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T IS WELL RECOGNIZED THAT DIFFERENT PATIENTS RESPOND IN DIFFER-

ent ways to the same medication. These differences are often greater among

members of a population than they are within the same person at different times
(or between monozygotic twins).* The existence of large population differences with
small intrapatient variability is consistent with inheritance as a determinant of drug re-
sponse; it is estimated that genetics can account for 20 to 95 percent of variability in
drug disposition and effects.2 Although many nongenetic factors influence the effects
of medications, including age, organ function, concomitant therapy, drug interactions,
and the nature of the disease, there are now numerous examples of cases in which in-
terindividual differences in drug response are due to sequence variants in genes encoding
drug-metabolizing enzymes, drug transporters, or drug targets.3-> Unlike other factors
influencing drug response, inherited determinants generally remain stable throughout
a person’s lifetime.

Clinical observations of inherited differences in drug effects were first documented in
the 1950s,%9 giving rise to the field of pharmacogenetics, and later pharmacogenomics.
Although the two terms are synonymous for all practical purposes, pharmacogenomics
uses genome-wide approaches to elucidate the inherited basis of differences between
persons in the response to drugs.

More than 1.4 million single-nucleotide polymorphisms were identified in the ini-
tial sequencing of the human genome,1° with over 60,000 of them in the coding region
of genes. Some of these single-nucleotide polymorphisms have already been associated
with substantial changes in the metabolism or effects of medications, and some are
now being used to predict clinical response.3-5:11 Because most drug effects are deter-
mined by the interplay of several gene products that influence the pharmacokinetics
and pharmacodynamics of medications, including inherited differences in drug targets
(e.g., receptors) and drug disposition (e.g., metabolizing enzymes and transporters),
polygenic determinants of drug effects (Fig. 1) have become increasingly important in
pharmacogenomics. In this review, we focus on the therapeutic consequences of in-
herited differences in drug disposition and drug targets. An accompanying review2
focuses on the pharmacogenetics of drug metabolism. This review is not meant to be
exhaustive; rather, clinically relevant examples are used to illustrate how pharmaco-
genomics can provide molecular diagnostic methods that improve drug therapy.

GENETIC POLYMORPHISMS INFLUENCING DRUG DISPOSITION

The field of pharmacogenetics began with a focus on drug metabolism,2 but it has
been extended to encompass the full spectrum of drug disposition, including a growing
list of transporters that influence drug absorption, distribution, and excretion.3-5,13
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Figure 1. Polygenic Determinants of Drug Response.

The potential effects of two genetic polymorphisms are illustrated, one involving a drug-metabolizing enzyme (top) and the second involving
adrug receptor (middle), depicting differences in drug clearance (or the area under the plasma concentration—time curve [AUC]) and receptor
sensitivity in patients who are homozygous for the wild-type allele (WT/WT), are heterozygous for one wild-type and one variant (V) allele

(WT/V), or have two variant alleles (V/V) for the two polymorphisms. At the bottom are shown the nine potential combinations of drug-metab-
olism and drug-receptor genotypes and the corresponding drug-response phenotypes calculated from data at the top, yielding therapeutic in-
dexes (efficacy:toxicity ratios) ranging from 13 (65 percent:5 percent) to 0.125 (10 percent:80 percent).

DRUG METABOLISM

There are more than 30 families of drug-metabo-
lizing enzymes in humans,3-14 and essentially all
have genetic variants, many of which translate into
functional changes in the proteins encoded. These
monogenic traits are discussed by Weinshilboum.12
But there is an instructive example of a multigenic
effect involving the CYP3A family of P-450 enzymes.
About three quarters of whites and half of blacks
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have a genetic inability to express functional
CYP3A5.15 The lack of functional CYP3A5 may not
be readily evident, because many medications me-
tabolized by CYP3AS are also metabolized by the
universally expressed CYP3A4. For medications that
are equally metabolized by both enzymes, the net
rate of metabolism is the sum of that due to CYP3A4
and that due to CYP3A5; the existence of this dual
pathway partially obscures the clinical effects of ge-
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