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ANALYSIS OF CHEMICALLY CROSSLINKED
CELLULAR SAMPLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. Provisional
Patent Application 60/530,127, filed on Dec. 16, 2003, which
is incorporated herein by reference.

BACKGROUND

Microscopic examination and histopathologic diagnosis of
both human and animal tissues has aided in the accuracy of
medical diagnosis and treatment, as well as the advancement
of research into diseases and their potential treatments.
Advances in analytical techniques have provided the oppor-
tunity to understand the cellular mechanisms of disease and to
select appropriate treatments. The identification of molecular
markers of disease, such as tumor-specific antigens, has
enabled diagnostic and prognostic assays to be developed that
rely on the use of molecular probes (e.g., antibodies and
nucleic acid probes) to detect these markers.

Historically, formalin fixation has been used with tissue in
order to provide optimal specimen preservation for light
microscopic examination of the preserved tissue. Chemical
fixation with aldehydes is associated with denaturation that
results from the crosslinking of pendant reactive amines.
Formalin fixation results in methylene bridges between and
among proteins, effectively reducing or removing the tertiary
structure required for immune detection of proteins. Further,
paraffin embedding is carried out at temperatures that can
cause the loss of tertiary structure of the proteins thereby
forming unfolded, but intact, proteins, reducing or removing
enzymatic activity where it exists as well as removing, the
structures (epitopes) required for immune detection.

Standard histological staining methods such as haema-
toxylin and eosin (H&E) generally can reveal only a limited
amount of information. Current methods of microscopic
evaluation can be extended to include such methods as mor-
phometry, immunohistochemistry, in situ hybridization, etc.
The identification and development of new clinically impor-
tant molecular markers has been impeded by the slow and
tedious process of determining the expression of these mark-
ers in large numbers of clinical specimens.

The natural progression of the data from the human
genome project has been from single gene to multiple genes
(genomics) and subsequently to identifying all proteins (pro-
teomics) simultaneously. While “protein chips” carry the
potential to measure concentrations, and perhaps function, at
present immunchistochemistry is the only method capable of
localization. Localization by immunohistochemistry is quali-
tative by nature, and semiquantitative at best using subjective
evaluation by trained evaluators.

The ability to identify potential drug targets for potential
treatment using immunohistochemistry has been amplified
by the use of tissue microarrays (TMAs), a technology that
involves the placement of many, typically 500 to 1000, tissue
samples on a single microscope slide. Methods of grouping
multiple tissue specimens on a single substrate have relied on
manually cutting multiple paraffin-embedded tissue speci-
mens and forming them into a composite block (see, e.g.,
Battifora et al., 1986, Lab. Invest. 55:244-248; U.S. Pat. No.
4,820,504) or into “straws” or “logs” from which transverse
sections could be obtained (see, e.g., Wan et al., 1987, .
Immunol. Meth. 103:121-129; U.S. Pat. No. 4,914,022,
Miller and Groothuis, 1991, A.J.CP. 96: 228-232); and
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Kononen et al., 1998, Nat. Med. 4:844-7, which describes a
technique for generating tissue arrays comprising hundreds
of tumor specimens using punched samples from archival
tissue blocks.

Tissue microarrays have the capacity to measure insoluble,
large proteins such as extracellular matrix proteins, currently
unavailable for analysis with standard mass spectrometric
methods. Additionally, tissue microarrays complement pro-
tein microarrays, which have the potential to measure soluble
proteins. However, a major difficulty with TMAs is the lim-
ited amount of data that comes with each “histospot” (the 0.15
cm diameter tissue section spotted onto the microarray).

DNA has been isolated from paraffin embedded tissue
specimens following chemical fixation, typically with forma-
lin. However, the methods involved in the formation of par-
affin sections have heretofore excluded these sections from
most of the molecular analytic methods, including mass spec-
trometry.

SUMMARY

The invention is directed to the analysis of cellular samples
(e.g., cells, tissues, organs) that include a chemically
crosslinked analyte (e.g., formalin-fixed proteins), wherein
the sample is embedded in an organic solid material (e.g.,
paraffin). Typically and preferably such analysis involves the
use of mass spectrometry, although this is not required.

More specifically, the present invention provides a method
of analysis using mass spectrometry of chemically fixed,
paraffin-embedded, tissues following reversal of at least a
portion of the chemically crosslinked analytes (e.g.,
crosslinked proteins) to form decrosslinked analytes in a pro-
cess commonly referred to as “antigen retrieval” Because
mass spectrometry depends on the ionizability of a substance,
and in the case of proteins, the ionizability of the proteins, it
is possible to perform mass spectrometry on proteins since
their primary structure is maintained and it is this primary
structure that is analyzed using mass spectrometry (and asso-
ciated methods). Because the methods such as mass spec-
trometry use known sequences of protein fragments to iden-
tify the proteins (e.g., peptide fingerprinting), mass
spectrometry now can be successfully applied to articles
derived from paraffin-embedded tissue samples.

Thus, the antigen retrieval step (decrosslinking) of the
present invention unlocks a wealth of untapped proteomic
information by enabling the analysis of previously chemi-
cally fixed paraffin-embedded tissue samples, including tis-
sue microarrays (TMAs). In preferred embodiments, the use
of mass spectrometric analysis techniques allow the simulta-
neous identification of multiple proteins.

In one aspect, the invention provides amethod of analyzing
an analyte. In this embodiment, the method includes: provid-
ing a cellular sample comprising a chemically crosslinked
analyte, wherein the sample is embedded in an organic solid
material; reversing at least a portion of the chemical
crosslinks in the crosslinked analyte to form decrosslinked
analyte; and analyzing the decrosslinked analyte.

Inaparticularly preferred embodiment, the cellular sample
is a chemically fixed (e.g., formalin-fixed), paraffin-embed-
ded tissue, and analyzing the analyte involves the use of mass
spectrometry, and in particular, matrix assisted laser desorp-
tion ionization time of flight mass spectrometry (MALDI or
MALDI-TOF).

Reversing the chemical crosslinks (i.e., breaking the bonds
formed from chemically crosslinking the analyte or
“decrosslinking”) can occur through a variety of techniques.
For example, it can occur through the application of energy in
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the presence of water or buffer at a range of pH values. The
energy applied can be heat or radiation. Preferably, the con-
ditions are selected in the reversing step such that substan-
tially no naturally occurring bonds in the analyte are broken.

In certain embodiments, the method can further include
cleaving at least a portion of the naturally occurring bonds (or
other bonds not formed by the chemical fixative) in the
decrosslinked analyte to form analyte fragments. For pro-
teins, typically the cleavage occurs with an enzyme, such as
trypsin, or by chemical cleaving reagents, such as cyanogen
bromide. This cleavage step can occur prior to or after decros-
sinking, although it is preferred that this step be carried out
after decrosslinking. Chemical and/or enzymatic cleavage
results in fragments of the analyte, e.g., peptides from pro-
teins that are amenable to analysis by methods dependent on
their primary structure, such as mass spectrometry. Further-
more, although not preferred, the decrosslinking step could
also result in fragmentation of the analytes in addition to
decrosslinking. In certain embodiments, analyzing the
decrosslinked analyte can include identifying and/or quanti-
fying the decrosslinked analyte.

In a particularly preferred embodiment, the present inven-
tion provides a method of analyzing an analyte, wherein the
method includes: providing a chemically fixed, paraffin
embedded, tissue section comprising one or more chemically
fixed analytes; cleaving at least a portion of the chemically
fixed bonds in the one or more analytes in the chemically fixed
tissue; and analyzing the analyte using mass spectrometry.

A variety of different types of cellular samples (e.g., tissue
and/or individual cells) can be used, including microarrays. In
the preferred embodiment where the specimen under analysis
is a microarray, at least one sample is from a human. In
another aspect, at least one sample is from a plant. In another
aspect, at least one sample is from an insect. In another aspect,
at least one sample is from an individual having a disease. In
a further aspect, the disease is a progressive disease and the
sample is a microarray that includes a plurality of samples
representing different stages in the progression of the disease.
In one aspect, the disease is cancer. In another aspect, the
disease is a respiratory disease, an infectious disease, an
immune disease, a disease affecting reproductive organs
(male or female), a cardiovascular disease, a disease affecting
the endocrine system, a disease affecting the urinary system,
a disease affecting the digestive system, a neurodegenerative
disease and/or a neuropsychiatric disease. In the case of a
chronic disease, the microarray can include samples repre-
senting both remission periods and exacerbation periods.

Similar variation in types and disease status can be applied
to samples from a variety of experimental animals, e.g.,
mouse or rabbit. Individual tissues or collections of tissues, as
in tissue microarrays, can be analyzed in a manneridentical to
human tissue, reflecting the utility of the method in drug
target identification and/or validation. Preferably, the non-
human animal is an animal model for a disease. In another
aspect, the non-human animal includes at least one cell hav-
ing therein exogenous nucleic acid (i.e., a nucleic acid which
is not naturally found in the genome of an animal or plant).

In a further aspect, the non-human animal has been treated
with a therapy for treating the disease.

In another method, the cellular sample is placed on a sub-
strate that includes a polymeric material (e.g., a heat-shrink
film), and the method further includes treating (e.g., by apply-
ing heat) the substrate such that the treated substrate has a
projected surface area and a topographical surface area and
said topographical surface area is greater than said projected
surface area. The present invention also provides a tissue
array that includes: a polymeric material with a projected
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surface area and a topographical surface area and said topo-
graphical surface area is greater than said projected surface
area; and a plurality of tissue sections that include chemically
fixed, paraffin-embedded, tissue. This embodiment is
described in greater detail below in the section on substrates.

The following definitions are provided for specific terms
that are used in the following written description.

The terms “comprises” and variations thereof do not have
a limiting meaning where these terms appear in the descrip-
tion and claims.

As used herein, “a,” “an,” “the,” “at least one,” and “one or
more” are used interchangeably. Thus, for example, a sample
that comprises a chemically crosslinked analyte can be inter-
preted to mean that the sample includes “one or more” such
analytes.

As used herein, “analyte” shall mean a molecule, com-
pound, composition, or complex, either naturally occurring or
synthesized, to be detected or measured in or separated from
a sample of interest. Analytes include, without limitation,
proteins, peptides, amino acids. fatty acids, nucleic acids,
carbohydrates, hormones, steroids, lipids, vitamins, bacteria,
viruses, pharmaceuticals, and metabolites. These analytes
may or may not be capable of being crosslinked by a chemical
fixative. For example, certain analytes, such as pharmaceuti-
cals, metabolites, and vitamins, may not be chemically
crosslinked, but can be analyzed in the method.

As used herein, “chemically crosslinked analyte” is an
analyte that has been crosslinked using chemical means as a
result of the addition of a chemical fixative capable of
crosslinking, such as formalin or glutaraldehyde, for
example. This does not include ethanol fixation. That is,
although the analyte may have crosslinks within the molecule
prior to addition of a chemical fixative, additional “chemical
crosslinks” are incorporated into the analyte using a chemical
crosslinking reagent (e.g., fixative).

As used herein, “a cellular sample” is one that is biological
in nature in that it includes cells, whether they are individual
cells, a part of a tissue, or a part of an organ. It is a recognized
practice to isolate cells, e.g., from a biological fluid, form
aggregates of the cells, e.g., by centrifugation, and to create
chemically fixed paraffin embedded sections of the cell
aggregates, commonly referred to as “cell blocks”. The cells
within the cell block reflect their tissues and organs of origin.

As used herein, a “tissue” is an aggregate of cells that
perform a particular function in an organism and generally
refers to cells and cellular material (e.g., such as extracellular
matrix material) from a particular physiological region. The
cells in a particular tissue can include several different cell
types. A non-limiting example of this would be brain tissue
that further includes neurons and glial cells, as well as capil-
lary endothelial cells and blood cells.

As used herein, “chemically fixed, paraffin-embedded tis-
sue section” refers to a chemically fixed, paraffin-embedded,
material, such as formalin-fixed paraffin-embedded tissue.
This term is often used conventionally to referto tissues, cells,
or organs embedded in paraffin. Herein, this is also referred to
as “chemically fixed, paraffin-embedded cellular sample.”
While referred to as a “section,” the embedded tissue or cell(s)
can be generally of any shape or size, and are generally 20
microns or less in thickness.

As used herein, “a tissue microarray” is a microarray that
includes a plurality of microscopic locations, each location
comprising tissue cells and/or extracellular materials from
tissues, or cells typically infiltrating tissues, where the mor-
phological features of the cells or extracellular materials at
each location are visible through microscopic examination.
The term “microarray” implies no upper limit on the size of
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the tissue sample on the microarray, but merely encompasses
aplurality of cellular (e.g., tissue) samples that, in one aspect,
can be viewed using a microscope. As used herein “different
types of tissues” refers to tissues which are preferably from
different organs or which are at least from anatomically and
histologically distinct sites in the same organ.

The above summary of the present invention is not
intended to describe each disclosed embodiment or every
implementation of the present invention. The description that
follows more particularly exemplifies illustrative embodi-
ments. In several places throughout the application, guidance
is provided through lists of examples, which examples can be
used in various combinations. In each instance, the recited list
serves only as a representative group and should not be inter-
preted as an exclusive list.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic of a representative method used in the
prior art.

FIG. 2 is a schematic of a representative method of the
present invention.

FIG. 3 is a representative graph of the mass spectra gener-
ated by Example 1, pig wound tissue.

FIG. 4 is a representative graph of the mass spectra gener-
ated by Example 2, prostate cancer tissue.

FIG. 5 is a photomicrograph of the prostate cancer tissue of
Example 2.

FIG. 6 is a representative graph of the mass spectra gener-
ated by Example 3, breast cancer tissue.

FIG. 7 is a photomicrograph of the breast cancer tissue of
Example 3.

FIG. 8 is a representative graph of the mass spectra gener-
ated by Example 4, ovarian cancer tissue.

FIG. 9 is a representative graph of the mass spectra gener-
ated by Example 5, colon cancer tissue.

FIG. 10 is a representative graph of the mass spectra gen-
erated by Example 6, lung cancer tissue.

FIG. 11 is a representative graph of the mass spectra gen-
erated by Example 7, plant tissue.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The invention is directed to the analysis of cellular samples
(e.g., cells, tissues, organs) that include a chemically
crosslinked analyte (e.g., formalin-fixed tissue), wherein the
sample is embedded in an organic solid material (e.g., paraf-
fins or other media such as methylmethacrylate or other “plas-
tic” embedding materials). Typically and preferably such
analysis involves the use of mass spectrometry, although this
is not required.

The cellular sample is one that is biological in nature in that
it includes cells, whether they are individual cells, a part of a
tissue, or a part of an organ. The cellular sample preferably
includes a tissue section. Preferably, the cellular sample
includes formalin-fixed tissue.

In a particularly preferred embodiment, the invention pro-
vides a method of analyzing a chemically fixed, paraffin-
embedded, tissue section using mass spectrometry. The tissue
samples analyzed by the method of the present invention can
be evaluated in high throughput parallel analyses using
MALDI mass spectrometry, enabling gene identification,
protein identification, molecular profiling, selection of prom-
ising drug targets, sorting and prioritizing of expressed
sequence array data, and theidentification of abnormal physi-
ological processes associated with disease.
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A representation of conventional techniques that evaluate
tissues is shown in FIG. 1. Typically, a tissue sample is either
frozen or fixed (i.e., crosslinked) with formalin. A frozen
sample can be directly subjected to immunohistochemistry or
histopathology. Alternatively, a frozen tissue sample can be
extracted, subjected to gel electrophoresis, and analyzed by
mass spectrometry. A formalin-fixed tissue sample is typi-
cally embedded in paraffin, formed either into a block or a
microarray, both of which are then formed into 5-micron
thick sections. Such sections can then be directly subjected to
histopathology. Alternatively, an analyte, most commonly a
protein capable of inducing an immune response, can be
subjected to a process that reverses at least a portion of the
chemical crosslinks (i.e., the crosslinks formed by the forma-
lin). This is conventionally referred to as “antigen retrieval”
because in prior art methods such analytes are antigens, and
because the method of analysis has conventionally been lim-
ited to antigen/antibody based techniques. Such “antigen” is
then subjected to immunohistochemistry.

Such “decrosslinked analytes” have never been subjected
to analysis by methods other than immunohistochemistry and
histopathology because scientific literature in the fields of
mass spectrometry and protein analysis have indicated that it
is not possible to analyze substances, especially proteins,
following fixation with chemical crosslinking fixatives such
as formalin.

A representation of a preferred embodiment of the present
invention is shown in FIG. 2. In this preferred embodiment, a
cellular sample (e.g.. tissue sample) that has been chemically
crosslinked (e.g., fixed with formalin), embedded in an
organic solid material (e.g., paraffins), formed either into a
block oramicroarray, both of which are then typically formed
into 5-micron thick sections, can be subjected to a method of
the present invention that makes available an analyte by
reversing at least a portion of the chemical crosslinks to form
decrosslinked analyte. This is preferably accomplished while
substantially no naturally occurring bonds (or other bonds
present prior to crosslinking) in the analyte are cleaved.

If desired, the sample can be separated from the solid
organic material (e.g., paraffin). This can occur prior to
reversing the crosslinking. It can be accomplished by steam or
any heating method. Preferably, this occurs at a temperature
below that which causes decrosslinking,

A variety of techniques can be used to reverse at least a
portion of the chemical crosslinks. Preferably, this is done
through the application of energy. This can be accomplished
in the presence of water or buffer at a range of pH values. The
energy can be heat or radiant energy. Other methods can also
be used including the use of chemical reagents, including
acids such as citric acid. Such techniques are described in Shi
S-R, Cote R J, Taylor C R., “Antigen retrieval immunohis-
tochemistry: past, present, and future,” J. Histochem
Cytochem 1997; 45(3):327-343.

Referring to FIG. 2, this decrosslinked analyte can be
directly subjected to analysis by a method such as mass spec-
trometry. Alternatively, the decrosslinked analyte can be sub-
jected to a process for cleaving at least a portion of the
naturally occurring bonds (or other bonds present prior to
crosslinking) within the analyte. This can be done chemically
or enzymatically (e.g., using trypsin), for example.

Optionally, the decrosslinked and/or cleaved analyte can
be treated or tagged with a molecular probe (e.g., a dye) that
can assist in enhancing or suppressing signal intensity of the
analyte in a controlled manner. Such reagents and methods
are well-known to one of skill in the art. For example, tagging
the phosphopeptides can occur through various well-known
methods such as Immobilized Metal Affinity Chromatogra-
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phy (IMAC). As used herein a “molecular probe” is any
detectable molecule or molecule which produces a detectable
signal upon reacting with a biological molecule. “Reacting”
encompasses binding, labeling, or initiating an enzymatic
reaction. Such detectable molecular probe can be recognized
by a detectable binding reagent. In this context, a “detectable
binding reagent” refers to an agent that specifically recog-
nizes and interacts or binds with a molecular probe associated
with an analyte one wishes to measure, wherein the agent has
a property permitting detection when bound. “Specifically
recognize and interact” means that a binding agent interacts
with the molecular probe associated with the analyte one
wishes to measure, to the substantial exclusion of other ana-
lytes also present in the sample. A detectable binding reagent
can possess an intrinsic property that permits direct detection,
or it can be labeled with a detectable moiety. As used herein,
“detectable moiety” refers to a moiety that can be attached to
abinding reagent that confers detection of the binding reagent
by a particular method or methods. Detectable moieties
include, but are not limited to, radiolabels (e.g., **P, **S, 71,
etc.), enzymes (e.g., alkaline phosphatase, peroxidase, etc.),
fluorophores (e.g., fluorescein, amino coumarin acetic acid,
tetramethylrhodamine isothiocyanate (TRITC), Texas Red,
Cy3.0, Cy5.0, green fluorescent protein, etc.) and colloidal
metal particles.

The method preferably includes cleaving at least a portion
of other bonds (e.g., naturally occurring bonds or other bonds
within the analyte prior to crosslinking) in the decrosslinked
analyte to form analyte fragments. These analyte fragments
can then be analyzed. Cleaving at least a portion of the bonds
in the decrosslinked analyte includes contacting the
decrosslinked analyte with an enzyme or chemical reagent.
Preferably, an enzyme is used, such as trypsin, pepsin, pro-
nase, chymotrypsin, and combinations thereof.

This cleavage step can occur prior to or after decrossinking,
athough it is preferred that this step be carried out after
decrosslinking. Chemical and/or enzymatic cleavage results
in fragments of the analyte, e.g., peptides from proteins that
are amenable to analysis by methods dependent on their pri-
mary structure, such as mass spectrometry. Furthermore,
although not preferred, the decrosslinking step could also
result in fragmentation of the analytes in addition to
decrosslinking.

Again referring to FIG. 2, the digest can be directly sub-
jected to a method of analysis, such as mass spectrometry, or
an eluate of the digest can be removed and this can be sub-
jected to a method of analysis.

The decrosslinked analyte can be analyzed using a variety
of techniques, such as mass spectrometry, gel electrophore-
sis, enzyme linked immunoassay, DNA/RNA expression, or
immunochemistry. Such techniques are well-known to one of
skill in the art. Preferably, mass spectrometry is used.

The step of analyzing can be qualitative, which can include
identifying the analyte (although identification is not neces-
sarily required in analyzing). In certain embodiments, the
step of analyzing can be quantitative.

Identifying an analyte can involve reading a unique iden-
tifier of the decrosslinked analyte. Such unique identifiers
include, for example, peptide fingerprints for proteins. They
can be “read” using techniques such as mass spectrometry.

Quantifying an analyte can involve fluorescent or isotope
tagging. This can be done using techniques such as a stable
isotope tag coupled with mass spectrometry.

It should be understood that cellular samples can include
analytes that are not crosslinked and subsequently
decrosslinked. For example, certain analytes, such as phar-
maceuticals, metabolites, and vitamins, may not be chemi-
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cally crosslinked. Such analytes can also be analyzed along
with the decrosslinked analytes using the methods of the
present invention.

Sample Preparation

In one aspect, the samples are tissue samples. Tissue
samples can be obtained from chemically fixed, paraffin-
embedded, tissue, and in particular, formalin-fixed, paraffin-
embedded, tissue. A chemically-fixed, paraffin-embedded,
tissue sample according to the invention typically includes
one or more sections derived from tissue and/or cells. Pref-
erably, each sample has at least one known biological char-
acteristic (e.g., such as tissue type or cell type or patient
source).

The tissue can be in the form of a tissue microarray, such as
those described in Kononen et al., 1998, Nat. Med. 4:844-7.
Generation of microarrays can be partially or fully automated
using tissue microarrayers, such as the ones described in WO
99/44062, WO 99/44063, and U S. Pat. No. 6,136,592.

Cells also can be obtained to provide one or more samples.
Cells typically are formed into paraffin sections by centrifu-
gation. Cells can be obtained from suspensions of cells from
tissues (e.g., from a suspension of minced tissue cells, such as
from a dissected tissue), from bodily fluids (e.g., blood,
plasma, sera, and the like), from mucosal scrapings (e.g., such
as from buccal scrapings or pap smears), and/or from other
procedures such as bronchial ravages, amniocentesis proce-
dures, and/or leukophoresis. In some aspects, cells are cul-
tured first prior to being made part of the sample to expand a
population of cells to be analyzed. Cells from continuously
growing cell lines, from primary cell lines, and/or stem cells,
also can be used.

In one aspect, a sample includes a plurality of tissues/cells
from a single individual, i.e., the sample is microarray repre-
senting the “whole body” of an individual. Tissues can be
selected from the group consisting of skin, neural tissue,
cardiac tissue, liver tissue, stomach tissue, large intestine
tissue, colon tissue, small intestine tissue, esophagus tissue,
lung tissue, cardiac tissue, spleen tissue, pancreas tissue, kid-
ney tissue, tissue from a reproductive organ(s) (male or
female), adrenal tissue, and the like. Tissues from different
anatomic or histological locations of a single organ can also
be obtained, e.g., such as from the cerebellum, cerebrum, and
medulla, where the organ is the brain. Some microarrays
include samples representative of organ systems (i.e., com-
prising samples from multiple organs within an organ sys-
tem), e.g., the respiratory system, urinary system, kidney
system, cardiovascular system, digestive system, and repro-
ductive system (male or female). In a preferred aspect, a
whole body microarray additionally comprises a sample of
cells from a bodily fluid of the patient (e.g., from a blood
sample).

The microarray also can include a plurality of cells from
individuals sharing a trait. For example, the trait shared can be
gender, age, pathology, predisposition to a pathology, expo-
sure to an infectious disease (e.g., HIV), kinship, death from
the same disease, treatment with the same drug, exposure to
chemotherapy, exposure to radiotherapy, exposure to hor-
mone therapy, exposure to surgery, exposure to the same
environmental condition (e.g., such as carcinogens, pollut-
ants, asbestos, TCE, perchlorate, benzene, chloroform, nico-
tine and the like), the same genetic alteration or group of
alterations, expression of the same gene or sets of genes (e.g,,
samples can be from individuals sharing a common haplo-
type, such as a particular set of HLA alleles), and the like.

Samples can be obtained from an individual with a disease
or pathological condition, including, but not limited to: a
blood disorder, blood lipid disease, autoimmune disease,
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bone or joint disorder, a cardiovascular disorder, respiratory
disease, endocrine disorder, immune disordet, infectious dis-
ease, muscle wasting and whole body wasting disorder, neu-
rological disorders including neurodegenerative and/or neu-
ropsychiatric diseases, skin disorder, kidney disease,
scleroderma, stroke, hereditary hemorrhage telangiectasia,
diabetes, disorders associated with diabetes (e.g., PVD),
hypertension, Gaucher’s disease, cystic fibrosis, sickle cell
anemia, liver disease, pancreatic disease, eye, ear, nose and/or
throat disease, diseases affecting the reproductive organs,
gastrointestinal diseases (including diseases of the colon, dis-
eases of the spleen, appendix, gall bladder, and others), and
the like. For further discussion of human acme diseases, see
Mendelian Inheritance in Man: A Catalog of Human Genes
and Genetic Disorders by Victor A. McKusick (12th Edition
(3 volume set) June 1998, Johns Hopkins University Press,
ISBN:0801857422). Preferably, samples from a normal
demographically matched individual and/or from a non-dis-
ease tissue from a patient having the disease are arrayed on
the same or a different microarray to provide controls.

In a preferred aspect, a sample is provided in a microarray
format that includes a plurality of cells, which represent dif-
ferent stages of a cell proliferative disorder, such as cancer. In
this context, “a cell proliferative disorder” is a condition
marked by any abnormal or aberrant increase in the number of
cells of a given type or in a given tissue. Cancer is often
thought of as the prototypical cell proliferative disorder, yet
disorders such as atherosclerosis, restenosis, psoriasis,
inflammatory disorders, some autoimmune disorders (e.g.,
rheumatoid arthritis), are also caused by abnormal prolifera-
tion of cells, and are thus examples of cell proliferative dis-
orders.

In one aspect, in addition to including samples, which
comprise the primary target ofthe disease (e.g., such as tumor
samples), the microarray includes samples representing
metastases of a cancer to secondary tissues/cells. Preferably,
the microarray also includes normal tissues from the same
patient from whom the abnormally proliferating tissue was
obtained. In some aspects, at least one microarray includes
cells from a cell line of cancerous cells (either primary or
continuous cell lines). Samples can be homogeneous, includ-
ing a single cell type (e.g., as in a small format or ultrasmall
format microarray), or can be heterogeneous, including at
least one additional type of cell or cellular material in addition
to abnormally proliferating cells (e.g., as in large format
microarrays where samples are generally larger than 0.6 mm
in diameter). For example, the sample can include abnormally
proliferating cells and at least one of fibrous tissue, inflam-
matory tissue, necrotic cells, apoptotic cells, normal cells,
and the like.

Although in a preferred aspect of the invention, the tissue
and/or cell samples include human specimens, in one aspect
of the invention, specimens from other organisms are used. In
one aspect, tissues from non-human animals are used that
provide a model of a disease or other pathological condition.
When the sample represents specimens from an animal model
of a chronic disease, the sample can be in the form of a
microarray which includes specimens representing different
stages ofthe disease, e.g., such as from animals in a remission
period or an exacerbation period. The microarray can addi-
tionally, or alternatively, include tissues from a non-human
animal having the disease or condition that has been exposed
to a therapy for treating the disease or condition (e.g., drugs,
antibodies, protein therapies, gene therapies, antisense thera-
pies, combinations thereof, and the like). In some aspects, the
non-human animals can include at least one cell containing an
exogenous nucleic acid (e.g., the animals can be transgenic
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animals, chimeric animals, knockout or knock-in animals).
Preferably, arrays from non-human animals include multiple
tissues/cell types from such a non-human animal. In one
aspect, tissues/cells at different stages of development are
used.

In another aspect, samples from plants may be used, such
as those discussed in Schumacher U., “Immunchistochemi-
cal assessment of cell proliferation in plant tissues using
formaldehyde-fixed paraffin-embedded material,” Acta His-
tochem. 1995 July:97(3):291-4. Samples may include
microarrays that include plants in different stages of their life
cycle and/or different types of plant tissues. In some aspects,
the plant samples can include at least one cell containing an
exogenous nucleic acid (e.g., the plants can be transgenic
plants).

In one embodiment, a section of formalin-fixed, paraffin
embedded, tissue is obtained and stained with H&E. The
stained section is used as a guide to select a region on the
tissue section for sampling. While in some aspects, staining
with a standard tissue or cell stain such as H&E can be
suitable to identify cells or tissue areas of interest, in other
aspects, sections of the tissue are evaluated for the expression
of one or more biological characteristics (e.g., such as the
expression of a genotype, transcript, or peptide, polypeptide,
or protein of interest) in the sample represented by the sec-
tion. An area of interest can be identified which expresses or
does not express a particular biological characteristic.

In one embodiment, the sample is prepared by slicing a
section of the tissue sample (i.e., cutting transversely from the
tissue sample with respect to the longitudinal axis of the
sample) and allowed to fall onto a substrate without crum-
pling. Preferably, each tissue sample generates 150 to 300
sections from 2 to 20 microns thick. More preferably, sections
are 4 to 12 microns in thickness.

In some embodiments, an adhesive film is placed on a
surface of the tissue sample both to keep the section flat after
it is sliced and to provide a surface on which to more easily
move the section to a substrate without tearing or wrinkling
the section. The section on its adhesive backing is then trans-
ferred to a substrate section side-down, and the adhesive film
is peeled away from the section. Adhesive films and adhesive-
coated slides are both obtainable from Instrumedics, Inc.,
Hackensack, N.J. (see, e.g., CRYOJAN Tape Transfer Sys-
tem).

Once placed on a substrate, the tissue sample is processed
by reversing at least a portion of the chemical crosslinks (i.e.,
those crosslinks formed by a chemical crosslinking agent
such as formalin. This is known conventionally as an antigen
retrieval step. Such a process is described in Shi S- R, Cote R
I, Taylor C R., “Antigen retrieval immunohistochemistry:
past, present, and future,” J. Histochem Cytochem 1997,
45(3):327-343. During this decrosslinking step, the chemical
fixation is reversed typically through the application of heat in
the presence of water. For example, during decrosslinking of
formalin-fixed, paraffin embedded, tissue, the tissue sample
is subjected to 100° C. steam in the presence of citric acid at
9.3 pH. As known by those skilled in the art, modification of
the acid used, the temperature and/or the pH will result in
varying degrees of reversal of the crosslinking and antigen
retrieval. Other energy sources include radiation energy, such
as microwave energy.

The tissue section may be subject to a process of crosslink
reversal (conventionally referred to as antigen retrieval) either
before or after affixation to a substrate. In preferred embodi-
ments, the tissue section is affixed to a substrate such as a
glass slide before the reversal of crosslinks (decrosslinking).
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In a preferred embodiment, the decrosslinked analyte can
then be treated with an enzyme or chemical reagent to cleave
at least a portion of the naturally occurring bonds or bonds
present before crosslinking in the analyte of interest, such as
proteins or peptides. Preferably, this involves in situ diges-
tion. Suitable enzymes for cleaving the analyte include, but
are not limited to, trypsin, chymotrypsin, pronase, and pepsin.
In one embodiment with formalin-fixed, paraffin-embedded,
tissue, the enzyme is trypsin. Other agents for cleaving the
bonds may also be employed, such as formic acid and cyano-
gen bromide. Such agents and techniques are well-known to
one of skill in the art.

Methods of Use

In one aspect, samples analyzed according to the invention
are used to assay the expression and/or form of a cancer-
specific marker or tumor-specific antigen. As used herein, “a
cancer-specific marker” or a “tumor-specific antigen” is an
analyte that is expressed preferentially on cancer cells and
tumor cells, respectively, and is not expressed or is expressed
to small degree in non-cancet/tumor cells of an adult indi-
vidual.

In this context, “difference in expression characteristics”
or a gene which is “differentially expressed” refers to an
increase or decrease in a measurable expression characteristic
of a given polypeptide. A difference can be an increase or a
decrease in a quantitative measure (e.g., amount of protein or
RNA encoding the protein) or a change in a qualitative mea-
sure (e.g., location of the protein).

A cancer-specific marker is any analyte that is involved in
or correlates with the pathogenesis of a cancer, and can act in
a positive or negative manner, as long some aspect of its
expression or form influences or correlates with the presence
or progression of cancer. While in one aspect, expressed
levels of an analyte provide an indication of cancer progres-
sion or recurrence, in another aspect of the invention, the
expressed form of an analyte provides the indication (e.g., a
cleaved or uncleaved state, a phosphorylated or unphospho-
rylated state).

The cancer-specific marker can be the product of a charac-
terized gene, e.g., such as a cell growth-related polypeptide,
which promotes cell proliferation, or can be uncharacterized
oronly partially characterized (e.g., identified through the use
of molecular profiling methods described above). Non-limit-
ing examples of cancer-specific markers include growth fac-
tors, growth factor receptors, signal transduction pathway
participants, and transcription factors involved in activating
genes necessary for cell proliferation.

The so-called tumor antigens are also included among the
growth-related polypeptides. Tumor antigens are a class of
protein markers that tend to be expressed to a greater extent by
transformed tumor cells than by non-transformed cells. As
such, tumor antigens can be expressed by non-tumor cells,
although usually at lower concentrations or during an earlier
developmental stage of a tissue or organism. Tumor antigens
include, but are not limited to, prostate specific antigen (PSA;
Osterling, 1991, J. Urol. 145: 907-923), epithelial membrane
antigen (multiple epithelial carcinomas; Pinkus et al., 1986,
Am. J. Clin. Pathol. 85:269-277), CYFRA 21-1 (lung cancer;
Lai et al., 1999, Jpn. I. Clin. Oncol. 29: 421-424) and Ep-
CAM (pan-carcinoma; Chaubal et al., 1999, Anticancer Res.
19: 2237-2242). Additional examples of tumor antigens
include CA125 (ovarian cancer), intact monoclonal immuno-
globulin or light chain fragments (myeloma), and the beta
subunit of human chorionic gonadotropin (HCG, germ cell
tumors).

In further aspects of the invention, cancer progression can
be detected and/or monitored by examining the expression of
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the activity of a cancer-specific marker. For example, in one
aspect, the activity of telomerase is monitored in situ in
samples. Methods of in situ detection of telomerase activity
are known in the art and are described, for example, in U.S.
Pat. No. 6,194,206.

The tissue samples can also be used in conjunction with, or
to validate, results obtained through other types of the analy-
ses with the same or other types of samples. For example, the
methods of the present invention can be used in conjunction
with, or instead of, analyses using in situ detection and visu-
alization using immunohistochemistry; laser capture micro-
dissection (LCM) of samples such as that described in PCT
International Application Nos. WO 99/17094A2 and WO
01/98352A1; gel electrophoresis and others, all of which are
described in PCT International Application No. WO
02/48674 A2.

Tissue samples prepared according to the present invention
also can be used to identify drug targets whose interactions
with one or a plurality of analytes are associated with disease.
For example, a drug target can be a molecule that is overex-
pressed or underexpressed during a pathological process. By
identifying drug targets, drugs can be screened for which can
restore acell’s/tissue’s normal physiological functioning. For
example, where a drug target is a molecule, which is overex-
pressed or underexpressed, a suitable drug could be a mol-
ecule (e.g., a therapeutic antibody, polypeptide, or nucleic
acid), which restores substantially normal levels of the drug
target.

In one aspect, identifying diagnostic analytes is performed
by determining which molecules on a microarray are substan-
tially always present in a disease sample and substantially
always absent in a healthy sample, or substantially always
absent in a disease sample and substantially always present in
a healthy sample, or substantially always present in a certain
form or amount in a disease sample and substantially always
present in a certain other form or amount in a healthy sample.
By “substantially always™ it is meant that there is a statisti-
cally significant correlation between the expression/form of
the analyte or set of analytes and the presence of an aberrant
physiological process, such as a disease.

Preferably, expression of a diagnostic analytes or set of
analytes is examined in a microarray comprising tissues from
a drug-treated patient and tissues from an untreated diseased
patient and/or from a healthy patient. In this aspect, the effi-
cacy of the drug is monitored by determining whether the
expression profile of the diagnostic molecule(s) returns to a
profile which is substantially similar (e.g., not significantly
different as determined by routine statistical testing) to the
expression profile of the same analyte(s) in a healthy patient
or a patient who has achieved a desired therapeutic outcome.
In one aspect of the invention, data relating to any, or all of,
tissue type, stage of development or disease, patient history,
family history, diagnosis, prognosis, medication, morphol-
ogy, concurrent illnesses, expression of molecular character-
istics (e.g., markers), and the like, are recorded and stored in
a database, indexed according to the tissue sample obtained.
Substrate

The substrate facilitates the analysis of the tissue sample on
the substrate surface using mass spectrometry by concentrat-
ing the mass of the sample on the substrate and/or selectively
binding analytes within the sample. The size and shape of the
substrate can be varied, depending on the size and shape of the
desired tissue section or sample. Suitable substrates for use in
the present invention include the miniaturized arrays
described in U.S. Pat. Nos. 6,376,619; 6,548,607 and 6,573,
338. High density, miniaturized arrays are desirable because
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the use of such arrays may dramatically increase efficiency
with respect to limited or expensive samples when compared
to standard arrays.

The substrate serves as highly effective substrate for use
with mass spectrometry for several reasons. The substrates
facilitate the affixation and concentration of the tissue and/or
cell samples, with all of the attendant advantages of high
density, including the ability to increase detection signal
strength. In this context, “affix” shall include any mode of
attaching a substance to a substrate. Such modes shall
include, without limitation, covalent and ionic bonding,
adherence, such as with an adhesive, and physical entrapment
within a substrate.

Both before and after reduction of the surface area, the
substrate can concentrate the analytes of interest in the tissue
and/or cell sample, which results in greater sensitivity with
the mass spectrometer, and particularly MALDI-TOF mass
spectrometry, than standard preparation methods, i.e., such as
metal plates. In many embodiments, such as those utilizing
the linking agents described below (herein, “linking agent”
shall mean any chemical species capable of affixing a “reac-
tant” to the substrate), the substrate can stabilize matrix inter-
actions with the deposited tissue and/or cell sample, and
reduce the tendency for the matrix to sublime under vacuum
conditions in the mass spectrometer. In some instances, the
choice of polymeric material and linking agents for the sub-
strate may selectively isolate the analyte of interest for detec-
tion by mass spectrometry.

The substrate, with the tissue section as treated above, can
be reduced in surface area, either by application of heat when
using heat-shrink material, or relaxation of the stretched sub-
strate when using elastomeric material, as described in U.S.
Pat. Nos. 6,376,619; 6,548,607 and 6,573,338. The reduced
substrate with the attached tissue sample can then be analyzed
using standard mass spectrometry techniques.

In one embodiment of the present invention, a polymeric
substrate includes a major surface having a surface area. A
tissue and/or cell sample is affixed to the major surface of the
substrate. The surface area of the major surface is reduced,
thereby increasing the density of a specific point on the sub-
strate. In a preferred embodiment, the substrate is a biaxially
oriented, heat shrink film. In another embodiment of the
present invention, a heat shrink film is functionalized to create
linking agents on the surface of the film for subsequent attach-
ment of the tissue and/or cell sample. The surface area of the
substrate surface may be reduced, thereby increasing the den-
sity of linking agents on the substrate. Preferably, the heat
shrink surface is functionalized with azlactone linking
agents.

In yet another embodiment of the present invention, an
elastomeric substrate is stretched and functionalized to create
linking agents on the surface of the substrate. The tissue
section may be affixed to the substrate via linking agents. The
substrate is subsequently allowed to relax, thereby reducing
the surface area of the substrate to increase the density of
linking agents on the substrate. A backing or other structure
may be added to retain the substrate in the reduced orienta-
tion.

Many polymeric materials may be suitable for use as the
substrate. However, in order to form the high surface area
surface of the linking agent coating, as described more fully
below, the materials are preferably capable of being oriented,
1.e., films that shrink at least in one direction within the film
plane when energy, preferably heat, is applied to the film for
a specified period of time. Elastomeric materials, which are
stretched at least in one direction prior to affixation of tissue
and/or cell samples, constrained in the stretched state during
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affixation of the samples, and then allowed to recover, thereby
reducing the projected surface area (i.e., the surface area fora
surface as is calculated with respect to the plane encompass-
ing the “x” and “y” axes of the surface) of the substrate
surface from the stretched state, are also suitable for use in the
present invention. The substrate material preferably is com-
patible with the reagents and conditions of the desired ana-
lytical methods, such as temperature and pH.

With respect to oriented films, shrinkage need not be equal
in any two orthogonal directions within the film plane,
although a substantially uniform shrinkage is preferred. In
considering shrinkage as a function of direction in the film
plane, substantial uniformity is preferred; that is, the film
preferably shrinks in substantially the same amount in each
direction, regardless of position on the film plane. If the film
employed does not exhibit substantially uniform shrink char-
acteristics, a registration indicator may be added.

While the starting substrate material of the present inven-
tion includes oriented films, the substrates of the present
invention are generally relaxed, i.e., generally no longer ori-
ented or, in fact, isotropic. A backing may be applied to the
substrate to maintain the substrate in a less than oriented state.
The backing may optionally include a release liner to permit
the backing to be removed if desired.

The substrate provides a preferably non-porous surface
upon which coatings and/or reactants may be affixed. Upon
relaxation of the oriented substrate or reduction of the surface
area of the major surface, the substrate provides support and
integrity to the coatings and/or reactants thereon. In addition,
the substrate maintains the relative spatial relationship of the
tissue and/or cell sample.

In this context, “reactant” shall mean any chemical mol-
ecule, compound, composition or complex, either naturally
occurring or synthesized, that is capable of binding an analyte
in a sample of interest either alone or in conjunction with a
molecule or compound that assists in binding the analyte to
the substrate, such as, for example, a coenzyme. The reactants
of the present invention are useful for chemical or biochemi-
cal measurement, detection, or separation. Accordingly, the
term “reactant” specifically excludes molecules, compounds,
compositions or complexes, such as ink, that do not bind
analytes as described above. Examples of reactants include,
without limitation, amino acids, nucleic acids, including oli-
gonucleotides and cDNA, carbohydrates, and proteins such
as enzymes and antibodies.

Preferred oriented films include biaxially oriented low-
density polyethylenes; biaxially oriented linear low-density
polyethylenes; and biaxially oriented ultra low-density poly-
ethylenes. Biaxially oriented films are preferred because they
exhibit shrinkage in two orthogonal in-plane directions (here-
after referred to as the “x” and *y” directions). Other oriented
films that may be suitable for use in the present invention
include uniaxially, biaxially, or multiaxially oriented films
made by any process known to the art, including but not
limited to melt-orientation; the blown film, bubble, double-
bubble, and tubular processes; length orientation; the process
of tentering; extension over a mandrel; thermoforming; and
blow molding.

Polymers which may be employed in such films include,
but are not limited to, polyethylenes, including high density
polyethylene, low density polyethylene, linear low density
polyethylene, ultra low density polyethylene, and copoly-
mers of ethylene (including ethylene propylene copolymers
and ethylene vinyl acetate copolymers); polyolefins, includ-
ing isotactic polypropylene, syndiotactic polypropylene, and
polymethylpentene; polyacetals; polyamides, including
polyamide 6 and polyamide 66; polyesters, including poly-
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ethylene terephthalate, polybutylene terephthalate, and poly-
ethylene naphthalate; halogenated polymers, including poly-
vinyl chloride, polyvinylidene chloride,
polychlorotrifluoroethylene, polyvinyl fluoride, and polyvi-
nylidene fluoride; styrene polymers, including general pur-
pose polystyrene and syndiotactic polystyrene; cellulose
esters, including cellulose acetate and cellulose propionate;
polyketones, including polyetheretherketone and copolymers
and terpolymers of carbon monoxide with ethylene and/or
propylene; polycarbonates, including the polycarbonate of
bisphenol A; phenyl-ring polymers, including polyphenylene
sulfide; polysulfones; polyurethanes; polymers of acrylic and
methacrylic acids and their esters; ionomers; and copoly-
mers, blends, or layered structures of any of the above-named
polymers. Oriented films of any of these polymers may be
optionally cross-linked.

Examples of elastomeric materials that may be suitable for
use in the present invention include natural rubber, polyiso-
prenes, polychloroprene, polyisobutylenes, polybutenes,
nitrites, polyurethanes, silicones, random copolymers and
terpolymers (such as ethylene-propylene copolymers and
ethylene-propylene-diene monomer terpolymers), and block
copolymers.

The substrate optionally includes a coating comprising
linking agents. The linking agents are selected based on the
tissue and/or cell sample to be affixed to the substrate and the
application for which the sample will be used.

In some embodiments, the linking agents are coated onto
the major surface of the substrate such that the coating is at
least partially adhered to the substrate. The coating compris-
ing linking agents has a projected surface area and a topo-
graphical surface area. The coating on the substrate generally
is smooth in appearance. Accordingly, the projected surface
area and the topographical surface area are substantially
equivalent. In this context, “projected surface area” shall
mean the surface area for a surface as is calculated with
respect to the plane encompassing the “x” and “y” axes of the
surface; and “topographical surface area” shall mean the sur-
face area of a surface as is calculated with respect to the planes
encompassing the “x”, “y” and “z” axes of the surface, or in
other words, a measurement of the surface features of the
coating.

As described more fully below, upon relaxation of the
substrate, the topographical surface area becomes greater
than the projected surface area. The topographical surface
area of the coating is at least two times greater, preferably at
least five times greater than the projected surface area, and
more preferably at least fifteen times greater than the pro-
jected surface area.

In a preferred embodiment, upon relaxation of the sub-
strate, the coating of linking agents becomes undulated.
While the undulations may be irregular with respect to any
disc emable pattern, it is contemplated that a regular pattern of
undulations may be achievable in accordance with the meth-
ods of the present invention. In this context, “undulations—
or—undulated” shall mean convoluted, wave-like forms.
“Undulations—or—undulated” does not include structures
such as reservoirs or microwells that are created by methods
such as for example printing, embossing, casting, molding,
laserscribing, photolithography, etching, mechanical scratch-
ing or scoring.

A coating of 0.1 micron to 10 microns is preferred, with a
coating of less than 1 micron being preferred in order to
minimize diffusion difficulties that may arise when using
thicker coatings.

Preferred linking agents are azlactone moieties such as
those provided by copolymers as taught in U.S. Pat. Nos.
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4.304,705; 4,451,619; 5,262,484; 5,344,701 ; and 5,403,902.
Especially preferred copolymers are those prepared using
hydrophilic or water-soluble comonomers such as acryla-
mide and acrylamide derivatives, hydroxyethylacrylate and
methacrylate, and the like. In addition to azlactone linking
agents, copolymers including other linking agents may also
be utilized. These include, for example, epoxy, carboxylic
acid, hydroxyl, amine, N-hydroxysuccinimide, iso- and
isothiocyanate, anhydride, aldehyde, and other groups, which
are well known in the art for the immobilization of reactants.
The copolymers comprising linking agents may be prepared
by either step growth or chain growth polymerization pro-
cesses as are well known in the art.

The coatings may be applied and may be crosslinked or
otherwise treated to insolubilize, modify the glass transition
temperature (Tg) or modify the adhesion properties of the
coating. For example, copolymers that have a low Tg may be
formulated with a cross-linker in order to raise the Tg of the
resultant coating. The coatings can be applied to the substrate
by any of several conventional means known in the art, such
as extrusion coating, die coating, dip coating, air-knife coat-
ing, gravure coating, curtain coating, spray coating, use of
wire wound coating rods, and the like. Coatings may be made
from solution, followed by removal of solvent, or by hot melt
coating of 100% solids formulations.

Adhesion of the coating to the substrate may be improved,
if desired, by any of the methods known to one skilled in the
art. These methods include various pre-treatments to or coat-
ings on the major surface, such as corona or plasma treatment,
or by application of primers. Suitable primers include, with-
out limitation, polyethylenimine, polyvinylidenechloride,
primers such as those described in U.S. Pat. No. 5,602,202,
and colloidal dispersions of inorganic metal oxides in com-
bination with ambifunctional silanes such as described in
U.S. Pat. Nos. 5,204,219, 5,464,900, and 5,639,546. Other
methods of increasing adhesion of copolymers to polyolefin
substrates are disclosed in U.S. Pat. No. 5,500,251.

The linking agents may be coated substantially over the
entire area of a surface of the substrate, such as the major
surface, orin spots that may be in a regular or irregular pattern
on such surface. In the latter case, upon relaxation of the
substrate, the topographical surface area of each spot will be
greater than the projected surface area of such spot. Alterna-
tively, more than one polymeric layer comprising linking
agents may be coated on the substrate. A first coating of
linking agents may be overcoated by a second coating com-
prising linking agents in order to obtain undulations.

In addition to the linking agents, the substrate may further
be coated with reactants to create binding sites that aid in
affixing the tissue and/or cell sample, or to create a tissue
and/or cell microarray. The type of reactant to be used will
vary according to the application and analyte of interest. In
this context, “binding site” shall mean a discrete location on
asubstrate wherein reactants when used are affixed thereto. A
single binding site may include a quantity of one or more of
the same reactants affixed to the substrate.

Substrates that further include a mask layer may also be
useful, such as the mask layers described in U.S. Pat. Nos.
6,395,483 and 6,593,089. A mask layer of metal, such as
titanium, deposited between the polymeric material and the
coating may improve signal-to-noise ratios, or otherwise
improve the quality of analysis.

The tissue section is affixed to the substrate by any number
of processes known in the art may be used to affix the tissue
section to the substrate. It is understood that the mode of
affixation may vary in accordance with the intended analysis
and selection of materials.
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The tissue section may be affixed prior to, during or after
reduction of the major surface or relaxation of the substrate.
However, it is preferred to affix the sample prior to reduction
of the major surface or relaxation of the substrate in order to
take advantage of the concentration of sample density that
may be achieved.

The substrate starting material is at least partially oriented.
Oriented films exhibit an area shrinkage reduction that is
dependent in part on the degree of elongation of the film
during orientation thereof. The area shrinkage reduction is a
measure of the area shrinkage of the film from its oriented,
pre-shrunken dimensions to its dimensions after energy has
been applied to shrink the film. An area shrinkage reduction
of twenty-five percent (25%) is suitable for use in the present
invention.

Depending on the mode of affixation, the substrate may be
further prepared by functionalizing the surface to create link-
ing agents. The type of functionalization will depend on the
type of substrate and reactant(s). For example, in one embodi-
ment using an oriented film, such as oriented polyethylene,
the linking agents are azlactone moieties. In addition to the
azlactone copolymers-set forth above, suitable azlactone
functional compounds include those such as are disclosed in
U.S. Pat. Nos. 4,485,236 and 5,149,806.

One method of functionalizing the surface includes acid
washing the substrate followed by the addition of a bis-amino
molecule to create an amine-functional surface, to which
azlactone-linking agents are affixed. Other processes for
functionalizing polymers are known in the art and are suitable
to the extent they can be employed to create linking agents for
affixation of reactants, for example, the hetero bifunctional
cross-linking agents disclosed in U.S. Pat. No. 5,436,147.
The linking agents preferably remain substantially affixed to
the substrate after reduction of the surface area of the major
surface and further preferably are not substantially degraded
by the reduction of the surface area.

One skilled in the art should also appreciate that a variety of
approaches to rendering the surfaces of elastomeric materials
chemically reactive are known and may be employed in the
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initial starting position of the sample, for example, should be
known in order to correlate this position with the final posi-
tion once the substrate size has been reduced to the dimension
that will be employed in conducting the assay. Examples
include labeling, use of dyes, etc.

After affixation of the tissue sample to the substrate, pref-
erably the major surface thereof, or in certain instances, after
functionalization of the substrate to create linking agents, the
substrate is relaxed and the surface area of the major surface
of the substrate is reduced by the application of energy, such
as heat, in the case of oriented films and by the relaxation of
the stretching force in the case of elastomeric materials. The
increase in density of the tissue and/or cell samples, and
reactants and linking agents if present, may be dramatic. This
increased density of sample is advantageous where an
increased signal for detection is desired, for example when
performing mass spectrometry.

With respect to oriented films, the reduction is preferably
effected by the application of heat. However, any mode that
results in the reduction of the surface area of the major surface
may be sufficient for purposes of this invention. Preferably,
the mode of size alteration, such as the application of heat,
does not substantially impair the activity of the reactants. In
the present invention, heat may be employed to shrink a
substrate having a tissue section affixed thereto without
destroying the ability to analyze the resultant substrate using
mass spectrometry.

With respect to elastomeric materials, the surface area
reduction may be achieved by releasing the force that is
holding the material in the stretched condition. The substrate
may be subsequently treated to hold the substrate in the
reduced format. Alternatively, a backing or other physical
means may be affixed to the substrate to hold it in the size
altered format. After size alteration of the substrate, the sub-
strate, if desired, may be treated to retain the substrate in the
reduced surface area state. Such treatment includes cross-
linking the substrate. Alternatively, physical modes may be

present invention to the extent their use creates linking agents 40 used, such as affixing a backing to the substrate.
on the substrate for subsequent affixation of reactants. The
linking agents preferably remain substantially affixed to the EXAMPLES
substrate after reduction of the surface area of the major
surface or relaxation of the substrate and further preferably These examples are merely for illustrative purposes only
are not substantially degraded by such reduction or relax- 45 and are notmeant to be limiting on the scope of the appended
ation. One example of such an approach for treating surfaces claims. All parts, percentages, ratios, etc. in the examples and
for analyte attachment is described in U.S. Pat. No. 5,258, the rest of the specification are by weight, unless noted oth-
041. erwise. Furthermore, molecular weights in the examples and
It is preferred that the tissue sample be introduced to the the rest of the specification are weight average molecular
substrate in a known pattern for purposes of registration. The weights, unless noted otherwise.
TABLE 1
Example FIG. Description of Tissue Sample
1 3 Pig wound tissue - A repairing full thickness wound, created
in 1998 as part of a preclinical study (Bernatchez, SF, PJ
Parks, DM Grussing, SL Matalas, GS Nelson, Histological
characterization of a delayed wound healing model in pig.
Wound Rep. Reg. 6: 223-233, 1998) on animal model
development for chronic wounds.
2 4 & 5 Prostate cancer tissue. Sample taken from a tissue
microarray, Cancer Screen 2A, catalog ID: LS-SCA2A;
commercially available from LifeSpan Biosciences, Inc.,
Seattle, WA.
3 6 & 7 Breast cancer tissue. Sample taken from a tissue microarray,
Cancer Screen 2A, catalog ID: LS-SCA2A; commercially
available from LifeSpan Biosciences, Inc., Seattle, WA.
4 8 Ovarian cancer tissue. Sample taken from a tissue

microarray, Cancer Screen 2A, catalog ID: LS-SCA2A;
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TABLE 1-continued
Example FIG. Description of Tissue Sample
commercially available from LifeSpan Biosciences, Inc.,
Seattle, WA.
5 9 Colon cancer tissue. Sample taken from a tissue microarray,
Cancer Screen 2A, catalog ID: LS-SCA2A; commercially
available from LifeSpan Biosciences, Inc., Seattle, WA.
6 10 Lung cancer tissue. Sample taken from a tissue microarray,
Cancer Screen 2A, catalog ID: LS-SCA2A; commercially available
from LifeSpan Biosciences, Inc., Seattle, WA.
7 11 Plant tissue. Sample taken from a tissue microarray, Cancer
Screen 2A, catalog ID: LS-SCA2A; commercially available
from LifeSpan Biosciences, Inc., Seattle, WA.
. 15
For each example a sample of formalin fixed paraffin TABLE 2
embedded tissue was taken and sectioned. A 4-micron thick
section was mounted on film prepared as described in U.S. proteins Identified From EL Ptlrg "Yog(jttfs“e With Their Eoclectric Point
roteins laentire ToIm Llectronic Databases il €1r Isoelectric roim
Pat. No. 6,376,619 Example No. 14. Examples 2-7 were not Molecular Weight (pl)
mounted on a film as described above, but rather were already 5
sectioned since they were purchased as a tissue microarray. 15061?0310
. . . . poinf
Next, during the antigen retrleva.l step, the formahn-ﬁxe;d Molecular
paraffin embedded tissue was subjected to 100° C. steam in Weight
the presence of citric acid at 9.3 pH. After the antigen retrieval Protein (o)
step the tissuF: was digested by treatment in situ With Iyo- 25 Agrenodoxin reductase 0.32
philized trypsin (T8658, commercially available from Sigma, ATP synthase B chain, mitochondrial 9.14
St. Louis, Mo.) that was dissolved in 50 mM ammonium  Beta crystalline B3 (beta B3 crystalline) 6.36
bicarbonate (Si t oH 8.3 to a final trati £10 Beta B3 crystalline 6.07
icarbona e( igma) at pH 8.3 to a final concentra fonof 1. Casein kinase [, gamma 3 isoform 9,39
pg/ul, and incubated at 37° C. for 8 hours. The digested Collagen alpha 1 (II) chain precursor [Segment 1 of 2] 8.97
solution was removed and stored at 4° C. until analysis time. 3° gcﬁﬂ gepeﬂgeﬂt Eﬂase 2 activator | ( . g-ﬁ
| . clin dependent kinase 5 activator 1 precursor (tau protein E
Fgr exmple l., the film was shrunk 25-fold in the x e}nd y Kinase I1 23 kD subunit)
dimensions with a heat gun (HG-501A, Master Appliance Cytochrome C oxidase polypeptide IV precursor 9.32
Corp., Racine, Wis.) and adhered to a milled-out sample Cytocﬁrome P450 (11bbeta)-3 9.51
o . . Cytochrome P450 11 beta 9.41
tgrget plate by double-sided tgpe (3M, St. Paul, Minn.). Addi 35 Cytochrome P45 11B1 precursor o013
tionally for Example 1, a matrix solution ofa-cyano-hydroxy- Cytochrome P4350(C21) (M12918) 8.53
cinnamic acid (Sequazyme Kit, Applied Biosystems, Foster ~ Epidiymal secretory protein E1 precursor (EPV20) 8.20
City, Cahf) was added to the film. Ferredoxm—NADP ji-reduct.as.e (EC 1..18.1.2), long form 8.61
M K X . . precursor Gilal fibrillary acidic protein, astrocyte (GFAP) 5.30
After air-drying, the prepared peptides were fingerprinted Glucagon precursor 611
by using matrix assisted laser desorption ionization time-of- 4o H+ transportin ATPase (EC 3.6.1.35 chain A, vacuolar 5.42
flight mass spectrometry (MALDI-TOF MS). Analyses were IgM heavy chain constant region , 368
. Immunoglobulin heavy chain constant region 5.25
performed on examples 1-7 using a Voyager DE-STR (Ap- Tnterferon beta-1 precursor 5.05
plied Biosystems, Framingham, Mass.) in reflector and linear LP2-Fatty acid binding protein, epidermal (Differentiation 7.58
modes with positive ionization and an accelerating potential issgc&?_egllé%d binding protein LP2) )8
. . . . > .
of el.ther 20 or 2f5 kV. The instrument was callbrated Wlth 45 [ uteinizing homone beta subunit prepeptide 830
peptlde and protein standards from Sequazyme Kit (Apphed Lutropin beta chain precursor (Luteinizing hormone beta 8.00
Biosystems) for mass accuracy. The nitrogen laser has a subunit) (LSH-beta)
wavelength of 337 ym, and the instrument was set to acquire Lysozyme C precursor 755
° nm, . q Methylmalonate-semialdehyde dehydrogenase (acylating), 8.20
150 spectra per sample spot. The laser beam has a linear spot mitochondrial precursor (MMSDH)
diameter of approximately 150-200 um. The spectra were 50 MHC class I heavy chain 6.95
then summed and examples are shown in FIGS. 3, 4, 6, 8-11. MHC class IT . 8.37
Protein Database Searching Procedure MHC class IT beta-chain 6.14
F tein identificati tid b din th MHC class II DQB precursor (AF037315) 6.66
or protein identilication, peplide masses o .SeI'V ¢ ln. € NADH adrenodoxin oxidereductase, mitochondrial precursor 8.67
mass spectra of examples 1-3 were entered into publicly =~ NADH ubiquinone oxidoreductase 30 kD subunit precursor 6.54
available protein database-search engines such as Protein 55 NADH ubiquinone oxidoreductase B18 subunit 8.35
Prospector (http://prospector.ucsf.edu) and MASCOT (http:/ ~ (complex IB18) (C1-B18) ‘ .
www.matrixscience.com). The amino acid sequence cover-  Lroactivator polypeptide precursor [contains saposinA, 313
for these proteins from the observed peptides ranges from saposin B, (sphingolipid activator protein 1)]
agelor X p Y p p. ; g Prosaposin 5.08
(approximately) 25 to 75%. Protein hits with highest prob- Put. S-antigen C-terminus 575
ability score were tabulated as indicated in Tables 2-4. Table 60 RAC-alpha serine/threonine kinase (protein kinase B) 5.57
2 shows a list of proteins identified with their isoelectric point Rieske iron-sulfur protein precursor 9.47
molecular weights associated with Example 1, pig wound S'ad?1;°sy:]meﬂ“°nlne decarboxylase proenzyme . 371
tissue. Table 3 shows a list of proteins identified with their izgll 1&3:2?5;5?’%““6 (BCL14.15.4) cytochrome 9:31
isoelectric point mol.ecular weights assomated.wnh Example Steroid 11beta-mono oxygenase (EC1.14.15.4) cytochrome 9.41
2, prostate cancer tissue. Table 4 shows a list of proteins 65 Pp4s0 11B1-2 precursor
identified with their isoelectric point molecular weights asso- Tau protein kinase (EC 2.7.1.135) Il 23K chain precursor 9.40

ciated with Example 3, breast cancer tissue.
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TABLE 2-continued
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TABLE 4-continued

Pig wound tissue
Proteins Identified From Electronic Databases With Their Isoelectric Point

Molecular Weight (pl)
Isoelectric
point
Molecular
Weight
Protein ph)
T-cell receptor beta chain variable segment 6.06
UDP-glucose 6-dehydrogenase 7.51
Vacuolar ATP synthase catalytic subunit A, ubiquitous 5.42
isoform
Vacuolar H ATPase subunit 70 kD 5.47
Vitamin D3 receptor 6.18
Voltage dependent calcium channel beta2B subunit 8.36
Zeta-crystallin 8.77

TABLE 3

Prostate cancer tissue
Proteins Identified From Electronic Databases With Their Isoelectric Point

Molecular Weight (pl)
Isoelectric
point
Molecular

Weight
Protein (pl)
KIAA1160 protein [Homo sapiens) 5.17
S100 calcium binding protein A11 (calgizzarin) 6.56
[Homo sapiens]
Bel-2 binding component 6 [Homo sapiens] 10.12
Solute carrier family 4 sodium bicarbonate cotransporter-like 6.05
member 10 [Homo sapiens]
Myosin heavy chain beta-subunit 6.75
DRBI transplantation antigen - human (fragment) 4.58
Phosphodiesterase 7A [Homa sapiens] 8.94
Nuclear autoantigen [Homo sapiens) 10.61
Mitochondrial intermediate peptidase [Homo sapiens) 6.60
Truncated steroid 21-hydroxylase [Homo sapiens] 7.88
Hypothetical protein DKFZp761G1515.1 - human (fragment) 9.35
13 kD differentiation-associated protein - human (fragment) 8.82
Immunoglobulin heavy chain variable region [Homo sapiens) 8.53
ORF 2~no start codon [Homo sapiens] 6.25
BMO023 [Homeo sapiens] 7.79
PTEL [Homo sapiens] 7.68
Peroxisomal acyl-ccenzyme A thioester hydrolase 1 7.23
(Peroxisomal long-chain acyl-coA
thioesterase 1) (HIV-Nef associated acyl coA thioesterase)
(Thioesterase IT)
PRO11R1 [Homao sapiens) 10.36
Serine/threonine protein phosphatase with EF-hand motifs 2 8.60
isoform b; protein phosphatase
with EF hands 2 [Heme sapiens)
Immunoglobulin heavy chain variable region [Homo sapiens] 6.08

TABLE 4

Breast cancer tissue
Proteins Identified From Electronic Databases With Their Isoelectric Point

Molecular Weight (pl)
Isoelectric
point
Molecular
Weight
Protein pl
Cationic trypsinogen [Homo sapiens) 10.14
Chain A, Structure Of The Cull-Rbx1-Skp1-F Boxskp2 Scf 6.37
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Breast cancer tissue
Proteins Identified From Electronic Databases With Their Isoelectric Point
Molecular Weight (pl)
Isoelectric
point
Molecular
Weight
Protein (pl
Coronin, actin binding protein, 1C; coronin, actin-binding 6.65
protein, 1C; coronin 1C [Homo sapiens)
HSPCO065 [Homo sapiens) 5.53
Hypothetical protein DKFZp434N035 [Homo sapiens) 8.95
Hypothetical protein DKFZp762H186.1 - human (fragment) 8.34
Immunoglobulin heavy chain third complementarity- 6.43
determiningregion [Homo sapiens]
Immunoglobulin heavy chain variable region [Homo sapiens) 8.91
Immunoglobulin heavy chain VHDI] region [Homo sapiens] 8.98
Immunoglobulin lambda light chain variable region 5.82
[Homo sapiens]
Immunoglobulin light chain variable region [Homo sapiens] 8.68
MHC class IT antigen HL.A-DR-beta 3 [Homo sapiens) 9.12
Mitochondrial malate dehydrogenase, precursor 8.92
[Homo sapiens]
Myosin light chain kinase [Homo sapiens] 5.52
Paraoxanase-3 [Homo sapiens) 5.24
PDCDGIP protein [Homo sapiens) 6.13
Pheromone receptor [Homo sapiens] 9.23
PREDICTED: similar to Osteotesticular phosphatase; 5.98
protein tyrosine phosphatase receptor type V; protein tyrcsine
phosphatase receptor type W; protein tyrosine
Serine protease inhibitor, Kazal type 4; gastrointestinal 7.57
peptide [Homo sapiens)
Type XVIII collagen [Homo sapiens] 9.26
Ubiquitin-conjugating enzyme [Homo sapiens) 7.71
Ubiquitin-conjugating enzyme E2L 6 isoform 1; ubiquitin- 7.71
protein
ligase; ubiquitin carrier protein; retinoic acid induced gene B
protein [Homo sapiens)
Unnamed protein product [Homo sapiens) 9.65

FIG. 5 is a photomicrograph of the prostatic cancer tissue of
example 2 and corresponds to the Protein Identification Table
3 and the mass spectra shown in FIG. 4. Likewise, F1IG. 7 is a
photomicrograph of the breast cancer tissue of example 3 and
corresponds to the Protein Identification Table 4 and the mass
spectra shown in FIG. 6.

The complete disclosures of the patents, patent documents,
and publications cited herein are incorporated by reference in
their entirety as if each were individually incorporated. Vari-
ous modifications and alterations to this invention will
become apparent to those skilled in the art without departing
from the scope and spirit of this invention. It should be under-
stood that this invention is not intended to be unduly limited
by the illustrative embodiments set forth herein and that such
embodiments are presented by way of example only, with the
scope of the invention intended to be limited only by the
claims.

What is claimed is:

1. A method of analyzing analytes, the method comprising:

providing a cellular sample comprising chemically

crosslinked analytes, wherein the sample is one or more
formalin-fixed, paraffin-embedded tissue sections, and
wherein the analytes are proteins or peptides or combi-
nations thereof;

separating the chemically crosslinked analytes from the

formalin-fixed, paraffin-embedded tissue sections by
heat;

reversing at least a portion of the chemical crosslinks in the

crosslinked analytes and forming decrosslinked ana-
lytes, wherein said reversing at least a portion of the
chemical crosslinks comprises cleaving at least a portion
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of the chemical crosslinks, with the proviso that substan-
tially no naturally occurring bonds in the analytes

are cleaved during said reversing at least a portion of the

chemical crosslinks; and

analyzing the analytes by analyzing the decrosslinked ana-

lytes using mass spectrometry.

2. The method of ¢laim 1 wherein the sample further com-
prises analytes that are not chemically crosslinked and ana-
lyzing both the decrosslinked analytes and the analytes that
are not chemically crosslinked.

3. The method of claim 2 wherein the analytes that are not
chemically crosslinked comprise pharmaceuticals, metabo-
lites, or vitamins.

4. The method of claim 1, wherein separating the chemi-
cally crosslinked analytes from the formalin-fixed, paraffin-
embedded tissue occurs prior to said reversing at least a
portion of the chemical crosslinks.

5. The method of claim 1 wherein the crosslinked analytes
are crosslinked proteins.

6. The method of claim 1, wherein said cleaving at least a
portion of the chemical crosslinks is done through the appli-
cation of an energy in the presence of water or buffer at a
range of pH values.

7. The method of claim 6 wherein the energy is heat.

8. The method of claim 6 wherein the energy is radiation.

9. The method of claim 1 wherein said analyzing the
decrosslinked analytes comprises cleaving at least a portion
of the bonds in the decrosslinked analyte, forming analyte
fragments and analyzing the analyte fragments using mass
spectrometry.

10. The method of claim 9 wherein the cleaving at least a
portion of the bonds in the decrosslinked analytes comprises
contacting the decrosslinked analytes with an enzyme or
chemical reagent.

11. The method of claim 10 wherein the cleaving at least a
portion of the bonds in the decrosslinked analytes comprises
contacting the decrosslinked analytes with an enzyme.

12. The method of claim 11 wherein the enzyme is selected
from the group consisting of trypsin, pepsin, pronase, and
chymotrypsin.

13. The method of claim 12 wherein the decrosslinked
analytes are proteins, the enzyme is trypsin, and the analyte
fragments are an eluate comprising protein fragments.

14. The method of claim 1 wherein the cellular sample is
from a plant or animal.

15. The method of claim 14 wherein the cellular sample is
from a human.

16. The method of claim 14 wherein the cellular sample is
from an individual having a disease.

17. The method of claim 16 wherein the disease is a pro-
gressive disease, and the formalin-fixed, paraffin-embedded
tissue sections are a plurality of tissue sections representing
different stages of the progressive disease.
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18. The method of claim 14 wherein the cellular sample is
from a non-human animal that is model for a disease.

19. The method of claim 14 wherein the cellular sample
comprises at least one cell having an exogenous nucleic acid.

20. The method of claim 1 wherein said analyzing the
decrosslinked  analytes comprises identifying the
decrosslinked analytes.

21. The method of claim 20 wherein said identifying the
decrosslinked analytes comprises:

reading unique identifiers of the decrosslinked analytes;

and

determining the identities of the decrosslinked analytes.

22. The method of claim 1 wherein said analyzing the
decrosslinked  analytes  comprise  quantifying the
decrosslinked analytes.

23. A method of analyzing analytes, the method compris-
ing:

providing a formalin-fixed, paraffin embedded, tissue sec-

tion comprising one or more analytes comprising chemi-
cally fixed bonds;
removing the one or more analytes from the paraffin of the
formalin-fixed, paraffin embedded, tissue section;

cleaving at least a portion of the chemically fixed bonds in
the one or more analytes and forming cleaved analytes,
with the proviso that substantially no naturally occurring
bonds in the analytes are cleaved; and

analyzing the analytes by analyzing the cleaved analytes

using mass spectrometry, wherein the one or more ana-
lytes are proteins or peptides or combinations thereof.

24. The method of claim 23 further comprising placing the
formalin—fixed, paraftin embedded, tissue section on a sub-
strate comprising a polymeric material.

25. The method of claim 23, wherein said removing step
oceurs prior to said cleaving at least a portion of the chemi-
cally fixed bonds.

26. A method of analyzing an analyte, the method com-
prising:

providing a cellular sample comprising a chemically

crosslinked analyte, wherein the sample is a formalin-
fixed, paraffin-embedded tissue section;

removing the analyte from the paraffin of the formalin-

fixed, paraffin embedded, tissue section;
reversing at least a portion of the chemical crosslinks in the
crosslinked analyte and forming a decrosslinked ana-
lyte, wherein substantially no naturally occurring bonds
in the analyte are broken during the reversal; and

analyzing the analyte by analyzing the decrosslinked ana-
lyte using mass spectrometry, wherein the analyte is a
protein or a peptide.

27. The method of claim 26, wherein said removing step
oceurs prior to said reversing a least a portion of the chemical
crosslinks.
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