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StaRT-PCR™ Aids Pharmacogenomics, Biomarkers and

Molecular Diagnostics

StaRT-PCR™ (Standardized Reverse
Transcription Polymerase Chain Reaction)
is a patented, standardized, quantitative
method for measuring multi-gene expression
levels in a tissue or cell culture sample (1, 2,
3). The platform technique employs
competitive template internal standards
incorporated into Standardized Mixtures of
Internal Standards™ (SMIS™). Since these
SMIS™ enable integrated quality control and
the method yields standardized, highly
reproducible results, SzaRT-PCR™ is
particularly suited for the development
and measurement of biomarkers in
pharmacogenomics and molecular diagnostics
(4, 5, 6, 8). For greater convenience and
easier access to the technology, Gene Express,
Inc. now offers a multi-gene expression analysis
service based on StaR7T-PCR"

We at Gene Express, Inc. are gene expression
specialists serving researchers worldwide with
StaRT-PCR™ that measures transcript
abundance with SMIS™ that contain internal
standards for each gene in every expression
measurement. We consistantly deliver higher
quality and more reproducible data than any
other method through our Standardized
Expression Measurement (SEM) Center™
StaRT-PCR™is the ideal method to measure
gene expression for many reasons.

Two rapidly developing disciplines that
will greatly affect medicine in the near future
are pharmacogenomics and molecular
diagnostics. Pharmacogenomics obtains
genetic information and applies it to the
development of new, more specific and
effective drugs and their rational use in
responsive subpopulations. The area of
molecular diagnostics is focused on the
development of gene-based early diagnostic
tests to determine the genetic background
relative to specific diseases so the most
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Table 1

Available StaRT-PCR™ Assays

Functional or StaRT-PCR™
Disease Category Assays
Angiogenesis 23
Apoptosis 45
Cardiovascular 26
Cell Cycle/Division n
Cell Structure 9
Cytokines 18
Defense/Stress Response 60
Development/Differentiation 42
Diabetes 6
DNA Replication/Repair 33
Intermediary Metabolism 14
Neurotransmission 2
Oncog is/Tumor Supp! 94
Oxidative/Xenobiotic Metaboli 35
Protein Maturation 18
Signal Transduction 123
Tissue Structure 7
Transcription Factors 55
Transport 44

effective therapeutic drug or drugs can be
used. Together these two fields will
revolutionize the way medicine is practiced.
Integral to the success of these two disciplines
is the development of accurate and robust
analytical tools for gene detection and gene
expression analysis.

In only a few situations, the presence or
absence of a particular variation of a single
gene is diagnostic. In the majority of the
situations, a disease phenotype will most
likely be indicated by a specific pattern, or
“signature,” of the expression of multiple
genes. These multi-gene expression patterns
can be identified and detected through the

measurement of the expression levels of the
signature genes. Currently, there are a number
of technologies that are intent on meeting
this goal. Of the available technologies, only
StaRT-PCR™ offers the precision, specificity,
reproducibility, internal quality control and
application to multi-gene expression analysis
that is required for modern drug development
and molecular diagnostics. Table 1 lists

the variety of gene categories for which
StaRT-PCR™ assays are available.

Pharmacogenomics: A New Paradigm
for Drug Development

Traditionally, the development of new
therapeutic drugs has been a risky and costly
endeavor. Much of the cost is due to failures
of target drugs to complete their journey
through the drug development pipeline. In
the drug-approval process, only one out of
10,000 drugs screened in the discovery or
preclinical stage passes through all of the
requirements for FDA approval for use in
humans. The high cost of drug development
has a significant impact on the overall cost
of healthcare.

In an effort to decrease drug development
costs and shorten the development timeline,
pharmaceutical companies are attempting
to approach the targeting and testing of new
drugs in a more rational, systematic fashion.
This approach is embodied in the new field
of pharmacogenomics. Because of the large
amount of genomic information and novel
molecular techniques becoming available,
pharmacogenomics is growing rapidly. The
basic goals of pharmacogenomics are two-
fold. The first is to use the vast knowledge
base and techniques of genomics to better
define drug targets and develop more effective
drugs. The second, (in concert with
molecular diagnostics) is to use genetic
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information to identify individuals in a
population who are responsive to any one
particular drug without undesirable or life-
threatening side effects. The former approach
should shorten the drug development time
and the latter approach should make drug
therapy safer and help to revive drugs that
have failed only because a small but significant
fraction of the population displays
unacceptable side effects. Together these
approaches should lower the cost of drug
development and, thus, the cost of
prescription drugs to the consumer.

Gene Expression Analysis and Its Application
to Pharmacogenomics

The measurement of the expression of
genes is one promising way drug targets or
refractory individuals can be identified. For
example, if a particular gene is involved
in a certain pathological process and is
overexpressed in diseased individuals, then
drugs can be formulated to specifically lower
the expression levels of the gene or inhibit
the activity of the gene product. Also, if a
certain gene product or products is/are found
to cause the destruction or removal of a
particular drug from the body, then the drug
will be less effective in individuals with high
expression levels of the relevant gene(s).
Measuring the expression levels of the relevant
genes can identify individuals with high levels
of drug metabolizing genes. The therapy can
be adjusted according to the results. Gene
expression analysis during drug development
will also help to identify unwanted effects of
a drug on other non-targeted genes.

Molecular Diagnostics: Genetic Diseases
and Their Detection

The DNA in all cells contains the genetic
information necessary for each cell to survive
and perform specialized functions. Any
alteration (mutation) in the DNA may
adversely affect the cell or the organism. If
the alteration does result in an illness, it is
known as a genetic disease. Unlike infectious
diseases, genetic diseases can be transmitted
from individual to individual only through
the gene line. Thus, genetic diseases can be
“contracted” only by inheritance and not by
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casual contact, aerosols or other ways by
which infectious diseases may be transmitted.
Early diagnostic tests for genetic diseases
involved cytogenetics, the microscopic
examination of the chromosomes to identify
abnormalities. One of the earliest genetic
tests applied to the diagnosis of a genetic
disease is the cytogenetic test for Down’s
Syndrome (trisomy 21). Trisomy 21 is
characterized by the appearance of an extra
copy of chromosome 21. The cytogenetic
test for this disease is to examine the
chromosomes through a microscope and
count the number of each chromosome. An
extra copy of chromosome 21 indicates the
presence of Down’s Syndrome.

Over time, it has become obvious that
there are many diseases that have a genetic
basis. The ultimate cause is a variation of a
specific gene or set of genes that results in
the disease phenotype. It is now known that,
for any one gene, there are many variants
present in the population. These variants
may be due to alterations in the DNA base
sequence that defines the gene. Most of the
variants that are present in the population
are not harmful. However, there are some
variations that are harmful to the individual
resulting in a genetic disease. The best method
used to detect any one genetic disease depends
on the nature of the defect. In some cases, it
is best to analyze directly the specific DNA
segment affected using conventional
cytogenetic techniques. Any abnormality
that results in a microscopically observable
variation in the chromosomes can be detected
through classical cytogenetics as with trisomy
21 described above.

Other types of chromosomal defects that
can be detected through cytogenetics include
DNA abnormalities that result from transfer
of a large portion of DNA from one
chromosome to a different chromosome
(translocations). Examples of diseases caused
by translocations include some types of cancer
such as chronic myelogenous leukemia and
Burkitt’s lymphoma. Unfortunately, most
genetic diseases cannot be detected through
the application of classical cytogenetics. This
is because the alterations of the DNA may

be very minor, affecting only a single base or
a few bases of the DNA chain.

Gene Expression Patterns and Their
Application to Molecular Diagnostics

Over the last 20 years, it has become
possible to detect even minor genetic
alterations through the use of molecular
techniques. Some of these molecular
techniques allow researchers and clinicians
to analyze DNA sequences directly or to
determine the amount of specific gene
products. These techniques, in combination
with the vast amount of genetic information
that has become available through the efforts
of the human genome project, have made
molecular diagnostics a medical and
commercial reality. There are still many
issues, however, that must be addressed in
order to make molecular diagnostics and
pharmacogenomics commonplace in
medicine. Among these are the development
of robust and validated molecular methods
that are easily amenable to quality control.
These issues will be addressed toward the
end of this summary.

It is estimated that there are between
30,000 and 35,000 genes in the human
genome. For each of these genes there are
many variants. Some DNA alterations affect
a small number of bases such as the most
common genetic abnormality that results
in cystic fibrosis, the DF508 mutation. This
mutation is the result of a three base deletion
in the CFTR gene, resulting in a protein
product that is missing a phenylalanine and
cannot perform its normal function. The
cystic fibrosis DF508 mutation can be
detected by specific molecular diagnostic
tests that identify the mutation in the DNA.
There are other diseases that can be identified
by testing the DNA for the defining
mutation. Other examples of genetic disease
that are detected by determining the presence
or absence of specific DNA sequences are
Tay-Sachs disease, sickle cell anemia and
phenylketonuria. Scientists are searching
for early diagnostic tests for other genetic
diseases. Some of these tests identify single
base pair changes or SNPs (single nucleotide
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polymorphisms) that are diagnostic for a
particular disease.

However, it is believed that most
genetically based diseases, including many
cancers, are not the result of a single mutation
in a single gene. Rather, it is likely that many
genetic diseases are the result of an altered
expression pattern of specific groups of
genes. If the expression pattern for the
relevant set of genes is known in normal
cells and diseased cells and if this pattern
can be measured, then a molecular diagnostic
test is possible. For this reason, many
scientists are studying the pattern of
expression of many genes in a variety of
normal and diseased tissues to identify the
relevant sets of “signature” genes and the
normal and diseased gene expression pattern
for each disease.

Finding the Needles In the Haystack

As might be expected, trying to identify
which of the 30,000 or so genes provides
relevant drug targets or accurate molecular
diagnostic signatures is a formidable task.
There are a number of strategies that make
the task easier. One of these strategies is to
measure the expression level of genes that
are associated with the phenotype in question
or genes that have functions that may
obviously affect the phenotype. For example,
it is logical that some genes involved in cell
division may be integral to oncogenesis or
that the expression level of some genes
involved in the immune system or the
defense response may indicate a particular
autoimmunity. As more information
becomes available, genes can be placed in
functional or disease categories. Gene
Express, Inc., has targeted many of the genes
involved in cellular functions that may affect

the health of the cell and has developed
StaRT-PCR™ assays for many of these genes.
Table 1 lists the variety of gene categories
for which SzaRT-PCR™ assays are available.
The strategy of measuring genes in a suitable
category for the phenotype in question has
been quite successful in a number of
laboratories (6-31).

Because StaRT-PCR™ uses standardized
reagents, the data remain alive and
comparison between samples and future
experiments is easy. In addition, “normal”
levels of expression can be established. This
latter property of SzaRT-PCR™ will decrease
the need to procure normal tissue samples,
as is necessary with gene expression
techniques that rely on relative quantitation.
It also enables the establishment of a growing,
living database of gene expression
information. The information in the
database can continually be cross-analyzed
and, thus, correlations between phenotypes
and gene expression can be made more

quickly and effectively.

A Practical Example of Identifying and
Using IGEIs™

One of the key ingredients to defining
useful IGEIs™ is the access to numerical
gene expression data. SmRT-PCR™ provides
quantitative, standardized, numerical gene
expression values that can be used to generate
IGEIs™ The technology has been used in a
number of laboratories to obtain gene
expression profiles and to relate these profiles
to phenotypes (2, 4, 6).

DeMuth and colleagues published a
peer-reviewed study exemplifying how
StaRT-PCR™ data can be used to test
hypotheses regarding the correlation between
gene expression and phenotype and to define

IGEIs™ (4). These authors hypothesized

that the expression pattern of a set of genes
could be associated with the malignant
phenotype of human bronchial epithelial
cells. They first identified 15 genes that were
involved in cell cycling and, thus, may also
be associated with malignancy. The
expression levels of these 15 genes were then
determined by StRT-PCR™. Analysis of
the gene expression data indicated that the
expression level of no single gene was
associated with the malignant phenotype.
However, by combining the expression levels
of those genes that were generally altered in
malignant tissue relative to control tissue
and testing a number of mathematical
relationships, it was determined that the
IGEI™ of MYC x EF2/p21 could best
discriminate between malignant and normal
tissue. These studies have been extended to
fine needle aspirate samples of a larger
population with excellent diagnostic
sensitivity and specificity (6). Currently, this
test is in larger validation multicenter study.

Summary

Through pharmacogenomics and
molecular diagnostics, there lies promise for
individualized and more effective
drugs and early diagnostic tests. The
determination of gene expression patterns
will provide information to associate
transcript profiles with phenotypes.
StaRT-PCR™ provides the robust, quality
controlled data that is required for the
development of dependable tests based
on multi-gene expression measurement
(5, 20, 28). StaRT-PCR™ data can be
combined into highly informative Interactive
Gene Expression Indices™ that are highly
informative and applicable to pharm-
aocogenomics and the development of
molecular diagnostics.
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Gene Express, Inc., founded in 1992, is a commercial stage genomic biotechnology
company that sells next-generation, patented, quantitative, standardized multi-
gene expression platform technology (Sz2RTFPCR”). Gene Express sells gene assays
and biomarkers to assist pharmaceutical and biotech companies with new drug
development; clinical diagnostic companies with innovative and patented, molecular
diagnostic tests for cancers, infectious diseases, and other therapeutic areas; and
academic institutions with genomic research. Gene Express provides multi-gene
expression analysis services at its Standardized Expression Measurement (SEM)
Center” on high throughput automated equipment to researchers in the US, Europe
and Japan. Gene Express also designs, produces and markets new gene assay and
biomarker system products that allow standardized, reproducible, cost effective
measurement of multi-gene activity. Assays for multi-gene expression analysis can
be ordered today. Please contact our Business Development Team at 800-820-8341

to find out how Gene Express can add value to your organization.
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