US 20140212892A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2014/0212892 Al

Gough et al.

(43) Pub, Date: Jul. 31, 2014

(54)

(71)
(72)

(73)

1)
(22)

(63)

METHOD FOR AUTOMATED TISSUE
ANALYSIS

Applicant: Cernostics, Inc., Pittsburgh, PA (US)

Inventors: Albert H. Gough, Glenshaw, PA (US);
Kenneth A. Giuliano, Pittsburgh, PA
(US); D. Lansing Taylor, Pittsburgh, PA
Us)

Assignee: Cernostics, Inc., Pittsburgh, PA (US)
Appl. No.: 14/067,438

Filed: Oct. 30, 2013

Related U.S. Application Data

Continuation of application No. 13/593.663, filed on
Aug. 24, 2012, now Pat. No. 8,597,899, which is a
continuation of application No. 13/346,920, filed on
Jan. 10, 2012, now abandoned, which is a continuation
of application No. 12/227,334, filed on Apr. 14, 2009,
now Pat. No. 8,114,615, filed as application No. PCT/
US2007/011865 on May 17, 2007.

(60) Provisional application No. 60/801,035, filed on May
17, 2006.

Publication Classification

(51) Int.CL
GOIN 33/533 (2006.01)

(52) US.CL
CPC oo GOIN 33/533 (2013.01)
USPC oot 435/7.21

(57) ABSTRACT

The invention provides an improved method for identifying
and interpreting tissue specimens and/or cells derived from
tissue specimens. A panel of cell-based reagents provides a
number of readouts of cellular states or biomarkers that
together define a profile of a diversity of cellular states or
biomarkers in a tissue specimen representing the ‘systems”
nature of biology. This cellular profile is interpreted using
informatics tools, to identify similarities between specimens,
in vivo medical conditions, and suggest options for treating
medical conditions.
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METHOD FOR AUTOMATED TISSUE
ANALYSIS

RELATED APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/593,663 filed Aug. 24, 2012, which is a
continuation of U.S. application Ser. No. 13/346,920 filed
Jan. 10,2012, which is a continuation of U.S. application Ser.
No. 12/227,334 filed Apr. 14, 2009, now U.S. Pat. No. 8,114,
615, which is the U.S. National Stage of International Appli-
cation No. PCT/US2007/011865 filed May 17, 2007, pub-
lished in English, which claims the benefit of U.S. Provisional
Application No. 60/801,033, filed on May 17, 2006.

[0002] The entire teachings of the above applications are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] The development of capabilities in multicolor fluo-
rescence for applications in pathology were introduced more
than a decade ago [3, 6-8] but still have not achieved wide
market acceptance. In particular, Dow et al. [7] describe a
study where multicolor fluorescence was used to determine
lymphocyte phenotype and activation status in melanoma
tissue sections through a process of human interactive image
analysis. More recently, multicolor fluorescence has been
applied in pathology [9] and HistoRx, Inc. (New Haven,
Conn.) has commercialized some of these approaches. All of
these publications and applications describe the use of fluo-
rescence based imaging technology in tissue cell analysis, but
are limited in their application and do not address the need to
understand the systemic or cellular systems biology of a
tissue.

[0004] High content screening (HCS) and multiparameter
HCS technologies were developed to automate cell analysis
for drug discovery, HCS technologies are focused specifically
on the measurement of individual targets or pathways in
arrays of cultured cells treated with test compounds. How-
ever, HCS tools alone do not address the complete workflow
of tissue based cellular systems biology.

[0005] Thus, a need exists to provide methods for produc-
ing and analyzing cellular systems biology profiles in order to
more fully understand the systemic and complex interaction
of cellular biology systems.

SUMMARY OF THE INVENTION

[0006] The cell is the simplest living systeni. Tissues are
collections of specific cell types forming interacting colonies
of cells. Although cells and tissues are less complex than a
complete organism, they possess significant functional com-
plexity allowing a detailed understanding of many aspects
affecting a whole organism, such as the cellular basis of
disease, treatment efficacy and potential toxicity of treat-
ments. Multicolor fluorescence of multiplexed biomarkers
coupled with searchable databases provides the basis for cel-
lular systems biology (also referred to herein as systems cell
biology) profiling and analysis.

[0007] This invention provides for methods of analyzing
and profiling, the analysis of, and means for profiling, tissue-
based cellular systems biology. The cellular systems biology
approach, including the combining of traditional histological
staining with fluorescent staining to associate cellular and
tissue markers that can be labeled by fluorescence has not
been previously applied by others as now described herein.
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The use of the transmitted light images based on traditional
histological stains used by pathologist as a “reference” image
or “map” for better interpretation of the multiple fluores-
cence-based reagents as described herein will increase the
acceptance of the systems approach by pathologists and will
allow selection of a particular set of biomarkers for fluores-
cence analysis.

[0008] In one embodiment of the invention, provided is a
method for producing a cellular systems biology profile of
one or more tissue samples. As used herein, “cellular systems
biology” (also referred to herein as systems cell biology), is
the investigation of the integrated and interacting networks of
genes, proteins, and metabolites that are responsible for nor-
mal and abnormal cell functions. Thus, a cellular systems
biology profile is a systemic characterization of cells in the
context of a tissue architecture such that the cells have par-
ticular characteristics dependent upon the relationships of
different cells within a tissue and the biological or medical
state of the tissue. It is the interactions, relationships, and state
of the constituents of cells within a tissue that gives rise to the
cellular systems biology features that are used to construct a
profile. The interrelationships within a cellular systems biol-
ogy profile are defined, for example, either arithmetically
(e.g., ratios, sums, or differences between cellular systems
biology feature values) or statistically (e.g., hierarchical clus-
tering methods or principal component analyses of combina-
tions of cellular systems biology feature values). In a particu-
lar embodiment, a cellular systems biology profile defines the
interrelationships between a combination of at least five cel-
lular systems biology features collected from cells within one
or more tissue sections from the same sample.

[0009] In one embodiment, the invention is directed to a
method for producing one or more cellular systems biology
profiles for one or more tissue samples, comprising obtaining
at least two sections from one or more tissue samples. At least
one section is labeled with a histological stain, to produce a
histologically stained section. At least one other section is
labeled with a panel of fluorescently labeled reagents to pro-
duce a fluorescently labeled section. In some embodiments
the histologically stained section and the fluorescently
stained section are the same or different. In a particular
embodiment, the histologically stained section and the fluo-
rescently stained section are different section. Each fluores-
cently labeled reagent is specific for a biomarker. As used
herein, a“biomarker” is a molecule which provides a measure
of cellular and/or tissue function. For example, and without
limitation, a biomarker can be the measure of estrogen recep-
tor expression levels, Her2/neu expression, transcription fac-
tor activation, location or amount or activity of a protein,
polynucleotide, organelle, and the like, the phosphorylation
status of a protein, etc. In one embodiment of the invention,
the panel of fluorescently labeled reagents detects at least
about four different biomarkers.

[0010] Thedetectionofa biomarkerin one or more sections
is a read-out of one or more features of the tissue. As used
herein, a “feature” is a characteristic which provides a mea-
surement or series of measurements of a particular biomarker
(which can indicate a biological function) made in time and/
or space within cells and tissues. Biological functions
include, but are not limited to: protein posttranslational modi-
fications such as phosphorylation, proteclytic cleavage,
methylation, myristoylation, and attachment of carbohy-
drates; translocations of ions, metabolites, and macromol-
ecules between compartments within or between cells;
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changes in the structure and activity of organelles; and alter-
ations in the expression levels of macromolecules such as
coding and non-coding RNAs and proteins, morphology,
state of differentiation, and the like. A single biomarker can
provide a read-out of more than one feature. For example,
Hoechst dye can be used to detect DNA (e.g., a biomarker),
and a number of features of the tissue (e.g., nucleus size, cell
cycle stage, number of nuclei, presence of apoptotic nuclei,
etc.) can be identified by the DNA detected with the Hoechst
dye.

[0011] The method further comprises imaging the histo-
logically stained section using a first optical mode, which
produces a first set of data and imaging the fluorescently
labeled section using a second optical mode, which produces
asecond set of data. The first set of data and the second set of
data are analyzed to identify five or more features, such that at
least one feature is identified in each of the first set of data and
the second set of data. The combination of the five or more
features generates a cellular systems biology profile of the
one or more tissue samples.

[0012] In a further embodiment of the invention, the cellu-
lar systems biology profile is stored in a database for refer-
ence, thereby providing a reference cellular systems biology
profile in a database.

[0013] In a further embodiment of the invention, the
method for producing a cellular systems biology profile of
one or more tissue samples further comprises producing a
cellular systems biology profile of at least one peripheral
blood sample obtained from the same source as the one or
more tissue samples

[0014] In another embodiment the method for producing a
cellular systems biology profile of one or more tissue samples
comprises obtaining at least one section from one or more
tissue samples. At least one section is labeled with a panel of
fluorescently labeled reagents to produce a fluorescently
labeled section, such that each fluorescently labeled reagent is
specific for a biomarker. In one embodiment, the panel of
fluorescently labeled reagents detects at least about four dif-
ferent biomarkers, and the detection of a biomarker is a read-
out of one or more features of a cellular systems biology
profile. The method further comprises imaging the fluores-
cently labeled section with at least a first optical mode to
produce a first set of data which is analyzed to identify at least
about five or more features, wherein at least one feature is
identified in the first set of data, and wherein the combination
of the five or more features is a cellular systems biology
profile the one or more tissue samples. Thus, the method
produces a cellular systems biology profile of the one or more
tissue samples. The method can further comprises producing
a cellular systems biology profile of at least one peripheral
blood sample obtained from the same source as the one or
more tissue samples.

[0015] In a further embodiment of the invention, provided
herein is a method for producing a cellular systems biology
profile of one or more tissue samples, wherein the tissue
sample is profiled for the presence of cancer, the stage of a
cancer, the diagnosis of a cancer, the prognosis of a cancer
and/or the absence of a cancer. As will be understood by a
person of skill in the art, different cancers can be classified
and staged according to their pathology. The method
described herein permits, for example, the confirmation of the
presence or absence of a cancer, the identification of a cancer,
the classification of a cancer stage, the prediction and/or
determination of the outcome or prognosis of the cancer, and
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the response of the cancer to any treatments. The method
comprises obtaining at least two sections from one or more
tissue samples. At least one section is labeled with a histo-
logical stain to produce a histologically stained section. At
least one section is labeled with a panel of fluorescently
labeled reagents to produce a fluorescently labeled section.
Each fluorescently labeled reagent is specific for a biomarker.
The panel of fluorescently labeled reagents comprises fluo-
rescently labeled reagents which can be selected from the
group consisting of: i) one or more fluorescently labeled
reagents specific for at least four cancer cell biomarkers; ii)
one or more fluorescently labeled reagents specific for at least
four migratory immune cell biomarkers; iii) a combination of
A) one or more fluorescently labeled reagents specific for at
least three cancer cell biomarkers and B) one or more fluo-
rescently labeled reagents specific for at least three migratory
immune cell biomarkers, and iv) combinations of the above,
such that the panel of fluorescently labeled reagents detects at
least about four different biomarkers. The detection of a
biomarker is a read-out of one or more features of a cellular
systems biology profile. The method further comprises imag-
ing the histologically stained section with at least a first opti-
cal mode to produce a first set of data and imaging the fluo-
rescently labeled section with at least a second optical mode
to produce a second set of data. The first set of data and second
set of data are analyzed to identify at least about five or more
features, such that at least one feature is identified in each of
the first set of data and the second set of data. The combina-
tion of the five or more features is a cellular systems biology
profile of the one or more tissue samples, and thus the method
produces a cellular systems biology profile of the one or more
tissue samples, wherein the tissue sample is profiled for the
presence of a cancer, the stage of a cancer, the diagnosis of a
cancer, the prognosis of a cancer or the absence of a cancer. In
one embodiment, the one or more tissue samples is selected
from the group consisting a suspected or known cancerous
tissue, a lymph node, and a combination thereof.

[0016] In a still further embodiment of the invention, the
method for producing a cellular systems biology profile of
one or more tissue samples, wherein the tissue sample is
profiled for the presence of cancer, the stage of a cancer, the
diagnosis of a cancer, the prognosis of a cancer and/or the
absence of a cancer further comprises producing a cellular
systems biology profile of at least one peripheral blood
sample obtained from the same source as the one or more
tissue samples

[0017] In another embodiment of the invention, provided
herein is a method for producing a cellular systems biology
profile of one or more tissue samples, wherein the tissue
sample is profiled for the presence, severity or absence of a
tissue toxicity. The method comprises obtaining at least two
sections from one or more tissue samples. At least one section
labeled with a histological stain to produce a histologically
stained section and at least one section is with a panel of
fluorescently labeled reagents to produce a fluorescently
labeled section. Each fluorescently labeled reagent is specific
for a biomarker. The panel of fluorescently labeled reagents
comprises a set of fluorescently labeled reagents selected
from the group consisting of i) one or more fluorescently
labeled reagents specific for cell metabolism biomarkers, 1)
one or more fluorescently labeled reagents specific for DNA
damage biomarkers, iii) one or more fluorescently labeled
reagents specific for cell morphology biomarkers, iv) one or
more fluorescently labeled reagents specific for DNA damage
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biomarkers, v) one or more fluorescently labeled reagents
specific for cell differentiation biomarkers, vi) one or more
fluorescently labeled reagents specific for stress-induced
transcription activation or inhibition biomarkers, vii) a one or
more fluorescently labeled reagents specific for phosphory-
lation status of stress kinase biomarkers, viii) one or more
fluorescently labeled reagents specific for apoptosis or necro-
sis biomarkers, ix) one or more fluorescently labeled reagents
specific for cytoskeleton biomarkers, x) one or more fluores-
cently labeled reagents specific for organelle biomarkers, xi)
one or more f fluorescently labeled reagents specific for pres-
ence or activation of immune cell biomarkers, and xii) com-
binations thereof, such that the panel of fluorescently labeled
reagents detects at least about four different biomarkers, and
wherein the detection of a biomarker is a read-out of one or
more features of a cellular systems biology profile. The his-
tologically stained section is imaged with at least a first opti-
cal mode to produce a first set of data. The fluorescently
labeled section is imaged with at least a second optical mode
to produce a second set of data. The method further comprises
analyzing the first set of data and second set of data to identify
at least about five or more features, wherein at least one
feature is identified in each of the first set of data and the
second set of data. The combination of the five or more
features is a cellular systems biology profile of the one or
more tissue samples. Thus, the method produces a cellular
systems biology profile of the one or more tissue samples,
wherein the tissue sample is profiled for the presence, severity
or absence of a tissue toxicity. In one embodiment, the one or
more tissue samples is one or more liver tissue samples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing will be apparent from the following
more particular description of example embodiments of the
invention, as illustrated in the accompanying drawings in
which like reference characters refer to the same parts
throughout the different views. The drawings are not neces-
sarily to scale, emphasis instead being placed upon illustrat-
ing embodiments of the present invention.

[0019] FIG. 1 are examples of slides for Tissue Profiling.
FIG. 1A is Sample #01, which represents a slide that com-
bines a tissue section labeled with H&E stain, and a sequen-
tial section labeled with fluorescent tags for specific biomar-
kers. FIG. 1B is Sample #02, which illustrates a slide with an
H&E stained section, a fluorescent labeled section and some
cells isolated from patient tissue and labeled with fluorescent
tags (pictures of sections and cells are all enlarged for illus-
trative purposes).

[0020] FIG. 2 is a schematic of systems cell biology (also
referred to herein as cellular systems biology) profiling,
which involves the analysis of a diverse set of cellular biom-
arkers used to identify features to create a profile. FIG. 2A
represent cells from a patient that are, e.g., healthy, diseased
or being treated or have been treated with a drug. FIG. 2B
schematically represents the analysis of a set of biomarkers.
FIG. 2C represents a panel of cellular biomarkers used to
produce cellular systems biology profile. These profiles are
stored in a database (schematically shown in FIG. 2D), which
can be used a reference database. Comparison of a patient
profile with reference profiles is used e.g., as a predictive tool,
or to associate a biomarker, feature or a profile with a specific
medical condition, or to evaluate new profiles.

[0021] FIG. 3 is a schematic illustrating the interrelation of
systems cell biology which captures enough complexity to
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correlate biomarkers with higher level organ and organism
effects, while allowing high throughput and cost-effective
profiling. Cellular systems biology and systems biology are
based on the interactions and relationships between the fun-
damental components of living systems represented by the
“-omics” and a selection of specific cellular biomarkers are
obtained from a combination of genomics, proteomics and
metabolomics, in the context of the cells studied (cellomics).
[0022] FIG. 4 is a schematic of how a cell integrates the
many processes illustrated, such as gene expression, energy
metabolism, etc. to yield normal functions. Diseases result
from the dysregulation of one or more of these cellular pro-
cesses which often results in complex symptoms. Many of
these processes share pathways, signals and proteins and
therefore should be investigated as part of the cell system
(including the collection of cells of different types in tissues).
[0023] FIG. 5illustrate examples of biomarkers for use in
patient tissue profiling selected from function classes that
include, for example: (A) Stress Pathways; (B) Organelle
Function; (C) Cell Cycle; (D) Morphology; (E) Apoptosis;
and (F) DNA Damage, as well as micro RNA, and migratory
immune cells. Specific combinations of biomarkers are
selected for analysis of particular disease conditions, as
described herein.

[0024] FIG. 6 is an example of the multiplexed labeling of
cells with a panel of biomarkers such as would be used in
tissue sections. Labels are multiplexed in tissue which allows
analysis of correlations between biomarker activation within
the same tissue, and to reduce the number of sections that
must be prepared and analyzed. In a particular embodiment,
at least four or more biomarkers are analyzed in each section.
[0025] FIG. 7 is a schematic flow chart of the process of
creating a reference profile database as described in one
embodiment of the invention. Box 1: Sequential tissue sec-
tions are prepared and mounted. Box 2(a): One section is
labeled with H&E stain for transmitted light imaging or
review. Box 2(b): A second section is labeled with a panel of
fluorescent labels to measure biomarkers. Boxes 3(a & b):
Sections are imaged or viewed for interpretation. Boxes 4(a &
b): Sections are analyzed and/or interpreted to create data.
Box 5: Data from the sequential sections are compared and
combined. Box 6: The cellular systems profile is added to
database. Box 7: Tissue profiles in database are clustered to
identify similarities. Box 8: Profile classes are identified. Box
9: Correlations between systems profiles and histological
data are used to build a classifier which is stored in the
database.

[0026] FIG. 8 is a flow chart illustrating the process of
analyzing and classifying tissue, e.g., from a patient.

[0027] FIGS. 9A-I is a flow chart illustrating the overall
process for automated tissue profiling in one embodiment of
the invention. FIG. 9(A) Process starts with reference tissue
with know medical history. FIG. 9(B) Profiles from fluores-
cence analysis are combined with results from human inter-
pretation of stained sections along with medical history; FIG.
9(C) to build a classifier and FIG. 9(D) populate a reference
database. FIG. 9(E) Patient tissues are FIG. 9(F) prepared,
analyzed and F1G. 9(G) classified to identify FIG. 9(H) simi-
larities to other patient profiles (patient stratification) and
FIG. 9(I) to make predictions regarding medical conditions,
or medical outcomes.

[0028] FIG. 10 is a flow chart of the process for selecting
biomarkers for a cancer tissue profiling panel. Box (1) Nor-
mal tissue from Patient is (Box 2) analyzed by Gene Expres-
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sion profiling. Box (3) A sample of tumor tissue from the
same patient is (Box 4) analyzed by Gene Expression Profil-
ing and is (Box 5) staged in the traditional manner. This
combined information, comparing ‘“normal” tissue with
patient tumor tissue is (Box 6) used to identify potential
biomarkers. Box (7) Gene products are prioritized based on
known reference points including Her2/Neu and then anti-
bodies acquired or produced to create test panels (Box 8). The
design of the biomarker panel is based on the selection of
combinations of cancer cell biomarkers that are multiplexed
for fluorescence-based immunohistochemistry (IHC).
[0029] FIG. 11 is an overview of one embodiment of the
invention. Tissue samples from a patient (A) which could
include healthy tissue, tumor tissue, other diseased tissue or a
blood specimen are processed by standard methods for
mounting on slides (B) either as individual sections or as
tissue microarrays. Slides are imaged on a microscope or
other imaging system (C). Images are interpreted either by a
pathologist or through the application of image analysis algo-
rithms to produce data (D) which can be stored in a database.
The combination of the data from a single specimen forms a
cellular systems profile of that specimen. Data from multiple
cellular systems profiles are analyzed using statistical meth-
ods including cluster analysis, principle component analysis,
and other multifactorial methods to identify similarities
between profiles which can be represented in a clustered heat
map (E), identify patterns within a profile that indicate a
certain biological or medical state, and to classify tissue status
based on similarity in profiles. The information provided by
cellular systems biology profiling is used by the physician or
scientist (F) to better understand the biology or progression of
a disease or biological condition, to more precisely stratify
patients in a clinical trial and/or to optimize a therapeutic
approach (G) to treating a condition.

DETAILED DESCRIPTION OF THE INVENTION

[0030] “Cellular systems biology” is defined as the inves-
tigation of the integrated and interacting networks of genes,
proteins, and metabolic reactions that give rise to function and
life. Cells in tissues, as complex systens, exhibit properties
that are not anticipated from the analysis of individual com-
ponents, known as emergent properties that require analysis
of many factors to characterize cellular states. Taylor and
Giuliano [10] describe the application of in vitro cell systems
analysis to drug discovery. In this analysis, correlation
between measurements in individual cells was required to
identify and interpret cell responses to drug treatment.
[0031] “Cellular systems biology features™ are defined as a
data measurements or a series of measurements of a particular
biological function (typically evidenced by the presence,
absence and/or level of one or more biomarkers) made in time
and/or space within cells and tissues. Examples of biological
functions include, but are not limited to: protein posttransla-
tional modifications such as phosphorylation, proteolytic
cleavage, methylation, myristoylation, and attachment of car-
bohydrates; translocations of ions, metabolites, and macro-
molecules between compartments within or between cells;
changes in the structure and activity of organelles; and alter-
ations in the expression levels of macromolecules such as
coding and non-coding RNAs and proteins.

[0032] Cellular Systems Biology analysis of cells in tissues
makes use of some of the cell analysis algorithms developed
for High Content Screening (HCS). “HCS” is defined as a
technology platform designed to measure the temporal and
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spatial activities of genes, proteins, and other cellular con-
stituents in living cells in response to drug treatment
(Giuliano, K. A.; Haskins, J. R.; Taylor, D. L., Advances in
high content screening for drug discovery. ASSAY and Drug
Development Technologies 2003, 1, 565-577). HCS and mul-
tiparameter HCS were developed to measure individual tar-
gets or pathways in arrays of cultured cells in response to drug
treatment. However, as described herein, HCS image analysis
tools can also be used to extract data from cells in tissues as
part of a cellular systems biology profiling approach that
would enable the characterization of complex and emergent
properties that arise in living cells and tissue. In addition,
numerous other image analysis software packages, including
those that are supplied with microscope slide scanning sys-
tems could be applied to extract cellular features from images
of tissues to build a cellular systems biology profile.

[0033] “Cellular systems biology profiles” are defined as
the interrelationships between combination of at least about
five cellular systems biology features collected from cells
within one or more tissue sections from the same sample.
These interrelationships are calculated either arithmetically
(e.g., ratios, sums, or differences between cellular systems
biology feature values) or statistically (e.g., hierarchical clus-
tering methods or principal component analyses of combina-
tions of cellular systems biology feature values). Cellular
systems biology profiles can be used to understand the com-
plex response of cells and tissues to disease and various
treatments by characterizing the emergent properties of the
cellular systems response.

[0034] “Emergent properties” refers to the arising of novel
and coherent structures, patterns, and properties during the
process of self-organization in complex systems (Goldstein,
Jeffrey (1999), “Emergence as a Construct: History and
Issues”, Emergence: Complexity and Organization 1: 49-72).
The emergent properties of cells and tissues (e.g., growth and
division, transformation to a tumor phenotype, etc.) cannot
begin to be defined until a systemic analysis of complex
cellular function is undertaken. Emergent properties are not
anticipated from the analysis of individual components, but
require analysis of many factors to characterize cellular
states.

[0035] Although the analysis of single, individual features
in tissue sections has value, the application of a “systems
approach” wherein, as provided herein, multiple features
(e.g., at least about four features, at least about five features,
at least about six features, at least about 7-12 features, or
more), of a tissue are analyzed, enables a more precise deter-
mination of the state of the cells, the tissues, and the organism
as a whole. Furthermore, this approach facilitates, for
example, the automation of tissue analysis, and the produc-
tion of tissue profiles for more precise tumor staging, person-
alized treatments, evaluation of treatment efficacy, and early
indication of side effects, as well as improved analyses in
animal toxicology studies in drug discovery.

[0036] Systems Biology and Cellular Systems Biology:
The cell is the simplest living system. Tissues are collections
of specific cell types forming interacting colonies of cells.
Although cells and tissues are less complex than a complete
organism, they possess significant functional complexity
allowing a detailed understanding of the cellular basis of
disease, treatment efficacy and potential toxicity of treat-
ments. Multicolor fluorescence of multiplexed biomarkers
coupled with searchable databases provides the basis for sys-
tems cell analysis.
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[0037] Prior to this invention, the analysis and profiling of
tissue-based cellular systems biology has not been described.
The cellular systems biology approach, including the com-
bining of traditional histological staining with fluorescent
staining to associate cellular and tissue markers that can be
labeled by fluorescence has not been previously done by
others as now described herein. The use of the transmitted
light images based on traditional (non-fluorescent) histologi-
cal stains used by pathologist as a “reference” image or “map”
for better interpretation of the multiple fluorescence-based
reagents as described herein will increase the acceptance of
the systems approach by pathologists and will allow the selec-
tion of a specific set of biomarkers for fluorescence analysis.

[0038] In one embodiment of the invention, provided is a
method for producing a cellular systems biology profile of
one or more tissue samples. As used herein, “cellular systems
biology” (also referred to herein as systems cell biology), is
the investigation of the integrated and interacting networks of
genes, proteins, and metabolites that are responsible for nor-
mal and abnormal cell functions. Thus, a cellular systems
biology profile is a systemic characterization of cells in the
context of a tissue architecture such that the cells have par-
ticular characteristics dependent upon the relationships of
different cells within a tissue and the biological or medical
state of the tissue. It is the interactions, relationships, and state
of the constituents of cells within a tissue that gives rise to the
cellular systems biology features that are used to construct a
profile. The interrelationships within a cellular systems biol-
ogy profile are defined or calculated, for example, either
arithmetically (e.g., ratios, sums, or differences between cel-
lular systems biology feature values) or statistically (e.g.,
hierarchical clustering methods or principal component
analyses of combinations of cellular systems biology feature
values). In a particular embodiment, a cellular systems biol-
ogy profile defines the interrelationships between a combina-
tion of at least about five cellular systems biology features
collected from cells within one or more tissue sections from
the same sample. In another embodiment, a cellular systems
biology profile is the combination of at least about six, seven,
eight, nine, ten, eleven, twelve, or mare features.

[0039] In one embodiment of the invention, the method
comprises obtaining at least two sections from one or more
tissue samples. Any suitable tissue sample can be used in the
methods described herein. For example, the tissue can be
epithelium, muscle, organ tissue, nerve tissue, tumor tissue,
and combinations thereof. In one embodiment, blood is not a
tissue sample. Samples of tissue can be obtained by any
standard means (e.g., biopsy, core puncture, dissection, and
the like, as will be appreciated by a person of skill in the art).
At least one section is labeled with a histological stain, to
produce a histologically stained section. As used in the inven-
tion described herein, histological stains can be any standard
stain as appreciated in the art, including but not limited to,
alcian blue, Fuchsin, haematoxylin and eosin (H&E), Masson
trichrome, toluidine blue, Wright’s/Giemsa stain, and com-
binations thereof. As will be appreciated by a person of skill
in the art, traditional histological stains are not fluorescent. At
least one other section is labeled with a panel of fluorescently
labeled reagents to produce a fluorescently labeled section.
As used in the invention described herein, the panel of fluo-
rescently labeled reagents comprises a number of reagents,
such as fluorescently labeled antibodies, fluorescently
labeled peptides, fluorescently labeled polypeptides, fluores-
cently labeled aptamers, fluorescently labeled oligonucle-
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otides (e.g. nucleic acid probes, DNA, RNA, cDNA, PNA,
and the like), fluorescently labeled chemicals and fluorescent
chemicals (e.g., Hoechst 33342, propidium iodide, Drag-5,
Nile Red, fluorescently labeled phalloidin), and combina-
tions thereof. Each fluorescently labeled reagent is specific
for at least one biomarker. As used herein, a “biomarker” is a
molecule which provides a measure of cellular and/or tissue
function. For example, and without limitation, a biomarker
can be the measure of receptor expression levels, (e.g., estro-
gen receptor expression levels, Her2/neu expression); tran-
scription factor activation; location or amount or activity of a
protein, polynucleotide, organelle, and the like; the phospho-
rylation status of a protein, etc. In one embodiment, a biom-
arker is a nucleic acid (e.g., DNA, RNA, including micro
RNAs, snRNAs, mRNA, rRNA, etc.), a receptor, a cell mem-
brane antigen, an intracellular antigen, and extracellular anti-
gen, a signaling molecule, a protein, and the like. In one
embodiment of the invention, the panel of fluorescently
labeled reagents detects at least about four different biomar-
kers. In another embodiment of the invention, the panel of
fluorescently labeled reagents detects at least about four to
about six, to about ten, to about twelve different biomarkers
or more. In another embodiment of the invention, the panel of
fluorescently labeled reagents detects at least about three
different biomarkers. In a further embodiment, each fluores-
cently labeled reagent has different fluorescent properties,
which are sufficient to distinguish the different fluorescently
labeled reagents in the panel.

[0040] Thedetectionofa biomarkerin one or more sections
is a read-out of one or more features of a cellular systems
biology profile. As used herein, a “feature” is a characteristic
which provides a measurement or series of measurements of
a particular biomarker (which can indicate a biological func-
tion) made in time and/or space within cells and tissues.
Biological functions include, but are not limited to: protein
posttranslational modifications such as phosphorylation, pro-
teolytic cleavage, methylation, myristoylation, and attach-
ment of carbohydrates; translocations of ions, metabolites,
and macromolecules between compartments within or
between cells; changes in the structure and activity of
organelles; and alterations in the expression levels of macro-
molecules such as coding and non-coding RNAs and pro-
teins, morphology, state of differentiation, and the like. A
single biomarker can provide a read-out of more than one
feature. For example, Hoechst dye detects DNA, which is an
example of a biomarker. A number of features can be identi-
fied by the Hoechst dye in the tissue sample such as nucleus
size, cell cycle stage, number of nuclei, presence of apoptotic
nuclei, etc.

[0041] The method further comprises imaging the histo-
logically stained section using a first optical mode, which
produces a first set of data and imaging the fluorescently
labeled section using a second optical mode, which produces
a second set of data. As will be appreciated by the person of
skill in the art, as used in the invention described herein, the
optical mode for imaging can be any mode suitable for this
use, e.g., transmitted light microscopy, fluorescence light
microscopy, wide field microscopy, confocal microscopy,
and combinations thereof, as appropriate. In one embodi-
ment, the data produced in either or both of the first set of data
and second set of data can be digital data. The first set of data
and the second set of data are analyzed to identify five or more
features, such that at least one feature is identified in the first
set of data and at least one feature is identified in the second
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set of data. The combination of the five or more features
generates a cellular systems biology profile ofthe one or more
tissue samples.

[0042] In one embodiment of the invention, the imaging
procedures are automated. Furthermore, analyzing the data
can be performed manually, by automation or a combination
thereof. As will be appreciated by a person of skill in the art,
imaging a histologically stained section and imaging a fluo-
rescently labeled section can be done sequentially or simul-
taneously. In addition, histological labeling and fluorescent
labeling can be done sequentially or simultaneously. In some
embodiments, after obtaining one or more sections from a
tissue sample, the method is wholly automated.

[0043] In a further embodiment of the invention, the
method further comprises comparing the cellular systems
biology profiles of two or more tissue samples in order to
identify similarities, differences, or combinations thereof, of
the two or more tissue samples. In one embodiment, the two
or more tissue samples are serial sections from a single tissue
specimen. Serial sections of a single tissue sample are tissue
sections which were adjacent to each other in the preparation
of two or more sections from a tissue sample.

[0044] Inoneembodiment ofthe invention, the one or more
tissue samples are isolated from one or more animals. For
example, in one embodiment, the one or more animals are one
or more humans. In a particular embodiment, one or more
tissue samples are isolated from a human patient at one or
more time points, such that at least one tissue sample is
isolated from each time point from the same patient.

[0045] Inanotherembodiment ofthe invention, the panel of
fluorescently labeled reagents indicate the presence, amount,
location, activity, distribution, or combination thereof, of the
biomarkers in the fluorescently labeled section. The location
of a biomarker can be intracellular, extracellular, within spe-
cific intracellular locations, at specific extracellular locations,
and combinations thereof. Activity of a biomarker can be the
activation state of the biomarker (such as indicated, e.g., by its
phosphorylation state, conformation state, or intracellular
location, and the like).

[0046] In a further embodiment of the invention, the cellu-
lar systems biology profile is stored in a database for refer-
ence, thereby providing a reference cellular systems biology
profile in a database. In one embodiment, the database is a
computer. In another embodiment, the database is stored on a
server. In one embodiment, the reference cellular systems
biology profile in the database is compared with a cellular
systems biology profile of one or more further samples. This
permits the identification of similarities, differences, or a
combination thereof, of the cellular systems biology profile of
the one or more further samples and the reference cellular
systems biology profile. Various methods can be used to
compare the cellular systems biology profile of the one or
more further samples and the cellular systems biology profile
in the database, such as by graphical display, cluster analysis,
or statistical measure of correlation and combinations
thereof.

[0047] In a further embodiment of the invention, the
method for producing a cellular systems biology profile of
one or more tissue samples further comprises producing a
cellular systems biology profile of at least one blood sample
obtained from the same source as the one or more tissue
samples. In one embodiment, the blood sample is a peripheral
blood sample. Peripheral blood is the cellular components of
blood, consisting of red blood cells, white blood cells, and
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platelets, which are found within the circulating pool of blood
and not sequestered within the lymphatic system. spleen,
liver, or bone marrow. The method comprises obtaining at
least one blood sample smear from at least one peripheral
blood sample from the same source as the one or more tissue
samples. As used in the invention described herein, peripheral
blood samples can be obtained by any standard procedure.
The at least one blood sample smear is labeled with a panel of
fluorescently labeled reagents to produce a fluorescently
labeled blood sample smear, wherein each fluorescently
labeled reagent is specific for a biomarker. In one embodi-
ment, the panel of fluorescently labeled reagents detects at
least about four different biomarkers. The detection of a
biomarker is a read-out of one or more features of a cellular
systems biology profile. The method further comprises imag-
ing the fluorescently labeled blood sample smear with at least
a third optical mode, such that the imaging produces a third
set of data. The third set of data is analyzed to identify at least
about five or more features, wherein the five or more features
is a cellular systems biology profile of the at least one blood
sample smear. This method produces a cellular systems biol-
ogy profile of the at least one peripheral blood sample
obtained from the same source as the one or more tissue
samples. In one embodiment, theat least one peripheral blood
sample is taken at the same or different time point as the one
or more tissue samples are obtained. In another embodiment,
more than one peripheral blood sample is taken at different
time points, and the cellular systems biology profiles of the
more than one peripheral blood samples are compared.

[0048] Inanother embodiment of the invention, the method
for producing a cellular systems biology profile of one or
more tissue samples further comprises producing a cellular
systems biology profile of one or more peripheral blood
samples obtained from the same source as the one or more
tissue samples. The method comprises obtaining at least two
blood sample smears from one or more peripheral blood
samples. At least one blood sample smear is labeled with a
histological stain to produce a histologically stained blood
sample smear. In addition, at least one blood sample smear is
labeled with a panel of fluorescently labeled reagents to pro-
duce a fluorescently labeled blood sample smear. Each fluo-
rescently labeled reagent is specific for a biomarker, and
wherein the panel of fluorescently labeled reagents detects at
least about four different biomarkers, and wherein the detec-
tion of a biomarker is a read-out of one or more features of a
cellular systems biology profile. The histologically stained
blood sample smear is imaged with at least a third optical
mode to produce a third set of data. The fluorescently labeled
blood sample smear is imaged with at least a fourth optical
mode to produce a fourth set of data. The third set of data and
the fourth set of data are analyzed to identify at least about five
or more features, wherein at least one feature is identified in
each of the third set of data and the fourth set of data, such that
the combination of the five or more features is a cellular
systems biology profile of the one or more blood sample
smears. Thus the method produces a cellular systems biology
profile of the one or more peripheral blood samples obtained
from the same source as the one or more tissue samples. As
discussed above, in one embodiment, the one or more periph-
eral blood samples are taken at the same or different time
point as the one or more tissue samples are obtained. Further-
more, in another embodiment, when one or more peripheral
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blood samples are taken at different time points, the cellular
systems biology profiles of the one or more peripheral blood
samples are compared.

[0049] In an additional embodiment of the invention, pro-
vided herein is a method for producing a cellular systems
biology profile of one or more tissue samples. The method
comprises obtaining at least one section from one or more
tissue samples. At least one section is labeled with a panel of
fluorescently labeled reagents to produce a fluorescently
labeled section, such that each fluorescently labeled reagent is
specific for a biomarker. In one embodiment, the panel of
fluorescently labeled reagents detects at least about four dif-
ferent biomarkers, and the detection of a biomarker is a read-
out of one or more features of a cellular systems biology
profile. The method further comprises imaging the fluores-
cently labeled section with at least a first optical mode to
produce a first set of data which is analyzed to identify at least
about five or more features, wherein at least one feature is
identified in the first set of data, and wherein the combination
of the five or more features is a cellular systems biology
profile the one or more tissue samples. Thus, the method
produces a cellular systems biology profile of the one or more
tissue samples. In a further embodiment, the method further
comprises producing a cellular systems biology profile of at
least one peripheral blood sample obtained from the same
source as the one or more tissue samples. The method com-
prises obtaining at least one blood sample smear from at least
one peripheral blood sample. The at least one blood sample
smear is labeled with a panel of fluorescently labeled reagents
to produce a fluorescently labeled blood sample smear, such
that each fluorescently labeled reagent is specific for a biom-
arker. The panel of fluorescently labeled reagents detects at
least about four different biomarkers, and the detection of a
biomarker is a read-out of one or more features of a cellular
systems biology profile. The method further comprises imag-
ing the fluorescently labeled blood sample smear with at least
a second optical mode to produce a second set of data. The
second set of data is analyzed to identify at least about five or
more features, such that the five or more features is a cellular
systems biology profile of the at least one blood sample
smear. Thus, the method produces a cellular systems biology
profile of the at least one peripheral blood sample obtained
from the same source as the one or more tissue samples. In an
optional embodiment, the method further comprises labeling
at least one blood sample smear with a histological stain to
produce a histologically stained blood sample smear. The
histologically stained blood sample smear is imaged to pro-
duce an additional set of data which is analyzed to identify at
least one feature, wherein the combination of the five or more
features identified in the combination of the histologically
stained blood sample smear and the fluorescently stained
blood sample smear is a cellular systems biology profile of the
one or more blood sample smears.

[0050] In a further embodiment of the invention, provided
herein is a method for producing a cellular systems biology
profile of one or more tissue samples, wherein the tissue
sample is profiled for the presence of cancer, the stage of a
cancer, the diagnosis of a cancer, the prognosis of a cancer
and/or the absence of a cancer. As will be understood by a
person of skill in the art, different cancers can be classified
and staged according to their pathology. The method
described herein permits, for example, the confirmation of the
presence or absence of a cancer, the identification of a cancer,
the classification of a cancer stage, the prediction and/or
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determination of the outcome or prognosis of the cancer, and
the response of the cancer to any treatments. The method
comprises obtaining at least two sections from one or more
tissue samples. At least one section is labeled with a histo-
logical stain to produce a histologically stained section. At
least one section is labeled with a panel of fluorescently
labeled reagents to produce a fluorescently labeled section.
Each fluorescently labeled reagent is specific for a biomarker.
The panel of fluorescently labeled reagents comprises fluo-
rescently labeled reagents which can be selected from the
group consisting of’ 1) a set of fluorescently labeled reagents
specific for at least four cancer cell biomarkers; ii) a set of
fluorescently labeled reagents specific for at least four migra-
tory immune cell biomarkers; iii) a combination of A) a set of
fluorescently labeled reagents specific for at least three cancer
cell biomarkers and B) a set of fluorescently labeled reagents
specific for at least three migratory immune cell biomarkers,
and iv) combinations of the above, such that the panel of
fluorescently labeled reagents detects at least about four dif-
ferent biomarkers. The detection of a biomarker is a read-out
of one or more features of a cellular systems biology profile.
The method further comprises imaging the histologically
stained section with at least a first optical mode to produce a
first set of data and imaging the fluorescently labeled section
with at least a second optical mode to produce a second set of
data. The first set of data and second set of data are analyzed
to identify at least about five or more features, such that at
least one feature is identified in each of the first set of data and
the second set of data. The combination of the five or more
features is a cellular systems biology profile of the one or
more tissue samples, and thus the method produces a cellular
systems biology profile of the one or more tissue samples,
wherein the tissue sample is profiled for the presence of a
cancer, the stage of a cancer, the diagnosis of a cancer, the
prognosis of a cancer or the absence of a cancer. In one
embodiment, the cancer is breast cancet.

[0051] In a further embodiment, the fluorescently labeled
reagents specific for cancer cell biomarkers detect cancer cell
markers such as HER2/neu, estrogen receptor (ER), Ki-67,
Cox-2, p16 and the like. In another embodiment, the fluores-
cently labeled reagents specific for migratory immune cell
biomarkers detect migratory immune cell biomarkers such as
NK cell biomarkers, LAK cell biomarkers, TRAIL, PDI,
biomarkers of immune cell apoptosis, and the like. In an
additional embodiment, a feature is a ratio of different migra-
tory immune cell subtypes as detected by the migratory
immune cell biomarkers, such that the ratio is indicative of the
presence of a cancer, the stage of cancer, the diagnosis of a
cancer, the prognosis of a cancer, the absence of a cancer and
combinations thereof.

[0052] In a further embodiment, the one or more tissue
samples is selected from the group consisting a suspected or
known cancerous tissue, a lymph node, and a combination
thereof.

[0053] Migratory immune cells are typically white blood
cells (leukocytes). In one embodiment, examples of migra-
tory immune cell biomarkers include, without limitation, the
percentage and ratios of specific migratory immune cells in
tumors, tumor draining lymph nodes, non-sentinel lymph
nodes and peripheral blood. Examples of migratory immune
cells in normal blood include: (1) lymphocytes (25% of white
blood cells) which includes T-cells (distinct sub-types),
B-cells (distinct sub-types), and natural killer (NK) cells; (2)
Neutrophils (65% of white blood cells); (3) Eosinophils (4%
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of white blood cells) and (4) Monocytes (6% of white blood
cells), which includes macrophages (distinct sub-types). In
one embodiment, the percentage ranges of immune cells in
tissues for cellular systems biology profiling comprise one or
more of the following: lymphocytes from about 1% to about
90% (with distinct sub-types within this percentage, as will be
recognized by a person of skill in the art); neutrophils from
about 1% to about 90%; eosinophils from about 0.01% to
about 50%; monocytes from about 0.01% to about 50% (with
distinct sub-types within this percentage, as will be recog-
nized by a person of skill in the art). In another embodiment
of the invention, the ranges of ratios ofimmune cells in tissues
for cellular systems biology profiling comprise one or more
of the following: T-cell lymphocytes/B-cell lymphocytes
from about 0.1 to about 1000; dendritic cells/lymphocytes
from about 0.01 to about 1000; macrophages/lymphocytes
from about 0.01 to about 1000; lymphocyte sub-set/lympho-
cyte sub-set from about 0.01 to about 1000.

[0054] In a still further embodiment of the invention, the
method for producing a cellular systems biology profile of
one or more tissue samples, wherein the tissue sample is
profiled for the presence of cancer, the stage of a cancer, the
diagnosis of a cancer, the prognosis of a cancer and/or the
absence of a cancer further comprises producing a cellular
systems biology profile of at least one peripheral blood
sample obtained from the same source as the one or more
tissue samples. The method comprises obtaining at least one
blood sample smear from at least one peripheral blood sample
and labeling the at least one blood sample smear with a panel
of fluorescently labeled reagents to produce a fluorescently
labeled blood sample smear. Each fluorescently labeled
reagent is specific for a biomarker, and the panel of fluores-
cently labeled reagents detects at least about four different
biomarkers. The detection of a biomarker is a read-out of one
or more features of a cellular systems biology profile. The
method further comprises imaging the fluorescently labeled
blood sample smear with at least a third optical mode to
produce a third set of data. The third set of data is analyzed to
identify five or more features, wherein the five or more fea-
tures is a cellular systems biology profile of the at least one
blood sample smear. Thus, the method produces a cellular
systems biology profile of the at least one peripheral blood
sample obtained from the same source as the one or more
tissue samples. In one embodiment, the at least one peripheral
bloodsampleis taken at the same or different time point as the
one or more tissue samples are obtained. In another embodi-
ment, more than one peripheral blood sample is taken at
different time points, and the cellular systems biology profiles
of the more than one peripheral blood samples are compared.

[0055] In a still further embodiment of the invention, the
method for producing a cellular systems biology profile of
one or more tissue samples, wherein the tissue sample is
profiled for the presence of cancer, the stage of a cancer, the
diagnosis of a cancer, the prognosis of a cancer and/or the
absence of a cancer further comprises producing a cellular
systems biology profile of at least one peripheral blood
sample obtained from the same source as the one or more
tissue samples. The method comprises obtaining at least two
blood sample smears from one or more peripheral blood
samples and labeling at least one blood sample smear with a
histological stain to produce a histologically stained blood
sample smear. The method further comprises labeling at least
one blood sample smear with a panel of fluorescently labeled
reagents to produce a fluorescently labeled blood sample
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smear, such that each fluorescently labeled reagent is specific
for a biomarker. The panel of fluorescently labeled reagents
detects at least about four different biomarkers, and the detec-
tion of a biomarker is a read-out of one or more features of a
cellular systems biology profile. The method also comprises
imaging the histologically stained blood sample smear with at
least a third optical mode to produce a third set of data and
imaging the fluorescently labeled blood sample smear with at
least a fourth optical mode to produce a fourth set of data. The
third set of data and the fourth set of data are analyzed to
identify at least about five or more features, wherein at least
one feature is identified in each of the third set of data and the
fourth set of data, such that the combination of the five or
more features is a cellular systems biology profile of the one
or more blood sample smears. Thus, the method produces a
cellular systems biology profile of one the or more peripheral
blood samples obtained from the same source as the one or
more tissue samples, wherein the tissue sample is profiled for
the presence or absence of a cancer, the stage of a cancer, the
diagnosis of a cancer, the prognosis of a cancer of the absence
of a cancer. In one embodiment, the one or more peripheral
blood samples are taken at the same or different time points as
the one or more tissue samples are obtained. In another
embodiment, more than one peripheral blood samples are
taken at different time points, and the cellular systems biol-
ogy profile of the more than one peripheral blood samples are
compared.

[0056] In another embodiment of the invention, provided
herein is a method for producing a cellular systems biology
profile of one or more tissue samples, wherein the tissue
sample is profiled for the presence, severity or absence of a
tissue toxicity. The method comprises obtaining at least two
sections from one or more tissue samples. At least one section
labeled with a histological stain to produce a histologically
stained section and at least one section is with a panel of
fluorescently labeled reagents to produce a fluorescently
labeled section. Each fluorescently labeled reagent is specific
for a biomarker. The panel of fluorescently labeled reagents
comprises a set of fluorescently labeled reagents selected
from the group consisting of 1) a set of fluorescently labeled
reagents specific for cell metabolism biomarkers, i) a set of
fluorescently labeled reagents specific for DNA damage
biomarkers, iii) a set of fluorescently labeled reagents specific
for cell morphology biomarkers, iv) a set of fluorescently
labeled reagents specific for DNA damage biomarkers, v) a
set of fluorescently labeled reagents specific for cell differen-
tiation biomarkers, vi) a set of fluorescently labeled reagents
specific for stress-induced transcription activation or inhibi-
tion biomarkers, vii) a set of fluorescently labeled reagents
specific for phosphorylation status of stress kinase biomark-
ers, viii) a set of fluorescently labeled reagents specific for
apoptosis or necrosis biomarkers, ix) a set of fluorescently
labeled reagents specific for cytoskeleton biomarkers, x) a set
of fluorescently labeled reagents specific for organelle biom-
arkers, xi) a set of fluorescently labeled reagents specific for
presence or activation of immune cell biomarkers, and xii)
combinations thereof, such that the panel of fluorescently
labeled reagents detects at least about four different biomar-
kers, and wherein the detection of a biomarker is a read-out of
one or more features of a cellular systems biology profile. The
histologically stained section is imaged with at least a first
optical mode to produce a first set of data. The fluorescently
labeled section is imaged with at least a second optical mode
to produce a second set of data. The method further comprises



US 2014/0212892 Al

analyzing the first set of data and second set of data to identify
at least about five or more features, wherein at least one
feature is identified in each of the first set of data and the
second set of data. The combination of the five or more
features is a cellular systems biology profile of the one or
more tissue samples. Thus, the method produces a cellular
systems biology profile of the one or more tissue samples,
wherein the tissue sample is profiled for the presence, severity
or absence of a tissue toxicity. In one embodiment, the one or
more tissue samples is one or more liver tissue samples.
[0057] As will be understood by a person of skill in the art,
the methods of the invention as described herein can be used
in many applications. The invention advances technologies
currently in practice, some of which are outlined herein.
[0058] Staining and Transmitted Light Imaging in Pathol-
ogy, Toxicology and Personalized Medicine: Standard histo-
logical methods for staining and imaging of tissue sections in
Pathology, and Toxicology were developed to meet the needs
of pathologists and toxicologists to view the sections and
make a determination based on experience and knowledge.
Stains such as H&E (Hematoxylin and Eosin), congo red,
Gram bacterial stain and others provide the means to label
various cell types and structures, to facilitate interpretation.
Although experienced pathologists can learn to interpret the
staining patterns, efforts to automate the interpretation of the
patterns have met with great difficulty. Fluorescent labeling
technologies, especially when coupled with antibodies or
other molecularly specific biomarkers or tags such as aptam-
ers, allow for very specific labeling of cellular components,
high signal to background, the ability to distinguish multiple
labels on a single specimen, and the ability to detect com-
paratively small numbers of targets in each cell. While these
properties make fluorescence nearly ideal for automated
imaging, the use of fluorescence in visual interpretation is
more limited due to bleaching, limited spectral response of
the eye, and the limited dynamic range of the eye. Efforts to
automate pathology have principally been guided by the
staining and interpretation methods used by the pathologist.
[0059] Software tools have been developed to automate the
acquisition, and management of images from tissue sections.
For example, the Bacus Laboratories, Inc. (Chicago, 111.) has
developed software to analyze transmitted light tissue sec-
tions and tissue arrays along with software tools for image
sharing and remote analysis.

[0060] Drug Discovery: On average, pharmaceutical com-
panies spend more than $1 billion to bring a new drug to
market, yet despite this large investment of time and
resources, the frequency of drug failure is high. Poor efficacy
and drug induced toxicity continue to be major causes of these
failures [11, 12]. Furthermore, many candidate drugs fail late,
in animal testing or clinical testing, after significant invest-
ment in development. Clearly, improved methods of func-
tional assessment are needed in drug discovery, as well as in
other fields such as environmental health and industrial
safety. Efficacy and toxicity studies are carried out at several
points during drug development including cell-based assays,
ADME animal studies and clinical trials. Improvements in
the reliability of tissue analysis are expected to improve the
reliability and safety of drug testing.

[0061] Personalized medicine: Genomics and proteomics
have laid the groundwork for diagnostic and therapeutic treat-
ments that are customized for each individual patient. This
personalized medicine is based on a systems approach to
disease which takes into account a profile of the whole
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patient, to determine the most effective therapy [2]. The
molecular information derived from genomics and proteom-
ics, and in particular those genes and proteins that have been
correlated with particular disease conditions, often referred to
as biomarkers, is certainly a valuable source of patient data,
but the customization of the treatments will still be limited to
well characterized classes of biomarkers, since therapies can-
not be tested for every individual genome.

[0062] Environmental Toxicology: The challenge in envi-
ronmental toxicology is to assess the impact of a growing list
of natural and man-made substances on human health. Sev-
eral factors complicate the problem: increasing large num-
bers of substances must be tested; the complexities of envi-
ronmental exposure require testing over a broad range of
exposure mechanism, concentration and time; and uncertain-
ties regarding the influence of age and genetic variability on
the results. Reliable means to improve the efficiency of test-
ing and evaluation are actively being sought by the National
Toxicology Program at the National Institutes of Health.

[0063] Biomedical research: Cell analysis is routinely used
in basic biological research as well as in medical research. In
both cases the cell analysis is usually focused on a single
cellular process, as there are limited tools available for ana-
lyzing complex, multi-component system responses.

[0064] Systems biology is an emerging research field
focused on the interactions between system components and
pathways.

[0065] Functional Assessment: In vivo toxicology mea-
sures acute and chronic toxicity in several areas including
mutagenicity, organ cytotoxicity, immunotoxicity, neurotox-
icity, teratogenicity, and safety pharmacology. In vitro toxi-
cology assays, such as CYP450 induction, Ames test, MTT
assay and others, are used to measure these functional
responses. In vitro toxicology assays are typically cell based
assays whichuse a variety of cell types including hepatocytes,
cardiomyocytes, and others.

[0066] Toxicogenomics uses a combination of traditional
genetics and toxicology to identify patterns of gene expres-
sion that are associated with toxic effects. Toxicogenomics
profiles typically include information such as nucleotide
sequences, gene expression levels, protein synthesis, protein
function and some phenotypic responses. One goal of toxi-
cogenomics is to identify a sequence of genomic events that
lead to a toxic biological response. [13].

[0067] Cell-Based Assays of Cytotoxicity: Existing cell
based assays of cytotoxicity are designed to detect a specific
endpoint in a population of cells. Examples include trypan
blue staining, in which cell death is assessed microscopically
by measuring the uptake of trypan blue dye that is excluded
by live cells. Other vital stains and fluorescent DNA-binding
dyes which are also excluded from live cells can also be used.
In another assay format, live cells are labeled with a probe
which is released upon cell death. Toxicity can also be
assessed by measuring specific cellular functions. One of the
more common assays is the MTT assay, where cell prolifera-
tion is measured by the activity of a mitochondrial enzyme.
Other assays measure specific cellular markers. Examples
include measurement of the activation of markers associated
with the inflammation such as PGE-2, TNFa, IL1b and other
interleukins. Assay formats can be in live cells, fixed cells or
cell extracts. Many of the same biomarkers used in these
assays will be useful as components of a panel of tissue based
cellular biomarkers.
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[0068] Metabolism: Drug effect on metabolism is mea-
sured by radioactive precursor uptake, thymidine, uridine (or
uracil for bacteria), and amino acid, into DNA, RNA and
proteins. Carbohydrate or lipid synthesis is similarly mea-
sured using suitable precursors. Turnover of nucleic acid or
protein, or the degradation of specific cell components, is
measured by prelabeling (or pulse labeling) followed by a
purification step and quantitation of remaining label or some-
times by measurement of chemical amounts of the compo-
nent. Energy source metabolism is also analyzed for optimal
cell growth.

[0069] Light microscopy shows the general state of cells,
and combined with trypan blue exclusion, the percent of
viable cells. Small, optically dense cells indicate necrosis,
while bloated “blasting” cells with blebs indicate apoptosis.
Phase microscopy views cells in indirect light; the reflected
light shows more detail, particularly intracellular structures.
Fluorescence microscopy detects individual components in
cells, after labeling with selective dyes or specific antibodies,
and can be used to identify cellular features associated with
metabolic states.

[0070] High Content Screening: High Content Screening
(HCS) was developed as a method whereby one or more
cellular features are measured and analyzed in arrays of cells
to identify a cellular functional response [5, 14, 15]. For
example, an HCS assay might be used to measure the activa-
tion of a particular receptor [16], mitochondrial activity [17],
the onset of apoptosis [5, 18], or another cellular function.
[0071] Each ofthese cellular features represents a measure-
ment of particular cellular component. In some HCS assays a
single cellular feature is sufficient to indicate a single cellular
function or response. In other cases, the measurement of
several features is required to specifically indicate a cellular
response. For example, a commercial apoptosis assay uses
four cell features to more specifically indicate apoptosis.
These features are interpreted based on the knowledge of the
biology of apoptosis.

[0072] Multiparameter cytotoxicity assays have been
developed by nearly all vendors of HCS technologies. These
assays are typically two to four parameter assays which mea-
sure cellular features related to cell death, either by necrosis
or apoptosis. These assays have been applied in drug discov-
ery, and testing for environmental agents of biowarfare [19]
on cultured cells and primary cell preparations. Many of the
biomarkers used in HCS can also be used in combinations as
components of a feature vector of cellular states in tissue
sections and other tissue specimens.

[0073] Reagent Technologies: Multiple reagent technolo-
gies are available to assay cellular functions. Fluorescent
reagent technologies have matured over the last two decades,
with probes available to label subcompartments, localize pro-
teins, label membranes, respond to membrane potentials,
sense the local chemical environment, read out molecular
mobility, and provide many other measurements [20].
Coupled with antibodies, immunofluorescence labeling pro-
vides an easy method for detecting and localizing proteins or
protein variants such as phosphorylated proteins. Cells can be
engineered to express proteins tagged with any of the color
variants of fluorescent proteins [21, 22], and these fluorescent
proteins can be further engineered to create biosensors, indi-
cators of specific cellular functions [16, 23-25]. A variety of
labels can be combined in a single sample preparation to
provide for the measurement of many features in each indi-
vidual cell in a population, as well as in the population as a
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whole [10, 26]. Quantum dots, with their single excitation
wavelength and narrow emission bands, provide the potential
for even higher degrees of multiplexing within an assay [27].
In addition the rainbow of fluorescent probes, there are a
number of bioluminescent and chemiluminescent reagents
that can be effectively used in cell based assays [28, 29].

[0074] Multiparameter High Content Screening Profiles: A
recent comparison of the performance of a panel of cytotox-
icity assays, including DNA synthesis, protein synthesis, glu-
tathione depletion, superoxide induction, Caspase-3 induc-
tion, membrane integrity and cell viability found that these
assays on average had only half the predictive power of ani-
mal studies [11]. In contrast, a relatively simple four param-
eter high content screening assay using human hepatocytes
was found to be more predictive than animal-based toxicity
assays (O’Brien, P. J.; Irwin, W.; Diaz, D.; Howard-Cofield,
E.; Krejsa, C. M.; Slaughter, M. R.; Gao, B.; Kaludercic, N.;
Angeline, A.; Bernardi, P.; Brain, P.; Hougham, C., High
concordance of drug-induced human hepatotoxicity with in
vitro cytotoxicity measured in a novel cell-based model using
high content screening. Arch Toxicol 80:580-604 (2006)).

[0075] However, these assays were carried out indepen-
dently, analyzed only for lowest active concentration, and no
attempt was made to combine the readouts in any quantitative
way, to improve the overall predictivity. Several studies have
shown that the multidimensional cellular responses from cell-
based assays can be clustered using standard methods, to
identify compounds with similar activities 10, 30,31]. These
studies have demonstrated proof of principle for clustering
compound responses, but have not attempted to correlate
these identified clusters with specific response profiles and
then use the response to predict the physiological impact of
unknown substances. Similarly, multidimensional character-
ization of cellular states in tissue or other specimens can be
used to identify patterns of cellular states that are associated
with specific disease conditions or patient responses to treat-
ment.

[0076] Classification Tools: A simple automated classifier
has been developed for use with some commercially available
assays. This classifier allows the use of Boolean operations to
combine the outputs from several assay features into a single
result [32]. These Boolean operations allow the assay devel-
oper to define an output that combines several feature mea-
surements. This is useful in expanding the scope of some HCS
assays, but has limited features, and is certainly not designed
for, nor would it be easy to use with multidimensional feature
sets.

[0077] Multiplexed Fluorescence for Cellular Systems
Biology Profiling of Patient Tissue Samples: The invention
described herein is an improved method for characterizing
patient tissue specimens based on the integration of specific
fluorescence labeling technologies with image acquisition
and image analysis to create tissue marker profiles. The
invention also discloses the use of the profiles to classify
tissue specimens for the purposes ofidentifying patient medi-
cal conditions, such as tumor staging and other disease states,
as well as response to treatment.

[0078] One aspect of this invention is the integration of the
use of traditional histological staining and transmitted light-
based imaging with panels of molecularly specific, fluores-
cently labeled biomarkers to correlate morphometric inter-
pretations with biomarker multiplexing in a “cellular systems
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biology profile.” The outcome is a powerful machine-learn-
ing platform where the instrument is fast and the software is
simple.

[0079] A number of instruments are available for transmit-
ted light imaging of tissue sections. For example, the
Hamamatsu (Bridgewater, N.J.) NanoZoomer instrument
allows automated processing of many slides per day. A num-
ber of instruments are available for fluorescent imaging of
slides. including confocal microscope, wide-field imaging,
and HCS systems. Both wide-field imaging systems and HCS
systems can further make use of software deconvolution or
structured illumination methods to improve resolution of fea-
tures in the sections. Therefore, both traditional and more
powerful, molecularly specific fluorescent reporters can be
imaged in tissue sections on slides or in microplates.

[0080] FIG. 3illustrates the relationships between Systems
Biology, Cellular systems biology, cellomics, Genomics,
Proteomics and Metabolomics. Systems biology is the study
of an organism, viewed as an integrated and interacting net-
work of components, starting with genes, proteins, and bio-
chemical pathways, that give rise to life. Because biological
systems are complex, emergent properties result from inter-
actions between system components. These emergent prop-
erties are properties that are not predicted from component
properties, but are the result of interactions between compo-
nents, and therefore require a systems approach to measure-
ment and analysis.

[0081] Cellular systems biology is the study of the cell as
the basic unit of life: an integrated and interacting network of
genes, proteins and biochemical reactions which give rise to
functions and life. The cell is the simplest functional biologi-
cal system, and therefore an ideal system from which to
extract knowledge about biological systems. Cellular systems
biology involves the application of cellular analysis technolo-
gies to the understanding of how the interactions of cellular
components gives rise to the complex biochemical and
molecular processes that contribute to cell functions. These
cell functions include complex behavioral responses of cells
to environmental changes as well as experimental treatments.
As illustrated in FIG. 3 Cellular systems biology is a compo-
nent of Systems Biology.

[0082] The present invention relates to a method for iden-
tifying biological conditions in higher level organisms,
including humans, from “systems-based” panel or panels of
measurements of cellular and/or tissue features in tissue
preparations, including blood, including sections, smears and
other cellular tissue preparations. The “systems-based” panel
of measurements within the same samples dramatically
extends the present methodology that focuses on individual or
a few parameters to the measurement and subsequent analysis
of the systems response profile from the tissue investigated.
The methods of this invention also provide a means to quan-
tify the similarity of biological states and predicted modes of
action based on the tissue system profiles. There are many
applications which will benefit from the use of this invention,
including animal testing in drug discovery and environmental
health, medical diagnostics and human clinical trials. Appli-
cation of this technology will improve the efficiency and
reduce the cost of drug development. The invention will also
improve the efficiency of environmental toxicology testing.

[0083] The invention includes various embodiments such
as protocols, reagent panels, databases and informatics soft-
ware.
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[0084] FIG. 5 illustrates an example of an embodiment of
the invention which comprises a panel of assay function
classes used to profile toxicity. These function classes include
Stress Pathways, Organelle Function, Cell Cycle Stage, Mor-
phology Changes, Apoptosis and DNA Damage. Other func-
tion classes can be used in toxicity assessment and other
functional applications of this method, as will be appreciated
by a person of skill in the art. The methods of this invention
can be used to validate additional assays and function classes
which can be added to a profile to improve the sensitivity,
specificity or range of applicability of a specific embodiment
of this invention.

[0085] Within each of these assay function classes, one or
more assays are selected to be used to measure one or more
cellular systems biology features of cells within a tissue as an
indication of a response in that assay function class. To illus-
trate how cellular systems biology feature measurements can
be made on cells or tissues, a similar high content screening
assay with multiple features for cells in arrays is illustrated in
FIG. 6. In this example assay, representative images from
each channel of a multiplexed high content screen are shown.
Algorithms are used to extract information from the images to
produce outputs of at least four different cell features includ-
ing nuclear size and shape, cell cycle distribution, DNA deg-
radation, the state of the microtubule cytoskeleton, the acti-
vation state of the tumor suppressor p53, and the
phosphorylation state of histone H3, a protein involved in the
regulation of the cell cycle. Assays can be combined in two or
more assay plates to produce a compound profile with six or
more features. Assays such as this, which include image
analysis algorithms with multiple output features are avail-
able from a variety of commercial sources, especially HCS
technology vendors such as Cellomics (Pittsburgh, Pa.), GE
Healthcare (Piscataway, N.J.), Molecular Devices (Sunny-
vale, Calif.), and others, and can be implemented in any one
of the standard image analysis software packages. The output
features from the combination of assays, both commercial
and custom developed, are combined to form a single
response profile. In one embodiment, assays are selected
from at least about four of the function classes in FIG. 5, to
provide a sufficiently broad profile for predicting higher level
integrated functions. One embodiment of this invention
employs a panel of assays with one from each of these func-
tion classes. These assays are used first to build a predictive
toxicology knowledgebase, and then to generate profiles of
test compounds, to compare with the classes in the knowl-
edgebase, and thereby to predict toxic affects of the test
substances. Another embodiment of the invention uses all the
assays listed in FIG. 5 to produce a more extensive profile,
and then uses a statistical method such as principle compo-
nents analysis to identify the features with the highest predic-
tive power for a selected profile of toxicology parameters.

[0086] In some profiles multiple cell types are identified
and analyzed to more broadly indicate tissue associated
responses. In addition, analyses can include combinations of
assays where individual tissue cells are measured, along with
higher throughput assays where the population of tissue cells
or a region of a tissue section is analyzed as a whole for
morphometry, texture, intensity, or other features, as will be
appreciated by a person of skill in the art.

[0087] FIGS. 7 and 8 illustrate a flow diagram for two
embodiments of the invention. The procedures in FIGS. 7 and
8 illustrate separate procedures. The procedure in FIG. 7
illustrates the procedure used to populate the tissue profile
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database and create the classes of response profiles linked to
the histological determinations. The procedure in FIG. 8
illustrates the process for using the profile database to predict
the classify tissue and identify medical states. The procedure
in FIG. 8 comprises the following steps: 1. Tissue samples are
prepared on slides or other carriers. 2. The tissues sections are
fixed and stained with labels specific to the biomarker of
interest. 3. The slides are read on an imaging system, such as
an HCS reader, high throughput slide-scan reader, automated
microscope or other detector. 4. Assay algorithms are applied
to convert raw image data to assay data points. 5. The assay
data points are clustered to produce response classes. 6.
Responses classes are used to create a response profile for
each of the classes. 7. Response profiles are established for
the cells in control tissue specimens in each slide set. 8.
Response profiles are clustered to identify unique profiles
which can be used to classify and predict functional
responses.

[0088] The procedure illustrated in FIG. 8 is used to evalu-
ate substances for physiological effects. It comprises a
sequence of steps: 1. Samples are prepared on slides or other
carriers. 2. The cells are fixed and stained with labels specific
to the biomarker of interest. 3. The plates are read on an
imaging system, such as an HCS reader, high throughput
slide-scan reader, automated microscope or other detector. 4.
Assay algorithms are applied to convert raw image data to
assay data points. 5. The tissue cell features are classified
based on the assay data points. 6. The database is searched for
physiological response profiles that match the cellular
response profiles. 7. Predictions for physiological responses
are made based on similarity of response profiles. 8. A report
is generated tabulating the probability of each physiological
response based on the substance response data.

[0089] FIG. 7 illustrates the overall sample flow while pro-
cessing tissue sections to produce cellular systems biology
profiles. A slide set comprises two or more tissue sections,
each of which is used to collect a cellular systems biology
profile. Each tissue section in the set produces an image set of
images from one or more fields in each tissue section, at each
of the wavelengths to be analyzed. Analysis of the image set
produces a set of cellular systems biology features. The cel-
lular systems biology features are processed and clustered to
produce a cellular systems biology profiles to go into the data
base, or to be used to search the data base to identify probable
modes of physiological response or to set priorities for patient
stratification.

[0090] Populations of cells within tissues can occupy dis-
crete response classes, and move from class to class as a
disease or treatment proceeds. In one example cellular sys-
tems biology profiles can be built through the application of
Kolmogorov-Smirnov (KS) similarity analysis. KS values are
one means to characterize a population and provide a mea-
surement that can be used to cluster samples from many
patients or other tissue sources. For example, cellular systems
biology features based on KS values can be clustered by
agglomerative clustering or other clustering methods, to build
cellular systems biology profiles that identify tissues with
similar cellular systems biology profiles. Other methods in
addition to KS analysis can be used to process data prior to
clustering, and a variety of clustering algorithms can be use-
fully applied.

[0091] FIG. 8 illustrates one embodiment of the invention,
wherein the data flow is used to generate response profiles for
a panel of tissue samples or tissue assays. Tissue samples
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from sources with known conditions or medical outcomes are
processed to produce cellular response profiles, which are
merged with other information on physiological conditions.
The combined profiles of each tissue are clustered to identify
unique profiles that can be used to distinguish classes of
response. The response classes are stored in a database foruse
in classifying test samples. Test tissue samples are processed
to produce cellular response profiles that are then matched to
those in the database, and based on the similarity of the
response to the database profiles. probabilities are calculated
for each of the reference response profiles in the database,
producing a similarity profile.

[0092] Algorithms: The algorithms, custom designed or
encapsulated in the application software provided by HCS
vendors, or other imaging software providers, produce mul-
tiple numerical feature values (cellular systems biology fea-
tures) such as subcellular object intensities, shapes, and loca-
tion for each cell within an optical field. The vHCS™
Discovery Toolbox (Cellomics, Inc), Metamorph (Molecular
Devices), software from GE Healthcare and other HCS and
image analysis packages can be used to batch analyze images
following acquisition. Contingent on the type of tissue
sample and its preparation, the total number of cells measured
per sample is typically in the range of at least about 100 to at
least about 10000, depending on the heterogeneity of the
cellular response and the sensitivity of the assay. Examples of
assay output parameters illustrate the function of application
software. For example, to calculate changes in nuclear mor-
phology. the average nuclear intensity value for each cell can
be used. Nuclear condensation produces larger average
nuclear intensity values while nuclear enlargement accompa-
nied by DNA degradation produced smaller average nuclear
intensity values relative to normal cells. The measurement of
histone H3 phosphorylation is obtained using the average
nuclear intensity of cells labeled with antibodies specific for
phosphohistone H3 as previously reported. Those skilled in
the art of imaging and cell analysis will recognize that there
are many such algorithms readily available, and that there are
many such cellular processes that are amenable to image-
based analysis of cells and tissues to measure cellular/tissue
fanctions.

[0093] Clustering and Classification of Responses: To
quantify differences in the cellular systems biology feature
responses induced in a population of tissue cells, such as
healthy tissue, tumor tissue, and other abnormal tissues, sev-
eral different methods can be effectively used. Within a popu-
lation of similar cells or collections of cells in tissues, many
different individual cellular response profiles are possible,
including the well known heterogeneity in cellular responses
[33, 34]. In one embodiment, the cellular systems biology
feature response distribution for each cell parameter from a
tissue section can be compared with that of a control sample
using a KS goodness of fit analysis (KS value) [35]. The
testing for significant changes in fluorescence-derived histo-
grams is used to calculate KS values for replicate control
samples and use these data to set a threshold (e.g., critical
value), above which, a cellular systems biology feature
response would be considered significant [36].

[0094] To perform significance testing of disease or therapy
dependent changes or patient-specific differences in tissue
features in multiplexed tissue-derived cell population distri-
bution data, the one-dimensional KS test can be adapted to
two dimensions as described by Peacock [37] and further
refined by Fasano and Franceschini [38]. The two-dimen-
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sional cell population data distributions representing two
physiological parameters from a cellular systems biology
feature set are compared to the two-dimensional cell popula-
tion data distributions obtained from multiple specimens.
First, each distribution is divided into quadrants defined by
the median x and y axis values calculated from the untreated
cell data distributions. The two-dimensional KS value was
then found by ranging through all four quadrants to find the
maximal difference between the fraction of cells in each
treated quadrant and the fraction of cells in each correspond-
ing untreated quadrant.

[0095] The heterogeneity of cell populations within tissues
can also be analyzed with other statistical methods to evaluate
cellular systems biology profiles. In another embodiment of
the invention, all the cell feature values from each cell are
combined to create a cellular systems biology profile. The
cellular systems biology profiles can consist of the actual
measured values, and/or the principal components of the
measured values, identified by standard methods [39, 40].
The cellular systems biology features from each population
of tissue cells and from different samples are clustered using
standard methods [39, 40], to produce cellular systems biol-
ogy profiles. These profiles are used to build a classifier. All
the cells in a single tissue sample, and therefore characteristic
of the same medical condition, are classified into these
response classes. The percent occupation of each of these
classes then becomes a population response profile for that
sample. In one example, the cellular systems biology profiles
from the samples are linked to the cellular systems biology
profiles (e.g., toxicity response profiles) from the reference
samples and stored in the database. The cellular systems
biology profiles from the test samples are classified using a
probabilistic classifier based on the cellular systems biology
profiles of the reference samples in the database to predict
toxicological responses or to stratify patients. Other embodi-
ments use alternative analysis algorithms or methods to clus-
ter cell response profiles and create a classifier based on the
known properties of a training set of tissue sections.

Examples

[0096] Example of tissue sample profiling of normal, dis-
eased, and treated tissues in humans and animals using liver
as a specific tissue example:

[0097] The liver, a gland comprised of a host of cell types,
performs both exocrine and endocrine functions that are regu-
lated by exquisitely orchestrated cellular activities. Further-
more, the liver is also responsible for the metabolism of drugs
and steroids, many of which target their toxic activities to one
or more cell types present in the liver. Other important func-
tions of'the liver include deiodination of trilodothyronine and
thyroxine, gluconeogenesis and glycogenolysis, mainte-
nance of normal glucose concentration in blood, etherifica-
tion of free fatty acids into triglycerides, storage of glycogen,
fat, and iron, detoxification of poisons and hydrogen perox-
ide, and hematopoiesis from the second to the eighth month of
intrauterine life.

[0098] Thus, a cellular systems biology characterization of
cells within the intact structure of the liver provides one of the
most relevant profiles of normal or diseased tissue, and the
effects that chemical compounds have on the liver as a living
system.
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[0099] The intact liver, like other glands, is comprised of a
stroma and a highly vascularized and innervated parenchyma.
Tissue sections of liver will therefore be comprised of several
cell types including:

[0100] 1. Squamous epithelial cells and fibroblasts—form
part of the stroma

[0101] 2. Nerve fibers—cellular processes that accompany
blood vessels to innervate the parenchyma

[0102] 3. Capillary endothelium—cells forming the walls
of blood vessels

[0103] 4. Kupfer cells—specialized macrophages
[0104] 5. Fat cells—store triglycerides
[0105] 6. Blood cells—cells that include erythrocytes,

immune cells, and platelets

[0106] 7. Hepatocytes—the most prevalent cell type in the
liver. Hepatocytes perform most of the functions of the liver
listed above.

[0107] Rationale for combining traditional transmitted
light microscopy and multiplexed fluorescence based cytol-
ogy of tumor sections: 1. Pathologists directly involved in
test. 2. Allows direct comparison with present visual inspec-
tion of H&E stained sections as well as sections labeled with
other manually detectable histochemical stains. 3. Maintains
tissue organization and permits analysis of penetrating
immune cells. 4. Allows implementation of automated imag-
ing quantitation of the system. 5. Allows correlation of the
presence and state of activation of the migratory immune cells
with the presence and state of activation of the immune cells
in the lymph nodes and peripheral blood. 6. Tissue toxicity
profiles can be produced from either/or tissue-based profiles
or peripheral blood profiles based on the tissue-based profile
data. 7. The multiplexed, fluorescence-based biomarkers can
be a combination of specific reagents to detect specific pro-
teins and post-translational modifications of the proteins, spe-
cific RNA species including coding or non-coding RNA’s,
and micro-RNA’s.

[0108] Below isa listofbiomarkers that can be combined in
various combinations to profile the systems response of liver
tissue to disease or compound treatment:

[0109] 1. Metabolism biomarkers:

[0110] Cytochrome P450 isotypes—expression levels
and isotype ratios in hepatocytes.

[0111] P-glycoprotein activity—expression level of a
membrane-bound protein that pumps multiple com-
pound substrates out of a cell, especially hepatocytes.

[0112] 2. DNA damage biomarkers:

[0113] Cell cycle regulation—The distribution of the
total DNA content within the nucleus of a cell contained
within a tissue slice can be determined using a nuclear
label such as Hoechst 33342, Drag-5, or propidium
iodide.

[0114] Nuclear morphology and chromatin condensa-
tion—Nuclear damage can sometimes be correlated
with a change in nuclear morphology or the condensa-
tion state of the chromatin. The morphology (e.g., shape
and size) or the structure of the chromatin (brightness
perunit area) of a nucleus contained within a tissue slice
can be determined using a nuclear label such as Hoechst
33342, Drag-5, or propidium iodide.

[0115] 8-oxoguanine—Oxidative damage to DNA often
generates an oxidized analog of guanine Increased 8-0x-
oguanine signals that the DNA in a cell has been dam-
aged.
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[0116] Activation of DNA repair proteins (APE/ref-1)—
The DNA in hepatocytes or any other cells present in
liver that contain DNA are susceptible to damage due to
disease or compound treatment. Changes in the expres-
sion level of APE/ref-1 signals that the DNA damage
response mechanism has been activated within a cell.

[0117] Histone H2A.X phosphorylation—The DNA in
hepatocytes or any other cells present in liver that con-
tain DNA are susceptible to damage due to disease or
compound treatment. Phosphorylation of histone
H2A X signals that the DNA damage response mecha-
nism has been activated within a cell.

[0118] p53 protein activation.

[0119] Rb protein phosphorylation

[0120] 3. Cell morphology and differentiation biomarkers:

[0121] Cell spreading and hypertrophy

[0122] Cell-cell or cell-stroma adhesion
[0123] Angiogenesis of new vessels

[0124] Remodeling of innervating nerve fibers

[0125] 4. Stress-induced transcription factor activation or
inhibition biomarkers:

[0126] NF-B
[0127] ATF-2
[0128] CREB
[0129] AP-1
[0130] MSK
[0131] NFAT
[0132] Statl, 2,3
[0133] Oct-1
[0134] 5. Changes in phosphorylation state of stress
kinases biomarkers:
[0135] ERK
[0136] INK
[0137] p38
[0138] RSK90
[0139] MEK

[0140] 6. Induction of apoptosis or necrosis biomarkers:

[0141] DNA content and degradation

[0142] Nuclear morphology

[0143] Caspase activation (multiple subtypes)
[0144] Mitochondrial function (mass-potential)
[0145] Bax mitochondrial translocation

[0146] Cytochrome ¢ mitochondrial release
[0147] PARP activation

[0148] 7. Remodeling of the cytoskeleton biomarkers:
[0149] Actin cytoskeleton stability
[0150] Microtubule cytoskeleton stability

[0151] 8. Organelle morphology biomarkers:

[0152] Mitochondrial size, number, and shape

[0153] Golgi size and localization

[0154] Peroxisome size and number

[0155] Glycogen particle size and number

[0156] Lysosome size and number

[0157] Lipid droplet size and number

[0158] Endoplasmic reticulum shape and localization
[0159] Tight junction number and localization

[0160] 9. Immune cell presence and activity biomarkers:

[0161] The percentage and ratios of specific migratory
immune cells in hepatocytes, lymph system, and blood
supply.

[0162] Phenotypes of key immune cell types in liver
cancer tissues that reflect either an anti-tumor or tumor-
supporting function.

[0163] Apoptosis of immune cells
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[0164] Expression of death receptor ligands such as
TRAIL
[0165] Expression of biomarkers associated with

immune cell dysfunction such as PD1 in lymphocytes
[0166] NK and LAK cell activity to characterize anti-
tumor surveillance

[0167] Example of tissue preparation: In one embodiment,
a small animal such as a mouse or a rat is treated with one or
more test compounds for various lengths of time (1 min to 21
d). In another embodiment, a small animal model of disease
including metabolic models such as diabetes, cancer, or other
models that either directly or indirectly involve the liver will
be used. In yet another embodiment, human liver tissue from
diseased or compound treated patients will be used. Normal,
diseased, and treated tissue samples will be prepared. Tissue
samples will be processed as either frozen sections or form-
aldehyde fixed paraffin-embedded sections. In addition, tis-
sue samples will also be obtained for gene expression analy-
sis.
[0168] For clarity, other major tissue types will be treated
the same way. Panels of biomarkers of both a general cell
responses and responses more tissue-specific will be pro-
duced and applied.
[0169] Theoptimal combination (multiplexing) of the liver
tissue biomarkers, will be the key to creating an optimal
cellular systems biology profile of the tissue. The optimal
number of number of multiplexed biomarkers will range from
about four to about twelve biomarkers. Normal, diseased, and
treated tissue samples will be prepared. Tissue samples will
be processed as either frozen sections or formaldehyde fixed
paraffin-embedded sections. In addition, tissue samples will
also be obtained for gene expression analysis.
[0170] 1. Below is an example of liver tissue analysis:
[0171] a. Gene expression profiling is performed that com-
pares “normal” liver tissue with tissues from diseased or
compound treated animals.
[0172] b. Gene expression informatics—Gene expression
profiles analyzed by informatics tools to characterize gene
expression as a function of disease or compound treatment to
identify gene products.
[0173] c. Gene products prioritized based on known refer-
ence points from normal liver tissue and then antibodies
acquired or produced to create test panels.
[0174] 2. Combinations of histological stains and key
biomarkers multiplexed for fluorescence-based immunocy-
tochemistry of the “functional biomarkers™:
[0175] a.Multiple 5 um sections prepared from liver tissue.
The first section labeled with H&E or other histological stain
for traditional pathological analysis. The successive sections
processed for multiplexed, fluorescence-based cytometry.
[0176] b. In addition to the panels of potential biomarkers
based on the gene expression profiling, some sections will be
labeled with multiplexed panels of antibodies to key migra-
tory immune cells; including lymphocytes (e.g. CD3 and
CDR). The level of immune cell activation, concentration and
organization will be an important element of the profile.
[0177] Example biomarker combinations to profile liver
tissues: In one embodiment, liver tissue slices are labeled for
two or more biomarkers to profile differences between non-
diseased and diseased or non-treated and treated animals.
Biomarkers of a wide range of tissue functions are preferable
since they provide breadth to the systems profile of the tissue.
The number of biomarkers in one embodiment is about four to
about ten biomarkers, and multiple biomarkers can be labeled
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in the same tissue section. This permits the comparison of
some biomarker activities within the same cells.

[0178] In one example, a rat is treated with an apoptosis-
inducing compound such as paclitaxel or camptothecin for
times ranging from about 30 min to about 21 d using multiple
doses in the range from about 1 pg/kg up to about 100 mg/kg.
After treatment, the animal is sacrificed and the liver tissue
either frozen and sectioned or fixed with a chemical such as
formaldehyde and then impregnated with paraffin using stan-
dard methods before sectioning. A hematoxylin and eosin
(H&E) stain can then be performed on one or more sections to
provide a sample for traditional, transmitted light-based
pathology interpretation. Other sequential sections can be
labeled with combinations of fluorescent immunoreagents
and physiological indicator dyes for image-based analysis,
for example:

[0179] Sequential Section #1

[0180] 1. Hoechst 33342 to label the nuclei and provide
measurements of nuclear morphology, cell cycle regulation,
and chromatin condensation.

[0181] 2. Anti-phospho-histone H2A X as a biomarker of
oxidative DNA damage

[0182] 3. Anti-p53 as a biomarker of the DNA damage
response.
[0183] 4. Anti-phospho-c-jun as a biomarker of stress

kinase induction.

[0184] Sequential Section #2
[0185] 1. Hoechst 33342
[0186] 2. Anti-cytochrome ¢ as a biomarker of mitochon-

drial number, size and shape.

[0187] 3. Anti-alpha-tubulin as a biomarker of microtubule
cytoskeletal remodeling.

[0188] 4. Fluorescently labeled phalloidin as a biomarker
of actin cytoskeletal remodeling.

[0189] Sequential Section #3
[0190] 1. Hoechst 33342
[0191] 2. Anti-phospho-retinoblastoma protein as a biom-

arker of cell cycle checkpoint activity.

[0192] 3. Anti-NF-kappa-B as a biomarker of inflamma-
tion-related cell signaling.

[0193] 4. Anti-CD3 as a biomarker of lymphocyte infiltra-
tion into the tissue.

[0194] Sequential Section #4

[0195] 1. Hoechst 33342

[0196] 2. Anti-activated-caspase 3 as a biomarker of apop-
tosis.

[0197] 3. Anti-PMP70 as a biomarker of peroxisome size
and number.

[0198] 4. Anti-cytochrome P450 as a biomarker of hepato-

cyte metabolic activity.

[0199] Example of Patient Sample Profiling for Breast
Cancer: Cancer is a systems biology disease that requires a
systems biology approach to create better stratification of
individual patients for better diagnostics and treatments. Can-
ceris also an inflammatory process that involves the full range
of the immune response. Therefore, tumors contain a combi-
nation of cancer cells at different stages of evolution, normal
cells and an infiltration of the migratory immune cells such as
dendritic cells, macrophages and lymphocytes. Tumor “cel-
lular systems biology” characterization should therefore be a
combination of tumor cell biomarkers and immune cell biom-
arkers. A key to tumor cellular systems biology is the use of a
multiplexed panel of tumor biomarkers for cancer cells and
immune cells that will better stratify patients. In addition,
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correlations with lymph nodes and peripheral blood cell
analysis would determine if circulating immune cells carry
tumor specific information that could create a very simple
blood cell test. The number, type and level of activation of
migratory immune cells in the blood could also become a
“window” on the tumor itself.

[0200] Rationale for Combining Traditional Transmitted
Light Microscopy and Multiplexed Fluorescence-Based
Cytology of Tumor Sections: 1. Pathologists directly
involved in test. 2. Allows direct correlation with present
visual inspection of H&E stained sections and staging tumors
by morphometric analyses. 3. Builds on the success of Her2/
Neu as a single “functional protein” biomarker, but which
also only identifies a small sub-set of patients. 4. Maintains
tissue organization and permits analysis of penetrating
immune cells. 5. Enables the development of a “systems”
profile of the tumor including multiplexed breast cancer
biomarkers and migratory immune cell presence and state of
activation. 6. Allows implementation of automated imaging
quantitation of the system. 7. Allows correlation of the pres-
ence and state of activation of the migratory immune cells
with the presence and state of activation of the immune cells
in the lymph nodes and peripheral blood. 8. Stratification and
diagnostic tests can be produced from either/or tissue-based
profiles or peripheral blood profiles based on the tissue-based
profile data. 9. The multiplexed, fluorescence-based biomar-
kers can be a combination of specific reagents to detect spe-
cific proteins and post-translational modifications of the pro-
teins, specific RNA species, including micro-RNA’s either
coding or non-coding in cells.

[0201] Measurement of specific protein expression and
state of activation, as well as the presence of specific micro
RNA’s within cells and tissues are key “functional” read-
outs. The expression of a gene is only one element of the
systems biology and the present genomic tests are only cor-
relations of gene expression without any functional informa-
tion. Cellular functions are carried out primarily by proteins
whose expression level, cellular localization and post-trans-
lational modification are responsible for carrying out normal
and abnormal functions. Specific microRNA’s have also been
shown to be disease specific and are critical inregulating gene
expression, similar to regulatory proteins. In addition, tumors
are systems in that they are a complex integration of normal
cells, a range of genetically evolving cancer cells and migrat-
ing immune cells. Therefore, a cellular systems biology pro-
file of multiple protein and/or micro RNA biomarkers is
important.

[0202] Background on the Importance of the Immune Sys-
tem in Breast Cancer: The immune system becomes dysfunc-
tional early in the process of cancer occurrence and continues
throughout the evolution of the cancer stages leading to meta-
static disease. The migratory immune cells are attracted to the
growing tumors by pro-inflammatory cytokines and chemo-
tactic factors. Tumor infiltrating lymphocytes release growth
factors and cytokines that actually promote growth of the
tumors, while the anti-tumor functions are weak or non-
existent. Dendritic cells and tumor-associated macrophages
present in the tumor exhibit phenotypes that demonstrate a
supporting role for tumor growth. Regulatory T cells accu-
mulate in the tumors, as well as in the tumor-draining lymph
nodes and peripheral blood of patients. These latter cells
actually protect tumor cells as part of the “recognition of self”
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immune process. Therefore, the immune system is mostly a
tumor-promoting system and suppotrts the progression and
metastasis in most cancers.

[0203] Gene expression fingerprints from tumor samples
have been used to distinguish subtypes of breast cancers and
to assign some prognostic index. These gene expression pro-
files usually identify genetic profile “signatures” indicative of
the infiltration of the migratory immune cells. Unfortunately,
in methods such as gene expression profiling, the disaggre-
gated tumor samples the “tumor as a system” is lost since the
whole tissue architecture and tumor cell-migratory immune
cell structural relationships are lost.

[0204] Tissue sections, including tissue micro-arrays
(TMA’s) used in patient stratification and diagnostic tests are
valuable, since the tumor “system” can be analyzed and quan-
tified through the integrated use of traditional transmitted
light stains that are standard in pathology and oncology with
multiplexed fluorescence-based biomarkers of more func-
tional parameters of both the migratory immune cells and the
cancer cells. Therefore, the traditional information from
pathology can be combined with panels of biomarkers using
multiplexed fluorescence.

[0205] In addition to the primary tumors, the tumor-drain-
ing and non-sentinel lymph nodes are important sites of
tumor and immune system interactions that could aid in the
“functional cellular systems biology signature”. For example,
the presence of tumor cells in the tumor-draining lymph
nodes affects the types and numbers of immune cells within
the nodes. Furthermore, the non-sentinel auxiliary nodes can
also be influenced by local tumor growth, since it has been
shown that CD4 T cells and dendritic cell counts have been
used to predict survival in breast cancer patients. Also, it is
clear that tumor progression also can be observed in the
peripheral immune system by analysis of the circulating leu-
kocytes, circulating T cells and other immune cells. There-
fore, a correlative analysis of the patient’s circulating
immune cells in the peripheral blood with the tumor “sys-
tem”, as well as lymph node “system” will create the an
excellent opportunity to create powerful tests in tumors,
lymph nodes and blood.

[0206] Below isalistofbiomarkers that can be combined in
various combinations for optimal staging and diagnostic for
breast cancer (in one embodiment, the combination of cancer
cell and immune biomarkers may be most suitable):

[0207] Examples of Cancer Cell Biomarkers:
[0208] Her2/Neu Protein (now used as single biomarker)
[0209] Estrogen Receptor Protein (ER)
[0210] Ki-67
[0211] Cox-2
[0212] P16
[0213] A growing number of key proteins or post-trans-

lational modifications of proteins correlated with a can-
cer process

[0214] A growing number of micro RNA’s correlated
with specific cancers

[0215] Examples of Immune Biomarkers:

[0216] The percentage and ratios of specific migratory
immune cells in tumors, tumor draining lymph nodes,
non-sentinel lymph nodes and peripheral blood

[0217] Phenotypes of key immune cell types in breast
cancer patients that reflect either an anti-tumor or tumor-
supporting function

[0218] Apoptosis of immune cells
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[0219] Expression of death receptor ligands such as
TRAIL
[0220] Expression of biomarkers associated with

immune cell dysfunction such as PD1 in Tumor Infil-
trating Lymphocytes.
[0221] NK and LAK cell activity to characterize anti-

tumor surveillance
[0222] The optimal combination (also referred to herein as
multiplexing) of the cancer cell and immune biomarkers,
especially in the tumors, will be the determinative to creating
an optimal cellular systems biology profile of the patient. In
one embodiment, the optimal number of number of multi-
plexed biomarkers is in the range from about four to about
twelve biomarkers.
[0223] Technical Steps: Normal and breast cancer positive
patient materials will be prepared. Patient tumor samples will
be processed as either frozen sections or formaldehyde fixed
paraffin-embedded sections. Furthermore, lymph node
samples will be treated the same as the primary tumors. In
addition, samples will be obtained from the tumors for gene
expression analysis. Migratory immune cells will also be
separated from the blood samples for both flow cytometry and
image cytometry. Below is an outline of steps in one method
of the invention:
[0224] 1.Patient Tumor Sample-Gene Expression Profiling
comparing “normal” tissue with patient tumors staged in the
traditional manner.
[0225] 2. Gene Expression Informatics-Gene Expression
Profiles analyzed by informatics tools to characterize gene
expression as a function of stage of breast cancer and to
identify gene products (use Her2/Neu as reference).
[0226] 3. Gene products prioritized based on known refer-
ence points including Her2/Neu and then antibodies acquired
or produced to create test panels.
[0227] 4. Combinations of selected cancer cell biomarkers
multiplexed for fluorescence-based immunohistochemistry.
[0228] 5. Multiple 5 micron tissue sections prepared from
tumor samples. The first section labeled for H&E for tradi-
tional staging by a pathologist. The successive sections pro-
cessed for multiplexed, fluorescence-based cytometry.
[0229] 6. In addition to the panels of potential cancer cell
biomarkers based on the gene expression profiling, some
sections will be labeled with multiplexed panels of antibodies
to key migratory immune cells; including lymphocytes (e.g.,
CD3 and/or CDB). The level of immune cell activation, con-
centration and organization will be an important element of
the profile.
[0230] The percentage and ratios of specific migratory
immune cells in tumors, tumor draining lymph nodes, non-
sentinel lymph nodes and peripheral blood will be calculated
and used build cellular systems biology profiles. Example
percentage ranges of immune cells in tissues are as follows:
[0231] Lymphocytes: 1%-90% (distinct sub-types within
this percentage)

[0232] Neutrophils: 1%-90%
[0233] Eosinophils: 0.01%-50%
[0234] Monocytes: 0.01%-50% (distinct sub-types within

this percentage)

[0235] Example ranges of ratios of immune cells in tissues
for cellular systems biology profiling:

[0236] T-cell lymphocyte subtype I/T-cell lymphocyte sub-
type II: 0.01-1000

[0237] T-cell lymphocytes/B-cell lymphocytes: 0.1-1000
[0238] Dendritic cells/lymphocytes: 0.01-1000
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[0239] Macrophages/lymphocytes: 0.01-1000

[0240] Lymphocyte sub-set/lymphocyte sub-set: 0.01-
1000

[0241] The optimal combination of biomarkers that suit-

ably stratify patient samples from stage I to stage IV will be
selected for profiling on new patients. New patients will allow
the direct correlation of peripheral immune cells with the
tumor tissue and lymph node sections.

[0242] Example of profiling brain tissue for biomarkers of
Alzheimer’s disease:

[0243] Inthis embodiment, human brain tissue is obtained,
fixed, and sectioned. A subset of sections are labeled with one
or more stains to visualize morphological structures within
the tissue associated with the pathology of Alzheimer’s dis-
ease. In one example, a silver-based stain is used to visualize
hallmarks of Alzheimer’s disease such as neurite plaques and
neurons with neurofibrillary tangles [41]. Analysis of the
silver-stained tissue from multiple patients before, during, or
after treatments with drugs provides data which are then
entered into a profile.

[0244] Inasecond embodiment, another subset of the same
tissue sections from the same patient is reacted with reagents
to label two or more biomarkers in either the same tissue
section or in contiguous serial sections from the same tissue
sample. Example biomarkers that can be labeled using immu-
nofluorescence approaches include A 42, A 40, von Will-
ebrand factor, and the microtubule binding protein tau [42].
Other biomarkers are also possible. These include phospho-
rylated APP (amyloid precursor protein) and unphosphory-
lated APP. Furthermore, biomarkers of other cellular pro-
cesses can be included in the profile. Profiles built from
multiple biomarker labels measured within tissues from a
single patient or profiles built from biomarker labels mea-
sured in multiple patient tissue samples are clustered to iden-
tify unique profiles that can be used to classify and predict
possible patient outcomes, or functional responses to drug
treatments, or a combination of both.
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various changes in form and details may be made therein
without departing from the scope of the invention encom-
passed by the appended claims.

What is claimed is:

1. A method for producing a cellular systems biology pro-
file of one or more tissue samples comprising:

a) obtaining at least two sections from one or more tissue

samples;

b) labeling at least one section with a histological stain,
thereby producing a histologically stained section;

c) labeling at least one section with a panel of fluorescently
labeled reagents, thereby producing a fluorescently
labeled section, wherein each fluorescently labeled
reagent is specific for abiomarker, and wherein the panel
of fluorescently labeled reagents detects at least four
different biomarkers, and wherein the detection of a
biomarker is a read-out of one or more features of a
cellular systems biology profile;

d) imaging the histologically stained section with at least a
first optical mode, wherein the imaging produces a first
set of data;

) imaging the fluorescently labeled section with at least a
second optical mode, wherein the imaging produces a
second set of data;

f) analyzing the first set of data and the second set of data to
identify five or more features, wherein at least one fea-
ture is identified in each of the first set of data and the
second set of data, and wherein the combination of the
five or more features generates a cellular systems biol-
ogy profile of the one or more tissue samples,

wherein at least the steps of ¢) and f) are automated, thereby
providing a method for producing a cellular systems
biology profile of the one or more tissue samples.

2. The method of claim 1, wherein the method further
comprises comparing the cellular systems biology profiles of
two or more tissue samples, thereby identifying similarities,
differences, or combinations thereof, of the two or more
tissue samples.

3. The method of claim 1, wherein two or more tissue
samples are isolated from a human patient at one or more time
points, wherein at least one tissue sample is isolated from
each time point from the human patient.

4. The method of claim 1, wherein the histological stain is
selected from the group consisting of alcian blue, Fuchsin,
haematoxylin and eosin (H&E), Masson trichrome, toluidine
blue, Wright’s/Giemsa stain, and combinations thereof.

5. The method of claim 1, wherein the panel of fluores-
cently labeled reagents is selected from the group consisting
of fluorescently labeled antibodies, fluorescently labeled pep-
tides, fluorescently labeled proteins, fluorescently labeled
aptamers, fluorescently labeled oligonucleotides, fluores-
cently labeled chemicals, fluorescent chemicals, and combi-
nations thereof.

6. The method of claim 1, wherein the panel of fluores-
cently labeled reagents indicate the presence, amount, loca-
tion, activity, distribution, or combination thereof, of the
biomarkers in the fluorescently labeled section.

7. The methed of claim 1, wherein the method further
comprises comparing the reference cellular systems biology
profile in the database with a cellular systems biology profile
of one or more further samples, thereby identifying similari-
ties, differences, or a combination thereof, of the cellular
systems biology profile of the one or more further samples
and the reference cellular systems biology profile.
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8. The method of claim 7, wherein the cellular systems
biology profile of the one or more further samples and the
cellular systems biology profile in the database are compared
using one or more of a graphical display, cluster analysis, or
statistical measure of correlation.

9. The method of claim 1, further comprising producing a
cellular systems biology profile of at least one peripheral
blood sample obtained from the same source as the one or
more tissue samples, comprising:

1) obtaining at least one blood sample smear from at least

one peripheral blood sample;

i) labeling the at least one blood sample smear with a panel
of fluorescently labeled reagents, thereby producing a
fluorescently labeled blood sample smear, wherein each
fluorescently labeled reagent is specific for a biomarker,
and wherein the panel of fluorescently labeled reagents
detects at least four different biomarkers, and wherein
the detection of a biomarker is a read-out of one or more
features of a cellular systems biology profile;

iii) imaging the fluorescently labeled blood sample smear
with at least a third optical mode, wherein the imaging
produces a third set of data;

iv) analyzing the third set of data to identify five or more
features, wherein the five or more features is a cellular
systems biology profile of the at least one blood sample
smear,

thereby producing a cellular systems biology profile of the
at least one peripheral blood sample obtained from the
same source as the one or more tissue samples.

10. The method of claim 1, further comprising producing a
cellular systems biology profile of one or more peripheral
blood samples obtained from the same source as the one or
more tissue samples, comprising:

1) obtaining at least two blood sample smears from one or

more peripheral blood samples;

1) labeling at least one blood sample smear with a histo-
logical stain, producing a histologically stained blood
sample smear;

iii) labeling at least one blood sample smear with a panel of
fluorescently labeled reagents, thereby producing a fluo-
rescently labeled blood sample smear, wherein each
fluorescently labeled reagent is specific for a biomarker,
and wherein the panel of fluorescently labeled reagents
detects at least four different biomarkers, and wherein
the detection of a biomarker is a read-out of one or more
features of a cellular systems biology profile;

1v) imaging the histologically stained blood sample smear
with at least a third optical mode, wherein the imaging
produces a third set of data;

v) imaging the fluorescently labeled blood sample smear
with at least a fourth optical mode, wherein the imaging
produces a fourth set of data;

vi) analyzing the third set of data and the fourth set of data
to identify five or more features, wherein at least one
feature is identified in each of the third set of data and the
fourth set of data, and wherein the combination of the
five or more features is a cellular systems biology profile
of the one or more blood sample smears,

thereby producing a cellular systems biology profile of the
one or more peripheral blood samples obtained from the
same source as the one or more tissue samples.

11. A method for producing a cellular systems biology

profile of one or more tissue samples comprising:
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a) obtaining at least one section from one or more tissue
samples;

b) labeling the at least one section with a panel of fluores-
cently labeled reagents, thereby producing a fluores-
cently labeled section, wherein each fluorescently
labeled reagent is specific for a biomarker, and wherein
the panel of fluorescently labeled reagents detects at
least four different biomarkers, and wherein the detec-
tion of a biomarker is a read-out of one or more features
of a cellular systems biology profile;

¢) imaging the fluorescently labeled section with at least a
first optical mode, wherein the imaging produces a first
set of data;

d) analyzing the first set of data to identify five or more
features, wherein at least one feature is identified in the
first set of data, and wherein the combination of the five
or more features is a cellular systems biology profile the
one or more tissue samples,

wherein at least the steps of e) and f) are automated, thereby
providing a method for cellular systems biology profil-
ing of the one or more tissue samples.

12. The method of claim 11, further comprising producing
a cellular systems biology profile of at least one peripheral
blood sample obtained from the same source as the one or
more tissue samples, comprising:

1) obtaining at least one blood sample smear from at least
one peripheral blood sample;

ii) labeling the at least one blood sample smear with a panel
of fluorescently labeled reagents, thereby producing a
fluorescently labeled blood sample smear, wherein each
fluorescently labeled reagent is specific for a biomarker,
and wherein the panel of fluorescently labeled reagents
detects at least four different biomarkers, and wherein
the detection of a biomarker is a read-out of one or more
features of a cellular systems biology profile;

1i1) imaging the fluorescently labeled blood sample smear
with at least a second optical mode, wherein the imaging
produces a second set of data;

1v) analyzing the second set of data to identify five or more
features, wherein the five or more features is a cellular
systems biology profile of the at least one blood sample
smear,

thereby producing a cellular systems biology profile of the
at least one peripheral blood sample obtained from the
same source as the one or more tissue samples.

13. The method of claim 11, further comprising producing
a cellular systems biology profile of one or more peripheral
blood samples obtained from the same source as the one or
more tissue samples, comprising:

1) obtaining at least two blood sample smears from one or
more peripheral blood samples;

ii) labeling at least one blood sample smear with a histo-
logical stain, producing a histologically stained blood
sample smear;

iil) labeling at least one blood sample smear with a panel of
fluorescently labeled reagents, thereby producing a fluo-
rescently labeled blood sample smear, wherein each
fluorescently labeled reagent is specific for a biomarker,
and wherein the panel of fluorescently labeled reagents
detects at least four different biomarkers, and wherein
the detection of a biomarker is a read-out of one or more
features of a cellular systems biology profile;
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iv) imaging the histologically stained blood sample smear
with at least a second optical mode, wherein the imaging
produces a second set of data;

v) imaging the fluorescently labeled blood sample smear
with at least a third optical mode, wherein the imaging
produces a third set of data;

vi) analyzing the second set of data and the third set of data
to identify five or more features, wherein at least one
feature is identified in each of the second set of data and
the third set of data, and wherein the combination of the
five or more features is a cellular systems biology profile
of the one or more blood sample smears,

thereby producing a cellular systems biology profile of the
one or more peripheral blood samples obtained from the
same source as the one or more tissue samples.

14. A method for producing a cellular systems biology
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a cancer, the stage of a cancer, the diagnosis of a cancer,
the prognosis of a cancer or combination thereof.

15. The method of claim 14, further comprising producing

a cellular systems biology profile of at least one peripheral
blood sample obtained from the same source as the one or
more tissue samples, comprising:

1) obtaining at least one blood sample smear from at least
one peripheral blood sample;

ii) labeling the at least one blood sample smear with a panel
of fluorescently labeled reagents, thereby producing a
fluorescently labeled blood sample smear, wherein each
fluorescently labeled reagent is specific for a biomarker,
and wherein the panel of fluorescently labeled reagents
detects at least four different biomarkers, and wherein
the detection of a biomarker is a read-out of one or more
features of a cellular systems biology profile;

profile of one or more tissue samples, wherein the tissue iii) imaging the fluorescently labeled blood sample smear
sample is profiled for the presence of cancer, the stage of a with at least a third optical mode, wherein the imaging
cancer, the diagnosis of a cancer, the prognosis of a cancer, or produces a third set of data;

combination thereof, comprising: 1v) analyzing the third set of data to identify five or more

a) obtaining at least two sections from one or more tissue
samples, wherein the one or more tissue samples is
selected from the group consisting a suspected cancer-
ous tissue, a lymph node, and a combination thereof;

b) labeling at least one section with a histological stain,
thereby producing a histologically stained section;

c) labeling at least one section with a panel of fluorescently
labeled reagents, thereby producing a fluorescently
labeled section, wherein each fluorescently labeled
reagent is specific for abiomarker, and wherein the panel
of fluorescently labeled reagents comprises fluores-
cently labeled reagents selected from the group consist-
ing of:

1) a set of fluorescently labeled reagents specific for at
least four cancer cell biomarkers;
i) a set of fluorescently labeled reagents specific for at
least four migratory immune cell biomarkers;
iil) a combination of:
A) a set of fluorescently labeled reagents specific for
at least three cancer cell biomarkers; and
B) a set of fluorescently labeled reagents specific for
at least three migratory immune cell biomarkers;
and
iv) combinations thereof,
wherein the panel of fluorescently labeled reagents
detects at least four different biomarkers, and wherein
the detection of a biomarker is a read-out of one or
more features of a cellular systems biology profile;

d) imaging the histologically stained section with at least a
first optical mode, wherein the imaging produces a first
set of data;

¢) imaging the fluorescently labeled section with at least a
second optical mode, wherein the imaging produces a
second set of data;

1) analyzing the first set of data and second set of data to
identify five or more features, wherein at least one fea-
ture is identified in each of the first set of data and the
second set of data, and wherein the combination of the
five or more features is a cellular systems biology profile
of the one or more tissue samples,

thereby providing a method for producing a cellular sys-
tems biology profile of the one or more tissue samples,
wherein the tissue sample is profiled for the presence of

features, wherein the five or more features is a cellular
systems biology profile of the at least one blood sample
smear,

thereby producing a cellular systems biology profile of the
at least one peripheral blood sample obtained from the
same source as the one or more tissue samples.

16. The method of claim 15, wherein the at least one
peripheral blood sample is taken at the same or different time
point as the one or more tissue saniples are obtained.

17. The method of claim 14, further comprising producing
a cellular systems biology profile of one or more peripheral
blood samples obtained from the same source as the one or
more tissue samples, wherein the tissue sample is profiled for
presence of cancer, the stage of a cancer, the diagnosis of a
cancer, the prognosis of a cancer or a combination thereof,
comprising:

a) obtaining at least two blood sample smears from one or

more peripheral blood samples;

b) labeling at least one blood sample smear with a histo-
logical stain, thereby producing a histologically stained
blood sample smear;

¢) labeling at least one blood sample smear with a panel of
fluorescently labeled reagents, thereby producing a fluo-
rescently labeled blood sample smear, wherein each
fluorescently labeled reagent is specific for a biomarker,
and wherein the panel of fluorescently labeled reagents
detects at least four different biomarkers, and wherein
the detection of a biomarker is a read-out of one or more
features of a cellular systems biology profile;

d) imaging the histologically stained blood sample smear
with at least a third optical mode, wherein the imaging
produces a third set of data:

e) imaging the fluorescently labeled blood sample smear
with at least a fourth optical mode, wherein the imaging
produces a fourth set of data;

1) analyzing the third set of data and the fourth set of data to
identify five or more features, wherein at least one fea-
ture is identified in each of the third set of data and the
fourth set of data, and wherein the combination of the
five or more features is a cellular systems biology profile
of the one or more blood sample smears,

thereby producing a cellular systems biology profile of one
the or more peripheral blood samples obtained from the
same source as the one or more tissue samples, wherein
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the tissue sample is profiled for the presence or absence
of a cancer, the stage of a cancer, the diagnosis of a
cancer, the prognosis of a cancer or a combination
thereof.

18. The method of claim 17, wherein the one or more
peripheral blood samples are taken at the same or different
time points as the one or more tissue samples are obtained.

19. The method of claim 14, wherein at least the steps of d),
e) and f) are automated.

20. A method for producing a cellular systems biology
profile of one or more tissue samples, wherein the tissue
sample is profiled for the presence, severity or absence of a
tissue toxicity, comprising:

a) obtaining at least two sections from one or more tissue

samples;

b) labeling at least one section with a histological stain,
thereby producing a histologically stained section;

c) labeling at least one section with a panel of fluorescently
labeled reagents, thereby producing a fluorescently
labeled section, wherein each fluorescently labeled
reagent is specific for abiomarker, and wherein the panel
of fluorescently labeled reagents comprises a set of fluo-
rescently labeled reagents selected from the group con-
sisting of:

1) one or more fluorescently labeled reagents specific for
cell metabolism biomarkers;

ii) one or more fluorescently labeled reagents specific
for DNA damage biomarkers;

iii) one or more fluorescently labeled reagents specific
for cell morphology biomarkers;

iv) one or more fluorescently labeled reagents specific
for DNA damage biomarkers;

v) one or more fluorescently labeled reagents specific for
cell differentiation biomarkers;

vi) one or more fluorescently labeled reagents specific
for stress-induced transcription activation or inhibi-
tion biomarkers;

21

Jul. 31,2014

vii) one or more fluorescently labeled reagents specific
for phosphorylation status of stress kinase biomark-
ers;

viii) one or more fluorescently labeled reagents specific
for apoptosis or necrosis biomarkers;

ix) one or more fluorescently labeled reagents specific
for cytoskeleton biomarkers;

x) one or more fluorescently labeled reagents specific for
organelle biomarkers;

xi) one or more fluorescently labeled reagents specific
for presence or activation of immune cell biomarkers;
and

xii) combinations thereof,

wherein the panel of fluorescently labeled reagents
detects at least four different biomarkers, and wherein
the detection of a biomarker is a read-out of one or
more features of a cellular systems biology profile;

d) imaging the histologically stained section with at least a
first optical mode, wherein the imaging produces a first
set of data;

e) imaging the fluorescently labeled section with at least a
second optical mode, wherein the imaging produces a
second set of data;

f) analyzing the first set of data and second set of data to
identify five or more features, wherein at least one fea-
ture is identified in each of the first set of data and the
second set of data, and wherein the combination of the
five or more features is a cellular systems biology profile
of the one or more tissue samples,

wherein at least the steps of d), e) and ) are automated,
thereby providing a method for producing a cellular
systems biology profile of the one or more tissue
samples, wherein the tissue sample is profiled for the
presence, severity or absence of a tissue toxicity.

21. The method of claim 20, wherein the one or more tissue

samples is one or more liver tissue samples.
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