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MULTIPARAMETER ANALYSIS FOR DRUG
RESPONSE AND RELATED METHODS

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to methods
of predictive medicine and more specifically to methods of
determining expression profiles of an individual in response
to a drug.

[0002] Every living organism utilizes genetic information
in the form of discrete nucleotide sequences, called genes, to
convey information for the proper development and function
of the organism. Even simple organisms, such as bacteria,
contain thousands of genes, and the number is many fold
greater in complex organisms such as humans. Understand-
ing the complexities of the development and functioning of
living organisms requires knowledge of these genes.

[0003] For many years, scientists have searched for and
identified a number of genes important in the development
and function of living organisms. What was once a difficult
and time consuming process has greatly accelerated in recent
years due to advances in technology and directed projects
aimed at identifying essentially all genetic information of an
organism. The first draft of the human genome is now avail-
able, and more than 30 organisms have now had their entire
genomes sequenced. The determination of the genome of
additional organisms is currently being pursued.

[0004] Oneofthe mostambitious of these genomic projects
has been the Human Genome Project, with the goal of
sequencing the entire human genome. The vast amount of
genetic information available from the Human Genome
Project provides a rich resource of potential targets for drug
discovery as well as new diagnostic tools for medicine.
[0005] Although the determination of essentially all genes
expressed in an organism is a rich resource of information,
there remains the daunting task of applying this knowledge in
a manner that is useful for practical medical applications.
Perhaps 50,000 genes are expressed in human, and the analy-
sis of such a large number of genes is complex. Moreover, in
addition to the large number of genes, another layer of com-
plexity arises from alternative splicing of mRNA and various
modifications of proteins encoded by the genes. Furthermore,
these gene expression patterns are expected to change when a
individual has a disease. Information on gene expression
patterns thus provides a basis for efficient and accurate diag-
nostic methods based on changes in gene expression in vari-
ous diseases. The exploitation of genomics and proteomics
information thus requires methods that can account for the
large number of genes and complexity of gene expression
patterns useful for medical applications. Fully exploiting
genomics and proteomics information for medical applica-
tions requires methods that can accurately and efficiently
monitor complex changes in gene expression patterns both at
the mRNA and protein levels.

[0006] Thus, there exists a need for methods to efficiently
diagnose a disease based on gene expression patterns in an
individual. The present invention satisfies this need and pro-
vides related advantages as well.

SUMMARY OF THE INVENTION

[0007] The invention provides a method of determining a
comparative expression profile in an individual by comparing
the expression levels of a sample of molecules in a population
of molecules in a specimen from the individual with a health-

Jun. 5, 2008

associated reference expression region of the sample of mol-
ecules, wherein expression levels within the health-associ-
ated reference expression region indicate a reference
expression profile and wherein expression levels outside the
health-associated reference expression region indicate a per-
turbed expression profile. The invention also provides meth-
ods of diagnosing a disease or a health state in an individual
by comparing the expression level ofa sample of molecules in
a specimen from the individual with a health-associated ref-
erence expression region of the sample of molecules. The
invention additionally provides a method of classifying a
population by drug responsiveness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows a schematic diagram of a hypothetical
health-associated reference expression region. The circles
represent multidimensional coordinate points representative
of the expression levels of two molecules in an individual.
The expression levels are in arbitrary units. The top and
bottom panels show a health-associated reference expression
region of reference individuals in two-dimensional space as a
region of coordinate points. The panels also show the coor-
dinate points of two individuals that lie outside the health-
associated reference expression region.

[0009] FIG. 2 shows a schematic diagram of a hypothetical
health-associated reference expression region. The circles
represent multidimensional coordinate points representative
of'the expression levels (in arbitrary units) of three molecules
in an individual. Shown is a health-associated reference
expression region of reference individuals in three-dimen-
sional space as a region of coordinate points and the coordi-
nate point of an individual that lies outside the health-associ-
ated reference expression region.

[0010] FIG. 3 shows the coordinate points in two-dimen-
sional space representative of the expression levels (in arbi-
trary units) of two molecules. The data set shows three health
states that can be classified in three regions, corresponding to
three health-associated reference expression regions.

[0011] FIGS. 4A and B shows a data set for three health
states and two molecular expression levels determined by
logistic regression analysis, with FIG. 4B showing the coor-
dinates of individuals “A” (x) and “B” (+).

[0012] FIG. 5 shows a data set for three health states and
two expression levels determined by machine learning by
boosting of individual molecules.

[0013] FIG. 6 shows a flow diagram that describes the
operation of a method of determining a comparative expres-
sion profile one molecule at a time.

[0014] FIG. 7 shows a flow diagram that describes the
operation of a method of determining a comparative expres-
sion profile in a multidimensional analysis.

[0015] FIG. 8 shows a block diagram of a computer system
containing a comparative expression profiler.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The invention provides a method of determining a
comparative expression profile in an individual by comparing
the expression levels of a sample of molecules in a population
of molecules in a specimen from an individual with one or
more health-associated reference expression regions of the
sample of molecules. The specimen molecules can be nucleic
acids, polypeptides, or small molecules.
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[0017] The methods of the invention use statistically deter-
mined health-associated reference expression regions repre-
senting the expression levels of a sample of molecules in a
population of reference individuals having a selected health
state. For example, reference individuals can be normal,
healthy individuals, and the expression levels in a population
of healthy individuals can be determined for various mol-
ecules.

[0018] The methods of the invention can be used in a mul-
tiparameter analysis by measuring the expression levels of
multiple molecules representative of the health state of an
individual. For example, the expression levels of a sample of
molecules in a specimen from an individual can be compared
to a health-associated reference expression region represent-
ing the expression ranges of the corresponding individual
molecules determined for the reference population of healthy
individuals in a one-molecule-at-a-time analysis. In addition,
the expression levels of the sample of molecules can be com-
pared to the other molecules of the sample of molecules and
to one or more health-associated reference expression regions
in a multidimensional analysis. Such a comparison is useful
for determining whether an individual has a health state simi-
lar to that of the reference population, for example, a healthy
individual, or a health state that deviates from the reference
population, for example, a disease state. The methods of the
invention can also be used to classify a population by drug
responsiveness, as well as predict a drug response in an indi-
vidual, for example, in pharmacokinetics applications. Thus,
the methods of the invention can be used to determine the
health state or drug responsiveness of an individual in com-
parison to a reference population and are particularly useful
for diagnostic applications for human individuals compared
to human populations.

[0019] Expression levels of the specimen molecules that
are within a health-associated reference expression region
indicate a reference expression profile, whereas expression
levels outside the health-associated reference expression
region indicate a perturbed expression profile. The methods
of the invention are advantageous in that they can be used to
predict the health state of an individual by determining
whether the individual has a reference expression profile
indicative of a reference health state or a perturbed expression
profile indicative of a potential disease state in the individual
or of a predisposition to developing a disease. Moreover, the
methods of the invention provide a multiparameter analysis
of an individual’s expression profile by measuring the expres-
sion level of multiple molecules, thus allowing the determi-
nation of an expression profile that is predictive of an indi-
vidual’s health, including the diagnosis of a disease, the
prognosis of a disease, or estimating the course of a disease.

[0020] Anindividual who has a disease or is in early stages
of developing a disease has characteristic changes in expres-
sion of molecules in a cell, including changes in gene expres-
sion that affect mRNA and protein expression, changes in
modifications of molecules expressed in a cell, and/or
changes in the expression of small molecules expressed in a
cell or fluid sample from an individual. Changes in expression
of' molecules can reflect a disease state or a predisposition to
developing a disease. Monitoring the expression level of mol-
ecules in a cell can thus be used to generate an expression
profile, which can be correlated with the health of an indi-
vidual. Such an expression profile is essentially a snapshot of
the physiological state of the individual.
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[0021] Although a particular disease can primarily affect
one or a few systems, for example, cardiovascular disease
affecting primarily the cardiovascular system, it is expected
that a relatively homogeneous population of cells can provide
a representative sampling of cells reflective of a variety of
physiological systems, even if those cells are not directly
associated with the particular disease. One such relatively
homogeneous population of cells representative of a variety
of physiological systems is white blood cells (WBCs), or
subpopulations thereof. Accordingly, the methods of the
invention can be conveniently performed with a specimen
from an individual such as WBCs, which are readily acces-
sible and can provide a window into many physiological
systems, including cardiovascular, nervous, immune, gas-
trointestinal, endocrine, hepatic, lymphatic, neuromuscular,
renal, respiratory, skeletal, and urogenital, metabolic sys-
tems, and the like, as disclosed herein.

[0022] For example, although a renal disease can affect
primarily cells of the renal system, it is expected that WBCs,
which are not directly involved in the renal disease, will
nevertheless provide a window for observing physiological
changes associated with the renal disease. The use of WBCs
to monitor a variety of physiological changes is advantageous
in that it obviates the need to obtain tissue specimens directly
affected by the disease. Instead, readily accessible WBCs are
used.

[0023] Furthermore, some white blood cells migrate
through tissue and expand due to abnormalities such as
inflammation, diseases such as cancer, autoimmune disease,
or any disease that results in an immune response involving
white blood cells. Expression of physiologically relevant
genes in WBCs can be reset by control mechanisms in
response to various pathologies. Accordingly, WBCs provide
a conveniently accessible monitoring system for various
pathologies and can therefore be advantageously used in
methods of the invention for diagnosing a disease or predis-
position to develop a disease, determining the prognosis of a
disease, or estimating the course of a disease. The course of a
disease includes the stage or severity of the disease, and can
include the response of a patient to one or more treatments.
[0024] For example, macrophages, a subpopulation of
white blood cells, respond to physiological changes, which in
turn results in biochemical changes in the macrophages.
Accordingly, macrophages can function as a window into the
physiological changes that occur when an individual has a
disease, a predisposition to developing a disease, or exhibits a
particular course of a disease. Therefore, macrophages, or
other WBCs or subpopulations thereof, provide a window
into observing the network of physiological changes that can
occur at various stages of disease development, including a
pre-disease state indicative of a predisposition to developing
a disease.

[0025] The methods of the invention can be used to diag-
nose a disease, determine the prognosis of a disease, or pre-
dict the course of a disease by obtaining a specimen from an
individual, which can be a specimen that includes WBCs, and
determining the health state of the individual. Exemplary
diseases include, for example, cancer, including breast, pros-
tate, ovarian, lung colorectal, hepatic, renal, leukemia, and
lymphoma; cardiovascular diseases, including heart failure,
hypertension and atherosclerosis; respiratory diseases; renal
diseases; gastrointestinal diseases, including inflammatory
bowel diseases such as Crohn’s disease and ulcerative colitis;
hepatic, gallbladder and bile duct diseases, including hepati-
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tis and cirrhosis; hematologic diseases; metabolic diseases;
endocrine and reproductive diseases, including diabetes;
bone and bone mineral metabolism diseases; immune system
diseases, including autoimmune diseases such as rheumatoid
arthritis, lupus erythematosus, and other autoimmune dis-
eases; musculoskeletal and connective tissue diseases,
including arthritis; infectious diseases; and neurological dis-
eases.

[0026] Inaddition, the methods of the invention directed to
multiparameter analysis can also be used to identify one or
more genetic defects. The methods of the invention can be
particularly useful for diagnosing diseases resulting from
multiple genetic defects and/or environmental factors.
Accordingly, the methods of the invention can be useful in the
diagnosis of polygenic diseases resulting from mutations in
multiple genetic loci. Furthermore, a combination of genetic
defects can be determined by methods of the invention, for
example, a particular configuration of expression profiles can
indicate the likely combination of genetic defects. Such infor-
mation can be used to stratify a disease and can also be used
to determine the stage of progression of a disease.

[0027] Furthermore, the relatively homogeneous popula-
tion of WBCs can be further fractionated, for example, into
lymphocytes such as T cells or B cells, granulocytes, mono-
cytes, macrophages, neutrophils, eosinophils, basophils,
mast cells, and the like, and still be used as a representative
sampling of cells useful for monitoring a variety of physi-
ological systems. Even a single cell can be used as a repre-
sentative specimen from an individual for use in methods of
the invention.

[0028] The methods of the invention advantageously use a
statistical analysis of the expression levels of molecules in a
reference population of individuals to predetermine a health-
associated reference expression region of molecules as they
vary in the reference population. Such a health-associated
reference expression region can be used to compare the
expression level of molecules in an individual as a diagnostic
method to determine the health state of the individual. The
expression profile of an individual can be correlated with the
health state of an individual, including whether an individual
is healthy, has a disease, or has a predisposition to developing
a disease. Such an expression profile is also useful in prog-
nostic applications, including determining the prognosis of
an individual who has a disease, selecting a therapy that is
tailored to the physiological or genetic state of the individual,
or estimating the course of a disease. Such information on the
expression profile of an individual is thus applicable in both
predictive medicine and preventive medicine.

[0029] The methods of the invention can be used as a tool
for predictive medicine to diagnose a disease or diagnose the
health state of an individual. Variations in expression of mol-
ecules such as DNA, mRNA, polypeptides or small mol-
ecules can be used to predict the health state of an individual.
For example, an individual having expression levels of mol-
ecules that fall within a health-associated reference expres-
sion region is predicted to have a health state similar to the
reference population. In the case where the reference popu-
lation is healthy individuals, the individual is diagnosed as
being healthy. An individual having molecules with expres-
sion levels outside the health-associated reference region has
a perturbed health state, which can be correlated with a par-
ticular disease.

[0030] The methods of the invention can also be used to
predict a predisposition to developing a disease or progres-
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sion of a disease, for example, whether the disease is at an
early stage or a late stage, by determining the expression
levels of molecules that correlate with progress of the disease.
Changes in expression levels of certain molecules are
expected to occur during progression of a disease, and such
changes in expression can therefore be used to predict the
progress of a disease or a predisposition to developing a
disease. Furthermore, once a correlation between expression
levels and disease progression has been made, the methods of
the invention can be used in preventive medicine by monitor-
ing an individual for changes in expression levels that corre-
late with a predisposition to developing a disease or early
stages of a disease. The individual can be then be treated
prophylactically to prevent developing a disease or progres-
sion to a more severe form of the disease.

[0031] The methods of the invention use a statistically
determined health-associated reference expression region of
molecules indicative of expression levels of molecules in a
population of reference individuals having a selected health
state, thus accounting for natural variation in the expression
of molecules in a population of reference individuals. The
expression levels of molecules in a specimen from an indi-
vidual can be compared to the statistically determined health-
associated reference expression region to determine a com-
parative expression profile of the individual relative to the
reference population. The determination of the reference
expression region of a variety of molecules provides a basis
for comparing any individual to determine if the individual
has one or more molecules with aberrant expression or mol-
ecules having aberrant relative expression. Thus, the deter-
mination of a health-associated reference expression region
for any number of molecules expressed in a cell provides a
central repository of information, which can be accessed by a
variety of means to determine a comparative expression pro-
file of an individual. The analysis of an individual’s expres-
sion profile can be advantageously performed using a com-
puter, allowing direct or remote linking to a central repository
of one or more health-associated reference expression
regions generated by methods disclosed herein.

[0032] The methods of the invention can be used in direct
diagnostic methods performed in a clinical laboratory or phy-
sician’s office. Alternatively, the methods ofthe invention can
be used in remote diagnostic methods in which the step of
measuring the expression levels of molecules is physically
separated from the step of comparing expression levels of
molecules to a health-associated reference expression region.
For example, the measurement of the expression levels of
molecules can be performed by a health care professional or
the patient at a remote location, such as a clinical laboratory,
physician’s office, or an individual’s home, and the compari-
son step performed at a different location by conveniently
interfacing the remote locations via a network such as the
internet.

[0033] The methods of the invention can employ a variety
of analytical systems to measure the expression levels of
molecules in a specimen from an individual to be tested and
from reference individuals for determining the health-associ-
ated reference expression intervals for various molecules.
One convenient method for determining expression levels of
molecules is to use a direct quantitation method such as the
isotope-coded affinity tag (ICAT) method (Gygi et al., Nature
Biotechnol. 17:994-999 (1999)). The ICAT method involves
the comparison of a test sample and reference sample, which
are differentially labeled with isotopes that can be distin-
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guished using mass spectrometry, as described in more detail
below. Other methods for measuring expression levels of
molecules includes methods in which specimen molecules
are first bound to a target such as an array based method.
Molecules in a specimen from an individual are bound to
target ligands on an array and detected to measure expression
levels of the molecules, as described below. In addition to
using an ICAT reagent that modifies polypeptides or frag-
ments thereofhaving particular amino acids, polypeptide pro-
files, for example, a peptide map of a polypeptide where the
peptides can be correlated with the polypeptide, can be used
to measure the expression level of a polypeptide. Use of a
peptide map to correlate with a polypeptide expression level
can be used to obviate the labeling required for using the
ICAT method, if desired.

[0034] As used herein, “expression level” refers to the
amount of a molecule expressed in a cell that corresponds to
the physiological state of the cell. The expression level of a
molecule can be represented by the amount of messenger
RNA (mRNA) encoded by a gene, the amount of polypeptide
corresponding to a given amino acid sequence encoded by a
gene, or the amount of biochemical forms of molecules
expressed in a cell, including the amount of particular post-
synthetic modifications of a molecule such as a polypeptide,
nucleic acid or small molecule. As such, an expression level is
intended to include a “gene expression level,” a “cellular
expression level,” or both. The expression level can refer to an
absolute amount of the molecule in a specimen or to a relative
amount of the molecule. The expression level of a molecule
can be determined relative to a control molecule in the speci-
men.

[0035] As used herein, “gene expression level” refers to the
amount of a molecule encoded by a gene. The gene expres-
sion level of a molecule is intended to include the amount of
mRNA, which is determined by the transcriptional activity of
the gene encoding the mRNA, and the stability of the mRNA,
which is determined by the half life of the mRNA. The gene
expression level is also intended to include the amount of a
polypeptide corresponding to a given amino acid sequence
encoded by a gene. Accordingly, the expression level of a
gene can correspond to the amount of mRNA transcribed
from the gene, the amount of polypeptide encoded by the
gene, or both.

[0036] As used herein, a “cellular expression level” refers
to the amount of a biochemical form of a molecule expressed
in a cell. Such differing biochemical forms are due to post-
synthetic changes in the molecule, for example, processing or
splicing of nucleic acids, posttranslational modifications of
polypeptides, or modifications of small molecules. Such post-
translational modifications of polypeptides include, for
example, phosphorylation, lipidation, prenylation, sulfation,
hydroxylation, acetylation, addition of carbohydrate, addi-
tion of prosthetic groups or cofactors, formation of disulfide
bonds, proteolysis, assembly into macromolecular com-
plexes, and the like. As such, a molecule such as a polypeptide
having a specific amino acid sequence can exist in multiple
biochemical forms, each of which can be quantitated to deter-
mine a cellular expression level. For example, a cellular
expression level of a molecule can be the amount of a par-
ticular form of the molecule such as the phosphorylated form
of a polypeptide. Furthermore, multiple forms of the mol-
ecule can exist, for example, based on the phosphorylation
state at different sites on the same polypeptide. The amount of
each of these different biochemical forms is intended to be
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included in the meaning of a cellular expression level. Fur-
thermore, a polypeptide itself can be measured for expression
levels or, if desired, peptide fragments that are correlated with
apolypeptide, for example, peptides of a peptide map, can be
measured. As such, analysis of a sufficient number of peptides
to correlate with a polypeptide functions as a polypeptide
profile and can be used to correlate the expression level of a
polypeptide molecule.

[0037] A biochemical form of a small molecule can
include, for example, a modification of a sugar, including
glucose or modifications thereof such as glucose 1-phos-
phate, glucose 6-phosphate, glucose 1,6-diphosphate, glucu-
ronic acid, glucosamine, N-acetylglucosamine, and the like.
Other exemplary small molecules include other sugars and
carbohydrates, including lactose, maltose, galactose, fruc-
tose, and xylose, derivatives thereof, and metabolites thereof
such as lactate and pyruvate; salts, ions, atoms and metals
such as sodium, potassium, chloride, calcium, bicarbonate/
CO,, chromium, iron, magnesium, manganese, phosphate,
molybdenum, selenium, zinc, copper, cobolt, fluoride, nickel,
vanadium, silicon, arsenic, boron and the like; amino acids;
lipids, including cholesterol, triglyceride and fatty acids; neu-
rotransmitters and metabolites thereof such as acetylcholine,
dopamine, norepinephrine, epinephrine, serotonin, y-ami-
nobutyrate, metanephrine, normetanephrine, vanillylman-
delic acid, 3-methoxy-4-hydroxyphenylglycol, homovanillic
acid, 5-hydroxyindoleacetic acid. The small molecules can be
intermediates or products of metabolic or synthetic pathways.
Changes in the expression of small molecules occurs in vari-
ous diseases and can be used to predict a disease or suscep-
tibility to a disease. For example, an iron deficiency is indica-
tive of certain diseases while an iron excess is indicative of
different diseases. Thus, the level of iron in an individual can
be used, for example, in combination with other molecules,
including other small molecules, nucleic acids, or polypep-
tides, to determine the health state of an individual.

[0038] As used herein, an “expression profile” refers to a
characteristic representation of the expression level of at least
two molecules in a specimen such as a cell or tissue. The
determination of an expression profile in a specimen from an
individual is representative of the expression state of the
individual. An expression profile reflects the gene expression
level and/or cellular expression level of at least two molecules
in a specimen such as a cell or tissue.

[0039] An expression profile can be related to the expres-
sion levels of multiple molecules, allowing multiparameter
analysis and correlation with the health state of an individual.
For example, the expression profile of an individual will be
perturbed by exposure to environmental or internal stimuli
that result in physiological changes such as exposure to com-
pounds or other environmental challenges or internal changes
due to disease or other conditions that alter physiology. Such
changes in expression can be readily be measured, as dis-
closed herein, and correlated with the physiological changes.
In the case where particular molecules exhibit such variation
in expression that they cannot be correlated with the corre-
sponding physiological change in the individual, such mol-
ecules can be discarded from the analysis.

[0040] As usedherein, a “gene expression profile” refers to
a characteristic representation of the gene expression level in
a specimen such as a cell or tissue. The determination of a
gene expression profile in a specimen from an individual is
representative of the gene expression state of the individual. A
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gene expression profile reflects the expression of messenger
RNA or polypeptide encoded by one or more genes ina cell or
tissue.

[0041] Asusedherein, a “cellular expression profile” refers
to a characteristic representation of the cellular expression
level in a specimen such as a cell or tissue. The determination
of a cellular expression profile in a specimen from an indi-
vidual is representative of the cellular expression state of the
individual. A cellular expression profile reflects the expres-
sion levels of biochemical forms of messenger RNA or
polypeptides encoded by one or more genes in a cell or tissue,
or by small molecules expressed in blood, a cell or tissue. The
cellular expression profile can also reflect ratios of different
types of cells. Accordingly, if desired, a specimen can be
optionally analyzed in a cell sorter to determine if cell ratios
have changed from a reference population. Such a cell sorting
analysis can be performed to enrich for a subpopulation of
cells, for example, a subpopulation of WBCs isolated with
ligands specific for cell surface antigens, as disclosed herein.
In addition, information on cell ratios can be combined with
expression profiles determined by methods of the invention to
provide additional information useful in diagnosing a disease,
determining the prognosis of a disease, or predicting the
course of a disease.

[0042] As used herein, a “comparative expression profile”
refers to an expression profile that reflects the expression
levels of molecules relative to a health-associated reference
expression region. A comparative expression profile thus
reflects the expression level of two or more molecules in an
individual relative to the reference expression levels for the
respective molecules, that is, whether the expression level of
a molecule is within a health-associated reference expression
region or whether the expression level of the molecule is
outside a health-associated reference expression region.
[0043] As used herein, a “region,” when used in reference
to expression levels of molecules, refers to a region of mul-
tidimensional space classified using one or more statistical
methods. The region represents a classification of expression
levels that is representative of a health state and is diagnosti-
cally useful for determining the health state of an individual.
One or more statistical methods, as disclosed herein, can be
used to define a region of multidimensional space. Exemplary
statistical methods include, for example, discriminant analy-
sis, classification analysis, cluster analysis, analysis of vari-
ance (ANOVA), regression analysis, regression trees, deci-
sion trees, nearest neighbor algorithms, principal
components, factor analysis, multidimensional scaling and
other methods of dimensionality reduction, likelihood mod-
els, hypothesis testing, kernel density estimation and other
smoothing techniques, cross-validation and other methods to
guard against overfitting of the data, the bootstrap and other
statistical resampling techniques, artificial intelligence,
including artificial neural networks, machine learning, data
mining, and boosting algorithms, and Bayesian analysis
using prior probability distributions.

[0044] As used herein, a “health-associated reference
expression region” refers to a region of multidimensional
space that is representative of the expression levels of a
sample of molecules in a population of reference individuals.
A health-associated reference expression region can be used
in a one-molecule-at-a-time analysis, in which the expression
levels of individual molecules are compared to the expression
levels of the corresponding molecules in a population of
reference individuals. When a one-molecule-at-a-time analy-
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sis is applied, the expression level of an individual molecule
is compared to a health-associated reference expression
region that is a health-associated reference expression inter-
val. In multidimensional analysis, the expression levels of
individual molecules in a sample of molecules can be com-
pared to other molecules in the sample of molecules to deter-
mine a multidimensional coordinate point representative of
the expression levels of a sample of molecules in a popula-
tion.

[0045] As used herein, a “drug response-associated refer-
ence expression region” refers to a region of multidimen-
sional space that is representative of the expression levels of
asample of molecules in a population of reference individuals
having a substantially similar expression profile in response
to a drug. The drug response-associated reference expression
region can be based on the administration of a single drug to
individuals in a reference population, a combination of two or
more drugs, or a combination of one or more drugs with a
non-pharmaceutical therapy, including diet, physical therapy,
exercise, and the like. If desired, the individuals in the popu-
lation can be treated to decrease physiological variability
between individuals, for example, by having individuals fast
and/or rest before collecting a specimen, depending on the
nature of the drug and/or disease being treated. The reference
individuals administered the drug can be individuals having a
disease or condition for which the drug has a known or sus-
pected therapeutic effect. The reference individuals can also
be a group of relatively healthy individuals if the effects of the
drug on an expression profile are to be determined separately
from the effects of an individual having a particular disease, if

desired.
[0046] As used herein, a “multidimensional coordinate
point” refers to a coordinate defined by “n” parameters, where
n is the number of molecules in a sample of molecules and
each parameter is the level of expression of a molecule in the
sample. Accordingly, a multidimensional coordinate point
representative of the expression levels of two molecules is
defined by two parameters corresponding to the expression
levels of the two molecules (see FIG. 1). Similarly, a multi-
dimensional coordinate point representative of the expression
levels of three molecules is defined by three parameters cor-
responding to the expression levels of the three molecules
(see FIG. 2). A multidimensional coordinate point represen-
tative of the expression levels of n molecules is defined by n
parameters corresponding to the expression levels of n mol-
ecules. Accordingly, multidimensional coordinate points for
a group of individuals such as a reference population is found
in n-dimensional shape space. Multidimensional coordinate
points are determined for a sample of molecules in individu-
als of a reference population, and the multidimensional coor-
dinate points can be used to determine a health-associated
reference expression region for the reference population.

[0047] As used herein, a “health-associated reference
expression interval” refers to a statistically determined range
of expression levels of a molecule in a population of mol-
ecules such as mRNA, polypeptide, small molecules, or bio-
chemical forms of a molecule that is determined by measur-
ing the expression level of the molecule in a statistically
representative population of reference individuals. As used
herein, a “reference individual” refers to an individual
selected for comparison using defined criteria. One skilled in
the art can readily determine criteria suitable for inclusion of
an individual as a reference individual for a particular appli-
cation of methods of the invention, as described below. As
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used herein, a “reference population” refers to a group of two
or more reference individuals.

[0048] Any relevant criteria can be used for identifying a
suitable reference individual for a desired comparison. For
example, a reference individual can be a healthy individual
who is in good health and essentially disease free. One skilled
in the art can readily determine if an individual is in good
health based on subjective feelings of well being of the indi-
vidual and objective signs of disease in an individual. Other
criteria can include gender, ethnic background, presence of
disease, or any criteria useful for comparing the health state of
an individual.

[0049] Once reference criteria have been identified, for
example, the reference criteria of healthy individuals, a popu-
lation of individuals is selected as reference individuals to
determine a health-associated reference region of molecules
expressed in the individuals. One skilled in the art can readily
determine desired criteria for the reference population and
select individuals fitting the desired criteria. In one embodi-
ment, the reference population is healthy individuals. A par-
ticularly useful reference population can be one or more
families having members who are healthy and have a family
history indicating no known genetic diseases. Such a refer-
ence population of family members can also be useful for
distinguishing those molecules having a statistically repro-
ducible expression interval from those molecules having such
variability in expression that no relevant health-associated
reference expression region can be determined.

[0050] An individual expresses a given molecule at a given
level that is characteristic of the genotype and physiological
state of the individual, including his or her health state. An
individual also expresses a set of molecules at a combination
oflevels whose joint distribution is characteristic of the geno-
type and physiological state of the individual, including his or
her health state. Due to genetic variation, healthy individuals
will express variable levels of a given gene depending on the
genotype of each individual. Accordingly, these variable
expression levels of a given gene in a population of individu-
als correspond to a range of expression levels characteristic of
the health state of the individuals. Such an expression range
can be predetermined by sampling a sufficient number of
reference individuals and determining the corresponding sta-
tistically useful health-associated reference expression inter-
vals found in these individuals.

[0051] Anindividual can also be characterized with respect
to a set of molecules having a joint distribution characteristic
of'the genotype and physiological state of the individual. The
expression levels of such a set of molecules can be used to
define a multidimensional coordinate point, which can be
compared to one or more health-associated reference expres-
sion regions to determine if the individual has a reference
health state or a perturbed health state.

[0052] Inaddition to genetic variation, the expression level
of'molecules can also vary due to the physiological state of the
individual. Even in individuals considered to be healthy, the
expression levels of molecules can vary depending on the
individual’s physiological state. For example, the expression
level of molecules in an individual can vary with diet, drug
intake, age, gender, and physiological state such as exercise,
resting or sleeping. Therefore, if desired, a reference indi-
vidual can be selected based on criteria that account for such
variability, for example, by controlling diet by collecting
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specimens from individuals after 12 hours of fasting or
restricting drug intake for an appropriate period of time prior
to obtaining a specimen.

[0053] A health-associated reference expression region is a
region of multidimensional space determined by the expres-
sion levels of a sample of molecules, and the boundaries of the
region represent the perturbation limit, outside of which indi-
cates that an individual has a perturbed expression profile that
lies outside the statistical boundaries of the reference popu-
lation. For example, in a one-molecule-at-a-time analysis, the
upper and lower boundaries of a health-associated reference
expression interval represent the perturbation limit, above or
below which indicates that an individual has perturbed
expression of a molecule that lies outside the statistical
boundaries of the reference population. An individual with
perturbed expression of a molecule, with a level of expression
that lies outside the interval determined from reference indi-
viduals, potentially has a disease state. The greater the num-
ber of molecules that are expressed at levels outside a health-
associated reference expression interval, the greater the
likelihood that such perturbations are associated with a dis-
ease state. Similarly, the greater the deviation of a multidi-
mensional coordinate point of an individual from a health-
associated reference expression region, the greater the
likelihood that such perturbations are associated with a dis-
ease state.

[0054] Asusedherein, a “reference expression level” refers
to the expression level of a molecule that is correlated with a
health-associated reference expression interval. One skilled
in the art can readily determine a reference expression level
by determining the expression level of a molecule in a refer-
ence specimen relative to a health-associated reference
expression interval, for example, using appropriate standards,
as described below. A reference expression level can be any
level suitable for measuring and comparing expression levels
of molecules between different specimens, although the ref-
erence expression level will generally be within the health-
associated reference expression interval. In one embodiment,
the reference expression level can be an average of the health-
associated reference expression interval (see below).

[0055] As used herein, a “sample,” when used in reference
to molecules in a population, refers to a group of molecules in
a population having expression levels that are predictive of
the health state of an individual. The sample of molecules in
the population includes molecules that exhibit disease-spe-
cific changes in expression as well as molecules having
altered expression in a disease but which are not specific to a
particular disease. A sample of molecules can also be a set of
molecules with expression levels having a joint distribution
characteristic of a health state of an individual. In such a case,
the expression levels of individual molecules can fall within a
reference expression interval but still be considered a member
of a sample of molecules because the relative expression of
molecules is outside a health-associated reference expression
region (see below and FIG. 1). Accordingly, a molecule hav-
ing an expression level within a health-associated reference
expression interval can be included in a sample of molecules
if the expression of that molecule relative to another sample
molecule can be correlated with a health state.

[0056] A sample of molecules in a population that is pre-
dictive of the health state of an individual is a group of
molecules having statistically determinable expression
ranges in a given reference population. As used herein, a
sample of molecules in a population can exclude molecules
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exhibiting expression levels that are so variable in a reference
population that no statistically useful health-associated refer-
ence expression interval can be determined. Additionally, a
sample of molecules, as used herein, can specifically exclude
molecules that do not exhibit changes in expression with
various health states since such molecules would not be pre-
dictive of the health state of an individual.

[0057] One skilled in the art can readily determine mol-
ecules that do not exhibit changes in expression with various
health states or that are so variable in a reference population
that no statistically useful health-associated reference expres-
sion region can be determined. For example, to determine
molecules having variable expression levels unsuitable for
obtaining statistically useful health-associated reference
expression region, expression levels of molecules in a refer-
ence population can be examined for variability, and those
exhibiting variability in expression insufficient for determin-
ing a statistically useful health-associated reference expres-
sion region can be disregarded. A reference population par-
ticularly useful for determining molecules with variable
expression is one containing family members such as healthy
family members. Due to the similar genetic background of
family members, such a reference population can be used to
identify molecules having variable expression since a refer-
ence population of related, healthy family members is
expected to exhibit limited genetic variability and, therefore,
observed variable expression is likely associated with mol-
ecules that exhibit natural variability in expression, which can
be disregarded if the variability precludes obtaining statisti-
cally useful expression intervals. Such a reference population
can be useful to identify molecules in the same or other
reference populations that have variable expression such that
they are preferably excluded from analysis of an expression
profile of a sample.

[0058] As used herein, a “reference expression profile”
refers to a characteristic representation of the expression state
of a sample of molecules in a population of molecules in a
specimen that falls within a health-associated reference
expression region. As such, a reference expression profile
indicates that the expression levels determined for a sample of
molecules in a specimen from an individual lie within the
predetermined expression levels for those sample molecules
or within a health-associated reference expression region. An
individual having a reference expression profile therefore has
a health state substantially the same as the reference popula-
tion.

[0059] As used herein, a “perturbed expression profile”
refers to a characteristic representation of the expression state
of'a sample of molecules of a population that falls outside a
health-associated reference expression region. As such, a per-
turbed expression profile indicates that the expression level
determined for the sample molecules lies outside the health-
associated reference expression intervals for the sample mol-
ecules or that multidimensional coordinate points represen-
tative of the sample of molecules lie outside a health-
associated reference expression region. An expression level
of'a molecule that is below a lower perturbation limit or above
an upper perturbation limit or multidimensional coordinate
points that lie outside of a health-associated reference expres-
sion region indicates that an individual potentially has a dis-
ease state. The greater the number of molecules having levels
outside the health-associated reference expression intervals
of a healthy population, that is, above or below the perturba-
tion limits, or the further the deviation of the multidimen-
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sional coordinate points from a health-associated reference
expression region, the more likely such an individual has a
disease state. The determination of a perturbed expression
profile can be useful even in those individuals in which the
perturbed expression profile is not associated with a disease
state since such a perturbed expression state can be used as a
prognostic indicator for individuals predisposed to develop-
ing a disease state.

[0060] Asused herein, a “health state” refers to the medical
condition of an individual. As used herein, a “reference health
state” or “reference state” refers to the health state of an
individual having a reference expression profile and is con-
sidered to have substantially the same or a similar health state
as a reference population.

[0061] As used herein, a “perturbed health state” refers to
the health state of an individual having a perturbed expression
profile. Such an individual having a perturbed health state
therefore has a sample of molecules in a population of mol-
ecules with expression levels that lie outside the health-asso-
ciated reference expression region for those sample mol-
ecules. Itis understood that a person having a perturbed health
state relative to a healthy reference population can appear to
be healthy in that the individual does not present any signs or
symptoms of a disease. However, such a person having a
perturbed health state can be predisposed to developing a
disease. An individual having a perturbed health state also
includes an individual who has a disease state. As used herein,
a “disease state” refers to the health state of an individual who
has a disease or has signs or symptoms associated with a
disease. One skilled in the art can readily determine if an
individual has signs or symptoms associated with a particular
disease. Moreover, one skilled in the art can also readily
determine whether an individual has signs or symptoms that
are recognizable as lying outside the condition of a healthy
individual.

[0062] As used herein, the term “specimen” is intended to
mean any biological fluid, cell, tissue, organ or portion
thereof, that includes one or more different molecules such as
nucleic acids, polypeptides, or small molecules. The speci-
mens used in methods of the invention contain nucleic acids,
polypeptides, small molecules or biochemical forms of
polypeptides that are representative of the expression level of
molecules in the individual. The term includes specimens
present in an individual as well as specimens obtained or
derived from the individual. For example, a specimen can be
a tissue section obtained by biopsy, or cells that are placed in
or adapted to tissue culture. A specimen can also be a biologi-
cal fluid specimen such as blood, urine or saliva. A specimen
can be further fractionated, if desired, to a fraction containing
particular cell types. For example, a blood specimen can be
fractionated into serum or into fractions containing particular
types of blood cells such as red blood cells or white blood
cells (leukocytes). A particularly useful specimen for use in
the invention is white blood cells since these cells can be
correlated with a variety of physiological states, as disclosed
herein. If desired, a specimen can be a combination of speci-
mens from an individual such as a combination of a tissue and
fluid specimen, and the like.

[0063] Asused herein, a “target” means a collection of two
or more ligands. A target of the invention generally contains
acollection of ligands that have characteristics that are useful
for determining the expression level of a molecule in a speci-
men. As used herein, the term “ligand” refers to a molecule
that can selectively bind to a molecule in a specimen. The
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term selectively means that the binding interaction is detect-
able over non-specific interactions by a quantifiable assay. A
ligand can be essentially any type of molecule such as a
polypeptide, nucleic acid, carbohydrate, lipid, or any organic
derived compound. Moreover, derivatives, analogues and
mimetic compounds are also intended to be included within
the definition of this term. Those skilled in the art know what
is intended by the meaning of the term ligand. For example,
the target can contain nucleic acids, which can be used to
detect the presence and amount of nucleic acid or polypeptide
molecules in a specimen. Similarly, the target can contain
antibodies or binding molecules, which can be used to detect
polypeptides or biochemical forms of polypeptides in a speci-
men. Generally, a target contains a sufficient number of
ligands to generate an expression profile representative of the
expression level of a sample of molecules in a population of
molecules in a specimen from an individual. A variety of
methods can be used to detect binding of specimen molecules
to target ligands, as disclosed herein.

[0064] One skilled in the art can readily determine an
appropriate number and type of ligands to include in a target
for use in methods of the invention depending on the desired
application. For example, a general target can be used to
indicate the general health state of an individual for a variety
of potential health states. Such a general target contains a
relatively large number of ligands that provides a sufficient
number of binding sites for a sample of molecules to indicate
the health state of an individual. For example, a relatively
large number of ligands can be about 500 or more ligands,
about 1000 or more ligands, about 2000 or more ligands,
about 3000 or more ligands, about 5000 or more ligands, or
even about 10,000 or more ligands. A general target contains
a variety of ligands, at least some of which can bind to a
sample of molecules in a population of molecules in a speci-
men to be predictive of the health state of an individual.
[0065] A directed target can also be used when an expres-
sion profile of an individual is intended to indicate the health
state of an individual with respect to a particular disease or
group of diseases. With a directed target, the target can con-
tain a smaller number of ligands since the ligands are directed
to identifying sample molecules for a more limited number of
health states, thereby requiring a smaller sample of molecules
predictive of a particular disease or group of diseases. One
skilled in the art can readily determine a sufficient number of
ligands to include in a target to sample molecules in a popu-
lation to indicate the health state of an individual, as described
herein.

[0066] As used herein, the term “nucleic acid” or “nucleic
acid molecule” means a polynucleotide such as deoxyribo-
nucleic acid (DNA) or ribonucleic acid (RNA) and encom-
passes both single-stranded and double-stranded nucleic acid
as well as an oligonucleotide. Nucleic acids useful in the
invention include genomic DNA, ¢cDNA, mRNA and syn-
thetic oligonucleotides corresponding thereto and can repre-
sent the sense strand, the anti-sense strand, or both.

[0067] As used herein, the term “polypeptide” refers to a
peptide or polypeptide of two or more amino acids. A
polypeptide can also be modified by naturally occurring
modifications such as post-translational modifications,
including phosphorylation, lipidation, prenylation, sulfation,
hydroxylation, acetylation, addition of carbohydrate, addi-
tion of prosthetic groups or cofactors, formation of disulfide
bonds, proteolysis, assembly into macromolecular com-
plexes, and the like.
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[0068] A modification of a polypeptide, particularly ligand
polypeptides, can also include non-naturally occurring
derivatives, analogues and functional mimetics thereof gen-
erated by chemical synthesis, provided that such polypeptide
modification displays a similar functional activity compared
to the parent polypeptide. For example, derivatives can
include chemical modifications of the polypeptide such as
alkylation, acylation, carbamoylation, iodination, or any
modification that derivatizes the polypeptide. Such deriva-
tized molecules include, for example, those molecules in
which free amino groups have been derivatized to form amine
hydrochlorides, p-toluene sulfonyl groups, carbobenzoxy
groups, t-butyloxycarbonyl groups, chloroacetyl groups or
formyl groups. Free carboxyl groups can be derivatized to
form salts, methyl and ethyl esters or other types of esters or
hydrazides. Free hydroxyl groups can be derivatized to form
O-acyl or O-alkyl derivatives. The imidazole nitrogen of his-
tidine can be derivatized to form N-im-benzylhistidine. Also
included as derivatives or analogues are those polypeptides
which contain one or more naturally occurring amino acid
derivatives of the twenty standard amino acids, for example,
4-hydroxyproline,  5-hydroxylysine, 3-methylhistidine,
homoserine, ornithine or carboxyglutamate, and can include
amino acids that are not linked by peptide bonds.

[0069] As used herein, a “summation value” refers to the
sum of a given set of values. For example, a “positive sum-
mation value” refers to the sum of numbers assigned a posi-
tive value. Similarly, a “negative summation value” refers to
the sum of numbers assigned a negative value.

[0070] The invention provides a method of determining a
comparative expression profile in an individual. The method
includes the steps of determining a multidimensional coordi-
nate point representative of the expression levels of a sample
of' molecules in a population of molecules in a specimen from
the individual; comparing the multidimensional coordinate
point to a health-associated reference expression region of the
sample of molecules; and determining if the multidimen-
sional coordinate point is within or outside the health-asso-
ciated reference expression region, wherein the multidimen-
sional coordinate point within the health-associated reference
expression region indicates a reference expression profile and
wherein the multidimensional coordinate point outside the
health-associated reference expression region indicates a per-
turbed expression profile.

[0071] The invention also provides a method of determin-
ing a comparative expression profile in an individual by com-
paring the expression levels of a sample of molecules in a
population of molecules in a specimen from the individual
with health-associated reference expression intervals of the
molecules in the sample, wherein expression levels within the
health-associated reference expression intervals indicate a
reference expression profile and wherein expression levels
outside the health-associated reference expression intervals
indicate a perturbed expression profile. By comparing the
expression levels of a sample of molecules to a health-asso-
ciated reference expression interval, it can be determined
whether the expression levels are within or outside the health-
associated reference expression interval. The method of the
invention can further comprise the step of inputting the
expression level of the molecules in a specimen. Additionally,
the method can further comprise the step of determining the
expression levels of molecules in the specimen. For example,
the expression level of a molecule can be determined by
comparing the expression level of the molecule with a refer-
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ence expression level correlated with a health-associated ref-
erence expression interval, for example, using direct quanti-
tation methods such as ICAT. Also, the expression level of a
molecule can be determined using binding methods by con-
tacting a specimen with a target.

[0072] The invention additionally provides a method of
determining a comparative expression profile in an individual
by determining the expression levels of'a sample of molecules
in a population of molecules in a specimen from the indi-
vidual; determining a multidimensional coordinate point rep-
resentative of the expression levels of a sample of molecules;
and comparing the multidimensional coordinate point with a
health-associated reference expression region of the mol-
ecules in the sample, wherein the multidimensional coordi-
nate point within the health-associated reference expression
region indicates a reference expression profile and wherein
the multidimensional coordinate point outside the health-
associated reference expression region indicates a perturbed
expression profile. The method can further include the step of
determining an expression profile in an individual by contact-
ing a specimen from the individual with a target.

[0073] The invention also provides a method of determin-
ing a comparative expression profile in an individual by deter-
mining the expression levels of a sample of molecules in a
population of molecules in a specimen from the individual;
and comparing the expression levels with health-associated
reference expression intervals of the molecules in the sample,
wherein expression levels within the health-associated refer-
ence expression intervals indicate a reference expression pro-
file and wherein expression levels outside the health-associ-
ated reference expression intervals indicate a perturbed
expression profile.

[0074] The invention further provides a method of deter-
mining a comparative expression profile in an individual by
comparing the expression levels of a sample of molecules in
a population of molecules in a specimen from the individual
with reference expression levels correlated with health-asso-
ciated reference expression intervals of the molecules in the
sample, wherein expression levels within the health-associ-
ated reference expression intervals indicate a reference
expression profile and wherein expression levels outside the
health-associated reference expression intervals indicate a
perturbed expression profile. Such methods of comparing the
expression levels of a sample of molecules in a population
with reference expression levels can similarly be applied to
diagnose a disease or health state in an individual.

[0075] The invention additionally provides a method of
determining an expression profile in an individual by contact-
ing a specimen from the individual with a target; determining
the expression levels of a sample of molecules in a population
of' molecules in the specimen; and comparing the expression
levels with health-associated reference expression intervals
of the molecules in the sample, wherein expression levels
within the health-associated reference expression intervals
indicate a reference expression profile and wherein expres-
sion levels outside the health-associated reference expression
intervals indicate a perturbed expression profile.

[0076] In methods of the invention, a reference expression
profile indicates a reference health state in the individual. A
perturbed expression profile indicates a perturbed health
state, that is, a health state that differs from the reference
population, and can indicate a disease state in the individual
or a predisposition to develop a disease when the reference
population is healthy. The methods of the invention can there-
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fore be used to diagnose a disease state or a predisposition to
develop a disease, even though the individual has no signs or
symptoms associated with the disease.

[0077] The methods of the invention for determining a
comparative expression profile in an individual utilize a
health-associated reference expression region based on a sta-
tistical sampling of the expression levels of molecules in
reference individuals to determine the range of molecule
expression levels. Determining a reference expression region
for molecules provides a statistically determined expression
profile of a reference population of individuals that allows
comparison of the expression profile of an individual to deter-
mine if his or her expression profile falls within the range of
expression levels of reference individuals or if the expression
level of one or more molecules deviates from the reference
range.

[0078] Once ahealth-associated reference expression inter-
val has been determined for a given molecule, a specimen
from any individual can be analyzed with respect to the
expression level of that molecule. Similarly, once a health-
associated reference expression region has been determined
for a sample of molecules, a specimen from any individual
can be analyzed with respect to the expression levels of the
sample of molecules. A multidimensional coordinate point
can be determined that is representative of the expression
levels of the sample of molecules and compared to the health-
associated reference expression region to determine if the
expression level of that molecule lies within or outside the
health-associated reference expression region and is there-
fore outside the perturbation limits of the health-associated
reference expression region. Furthermore, the expression
level can be compared with the health-associated reference
expression interval to determine if the expression level of that
molecule lies within the health-associated reference expres-
sion interval or lies above or below the perturbation limits of
the health-associated reference expression interval.

[0079] The methods of the invention for determining a
comparative expression profile in an individual can use mul-
tiple health-associated reference expression regions, where
each region corresponds to a reference population of indi-
viduals. A multidimensional coordinate point for an indi-
vidual that lies within one of these regions can be used to
classify the individual as having the health state correspond-
ing to the reference population of individuals represented by
that region.

[0080] In addition to determining the health state of an
individual, methods of the invention can be used to classify
individuals in a population based on their responsiveness to a
drug or combination of drugs, as disclosed herein. The inven-
tion thus provides a method of classifying a population by
drug responsiveness. The method includes the steps of deter-
mining a multidimensional coordinate point representative of
the expression levels of a sample of molecules in a specimen
from individuals in a population of individuals administered
adrug; and determining a drug response-associated reference
expression region of a group of individuals in the population
using the multidimensional coordinate points, thereby clas-
sifying the group of individuals into a drug response reference
population.

[0081] The methods of the invention for classifying a popu-
lation by drug responsiveness can be used to stratify
responses to a drug into, for example, responder categories.
Such a stratification can be useful in predicting the effective-
ness of a course of therapy, for example, whether a therapy
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should continue at the same dose or higher or lower doses. By
correlating a drug response-associated reference region of a
population of individuals with a category of drug responsive-
ness, the drug responsiveness of an individual can be pre-
dicted based on whether the individual has a drug response
expression profile within a particular drug response-associ-
ated reference region.

[0082] The methods of classifying a drug response are
advantageous in that changes in expression levels of mol-
ecules can be manifested prior to an overt display of a drug
response or prior to a full display of a response to a drug,
thereby allowing an early determination as to the effective-
ness of a drug response. Furthermore, as disclosed herein, the
methods can be used to subcategorize a response that can be
correlated with a particular drug response outcome that can
similarly be used to determine the effectiveness of a drug. For
example, if an adverse drug response is correlated with ref-
erence individuals in a drug response-associated reference
expression region, an individual having a multidimensional
coordinate point within the region can be identified at an early
stage of treatment and the therapy adjusted, even prior to an
overt display of adverse symptoms. An individual having a
multidimensional coordinate point within a drug response-
associated reference expression region correlated with a posi-
tive drug response can confirm the effectiveness of continued
therapy. Thus, the methods of the invention can be used to
optimize a therapeutic regimen by predicting the response of
an individual to an administered drug.

[0083] A particularly useful specimen for measuring a drug
response is white blood cells. As described herein, white
blood cells are particularly useful as a specimen from an
individual since they are readily accessible and provide a
window to the physiological state of an individual, including
response to a drug. The drug can be a small molecule, a
biological, or any molecule known or suspected of having a
therapeutic effect.

[0084] The individuals in a population used to identify a
drug response-associated reference expression region can be
individually assayed for expression of molecules in a speci-
men, or the specimens from individuals can be pooled prior to
assay. As disclosed herein, the individuals, in addition to
being administered a particular drug of interest, can be treated
so that they are in a relatively similar physiological state, for
example, by fasting, resting, exercising, or any desired physi-
ological condition, or are individuals having the same dis-
ease. Thus, the population of individuals can be relatively
homogeneous. Alternatively, the population can include indi-
viduals with more varied physiological states, that is, not
treated similarly such as with fasting, resting, and the like.
This more heterogeneous population can be pooled prior to
assay, if desired.

[0085] Additionally provided is a method of predicting a
drug response in an individual. The method includes the steps
of'determining a multidimensional coordinate point represen-
tative of the expression levels of a sample of molecules in a
specimen from an individual treated with a drug; comparing
the multidimensional coordinate point to a drug response-
associated reference expression region for individuals treated
with the drug; and determining if the multidimensional coor-
dinate point form the individual is within or outside the drug
response-associated reference expression region, wherein the
multidimensional coordinate point within the drug response-
associated reference expression region indicates the indi-
vidual has a substantially similar response to the drug as
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individuals in a drug response reference population used for
the drug response-associated reference expression region. A
substantially similar response to the drug can refer to a sub-
stantially similar expression profile as indicated by a corre-
sponding multidimensional coordinate point residing within
a drug response-associated reference expression region such
that individuals having expression of molecules within the
reference expression region have a substantially similar drug
response.

[0086] A substantially similar response to the drug can also
refer to individuals having overt manifestations or indications
associated with a drug response, that is, overt manifestations
or indications that can be an objectively determined by a
physician, for example, based on signs of a disease or a test
result, or based on subjective symptoms described by the
patient. One skilled in the art can readily determine overt
indications useful for determining a response to a drug.

[0087] The methods of the invention can be used to deter-
mine a drug response-associated reference expression region
for individuals administered a drug without previously cat-
egorizing the individuals by overt indications of a drug
response. Thus, the methods of the invention can be used to
categorize or subcategorize drug responses based on the
expression levels of molecules without prior knowledge of
any overt indications associated with the drug response. If
desired, such a drug response-associated reference expres-
sion region can be correlated with overt indications associ-
ated with the drug response such as changes in a sign or
symptom of a disease. Alternatively, the methods of the
invention can be used with a group of individuals in a popu-
lation previously categorized with respect to one or more
overt indications associated with response to a drug, and the
expression levels of molecules in the group of individuals
determined based on the previous categorization. The group
of'individuals in the population can be the entire population or
a portion of the population, depending on the similarity or
diversity of responses of individuals to the drug.

[0088] Thus, the invention also provides a method of cat-
egorizing drug responsiveness in a population. The method
includes the steps of (a) determining a multidimensional
coordinate point representative of the expression levels of a
sample of molecules in specimens from a population of indi-
viduals treated with a drug; (b) identifying a first group of
individuals having a substantially similar response to the
drug; and (c) determining a drug response-associated refer-
ence expression region of the first group of individuals using
the multidimensional coordinate points of the first group of
individuals, thereby categorizing the drug responsiveness of
the first group of individuals. The method can further include
the steps of (d) identifying a second group of individuals
having a substantially similar response to the drug, the drug
response in the second group being different than the drug
response of the first group; and (e) determining a drug
response-associated reference expression region of the sec-
ond group of individuals using the multidimensional coordi-
nate points of the second group of individuals, thereby cat-
egorizing the drug responsiveness of the second group of
individuals. The method can further include optionally
repeating steps (d) and (e) one or more times for an additional
group of individuals having a substantially similar response
to the drug, the drug response in the additional group of
individuals being different than the drug response of identi-
fied groups.
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[0089] To obtain a statistical sampling of the expression
levels of molecules in a reference individual, the expression
levels of molecules in a population of reference individuals
are determined by the methods disclosed herein. Once the
expression levels of molecules in the population are deter-
mined, well known statistical analysis can be applied to pro-
vide a statistically useful reference expression region. If
needed, the expression levels of additional reference indi-
viduals can be determined and added to the previously deter-
mined expression levels until statistically useful reference
expression intervals are determined. Similarly, multiple ref-
erence expression regions can be determined from multiple
reference populations.

[0090] Methods of the invention, for the purpose of deter-
mining the health state of an individual based upon expres-
sion profiles for the individual and for one or more reference
populations, can include linear, non-linear, and/or multivari-
ate calculations from fields including mathematics, statistics,
and/or computer science. Such calculations can proceed in
two phases: (1) an overall computation involving training
and/or estimation using data from the reference population(s)
and (2) a simpler computation for an individual using the
results of phase 1. The end result of such calculations is to
provide one or more qualitative or quantitative indicators of
the health state of the individual.

[0091] A variety of calculations can be used in the methods
of'the invention. Exemplary-calculations useful in methods of
the invention include discriminant analysis, in which a new
individual is classified from known calculations by training
with a set of individuals of known classification. For example,
data from individuals with known health states can be used to
classify a new individual as having one of these known health
states. Other exemplary methods include classification analy-
sis, which is similar to discriminant analysis, and multiple
discriminant analysis.

[0092] Cluster analysis is a collection of methods to find
groups in a set of data. Cluster analysis can be used to find
groups, for example, to group disease-associated molecules
or to cluster individuals into groups of different health states.
Such a method can be used to identify a sample of molecules
from a larger population of molecules that are associated with
a disease state or indicative of a particular disease or progres-
sion of a disease.

[0093] Analysis of variance (ANOVA) is a general statisti-
cal technique useful for testing the significance of differences
between and among groups.

[0094] Regression analysis is a general statistical analysis
for predicting based on observations and can be used, for
example, to predict a health state. Logistic regression analysis
can be used for the purpose of classification (see Example II).
Regression trees is a predictive method based on a tree struc-
ture trained from a set of data. The data set can be based on the
expression levels of molecules or combinations of molecules.
Training is carried out with a series of decisions. For example,
a first decision can be if a molecule or group of molecules is
expressed at a high or low level. Then a decision can be based
on the expression of another molecule or group of molecules,
and so forth. The method is data-based and can be used for
predicting the relationship between molecule expression lev-
els and health state. Decision trees are similar to regression
trees, but the emphasis is on making a decision, for example,
deciding the health state of an individual. Nearest neighbor
algorithms are distance based classification methods to assign
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the closest match to an individual and are useful for indi-
vidual-to-individual comparison of complex components.
[0095] Principal components, factor analysis, multidimen-
sional scaling and other methods of dimensionality reduction
are methods to reduce the number of combinations of mol-
ecules for an effective classification. Likelihood models are
methods using statistical data and probability models to pro-
vide optimal use of statistical information, where applicable.
Likelihood models provide a specific description of the pat-
tern of variation in data and can be used for estimation and
hypothesis testing. Hypothesis testing is a formal process of
using data to make decisions. Hypothesis testing can be used
to test whether a molecule or set of molecules is useful and
should be included in a group. Hypothesis testing can also be
used to decide if a pool of individuals is significantly different
from another pool or group of individuals.

[0096] Derived variables can be created and used to
increase dimensionality beyond the number of molecules in
order to help a statistical method achieve an effective classi-
fication. For example, interaction terms formed by multiply-
ing the expression levels of selected pairs of molecules can be
used.

[0097] Kernel density estimation and other smoothing
techniques are methods used for the purpose of averaging out
or eliminating noise in data or statistical variation in data.
Cross-validation and other methods to guard against overfit-
ting of the data are used in particular to protect against over
optimism or over extension of data regarding the performance
of a diagnostic system from a body of data. Cross-validation
serves to prevent an overly optimistic appearance of the data,
for example, a set of data can appear to be predictive of two
distinct groups, where cross-validation can be used to com-
pensate for an apparent overly optimistic appearance of the
data. For example, if one observation is repeatedly omitted
from a data set of individuals with known health states, its
classification based on the remaining data can be used to
obtain a more realistic indication of system performance.
[0098] The bootstrap and other statistical resampling tech-
niques are methods used to resample from the data in order to
assess the variability of the system computed from such data.
Artificial intelligence, including artificial neural networks,
machine learning, data mining, and boosting algorithms can
also be used (see Example I1I). An artificial neural network is
a computational method trained on a training set to make a
new classification, for example, a training set of molecules in
a reference population to classify a new individual. Machine
learning is a collection of automated methods in which train-
ing can be used to learn what distinguishes a group, for
example, groups of different health states, and is then used to
classify an individual into a group. A boosting algorithm is an
example of machine learning and is based on taking a simple
system of classification methods to assemble more complex
methods. For example, in a boosting algorithm, the expres-
sion levels of molecules taken one at a time can be analyzed
in a particular sequence to generate a more effective method.
Data mining is a method based on learning and inferring from
large bodies of data and is useful for understanding how to use
a large data set for calculations. Data mining is particularly
useful when using large data sets, for example, examining a
large number of sample molecules and/or a large reference
population.

[0099] The methods of the invention can include a statisti-
cal calculation ofthe degree of confidence associated with the
assignment of an individual to a health state. Accordingly,
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two individuals can both have multidimensional coordinate
points within a particular health-associated reference expres-
sion region, for example, a region corresponding to reference
individuals having cancer, but with different levels of confi-
dence for the diagnosis, for example, one individual can have
a 98% confidence of the diagnosis while the other individual
has an 85% confidence.

[0100] Bayesian analysis using prior probability distribu-
tions is a method that uses expert opinion with prior prob-
abilities along with observed data to make a decision. The
method can therefore incorporate expert opinion to aid in
decision making based on prior probability distributions.
[0101] Any one, or combination of two or more, of the
statistical methods described above, or other statistical meth-
ods useful for characterizing the expression levels of mol-
ecules to determine the health state of an individual, can be
used in methods of the invention.

[0102] Although the methods of the invention are based on
determining the expression levels of molecules in a reference
population, it is understood that the identity of the molecules
need not be known. Thus, it is not necessary to know the
identity of a particular specimen molecule that binds to a
particular ligand, only that a specimen molecule that binds to
aparticular ligand has a measurable expression level that can
be correlated with the health state of an individual. However,
if desired, the identity of molecules having expression levels
correlated with the health state of an individual can be deter-
mined, for example, using methods like ICAT, as described
herein.

[0103] The methods of the invention can be applied to
determining the expression profile corresponding to many
physiological systems and states in the cell, for example,
nervous, immune, cardiovascular, gastrointestinal, endo-
crine, hepatic, lymphatic, neuromuscular, renal, respiratory,
skeletal, urogenital systems, and the like. Pathologies in these
systems and perturbations in organs of these systems can be
determined using methods of the invention. Furthermore,
pathologies in various systems can be assessed using WBCs
as a specimen from the individual, as described herein.
[0104] The methods of the invention are advantageous in
that multiple parameters are analyzed to assess the health
state of an individual. The methods of the invention can be
used to analyze at least two and up to many molecules in a
sample of molecules to determine the health state of an indi-
vidual. Accordingly, a sample of molecules can contain 2 or
more, 3 or more, 5 or more, 10 or more, 15 or more, 20 or
more, 25 or more, 30 or more, 40 or more, 50 or more, 60 or
more, 70 or more, 80 or more, 90 or more, 100 or more, 150
or more, or even 200 or more different molecules for which an
expression level can be determined. Moreover, the sample
molecules can contain 300, or more, 400 or more, 500 or
more, 700 or more, or 1000 or more molecules. A sample can
also contain 2000 or more, 3000 or more, 5000 or more, or
even 10,000 or more molecules. When analyzing a sample
containing a large number of molecules, the expression levels
of the molecules can be conveniently performed using a tar-
get-based method such as an array. For example, in a speci-
men of 5000 molecules, if the expression level of 500 those
molecules is correlated with the health of an individual,
simultaneous measurement of the expression levels of those
500 molecules using methods of the invention provides infor-
mation on the health of the individual.

[0105] The analysis of multiple parameters provides a con-
venient method to determine a comparative expression profile
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of'an individual relative to one or more reference populations.
The methods of the invention are useful for determining a
comparative expression profile of an individual and providing
a simplified output that allows a convenient analysis of the
health state of an individual, for example, whether an indi-
vidual is healthy, has a predisposition for a disease, or has a
disease. Such methods can also be applied to determining the
prognosis of a patient having a disease or to estimate the
course of a disease.

[0106] The methods of the invention are advantageous in
that the use of multiple parameters provides information on
the expression levels of molecules that can be correlated with
the health state of an individual by comparing the expression
levels to one or more health-associated reference expression
regions. The methods of the invention can be performed as a
one-molecule-at-a-time analysis, where the expression level
of individual molecules are compared to a health-associated
reference expression region, including a health-associated
reference expression interval. In a one-molecule-at-a-time
multiparameter analysis, the analysis can be simplified, for
example, by assigning a numerical value, which can be
summed to generate a summation value that reflects the com-
parison of multiple parameters to a reference population, as
described in more detail below. In a multidimensional multi-
parameter analysis, the analysis can be simplified by deter-
mining a multidimensional coordinate point that is compared
to one or more health-associated reference expression regions
defined by one or more reference populations, as described in
more detail below. In both one-molecule-at-a-time and mul-
tidimensional analysis, the information obtained on multiple
parameters, that is, the expression levels of multiple mol-
ecules, is preserved and is useful in determining the health
state of an individual.

[0107] The methods of the invention are advantageous in
that the expression level in an individual for any number of
molecules can be characterized to determine an expression
profile for the individual. The methods of the invention can be
particularly advantageous when a large number of different
molecules are being analyzed.

[0108] Although an individual having a disease or who is
predisposed to developing a disease will have a change in
expression of various molecules, not all molecules will nec-
essarily have a change in expression. Furthermore, there can
be a change in relative expression between two or more mol-
ecules, even though the expression levels of individual mol-
ecules are each within a health-associated reference expres-
sion interval. Therefore, whether a change in expression is
observed depends on which particular molecule is character-
ized with respect to expression levels. For example, if the
expression level of a particular molecule is determined, and if
a change in expression level of that molecule or a change in
relative expression to another molecule is associated with a
disease or indicates a predisposition to developing a disease,
then an expression profile based on determining the expres-
sion level of that molecule will reflect the health state of that
individual. An individual having an expression level for that
particular molecule within a health-associated reference
expression interval is considered to have a reference health
state, at least with respect to that particular molecule. In
contrast, an individual having an expression level for that
particular molecule outside a health-associated reference
expression interval is considered to have a perturbed health
state with respect to that molecule.
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[0109] Although some diseases can be characterized, at
least in part, by a change in expression of a particular mol-
ecule, generally a number of molecules exhibit changes in
expression or change in relative expression in an individual
having a disease state. Similarly, changes in expression of
multiple molecules are also associated with a predisposition
to developing a disease state, although the number of mol-
ecules having altered expression levels can be lower thanin a
disease state. Most diseases cannot be characterized by a
change in a single molecule but are characterized by changes
in expression of a variety of molecules, many of which can
also have changes in expression in other diseases. For
example, some of the molecules exhibiting changes in
expression in an individual having a disease will be specific to
the disease. However, other molecules exhibiting changes in
expression will not be disease-specific but will be molecules
exhibiting changes in expression in a variety of conditions.
The methods of the invention are advantageous in allowing
analysis of such diseases having complex changes in expres-
sion patterns by determining multiple parameters indicative
of the health state of an individual.

[0110] Furthermore, even in diseases where mutations in a
single gene contributes to a disease, these mutations are often
associated with the activity or function of the gene or gene
product but do not necessarily affect the expression level of
the gene or gene product. For example, loss of p53 function is
found in more than 50% of human tumors (Wang, Anticancer
Res. 19:4759-4771 (1999); Hollstein et al., Science 253:49-
53 (1991)). However, many of these loss of function muta-
tions alter activity of p53 but not the level of p53 expression.
Therefore, mutations in p53 that would be indicative of can-
cer could not be determined by the expression level of p53.
Nevertheless, mutations in p53 which would lead to cancer
would also lead to alterations in the expression levels of other
molecules due to changes in the physiological state in
response to the p53 mutations. Therefore, determination of
the altered expression levels of these other molecules can be
used to determine the health state of an individual, even in the
absence of measurable changes in expression levels of dis-
ease-specific genes or gene products that cause or contribute
to the disease such as p53 mutations that alter activity but not
expression levels of p53.

[0111] The methods of the present invention are advanta-
geous in that the methods allow multiparameter analysis of
complex changes in expression patterns associated with a
disease or predisposition for a developing a disease, which
can be converted to a simplified output that allows determi-
nation of the health state of an individual. In particular, the
methods of the invention are applicable to determining
whether an individual has substantially the same health state
as a reference population or a perturbed health state, includ-
ing a disease state or predisposition to developing a disease.
Thus, a series of parameters, based on the expression level of
a sample of molecules in a population of molecules in a
specimen, for example, mRNA, proteins or small molecules
from leukocytes, or proteins or small molecules from serum,
can be measured to determine the health state of an individual.
[0112] A comparative expression profile of an individual
can be determined based on comparing the expression level of
a molecule in a specimen from the individual with a health-
associated reference expression interval of the molecule.
Similarly, a comparative expression profile of an individual
can be determined based on comparing the relative expres-
sion levels of two or more molecules in a sample, for example,
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by determining a multidimensional coordinate point repre-
sentative of the expression levels of the molecules, to one or
more health-associated reference expression regions corre-
sponding to the molecules. Although a multidimensional
coordinate point can be determined for a multidimensional
analysis, it is understood that the expression levels of indi-
vidual molecules can be compared to the health-associated
reference expression region so long as the region reflects the
relative expression of the sample of molecules in the refer-
ence population.

[0113] The methods of the invention can be used to char-
acterize a health state based on any number of sample mol-
ecules, including large numbers of sample molecules. The
analysis of large numbers of molecules can be particularly
useful when trying to discriminate between diseases having
similar but distinct changes in expression patterns. If desired,
an expression profile based on the determination of the
expression levels of essentially all molecules expressed in a
specimen can be determined so long as the health-associated
reference expression region of a sample of molecules in a
population of molecules in the specimen is statistically useful
for predicting the health state of an individual.

[0114] For example, in a one-molecule-at-a-time analysis,
a numerical value can be assigned indicating whether the
expression level of a particular molecule in a specimen falls
within a health-associated reference expression interval cor-
responding to a statistical sampling of a reference population.
Assigning a numerical value based on whether an expression
level falls within a health-associated reference expression
interval or lies outside the perturbation limits of such a refer-
ence expression interval allows a potentially complex analy-
sis of the expression profile of many molecules to be conve-
niently converted to a simplified numerical output that
provides insight into the health state of an individual.

[0115] The invention provides additional methods of deter-
mining a comparative expression profile in an individual. One
such method includes the steps of (a) comparing the expres-
sion level of a molecule in a specimen from an individual with
a health-associated reference expression interval of the mol-
ecule; and (b) assigning a value of 0 if the expression level is
within the health-associated reference expression interval or
assigning a positive numerical value if the expression level is
outside the health-associated reference expression interval,
wherein an expression level within the health-associated ref-
erence expression interval indicates a reference expression
profile and wherein an expression level outside the health-
associated reference expression interval indicates a perturbed
expression profile. The method can further include repeating
steps (a) and (b) one or more times.

[0116] Accordingly, methods of the invention can include
the step of assigning a numerical value depending on whether
the expression level of a molecule is within a health-associ-
ated reference expression interval for that molecule or
whether the expression level of the molecule is outside the
health-associated reference expression interval. For example,
if the expression level of a molecule is within a health-asso-
ciated reference expression interval, a value of 0 is assigned to
the expression level of the molecule in a particular specimen.
In such a case, a value of 0 indicates that the individual has a
reference expression profile, at least with respect to the par-
ticular molecule for which an expression level was deter-
mined. Such an analysis can similarly be applied to the deter-
mination of the expression level of two or more molecules or
any number of molecules. In the case where the expression
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level of each of the sample of molecules analyzed lies within
its corresponding health-associated reference expression
interval, a value of O is assigned to the expression level of each
molecule. Accordingly, if O is assigned to the expression level
of each sample molecule analyzed, the individual has a ref-
erence expression profile. An individual having a reference
expression profile can have a reference health state, that is, a
health state that is substantially the same or similar to a
reference population of individuals.

[0117] If the expression level of a molecule is outside a
health-associated reference expression interval for that mol-
ecule, a positive numerical value can be assigned to the
expression level of the molecule in a particular specimen. For
example, in a simplified case, the positive numerical value
can be 1. In such a case, a value of 1 indicates that the
individual has a perturbed expression profile. Such an analy-
sis can similarly be applied to the determination ofthe expres-
sion level of two or more molecules or any number of mol-
ecules. For each molecule having an expression level outside
its health-associated reference expression interval, a positive
numerical value is assigned. In such a case, each molecule
having an expression level that is below or above the pertur-
bation limits of a health-associated reference expression
interval for that molecule is assigned a positive numerical
value, indicating a deviation from a reference expression
range. Accordingly, if a positive numerical value is assigned
to the expression level of one or more molecules analyzed in
a sample of molecules, the individual has a perturbed expres-
sion profile. An individual having a perturbed expression
profile indicates that the individual has a perturbed health
state, and such an individual can have a disease state, a pre-
disposition to developing a disease, a prognosis associated
with a disease or treatment of a disease, and such an indicated
perturbed health state can also be used to estimate the course
of a disease.

[0118] When the expression level ofa relatively small num-
ber of molecules is determined and compared to correspond-
ing health-associated reference expression intervals for each
respective molecule, the determination of whether the expres-
sion level of molecules indicates a reference expression pro-
file or a perturbed expression profile is straightforward. How-
ever, as the number of molecules analyzed increases, the
analysis becomes more difficult. The methods of the inven-
tion in which numerical values are assigned to the expression
level of a molecule based on whether the expression level is
within or outside a health-associated reference expression
interval provide a simplified output that can be particularly
useful when a large number of molecules are analyzed.

[0119] One approach to simplifying the analysis of an
expression profile based on a larger number of molecules is to
sum the values assigned to the expression levels of the mol-
ecules to generate a summation value. For example, if 100
molecules are analyzed and none deviate from their respec-
tive health-associated reference expression intervals, the
summation value would be 0, indicative of a reference expres-
sion profile. On the other hand, if at least one ofthe molecules
analyzed has a value of at least 1, the summation value would
be atleast 1. Thus, a summation value of 1 or greater indicates
a perturbed expression profile. As the number of molecules
having expression levels outside their respective health-asso-
ciated reference expression intervals increases, the summa-
tion value correspondingly increases. Thus, higher summa-
tion values indicate a larger number of molecules having
expression levels outside reference ranges.
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[0120] For example, in the simplified exemplary case
where the expression level of 100 molecules is characterized
and a positive value of 1 is assigned to those deviating from
their respective health-associated reference expression inter-
vals, a summation value of 5 indicates that 5 molecules have
expression levels either higher or lower than the range for
reference individuals. Such a summation value of 5 can be
indicative of a disease state or a predisposition to developing
adisease. Similarly, a summation value of 10 indicates that 10
molecules have expression levels either higher or lower than
the range of reference individuals. Thus, the summation value
provides a simplified analysis characteristic of the expression
profile of the individual.

[0121] Moreover, the higher the summation value, the
greater the number of molecules having expression levels
outside the reference range and the more likely that such an
individual has a disease. For example, it is possible that an
individual having expression levels of 5 molecules outside the
reference range indicates that the individual is predisposed to
developing a disease. However, it is possible that a person
having 10 molecules outside the reference range indicates
that the individual has a disease. Thus, the methods of the
invention can be used to determine the health state of an
individual, including determining whether an individual has a
disease state or a predisposition to developing a disease. The
methods of the invention are thus applicable to determining
the likelihood of an individual having a predisposition to
developing a disease or the likelihood that an individual has a
disease.

[0122] The methods of the invention can include the step of
assigning positive numerical values, and, in such a case, the
value assigned to any individual molecule can be weighted
depending on the likelihood that expression of the molecule
outside the health-associated reference expression interval is
correlated with a disease or predisposition to developing a
disease. For example, as described above, decrease or loss of
p53 activity, including loss of p53 expression, is found in a
variety of cancers (Hollstein et al. supra, 1991). Thus, a
decrease or loss of p53 expression has a high degree of cor-
relation with the development of cancer. Accordingly, a
decrease in expression of p53 to a level below the health-
associated reference expression interval can be assigned a
higher numerical value, or a weighted value, since its expres-
sion is correlated with a predisposition to developing cancer
or with having cancer. In contrast, a molecule that has an
increase in expression that is correlated with cancer and with
benign conditions can be given a lower numerical value.

[0123] A method of the invention in which a summation
value is generated based on the assignment of weighted
numerical values can provide greater sensitivity in discrimi-
nating between conditions. For example, assume that a
change in expression of 10 molecules is associated with a
benign condition and a malignant condition. However, the 10
molecules having aberrant expression in the benign condition
are not identical to the 10 molecules having aberrant expres-
sion in the malignant condition. As an example, assume that
aberrant expression of 5 molecules is common to both the
benign and malignant conditions. Such molecules can be
assigned a relatively low numerical value. The 5 molecules
associated with the benign condition can be given an inter-
mediate value, whereas the 5 molecules associated with the
malignant condition can be given a relatively high value. In
such a case, an individual having the benign condition can be
readily distinguished from an individual having the malignant
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condition based on the summation value since an individual
with the benign condition would have a lower summation
value than an individual having the malignant condition.
[0124] In addition to assigning weighted values based on
which particular molecules have expression levels outside a
health-associated reference expression interval, weighted
values can also be assigned based on the relative amount of
expression. Assigning weighted values based on relative
deviation from health-associated reference expression inter-
vals is particularly useful when the expression of a molecule
varies with the severity of a disease. For example, a level of
expression that is just outside the perturbation limits of a
health-associated reference expression interval can be
assigned a lower value, and a higher value can be assigned the
further the expression level deviates from the perturbation
limits.

[0125] Weighting can also be used when there is some
knowledge that expression levels of a particular molecule is
correlated with a condition. For example, variable expression
levels of insulin receptor appear to be correlated with the
severity of associated disease (Taylor, Diabetes 41:1473-
1490 (1992)). Patients with leprachaunism have mutations in
both insulin receptor gene alleles and have an extreme degree
of insulin resistance. In contrast, many patients with type A
insulin resistance have mutations in only one allele of the
insulin receptor gene. Moreover, patients with type A insulin
resistance having mutations in both alleles of the insulin
receptor gene tend to have fasting hyperglycemia and overt
diabetes mellitus in contrast to patients with single mutant
alleles, who tend to have glucose intolerance despite normal
levels of fasting glucose. In such a case, assignment of a
weighted value based on the relative decrease in expression
level of insulin receptor can be used to distinguish various
levels of insulin resistance or a predisposition to developing
insulin resistance.

[0126] Similarly, overexpression of HER2/neu is associ-
ated with poor patient outcome in breast cancer patients (Sla-
mon et al., Science 235:177-182 (1987); Slamon et al., Sci-
ence 244:707-712 (1989)). Assigning a weighted value based
on the relative increase of HER2/neu expression above the
perturbation limit of a health-associated reference expression
interval of HER2/neu can be used as a prognostic indicator of
the likely progression of the disease. An indication of an
expression level of a molecule that is associated with the
progression of a disease can further be optionally combined
with additional prognostic markers having altered expres-
sion, to adjust the aggressiveness of therapy or determine a
particular type of therapy.

[0127] Another useful application of weighting is based on
a threshold of change in expression. For example, it is pos-
sible that an increase in expression of a molecule above the
health-associated reference expression interval is correlated
with a predisposition to developing a disease whereas an
increase in expression of a particular magnitude is correlated
with having the disease. In such a case, a lower weighted
value can be assigned if the expression level of the molecule
exceeds the perturbation limit of the health-associated refer-
ence expression interval and a higher weighted value can be
assigned if the expression exceeds the threshold limit associ-
ated with the disease. Depending on the desired diagnostic
application, one skilled can determine a desirable level of
weighting. Thus, the assignment of weighted values can be
used to further distinguish the expression profile of individu-
als to determine the health state of an individual.
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[0128] The invention additionally provides a method of
determining a comparative expression profile in an individual
by (a) comparing the expression level of a molecule in a
specimen from the individual with a health-associated refer-
ence expression interval of the molecule; and (b) assigning a
value of 0 if the expression level is within the health-associ-
ated reference expression interval, assigning a positive
numerical value if the expression level is greater than the
health-associated reference expression interval, or assigning
a negative numerical value if the expression level is less than
the health-associated reference expression interval, wherein
an expression level within the health-associated reference
expression interval indicates a reference expression profile
and wherein an expression level outside the health-associated
reference expression interval indicates a perturbed expression
profile. A method of the invention can further include repeat-
ing steps (a) and (b) one or more times.

[0129] Methods of the invention described above include
the step of assigning a positive numerical value if the expres-
sion level of a molecule is outside a health-associated refer-
ence expression interval. Although such methods are useful
for determining an expression profile of an individual, such
methods nevertheless provide a simplified output of informa-
tion. For example, it is possible that a molecule is overex-
pressed in certain conditions and underexpressed in other
conditions. Using methods of the invention in which a posi-
tive numerical value is assigned when the expression level of
amolecule is either above or below the perturbation limits of
the health-associated reference expression interval can mask
the distinction between a disease in which the molecule is
increased and a disease in which the molecule is decreased. In
contrast, a more detailed expression profile can be obtained
using a method that utilizes this expression information.
[0130] One approach to obtaining a more detailed expres-
sion profile is to use methods in which information on the
relative change in expression levels is incorporated. The
invention thus provides methods in which an expression level
exceeding the upper perturbation limit is assigned a positive
numerical value and an expression level less than the lower
perturbation limit is assigned a negative numerical value. As
such, information on the relative increase or decrease in
expression of a molecule is preserved.

[0131] Forexample, if amolecule has increased expression
in one disease and decreased expression in another disease,
these changes can be assigned corresponding positive and
negative numerical values that reflect an increase or decrease,
respectively, in expression outside a health-associated refer-
ence expression interval. In contrast to the methods in which
both the increase and decrease are assigned positive numeri-
cal values, the assignment of positive and negative values that
correspond to an increase or decrease in expression outside a
health-associated reference expression interval preserves
additional information that is reflected in the expression pro-
file of an individual. In the above example, such information
can be used to distinguish between the disease in which a
molecule has increased expression above an upper perturba-
tion limit of a health-associated reference expression interval
and the disease in which a molecule has decreased expression
below the lower perturbation limit. As with other methods of
the invention, the numerical value assigned can be weighted
depending on the desired application of the methods.

[0132] As described above, positive numerical values can
be assigned to expression levels outside a health-associated
reference expression interval regardless of whether the
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expression level of a molecule is above or below the pertur-
bation limit. However, a similar analysis can be accomplished
when positive and negative values are assigned by simply
using the absolute values of the negative numbers. Thus, the
methods of the invention can include summing the absolute
values of positive and negative values to generate a summa-
tion value. In such a case, a summation value of 1 or greater
indicates an individual has a perturbed expression profile.
Similarly, methods of the invention can include the use of
mathematical functions other than the absolute value func-
tion.

[0133] For simplicity, the methods described above assign
positive and negative values to reflect an expression level
above or below, respectively, the perturbation limits of a
health-associated reference expression interval. However, it
is understood that the methods can use any type of identifier
that is useful for determining an expression profile, including
positive and negative numbers for expression levels below
and above a perturbation limit or letter identifiers. Further-
more, identifiers can be included to reflect categories of mol-
ecules that are associated with specific diseases such as dia-
betes or cancer. One skilled in the art can readily determine
the appropriate type of values to assign, for example, appro-
priate weighted numerical values or inclusion of identifiers,
depending on the particular application of the methods of the
invention. As with one-molecule-at-a-time analysis described
above, weighting can also be used in multidimensional analy-
sis.

[0134] The above-described one-molecule-at-a-time
analysis of multiple parameters is directed to preserving
information about an individual’s health state based on the
determination of expression levels of a sample of molecules
from a specimen of the individual. In addition, the expression
levels of molecules can also be analyzed in a multidimen-
sional analysis using statistical methods, as disclosed herein
(also see Examples I, II and III). Instead of comparing the
expression levels of individual molecules of a sample to the
corresponding health-associated reference expression inter-
vals determined for a reference population, as in one-mol-
ecule-at-a-time analysis, the expression level of each mol-
ecule in the sample is compared to other molecules in the
sample in a multidimensional analysis. The expression of the
sample of molecules in an individual is then compared to one
or more health-associated reference expression regions of the
same sample of molecules from one or more populations of
reference individuals. Therefore, a multidimensional analysis
can examine the relative expression of a sample of molecules,
allowing more subtle changes in expression patterns to be
correlated with the health state of an individual than provided
by a one-molecule-at-a-time analysis.

[0135] A simplified example of a multidimensional analy-
sis is shown in FIG. 1. FIG. 1 shows a schematic diagram of
a hypothetical health-associated reference expression region.
The circles represent multidimensional coordinate points rep-
resentative of the expression levels (in arbitrary units) of two
molecules in an individual. Therefore, each circle represents
a coordinate point in multidimensional space, in this example
two-dimensional space, that is defined by the expression lev-
els of two molecules in an individual. The elliptical shaped
region shows the clustering of expression levels of areference
population into a classification region, which is determined
by applying statistical methods as disclosed herein. In this
example, a region in two-dimensional shape space is classi-
fied as a health-associated reference expression region.
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[0136] In the top panel of FIG. 1, one coordinate lies out-
side the health-associated reference expression region. The
individual corresponding to this coordinate has expression
levels of molecules 1 and 2 outside the health-associated
reference expression intervals for those molecules, that is,
molecule 1 is expressed at a higher level than in the reference
population and molecule 2 is expressed at a lower level than
the reference population. The determination of the perturba-
tion limits of the health-associated reference expression
region and whether an individual’s coordinate lies within the
region can be determined using statistical analysis, as dis-
closed herein.

[0137] Multidimensional analysis can provide additional
insights into the expression profile of an individual than
would be apparent from a one-molecule-at-a-time analysis of
individual molecules. The bottom panel of FIG. 1 shows an
individual having a coordinate that lies outside the health-
associated reference expression region. In this case, the
expression levels of both molecules 1 and 2 are within health-
associated reference expression intervals for the respective
molecules, that is, molecules 1 and 2 are expressed within the
same range as the reference population. Nevertheless, by
comparing the two molecules relative to each other, a devia-
tion from the health-associated reference expression region
can be observed. Thus, a multidimensional multiparameter
analysis can reveal more subtle changes in an expression
profile that can be useful in determining the health state of an
individual.

[0138] A multidimensional analysis can be performed with
additional parameters. For example, a multidimensional
analysis can be performed in three dimensional space (see
FIG. 2). FIG. 2 shows a schematic diagram of a hypothetical
health-associated reference expression region in three-di-
mensional space. In this case, each coordinate point repre-
sents the expression levels of three molecules in an indi-
vidual, which define a three-dimensional coordinate point. A
three-dimensional ellipsoid represents a health-associated
reference expression region in three-dimensional shape
space. Also shown is an individual having coordinate points
that lie outside the health-associated reference expression
region. As described above for two-dimensional analysis,
statistical methods are applied to determine the perturbation
limits of the three-dimensional health-associated reference
expression region and to determine whether an individual has
expression levels of molecules or a representative multidi-
mensional coordinate point within the region.

[0139] In addition to two- and three-dimensional analysis,
a similar analysis can be applied in n-dimensional space,
where n is the number of molecules in a sample of molecules,
that is, the number of molecules sufficient to predict the health
state of an individual. In such a case, a health-associated
reference expression region is defined in n-dimensional shape
space based on the n-dimensional coordinate points of a ref-
erence population of individuals. Again, statistical methods
are applied in multidimensional analysis to determine the
perturbation limits of the n-dimensional health-associated
reference expression region and to determine whether an
n-dimensional coordinate point of an individual is within or
outside the region.

[0140] The methods of the invention using multiparameter
analysis are particularly useful for analyzing larger numbers
of molecules in a sample and can provide insights into the
expression profile of an individual that are not revealed when
using a one-molecule-at-a-time analysis. Another advantage
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of multidimensional analysis is that the expression levels of
molecules need not be compared to the same type of molecule
but, instead, can be compared to any type of molecule that is
expressed in an individual and can be correlated with the
health state of an individual. Therefore, the expression levels
of nucleic acids can be compared to the expression levels of
polypeptides in a multidimensional analysis, with each mol-
ecule compared to other molecules in the sample. Similarly,
nucleic acids or proteins can be compared to small molecules,
or nucleic acids, proteins and small molecules can be com-
pared relative to each other. Essentially any type of specimen
molecules can be used, alone or in combination with other
types of molecules, as a sample of molecules to determine the
health state of an individual. Since there can be a discordance
between mRNA expression and expression of the corre-
sponding encoded protein, such a comparison between dif-
ferent types of specimen molecules can be useful for moni-
toring changes associated with the health state of an
individual.

[0141] Inan individual having a predisposition to develop-
ing a disease, or who is in early stages of a disease, the
individual often will exhibit no signs or symptoms associated
with the disease. For example, in early stages of cancer, an
individual can feel healthy. Early detection of diseases such as
cancer or determining an individual’s susceptibility to a dis-
ease can be useful for treating an individual prophylactically,
before signs or symptoms of the disease develop. An indi-
vidual having a predisposition to developing a disease or who
is in early stages of a disease can exhibit more subtle changes
in expression than an individual exhibiting more overt symp-
toms of a disease. Multidimensional multiparameter analysis
can be particularly useful in identifying more subtle changes
in expression of molecules associated with early stages of
disease and can therefore be used advantageously in preven-
tative medicine.

[0142] The methods of the invention are advantageous in
that an expression profile can be analyzed to determine the
health state of an individual. Such methods are useful for
routine health screening to determine if an individual has a
reference health state, particularly if the reference individuals
are healthy, or perturbed health state that requires further
medical analysis or monitoring or that indicates a particular
disease or a predisposition to develop a particular disease.
Thus, the methods of the invention are useful in a variety of
applications for predictive medicine and preventive medi-
cine.

[0143] The methods ofthe invention are based on obtaining
a health-associated reference expression region of a group of
any number of molecules that are useful in diagnostic appli-
cations for determining the health state of an individual. A
health-associated reference expression region is determined
by obtaining information on the expression levels of a group
of molecules in a population of reference individuals. One
skilled in the art can readily determine the number of indi-
viduals to be included in a population to obtain a statistically
useful health-associated reference expression region, as dis-
closed herein (see, for example, Anderson, An Introduction to
Multivariate Statistical Analysis, second ed., section 6.7,
Wiley, New York (1984); Tietz Textbook of Clinical Chemis-
try, 3rd ed., Burtis and Ashwood, eds., W.B. Saunders Co.,
Philadelphia, Chapters 11-14, pp. 265-355 (1999)). For
example, once the expression levels of a sample of molecules
have been determined based on a given sized population, one
skilled in the art can determine if the population size is suf-
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ficient for use in methods of the invention by applying any of
a number of statistical methods to the determined health-
associated reference expression region and assessing the use-
fulness of the health-associated reference expression region
for predicting the health state of an individual (see Example
I). Using such statistical methods allows a prediction of the
statistical usefulness of a health-associated reference expres-
sion region for use in methods of the invention.

[0144] Thenumberofindividuals to include in a population
for determining a health-associated reference expression
region can vary depending on the particular application. For
example, if a particular molecule is found to have a narrow
range of expression variability in a reference population, a
health-associated reference expression region for that mol-
ecule or for that molecule relative to another sample molecule
can be obtained with a smaller population. In contrast, if a
particular molecule is found to have a wide range of expres-
sion variability in a reference population, a larger population
can be used for the statistical analysis to determine a health-
associated reference expression region.

[0145] Inamethod ofthe invention in which the expression
levels of two or more molecules are determined and com-
pared to ahealth-associated reference expression region, each
health-associated reference expression interval for each mol-
ecule need not be determined with an identical population.
The health-associated reference expression interval for each
molecule is based on a number of individuals in a population
sufficient to make a statistically useful determination of the
health-associated reference expression interval, although
larger populations can be included.

[0146] A reference population can be selected on a variety
of criteria based on the particular application of methods of
the invention. Exemplary criteria for selection of reference
individuals include the health state such as healthy individu-
als or individuals having a particular disease, age, gender,
ethnic background, drug use, alcohol consumption or other
criteria. Thus, if desired, a reference population can be
focused on particular criteria. Alternatively, the reference
population can contain a variety of individuals having various
physiological states, but the reference population is parti-
tioned into subgroups (see Solberg, Tietz Textbook of Clinical
Chemistry, 3rd ed., Burtis and Ashwood, eds., W.B. Saunders,
Philadelphia, Chapter 14, pp. 336-355 (1999)).

[0147] One skilled in the art can readily determine an
appropriate reference population based on the particular
application of methods of the invention. The methods of the
invention use health-associated reference expression regions
for comparison to the expression levels of a sample of mol-
ecules in a specimen from an individual to determine his or
her health state. The size of the reference population depends
onthe criteria used to select reference individuals. Depending
on the selection criteria and particular application of the
methods of the invention, the reference population can be a
relatively small number to a large number of individuals,
including thousands of individuals.

[0148] The size ofthe reference population that is sufficient
to determine a health-associated reference expression region
for a group of molecules depends on the variability in expres-
sion of the molecules in the reference population and also on
the degree of statistical separation from other reference popu-
lations. In some cases, the variability in expression of the
molecule in a population is due to genetic variation in the
population. The greater the genetic variation, the larger the
reference population is needed to provide a statistically useful
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health-associated reference expression region. Accordingly, a
smaller population can be used if reference individuals have a
similar genetic background. For example, the closest genetic
relationship to an individual is exhibited by an identical twin.
It is therefore possible to compare the expression levels of
molecules in an individual to the expression levels of the
molecules in an identical twin of the individual having appro-
priate reference criteria, for example, an identical twin that is
healthy. In such a case, an individual’s expression profile can
be compared to health-associated reference expression levels
of molecules found in the identical twin to determine the
health state of the individual.

[0149] Beyond an identical twin, the individuals having the
next closest genetic similarity are family members who are
blood relatives of an individual for which determination of a
comparative expression profile is desired. Thus, family mem-
bers having appropriate reference criteria can be used as a
reference population. Due to the genetic similarity of family
members, a relatively small population can be used to deter-
mine useful health-associated reference expression intervals,
for example, populations of about 2 or more, about 3 or more,
about 5 or more, about 10 or more, about 20 or more, about 30
or more, about 50 or more, or about 100 or more individuals.
Ifrelatively large populations of related individuals are avail-
able, the populations can be about 200 or more, about 300 or
more, about 500 or more, about 1000 or more, about 2000 or
more, about 5000 or more, or even about 10,000 or more
individuals. As described above, a reference population of
family members is particularly useful for identifying mol-
ecules having such variability in expression that they are
disregarded as molecules having expression levels correlated
with the health state of an individual.

[0150] A reference population of family members can also
be useful for determining polymorphic variations. For
example, two unrelated families can be used as separate ref-
erence populations to determine expression levels of mol-
ecules. If desired, the family members can be selected so that
the family reference population is representative of a healthy
population. A similar analysis can be performed on a geneti-
cally unrelated family. Thus, the expression levels of mol-
ecules in two reference, healthy populations are determined.
As described above, such a population of related family mem-
bers will exhibit less genetic variability than a population of
unrelated individuals. By comparing two genetically unre-
lated but healthy reference populations to each other, mol-
ecules exhibiting variable expression between the two refer-
ence populations most likely represent genetic variability
rather than a disease-specific variability. Such a comparison
can be useful for identifying those molecules exhibiting vari-
ability that is not associated with a disease state, and such
molecules can accordingly be disregarded as molecules hav-
ing expression levels correlated with the health state of an
individual. Such a comparison, in combination with a com-
parison of reference health state and a disease state, can thus
be used to identify sample molecules that are correlated with
the health state of an individual.

[0151] Still another group of individuals having genetic
similarity are individuals in a particular ethnic group. Thus, a
reference population can be selected from individuals in an
ethnic group to determine health-associated reference expres-
sion intervals. Such a reference population would include a
larger population than a reference population of family mem-
bers since the genetic variation in an ethnic group would be
greater than in family members, for example, about 5 or more,
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about 10 or more, about 20 or more, about 30 or more, about
50 or more, about 100 or more, about 200 or more, about 500
or more, about 1000 or more, about 2000 or more, about 5000
or more, or even greater numbers of individuals. The expres-
sion levels of molecules in an individual of a particular ethnic
background can be compared to a health-associated reference
expression region determined for the ethnically related refer-
ence population. Using a health-associated reference expres-
sion region from a particular ethnic group can be desirable if
the perturbation limit for one or more molecules expressed in
that ethnic group lies within the health-associated reference
expression intervals of those molecules for the general popu-
lation and if aberrant expression of that molecule is associated
with a disease in that ethnic group.

[0152] Still larger populations of reference individuals are
used when the reference individuals are selected from the
general population and are not directed to a specific ethnic
group. In such a case, the reference individuals can represent
a relatively random sampling of a general population, which
can include a sufficient number of individuals from a suffi-
cient variety of ethnic groups to be representative of the
general population, for example, about 10 or more, about 20
or more, about 30 or more, about 50 or more, about 100 or
more, about 200 or more, about 500 or more, about 1000 or
more, about 2000 or more, about 5000 or more, about 10,000
or more, or even greater numbers of individuals. Selection of
a sufficient variety of ethnic groups allows the genetic vari-
ance between ethnic groups to be incorporated into the
health-associated reference expression region. Since a gen-
eral population will have greater genetic variation, a larger
population of reference individuals is used to determine a
health-associated reference expression region. The number
and variety of ethnic groups to include in a general reference
population can be determined by one skilled in the art depend-
ing on the ethnic diversity of test individuals for which a
comparative expression profile is to be determined.

[0153] The use of a reference individual or reference popu-
lation can also be applied to identify a sample of molecules in
a population of molecules useful for determining the health
state of an individual. For example, if an expression profile of
an individual having a disease is determined and compared to
a related family member or family members, the molecules
having differences in expression can include a sample of
molecules indicative of the health state of an individual. The
expression levels of those molecules exhibiting differences in
expression can be determined in a reference population. For
example, those molecules having statistically useful health-
associated reference expression intervals represent a sample
of molecules in a population of molecules. Accordingly, the
sample of molecules can vary depending on the particular
disease, and disease-specific samples can be determined by
characterizing the expression profile in individuals having a
variety of diseases, if desired. For example, disease-specific
samples of molecules can be detected on directed targets
containing corresponding ligands that bind to the sample of
molecules.

[0154] Another method of identifying a sample of mol-
ecules useful for predicting the health state of an individual is
to pool groups of reference individuals for comparison.
Rather than individually measuring the expression levels of
molecules in each individual of a reference population, speci-
mens from reference individuals can be pooled. For example,
healthy reference individuals can be pooled to generate a
healthy reference pool, and individuals having a particular
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disease can be pooled separately from the healthy reference
pool. The pooled reference populations can then be used to
determine the expression levels of molecules in specimens
from the pooled populations. The determined expression lev-
els of such a pooled population is essentially an average of the
population. The “average” expression levels determined for
the separate reference populations can be compared, and such
a comparison is expected to reveal molecules having difter-
ential expression between the pooled samples. Such a set of
differentially expressed molecules can be used as a sample of
molecules predictive of the health state of an individual hav-
ing the disease of the pooled disease reference population.
Identification of disease-specific molecules can be useful for
identifying target ligands for a directed target. Such an analy-
sis can be used for a dimensionality reduction, in which a
smaller set of molecules is used as a predictor of the health
state of an individual. Dimensionality reduction can therefore
be useful in identifying a sample of molecules predictive of
the health state of an individual.

[0155] Using a pool of reference individuals to identify a
sample of molecules predictive of the health state of an indi-
vidual is useful for simplifying the initial analysis and iden-
tification of a sample of molecules because it can provide a
qualitative and quantitative analysis of the differential expres-
sion between two populations having different health states
without the need to perform assays on many individuals sepa-
rately. Essentially one assay can be performed for each pool
ofreference populations rather than individual assays on each
member of the population. Accordingly, if desired, large
numbers of individuals can be pooled, including hundreds,
thousands, or tens of thousands of individuals, including,
about 10,000, about 20,000, about 30,000, about 40,000 or
even about 50,000 or more individuals, and conveniently
assayed as essentially one specimen.

[0156] In addition to pooling a reference population corre-
sponding to a particular disease, a pooled population can also
be of individuals diagnosed with a variety of diseases. Rather
than identifying a sample of molecules useful for diagnosing
a particular disease, a pooled population having a variety of
diseases can be useful in a more general diagnostic assay for
determining the health state of an individual since a sample of
molecules identified by such a pool would contain molecules
that varied in expression in a variety of disease states.
[0157] Similarly, a pool of reference individuals having
physiological perturbations can be pooled. Such physiologi-
cal perturbations can include, for example, fasting, drug
intake or drug withdrawal, exercise, and the like, as disclosed
herein. Furthermore, a population of individuals having
physiological perturbations can be pooled with disease indi-
viduals to identify a more general set of sample molecules
useful for determining a variety of health states. Such meth-
ods of pooling disease and physiologically perturbed popu-
lations can be useful for identifying a sample of molecules
and appropriate ligands for identifying those molecules on a
general target. The sample molecules identified by such
pooled populations of disease and physiologically perturbed
individuals can also include molecules whose relative expres-
sion changes, even though individual molecules are
expressed within a healthy reference population, as disclosed
herein (see FIG. 1).

[0158] Exemplary physiological perturbations include
fasting, drug intake or withdrawal, exercise, and the like. For
example, physiological perturbations can include fasting,
which is often used for lipid measurements or other physi-
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ological changes that are more immediately affected by diet.
Physiological perturbations can include a resting state or
sleep state, or can include exercise, for example, a stress test
or other form of physical exertion. A physiological perturba-
tion can also include the administration of safe compounds or
drugs to test physiological responses of an individual. For
example, glucose tolerance can be used to measure insulin
response. Nitroglycerin can be administered for vasodilation
and to determine patient habituation. Any of a variety of drugs
or compounds that alter physiology but are known to be safe
and well tolerated by most individuals can be used to physi-
ologically perturb an individual and measure associated
changes in expression of molecules.

[0159] The methods of the invention can thus be used to
diagnose disease states or perturbed physiological states. The
methods of the invention can also be used to identify changes
in expression in response to drug treatment. Thus, by moni-
toring various populations of individuals, the methods of the
invention can be used to predict the efficacy of a particular
drug treatment based on changes in expression of specimen
molecules. Multidimensional multiparameter analysis is par-
ticularly useful for analyzing more subtle changes in expres-
sion of molecules that can be associated with the treatment of
a disease.

[0160] A population of individuals sufficient to obtain a
health-associated reference expression interval for a general
population of individuals would generally contain, tens, hun-
dreds or thousands of reference individuals, depending on the
method of determining expression levels as well as the vari-
ability in expression of the sample of molecules representa-
tive of the health state of the reference population. For
example, the population can contain, for example, about 20 or
more, about 30 or more, about 50 or more, about 100 or more,
about 200 or more, about 500 or more or about 1000 or more
individuals. A population can also contain about 2000 or
more, about 3000 or more, about 4000 or more, or even about
5000 or more individuals. Additionally, a population can con-
tain about 7000 or more, about 10,000 or more, about 15,000
or more or even about 20,000 or more individuals, depending
on the particular application. One skilled in the art can readily
determine an appropriate sized population to determine a
health-associated reference expression interval based on sta-
tistical analysis of the determined reference expression
ranges (see, for example, Solberg, supra, 1999).

[0161] Onceahealth-associated reference expression inter-
val has been obtained for a sufficient number of molecules for
aparticular application, a comparative expression profile can
be determined. A comparative expression profile is deter-
mined by comparing the expression levels of a sample of
molecules in a population of molecules to a health-associated
reference expression interval for each molecule. Such a com-
parative expression profile can be conveniently converted to a
useful output, for example, by assigning values as described
above in a one-molecule-at-a-time analysis or by comparing
the expression levels of the sample of molecules to one or
more health-associated reference expression regions in a
multidimensional analysis.

[0162] To determine the expression level of a molecule in
an individual, a specimen is obtained from the individual that
is representative of the expression level of molecules in the
individual. A specimen can be obtained from an individual as
afluid or tissue specimen. For example, a tissue specimen can
be obtained as a biopsy such as a skin biopsy, tissue biopsy or
tumor biopsy. A fluid specimen can be blood, urine, saliva or
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other bodily fluids. A fluid specimen is particularly useful in
methods of the invention since fluid specimens are readily
obtained from an individual. Methods for collection of speci-
mens are well known to those skilled in the art (see, for
example, Young and Bermes, in Tietz Textbook of Clinical
Chemistry, 3rd ed., Burtis and Ashwood, eds., W.B. Saunders,
Philadelphia, Chapter 2, pp. 42-72 (1999)). A specimen can
optionally be fractionated into cell populations or subpopu-
lations. A particularly useful method of fractionating a popu-
lation of cells is to use ligands that bind to a cell surface
molecule, for example, fluorescent antibodies that bind to a
cell surface antigen followed by separation in a fluorescence-
activated cell sorter.

[0163] If desired, multiple specimens from an individual
can be combined and analyzed as a single specimen repre-
sentative of the expression levels of molecules in an indi-
vidual. Alternatively, multiple specimens from an individual
can be separately used to determine expression levels of mol-
ecules in the different specimens, and then the expression
levels from multiple specimens compared or averaged, so
long as the specimens from the reference population are
treated in the same manner or the expression levels are cor-
related with appropriate controls and/or validation methods,
as disclosed herein.

[0164] A specimen useful in methods of the invention con-
tains one or more molecules that are representative of the
gene expression level and/or cellular expression level of mol-
ecules in the individual. Methods for obtaining specimens
that preserve the expression profile of molecules in a speci-
men, including nucleic acids such as mRNA, polypeptides,
small molecules, or post-translational modifications of such
molecules, are well known to those skilled in the art. Such
methods include the use of appropriate buffers and/or inhibi-
tors, including nuclease, protease and phosphatase inhibitors,
that preserve or minimize changes in the expression level of
molecules in the specimen. Such inhibitors include, for
example, chelators such as ethylenediamine tetraacetic acid
(EDTA), ethylene glycol bis(p-aminoethyl ether)-N,N,N',N'-
tetraacetic acid (EGTA), protease inhibitors such as phenyl-
methylsulfonyl fluoride (PMSF), aprotinin, leupeptin, anti-
pain and the like, and phosphatase inhibitors such as
phosphate, sodium fluoride, vanadate and the like. Appropri-
ate buffers and conditions for isolating molecules are well
known to those skilled in the art and can be varied depending,
for example, on the type of molecule in the specimen to be
characterized with respect to expression level (see, for
example, Ausubel etal., Current Protocols in Molecular Biol-
ogy (Supplement 47), John Wiley & Sons, New York (1999);
Harlow and Lane, Antibodies: A Laboratory Manual (Cold
Spring Harbor Laboratory Press (1988); Harlow and Lane,
Using Antibodies: A Laboratory Manual, Cold Spring Harbor
Press (1999); Tietz Textbook of Clinical Chemistry, 3rd ed.,
Burtis and Ashwood, eds., W.B. Saunders, Philadelphia,
(1999)).

[0165] If desired, the specimen can be incubated or pro-
cessed in a manner to increase the availability of molecules in
the specimen for analytical methods disclosed herein, includ-
ing binding to a target. For example, if the molecule to be
detected in the specimen is a nucleic acid and the target ligand
is a nucleic acid, the specimen can be incubated in buffers and
under conditions useful for preserving nucleic acids, particu-
larly mRNA, and for detecting hybridization between nucleic
acid molecules. Such conditions are well known to those
skilled in the art (Sambrook et al., Molecular Cloning: A

Jun. 5, 2008

Laboratory Manual, 2nd ed., Cold Spring Harbor Press, Pla-
inview, N.Y. (1989); Ausubel et al., Current Protocols in
Molecular Biology (Supplement 47), John Wiley & Sons,
New York (1999)). Furthermore, a specimen containing
mRNA can be converted to cDNA, if desired, using reverse
transcriptase.

[0166] A specimen can also be processed to eliminate or
minimize the presence of interfering substances. For
example, a specimen containing nucleic acids can be frac-
tionated or extracted to remove potentially interfering non-
nucleic acid molecules. The specimen can also be treated to
decrease interfering nucleic acids, for example, by treating a
specimen with DNase or RNase to increase the ability to
detect RNA or DNA, respectively. Various methods to frac-
tionate a fluid specimen or cell extract are well known to those
skilled in the art, including subcellular fractionation or chro-
matographic techniques such as ion exchange, hydrophobic
and reverse phase, size exclusion, affinity, hydrophobic
charge-induction chromatography, and the like (Ausubel et
al., supra, 1999; Scopes, Protein Purification: Principles and
Practice, third edition, Springer-Verlag, New York (1993);
Burton and Harding, J. Chromatogr. A 814:71-81 (1998)).
[0167] If the molecule to be detected in the specimen is a
polypeptide and the target ligand is an antibody, the specimen
can be incubated in buffers suitable for immunological detec-
tion methods, for example, the addition of detergents, includ-
ing denaturants such as sodium dodecyl sulfate (SDS), if
desired (Harlow and Lane, supra, 1988; Harlow and Lane,
supra, 1999). The specimen can also be fractionated, for
example, into cellular or subcellular fractions, if desired.
[0168] Bodily fluid specimens are particularly useful in
methods of the invention due to ready availability. A particu-
larly useful fluid specimen is a blood specimen, particularly
one containing leukocytes (WBCs). A specimen from an indi-
vidual containing leukocytes is representative of the physi-
ological state of the individual and, therefore, is useful in
determining the expression level of molecules in an indi-
vidual that is indicative of the health state of the individual.
Gene and cellular expression in leukocytes reflects many
physiological systems and states in the cell, for example,
nervous, immune, cardiovascular, gastrointestinal, endo-
crine, hepatic, lymphatic, neuromuscular, renal, respiratory,
skeletal, and urogenital systems. Pathologies in these systems
and perturbations in organs of these systems are reflected in
the leukocytes. Therefore, using an analytical method that is
useful for detecting molecules in a leukocyte specimen from
an individual is particularly useful in methods of the inven-
tion. For example, a target that reflects expression of mol-
ecules in leukocytes, for example, a target containing leuko-
cyte ESTs, can be used to determine expression in leukocytes.
[0169] Furthermore, expression in leucocytes can be used
to correlate changes in expression associated with other
physiological systems such as the cardiovascular system, ner-
vous system, or other systems, as disclosed herein. Since
leukocytes reflect the physiological state in a variety of sys-
tems, leukocytes can be used as a specimen to determine
whether there is a change in the health state of the individual,
including changes in one or more physiological systems asso-
ciated with a disease or changes that are associated with a
physiological change such as drinking or drug intake, and the
like.

[0170] Moreover, leukocytes can also be used to detect
infectious disease due to alterations in the physiological state
of the individual. In addition, other physiological changes,
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including changes due to exercise, age, consumption of alco-
holic beverages or intake of drugs are also reflected in leuko-
cytes. Thus, a specimen containing leukocytes is convenient
for determining an expression profile that can be correlated
with the health state of an individual for a variety of physi-
ological conditions, including exercise, age, drinking, and the
like, in addition to disease states without the need for invasive
biopsy procedures to obtain samples of tissues or organs that
are directly involved in the disease.

[0171] When using leukocytes as a specimen, a serum
specimen from an individual containing leukocytes can be
fractionated to isolate leukocytes, if desired, or subfraction-
ated, for example, into macrophages, T cells, B cells, granu-
locytes, monocytes, neutrophils, eosinophils, basophils, mast
cells, and the like. Serum can be fractionated into a leukocyte
fraction or subfractionated using methods well known in
clinical chemistry and blood analysis. Leukocytes or subfrac-
tions thereof can also be isolated by affinity binding methods
specific for leukocytes or leukocyte subfractions. For
example, an antibody binding step using a leukocyte-specific
antibody can be used to isolate leukocytes. The leukocytes
can optionally be eluted from the affinity matrix, or the bound
leukocytes can be directly used by lysing the leukocytes
bound to the affinity matrix. Similarly, antibodies specific for
leukocyte subfractions such as T cell or B cell specific anti-
bodies can be used to subfractionate leukocytes. In addition,
antibodies specific to cell surface markers such as CD mark-
ers can be used to identify and/or isolate a subpopulation of
cells. Such cell surface markers can also be used to determine
the ratios of particular cell types in a specimen, for example,
using a cell sorting apparatus, which can also be an indication
of'a disease state, a predisposition to developing a disease, or
to determine the outcome of a disease.

[0172] Inone embodiment, a direct quantitation method is
used to determine the level of expression of a molecule in a
specimen. One such method is the isotope-coded affinity tag
(ICAT) method (Gygi et al., Nature Biotechnol. 17:994-999
(1999) which is incorporated herein by reference). The ICAT
method is particularly useful for proteomics-based applica-
tions. The ICAT method uses an affinity tag that can be
differentially labeled with an isotope that is readily distin-
guished using mass spectrometry, for example, hydrogen and
deuterium. The ICAT affinity reagent consists of three ele-
ments, an affinity tag, a linker and a reactive group.

[0173] One element of the ICAT affinity reagent is an affin-
ity tag that allows isolation of peptides coupled to the affinity
reagent by binding to a cognate binding partner of the affinity
tag. A particularly useful affinity tag is biotin, which binds
with high affinity to its cognate binding partner avidin, or
related molecules such as streptavidin, and is therefore stable
to further biochemical manipulations. Any affinity tag can be
used so long as it provides sufficient binding affinity to its
cognate binding partner to allow isolation of peptides coupled
to the ICAT affinity reagent.

[0174] A second element of the ICAT affinity reagent is a
linker that can incorporate a stable isotope. The linker has a
sufficient length to allow the reactive group to bind to a
specimen polypeptide and the affinity tag to bind to its cog-
nate binding partner. The linker also has an appropriate com-
position to allow incorporation of a stable isotope at one or
more atoms. A particularly useful stable isotope pair is hydro-
gen and deuterium, which can be readily distinguished using
mass spectrometry as light and heavy forms, respectively.
Any of a number of isotopic atoms can be incorporated into
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the linker so long as the heavy and light forms can be distin-
guished using mass spectrometry. Exemplary linkers include
the 4,7,10-trioxa-1,13-tridecanediamine based linker and its
related deuterated form, 2,2'3,3',11,11',12,12'-octadeutero-
4,7,10-trioxa-1,13-tridecanediamine, described by Gygi etal.
(supra, 1999). One skilled in the art can readily determine any
of'a number of appropriate linkers useful in an ICAT affinity
reagent that satisfy the above-described criteria.

[0175] The third element of the ICAT affinity reagent is a
reactive group, which can be covalently coupled to a polypep-
tide in a specimen. Any of a variety of reactive groups can be
incorporated into an ICAT affinity reagent so long as the
reactive group can be covalently coupled to a specimen mol-
ecule. For example, a polypeptide can be coupled to the ICAT
affinity reagent via a sulfhydryl reactive group, which can
react with free sulthydryls of cysteine or reduced cysteines in
a polypeptide. An exemplary sulthydryl reactive group
includes an iodoacetamido group, as described in Gygi et al.
(supra, 1999). Other exemplary sulthydryl reactive groups
include maleimides, alkyl and aryl halides, c-haloacyls and
pyridyl disulfides. If desired, the specimen polypeptides can
be reduced prior to reacting with an ICAT affinity reagent,
which is particularly useful when the ICAT affinity reagent
contains a sulthydryl reactive group.

[0176] A reactive group can also react with amines such as
Lys, for example, imidoesters and N-hydroxysuccinimidyl
esters. A reactive group can also react with carboxyl groups
found in Asp or Glu, or the reactive group can react with other
amino acids such as His, Tyr, Arg, and Met. Methods for
modifying side chain amino acids in polypeptides are well
known to those skilled in the art (see, for example, Glazer et
al., Laboratory Techniques in Biochemistry and Molecular
Biology: Chemical Modification of Proteins, Chapter 3, pp.
68-120, Elsevier Biomedical Press, New York (1975); Pierce
Catalog (1994), Pierce, Rockford Ill.). One skilled in the art
can readily determine conditions for modifying specimen
molecules by using various reagents, incubation conditions
and time of incubation to obtain conditions optimal for modi-
fication of specimen molecule for use in methods of the
invention.

[0177] The ICAT method is based on derivatizing a speci-
men molecule such as a polypeptide with an ICAT affinity
reagent. A control reference specimen and a specimen from
an individual to be tested are differentially labeled with the
light and heavy forms of the ICAT affinity reagent. The
derivatized specimens are combined and the derivatized mol-
ecules cleaved to generate fragments. For example, a
polypeptide molecule can be enzymatically cleaved with one
or more proteases into peptide fragments. Exemplary pro-
teases useful for cleaving polypeptides include trypsin, chy-
motrypsin, pepsin, papain, Staphylococcus aureus (V8) pro-
tease, and the like. Polypeptides can also be cleaved
chemically, for example, using CNBr or other chemical
reagents.

[0178] Once cleaved into fragments, the tagged fragments
derivatized with the ICAT affinity reagent are isolated via the
affinity tag, for example, biotinylated fragments can be iso-
lated by binding to avidin in a solid phase or chromatographic
format. If desired, the isolated, tagged fragments can be fur-
ther fractionated using one or more alternative separation
techniques, including ion exchange, reverse phase, size
exclusion affinity chromatography and the like. For example,
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the isolated, tagged fragments can be fractionated by high
performance liquid chromatography (HPLC), including
microcapillary HPLC.

[0179] The fragments are analyzed using mass spectrom-
etry (MS). Because the specimen molecules are differentially
labeled with light and heavy affinity tags, the peptide frag-
ments can be distinguished on MS, allowing a side-by-side
comparison of the relative amounts of each peptide fragment
from the control reference and test specimens. If desired, MS
can also be used to sequence the corresponding labeled pep-
tides, allowing identification of molecules corresponding to
the tagged peptide fragments.

[0180] An advantage of the ICAT method is that the pair of
peptides tagged with light and heavy ICAT reagents are
chemically identical and therefore serve as mutual internal
standards for accurate quantification (Gygi et al., supra,
1999). Using MS, the ratios between the intensities of the
lower and upper mass components of pairs of heavy- and
light-tagged fragments provides an accurate measure of the
relative abundance of the peptide fragments. Furthermore, a
short sequence of contiguous amino acids, for example, 5-25
residues, contains sufficient information to identify the
unique polypeptide from which the peptide fragment was
derived (Gygi etal., supra, 1999). Thus, the ICAT method can
be conveniently used to identify differentially expressed mol-
ecules, if desired.

[0181] The ICAT method can be used to quantitate the
expression levels of molecules in reference individuals.
Because the ICAT method is based on a direct comparison
between two samples, the expression levels in various refer-
ence individuals can be conveniently quantitated relative to
the same control reference specimen, for example, another
reference individual or an appropriate cell line. Thus, the
ICAT method can be conveniently used to quantitate the
expression levels of molecules in reference individuals to
determine a health-associated reference expression region.
[0182] Furthermore, the ICAT method can be used to quan-
titate the expression levels of molecules in an individual to be
tested for his or her health state. The expression levels of
molecules in a test individual can be compared to reference
expression levels. For example, the reference expression lev-
els can be those of a control reference specimen, which are
directly compared to the test individual using differential
isotope labeling in the ICAT method. The control reference
specimen can be the same as that used to determine the
health-associated reference expression region. Alternatively,
the control specimen can be different than that used to estab-
lish the health-associated reference expression region, so
long as the expression levels of the control reference speci-
men is correlated with the health-associated reference expres-
sion region.

[0183] The control reference specimen can also be a pool of
reference specimens. For example, the control reference
specimen can be a pool of two or more specimens of reference
individuals used to establish a health-associated reference
region and can be a pool of all reference individuals, if
desired. Such a pool of all reference individuals is expected to
result in a reference level that is essentially an average of the
reference individuals. One skilled in the art can readily deter-
mine a desired number of one or more reference individuals,
including all reference individuals, to include in a pool foruse
as a control reference specimen. The amount of a pooled
sample is adjusted accordingly to allow direct comparison to
the test individual, for example, based on cell number,
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amount of protein, or some other appropriate measure of the
relative amount of control reference specimen and test speci-
men.

[0184] The above-described ICAT method can be per-
formed as tandem MS/MS. A dual mode of MS can be per-
formed in which MS alternates in successive scans between
measuring relative quantities of peptides and recording of
sequence information of selected peptides (Gygi et al., supra,
1999). Other modes of MS include matrix-assisted laser des-
orption-time of flight (MALDI-TOF), an electrospray pro-
cess with MS, and ion trap. In ion trap MS, fragments are
ionized by electrospray and then put into an ion trap. Trapped
ions can then be separately analyzed by MS upon selective
release from the ion trap. Fragments can also be generated in
the ion trap and analyzed.

[0185] In addition to polypeptides, the ICAT method can
similarly be applied to determining the expression level of
nucleic acid molecules. In such a case, the ICAT affinity
reagent incorporates a reactive group for a nucleotide, for
example, a group reactive with an amino group. The ICAT
affinity reagent can incorporate functional groups specific for
a particular nucleotide or a nucleotide sequence of 2 or more
nucleotides. The nucleic acid molecules can be cleaved enzy-
matically, for example, using one or more restriction
enzymes, or chemically (see Sambrook et al., supra, 1989;
Ausubel et al., supra, 1999).

[0186] In another embodiment, a binding assay is used to
determine the expression level of a specimen molecule. For
example, molecules in a specimen from the individual is
contacted with a target. The target contains ligands, which
can be essentially any type of molecule such as polypeptide,
nucleic acid, carbohydrate, lipid, or any organic derived com-
pound, so long as the ligand can bind to a molecule that is
representative of the expression profile corresponding to one
or more molecules in a specimen. The choice of target ligand
depends on which type of molecule in the specimen is to be
detected.

[0187] For example, a target ligand useful for detecting
nucleic acids such as mRNA in a specimen can be a nucleic
acid. In such a target, the ligands are representative of mRNAs
expressed in a specimen and include ligands that can bind a
sample of molecules predictive of the health state of an indi-
vidual. A target can contain nucleic acid ligands that are
representative of each mRNA in a specimen, or a target can
contain nucleic ligands that are representative of a subset of
mRNAs expressed in a specimen so long as the number and
representation of target ligands are sufficient to generate an
expression profile useful for determining the health state of an
individual. A target containing nucleic acid ligands represen-
tative of relatively low abundance or rare mRNAs in a speci-
men is particularly useful when such low abundance mRNAs
vary with the health state of an individual. The number of
ligands to include in a target can be readily determined by one
skilled in the art depending on the particular application and
number of specimen molecules desired to be detected.
[0188] A target containing nucleic acid ligands allows
determination of the expression profile of nucleic acid mol-
ecules such as mRNA in a specimen. The nucleic acid ligands
can be DNA or RNA and can be oligonucleotides. A target
nucleic acid can also be peptide-nucleic acid molecules
(PNA) having peptide and nucleic acid molecules covalently
bound (Nielson, Current Opin. Biotechnol. 10:71-75 (1999)).
[0189] A target containing nucleic acid ligands can also be
used to determine the expression level of nucleic acid-binding
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polypeptides. Detection of nucleic acid-binding polypeptides
can be particularly useful if changes in expression of nucleic
acid-binding polypeptides, for example, transcription factors,
is associated with a disease or predisposition to developing a
disease. Target nucleic acid ligands can additionally be
aptamers that bind to specimen polypeptide molecules.
Aptamers are oligonucleotides having binding affinity for
polypeptides (Tuerk and Gold, Sciernce 249:505-510 (1990);
Ellington and Szostak, Nature 346:818-822 (1990); Joyce,
Curr. Opin. Struct. Biol. 4:331-336 (1994); Gold et al., Annu.
Rev. Biochem. 64:763-797 (1995); Jayasena, Clin. Chem.
45:1628-1650 (1999); Famulok and Mayer, Curr. Top. Micro-
biolsl. Immunol. 243:123-136 (1999)). A diversity of at least
10 species can be synthesized. For example, DNA aptamers
can be synthesized with variable nucleic acid sequences
flanked on each end by recognition sites for PCR primers. If
desired, aptamers that bind to a polypeptide can be selected
and amplified, and such aptamers can have affinities greater
than antibodies.

[0190] Nucleic acid ligands of the target are chosen based
on the desired specimen molecules to be detected. For
example, if a known subset of specimen nucleic acids is to be
detected, the target nucleic acids can correspond to specific
nucleic acid sequences that can hybridize to the known subset
of'specimen nucleic acids. Similarly, ifa known set of nucleic
acid-binding polypeptides is to be detected in the specimen,
the nucleic acid ligands can be nucleic acid sequences that
function as binding sites for the nucleic acid-binding
polypeptides. The target nucleic acids for detecting nucleic
acid-binding polypeptides can be single stranded or double
stranded depending on whether the nucleic acid-binding
polypeptides bind to single or double stranded nucleic acids,
for example, transcription factors that bind to double stranded
DNA. Alternatively, the target nucleic acid ligands, either
double-stranded or single stranded depending on the desired
application, can be representative of expressed sequence tags
(ESTs) corresponding to a particular cell type. For example,
if the specimen from the individual is a leukocyte, the
sequences of the target ligands can correspond to mRNAs
representative of the expression pattern in a leukocyte. In
such a case, the mRNAs of a specimen comprising a cell such
as a leukocyte can be known, or a target can contain mRNA
sequences where each individual sequence is not necessarily
known. Furthermore, a target containing ESTs can be ana-
lyzed with respect to the expression of particular mRNAs in
various physiological systems such as the cardiovascular sys-
tem, the nervous system and the like. mRNAs expressed in
particular systems can be selected as potential sample mol-
ecules useful in determining changes in the health state of an
individual affecting particular systems.

[0191] Additionally, the target nucleic acid ligands can be
completely random sequences such as random oligonucle-
otide sequences, which can be generated by degenerate syn-
thetic schemes. Random oligonucleotide sequences can be
used as target ligands so long as the target contains a sufficient
number of random nucleotide sequences that are statistically
representative of a sufficient number of specimen molecules
to provide a useful expression profile. One skilled in the art
can readily select appropriate nucleic acid ligands based on
the particular application and the specimen molecules to be
detected so long as the target provides a sufficient number of
target ligands to determine an expression profile of an indi-
vidual.
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[0192] A targetuseful for detecting polypeptides in a speci-
men can contain ligands that specifically bind to the polypep-
tides. Target ligands useful for detecting polypeptides include
nucleic acids, as described above, antibodies, peptides or
small molecule ligands such as small organic molecules.
Antibody ligands are particularly useful for detecting
polypeptides in a specimen, including various biochemical
forms of a polypeptide such as post-translational modifica-
tions and the presence or absence of post-translational modi-
fications. Antibodies can be designed, for example, to detect
the presence or absence of phosphorylation at one or more
sites of phosphorylation.

[0193] Methods for preparing antibodies for use as target
ligands are well known to those skilled in the art. As used
herein, the term “antibody” is used in its broadest sense to
include polyclonal and monoclonal antibodies, as well as
antigen binding fragments of such antibodies. An antibody
useful in the invention, or antigen binding fragment of such an
antibody, is characterized by having specific binding activity
for a polypeptide or a peptide portion thereof of at least about
1x10° M~L. Thus, Fab, F(ab"), Fd, Fv, single chain Fv (scFv)
fragments of an antibody and the like, which retain specific
binding activity for a polypeptide, are included within the
definition of an antibody. Specific binding activity of an anti-
body for a polypeptide can be readily determined by one
skilled in the art, for example, by comparing the binding
activity of an antibody to a particular polypeptide versus a
control polypeptide that is not the particular polypeptide.
Methods of preparing polyclonal or monoclonal antibodies
are well known to those skilled in the art (see, for example,
Harlow and Lane, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press (1988)).

[0194] In addition, the term “antibody” as used herein
includes naturally occurring antibodies as well as non-natu-
rally occurring antibodies, including, for example, single
chain antibodies, chimeric, bifunctional and humanized anti-
bodies, as well as antigen-binding fragments thereof. Such
non-naturally occurring antibodies can be constructed using
solid phase peptide synthesis, can be produced recombinantly
or can be obtained, for example, by screening combinatorial
libraries consisting of variable heavy chains and variable light
chains as described by Huse et al. (Science 246:1275-1281
(1989)). These and other methods of making functional anti-
bodies are well known to those skilled in the art (Winter and
Harris, Immunol. Today 14:243-246 (1993); Ward et al.,
Nature 341:544-546 (1989) Harlow and Lane, supra, 1988);
Hilyard et al., Protein Engineering: A practical approach
(IRL Press 1992); Borrabeck, Antibody Engineering, 2d ed.
(Oxford University Press 1995)).

[0195] Antibody ligands useful in methods of the invention
can be generated having specificity for known specimen
polypeptides, as described above. A particularly useful
method for generating antibody ligands is based on using
combinatorial libraries consisting of variable heavy chains
and variable light chains (Huse et al., Science 246:1275-1281
(1989)). The advantage of using such a combinatorial anti-
body library is that antibodies do not have to be individually
generated for each specimen molecule to be detected. No
prior knowledge of the exact characteristics of molecules in a
specimen is required when using a combinatorial antibody
library. All that is necessary is that a sufficient number of
antibody ligands be included in the target so that a represen-
tative number of specimen molecules can be detected and that
auseful expression profile of an individual can be determined.
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If desired, an antibody library can be screened for binding to
molecules expressed in a specimen, for example, by selecting
for antibodies that bind to specimen molecules such as mol-
ecules expressed in leukocytes. The selected antibodies can
be used as target ligands for binding to specimen molecules.
[0196] In addition to antibody ligands, organic molecule
ligands, including peptides, can be used to detect molecules
in a specimen. Such organic molecule ligands can be conve-
niently generated using combinatorial chemistry methods.
Methods for producing pluralities of compounds to use as
target ligands, including chemical or biological molecules
such as simple or complex organic molecules, metal-contain-
ing compounds, carbohydrates, peptides, proteins, peptido-
mimetics, glycoproteins, lipoproteins, nucleic acids, antibod-
ies, and the like, are well known in the art (see, for example,
in Huse, U.S. Pat. No. 5,264,563; Francis et al., Curr. Opin.
Chem. Biol. 2:422-428 (1998); Tietze et al., Curr. Biol.,
2:363-371 (1998); Sofia, Mol Divers. 3:75-94 (1998);,
Eichler et al., Med. Res. Rev. 15:481-496 (1995); Gordon et
al., J. Med. Chem. 37: 1233-1251 (1994); Gordon et al., J.
Med. Chem. 37: 1385-1401 (1994); Gordon et al., Acc. Chem.
Res. 29:144-154 (1996); Wilson and Czarnik, eds., Combi-
natorial Chemistry: Synthesis and Application, John Wiley &
Sons, New York (1997)). When a library of peptides is used as
ligands for detecting specimen polypeptides, the peptides can
form into functional domains having binding activity to
specimen polypeptides. Libraries containing large numbers
of'natural and synthetic compounds also can be obtained from
commercial sources. Because a large number and variety of
ligands can be generated by such combinatorial methods, a
target containing organic molecule ligands can be readily
prepared and used to determine the expression profile of an
individual.

[0197] Target ligands can be attached to a solid support for
contacting with a specimen, or the target ligands can be in
solution and contacted with a specimen. Generally, target
ligands are stably bound to a solid support, which can be a
membrane such as a nylon or nitrocellulose membrane, glass,
derivatized glass, silicon, plastic or other substrates. The tar-
get molecules can be bound to a flat surface such as a mem-
brane or plate or can be bound to spheres or beads. Alterna-
tively, specimen molecules can be bound to a solid support
and contacted with target ligands in solution.

[0198] A convenient format for a target can be, for example,
an array containing a plurality of ligands such as nucleic
acids, antibodies, peptides or small organic molecules. As
used herein, an array refers to a format for presenting binding
molecules where the ligands are stably bound to a solid sup-
port and arranged such that the binding to a particular ligand
on the array can be detected. An array format is particularly
convenient when a large number of molecules in a specimen
is desired to be detected. For example, a target containing
nucleic acid ligands can be an array of random oligonucle-
otides or an array of ESTs. Such nucleic acid arrays can be
purchased commercially or custom synthesized. Similarly,
ligands such as antibodies, peptides or small organic mol-
ecules can be attached to a solid support in an array format.

[0199] The target ligands can be stably bound to a solid
support via covalent interactions or non-covalent interactions
so long as the ligands remain bound to the solid support
during incubation or wash steps required to detect specific
binding of a specimen molecule to the target. Generally,
target ligands are attached to a solid support, for example,
through covalent bonds such as chemical crosslinks. A ligand
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can also be modified with an affinity tag that facilitates bind-
ing and or crosslinking of the ligand to the solid support. High
affinity non-covalent interactions such as those mediated by
avidin and streptavidin and the like can also be used to stably
bind a ligand to a solid support.

[0200] TItis understood that a target, as used herein, refers to
the total number of different ligands used to detect molecules
in a specimen. For example, if the diversity of ligands
required to determine the expression profile of an individual
requires the use of three individual arrays each containing
different ligands, the target is considered to be the ligands on
all three arrays. Moreover, it is understood that contacting a
specimen with a target contained on multiple arrays can be
performed simultaneously, sequentially, or even at different
times, for example, on different days or weeks or even months
apart so long as appropriate conditions are used to allow
comparison of the binding interactions, as described below.
[0201] The specimen is contacted with the target under
conditions that allow specific binding of the specimen mol-
ecules to the target ligands. As used herein, specific binding
means binding that is measurably different from a non-spe-
cific interaction. Specific binding can be measured, for
example, by determining binding of a molecule compared to
binding of a control molecule, which generally is a molecule
of similar structure that does not have binding activity, for
example, a peptide of similar size that lacks binding activity
or a nucleic acid having a different nucleotide sequence.
Specificity of binding also can be determined, for example, by
competition with a control molecule, for example, competi-
tion with an excess of the same molecule. In this case, specific
binding is indicated if the binding of a molecule is competi-
tively inhibited by itself.

[0202] The conditions for the contacting step of a specimen
and target can vary depending on the particular type of speci-
men molecule and target ligand. The nature of the desired
binding interaction between specimen molecule and target
ligand and the method used to detect specific binding is also
considered when determining appropriate binding condi-
tions. For example, if the specimen molecule is a nucleic acid
and the target ligand is a nucleic acid, the contacting step is
carried out under conditions that allow specific binding and
detection of specific binding. Such methods are well known
to those skilled in the art, as described above (Sambrook et al.,
supra, 1989; Ausubel et al., supra, 1999). Typically, the bind-
ing interaction between specimen nucleic acids and target
nucleic acid ligands are carried out under conditions that
allow specific hybridization between specimen molecules
and target ligands. In such a case, the target ligands generally
are single stranded nucleic acid molecules that can hybridize
to the specimen molecules. In contrast, if the specimen mol-
ecule is a nucleic acid-binding polypeptide such as a tran-
scription factor and the target ligand is a nucleic acid, the
target ligands can be double stranded nucleic acids since
nucleic acid-binding molecules such as transcription factors
often bind to double stranded DNA. One skilled in the art can
readily determine the appropriate biochemical form of target
ligands, for example, single stranded or double stranded
nucleic acid, and conditions for specific binding of specimen
molecules depending on the particular binding interaction to
be detected.

[0203] The methods of the invention include the step of
comparing the expression levels of molecules in a specimen
from an individual with a health-associated reference expres-
sion region. Although not required, the health-associated ref-
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erence expression region for the molecules is generally deter-
mined prior to determining the expression levels of molecules
in a specimen from a non-reference individual, that is, a test
individual. Furthermore, it is possible that the expression
level of one molecule in a specimen is determined at a differ-
ent time than the determination of the expression level of a
second molecule in a specimen. Whether the expression level
of a molecule is determined simultaneously with the deter-
mination of an expression level for a second molecule in a
specimen or the determination of a health-associated refer-
ence expression region of the molecules, it is understood that
such determinations are made under conditions that allow a
statistically useful comparison, even if obtained at different
times.

[0204] One useful method to allow comparison between
specimens analyzed at different times is to use an internal
control that can be used to normalize results between speci-
mens. A particularly useful internal control can be, for
example, a molecule in the specimen for which the expression
level does not significantly vary between a reference health
state and a perturbed health state. An internal control mol-
ecule can be a molecule corresponding to or encoding mol-
ecules such as actin, other cytoskeletal proteins, or any
polypeptide or encoding nucleic acid that does not signifi-
cantly vary between a reference health state or a perturbed
health state such as a disease state. Alternatively or in addi-
tion, an exogenous control molecule can be added to normal-
ize variability between specimens collected at different times
or from different individuals.

[0205] The use of internal and exogenous controls allows
determination of the reproducibility of specimen collection
and analysis. One skilled in the art will know or can readily
determine if the expression level determined for a molecule,
whether in a population of reference individuals for obtaining
a health-associated reference expression region or in an indi-
vidual for determining an individual expression profile, is
reproducible and reliable for use in methods of the invention
based on statistical analysis and determination of experimen-
tal variability.

[0206] The binding of a specimen molecule to a target
ligand can be detected using well known methods and is
based on the particular type of specimen molecule and target
ligand binding interaction to be detected. For example, a
specimen molecule or target ligand can be modified to include
a detectable moiety, for example, a radiolabel, a fluoro-
chrome, a chromogen, a ferromagnetic substance, a lumines-
cent tag, a detectable binding agent such as biotin, an enzyme
such as horse radish peroxidase (HRP), alkaline phosphatase,
glucose oxidase, and the like, or other detectable moieties
known in the art that are detectable by analytical methods.
Methods suitable for detecting such moieties include, for
example, autoradiography or phosphorimaging, fluorescence
spectroscopy, calorimetric detection, or light detection.
[0207] As used herein, a label refers to single atoms and
molecules that are either directly or indirectly involved in the
production of a detectable signal. Any label can be linked to
target ligands or to specimen molecules. These detectable
atoms or molecules can be used alone or in conjunction with
additional reagents. Such additional reagents are well-known
in clinical diagnostic chemistry. The linking of a label to a
substrate, for example, a specimen molecule or target ligand,
including nucleic acid, polypeptides, antibodies, and small
organic molecules, is well known in the art. For example, in
the case of nucleic acids, nucleotides labeled with radioac-
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tive, fluorescent, or calorimetric moieties can be incorporated
enzymatically or chemically into a nucleic acid. In the case of
specimen polypeptides, polypeptides can be modified by con-
jugating a detectable moiety with a chemical cross linking
agent or metabolically labeling cells in a specimen to incor-
porate a radiolabel. As described above, an isotopic label such
as an ICAT affinity reagent can also be conjugated to a speci-
men molecule and detected by MS. Antibodies can be labeled
by conjugating detectable labels, including enzymes, using
cross linking agents or, if the antibodies are expressed recom-
binantly, for example, using antibody libraries, the antibodies
can be labeled by expressing the antibodies as a fusion with a
detectable peptide tag.

[0208] A method of detection that directly measures bind-
ing ofa specimen molecule to a target ligand can also be used.
In such a case, the binding of a specimen molecule to a target
ligand is performed without either the specimen molecules or
target ligands being directly labeled. Such indirect methods
include using mass spectrometry or detectable secondary
reagents that bind to a specimen molecule or target ligand.
[0209] The choice of detection system will depend on the
nature of the specimen molecule and target ligand binding
interaction. For example, a variety of detection systems can
be used if a specimen nucleic acid molecule is to be detected.
Such methods include specific hybridization and/or amplifi-
cation methods. Methods and conditions for hybridizing a
specimen nucleic acid molecule to a target nucleic acid ligand
are well known to those skilled in the art. Hybridization
conditions can vary depending on the stringency of the bind-
ing and washing conditions. Hybridization reactions can be
performed under low stringency, moderate stringency, or high
stringency conditions. The conditions for various stringency
hybridization reactions are well known to those skilled in the
art (see Sambrook et al., supra, 1989; Ausubel et al., supra,
1999).

[0210] The phrase stringent hybridization is used herein to
refer to conditions under which polynucleic acid hybrids are
stable. Typically, the hybridization reaction is performed
under conditions of lower stringency, followed by washes of
varying, but higher, stringency. Reference to hybridization
stringency relates to such washing conditions.

[0211] The phrase “moderately stringent hybridization”
refers to conditions that permit target-nucleic acid to bind a
complementary nucleic acid. The hybridized nucleic acids
will generally have at least about 60' identity, at least about
75% identity, more at least about 85% identity; or at least
about 90% identity. Moderately stringent conditions are con-
ditions equivalent to hybridization in 50% formamide,
SxDenhart’s solution, 5xSSPE, 0.2% SDS at 42° C., followed
by washing in 0.2xSSPE, 0.2% SDS, at 42° C.

[0212] High stringency hybridization refers to conditions
that permit hybridization of only those nucleic acid sequences
that form stable hybrids in 0.018M NaCl at 65° C., for
example, if a hybrid is not stable in 0.018M NaCl at 65° C., it
will not be stable under high stringency conditions, as con-
templated herein. High stringency conditions can be pro-
vided, for example, by hybridization in 50% formamide, 5x
Denhart’s solution, 5xSSPE, 0.2% SDS at 42° C., followed
by washing in 0.1xSSPE, and 0.1% SDS at 65° C.

[0213] Low stringency hybridization refers to conditions
equivalent to hybridization in 10 formamide, 5x Denhart’s
solution, 6xSSPE, 0.2% SDS at 22° C., followed by washing
in 1xSSPE, 0.2% SDS, at 37° C. Denhart’s solution contains
1% Ficoll, 1% polyvinylpyrolidone, and 1 % bovine serum
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albumin (BSA). 20xSSPE (sodium chloride, sodium phos-
phate, ethylene diamide tetraacetic acid (EDTA)) contains
3M sodium chloride, 0.2M sodium phosphate, and 0.025 M
(EDTA). Other suitable moderate stringency and high strin-
gency hybridization buffers and conditions are well known to
those of skill in the art and are described, for example, in
Sambrook et al., Molecular Cloning: A Laboratory Manual,
2nd ed., Cold Spring Harbor Press, Plainview, N.Y. (1989);
and Ausubel et al., supra, (1999).

[0214] Ifdesired, a specimen nucleic acid can be amplified
using methods such as polymerase chain reaction (PCR). If
the specimen nucleic acid is RNA, the RNA molecules can be
reverse transcribed into cDNA. Methods of amplifying
nucleic acids by PCR and reverse transcription are well
known to those skilled in the art (see, for example, Dieffen-
bach and Dveksler, PCR Primer: A Laboratory Manual, Cold
Spring Harbor Press (1995); Ausubel et al., supra, 1999).

[0215] To detect binding of a specimen nucleic acid mol-
ecule to a target ligand, the specimen molecules can be
labeled with a detectable moiety such as a radiolabel, fluo-
rescent label, or calorimetric label. When specimen mRNA is
to be detected, a detectable moiety can be incorporated, for
example, during reverse transcription of the mRNA into
cDNA. Alternatively, the target ligand can be labeled to detect
binding of a specimen molecule, for example, the target
ligand can be labeled with a fluorescent label that is quenched
upon binding of a nucleic acid molecule. Another system is
the molecular beacon system in which the target ligand con-
tains a fluorescent label and a quencher such that a fluorescent
signal is emitted upon hybridization to a specimen molecule
(Fang et al., J. Am. Chem. Soc. 121:2921-2922 (1999); Fang
etal., SPIE, 3602:149-155 (1999)). Furthermore, methods in
which neither the specimen molecule nor the target ligand is
labeled can also be used to detect a binding interaction
between a specimen nucleic acid molecule and target nucleic
acid ligand, for example, mass spectrometry.

[0216] Alternatively, a secondary reagent that is detectably
labeled can be used to detect binding of nucleic acids. For
example, a specimen containing nucleic acid molecules can
be hybridized to target nucleic acid ligands, and unbound
specimen molecules can be removed. The target can then be
contacted with secondary reagent nucleic acids containing a
detectable moiety such as a radiolabel, fluorescent label, or
calorimetric label. Those target nucleic acid ligands that are
bound to specimen nucleic acid molecules are inaccessible to
the labeled secondary reagent nucleic acids whereas the sec-
ondary reagent can bind to unbound target nucleic acid
ligands, allowing detection of binding interactions.

[0217] For detection of binding of a specimen polypeptide
to a target antibody ligand, the detection methods can employ
a labeled specimen polypeptide, a labeled target antibody
ligand, or a labeled secondary reagent, similar to the methods
described above for detecting nucleic acid binding. For
example, the specimen polypeptides can be metabolically
radiolabeled, or a detectable moiety such as a radiolabel,
fluorescent, or calorimetric label can be attached to specimen
polypeptides by enzymatic or chemical means. Alternatively,
a target antibody ligand can be labeled, or binding of a target
antibody ligand to a specimen molecule can be detected using
well known immunological detection methods (Harlow and
Lane, supra, 1988; Harlow and Lane, supra, 1999). Methods
of detecting binding of a target antibody ligand using well
known immunological methods are particularly useful when
the specimen molecules are attached to a solid support.
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[0218] Methods of detecting binding of a specimen
polypeptide to a target antibody ligand can also employ meth-
ods in which neither the specimen polypeptide nor the target
antibody ligand are detectably labeled, for example, using
mass spectrometry. Additionally, a labeled secondary reagent
can be used to detect binding interactions between a specimen
polypeptide and a target antibody ligand similar to the meth-
ods described above for detecting nucleic acid binding. For
example, a specimen containing polypeptide molecules can
be contacted with target antibody ligands, and unbound speci-
men molecules can be removed. The target can then be con-
tacted with labeled secondary reagents containing a detect-
able moiety such as a radiolabel, fluorescent, or calorimetric
label and that can bind to unbound antibodies but not to
antibodies bound to specimen polypeptides. Those target
antibody ligands that are bound to specimen polypeptide
molecules are inaccessible to the labeled secondary reagents
whereas the labeled secondary reagents can bind to unbound
target antibody ligands, allowing detection of binding inter-
actions.

[0219] Detection of specimen polypeptide molecules
bound to target nucleic acid ligands can also be based on
differential staining of polypeptides. The use of protein stains
to detect binding of polypeptides to nucleic acids can be
particularly useful when detecting binding of polypeptides to
aptamers. Alternatively, laser bombardment can be used to
detect binding of specimen polypeptides to target ligands.
[0220] The methods of the invention are based on deter-
mining the expression levels of molecules in a specimen or
specimens to determine a health-associated reference expres-
sion region or to determine the expression profile of an indi-
vidual to compare to a health-associated reference expression
region. Therefore, the methods involve quantitation of the
expression of molecules in a specimen. Methods for quanti-
tative assays of the expression level of a specimen molecule
are well known to those skilled in the art. For example, if
desired, the target can contain various amounts of a ligand to
facilitate quantitation of binding of a specimen molecule.
[0221] Furthermore, a target can contain different amounts
of'target ligands suitable for quantitating expression levels of
specimen molecules based on expected expression ranges of
the specimen molecules. Such expected ranges can be deter-
mined using target-based methods, for example, using arrays.
Alternatively, quantitation of expression levels can be per-
formed by another method, for example, using a direct
method such as ICAT, and correlated with a target-based
method such as an array. Thus, quantitation by a method such
as ICAT can be used to establish expected expression ranges
of' molecules and to calibrate a target-based method for con-
venient use in an array format. Thus, the amount of different
ligands on the target need not be identical and can be varied to
provide optimized detection of molecules in a specimen.
[0222] Methods for determining the levels of expression of
small molecules are well known to those skilled in the art. For
example, methods of analyzing small molecules such as glu-
cose, sugars, carbohydrates, sodium, potassium, chloride,
calcium, chromium, iron, selenium, magnesium, manganese,
molybdenum, zinc, copper, amino acids, lipids, neurotrans-
mitters such as acetylcholine, dopamine, norepinephrine, epi-
nephrine, seratonin, y-aminobutyrate, and the like, as well as
other small molecules disclosed herein, can be analyzed using
well known clinical chemistry methods (see, for example,
Tietz Textbook of Clinical Chemistry, second edition, Burtis
and Ashwood, eds., W.B. Saunders Company, Philadelphia
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(1994); Tietz Textbook of Clinical Chemistry, 3rd ed., Burtis
and Ashwood, eds., W.B. Saunders Co., Philadelphia (1999)).

[0223] The methods of the invention disclosed herein for
detecting nucleic acids and/or polypeptides, particularly
methods useful for detecting large numbers of molecules
such as array-based methods, can be combined with well
known methods of detecting expression levels of small mol-
ecules to determine the expression levels of more than one
type of molecule. Exemplary methods of determining the
levels of small molecules include the use of enzyme-based
assays, including calorimetric and radioenzymatic (incorpo-
ration of radioactive substrates), chromogenic assays, spec-
trophotometry, fluorescence spectroscopy, liquid chromatog-
raphy, including ion exchange, affinity, HPLC, paper
chromatography, gas chromatography, photometry atomic
absorption spectrometry, emission spectroscopy, including
inductively coupled plasma emission spectroscopy, mass
spectrometry, inductively coupled mass spectrometry, neu-
tron activation analysis, X-ray fluorescence spectrometry,
electrochemical techniques such as anodic stripping voltam-
etry, polarographic techniques, flame emission spectropho-
tometry, electrochemical methods such as ion selective elec-
trodes, chemical titration, and the like (Zietz Textbook of
Clinical Chemistry, second edition, Burtis and Ashwood,
eds., W.B. Saunders Company, Philadelphia (1994); Tietz
Textbook of Clinical Chemistry, 3rd ed., Burtis and Ashwood,
eds., W.B. Saunders Co., Philadelphia (1999)). Small mol-
ecule assay methods can also be adapted to accommodate
multiple samples, including solid phase or array based for-
mats.

[0224] Additional methods to those described above for
measuring the expression levels of molecules in a sample can
beused. Any new methods can be correlated with a previously
determined method that is useful for determining the expres-
sion levels of molecules in a sample. Once a data set has been
determined, for example, a sample of molecules correlated
with a disease has been identified and a health-associated
reference expression region has been determined by a par-
ticular method, the previously used method can be correlated
with a new set of molecules or method of assaying the expres-
sion levels of the molecules. For example, the expression of
molecules can be measured using the old method and com-
pared to a new method. By comparing the old and new meth-
ods using a calibration curve, the information determined by
the old method can be transformed and correlated with a new
method for measuring the expression of molecules in a
sample. The transformed method is validated by correlating
data derived by the two methods. If transformation does not
provide a good correlation between the two methods, the new
method can be validated by generating a new set of calibra-
tions for the new method.

[0225] The methods of the invention described herein can
also be used to diagnose a disease or condition in an indi-
vidual. The invention thus provides a method of diagnosing a
disease. The method of diagnosing a disease can include the
step of comparing the expression levels of a sample of mol-
ecules in a population of molecules in a specimen from an
individual with health-associated reference expression inter-
vals of the molecules in the sample, wherein an expression
level within the health-associated reference expression inter-
vals indicates a reference health state and wherein an expres-
sion level outside the health-associated reference expression
interval indicates a disease state.
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[0226] In addition, the method of diagnosing a disease can
include the step of determining a multidimensional coordi-
nate point representative of the expression levels of a sample
of' molecules in a population of molecules in a specimen from
the individual; comparing the multidimensional coordinate
point to a health-associated reference expression region of the
sample of molecules; and determining if the multidimen-
sional coordinate point is within or outside the health-asso-
ciated reference expression region, wherein the multidimen-
sional coordinate point within the health-associated reference
expression region indicates a reference expression profile and
wherein the multidimensional coordinate point outside the
health-associated reference expression region indicates a per-
turbed expression profile.

[0227] The methods can further include the step of deter-
mining the expression levels of a sample of molecules in a
population of molecules in the specimen. The method can
also include the step of contacting a specimen from an indi-
vidual with a target or directly comparing the expression
levels of molecules with reference expression levels corre-
lated with a health-associated reference expression region.
[0228] The methods of the invention can be used to deter-
mine the health state of an individual and to diagnose a variety
of diseases. The methods of the invention can be used to
diagnose diseases, for example, cancer, including breast,
prostate, ovarian, lung colorectal, hepatic, renal, leukemia,
and lymphoma; cardiovascular diseases, including heart fail-
ure, hypertension and atherosclerosis; respiratory diseases;
renal diseases; gastrointestinal diseases, including inflamma-
tory bowel diseases such as Crohn’s disease and ulcerative
colitis; hepatic, gallbladder and bile duct diseases, including
hepatitis and cirrhosis; hematologic diseases; metabolic dis-
eases; endocrine and reproductive diseases, including diabe-
tes; bone and bone mineral metabolism diseases; immune
system diseases, including autoimmune diseases such as
rheumatoid arthritis, lupus erythematosus, and other autoim-
mune diseases; musculoskeletal and connective tissue dis-
eases, including arthritis; infectious diseases; and neurologi-
cal diseases.

[0229] Inadditionto diagnosing various diseases, the meth-
ods of the invention can also be used to determine the health
state of an individual as it relates to the physiological state of
the individual. For example, the health state of an individual
can be determined to indicate if the individual has consumed
alcoholic beverages or drugs, has been exercising, or other
physiological changes that result in changes in the expression
profile of an individual relative to a reference population.
[0230] The invention additionally provides a method of
diagnosing a health state in an individual. The method of
diagnosing a health state can include the steps of determining
the expression levels of a sample of molecules in a population
of'molecules in a specimen from an individual; comparing the
expression levels with a health-associated reference expres-
sion region of the sample of molecules; and determining if the
expression levels of the sample of molecules is within or
outside the health-associated reference expression region,
wherein expression levels within the health-associated refer-
ence expression region indicates a reference health state and
wherein expression levels outside the health-associated ref-
erence expression region indicates a disease state.

[0231] The method of diagnosing a health state can also
include the steps of (a) comparing the expression level of a
molecule in a specimen from the individual with a health-
associated reference expression interval of the molecule; and
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(b) assigning a value of 0 if the expression level is within the
health-associated reference expression interval or assigning a
positive numerical value if the expression level is outside the
health-associated reference expression interval, wherein an
expression level within the health-associated reference
expression interval indicates a reference health state and
wherein an expression level outside the health-associated
reference expression interval indicates a perturbed health
state. Similarly, the expression levels can be compared to one
or more health-associated reference expression regions.
[0232] Also, the method of diagnosing a health state can
includes the steps of (a) comparing the expression level of a
molecule in a specimen from the individual with a health-
associated reference expression interval of the molecule; and
(b) assigning a value of 0 if the expression level is within the
health-associated reference expression interval, assigning a
positive numerical value if the expression level is greater than
the health-associated reference expression interval, or assign-
ing a negative numerical value if the expression level is less
than the health-associated reference expression interval,
wherein a value of 0 indicates a reference health state and
wherein a positive or negative numerical value indicates a
perturbed health state. Similar methods can be performed
comparing expression levels of a sample of molecules to a
health-associated reference expression region.

[0233] Inmethods ofthe invention, the determination of the
expression level(s) of a molecule or group of molecules in a
specimen allows comparison to a health-associated reference
expression interval for that molecule or to a health-associated
reference expression region for that group of molecules. Once
the expression level(s) of a molecule or group of molecules is
determined, the expression level(s) can be inputted into a
method for comparing the expression level of the molecule to
a health-associated reference expression interval or the
expression levels for the group of molecules to a health-
associated reference expression region. A value can be
assigned based on whether the expression level of the mol-
ecule is within or outside a health-associated reference
expression interval, particularly in a one-molecule-at-a-time
analysis. Methods of comparing the expression level(s) of a
molecule or group of molecules in a specimen to a health-
associated reference expression region and optionally assign-
ing a value based on whether the expression level is within the
health-associated reference expression region can be used to
determine an expression profile based on the expression level
of'a few molecules to a large number of molecules in a sample
so0 long as the number of molecules is sufficient to provide an
expression profile of an individual that indicates the health
state of the individual, and such information can be used to
estimate the course of a disease.

[0234] The methods of the invention can be conveniently
performed on a computer apparatus. Any of the methods or
particular steps of the methods disclosed herein can be per-
formed on a computer apparatus. Performing one or more
steps of an invention method on a computer apparatus is
particularly useful when analyzing a large number of param-
eters such as a large number of sample molecules.

[0235] The invention thus provides a computer apparatus
comprising a processor; main memory in communication
with the processor; and a comparative expression profiler in
communication with the main memory configured to carrying
out the computer-executed steps of (a) comparing the expres-
sion level of a molecule with a health-associated reference
expression interval of the molecule; and (b) assigning a value
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of 0 if the expression level is within the health-associated
reference expression interval or assigning a positive numeri-
cal value if the expression level is outside the health-associ-
ated reference expression interval, wherein an expression
level within the health-associated reference expression inter-
val indicates a reference expression profile and wherein an
expression level outside the health-associated reference
expression interval indicates a perturbed expression profile.
[0236] The invention also provides a computer apparatus
comprising a processor; main memory in communication
with the processor; and a comparative expression profiler in
communication with the main memory configured to carrying
out the computer-executed steps of (a) comparing the expres-
sion level of a molecule with a health-associated reference
expression interval of the molecule; and (b) assigning a value
of 0 if the expression level is within the health-associated
reference expression interval, assigning a positive numerical
value if the expression level is greater than the health-associ-
ated reference expression interval, or assigning a negative
numerical value if the expression level is less than the health-
associated reference expression interval, wherein an expres-
sion level within the health-associated reference expression
interval indicates a reference expression profile and wherein
an expression level outside the health-associated reference
expression interval indicates a perturbed expression profile
(see FIG. 1). In a computer apparatus of the invention, steps
(a) and (b) can be repeated one or more times, particularly in
a one-molecule-at-a-time analysis.

[0237] The invention provides a computer apparatus, com-
prising a processor; main memory in communication with the
processor; and a comparative expression profiler in commu-
nication with the main memory configured to carrying out the
computer-executed steps of: (a) determining a multidimen-
sional coordinate point representative of the expression levels
of'a sample of molecules from an individual; (b) comparing
the multidimensional coordinate point with a health-associ-
ated reference expression region, wherein the multidimen-
sional coordinate point within the health-associated reference
expression region indicates a reference expression profile and
wherein the multidimensional coordinate point outside the
health-associated reference expression region indicates a per-
turbed expression profile (see FI1G. 7).

[0238] An invention computer apparatus can further be
configured to carry out the computer-executed step of deter-
mining the expression level of the molecule. It is understood
that any of the methods disclosed herein that are conveniently
performed on a computer apparatus can be included as steps
to be performed by an invention computer apparatus. For
example, a computer based method can be used to select a
sample of molecules in a population of molecules in a speci-
men by determining which molecules have a health-associ-
ated reference region that is statistically useful or to perform
any ofthe statistical methods, as disclosed herein. A computer
apparatus is also useful for determining a multidimensional
coordinate point and comparing the coordinate point to a
health-associated reference expression region. A molecule
that does not have a statistically reproducible health-associ-
ated reference expression interval in a reference population
can be excluded from the sample molecules by the computer
based method.

[0239] The methods of the invention directed to assigning
values based on whether the expression level of a molecule is
within or outside a health-associated reference expression
interval can be advantageously performed using a computer
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apparatus since the methods are directed to assigning numeri-
cal values, which can be readily processed on a computer
apparatus. The use of a computer apparatus is also convenient
since a health-associated reference expression interval for a
large number of molecules can be conveniently stored and
accessed for comparison to the expression level of a molecule
from a specimen. Similarly, the methods of the invention
directed to determining a multidimensional coordinate point
and comparing to a health-associated reference expression
region can be conveniently performed on a computer appara-
tus, and the computer apparatus can be used to store instruc-
tions for determining inclusion in one or more health-associ-
ated reference expression regions of various reference
populations as well as a database of health-associated refer-
ence regions for comparison to a test individual.

[0240] It is understood that a computer apparatus of the
invention need not itself store the health-associated reference
expression interval of various molecules or a health-associ-
ated reference expression region. The computer apparatus
contains a comparative expression profiler, which is capable
of comparing an expression level of a molecule to a health-
associated reference expression interval or expression levels
for a group of molecules to a health-associated reference
expression region. However, a database containing health-
associated reference expression intervals, health-associated
reference expression regions, or instructions for determining
inclusion in the regions can be conveniently accessed using
appropriate hardware, software, and/or networking, for
example, using hardware interfaced with networks, including
the internet.

[0241] By using various hardware, software and network
combinations, the methods of the invention can be conve-
niently performed in a variety of configurations. For example,
a single computer apparatus can contain a comparative
expression profiler, a database containing a collection of
health-associated reference expression intervals for one or
more molecules or one or more health-associated reference
expression regions, and instructions for determining inclu-
sion in one or more health-associated reference expression
regions. Alternatively, the computer apparatus can contain a
comparative expression profiler while the database of' health-
associated reference expression intervals or health-associated
reference expression regions is stored on a separate medium.
In addition, instructions for inclusion in one or more health-
associated reference expression regions can be contained on a
separate computer apparatus or separate medium, or com-
bined with the computer apparatus containing the compara-
tive expression profiler or the database on a separate medium.
Such a separate medium can be another computer apparatus,
a storage medium such as a floppy disk, Zip disk or a server
such as a file-server, which can be accessed by a carrier wave
such as an electromagnetic carrier wave. Thus, a computer
apparatus containing a comparative expression profiler can
remotely access a database, for example, a database stored on
a file-server and accessible via a network such as the internet.
One skilled in the art will know or can readily determine
appropriate hardware, software or network interfaces that
allow interconnection of an invention computer apparatus.

[0242] The invention also provides an apparatus compris-
ing a comparative expression profiler and a means for deter-
mining the expression level of a molecule. Such a determin-
ing means can include a device which processes a specimen
from an individual using the methods disclosed herein for
determining the expression level of a molecule in a specimen.
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Such a device is one that can carry out the steps of contacting
a specimen with a target and determining the expression level
of a specimen molecule. The integration of a determining
means with a comparative expression profiler in a single
apparatus is particularly useful when a specimen is to be
processed in a single location such as a diagnostic laboratory
or physician’s office.

[0243] A determining means and computer apparatus con-
taining a comparative expression profiler can also be separate
devices that are conveniently interfaced. For example, sepa-
rate devices can be interfaced via a transportable medium, for
example, a floppy disk, Zip disk, magnetic disk, external hard
disk, and the like, which can be conveniently transferred from
one device to the another. Alternatively, separate devices can
be interfaced via a network. A network connection can be a
physical linkage between the devices via a cable connection
or can be connected via a carrier wave using any convenient
combination of cables, servers, nodes, and the like, including
connections via the internet or a similar network.

[0244] Theuse of separate devices for a determining means
and a comparative expression profiler is particular useful for
network applications that can be conveniently performed at a
remote site. For example, a determining means can be a
simple kit that contains an array of target ligands and appro-
priate buffers and reagents for processing a specimen to
detect specimen molecules. Such a kit can be used, for
example, in a clinical laboratory, a hospital, a physician’s
office, an ambulance, or even in the privacy of an individual’s
home.

[0245] Any of the methods, or portions thereof, disclosed
herein can be adapted to a kit format for use in a remote
location separate from a comparative expression profiler. For
example, after exposing a component to a specimen in a
remote location, the kit component exposed to the specimen
can be forwarded to a clinical laboratory for analysis and
determination of expression levels. Alternatively, the kit can
contain components sufficient for determining the expression
levels of specimen molecules at the remote location. After
determining the expression levels of molecules in a specimen
at a remote location, the information can be interfaced with a
comparative expression profiler at a different location.
[0246] In the case of remote determination of expression
levels, a simple interface between the determining means and
a comparative expression profiler can be via a home or office
computer. A convenient method to input expression levels
from the determining means to a computer apparatus contain-
ing a comparative expression profiler can be by placing the
determining means on a scanner, scanning the determining
means array to convert the expression level of bound speci-
men molecules to an electronic output, and sending the
scanned expression level information to a computer apparatus
containing a comparative expression profiler via a network
such as the internet. Using a scanner to detect expression
levels of specimen molecules is particularly useful when the
method of detection is a calorimetric signal. However, it is
understood that any detection method suitable for detecting a
specimen molecule can be adapted for remote use in a clinical
laboratory, physician’s office, or individual’s home. For
example, a hand held device incorporating suitable micro-
detection systems, small scale assays, and other suitable
methods for assaying samples on a small scale can optionally
be used in remote detection of a specimen.

[0247] The invention further provides a computer-readable
medium having stored thereon a plurality of sequences of
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instructions, the plurality of sequences of instructions includ-
ing sequences of instructions which, when executed by a
processor, cause the processor to perform the steps described
above for execution on a computer apparatus. It is understood
that any of the methods disclosed herein can be provided as an
invention computer-readable medium. The invention addi-
tionally provides a carrier wave carrying instructions for a
processor, the instructions which, when executed by the pro-
cessor, cause the processor to perform the steps described
above for execution on a computer apparatus. It is understood
that any of the methods disclosed herein can be provided as an
invention carrier wave.

[0248] Referring to FIG. 6, a flow diagram that depicts the
computer-executed steps of an embodiment of the invention
is shown. Step 100 starts the implementation of an embodi-
ment of the invention. In step 110, the expression level of a
molecule is compared to a health-associated reference
expression interval for that molecule. In step 120, a value of O
is assigned if the expression level of the molecule is within the
health-associated reference expression interval. In step 130, a
positive numerical value is assigned if the expression level of
the molecule is greater than a health-associated reference
expression interval for that molecule. In step 140, a negative
numerical value is assigned if the expression level of the
molecule is less than a health-associated reference expression
interval.

[0249] In step 150, an inquiry is performed to determine if
there is a molecule having an expression level that is not
assigned a value. If the answer is “yes,” then step 110 is
repeated for the molecule having an expression level that is
not assigned a value. If the answer is “no,” an inquiry is
performed at step 160 to determine if any of the assigned
values are non-zero values. If the answer is “no,” a normal
expression profile is indicated in step 170. If the answer is
“yes,” the positive values are summed to generate a positive
summation value in step 180. In step 190, the negative values
are summed to generate a negative summation value. In step
200, a perturbed expression profile is indicated. The method
steps of determining a comparative expression profile end in
step 210.

[0250] Referring to FIG. 7, a flow diagram that depicts the
computer-executed steps of an embodiment of the invention
is shown. Step 300 starts the implementation of an embodi-
ment of the invention. In step 310, a multidimensional coor-
dinate point representative of the expression levels of the
sample of molecules is determined. In step 320, the multidi-
mensional coordinate point is compared to a health-associ-
ated reference expression region. In step 330, an inquiry is
performed to determine if the multidimensional coordinate
point is within the health-associated reference expression
region. If'the answer is “yes,” a reference expression profile is
indicated in step 340. If the answer is “no,” a perturbed
expression profile is indicated in step 350. The method steps
of determining a comparative expression profile end in step
360. The expression levels of a sample of molecules deter-
mined separately can be inputted to determine a multidimen-
sional coordinate point representative of the expression levels
of the sample of molecules.

[0251] Referring to FIG. 8, a block diagram of computer
system 10, which can be employed to implement the present
invention, is shown. Computer system 10 has operating sys-
tem 15, processor 20, main memory 30, comparative expres-
sion profiler 40, display screen 50, input device 60, media
drive 70, disk storage 80, and output device 90, each of which
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is connected to system unit 10. Operating system 15 is an
operating system such as UNIX, MS-DOS, Windows, or OS.
The processor 20 is a general purpose programmable proces-
sor such as an Intel PENTIUM processor or a Motorola pro-
cessor, suitable for a mid-size personal computer such as
DEC, IBM, Macintosh and the like. The main memory 30 can
be well known random access memory (RAM) that is suffi-
ciently large to hold the necessary programming and data
structures. The comparative expression profiler 40 in com-
munication with main memory carries out computer-execut-
able steps. For example, the comparative expression profiler
can carry out the computer executable steps of comparing the
expression level of a molecule with a health-associated ref-
erence expression interval for the molecule; and assigning a
numerical value if the expression is within or outside a health-
associated reference expression interval. The computer
expression profiler can also carry out the computer executable
steps of determining a multidimensional coordinate point
representative of the expression levels of a sample of mol-
ecules from an individual; and comparing the multidimen-
sional coordinate point with a health-associated reference
expression region, wherein the multidimensional coordinate
point within the health-associated reference expression
region indicates a reference expression profile and wherein
the multidimensional coordinate point outside the health-
associated reference expression region indicates a perturbed
expression profile.

[0252] Thedisplay screen 50 is a screen for visualizing, for
example, input data. The input device 60 is a mouse or a
keyboard, or a combination thereof, or any other device to
input information. The media drive 70 is adrive, such as atape
drive, a disk drive or a CD drive, that provides the computer
system 10 access to the comparative expression profiler 40.
The disk storage 80 is a device, such as a floppy disk, mag-
netic tape, Zip disk, external hard drive and the like that
provides storage capacity for data. The output device 90 is a
device such as a modem or portal that allows interfacing with
a network.

[0253] It is understood that modifications which do not
substantially affect the activity ofthe various embodiments of
this invention are also provided within the definition of the
invention provided herein. Accordingly, the following
examples are intended to illustrate but not limit the present
invention.

EXAMPLE I

Calculation Methodology Using Multivariate Classi-
fication Theory

[0254] This example describes a calculation methodology
using multivariate classification theory to classify health-
associated regions of multidimensional space.

[0255] Data are available on expression levels correspond-
ing to a set of molecules for individuals with known health
states, for example, healthy, ovarian cancer, prostate cancer,
diabetes, and the like. The number m corresponds to the
number of different health states. The calculation steps
involved are: (1) estimate the probability distribution of the
observed data vector for each health state; (2) estimate the
costs of misclassification for each combination of health
states; (3) estimate the a priori probabilities of a random
individual being a member of each health state; and (4) deter-
mine the optimal calculation to be performed when classify-
ing a new individual. The development given here is based
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upon multivariate statistical methods such as those of T. W.
Anderson (An Introduction to Multivariate Statistical Analy-
sis, Second Edition, Wiley, New York, 1984, Section 6.7).

(1) Estimation of the Probability Distribution of the Data for
a Given Health State

[0256] The estimated probability density function for a
vector x of molecular expression levels for health state i is
denoted by p, (x). Many methods are available for this pur-
pose. For example, a model can assume that the distribution is
multivariate normal and use the sample average expression
level for each molecule (averaged over individuals known to
be in the given health state) and the sample covariance matrix
of expression levels as estimates of the mean vector and
covariance matrix of the multivariate normal distribution
specifying the data distribution for this health state. Explor-
atory data analysis can be used to determine whether the
multivariate normal assumption is appropriate. Alternatives
such as mixture distributions, multivariate t distributions,
transformation or kernel smoothing techniques can also be
used.

(2) Estimation of the Costs of Misclassification

[0257] Costs are denoted C(jli) representing the cost of
misclassitying an individual as health state j when he or she
actually is in health state i (where i,j=1, . . . , m). Complete
flexibility is allowed in the setting of relative costs of mis-
classification in that a different cost figure can be set for each
combination of health states. Thus, the cost of misclassifying
a healthy individual as cancerous can be set either to be the
same or different from the cost of classifying a cancerous
individual as healthy. With m health states, costs can be speci-
fied for m(m-1) combinations of health states. One available
choice of costs is to set them all equal to 1, which says that any
and all misclassifications are equally costly.

(3) Estimation of the a Priori Probabilities of Health States

[0258] Epidemiological data on the incidence of each dis-
ease in the general population or a specific population can be
used to estimate these a priori probabilities for the health
states, which will be denoted q, q,, - - . , Q-

(4) The Optimal Calculation for Classifying a New Individual

[0259] In order to minimize the expected cost, averaged
over many individuals classified by the system, the optimal
decision rule is as follows. A new individual with expression
levels specified by a vector x for a set of molecules is classi-
fied as being in health state k if

D a0k D <Y ap@CG 1D, j=1, 0, m jEk
i 5

This is the calculation that determines the health-associated
reference region containing the vector x.

[0260] For the data set shown in FIG. 3 for three health
states and two molecular expression levels, the resulting clas-
sification regions are shown under the assumptions that each
of the three populations is bivariate normal, the costs of
misclassification are all equal, and the prior probabilities are
0.7,0.2, and 0.1 for the three groups. Because health state 3 is
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rare, the optimal classification scheme reverts to the more
common (and more disperse) health s and 2 at the upper left.
[0261] This example demonstrates that a statistical classi-
fication method can be applied to multiple parameters in a
two-dimensional analysis to classify three distinct health
states corresponding to health-associated reference regions
for three populations of individuals.

EXAMPLE I
Logistic Regression Analysis

[0262] This example describes the analysis of a data set for
three health states and two molecular expression levels using
logistic regression analysis.

[0263] The data set was created starting with pseudoran-
dom computer-generated numbers and then applying a dif-
ferent mathematical transformation for each health related
reference group. For the data set shown in FIG. 4A for three
health states and two molecular expression levels, the result-
ing classification regions are shown using logistic regression
analysis under the assumptions that the costs of misclassifi-
cationare all equal, and the prior probabilities are 0.2,0.5, and
0.3 for the three groups. Because health state 2 is the most
common in the population, the classification tends to favor
this group at the upper right where data are sparse.

[0264] The classification regions are based on three sepa-
rate logistic regression analyses, one to predict each health
state, where each analysis used the molecular expression
levels for all health states but coded the independent variable
to indicate the health state to be predicted. To allow for the
curvature in the data, the predictor variables were chosen to
be cubic polynomials in the predictor variables with a back-
ward stepwise selection process to omit terms that do not
contribute to the prediction. The resulting predicted probabil-
ity for each health state can be scaled by its prior probability
of occurrence in the population, and the resulting scores
compared. The health state with the largest score is the chosen
classification, while the relative values of all three scores
indicate the relative likelihoods of the three health states.

[0265] The assignment of new individuals “A” and “B” to
one of the three defined health states were determined. The
molecular expression levels of two new individuals “A” and
“B”, with unknown health states, are shown in FIG. 4B, with
A indicated as “x” and B indicated as “+.”

[0266] The following method was used for computing the
degree of confidence in the assignment of a new individual:
(a) compute the predicted probability for each health state
using the results of the logistic regression analyses (where
these results do not include the new individual) evaluated at
the expression levels for the new individual; (b) multiply each
of these numbers by the prior probability of that health state
occurring in the population; (¢) divide each of the three result-
ing numbers by their sum in order to convert them into prob-
abilities that add up to 1. The results of these steps are the
relative probabilities that the new individual belongs to each
health group.

[0267] The degree of confidence in the assignment of indi-
vidual A to health group 1 was assessed by examining the
relative probabilities of individual A belonging to each health
group, and the results were consistent with FIG. 4B, which
shows that individual A is clearly well-described as being
within the data for individuals with health state 1. The results
show that individual A has a 97.0% chance of being in health
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state 1, a 2.8% chance of being in health state 2, and a 0.2%
chance of being in health state 3, as predicted using the model.
[0268] Individual B was also assigned to a health state,
although the degree of confidence was less than for individual
A.Thedegree of confidence in the assignment of individual B
to health group 2 was assessed, and the results are consistent
with FIG. 4B, which shows that individual B is near the
boundary that separates individuals with health state 2 from
those having health state 3. The results show that individual B
has a 2.1% chance of being in health state 1, a 74.2% chance
of’being in health state 2, and a 23.60 chance of being in health
state 3, as predicted using the model.

[0269] This example shows that logistic regression analysis
can be used classify the health states of a group of reference
individuals and the assignment of an individual to a reference
health state.

EXAMPLE III

Machine Learning by Boosting of Individual Mol-
ecules

[0270] This example describes classification analysis using
a machine learning algorithm called “boosting” to combine a
chosen group of simple one-molecule-at-a-time decision
rules to obtain an effective health classification.
[0271] The data set was created starting with pseudoran-
dom computer-generated numbers and then applying a dif-
ferent mathematical transformation for each health related
reference group. For the data set shown in FIG. 5 for three
health states and two molecular expression levels, the result-
ing classification regions are shown for a machine-learning
technique that uses boosting to combine several one-mol-
ecule-at-a-time analyses to form a classification region under
the assumption that the prior probabilities are 0.6, 0.3, and 0.1
for the three groups. In this case, 8 boosting steps have been
taken. The method used here is based on the AdaBoost.M1
algorithm described by Freund and Schapire (J. Computer
and System Sciences, 55:119-139 (1997)).
[0272] The boosting technique in machine learning gener-
ally relies on a set of simple “weak learners” that are trained
on the data with successive weightings to give more impor-
tance to initial misclassifications in an effort to improve the
results. By selecting a set of weak learners and letting them
vote on the most likely classification, the boosting technique
is able to create a consensus decision rule that is much stron-
ger than any individual weak learner.
[0273] In this example, the weak learners are simple deci-
sion rules based on one-molecule-at-a-time analysis in which
a molecule is chosen (in this case, either molecule 1 or mol-
ecule 2), and then two threshold values a and b are chosen
with a=b. An ordering of the health states 1, 2, and 3, which
can be permuted, is also specified, perhaps 2, 3, 1. The deci-
sion rule corresponding to these threshold values and this
ordering of health states would decide on health state 2 if the
molecular expression level of this molecule is less than or
equal to a, would decide on health state 3 if the molecular
expression level is between a and b, and would decide health
state 1 if the expression level is at least b.
[0274] Once the weak learners have been specified, the
AdaBoost.M1 algorithm (Freund and Schapire, supra, 1997)
operates automatically, as follows.

[0275] (a) Define weights w(i) to represent the initial,

prior probabilities for the given data indexed by i.
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[0276] (b) Loop as t goes from 1 to T, where T is the
number of boosting iterations to be used.

[0277] (b.1) Define probabilities p(i) equal to w(i)
divided by the sum of the w(i) so that p(i)=w({1)/Zw(j).
Note that these weights and probabilities will change
as the algorithm proceeds.

[0278] (b.2) Find the optimal weak learner that mini-
mizes the expected error rate with respect to the cur-
rent probabilities, where the error rate of a weak
learner is defined as the sum of the p(i) for those
observations that are misclassified by the weak
learner.

[0279] (b.3) If this optimal weak learner has an error
rate larger than 0.5, then set t equal to t-1 and stop.
[0280] (b.4) Define p(t)=bestError/(1=bestError)
using the error rate for the optimal weak learner using
the error rate calculation as specified in step (b.2), that
is, bestError refers to the error rate computed using

the definition of step (b.2).

[0281] (b.5) Update the weights by replacing w(i) with
P(t)xw(i) for those observations i that were classified
correctly. This has the effect of downweighting those
observations that were correctly classified.

[0282] (c) Weak learners thave now been selected, where
t=T, unless the method is stopped early due to error rate
>0.5.

[0283] (d)To assignaclassification to anew observation,

first note that each of the t selected weak learners assigns
ahealth state to the new observation, although individual
weak learners can assign different health states. These t
weak learners are allowed to vote, giving weak learner k
weight In(1/p(k)). The health state receiving the largest
total weight from the selected weak learners is the
assigned classification.
[0284] This example shows that machine learning by
boosting of individual molecules can be used classify the
health states of a group of reference individuals.
[0285] Throughout this application various publications
have been referenced. The disclosures of these publications in
their entireties are hereby incorporated by reference in this
application in order to more fully describe the state of the art
to which this invention pertains.
[0286] Although the invention has been described above, it
should be understood that various modifications can be made
without departing from the spirit of the invention. Accord-
ingly, the invention is limited only by the claims.

1-16. (canceled)

17. A method of predicting a drug response in an indi-

vidual, comprising:

(a) determining a multidimensional coordinate point rep-
resentative of the expression levels of a sample of mol-
ecules in a specimen from an individual treated with a
drug;

(b) comparing said multidimensional coordinate point to a
drug response-associated reference expression region
for individuals treated with said drug; and

(¢) determining if said multidimensional coordinate point
for said individual is within or outside said drug
response-associated reference expression region,
wherein said multidimensional coordinate point within
said drug response-associated reference expression
region indicates said individual has a substantially simi-
lar response to said drug as individuals in a drug



US 2008/0131905 Al

response reference population used for said drug
response-associated reference expression region.

18. The method of claim 17, further comprising the step of
inputting the expression level of said molecules in said
sample.

19. The method of claim 17, further comprising the step of
determining the expression level of said molecules in said
sample.

20. The method of claim 19, wherein the expression levels
of'said sample of molecules in said specimen are determined
by direct comparison with reference expression levels corre-
lated with health-associated reference expression intervals of
said molecules in said sample.

21. The method of claim 17, further comprising the step of
contacting said specimen with a target.

22. The method of claim 17, wherein said specimen is
selected from the group consisting of leukocytes, blood, and
serum.

23. The method of claim 21, wherein said target is an array.

24. The method of claim 17, wherein said molecules in said
specimen comprise nucleic acids.

25. The method of claim 21, wherein said target comprises
nucleic acid ligands.

26. The method of claim 17, wherein said molecules in said
specimen comprise polypeptides.

27. The method of claim 21, wherein said target comprises
antibody ligands.

28. The method of claim 17, wherein said molecules in said
specimen comprise small molecules.

29. A method of predicting a drug response in an indi-
vidual, comprising:

(a) determining a multidimensional coordinate point rep-
resentative of the expression levels of a sample of mol-
ecules in a specimen comprising leukocytes from an
individual treated with a drug;

(b) comparing said multidimensional coordinate point to a
drug response-associated reference expression region
for individuals treated with said drug; and

(c) determining if said multidimensional coordinate point
for said individual is within or outside said drug
response-associated reference expression region,
wherein said multidimensional coordinate point within
said drug response-associated reference expression
region indicates said individual has a substantially simi-
lar response to said drug as individuals in a drug
response reference population used for said drug
response-associated reference expression region.

30. A method of categorizing drug responsiveness in a

population, comprising:

(a) determining a multidimensional coordinate point rep-
resentative of the expression levels of a sample of mol-
ecules in specimens from a population of individuals
treated with a drug;

(b) identifying a first group of individuals having a sub-
stantially similar response to said drug; and
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(c) determining a drug response-associated reference
expression region of said first group of individuals using
said multidimensional coordinate points of said first
group of individuals, thereby categorizing the drug
responsiveness of said first group of individuals.

31. The method of claim 30, further comprising the steps

of:

(d) identifying a second group of individuals having a
substantially similar response to said drug, said drug
response in said second group being different than the
drug response of said first group; and

(e) determining a drug response-associated reference
expression region of said second group of individuals
using said multidimensional coordinate points of said
second group of individuals, thereby categorizing the
drug responsiveness of said second group of individuals.

32. The method of claim 31, further comprising optionally
repeating steps (d) and (e) one or more times for an additional
group of individuals having a substantially similar response
to said drug, said drug response in said additional group of
individuals being different than the drug response of identi-
fied groups.

33. The method of claim 30, further comprising the step of
inputting the expression level of said molecules in said
sample.

34. The method of claim 30, further comprising the step of
determining the expression level of said molecules in said
sample.

35. The method of claim 34, wherein the expression levels
of'said sample of molecules in said specimen are determined
by direct comparison with reference expression levels corre-
lated with health-associated reference expression intervals of
said molecules in said sample.

36. The method of claim 30, further comprising the step of
contacting said specimen with a target.

37. The method of claim 30, wherein said specimen is
selected from the group consisting of leukocytes, blood, and
serum.

38. The method of claim 36, wherein said target is an array.

39. The method of claim 30, wherein said molecules in said
specimen comprise nucleic acids.

40. The method of claim 36, wherein said target comprises
nucleic acid ligands.

41. The method of claim 30, wherein said molecules in said
specimen comprise polypeptides.

42. The method of claim 36, wherein said target comprises
antibody ligands.

43. The method of claim 30, wherein said molecules in said
specimen comprise small molecules.
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