease-causing
mutation(s). Figures 2e and 2f display chromatograms for the
two disease-causing mutations identified by whole-exome
sequencing. Figure 2e depicts the mutation in SLC45A2, and
Figure 2f depicts the mutation in G6PC3. This case portrays
the valuable role that NGS can play in the correct diagnosis of an individual patient who displays disparate symptoms
with an unidentified genetic cause.
Targeted sequencing

Although whole-genome and whole-exome sequencing are
possible, in many cases where a suspected disease or condition has been identified, targeted sequencing of specific
genes or genomic regions is preferred. Targeted sequencing
is more affordable, yields much higher coverage of genomic
regions of interest, and reduces sequencing cost and time
(Xuan et al., 2012). Researchers have begun to develop
sequencing panels that target hundreds of genomic regions
that are hotspots for disease-causing mutations. These panels target only desired regions of the genome for sequencing, eliminating the majority of the genome from analysis.
Targeted sequencing panels can be developed by researchers
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1. The basic methodological steps of NGS include
the following:
A. Template preparation, emulsion PCR, sequencing,
data analysis.
B. Template preparation, sequencing and imaging,
data analysis.
C. Template amplification, sequencing and imaging,
data analysis.
D. Template preparation, sequencing and imaging,
alignment to a reference genome.
E. DNA fragmentation, sequencing, data analysis.
2. Advantages of targeted sequencing as opposed to
full-genome, exome, or transcriptome sequencing
include the following:
A. Affordable and efficient for quickly interrogating
particular genomic regions of interest.
B. Provides a deeper coverage of genomic regions
of interest.
C. Can be utilized in deciding a therapeutic plan of
action for both germline and somatic cancers.
D. Detects and quantifies low-frequency variants
such as rare drug-resistant viral mutations
(e.g., HIV, hepatitis B virus, or microbial pathogens).
E. All of the above.
3. Applications of NGS in medicine include the following:
A. Detecting mutations that play a role in diseases
such as cancer.
B. Identifying genes responsible for inherited skin
diseases.
C.

Determining RNA expression levels.

D. Identifying novel virulence factors through
sequencing of bacterial and viral species.
E. All of the above.

© 2013 The Society for Investigative Dermatology
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Enzyme Immunoassay and Enzyme-Linked
Immunosorbent Assay
Stephanie D. Gan1 and Kruti R. Patel2
Journal of Investigative Dermatology (2013) 133, e12. doi:10.1038/jid.2013.287

INTRODUCTION

Enzyme immunoassay (EIA) and enzyme-linked immunosorbent assay (ELISA) are both widely used as diagnostic tools in
medicine and as quality control measures in various industries;
they are also used as analytical tools in biomedical research
for the detection and quantification of specific antigens or antibodies in a given sample. These two procedures share similar
basic principles and are derived from the radioimmunoassay
(RIA). RIA was first described by Berson and Yalow (Yalow and
Berson, 1960), for which Yalow was awarded the Nobel Prize
in 1977, to measure endogenous plasma insulin. RIA was then
developed into a novel technique to detect and measure biological molecules present in very small quantities, paving the
way for the analysis and detection of countless other biological molecules, including hormones, peptides, and proteins.
Because of the safety concern regarding its use of radioactivity,
RIA assays were modified by replacing the radioisotope with an
enzyme, thus creating the modern-day EIA and ELISA.
GENERAL PRINCIPLES

EIA/ELISA uses the basic immunology concept of an antigen
binding to its specific antibody, which allows detection of very
small quantities of antigens such as proteins, peptides, hormones, or antibody in a fluid sample. EIA and ELISA utilize
enzyme-labeled antigens and antibodies to detect the biological molecules, the most commonly used enzymes being
alkaline phosphatase (EC 3.1.3.1) and glucose oxidase (E.C.
1.1.3.4). The antigen in fluid phase is immobilized, usually in
96-well microtiter plates. The antigen is allowed to bind to a
specific antibody, which is itself subsequently detected by a
secondary, enzyme-coupled antibody. A chromogenic substrate for the enzyme yields a visible color change or fluorescence, indicating the presence of antigen. Quantitative or
qualitative measures can be assessed based on such colorimetric reading. Fluorogenic substrates have higher sensitivity and
can accurately measure levels of antigen concentrations in the
sample. The general procedure for ELISA is outlined in Figure 1.
Various types of ELISAs have been employed with modification to the basic steps described in Figure 1. The key step in

WHAT ENZYME-LINKED
IMMUNOSORBENT ASSAY (ELISA) DOES
• ELISA is a biochemical assay that uses antibodies
and an enzyme-mediated color change to detect
the presence of either antigen (proteins, peptides,
hormones, etc.) or antibody in a given sample.
• Both “indirect” and “sandwich” ELISAs allow
detection of antigen or antibody at very low
concentrations.
• The competitive method detects compositional
differences in complex antigen mixtures with
high sensitivity, even when the specific detecting
antibody is present in relatively small amounts.
• Multiple and portable ELISA is a ready-to-use,
low-cost lab kit that is ideal for large population
screening in low-resource settings.

LIMITATIONS
• The enzyme-mediated color change will react
indefinitely. Over a sufficiently long period of time,
the color strength will inaccurately reflect the
amount of primary antibody present, yielding falsepositive results.
• To detect a given antibody or antigen, a known
reciprocal antigen or antibody must be generated.
• Nonspecific binding of the antibody or antigen to
the plate will lead to a falsely high-positive result.

the ELISA assay is the direct or indirect detection of antigen by
adhering or immobilizing the antigen or antigen-specific capture antibody, respectively, directly onto the well surface. For
sensitive and robust measurements, the antigen can be specifically selected out from a sample of mixed antigens via a
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to the specific test antigen to select it out of the serum, as
illustrated in the sandwich technique below.
Sandwich ELISA

Figure 1. Enzyme-linked immunosorbent assay (ELISA) technique used
to detect an antigen in a given sample. The antigen (in liquid phase) is
added to the wells, where it adheres to the walls. Primary antibody binds
specifically to the antigen. An enzyme-linked secondary antibody is added
that reacts with a chromogen, producing a color change to quantitatively or
qualitatively detect the antigen.

“capture” antibody. The antigen is thus “sandwiched” between
such capture antibody and a detection antibody. If the antigen to be measured is small in size or has only one epitope
for antibody binding, a competitive method is used in which
either the antigen is labeled and competes for the unlabeled
antigen–antibody complex formation or the antibody is labeled
and competes for the bound antigen and antigen in the sample.
Each of these modified techniques of ELISA can be used for a
qualitative and quantitative purpose.
TYPES OF ELISA
Indirect ELISA

A sample that must be analyzed for a specific antigen is adhered
to the wells of a microtiter plate, followed by a solution of nonreacting protein such as bovine serum albumin to block any areas
of the wells not coated with the antigen. The primary antibody,
which binds specifically to the antigen, is then added, followed
by an enzyme-conjugated secondary antibody. A substrate
for the enzyme is introduced to quantify the primary antibody
through a color change. The concentration of primary antibody
present in the serum directly correlates with the intensity of the
color. One application of the indirect ELISA method is demonstrated by Haapakoski et al. (2013), who investigated the role
of Toll-like receptor activation during cutaneous allergen sensitization using ovalbumin (OVA) in the modulation of allergic
asthma. In one experiment, dermal exposure to Toll-like receptor
ligands (lipopolysaccharide, Pam3Cys, P(I:C)) was demonstrated
to downregulate OVA-specific IgE antibodies in serum, as measured by the indirect ELISA technique (Figure 2).
A main disadvantage of indirect ELISA is that the method of antigen immobilization is not specific. When serum
is used as the test antigen, all proteins in the sample may
adhere to the wells of a microtiter plate. This limitation,
however, can be overcome using a capture antibody unique
© 2013 The Society for Investigative Dermatology

The sandwich technique is used to identify a specific sample antigen. The well surface is prepared with a known quantity of bound
antibody to capture the desired antigen. After nonspecific binding
sites are blocked using bovine serum albumin, the antigen-containing sample is applied to the plate. A specific primary antibody
is then added that “sandwiches” the antigen. Enzyme-linked secondary antibodies are applied that bind to the primary antibody.
Unbound antibody–enzyme conjugates are washed off. Substrate
is added and is enzymatically converted to a color that can be
later quantified. Canady et al. (2013) analyzed patient sera using
the sandwich method to detect enhanced keratinocyte growth
factor (KGF) levels in the sera of keloid and scleroderma patients
compared to healthy controls to quantify human KGF (Figure 3).
One advantage of using a purified specific antibody to capture
antigen is that it eliminates the need to purify the antigen from a
mixture of other antigens, thus simplifying the assay and increasing its specificity and sensitivity.
Competitive ELISA

The key event of competitive ELISA is the process of competitive reaction between the sample antigen and antigen bound
to the wells of a microtiter plate with the primary antibody.
First, the primary antibody is incubated with the sample antigen and the resulting antibody–antigen complexes are added
to wells that have been coated with the same antigen. After
an incubation period, any unbound antibody is washed off.
The more antigen in the sample, the more primary antibody
will be bound to the sample antigen. Therefore, there will be
a smaller amount of primary antibody available to bind to the
antigen coated on the well. Secondary antibody conjugated to
an enzyme is added, followed by a substrate to elicit a chromogenic or fluorescent signal. Absence of color indicates the
presence of antigen in the sample.
The main advantage of competition ELISA is its high sensitivity
to compositional differences in complex antigen mixtures, even
when the specific detecting antibody is present in relatively small
amounts (Dobrovolskaia et al., 2006). This method can be used
to determine the potency of U.S. standardized allergen extracts
(Dobrovolskaia et al., 2006) and to measure the total antibodies
to the capsular polysaccharide of Haemophilus influenzae type

Figure 2. Indirect enzyme-linked immunosorbent assay (ELISA). Dermal exposure
to Toll-like receptor ligands (lipopolysaccharide, Pam3Cys, P(I:C)) was demonstrated
to downregulate ovalbumin-specific IgE antibodies in serum, as measured by the
indirect ELISA technique. Reprinted from Haapakoski et al. (2013).
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QUESTIONS
This article has been approved for 1 hour of Category 1 CME Credit. To take the quiz,
with or without CME credit, follow the link under the "CME CREDIT" header.

1. Which of the following molecule(s) can be detected
by ELISA?
A. Proteins.

Multiple and portable ELISA

B. Hormones.

Multiple and portable ELISA is a new technique that uses a multicatcher device with 8 or 12 immunosorbent protruding pins
on a central stick that can be immersed in a collected sample.
The washings and incubation with enzyme-conjugated antigens
and chromogens are performed by dipping the pins in prefilled
microwells with reagents. The main advantage of these ready-touse lab kits is that they are relatively inexpensive, can be used
for large population screening, and do not require skilled personnel or laboratory equipment, making them an ideal tool for
low-resource settings (Balsam et al., 2013). Clinical applications
include point-of-care detection of infectious diseases, bacterial
toxins, oncologic markers, and drug screening.

C. Antibodies.

SUMMARY

EIA/ELISA is a powerful method not only for general biomedical research but also as a diagnostic tool. It allows detection of
all types of biological molecules at very low concentrations and
quantities. Although it has its limitations, EIA/ELISA remains an
important tool in both clinical and basic research, as well as in
clinical diagnostics.
CME Credit

This article has been approved for 1 hour of Category 1 CME Credit.
To take the online quiz, follow the link below:
http://www.classmarker.com/online-test/start/?quiz=yxk51dc7bff36258
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D. All of the above.
2. What does a weak color signal in competitive ELISA
represent?
A. More antigen in the sample.
B. Less antigen in the sample.
C. Less antigen retained on the well.
D. Both a and c.
3. Which of the following is immobilized on the
microtiter well in sandwich ELISA?
A. Detection antibody.
B. Sample.
C. Capture antibody.
D.

Secondary antibody conjugated to an enzyme.

4. What is a major advantage of ELISA in comparison
to other biological quantification techniques?
A. Detection of a molecule at a low concentration.
B. Inexpensive.
C. Low specificity.
D.

Easily available.

© 2012
2013 The Society for Investigative Dermatology

rtMS.e1 answers 

RTMS.e1 Flow Cytometry
QUESTIONS

ANSWERS

1. Side scatter (SSC) and forward scatter (FSC)
provide information on ___________and _________,
respectively.

1. B. Granularity, size. Side scatter (SSC) provides information that correlates to the cell granularity, whereas forward
scatter (FSC) is a marker of cell size. With the aid of these
two parameters and a few other stains, commercial blood
analyzers are able to generate complete blood counts with
differentials. Remember, flow cytometry cannot provide
information on tissue architecture or cell–cell interactions because the cells must be suspended in solution for
flow analysis. Flow cytometry can provide information on
cell-surface markers and intracellular signaling, but this is
performed using fluorophore-labeled antibodies, whereas
measuring SSC and FSC does not require antibodies.

A. Tissue architecture, granularity.
B. Granularity, size.
C. Size, cell–cell interactions.
D. Cell-surface markers, intracellular signaling.

2. “Gating” refers to:
A. The process of cells lining up single file before
entering the laser path.
B. The field the cells enter during the sorting process.
C. The restriction of a portion of the analyzed cells
for further analysis.
D. The overlapping fluorophore signals generated
in flow experiments with many fluorophores.

3. In a fluorescent by fluorescent scatter plot, cells
present in the upper right quadrant of the plot are
generally:
A. Negative for one marker, positive for the other.
B. Negative for both markers.
C. Positive for aberrant marker expression.
D. Positive for both markers.

© 2013 The Society for Investigative Dermatology

2. C. The restriction of a portion of the analyzed cells
for further analysis. Gating refers to the process of selecting cell subsets of interest from parent populations during flow cytometry data analysis. For example, in a blood
sample FSC and SSC can be used to define the lymphocyte
region, and a second gate can be placed around CD3+
cells to discern them from CD3- natural killer cells. The
field that the cells enter for a sorting is usually an electromagnetic field that separates based on charge. The overlapping signals generated from multiple fluorophores are
termed “spillover.”

3. D. Positive for both markers. The interpretation of the
basic fluorescent by fluorescent scatter plot is important
because virtually all flow experiments employ them. Cells
in the upper right are positive for both markers, whereas cells in the bottom left are generally negative for both
markers. The other two quadrants are negative for one
marker and positive for the other, as depicted in Figure
3(iii). Also, the axes for fluorescent by fluorescent plots
are displayed logarithmically, meaning that even small
visual differences reflect potentially large differences in
fluorophore expression.

www.jidonline.org
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RTMS.e2 The Role of Systematic Reviews
and Meta-analysis in Dermatology
QUESTIONS

ANSWERS

1. GRADE and SORT describe which of the following?

1. D. 
2. A. 

A. Techniques for assessing the risk of bias in
individual studies.
B. G
 uidelines on how to report systematic reviews
and meta-analyses.
C. Types of fixed-effect models used in statistical
meta-analysis.
D. M
 ethods for rating the strength of clinical
recommendations.

2. W
 hich of the following is true regarding
random-effects models?
A. They are generally considered more
appropriate if the I2 value is >40%.
B. They are rarely used in meta-analysis.
C. They are often employed to assess the risk
of bias in individual studies.
D. They are most appropriate when betweenstudy heterogeneity is low.
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RTMS.e3 Introduction to Confocal Microscopy
QUESTIONS

ANSWERS

1. F eatures of confocal microscopy include which
of the following?

1.
2.
3.
4.

A. Formation of the focal point of the objective
lens on a pinhole to decrease “noise.”

E.
B.
D.
C.

B. Increase in the optical resolution and
contrast of the image.
C. Ability to reconstruct a 3-D image of the
specimen.
D. Ability to collect serial optical sections from
thick specimens.
E. All of the above.

2. W
 hich microscope uses a series of moving pinholes
on a disk?
A. Programmable array microscope.
B. Spinning-disk confocal microscope.
C. Scanning transmission electron microscope.
D. Phase-contrast microscope.

3. What is the role of a photomultiplier tube?
A. It collects fluorescence at the dichroic mirror.
B. It provides the excitation light.
C. It scans the emitted light.
D. It detects the emitted light.

4. W
 hat may be the consequence of using two different
fluorescent dyes?
A. Photobleaching.
B. Phototoxicity.
C. Chromatic and spherical aberration.
D. Less-detectable photons.

© 2013 The Society for Investigative Dermatology
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RTMS.e4 Immunofluorescence Techniques
QUESTIONS

ANSWERS

1. What is the purpose of Michel’s solution?

1. D.
2. A.
3. B.

A. Fix the tissue before detection.
B. Cross-link cellular components to retain the
integrity of cellular structures.
C. Disrupt plasma membranes to give antibodies access to their target antigens.
D. Precipitate the immune complexes to
preserve antigenicity.

2. H
 ow many additional antibodies are required to
detect autoimmune complexes?
A. 1.
B. 2.
C. 3.
D. 4.

3. W
 hich of the following techniques is more sensitive
than immunofluorescence for the diagnosis of some
autoimmune bullous diseases?
A. Light microscopy.
B. ELISA.
C. Dermatoscope.
D. Western blot.
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rtMS.e5 answers 

RTMS.e5 Comparative Effectiveness Research
QUESTIONS

ANSWERS

1. S
 tudy designs used for comparative effectiveness
research include which of the following?

1. D.
2. B.
3. D.

A. Systematic review.
B. Randomized controlled trial.
C. Cross-sectional study.
D. All of the above.

2. D
 ifferences in survival between two treatment groups
are best compared using which of the following statistical methods?
A. Paired t test.
B. Log-rank test.
C. ANOVA.
D. Fisher’s exact test.

3. T
 he ICC representing the best degree of agreement
between two diagnostic tools among the following is:
A. <0.01.
B. 0.05.
C. 0.50.
D. 0.95.

© 2013 The Society for Investigative Dermatology
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RTMS.e6 Polymerase Chain Reaction
QUESTIONS

ANSWERS

1. Q
 ualitative PCR and quantitative PCR provide
information on ____________ and ________, respectively.

1. A. Presence/absence of specific DNA product; how
much of a specific DNA product is present. Qualitative
PCR is used to detect the presence or absence of a specific
DNA product. Qualitative PCR is a good technique to use
when PCR is performed for cloning purposes or for identification of a pathogen. On the other hand, quantitative PCR
provides more information beyond the mere detection of
DNA. It is able to indicate how much of a specific DNA or
gene is present in the sample.

A. Presence/absence of specific DNA product; how
much of a specific DNA product is present.
B. H
 ow much of a specific DNA product is
present; presence/absence of DNA product.
C. RNA; DNA.
D. Gene by-products; RNA.
2. T
 he most widely used method of analysis of the PCR
product is:
A. Agarose gel electrophoresis.
B. Western blot.
C. ELISA.
D. FISH.

3. A
 major advantage of using PCR as compared with
other molecular biology techniques is:
A. Low risk of contamination.
B. Rapidity.
C. Low sensitivity.

2. A. Agarose gel electrophoresis. The most widely used and
easiest method for analyzing the PCR product involves agarose gel electrophoresis. It allows determination of the presence and size of the PCR product. A predetermined set of
DNA products with known sizes is run on the gel as molecular markers to help determine the size of the product. The two
other methods for visualizing PCR products are staining of the
amplified DNA product using a chemical dye such as ethidium bromide, which intercalates between the two strands of
the duplex, and labeling the PCR primers or nucleotides with
fluorescent dyes (fluorophores) prior to PCR amplification.
3. B. Rapidity. PCR allows the creation of billions of
copies of a specific DNA fragment or gene, which allows
for detection and identification of gene sequences using
visual techniques based on size and charge. It is a highly sensitive technique and can provide results within a
shorter time frame than that required for most molecular
techniques.

D. Low specificity.

4. The PCR process contains these three steps:
A. Denaturation, transcription, annealing.
B. Annealing, denaturation, transcription.
C. Denaturation, annealing, transcription.
D. Transcription, annealing, denaturation.
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4. C. Denaturation, annealing, transcription. The PCR process can be divided into three main steps. In the denaturation
process, the solution is heated above the melting point of
the two complementary strands of the template DNA, which
allows the strands to separate. Then the annealing process
allows the primers to bind to the specific DNA segment. The
annealing between the primers and the template DNA occurs
only if they are complementary in sequence. The temperature
is raised again, at which point the DNA polymerase is able to
extend the primers by adding nucleotides to the developing
DNA strand, known as transcription. With each repeat of these
three steps, the number of copied DNA molecules doubles.

© 2013 The Society for Investigative Dermatology
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RTMS.e7 Microarray Technique, Analysis,
and Applications in Dermatology
QUESTIONS

ANSWERS

1. T
 he term “array” in microarray refers to the arrangement
of which of the following on the chip?

1. A.
2. A.
3. E.

A. The probe.
B. The target.
C. The fluorophore.
D. The antigen.

2. T
 he most common types of probes used for
microarrays are:
A. Complementary DNA.
B. Single-nucleotide polymorphisms.
C. Antibodies.
D. Double-stranded DNA.

3. Microarray analysis has been used to study:
A. Melanoma.
B. Psoriasis.
C. Cutaneous T-cell lymphoma.
D. Scleroderma.
E. All of the above.

© 2013 The Society for Investigative Dermatology
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RTMS.e8 Fluorescence In Situ Hybridization
QUESTIONS

ANSWERS

1. What does FISH detect?

1.
2.
3.
4.

A. Protein structure abnormalities.
B. S pecific chromosome copy-number aberrations.

B.
D.
D.
C.

C. Presence of specific antigens.
D. Presence of complement.

2. Where does the FISH probe localize to?
A. Golgi apparatus.
B. Cytoplasm.
C. Cell membrane.
D. Nucleus.

3. What is the FISH probe composed of?
A. Proteins.
B. Lipids.
C. Carbohydrates.
D. Nucleic acids.

4. W
 hat is the maximum number of FISH probes that can
be used in a single experiment?
A. Two.
B. Three.
C. Four.
D. Five.
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RTMS.e9 Genome-Wide Epigenetics
QUESTIONS

ANSWERS

1. Heterochromatin refers to:

1. C.
2. B.

A. 
Actively transcribed regions of DNA to which
transcription factors actively bind.
B. The core structure around which 147 base pairs
of DNA bind.
C. Constitutively closed and transcriptionally
repressed areas of genome organization.
D. Areas of the genome marked by the histone
modification H3K4me3.

2. The major role of ChIP-seq experiments lies in:
A. The ability to map DNA methylation patterns
across the genome.
B. The ability to map the bound histone
modifications and other proteins bound to
chromatin across the genome.
C. The ability to analyze gene expression changes
with changes in chromatin modifications.
D. The ability to associate single-nucleotide polymorphisms with various disease states.

© 2013 The Society for Investigative Dermatology
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RTMS.e10 North, South, or East? Blotting Techniques
QUESTIONS

ANSWERS

1. The target molecule type for Southern blotting is:

1.
2.
3.
4.

A. RNA.
B. DNA.

B.
A.
C.
C, A, D, B.

C. Protein.
D. Lipids.

2. L imitations of the western blot technique include all of
the following except:
A. Low specificity.
B. Loss of antibody epitope with denaturing.
C. Less accurate determination of quantity.
D. Higher cost as compared with ELISA.

3. W
 hich of the following techniques is most commonly
employed in modern research?
A. Southern blot.
B. Northern blot.
C. Western blot.
D. Eastern blot.

4. P
 lace the following blotting steps in order:
A. Transfer to membrane. (2)
B. Detect probe. (4)		
C. Separate via gel electrophoresis. (1)
D. Treat with probe. (3)
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RTMS.e11 Next-Generation Sequencing:
Methodology and Application
QUESTIONS

ANSWERS

1. The basic methodological steps of NGS include the following:

1. B.
2. E.
3. E.

A. Template preparation, emulsion PCR,
sequencing, data analysis.
B. Template preparation, sequencing and imaging,
data analysis.
C. Template amplification, sequencing and imaging,
data analysis.
D. Template preparation, sequencing and imaging,
alignment to a reference genome.
E. DNA fragmentation, sequencing, data analysis.
2. A
 dvantages of targeted sequencing as opposed to fullgenome, exome, or transcriptome sequencing include
the following:
A. Affordable and efficient for quickly interrogating
particular genomic regions of interest.
B. P
 rovides a deeper coverage of genomic regions
of interest.
C. Can be utilized in deciding a therapeutic plan of
action for both germline and somatic cancers.
D. D
 etects and quantifies low-frequency variants
such as rare drug-resistant viral mutations (e.g.,
HIV, hepatitis B virus, or microbial pathogens).
E. All of the above.
3. Applications of NGS in medicine include the following:
A. Detecting mutations that play a role in diseases
such as cancer.
B. Identifying genes responsible for inherited skin
diseases.
C. Determining RNA expression levels.
D. Identifying novel virulence factors through
sequencing of bacterial and viral species.
E. All of the above.

© 2013 The Society for Investigative Dermatology

www.jidonline.org

65

rtMS.e12 answers 

RTMS.e12 Enzyme Immunoassay and
Enzyme-Linked Immunosorbent Assay
QUESTIONS

ANSWERS

1. W
 hich of the following molecule(s) can be detected by
ELISA?

1.
2.
3.
4.

A. Proteins.
B. Hormones.

D.
D.
C.
A.

C. Antibodies.
D. All of the above.
2. W
 hat does a weak color signal in competitive ELISA
represent?
A. More antigen in the sample.
B. Less antigen in the sample.
C. Less antigen retained on the well.
D. Both A and C.
3. W
 hich of the following is immobilized on the microtiter
well in sandwich ELISA?
A. Detection antibody.
B. Sample.
C. Capture antibody.
D. Secondary antibody conjugated to an enzyme.
4. W
 hat is a major advantage of ELISA in comparison to
other biological quantification techniques?
A. Detection of a molecule at a low concentration.
B. Inexpensive.
C. Low specificity.
D. Easily available.
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