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APPARATUS AND METHOD FOR ANALYZING DATA OF CELL CHIPS

RELATED APPLICATION
This claims the benefit of U.S. Provisional Application No. 61/453,241, filed on March 16,

2011. The entire teachings of the above application are incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Technical Field

The present invention relates to an apparatus and method for analyzing data of cell chips.

2. Description of the Related Art

As is well known to those skilled in the art, “cell chips” refers to chips in which living or
resting cells are placed or maintained on substrates, preferably glass substrates, ¢.g. under
conditions suitable for conducting one or more cellular reactions.

Such cell chips are used in the pharmaceutical field or the cosmetic-related field to test the
reactions of cells to chemicals in order to assess the biological activity, efficacy and/or safety of the
chemicals. Examples include the cell chips described in WO 2007/053561 and USSN 61/381,812,
filed on September 10, 2010, for example, which is incorporated herein by reference in its entirety.

To inspect the efficacy and safety of chemicals by testing the reaction of cells to the
chemicals, in pharmaceutical or cosmetic companies, test chemicals are applied to an enzyme-
containing chip that carries out enzymatic reactions. Examples of enzyme-containing chips
include the chips described in US Patent 7,267,958 and USSN 61/381,812, filed on September 10,
2010, for example, which is incorporated herein by reference in its entirety.

Thereafter, the enzyme-containing chip is contacted with the cell chip so that the test

compound or test compound that is enzymatically reacted is applied to cells.
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The cells are dyed with fluorescent material to facilitate analysis of the reaction of the test
compound or enzymatically reacted test compound with the cells. The conditions of the cells are
investigated and analyzed by test devices, such as scanners, etc., to determine whether the
chemicals are biologically active or toxic.

In the conventional art, manual methods are used to carry out the processes of detecting
and analyzing the conditions of the cells and determining whether the chemicals are, for example,

toxic. Thus, the processes are complex, significant time is required, and the precision of the tests is

reduced.

SUMMARY OF THE INVENTION

The present invention has been made to provide an apparatus for automatically analyzing
data obtained from one or more cell chips, thus simplifying the test process, reducing the required
time, and enhancing the precision of the testing process, and a method of analyzing data of cell
chips using the apparatus.

In an apparatus for analyzing data according to an embodiment of the present invention, a
cell chip scanner scans one or more cell chips and creates image files thereof. The cell chips have
preferably been subjected to a compound, which upon contact with a cell or a component thereof
(e.g., ATP), fluoresces. A fluorescent-intensity measuring module measures fluorescent intensities
of the spots in the image files. An analyzer creates graphs in such a way as to individually conduct
curve-fitting with respect to the fluorescent intensities of the spots. The analyzer creates an
integrated graph in such a way as to integrate pieces of data of the blocks and then conduct curve-
fitting on the integrated data.

The apparatus may further include a computer which can accept, analyze, store, and
display data provided by the operator relating to the cell chip, the images created by the scanner,
and the results created by the analyzer. The apparatus can include a storage module for storing

information relating to the cell chips and/or test conditions. A display may provide a data, or test
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condition, input window to a tester or operator. A control module may provide the test condition
input window on the display. The tester or operator can input data or test conditions relating to the
cell chip with an input module, the data then being stored in the storage module. The analyzer
may create the graphs in such a way as to individually conduct the curve-fitting with respect to the
blocks while referring to the test conditions stored in the storage module.

The analyzer may include an individual curve-fitting and graph-creating module and an
integrated curve-fitting and graph-creating module. The individual curve-fitting and graph-
creating module may create the graphs in such a way as to individually conduct the curve-fitting
with respect to the fluorescent intensities of the spots of the blocks that are measured by the
fluorescent-intensity measuring module. For example, where certain spots within a block (a line of
spots, for example) differ from one another in test compound concentration (a progression of
dilutions of a test compound contacted with the spots, for example), the individual curve-fitting
and graph-creating module can create a graph that permits analysis of the fluorescence intensity of
those spots as a function of concentration. The integrated curve-fitting and graph-creating module
may create the integrated graph in such a way as to integrate the pieces of data of the fluorescent
intensities of the spots of the blocks that are measured by the fluorescent-intensity measuring
module under the same test conditions and then conduct curve-fitting on the integrated data. One
or both of these modules can be incorporated into a single software program to be run by the
computer or control module discussed above. In one embodiment, the data received from the
operator or tester can be used to identify spots or compositions thereof.

The individual curve-fitting and graph-creating module may include a data selection unit
selecting a plurality of fluorescent intensities that were obtained by conducting repetitive tests or
replicates in a block or chip. A constant determining unit may determine a constant of a curve
equation using the test results. A graph creating unit may create the graph using the constant

determined by the constant determining unit. In another embodiment, the software can solve the
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equation for a specific value (e.g., an EC50 or IC50) and, optionally, incorporate that
solution into a graph, report or other results.

The analyzer may optionally include an integrated curve-fitting and graph-creating module
may include a data integrating unit integrating data obtained from a plurality of cell chips. A
constant determining unit may determine a constant of a curve equation using the integrated data.
A graph creating unit may create the integrated graph.

The analyzer may include an error data control module and a report creation module. The
error data control module may classify the data and identify an item to be checked by the tester or
operator and, if appropriate, permit the tester to delete the item or erroneous data. The report
creation module may classify a result of the curve-fitting with respect to the integrated data and the
scanned images, and create a result report, and then output the result report.

The fluorescent-intensity measuring module may include a spot position detecting unit
detecting positions of the spots in such a way as to calculate an average of Y-axial fluorescent-
intensities and an average of X-axial fluorescent-intensities from the image files created by
scanning the cell chips using the cell chip scanner. A spot boundary determining unit may
determine boundaries of the spots detected by the spot position detecting unit. A spot fluorescent-
intensity calculating unit may calculate a fluorescent-intensity of each of the spots after the
boundaries of the spots are determined by the spot boundary determining unit.

In a method of analyzing data of cell chips according to an embodiment of the present
invention, image files are created by scanning a plurality of cell chips using a cell chip scanner.
Fluorescent intensities of spots are measured by a fluorescent-intensity measuring module in the
image files created by the cell chip scanner. Graphs are created in such a way as to individually
conduct curve-fitting with respect to the fluorescent intensities of the spots of blocks that are
measured by the fluorescent-intensity measuring module. An integrated graph can be created in
such a way as to integrate pieces of data that are related to the fluorescent intensities of the spots

that are measured by the fluorescent-intensity measuring module under same test conditions and



10

15

20

25

WO 2012/125906 PCT/US2012/029391

then conduct curve-fitting with respect to the integrated data.

Each of the cell chips may include blocks. Each of the blocks may have a plurality of
spots. The spots can preferably contain cells and one or more compounds to be tested. The
compounds added to each spot can be the same or different. In a preferred embodiment, the spots
within a block contain the same compound at different concentrations or dilutions. Preferably, the
compounds are contacted with an enzyme or enzymes for reaction (e.g., metabolism) and the
reaction products (e.g., metabolites) of the compound can then be contacted with the cells in the
cell chip. The cells in the cell chip can be contacted with a fluorescent marker that detects, for
example, cytotoxicity.

In the method, an operator or tester can input data or information relating to the chip and
relevant to the test into the apparatus. In one embodiment, a display module can present a test
condition input window to a tester, where the tester, using an input module, can input data or
information for storage in a storage module.

In the method, integrated results may be classified by an error data control module as
above.

In measuring the fluorescent intensities of the spots, positions of the spots may be detected.
In one embodiment, the apparatus calculates an average of Y-axial fluorescent-intensities and an
average of X-axial fluorescent-intensities from the image files. Boundaries of the spots may be
determined by the fluorescent-intensity measuring module. A fluorescent-intensity value for each
spot may be calculated after the boundaries of the spots are determined by the fluorescent-intensity
measuring module.

In determining the boundaries of the spots, pixels of a predetermined value or more may
be connected to each other with lines (or line segments) using the fluorescent-intensity measuring
module. In one embodiment, the lines are generated in a specific orientation (e.g., horizontal or
vertical, relevant to a boundary of the chip or a block). The lines can be generated in a parallel

fashion of a predetermined distance, x, wherein x is less than the predicted radius of a spot and
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preferably less than 20%, such as less than 10% of the predicted radius of a spot. Lines may be
united, thereby forming a longer line (or line segment), when a distance between the lines is less
than a predetermined value, for example, distance y, wherein y is less than the predicted radius of a
spot and preferably less than 20%, such as less than 10% of the predicted radius of a spot. A line
may be deleted when a length of the line is shorter than a predetermined value, for example
distance z, wherein z is less than the predicted radius of a spot and preferably less than 20%, such
as less than 10% of the predicted radius of a spot. One or more lines (but preferably less than a
majority of the total number of lines drawn) that are spaced apart from a plurality of other lines by
a predetermined distance or more (for example, distance v, wherein v is greater than 10%, such as
greater than 20% of the predicted radius of the spot) may be deleted. Midpoints of the lines may
be determined and the central midpoint may be determined. Using the central midpoint as the
center of the spot, the boundary of the spot is calculated using a predetermined radius (e.g., the
predicted radius).

In calculating the fluorescent-intensity of each of the spots, an average of absolute
intensities of pixels in a spot area may be determined. A central value of pixels in a peripheral area
(e.g., an area outside the boundary of any spot) may be determined by the fluorescent-intensity
measuring module. The central value of the pixels of the peripheral area may be subtracted from
the average of the absolute intensities of the pixels of the spot area, thus attaining the fluorescent-
intensity of the spot.

In creating the graphs, a plurality of values of fluorescent intensities that are results of
various spots on a chip or within a block or repeated tests may be selected by an individual or
integrated curve-fitting and graph-creating module. A constant of a curve equation may be

determined and/or one or more graphs may be created.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention will be more



10

15

20

25

WO 2012/125906 PCT/US2012/029391

clearly understood from the following detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a diagram showing the construction of an apparatus for analyzing data of cell
chips, according to an embodiment of the present invention;

FIG. 2 is a view showing one example of a cell chip used in the present invention;

FIG. 3 illustrates one example of a test condition input window used in the present
invention;

FIG. 4 is a view illustrating a process of detecting spots using a fluorescent-intensity
measuring module according to the present invention;

FIGS. 5A, 5B and 6 through 10 are views illustrating a process of determining a boundary
of a spot using the fluorescent-intensity measuring module according to the present invention;

FIG. 11 is a view illustrating a process of measuring fluorescent-intensities of the spots
using the fluorescent-intensity measuring module according to the present invention;

FIG. 12 is a table of data related to the fluorescent-intensities of one block of an individual
cell chip which are obtained by the fluorescent-intensity measuring module according to the
present invention;

FIG. 13 is a graph showing the results of testing four kinds of enzymes with respect to the
same compound created in an individual curve-fitting and graph-creating module according to the
present invention;

FIG. 14 is a view showing one example of an image used for sorting out items that can be
examined using an error data control module according to the present invention;

FIG. 15 is an example showing an image including scan images and curve-fitting graphs
that illustrate in detail the examination-required item sorted out by the error data control module
according to the present invention;

FIG. 16 is a view showing one example of a report created by a report creation module

according to the present invention;
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FIG. 17 is a flowchart of a method of analyzing data of cell chips, according to an
embodiment of the present invention;

FIG. 18 is a flowchart of a test condition input step of FIG. 17;

FIG. 19 is a flowchart of a spot position detecting step of FIG. 17,

FIG. 20 is a flowchart of a spot fluorescent-intensity measuring step of FIG. 17; and

FIG. 21 is a flowchart of an individual curve-fitting and graph creating step of FIG. 17.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference now should be made to the drawings, in which the same reference numerals are
used throughout the different drawings to designate the same or similar components. In the
following description, when it is determined that the detailed description of the conventional
function and conventional structure would confuse the gist of the present invention; such a
description may be omitted. Furthermore, the terms and words used in the specification and
claims are not necessarily limited to typical or dictionary meanings, but must be understood to
indicate concepts selected by the inventor as the best method of illustrating the present invention,
and must be interpreted as having had their meanings and concepts adapted to the scope and sprit
of the present invention so that the technology of the present invention could be better understood.

Hereinafter, embodiments of the present invention will be described in detail with
reference to the attached drawings.

FIG. 1 is a diagram showing the construction of an apparatus of analyzing data of cell
chips, according to an embodiment of the present invention.

Referring to FIG. 1, the cell-chip data analysis apparatus (hereinafter, referred to as “data
analysis apparatus”) according to the embodiment of the present invention includes a cell chip
scanner 100, a control module 200, a display module 300, an input module 400, a storage module

500, a fluorescent-intensity measuring module 600 and an analyzer 700.
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The analyzer 700 includes an individual curve-fitting and graph-creating module 710, an
error data control module 720, an integrated curve-fitting and graph-creating module 730 and a
report creation module 740.

The fluorescent-intensity measuring module 600 includes a spot position detecting unit
610, a spot boundary determining unit 620 and a spot fluorescent-intensity calculating unit 630.

The individual curve-fitting and graph-creating module 710 of the analyzer 700 includes a
data selection unit 711, a constant determining unit 712 and a graph creating unit 713.

The integrated curve-fitting and graph-creating module 730 of the analyzer 700 includes a
data integrating unit 731, a constant determining unit 732 and a graph creating unit 733.

In a preferred embodiment, the cell chips receive, for example, from enzyme-containing
chips, substances, including products created by reacting enzymes with chemicals in the enzyme-
containing chips. The cells on the cell chips can then respond to the substances for a toxic reaction
or a biologically active outcome. In one example, a toxic reaction can be cell death or apoptosis.
The cell chips can be dyed with a fluorescent material. The cell chip scanner 100 then scans the
cell chip(s).

In one example of an enzyme-containing chip, the chip contains enzymes, such as liver
enzymes (e.g., human or other animal), placed on a glass substrate under conditions suitable for
enzymatic activity. When test chemicals are applied to the enzyme-containing chip, the enzymes
can react with the test chemicals and form a product, such as a metabolite.

In a preferred embodiment, the cell chip incorporates human cells, including cells isolated
from a human body on a substrate. Cells that can be used, or the tissues/organs they can be derived
from, include, but are not limited to bone marrow, skin, cartilage, tendon, bone, muscle (including
cardiac muscle), blood vessels, comeal, neural, brain, gastrointestinal, renal, liver, pancreatic
(including islet cells), lung, pituitary, thyroid, adrenal, lymphatic, salivary, ovarian, testicular,
cervical, bladder, endometrial, prostate, vulval, esophageal, etc. Also included are the various cells of

the immune system, such as T lymphocytes, B [ymphocytes, polymorphonuclear leukocytes,
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macrophages, and dendritic cells. In one embodiment, the cells are normal cells. Alternatively, the
cells can be cancerous, derived from a cell line or an immortalized cell. In yet other embodiments,
the cells can be bacterial, yeast or derived from a plant.

The cells preferably are placed on a substrate. Examples of preferred substrates include
glass substrates. The cells can be encapsulated into or layered over a matrix that can, for example,
support growth. Such matrices include alginate or collagen and can include an appropriate cell
culture media. The matrices and/or cells can be spotted or placed onto a flat substrate, into wells or
upon columns. Preferably, the cells are placed on the substrate in discrete “spots”. The spots can
be deemed to be discrete if the spots are not touching, in fluid communication or are physically
separated.

The cell chip can preferably be organized as a two dimensional array having a plurality of
rows and columns. Each cell chip can include a plurality of “blocks.” A block is a subarray,
section or portion of the array. Each block includes a plurality of spots, preferably arranged in a
plurality of columns and rows. In one embodiment, the spots within a block are the same in
composition, differing one from another only in the concentrations of one or more components,
such as the substance being tested (e.g., a test chemical, enzymatic reaction product or metabolite).
In turn, the spots within each block can possess the same composition, differing one from another
block only in one component of the composition, such as the substance being tested, an enzyme or
the cell.  For example, as shown in FIG. 2, the cell chip includes 24 blocks which are formed by a
combination of four kinds of enzymes (for the sake of convenience, referred to as A, B, C and D)
and six kinds of compounds (for the sake of convenience, referred to as 1, 2, 3, 4, 5 and 6). In this
embodiment, the cell can be a constant in all blocks. Alternative configurations of the components
can be envisioned and made by the person of skill in the art.

As shown in the enlarged view of FIG. 2, each block includes a matrix with four rows
having the same compound concentration and seven columns having different enzyme

concentrations (e.g., having dilutions of one-fold, two-fold, three-fold, four-fold, five-fold, six-fold

10
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and seven-fold). The four rows, thereby, provide four replicates of the experiment.

One or more cell chips are scanned in sequence by a scanner, such as the cell chip scanner
100. The results of the scanning can be stored as image files (for example, TIFF files, PDF files,
BMP files, etc.) in the storage module 500, which is generally a computer or CPU.

The control module 200 controls the operation of the parts of the data analysis apparatus.
Particularly, the control module 200 shows the test condition input window on the display module
300 such that a tester (or operator) can input test conditions using the input module 400, which can
be, for example, a keyboard. The control module 200 stores test conditions input by the tester in
the storage module 500.

The display module 300 can display one or more of the image files scanned by the cell
chip scanner 100, the test condition input window provided by the control module 200, a table
showing fluorescent intensities measured by the fluorescent-intensity measuring module 600, a
graph created by the individual curve-fitting and graph-creating module 710 of the analyzer 700, a
target item sorted out by the error data control module 720 of the analyzer 700, an integrated graph
created by the integrated curve-fitting and graph-creating module 730 of the analyzer 700, or a
report created by the report creation module 740 of the analyzer 700.

As shown in the test condition input window of FIG. 3, the test conditions are entered,
which can include a project folder title, a chip platform (for example, “672 spot layout™), the
number of compound dilution folds (for example, the “4”), a cell type (for example, “Hep3B™)
relative to each of slide names (for example, stated as “2010-07-14-M” and “2010-07-14-N"), a
unit (for example, a “micro mole”), the compound identifiers (for example, compound
designations “AA”, “BB”, “CC”, “DD”, “EE”, “FF”, “GG”, “HH”, “II”, “]J”, “KK* and “LL”),
and the enzymes (for example, designated as “control”, “P450”, “Phase II”” and “All mix™).

The fluorescent-intensity measuring module 600 detects spots in the image files created by
scanning the cell chips using the cell chip scanner 100, determines boundaries of the spots and then

calculates fluorescent-intensities of the spots.

11
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In detail, as shown in FIG. 4, the spot position detecting unit 610 of the fluorescent-
intensity measuring module 600 calculates averages of X-axial fluorescent-intensities and averages
of Y-axial fluorescent-intensities from the image files created by scanning the cell chips using the
cell chip scanner 100. Thereafter, the spot position detecting unit 610 determines junctions of the
maximums of the averages of X-axial fluorescent-intensities and the maximums of the averages of
Y-axial fluorescent-intensities as approximate positions of the respective spots. With regard to
this, FIG. 4 illustrates a process of determining a junction of a first maximum of the X-axial
fluorescent-intensity averages and a first maximum of the Y-axial fluorescent-intensity averages as
an approximate position of a first spot using the spot position detecting unit 610.

The spot boundary determining unit 620 of the fluorescent-intensity measuring module
600 detects an approximate center of each of the spots, determines a precise position of the spot in
a predetermined section centered on the approximate center, and determines the boundary of each
Spot.

To determine the center of each spot, as shown in FIG. 5A, with regard to each spot, the
spot boundary determining unit 620 connects pixels of a predetermined value or more (e.g., greater
than 30%, preferably greater than 50% of the average of absolute intensities of the pixels in the
spot area) to each other with lines. FIG. 5B removes the pixels and retains the drawn lines. As
shown in FIG. 6, when a distance between adjacent lines is less than a predetermined value, the
lines are united. As shown in FIG. 7, when a length of a line is shorter than a predetermined value,
the line is deleted. As shown in FIG. §, a minor number of lines which are spaced apart from the
other lines by a predetermined distance or more are deleted. As shown in FIG. 9, midpoints of the
lines are determined. As shown in FIG. 10, an average of the midpoints of the lines is determined
and then the average is determined as the center of the spot. The boundary can then be determined
by using a predetermined radius measured from the center of the spot.

The above-mentioned process can be carried out by the spot boundary determining unit

620 to determine the boundaries of the spots.

12
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The spot fluorescent-intensity calculating unit 630 of the fluorescent-intensity measuring
module 600 can calculate the fluorescent-intensity of the spots.

In detail, as shown in FIG. 11, the spot fluorescent-intensity calculating unit 630
determines the average of absolute intensities of pixels in a spot area (e.g., within the boundary of
the spot). The unit can, optionally, determine a central value of pixels in a peripheral area (e.g.,
outside the boundary of the spots), and subtract the central value of the pixels of the peripheral area
from the average of the absolute intensities of the pixels of the spot area. Thereby, the fluorescent-
intensity of the spot is attained.

The analyzer 700 creates graphs to individually conduct curve-fitting for the fluorescent
intensities. The analyzer 700 can also create an integrated graph with data from a plurality cell
chips. The analyzer 700 can additional create and output one or more reports.

During this process, if an error is suspected, for example, with respect to the data related to
the fluorescent-intensities, the analyzer 700 can identify potentially erroneous data and enable the
tester to delete erroneous data.

In detail, the individual curve-fitting and graph-creating module 710 of the analyzer 700
conducts curve-fitting on the fluorescent intensity of selected spots within each block of the cell
chip. For example, spots within a block that differ one from another in the concentrations of a test
compound or metabolite can potentially result in differing fluorescent intensities as a function of
concentration. The module can analyze the data create a graph resulting from curve-fitting.

The data selection unit 711 of the individual curve-fitting and graph-creating module 710
can select a plurality of fluorescent intensities that have been obtained by repetitive tests with
respect to concentrations of compounds of a plurality of blocks. For example, the table of FIG. 12
provides fluorescent intensities resulting from four repetitions with respect to seven dilutions of a
compound.

The data selection unit 711 selects the values resulting from the repeated tests. The

constant determining unit 712 can determine constants (e.g., d, g and b) of a curve equation (e.g.,

13
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Equation 1) for example, using numerical analysis.

(Equation 1)

y=d/(I+exp((g-x)'b))

where y denotes fluorescent intensity, x denotes the number of dilution folds (log
concentration), and g denotes an inflection point at which the survival rate of a cell becomes 50%
(that is, the value of g denotes IC50).

As such, the graph creating unit 713 can then create graph of the equation. In the
embodiment, FIG. 13 illustrates curve graphs showing results of individual curve-fitting processes
with respect to four kinds of enzymes A, B, C and D. Square marks denote inflection points at
which the survival rates of cells become 50%.

The error data control module 720 of the analyzer 700 classifies the result, and if items
required to be checked by the tester are detected, the error data control module 720 sorts out the
items so as to enable the tester to delete erroneous data.

For example, if the IC50 values in repetitive tests are substantially different from each
other or if the curve-fitting is defective, the error data control module 720 can indicate this and
cause the data to be displayed and present remove buttons on the display module 300. The
actuation of the remove button can cause the data to be deleted from the storage unit and/or from
data integration.

For example, FIG. 14 shows the case where with regard to the compound AA and the
enzyme agent ED of the slide name 2010-07-14-M.tif, the compound BB and the enzyme agent
EC of the slide name 2010-07-M.tif, and the compound CC and the enzyme agent EC of the slide
name 2010-07-14-M.tif, checkboxes are checked to notify the tester if it has to be checked whether
there is data to be excluded or deleted.

Here, as shown in FIG. 15, the error data control module 720 provides the scanned images
and the curve-fitting graphs to enable the tester to check in detail whether there is a data error.

Furthermore, when it is necessary to remove data of a desired item from among the items
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that require checking, the tester clicks a remove button for the corresponding item. Then, the
corresponding data is removed.

The integrated curve-fitting and graph-creating module 730 of the analyzer 700 integrates
data from the cell chips (for example, repeat tests) into a single piece of data, and determines
constants of the curve equation, and creates an integrated graph, as described above.

The report creation module 740 classifies the results of curve-fitting with respect to the
integrated data and the scanned images and outputs a result report.

The result report created by the report creation module 740 is preferably editable. An
example of a report is illustrated in FIG. 16. This exemplary report includes a summary, the
scanned images and an integrated curve-fitting graph.

FIG. 17 is a flowchart of a method of analyzing the data of cell chips, according to an
embodiment of the present invention.

Referring to FIG. 17, the method includes a cell chip scanning step S10, a test condition
input step S20, a spot position detecting step S30, a spot fluorescent-intensity measuring step S40,
an individual curve-fitting and graph creating step S50, a test result classifying and abnormal item
sorting-out step S60, a data error item checking and deletion target data selection step S70, an
integrated data curve-fitting and graph creating step S80 and a test result report creating step S90.

At the cell chip scanning step S10, the scanner scans a cell chip that (1) receives, for
example, from an enzyme-containing chip, a product (e.g., a metabolite) created by reacting one or
more enzymes with chemicals added to the enzyme-containing chip, and (2) carries out a cellular
reaction with the product to test for cytotoxicity, and is dyed with fluorescent material to detect
cytotoxicity.

The cell chip scanner scans other cell chips in sequence by repeating the above-mentioned
process and stores results of the scanning as image files.

As shown in FIG. 18, at the test condition input step S20, the control module shows the

test condition input window on the display module and the tester appoints a project folder, at step
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S21. At step S22, the tester inputs a chip platform. At step S23, the tester inputs the dilutions of
the compound or chemical. At step S24, the tester inputs a cell type and other cell information. At
step S25, the tester inputs compound information (e.g., compound identifiers). At step S26, the
tester inputs enzyme information.

In the spot position detecting step S30, as shown in FIG. 19, the fluorescent-intensity
measuring module loads images from the project folder, at step S31.

At step S32, the fluorescent-intensity measuring module detects an approximate position
of a first spot from the loaded image. At step S33, a precise position of the first spot is determined
in a predetermined section centered on the detected approximate position.

To detect the approximate position of the first spot, the fluorescent-intensity measuring
module uses averages of X-axial fluorescent-intensities and averages of Y-axial fluorescent-
intensities. Determining the precise position of a first spot on the chip, block or predetermined
section centered on a detected approximate position can include one or more of the following
steps: connecting pixels of a predetermined value or more to each other with lines, uniting lines the
distance between which is less than a predetermined value, deleting lines that are shorter than a
predetermined value, deleting a minor number of lines spaced apart from the other lines by a
predetermined distance or more, attaining midpoints of the remaining lines, and then averaging the
midpoints of the lines. Additional spots can optionally be detected by these methods or by
calculation, using the predicted distance between spots, or be a combination thereof.

At step S34, the fluorescent-intensity measuring module determines whether the positions
of all spots have been detected. If module detects another spot or concludes that the positions of all
the spots have still not been detected, an approximate position of a subsequent spot is detected and
the steps are repeated from step S33.

When the fluorescent-intensity measuring module determines that the positions of all the
spots have been detected, the center points of the spots are stored, at step S36. At step S37, it is

determined whether all the images have been processed. If the module determines that another
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image is available for processing, the above steps can be repeated.

In the spot fluorescent-intensity measuring step S40, as shown in FIG. 20, the fluorescent-
intensity measuring module loads the images, at step S41.

At step S42, the fluorescent-intensity measuring module attains an average of absolute
intensities of pixels in each spot area. At step S43, the fluorescent-intensity measuring module
attains a central value of pixels in each peripheral area. At step S44, the fluorescent-intensity
measuring module subtracts the central value of the pixels of the peripheral area from the average
of the absolute intensities of the pixels of the spot area, thus attaining the fluorescent-intensity of
the spot.

At step S45, the fluorescent-intensity measuring module determines whether all the spots
have been processed. At step S46, if all the spots have still not been processed, the fluorescent-
intensity measuring module can process the subsequent spot. At step S47, when all the spots have
been processed, the fluorescent-intensity measuring module determines whether all the images are
processed. At step S48, the fluorescent-intensity measuring module stores the fluorescent-
intensities of the spots.

As shown in FIG. 21, in the individual curve-fitting and graph-creating step S50, the
individual curve-fitting and graph-creating module loads information regarding the fluorescent-
intensities of the spots, at step S51.

At step S52, the individual curve-fitting and graph-creating module selects data, for
example, relating to the compound dilutions or concentrations (x) and the fluorescent-intensity (y)
with respect to one test condition, e.g. residing in one block. At step S53, the constants d, g and b
of the curve equation are determined.

The individual curve-fitting and graph-creating module conducts numerical analysis,
during which it can calculate a numerical formula error with respect to the selected constants d, g
and b of the curve equation (at step S54); and, determines whether the error is less than a reference

value (at step S54); and step S54 is repeated if the error is not less than the reference value.
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At step S56, where the numerical analysis reveals that the error is less than the reference
value, the individual curve-fitting and graph-creating module can determine whether all the test
conditions (all the blocks) have been processed and repeat the above steps if necessary or desired.

When all the blocks have been processed, the constants d, g and b can be stored and a
graph is created and displayed or printed, at step S57.

At the test result classifying and abnormal item sorting-out step S60, the error data control
module classifies the results of the tests and sorts out items for checking by the tester.

For example, if the values of IC50 in a repeat experiment are excessively different from
each other or curve-fitting is defective, the error data control module indicates this and, optionally,
displays a remove button or other method for removing or deleting data on the display module
300.

The error data control module can also display the scanned images and the curve-fitting
graphs to facilitate whether the data should be excluded.

At the data error item checking and deletion target data selection step S70, the tester
checks target items sorted out by the error data control module. When it is desirable to remove
data of an item, the tester can remove the data by, for example, selecting a remove button for the
corresponding item.

At the integrated data curve-fitting and graph creating step S80, the integrated curve-fitting
and graph-creating module integrates data of the cell chips, determines constants of the curve
equation, and creates an integrated graph, as described above, and, if desired, a report of the results.
The report is optionally editable.

As described above, the apparatus according to the present invention automatically,
efficiently and quickly processes the results of testing cell chips with improved accuracy.
Although the preferred embodiments of the present invention have been disclosed for illustrative

purposes, those skilled in the art will appreciate that various modifications, additions and
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substitutions are possible, without departing from the scope and spirit of the invention as disclosed
in the accompanying claims.

While this invention has been particularly shown and described with references to preferred
embodiments thereof, it will be understood by those skilled in the art that various changes in form
and details may be made therein without departing from the scope of the invention encompassed by

the appended claims.
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CLAIMS

What is claimed is:
1. An apparatus for analyzing data of cell chips, comprising:

a scanner that scans a plurality of cell chips and create a plurality of image files, each of the
cell chips comprising a plurality of blocks, each of the blocks having a plurality of spots;

a fluorescent-intensity measuring module that measures fluorescent intensities of each spot
in each image file; and

an analyzer that integrates data relating to the cell chips or one or more blocks thereof,

conduct curve-fitting on the integrated data and creates graphs thereof.

2. The apparatus as set forth in claim 1, further comprising:

a storage module that stores test conditions;

a display module that provides a test condition input window;

a control module that provides the test condition input window to the tester using the
display module and stores input test conditions in the storage module; and

an input module that receives test conditions input by the tester and provides the input test
conditions to the control module,

wherein the analyzer creates the graphs in such a way as to individually conduct the curve-

fitting with respect to the blocks while referring to the test conditions stored in the storage module.

3. The apparatus as set forth in claim 1, wherein the analyzer comprises:

an individual curve-fitting and graph-creating module that creates the graphs in such a way
as to individually conduct the curve-fitting with respect to the fluorescent intensities of the spots of
the blocks that are measured by the fluorescent-intensity measuring module; and

an integrated curve-fitting and graph-creating module that creates the integrated graph in
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such a way as to integrate the pieces of data of the fluorescent intensities of the spots of the blocks
that are measured by the fluorescent-intensity measuring module and then conduct curve-fitting on

the integrated data.

4. The apparatus as set forth in claim 3, wherein the individual curve-fitting and graph-creating
module comprises:

a data selection unit that selects a plurality of fluorescent intensities that were obtained by
conducting repetitive tests on concentrations of the compounds of each of the blocks;

a constant determining unit that determines a constant of a curve equation using the test
results of the plurality of fluorescent intensities selected by the data selection unit; and

a graph creating unit that creates the graph using the constant determined by the constant

determining unit.

5. The apparatus as set forth in claim 3, wherein the integrated curve-fitting and graph-creating
module comprises:

a data integrating unit that integrates the pieces of data of the plurality of cell chips
obtained under the same test conditions;

a constant determining unit that determines a constant of the curve equation using the data
of the cell chips integrated by the data integrating unit; and

a graph creating unit that creates the integrated graph using the constant determined by the

constant determining unit.

6. The apparatus as set forth in claim 1, wherein the analyzer comprises:
an error data control module that classifies the data and sorting out an item required to be
checked by the tester so as to enable the tester to delete error data; and

a report creation module that classifies a result of the curve-fitting with respect to the
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integrated data and the scanned images, creates a result report, and outputs the result report.

7. The apparatus as set forth in claim 1, wherein the fluorescent-intensity measuring module
comprises:

a spot position detecting unit that detects positions of the spots in such a way as to
calculate an average of Y-axial fluorescent-intensities and an average of X-axial fluorescent-
intensities from the image files created by scanning the cell chips using the cell chip scanner;

a spot boundary determining unit that determines boundaries of the spots detected by the
spot position detecting unit; and

a spot fluorescent-intensity calculating unit that calculates a fluorescent-intensity of each of

the spots after the boundaries of the spots are determined by the spot boundary determining unit.

8. A method of analyzing data of cell chips, comprising:

creating image files by scanning a plurality of cell chips;

measuring fluorescent intensities of spots in the image files;

creating graphs that individually conduct curve-fitting with respect to the fluorescent
intensities of the spots; and

creating an integrated graph that integrates data related to the fluorescent intensities of the

spots under same test conditions and then conduct curve-fitting with respect to the integrated data.

9. The method as set forth in claim 8, wherein each of the cell chips comprises a plurality of

blocks, each block having a plurality of spots comprising a composition differing in the

concentration of a component hereof.

10. The method of claim 9, wherein the component is a test compound or a metabolite thereof.
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11. The method of claim 10, wherein the composition further comprises an enzyme.

12. The method of claim 11, wherein the enzyme of each spot within a block is the same.

13. The method of claim 12, wherein the enzyme is a cytochrome p450 isoform.

14. The method as set forth in claim 8, further comprising, the step of providing a test condition
input window to a tester using a display module by a control module, and storing test conditions

input by an input module in a storage module.

15. The method as set forth in claim 8, further comprising:

classifying results using an error data control module and sorting out an item required to be
checked by the tester so as to enable the tester to delete error data; and

classifying a result of the curve-fitting with respect to the integrated data and the scanned
images using a report creation module, and creating a result report, and then outputting the result

report.

16. The method as set forth in claim 8, wherein measuring the fluorescent intensities of the spots
comprises:

detecting positions of the spots wherein an average of Y-axial fluorescent-intensities and
an average of X-axial fluorescent-intensities from the image files are calculated;

determining boundaries of the spots; and

calculating a fluorescent-intensity of each spot.

17. The method as set forth in claim 8, wherein determining the boundaries of the spots comprises:

connecting pixels of a predetermined value or more to each other with lines using the
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fluorescent-intensity measuring module;

uniting lines when a distance between the lines is less than a predetermined value using the
fluorescent-intensity measuring module;

deleting a line when a length of the line is shorter than a predetermined value using the
fluorescent-intensity measuring module;

deleting a minor number of lines that are spaced apart from the other lines by a
predetermined distance or more using the fluorescent-intensity measuring module; and

determining midpoints of the lines and averaging the midpoints to determine a center of
the lines using the fluorescent-intensity measuring module, and determining a predetermined

radius around the center.

18. The method as set forth in claim 16, wherein calculating the fluorescent-intensity of each of the
spots comprises:

determining an average of absolute intensities of pixels in a spot area using the fluorescent-
intensity measuring module;

determining a central value of pixels in a peripheral area using the fluorescent-intensity
measuring module; and

subtracting the central value of the pixels of the peripheral area from the average of the

absolute intensities of the pixels of the spot area, thus attaining the fluorescent-intensity of the spot.

19. The method as set forth in claim 8, wherein creating the graphs comprises:

selecting a plurality of values of fluorescent intensities that are results of repeated tests with
respect to concentrations of the compounds of each of the blocks using an individual curve-fitting
and graph-creating module;

determining a constant of a curve equation using the selected test results by the individual

curve-fitting and graph-creating module; and
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creating the graphs using an individual curve-fitting and graph-creating module.

20. The method as set forth in claim 8, wherein creating the integrated graph comprises:

integrating data obtained from the plurality of cell chips;

determining a constant of a curve equation; and

creating an integrated graph.
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dilution (v)| valuc (v)| concentration (v)| logconc(v)
1 3069 0.02 -1.61
1 3557 0.02 -1.61
1 4582 0.02 -1.61
1 5389 0.02 -1.61
2 3131 0.1 -1.01
2 3011 0.1 -1.01
2 4324 0.1 -1.01
2 5159 0.1 -1.01
3 3964 0.39 -0.41
3 3922 0.39 -0.41
3 4982 0.39 -0.41
3 3963 0.39 -0.41
4 2973 1.56 0.19
4 3286 1.56 0.19
4 3450 1.56 0.19
4 3693 1.56 0.19
5 1467 6.25 0.8
5 2054 6.25 0.8
5 2111 6.25 0.8
5 1879 6.25 0.8
6 63 25 1.4
6 55 25 1.4
6 64 25 1.4
6 116 25 1.4
7 46 100 2
7 49 100 2
7 76 100 2
7 82 100 2
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