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ABSTRACT

The present invention provides modified digital images of a
multicellular sample using molecular profiles of cells from
said multicellular sample for a molecular histological analy-
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MOLECULAR HISTOLOGICAL ANALYSIS
OF MULTICELLULAR SAMPLES

RELATED APPLICATIONS

[0001] This application claims priority to European appli-
cation EP 07103577.8 filed Mar. 6, 2007.

FIELD OF THE INVENTION

[0002] The present invention provides modified digital
images of a multicellular sample using molecular profiles of
cells from said multicellular sample for a molecular histologi-
cal analysis. It provides a new level of data quality for an
improved diagnostic output of the examination of histopatho-
logical samples by providing a virtual digital image of pre-
dictive or diagnostic value.

BACKGROUND OF THE INVENTION

[0003] Recent technological advances allow the precise
measurement of single-cell molecular profiles. For instance,
Bengtson, M. et al., Genome Research 15:1388-1392, 2005,
have studied the expression of multiple genes in individual
mouse pancreatic islet cells by reverse transcriptase quanti-
tative real-time PCR (RT-QPCR). This technique affords
superior sensitivity, accuracy, and dynamic range compared
with that of alternative methods for gene expression analysis.
Schlieben et al. have previously described methods for the
mRNA isolation from individual limited cell samples and
single cells (Technical Note TN41000-003, Bio-Nobile Oy,
2004). In an attempt to enhance the processing of morpho-
logical data derived from microscopic imaging, Kotsianti et
al. have described a workflow from image acquisition of
morphological data to pathological classification of tissue
(US 2005/0165290). Further, there are descriptions available
of how a combination of biomarker data and bio-image data
may be used to derive a predictive diagnosis (Saidi et al., US
2005/0108753).

[0004] Options to isolate small numbers of purified cells
from complex cellular samples such as micromanipulation,
fluorescence-activated cell sorting, or laser microdissection
are, e.g., described in the following review articles: Burge-
meister, R., J. Histochem. Cytochem. 53:409-412, 2005, and
Baech, J. and Johnsen, H. E., Stem Cells 18:76-86, 2000.
[0005] However, presently there are no seamless data pro-
cessing solutions available to combine the morphological
information derived from microscopic imaging of biological
samples with subsequently derived information on the
molecular state of the processed samples, in particular,
molecular data derived on the single cell level.

[0006] The disparity between the ability to measure and the
desire to make biological or diagnostic conclusions calls out
for a new approach for data processing and data handling in
this context.

[0007] In general, a pathologist or researcher uses a visual
assessment for the determination of disease status or morpho-
logical Status of a cell-containing sample. Therefore, in order
to enhance cell analysis and speed up sample throughput, a
computer aided system for assessment and diagnosis is desir-
able, enabling an automation of the analysis process that
converts digital images and primary molecular data into sum-
mary data for use by a researcher or pathologist. In other
words, a method is needed that integrates molecular data
obtained by cell analysis with morphological data of cell
images in one seamless process.
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SUMMARY OF THE INVENTION

[0008] The present invention provides a new level of data
quality for an improved diagnostic output of the examination
of histopathological samples by providing a virtual digital
image of predictive or diagnostic value.

[0009] To solve the above mentioned problem, this inven-
tion provides a method, a computer program, a database and
a system to improve data processing and data handling for
molecular histological analysis of a multicellular sample to
gain a new level of data quality by retaining the contextual
morphological information of measured molecular cell val-
ues.

[0010] In other words, the results of measurements per-
formed with cells from a multicellular sample are combined
with morphological information contained in digital images.
The results should be integrated into the image in such a way
that a good impression of the morphology and histological
status of the cells is retained for examination by the user. This
integration allows the visualization of cellular quantities in
the location of individual cells and therefore, direct compari-
son of cells of the multicellular sample.

[0011] One aspect of the present invention is a system to
perform a molecular histological analysis of a multicellular
sample, the system comprising:

[0012] an optical device to produce a digital image of
said multicellular sample,

[0013] a computer means to select a region of interest
within said digital image corresponding to one cell or a
number of cells within said multicellular sample,

[0014] an isolation device to isolate said cell or said
number of cells selected by the computer means from
said multicellular sample,

[0015] an analysis device to perform a biochemical
analysis and to produce a molecular profile of said iso-
lated cell or said number of isolated cells, said molecular
profile comprising a plurality of molecular values,

[0016] asoftware application to store said digital image
and said molecular profile in such a way that said
molecular profile is linked to the corresponding selected
region of interest within said digital image, and

[0017] avisualizing means to present a modified digital
image comprising said digital image produced by the
optical device together with one or more of said molecu-
lar values produced by the analysis device, wherein said
molecular histological analysis is based on said modi-
fied digital image.

[0018] Throughout the present description of the invention,
a molecular histological analysis is the analysis of an multi-
cellular sample with respect to morphological as well as
molecular aspects. A multicellular sample is an assembly of
cells, such as in a tissue sample or a cell culture.

[0019] In order to gain the morphological information of
the multicellular sample, the system of the present invention
has an optical device to record a digital image of the multi-
cellular sample. As optical device, all kinds of devices known
to someone skilled in the art are suitable, such as devices to
perform light microscopy, contrast microscopy, confocal
microscopy, or fluorescence microscopy.

[0020] Within the recorded digital image, the system
selects cells that are of further interest and defines a region
within said digital image corresponding to the cell of interest.
This region within the recorded digital image is called region
of interest (ROI) throughout the present description. This
ROT is designed by the computer means as the exact contour
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of the cell having a complex shape or as a simple shape (like
a circle or a square) comprising the cell and part of its sut-
rounding. Alternatively, such an ROI can also be defined to
include more than one cell.

[0021] The selection of the ROI can be initiated by manual
input by the user indicating the cells of interest or automati-
cally by the computer means using a pattern recognition
algorithm. Using such a pattern recognition algorithm, it is
possible that the computer means not only selects the ROT but
also identifies the cells of interest.

[0022] The selected ROIs are than used by the isolation
device to isolate said cell or said number of cells from said
multicellular sample that corresponds to the selected regions
within the digital image. The phrase “number of cells” is used
throughout the present invention to emphasize that it is not
necessary for all applications of the present system to isolate
a plurality of single cells from the multicellular sample, but
that groups of neighboring cells can be sufficient. Afterwards,
such a group of neighboring cells from the multicellular
sample is further processed together in order to produce a
single molecular profile.

[0023] Subsequently, the isolated cell or cells of each ROI
are placed in a separate storage device for further processing.
Said storage device can be, e.g., a separate vessel for each ROI
or a multiwell plate wherein each well contains the cell or
cells from one ROI.

[0024] The analysis device is necessary to perform a bio-
chemical analysis with the isolated cells in order to produce
molecular profiles. For this purpose, the analysis device of the
present invention is able to perform a separate biochemical
analysis for each storage device containing cells from one
ROL

[0025] The analysis device produces molecular profiles of
cells isolated from said multicellular sample. This implies
that a lysis of the cells is required to reach the molecular
constituents such as nucleic acids and proteins. The phrase
“molecular profile” is used throughout the present description
of the invention to emphasize that more than one molecular
constituent of the respective cells is analyzed. Therefore,
throughout the present description of the invention, a molecu-
lar profile comprises a plurality of molecular values obtained
by isolating a cell or a number of cells from a multicellular
sample. Such molecular values of the corresponding molecu-
lar constituent can be, e.g., the concentration, the absolute
amount, a relative ratio with respect to a control or reference,
or a physical quantity as qualitative measure.

[0026] The gained digital image and molecular profile are
processed by a software application. Throughout the descrip-
tion of the present invention, said software application must
enable that the digital images are stored together with the
molecular profile in such a way that each molecular profile is
linked to the selected region of interest within said digital
image corresponding to the cells that were isolated to obtain
said molecular profile. In general, there are at least two pos-
sible alternatives to provide such a software application,
namely a data-based application or an image-based applica-
tion.

[0027] Finally, the system according to the present inven-
tion comprises a visualizing means to present modified digital
images to the user. A modified digital image is based on the
original digital image recorded by the optical device that is
modified with a certain number of molecular values in such a
way that said molecular values are visualized within the digi-
tal image and that each molecular value is clearly linked to the
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region of interest within the modified digital image corre-
sponding to its cellular origin.

[0028] Another aspect of the present invention is a method
to perform a molecular histological analysis of a multicellular
sample comprising;

[0029] a) obtaining a digital image of said multicellular
sample,
[0030] D) selecting a region of interest within said digital

image corresponding to one cell or a number of cells
within said multicellular sample,

[0031] c) isolating said cell or said number of cells
selected in step b) from said multicellular sample,

[0032] d) performing a biochemical analysis to produce
amolecular profile of said isolated cell or said number of
isolated cells, said molecular profile comprising a plu-
rality of molecular values, and

[0033] e)producing a modified digital image comprising
said digital image obtained in step a) together with one
or more of said molecular values produced in step d) to
perform said molecular histological analysis.

[0034] Yet another aspect of the present invention is a
method to identify the location of characteristic cells within a
multicellular sample in order to perform a molecular histo-
logical analysis, said method comprising:

[0035] a) providing a digital image of said multicellular
sample together with a molecular profile of a cell or
number of cells within said multicellular sample, each
molecular profile comprising a plurality of molecular
values and linked to a region of interest within said
digital image corresponding to the respective cell or
number of cells,

[0036] D) highlighting in a modified digital image those
cells within said multicellular sample that fulfill a
defined molecular criteria,

wherein said molecular profiles are obtained by isolating a
cell or a number of cells from said multicellular sample.
[0037] This embodiment ofthe present invention refers to a
method that enables a user to identify those cells within a
multicellular sample that fulfill a defined molecular criteria
by examination of a modified digital image. Cells that fulfill
such a molecular criteria are referred to as “characteristic
cells” throughout the present description of the invention, and
identification of said characteristic cells is necessary to pet-
form the molecular histological analysis of the multicellular
sample.

[0038] There are many different molecular criteria that are
of interest for a molecular histological analysis of a multicel-
lular sample. For example, all cells within the multicellular
sample canbe highlighted that exceed a certain threshold with
respect to the concentration of a cellular constituent. It can
also desirable to visualize more complex molecular criteria
such as a concentration relative to a reference or control, a
concentration criteria combined with a distance demand or a
molecular amount combined with a morphological criteria.
[0039] Using the method to identify the location of charac-
teristic cells according to the present invention, a plurality of
histological hypotheses can be tested based on a digital image
of a multicellular sample and a certain number of molecular
profiles of cells of this multicellular sample.

[0040] Still another aspect of the present invention is a
computer program to generate a plurality of modified digital
images from the digital image of a multicellular sample, said
digital images being modified with one or more molecular
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values of a respective cell or number of cells within said
multicellular sample, said computer program comptising:

[0041] means for loading said digital image of said mul-
ticellular sample and a plurality of molecular values of a
cell or number of cells from said multicellular sample,
each molecular value being linked to a region of interest
within said digital image corresponding to the respective
cell or number of cells, and

[0042] means for generating a modified digital image
comprising said digital image and a number of selected
molecular values from said plurality of molecular val-
ues, wherein said molecular values are obtained by iso-
lating a cell or a number of cells from said multicellular
sample.

[0043] Such a computer program generates a plurality of
modified digital images in order to perform, e.g., a molecular
histological analysis that is based on said modified digital
image.

[0044] This computer program according to the present
invention enables a user to generate modified digital images
that highlight those cells within a multicellular sample that
fulfill a certain user-defined molecular criteria. This modified
digital image can be used, e.g., to verify histological hypoth-
eses.

[0045] Moreover, an aspect of the present invention is a
method for managing molecular histological experiments ofa
multicellular sample, said method comprising:

[0046] a) loading a digital image of said multicellular
sample into a software application,

[0047] b) defining regions of interest within said digital
image that are linked to corresponding positions of cells
within said multicellular sample, and

[0048] c)loading a plurality of molecular profiles of cells
or number of cells from said multicellular sample into
said software application, each molecular profile com-
prising a plurality of molecular values, wherein said
software application is structured such that said plurality
of molecular profiles loaded in step c¢) are linked to the
corresponding region of interest defined in step b) within
said digital image loaded in step a), and wherein said
molecular profiles are obtained by isolating a cell or a
number of cells from said multicellular sample.

[0049] In addition, the present invention relates to a com-
puter program to identify the location of characteristic cells
within a multicellular sample in order to perform a molecular
histological analysis, said computer program comprising:

[0050] a first application to load a digital image of mul-
ticellular sample, to define regions of interest within said
digital image that are linked to corresponding positions
of cells within said multicellular sample, and to save said
digital image together with said regions of interest as a
first image file,

[0051] asecond application to combine said first image
file with a plurality of molecular profiles comprising a
plurality of molecular values and to save said first image
file together with said plurality of molecular profiles as a
second image file, wherein said plurality of molecular
profiles are linked to the corresponding region of interest
within said digital image, and

[0052] a third application to extract modified digital
images from said second image file according to user-
defined molecular criteria, wherein said modified digital
images highlight cells that fulfill said user-defined
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molecular criteria, wherein said molecular profiles are

obtained by isolating a cell or anumber of cells from said

multicellular sample.
[0053] The computer program according to this embodi-
ment of the present invention comprises three different appli-
cations performing parts of the overall computer program.
[0054] The first application is an imaging application to
load a digital image and to define ROIs within said digital
image. As mentioned before, the ROI can be the exact contour
of the cell having a complex shape or a simple shape (like a
circle or square) comprising the cell and part of'its surround-
ing. Alternatively, such an ROI can include more than one
cell. The definition of the ROIs can be initiated manually by
input by the user of the system indicating the cells of interest
or automatically by a pattern recognition algorithm. For the
alternative of manual input, the first application requires the
possibility to display the digital image for examination by the
user. Moreover, said first application has a saving function to
save the digital image together with the defined ROIs,
wherein the file comprising the digital image and the defined
ROIs is called a first image file.
[0055] The second application is able to add to said first
image file a plurality of molecular profiles and to save both
components together as a second image file. The second
application is designed to link the molecular profiles to the
corresponding ROIs representing the cells of the multicellular
sample that provided said molecular profiles.
[0056] The third application is necessary to extract modi-
fied digital images from the second image file. As mentioned
before, a modified digital image is based on the original
digital image modified with a certain number of molecular
values, whereas each modified digital image is created
according to a user-defined criteria. Different kinds of criteria
were mentioned before and comprise, e.g., cells with a con-
centration of a cellular constituent above a certain threshold
or cells with a certain relative concentration.
[0057] The present invention also relates to a database for
managing molecular histological experiments of a multicel-
lular sample, said database comprising:

[0058] acell table comprising cell numbers together with
the corresponding position within said multicellular
sample,

[0059] a molecular value table comprising molecular
profiles of cells within said multicellular sample, each
molecular profile comprising a plurality of molecular
values, and

[0060] adigital image table comprising digital images of
said multicellular sample and coordinates of cells within
said digital image,

wherein said cell table is linked with said molecular value
table and with said digital image table such that each cell of
said multicellular sample is linked to the corresponding coor-
dinates within the respective digital image and to the corre-
sponding molecular profile,

wherein said database is designed such that a modified digital
image based on a digital image from said digital image table
highlighting cells fulfilling a plurality of user-defined
molecular criteria is producible, and

wherein said molecular profiles are obtained by isolating a
cell or a number of cells from said multicellular sample.
[0061] The database according to this embodiment of the
present invention comprises at least three substructures,
namely a cell table, a molecular value table, and a digital
image table that are linked to each other in order to produce
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modified digital images based on a digital image from said
digital image table and a certain number of molecular values
from said molecular value table. This database is structured
such that a plurality of modified digital images can be
extracted upon defining a certain molecular criteria.

[0062] The cell table summarizes information about each
cell of interest that is used for the molecular histological
experiment, namely the position of said cell within the mul-
ticellular sample together with an assigned identification
number and, if necessary, an analysis number (e.g., a well
number) for the subsequent biochemical analysis.

[0063] The molecular value table comprises all molecular
values obtained by the biochemical analysis, whereas all
molecular values belonging to a respective cell are grouped as
a molecular profile.

[0064] In the digital image table, the digital images of the
multicellular sample are stored together with coordinates that
define the ROI corresponding to the cells of interest within the
respective digital image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] FIG. 1 depicts a flow chart of the general method
according to the present invention.

[0066] FIG. 2 shows a detailed flow chart of the method
according to the present invention.

[0067] FIG. 3 shows a flow chart of one embodiment ofthe
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0068] One aspect of the present invention is a system to
perform a molecular histological analysis of a multicellular
sample comprising;

[0069] an optical device to produce a digital image of
said multicellular sample,

[0070] a computer means to select a region of interest
within said digital image corresponding to one cell or a
number of cells within said multicellular sample,

[0071] an isolation device to isolate said cell or said
number of cells selected from said multicellular sample,

[0072] an analysis device to perform a biochemical
analysis and to produce a molecular profile of said iso-
lated cell or said number of isolated cells, said molecular
profile comprises a plurality of molecular values,

[0073] asoftware application to store said digital image
and said molecular profile in such a way that said
molecular profile is linked to the corresponding selected
region of interest within said digital image, and

[0074] a visualizing means to present a modified digital
image comprising said digital image together with one
or more of said molecular values, wherein said molecu-
lar histological analysis is based on said modified digital
image.

[0075] An aspect of the system according to the present
invention is the selection of the region of interest (ROI) by the
computer means in selecting an ROI. As mentioned before,
there are different alternatives to define ROIs within the digi-
tal image of the optical device, e.g., to define the ROI as the
contour of the cell of interest or as a circle or square spanning
the expanse of the cell of interest.

[0076] Ina preferred embodiment of the present invention,
said region of interest is defined by two or more coordinates.
[0077] Thesimplest way to define an ROl requires only two
coordinates defining the center of a circle spanning the
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expanse of the cell of interest. On the other hand, an ROI
expressing the contour of the cell requires a large number of
coordinates.

[0078] In another preferred embodiment of the present
invention, said optical device is disposed to perform light
microscopy.

[0079] As mentioned before a plurality of different optical
devices that are known to someone skilled in the art are
suitable for the present invention. Examples for devices to
perform light microscopy are a commercial light microscope,
a contrast microscope, and a confocal microscope. Using
light microscopy to produce digital images of the multicellu-
lar sample may result in the necessity to treat the sample with
compounds that enhance the optical contrast. Such contrast
enhancers are known to someone skilled in the art. The most
widely used staining technique is that of haematoxylin and
eosin, commonly called H&E. In this method the nuclei of
cells are stained by the haematoxylin while the cytoplasm is
colored by the eosin. This technique in various forms has been
around for over one hundred years. Waldeyer was the first
person to try staining histological section with an extract of
logwood in 1863 (Waldeyer, W., Zeitschr. f. rat. Med. (Dritte
R Bd. XX (1863) 193-256). The stain haematoxylin is not a
dye but develops coloring properties on oxidation to haema-
tin. This substance haematin has little or no affinity for tissue
elements and requires an inorganic ion to act as a “go
between” (called a mordant) between the dye and the tissue.
The mordant may be incorporated into the haematoxylin dye
bath, which is the most common method. Or one may pre-
treat the tissue with the metal salt and then stain by the
haematoxylin. Eosin is an acid dye which requires an acidic
environment to work. In solution the dye molecule is nega-
tively charged and thus attaches to positive sites in the tissue
by salt bridges.

[0080] Moreover, it is of course necessary to use an optical
device that provides a magnification of the cellular structures.

[0081] Inyet another preferred embodiment of the present
invention, said optical device employs fluorescence optics,
preferably a fluorescence microscope.

[0082] Using fluorescence microscopy provides advan-
tages compared to light microscopy such as resolution, mul-
tiplexing, and contrast. Moreover, established analysis tech-
niques for tissue and cell cultures such as FISH (fluorescence
in-situ hybridization) or fluorescent labeled antibodies, for
tissue (immuno histochemistry) or cell cultures (immuno
cytochemistry), can be used to gain some molecular informa-
tion already during the step of image recording.

[0083] In an also preferred embodiment of the present
invention, said isolation device is a microdissection device,
preferably a laser assisted microdissection device.

[0084] In yet another preferred embodiment of the present
invention, said isolation device is a manual microdissection
device, preferably a micropipetting device.

[0085] Devices and methods that are suitable for the present
invention to isolate single cells from cell cultures or tissue
samples are known to someone skilled in the art. Options to
isolate small numbers of purified cells from complex cellular
samples such as micromanipulation, fluorescence-activated
cell sorting, or laser microdissection are, e.g., described in the
review article of Player, A, et al., Expert. Rev. Mol. Diagn.
4:831-840, 2004. Laser microdissection devices are commer-
cially available, e.g., from PALM Microlaser Technologies
GmbH, Bernried, Germany.
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[0086] A preferred system according to the present inven-
tion is a system, wherein said number of isolated cells com-
prises less than 100, preferably less than 10, most preferably
less than 5 cells.

[0087] Depending on the application of the system and the
properties of the used analysis device, different requirements
with respect to the number of cells perisolation can apply. As
mentioned before, a number of cells that are isolated in a
single isolation step are always a group of neighboring cells
from the same part of the multicellular sample. In general, it
is of course preferred to isolate as few cells as possible,
ideally just one cell in order to gain a maximum of informa-
tion about the multicellular sample. There are commercially
available microdissection devices able to isolate single cells
from tissue, e.g., from PALM Microlaser Technologies
GmbH (Bernried, Germany).

[0088] Another preferred system according to the present
invention is a system wherein said analysis device is capable
of performing a downstream analysis process, preferably said
analysis device is an immunoassay device, a mass spectrom-
eter, a nucleic acid sequencing device, a nucleic acid hybrid-
ization assay device, a surface plasmon resonance device, or
gel electrophoresis device. More preferably said analysis
device is a PCR device, and most preferably said analysis
device is a real-time PCR device.

[0089] Throughout the present invention the phrase “down-
stream analysis process” summarizes all processes that are
suitable to gain further information about the isolated cells on
a molecular level. Within the present invention, said further
information on a molecular level is obtained after isolation of
the cells in an external biochemical analysis. But note that this
does not exclude the possibility to gain additional molecular
cell information already during image recording based on
labeled antibodies or in-situ hybridization.

[0090] From the group of suitable downstream analysis
processes to gain further molecular information on basis of
nucleic acids, a PCR device is especially preferred because of
the small amount of nucleic acid that in general is obtained
from only a number of isolated cells. Moreover, using a
real-time PCR provides the desired amplification and the
required analysis in a single process. Additionally, real-time
PCR offers multiplexing capabilities that are helpful to gain a
molecular profile of the cells. One biochemical analysis to
which this invention can be applied is the quantification of
mRNA derived from individual cells isolated from a multi-
cellular sample.

[0091] Yet another preferred system according to the
present invention is a system wherein said software applica-
tion is capable of storing a plurality of molecular profiles,
each linked to the corresponding selected region of interest
within said digital image.

[0092] Since the system of the present invention is appli-
cable for the molecular histological analysis of amulticellular
sample, it is necessary that the software application is able to
handle multiple molecular profiles that are linked to different
regions within a single digital image.

[0093] In general, there are at least two alternatives to store
a digital image together with multiple molecular profiles and
their allocation to respective regions of interest, namely a
database or an image file.

[0094] Ina preferred embodiment of the present invention,
said software application is a database, an image-based appli-
cation, or a combination thereof.
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[0095] 1In another preferred embodiment of the present
invention, said image-based applicationis a TIFF application.
[0096] The TIFF format allows storing additive informa-
tion and image overlays by block structure as well as headers
describing the block content. To use the TIFF format for the
present invention, a software module has to be used to read the
TIFF format and to display the image with a data overlay.
[0097] The software application annotates an object in the
image by an identifier which correlates to the position of the
object and/or its morphological structure and should also
include the name or number of the respective image. This
identifier is also linked to molecular profiles of the object
corresponding to said identifier that are stored in said block
structure or, e.g., in a relational database.

[0098] Finally, the software application can display the
image together with the molecular profiles of the objects. This
caniteratively be done by the user marking objects defined by
the position and/or the morphological structure that corre-
spond to an identifier (including the image name or image
number). The software can now display the molecular profile
of the object within the image by reading data corresponding
to the identifier from the database or the block structure. This
workflow also works for displaying information of several
objects in parallel.

[0099] Ina preferred embodiment of the present invention,
said visualizing means presents digital images together with
molecular values from a plurality of selected regions of inter-
est within said digital image.

[0100] As mentioned before, the system of the present
invention is applicable for the molecular histological analysis
of a multicellular sample, and therefore, it is necessary that
the visualizing means can handle a plurality of molecular
values belonging to different regions of interest.

[0101] In another preferred embodiment of the present
invention, said visualizing means presents digital images
together with molecular values chosen by a user.

[0102] In order to indicate the required molecular values
within the modified digital image, several alternatives exist.
First of all, a molecular value can be displayed as a numerical
value at the position of the respective cell, said numerical
value can be, e.g., the concentration of said molecular com-
pound. Alternatively, the molecular value can be displayed by
color, e.g., in such a way that a concentration is displayed at
the position of the respective cell according to a color scale
ranging from white to black or from white to red. Using
different color scales a certain number of different concen-
trations can be displayed simultaneously. Moreover, single
colors can be used to mark those cells that fulfill certain
molecular criteria, e.g., all cells that have protein A and pro-
tein B are marked red. Also the intensity of a single color can
be used to display molecular values.

[0103] Withthiskind of visualization, the present invention
is suitably applied to a plurality of user-defined processes,
e.g., the process of measuring populations of cells that fulfill
different molecular criteria based on molecular species that
are derived from individual cells contained in biological
samples.

[0104] In an also preferred embodiment of the present
invention, said multicellular sample is a tissue sample, a cell
culture sample, a biopsy sample, or a cytological sample.
[0105] Such tissue samples or cell culture samples are typi-
cally used for research applications. A biopsy sample such as
a histopathological sample or a fine needle aspirate are also
used for medical or diagnostic applications. For other medical
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or diagnostic applications of the system of the present inven-
tion, said multicellular sample can be a cytological sample
such as a blood smear, a bucchal swab, or a PAP smear.
Alternatively, such a cytological sample can consist of stem
cells for implantation purposes. Moreover, said multicellular
sample can be a cytological sample derived from an amnio-
centesis.

[0106] A preferred system according to the present inven-
tion is a system wherein said molecular profiles are nucleic
acid profiles. Such a nucleic acid profile can be a nucleic acid
expression profile, a nucleic acid variation profile, a nucleic
acid methylation profile, or other nucleic acid modification
profile.

[0107] Another preferred system according to the present
invention is a system wherein said molecular profiles are
protein profiles. Such a protein profile is, e.g., a protein
expression profile, a post-translational protein modification
profile, or a protein activity profile.

[0108] Another preferred system according to the present
invention is a system wherein said molecular profiles are
profiles of metabolytes and other endogenous and exogenous
small molecular entities (sme) including signal transduction
molecules and hormones. Such a metabolite profile is, e.g., a
profile of endogenous physiological or pathophysiological
metabolytes or a profile of xenobiotic metabolytes (metab-
olytes of pharmacologically or toxicologically relevant exog-
enous substances).

[0109] Yet another preferred system according to the
present invention is a system wherein said molecular histo-
logical analysis is performed automatically using a prediction
algorithm together with said digital image and said molecular
profiles.

[0110] The system of the present invention may further be
configured such that input for computer aided algorithms is
provided allowing an automated analysis of the modified
digital images created from the multicellular sample image
combined with molecular profiles of multiple molecular spe-
cies to generate additional interpretive images, medical data,
medical statistics, or medical reports of predictive value or
diagnostic value.

[0111] Moreover, the system according to the present
invention may be further configured to convert the primary
data of several histological samples or cytological specimen
into a computational, three-dimensional model of an organ or
organism. A combination of image data of the organ, molecu-
lar signature(s) of cell(s), and phenotype of cell contained in
the input sample may enable computational quantitative
analysis to provide an assessment for disease status of a
histological sample or cytological specimen.

[0112] Additionally, the system according to the present
invention may further be configured to be capable of process-
ing, interrogating, and/or communicating with a computer
network, serving as input for a medical decision support
system.

[0113] Another aspect of the present invention is a method
to perform a molecular histological analysis of a multicellular
sample comprising:

[0114] a) obtaining a digital image of said multicellular
sample,
[0115] b) selecting a region of interest within said digital

image corresponding to one cell or a number of cells
within said multicellular sample,

[0116] c) isolating said cell or said number of cells
selected in step b) from said multicellular sample,
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[0117] d) performing a biochemical analysis to produce
amolecular profile of said isolated cell or said number of
isolated cells, said molecular profile comprising a plu-
rality of molecular values, and

[0118] e)producing a modified digital image comprising
said digital image obtained in step a) together with one
or more of said molecular values produced in step d) to
perform said molecular histological analysis.

[0119] The method according to the present invention pro-
duces modified digital images based on an original digital
image of a multicellular sample (e.g., a contrast enhanced
photograph using a magnification or a fluorescence image)
and molecular values that are obtained by an external bio-
chemical analysis of isolated cells. Options to isolate cells
and perform biochemical analysis were already described
before.

[0120] A preferred method according to the present inven-
tion is a method wherein steps b) to d) are repeated for
different regions of interest.

[0121] Another preferred method according to the present
invention is a method wherein steps b) to d) are repeated until
all cells of the multicellular sample are analyzed.

[0122] In a preferred method according to the present
invention, a plurality of modified digital images are produc-
ible, each with a different molecular value or with different
groups of molecular values.

[0123] There are of course many ways to modify a digital
image in order to provide support for a molecular histological
analysis of a multicellular sample. Said modified digital
images can help to answer questions like, e.g., where in the
multicellular sample are those cells that have an overexpres-
sion of a certain gene, are there cells with a certain gene
expression that have a certain distance from each other, or
where are cells that have an overexpression of a certain gene
while an other gene is downregulated. To answer such ques-
tions, it can be necessary to indicate one or more molecular
values within the modified digital image.

[0124] In another preferred method according to the
present invention, said modified digital images contain said
molecular values as numerical values or indicated by color.

[0125] In yet another preferred method according to the
present invention, said modified digital images comprise said
digital image together with molecular values from different
regions of interest.

[0126] Inanalso preferred method according to the present
invention, said molecular values of said modified digital
images are individually selected for visualization by a user.

[0127] The different alternatives to visualize different
molecular values within a digital image according to user-
defined criteria were already described before.

[0128] A preferred method according to the present inven-
tion is a method wherein said biochemical analysis is a gene
expression analysis based on PCR amplification, preferably a
real-time PCR.

[0129] As mentioned before, from the group of suitable
downstream analysis processes to gain further molecular
information of the cells, a PCR amplification is especially
preferred because ofthe small amount of nucleic acid that can
be obtained from only a number of isolated cells. Moreover,
using a real-time PCR offers multiplexing capabilities and
provides the desired amplification and the required analysis
in a single process.
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[0130] Another preferred method according to the present
invention is a method wherein said molecular profiles are
nucleic acid profiles, preferably gene expression profiles.
[0131] Using PCR as a downstream analysis process, it is
possible to analyze gene expression of cells in terms of quan-
tification of mRNA derived from individual cells isolated
from a multicellular sample. Depending on the complexity of
the desired molecular histological analysis, a certain number
of genes need to be screened within the multicellular sample.
[0132] A more preferred method according to the present
invention is a method wherein said PCR amplifies more than
5, preferably more than 10, most preferably more than 100
genes.

[0133] Note that in principle, the expression of all genes
that are analyzed and summarized in the respective molecular
profile can be displayed in one modified digital image using
color, intensity, and/or numerical values. But since the value
of such acomplex digital image is questionable, it is desirable
to produce a number of different modified digital images
displaying only a certain amount of all analyzed genes.
[0134] Yet another preferred method according to the
present invention is a method wherein said molecular profiles
are protein profiles.

[0135] Alternatively to downstream processes on basis of
nucleic acid analysis, it is of course possible to study the cells
of the multicellular sample with respect to their protein con-
tent, resulting in a protein profile of the isolated cells.
[0136] A more preferred method according to the present
invention is a method wherein said biochemical analysis is an
immunoassay.

[0137] Alternatively to a process where the molecular data
on protein profiles is obtained by conventional in-situ staining
such as immuno-histochemistry or immuno-cytochemistry, a
process can be conceived where, following (single) cell 1so-
lation, the cell content is transferred to separate reaction
vessels (or surfaces) for subsequent analysis of one or more
molecular properties of one or more protein species. A pre-
ferred analytical approach for this purpose is an ELISA tech-
nique or a protein expression array technique. In order to
circumvent technical difficulties in multiplex-protein analy-
sis such as limitations in sensitivity, such an analytical
approach could be based, for example, on methods like
immuno-PCR.

[0138] Another more preferred method according to the
present invention is a method wherein said immunoassay
detects more than 5, preferably more than 10, and most pref-
erably more than 100 proteins.

[0139] Yet another aspect of the present invention is a
method to identify the location of characteristic cells within a
multicellular sample in order to perform a molecular histo-
logical analysis, said method comprising:

[0140] a) providing a digital image of said multicellular
sample together with molecular profiles of a cell or
number of cells within said multicellular sample, each
molecular profile comprising a plurality of molecular
values and is linked to a region of interest within said
digital image corresponding to the respective cell or
number of cells, and

[0141] b) highlighting in a modified digital image those
cells within said multicellular sample that fulfill a
defined molecular criteria, wherein said molecular pro-
files are obtained by isolating a cell or a number of cells
from said multicellular sample.

Oct. 9, 2008

[0142] As mentioned before, this embodiment of the
present invention refers to a method that enables a user to
identify characteristic cells within a multicellular sample that
fulfill a certain molecular criteria by examination of a modi-
fied digital image. For this purpose, each cell of the multicel-
lular sample corresponds to a so-called region of interest
within the digital image such that a defined position or area
exists for each cell in order to modify the digital image at said
position or area with the respective molecular values.
[0143] In a preferred method to identify the location of
characteristic cells according to the present invention. said
region of interest of the respective cells is defined by two or
more coordinates.
[0144] Yet another preferred method to identify the loca-
tion of characteristic cells according to the present invention
is a method wherein said highlighting is performed by
numerical values or by color.
[0145] Thealternatives to define the ROIs within the digital
image as well as the subsequent isolation of the correspond-
ing cells within the multicellular sample and the indication of
molecular values within modified digital images were
described in detail before.
[0146] Inyetanotherpreferred method to identify the loca-
tion of characteristic cells according to the present invention,
said molecular profiles are nucleic acid profiles, preferably
gene expression profiles. A preferred method to identify the
location of characteristic cells according to the present inven-
tion is a method wherein said molecular criteria is the expres-
sion level of a gene or the expression level of a associated
group of genes.
[0147] Another preferred method to identify the location of
characteristic cells according to the present invention is a
method wherein said molecular profiles are protein profiles. A
more preferred method to identify the location of character-
istic cells according to the present invention is a method
wherein said molecular criteria is the concentration of a pro-
tein.
[0148] As mentioned before, the molecular histological
analysis of the multicellular sample is preferably based on the
measurement of the nucleic acid or protein content of the
isolated cells.
[0149] Still another aspect of the present invention is a
computer program to generate a plurality of modified digital
images from the digital image of a multicellular sample, said
digital images being modified with one or more molecular
values of the respective cell or number of cells within said
multicellular sample, said computer program comptrising:
[0150] means for loading said digital image of said mul-
ticellular sample and a plurality of molecular values of a
cell or number of cells from said multicellular sample,
each molecular value being linked to a region of interest
within said digital image corresponding to the respective
cell or number of cells, and

[0151] means for generating a modified digital image
comprising said digital image and a number of values
selected from said plurality of molecular values,
wherein said molecular values are obtained by isolating
a cell or a number of cells from said multicellular
sample.

[0152] Preferably, said computer program generates said
plurality of modified digital images in order to perform a
molecular histological analysis that is based on said modified
digital images.
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[0153] The computer program to generate a plurality of
modified digital images according to the present invention
enables a user to generate modified digital images that high-
light those cells within a multicellular sample that fulfill a
certain user-defined molecular criteria. This modified digital
image can be used, e.g., to verify histological hypotheses.
[0154] For this purpose it is essential that the computer
program is able to link molecular profiles to defined regions
of a digital image while loading said digital image and said
molecular profile. The defined regions of a digital image in
general correspond to a single cell or a group of neighboring
cells, and said region is called a region of interest (ROI).
[0155] In a preferred computer program according to the
present invention, said region of interest of the respective
cells is defined by one or more coordinates.

[0156] Inanother preferred computer program according to
the present invention, said selected molecular values on said
modified digital images are indicated as numerical values or
indicated by color.

[0157] Thealternatives for defining an ROI and for indicat-
ing molecular values were already described in detail before.
[0158] In yet another preferred computer program accord-
ing to the present invention, a threshold of a certain molecular
value of interest is selected, and all cells are highlighted
within said modified digital image that exceed or that not
exceed said threshold of said molecular value of interest.
[0159] Inthisspecial embodiment of the computer program
according to the present invention, the criteria that is indi-
cated within the modified digital image is a threshold test for
acertainmolecular value. Such a threshold test indicates, e.g.,
all cells within the multicellular sample with an up or down
regulation of a gene of interest, wherein the threshold is the
normal expression of said gene.

[0160] Another preferred computer program according to
the present invention is a computer program wherein said
molecular values are nucleic acid expression values.

[0161] Yet another preferred computer program according
to the present invention is a computer program, wherein said
molecular values are protein expression values.

[0162] Moreover, an aspect of the present invention is a
method for managing molecular histological experiments ofa
multicellular sample, said method comprising:

[0163] a) loading a digital image of said multicellular
sample into a software application,

[0164] b) defining regions of interest within said digital
image that are linked to corresponding positions of cells
within said multicellular sample, and

[0165] c) loading a plurality of molecular profiles of a
cell or number of cells from said multicellular sample
into said software application, each molecular profile
comprising a plurality of molecular values,

wherein said software application is structured such that said
plurality of molecular profiles loaded in step ¢) are linked to
the corresponding region of interest defined in step b) within
said digital image loaded in step a), and wherein said molecu-
lar profiles are obtained by isolating a cell or a number of cells
from said multicellular sample.

[0166] In a preferred method for managing molecular his-
tological experiments according to the present invention, said
region of interest is defined by one or more coordinates. In
another preferred method for managing molecular histologi-
cal experiments according to the present, invention said
molecular profiles are obtained by isolating a cell or a number
of cells from said multicellular sample. In yet another pre-
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ferred method for managing molecular histological experi-
ments according to the present invention, said molecular pro-
files are nucleic acid profiles, preferably gene expression
profiles.

[0167] A preferred method for managing molecular histo-
logical experiments according to the present invention is a
method wherein said molecular profiles are protein profiles.
[0168] Another preferred method for managing molecular
histological experiments according to the present invention is
a method wherein a molecular histological analysis of said
multicellular sample is performed.

[0169] As mentioned before, a molecular histological
experiment is the analysis of a multicellular sample with
respect to morphological as well as molecular aspects.
[0170] Yetanother preferred method for managing molecu-
lar histological experiments according to the present inven-
tion is a method wherein a modified digital image of said
multicellular sample is produced in order to perform a histo-
logical analysis of said multicellular sample.

[0171]  After the molecular histological experiment is per-
formed, the obtained molecular values are used to produce
one or more modified digital images, said modified digital
images being the basis for a histological analysis of said
multicellular sample.

[0172] An also preferred method for managing molecular
histological experiments according to the present invention is
a method wherein said software application is a database, an
image-based application, or a combination thereof.

[0173] A more preferred method for managing molecular
histological experiments according to the present invention is
a method wherein said image-based application is a TIFF
application.

[0174] The different software applications that are appli-
cable throughout the present invention were already
described in detail before.

[0175] In addition, the present invention relates to a com-
puter program to identify the location of characteristic cells
within a multicellular sample in order to perform a molecular
histological analysis, said computer program comprising:

[0176] afirst application to load a digital image of mul-
ticellular sample, to define regions of interest within said
digital image that are linked to corresponding positions
of cells within said multicellular sample, and to save said
digital image together with said regions of interest as a
first image file,

[0177] asecond application to combine said first image
file with a plurality of molecular profiles comprising a
plurality of molecular values and to save said first image
file together with said plurality of molecular profiles as a
second image file, wherein said plurality of molecular
profiles are linked to the corresponding region of interest
within said digital image, and

[0178] a third application to extract modified digital
images from said second image file according to user-
defined molecular criteria, wherein said modified digital
images highlight cells that fulfill said user-defined
molecular criteria, wherein said molecular profiles are
obtained by isolating a cell or anumber of cells from said
multicellular sample.

[0179] Details of the three applications that are part of the
computer program to identify the location of characteristic
cells according to the present invention were already
described in detail before.
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[0180] In brief, the first application is an imaging applica-
tion to load a digital image, to define ROIs within said digital
image, and to save the digital image together with defined
ROIs as a firstimage file. The second application is able to add
to said first image file a plurality of molecular profiles and to
save both components together as a second image file. The
third application is necessary to extract modified digital
images from the second image file.

[0181] A preferred computer program to identify the loca-
tion of characteristic cells according to the present invention
is a program wherein said region of interest is defined by one
or more coordinates.

[0182] Another preferred computer program to identify the
location of characteristic cells according to the present inven-
tion is a program wherein said molecular profiles are nucleic
acid profiles, preferably gene expression profiles.

[0183] Yet another preferred computer program to identify
the location of characteristic cells according to the present
invention is a program wherein said molecular profiles are
protein profiles.

[0184] In a preferred computer program to identify the
location of characteristic cells according to the present inven-
tion, said modified digital image highlights cells by color.
[0185] In another preferred computer program to identify
the location of characteristic cells according to the present
invention, said computer program is an image-based applica-
tion, preferably a TIFF application.

[0186] The present invention also relates to a database for
managing molecular histological experiments of a multicel-
lular sample, said database comprising:

[0187] acell table comprising cell numbers together with
the corresponding position within said multicellular
sample,

[0188] a molecular value table comprising molecular
profiles of cells within said multicellular sample, each
molecular profile comprising a plurality of molecular
values, and

[0189] adigital image table comprising digital images of
said multicellular sample and coordinates of cells within
said digital image,

wherein said cell table is linked with said molecular value
table and with said digital image table such that each cell of
said multicellular sample is linked to the corresponding coor-
dinates within the respective digital image and to the corre-
sponding molecular profile, wherein said database is
designed such that a modified digital image based on a digital
image from said digital image table highlighting cells fulfill-
ing a plurality of user-defined molecular criteria is produc-
ible, and wherein said molecular profiles are obtained by
isolating a cell or a number of cells from said multicellular
sample.

[0190] Details of the database components to managing
molecular histological experiments of a multicellular sample
according to the present invention were already described in
detail before.

[0191] Inbrief, the database according to this embodiment
of the present invention comprises a cell table summarizing
information about each cell of interest that is used for the
molecular histological experiment, a molecular value table
comprising all molecular values obtained by the biochemical
analysis, and a digital image table storing digital images of
the multicellular sample together with coordinates that define
the ROIs.
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[0192] 1In a preferred database according to the present
invention, said molecular profiles are nucleic acid profiles,
preferably gene expression profiles. In another preferred
database according to the present invention, said molecular
profiles are protein profiles. In yet another preferred database
according to the present invention, said modified digital
image highlights said cells by color.

[0193] The figures are provided to aid the understanding of
the present invention, the true scope of which is set forthin the
appended claims. It is understood that modifications can be
made in the procedures set forth without departing from the
spirit of the invention.

What is claimed is:

1. A system to perform a molecular histological analysis of
a multicellular sample, the system comprising:

an optical device to produce a digital image of said multi-
cellular sample,

a computer means to select a region of interest within said
digital image corresponding to one cell or a number of
cells within said multicellular sample,

an isolation device to isolate said cell or said number of
cells,

an analysis device to perform a biochemical analysis and to
produce a molecular profile of said isolated cell or num-
ber of cells, said molecular profile comprising a plurality
of molecular values,

a software application to store said digital image and said
molecular profile in such a way that said molecular
profile is linked to the region of interest within said
digital image, and

a visualizing means to present a modified digital image
comprising said digital image produced by the optical
device together with one or more of said molecular
values, wherein said molecular histological analysis is
based on said modified digital image.

2. The system of claim 1 wherein said optical device is a

fluorescence microscope.

3. The system of claim 1 wherein said isolation deviceis a
laser assisted microdissection device.

4. The system of claim 1 wherein said number of isolated
cells is selected from the group consisting of less than 100
cells, less than 10 cells, and less than 5 cells.

5. The system of claim 1 wherein said analysis device is
selected from the group consisting of an immunoassay
device, amass spectrometer device, a nucleic acid sequencing
device, a nucleic acid hybridization assay device, a surface
plasmon resonance device, a gel electrophoresis device, and a
PCR device.

6. The system of claim 1 wherein said software application
comprises an application selected from the group consisting
of database applications, image-based applications, and com-
binations thereof.

7. The system of claim 1 wherein said multicellular sample
1s selected from the group consisting of a tissue sample, a cell
culture sample, a biopsy sample, and a cytological sample.

8. The system of claim 1 wherein said molecular profiles
are nucleic acid profiles.

9. The system of claim 1 wherein said molecular profiles
are protein profiles.

10. The system of claim 1 wherein said molecular histo-
logical analysis is performed automatically using a prediction
algorithm together with said digital image and said molecular
profiles.
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11. A method to perform a molecular histological analysis
of a multicellular sample, coniprising:

obtaining a digital image of said multicellular sample,

selecting a region of interest within said digital image

corresponding to one cell or a number of cells within
said multicellular sample,
isolating said cell or cells from said multicellular sample,
performing a biochemical analysis to produce a molecular
profile of said isolated cell or cells, said molecular pro-
file comprising a plurality of molecular values, and

producing a modified digital image comprising said digital
image of said multicellular sample together with one or
more of said molecular values, and performing said
molecular histological analysis using said modified
digital image.

12. The method of claim 11 wherein said biochemical
analysis is a gene expression analysis comprising PCR ampli-
fication.

13. The method of claim 11 wherein said biochemical
analysis comprises an immunoassay.

14. A method to identify the location of a characteristic cell
or number of cells within a multicellular sample in order to
perform a molecular histological analysis, said method com-
prising:

providing a digital image of said multicellular sample

together with a molecular profile of said cell or number
of cells, said molecular profile comprising a plurality of
molecular values and linked to a region of interest within
said digital image corresponding to the cell or number of
cells,

highlighting in a modified digital image those cells within

said multicellular sample that fulfill a defined molecular
criteria,

wherein said molecular profiles are obtained by isolating a

cell or a number of cells from said multicellular sample.

15. A computer program to generate a plurality of modified
digital images from a digital image of a multicellular sample,
said digital images being modified with one or more molecu-
lar values of a cell or ntumber of cells within said multicellular
sample, said computer program comprising:

loading said digital image of said multicellular sample and

aplurality of molecular values of cells or number of cells
from said multicellular sample, each molecular value is
linked to a region of interest within said digital image
corresponding to the respective cell or number of cells,
and

generating a modified digital image comprising said digital

image and a number of selected molecular values,

wherein said molecular values are obtained by isolating a

cell or a number of cells from said multicellular sample.

16. A method for managing molecular histological experi-
ments of a multicellular sample, said method comprising:

loading a digital image of said multicellular sample into a

software application,

defining a region of interest within said digital image that is

to a corresponding position of a cell number of cells
within said multicellular sample, and

loading a plurality of molecular profiles of said cell or

number of cells from said multicellular sample into said
software application, each molecular profile comprising
a plurality of molecular values,
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wherein said software application is structured such that
said plurality of molecular profiles are linked to the
corresponding region of interest within said digital
image and

wherein said molecular profiles are obtained by isolating a
cell or a number of cells from said multicellular sample.

17. The method of claim 16 wherein a modified digital

image of said multicellular sample is produced in order to
perform a histological analysis of said multicellular sample.

18. The method of claim 16 wherein said software appli-

cation is selected from the group consisting of database appli-
cations, image-based applications, and combinations thereof.

19. A computer program to identify the location of charac-

teristic cells within a multicellular sample in order to perform
a molecular histological analysis, said computer program
comprising:

a first application which loads a digital image of multicel-
lular sample, defines regions of interest within said digi-
tal image that are linked to corresponding positions of
cells within said multicellular sample, and saves said
digital image together with said regions of interest as a
first image file,

a second application which combines said first image file
with a plurality of molecular profiles comprising a plu-
rality of molecular values and saves said first image file
together with said plurality of molecular profiles as a
second image file, wherein said plurality of molecular
profiles are linked to corresponding regions of interest
within said digital image, and wherein said molecular
profiles are obtained by isolating a cell or a number of
cells from said multicellular sample, and

a third application which extracts modified digital images
from said second image file according to user-defined
molecular criteria, wherein said modified digital images
identifies the location of the characteristic cells by high-
lighting cells that fulfill said user-defined molecular cri-
teria.

20. The computer program of claim 19 wherein said com-

puter program comprises a TIFF application.

21. A database for managing molecular histological experi-

ments of a multicellular sample, said database comprising:

a cell table comprising multiple cell numbers and corre-
sponding positions within said multicellular sample,

a molecular value table comprising molecular profiles of
cells within said multicellular sample, each molecular
profile comprising a plurality of molecular values, and

a digital image table comprising digital images of said
multicellular sample and coordinates of cells within said
digital image,

wherein said cell table is linked with said molecular value
table and with said digital image table such that each cell
of said multicellular sample is linked to the correspond-
ing coordinates within the respective digital image and
to the corresponding molecular profile,

wherein said database is designed such that a modified
digital image based on a digital image from said digital
image table highlighting cells fulfilling a plurality of
user-defined molecular criteria is producible, and

wherein said molecular profiles are obtained by isolating a
cell or anumber of cells from said multicellular sample.
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