II. METHODOLOGY TIP—MICROARRAYS

50—-5000 different genes, at the same time. In
using a microarray, expression levels of genes
can be measured by a technique that employ
hybridization.

A DNA microarray takes the form of a solid
support, such as a glass slide, silicon chip, or
nylon membrane, on which single-stranded
DNA (ssDNA) is attached (87). Typically, the
slide or chip is divided into hundreds or thou-
sands of different regions, where ssDNA, cor-
responding to a particular gene of interest, is
attached to each individual region. The micro-
array can even contain ssDNA corresponding
to every single gene in the human genome,
about 50,000 genes. With a tissue biopsy, or
with collected lymphocytes, the researchers
first isolate the mRNA, and use standard tech-
niques for generating single-stranded cDNA
(complementary DNA). The cDNA is modified
by attaching a fluorescent dye. This is followed
by hybridizing the fluorescent cDNA to the
DNA microarray, where the nucleotide
sequence of the ¢cDNA matches closely the
sequence of one particular DNA that is
attached to the slide. Where there is matching,
hybridization occurs, and the signal from
hybridization is processed to take the form of
an array of squares that are colored green or
red. Typically, a green square means that the
expression of the gene is low, while a red
square means that gene expression is high.
Nonbinding fluorescent DNA needs to be
washed away before measuring hybridized
fluorescent DNA.

In published studies of clinical trials, it is
typical for the study to be conducted in two
parts. In the first part, the researcher uses a
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microarray containing a huge number of
genes, perhaps 5000 genes, determines which
genes show increased (or decreased) expres-
sion in patients who are helped by a drug, and
determines which genes show increased (or
decreased) expression in patients who are not
helped by the drug. The researcher identifies
which genes are most altered in the helped
patients, versus in the nonhelped patients.
There may be about 50 genes in this group. In
the second two, the researcher manufactures a
microarray containing these 50 genes, and then
uses this microarray as a tool or device on a
second group of patients. In short, tissue sam-
ples are taken from all patients before starting
drug therapy, and the expression levels of the
50 genes are measured. Then, all subjects
receive the same study drug. After treatment,
the researcher determines whether the helped
patients showed a gene expression profile that
was predicted (or expected) from the predeter-
mined gene profile. If the helped patients actu-
ally did show the expected gene expression
profile, the researcher publishes the results.

According to FDA’s Guidance for Industry
on microarrays, where a microarray is used
in a regulated clinical trial, the investigator
should detail the set of data that was used
to discover the genes in the microarray, as
well as the set of data used to validate the
microarray (88). When a microarray is used,
FDA wants data on the clinical history,
demographic of the human subjects used to
generate both sets of data, as well as informa-
tion on how the genes were chosen. Ioannidis
(89) reviewed methods for validating gene
arrays.
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