METHOD FOR PREDICTING TOXICITY OF A COMPOUND
BASED ON NUCLEAR FACTOR-xB TRANSLOCATION

CROSS-REFERENCE TO RELATED APPLICATION

[0001]  This application claims benefit of, and priority from, SG provisional
application No. 10201400705X, filed on March 17, 2014, the contents of which are

hereby incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates to in vitro methods of predicting toxicity of a

compound, including organ-specific toxicity or tissue-specific toxicity.

BACKGROUND OF THE INVENTION

[0003] The NF-«B family of transcription factors (referred to herein collectively
as NF-kB) is a master regulator of inflammation and stress responses in animals and
humans [1, 2]. NF-«xB is ubiquitously expressed and usually retained in the cytoplasm

[3, 4] in an unactivated state.

[0004] NF-xB may become activated by a large variety of different stress factors,
including cytokines, bacterial toxins, viral products, hypoxia, reactive oxygen species
and UV light [3-5]. Upon activation, NF-«xB translocates rapidly into the nucleus

where it regulates a large number of target genes.

[0005]  Because of the number and variety of genes targeted by NF-kB, NF-xB
activation is associated with a number of diseases, including cancer [1, 6] and
inflammatory diseases such as rheumatoid arthritis, atherosclerosis, asthma, multiple
sclerosis, inflammatory bowel disease and ulcerative colitis [7]. These diseases affect
various organ systems such as lung, bowel, the cardiovascular system or the central
nervous system. NF-«B activation is also associated with various forms of renal
disease [8, 9]. NF-«kB becomes activated in specific cell types that are involved in the

disease process or that are affected by certain stressors.

[0006] The NF-«xB family of transcription factors consist of homo- or

heterodimers of different protein subunits. So far, five protein subunits have been
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identified [5]. Many of the target genes regulated by NF-«xB are involved in
inflammatory reactions; however, which precise set of genes is targeted depends on
the isoform of NF-«kB and the subunits involved. The p65 subunit of NF-«B is
essential for the activation of the pro-inflammatory interleukins (IL) IL-6 and IL-8

[10-12].

SUMMARY OF THE INVENTION

[0007]  There is provided an in vitro assay for the prediction of organ-specific or
tissue-specific toxicity of a compound, as reflected by the compound’s ability to

activate NF-xB and induce its nuclear translocation.

[0008] The assay is based on detection of nuclear translocation of NF-kB, for
example nuclear translocation of NF-«xB subunit p65. Briefly, the selected cell type is
first treated with the potentially toxic or nontoxic compound to be screened, and NF-
kB translocation is then measured in order to predict the toxicity of a compound and
its capability to induce pro-inflammatory NF-«B signalling by activation of NF-kB.
The assay is suitable for high content screening (HCS), and in some embodiments

HCS may be the preferred method for assessing NF-«xB translocation.

[0009] The assay may use primary somatic organ- or tissue-specific cells or stem
cells, stem-cell derived organ-specific vertebrate cells, germs cells or their precursors,
or organ- or tissue-specific established cell lines, i.e. immortal or immortalized cell

lines.

[0010] In one aspect, the invention provides an in vitro method of screening for
toxicity of a compound, the method comprising: contacting a test compound with a
test population of cells in which nuclear factor (NF)-kB has not been activated prior
to the contacting; determining nuclear localization levels of NF-«B in the test
population subsequent to the contacting; and comparing the nuclear localization levels
of NF-kB in the test population with nuclear localization levels of NF-«B in a control
population of cells that has not been contacted with the test compound; wherein an
increase in nuclear localization levels of NF-kB in the test population relative to the
control population is indicative that the test compound injures the cells and/or induces

a pro-inflammatory response.



[0011]  The NF-xB assessed in the method may be any isoform or subunit of NF-
kB. In some embodiments, the NF-kB is the p65 subunit of NF-kB. In some
embodiments, the p65 subunit of NE-kB comprises the sequence set forth in any one

of SEQ ID NOs: 1 to 4 or the sequence set forth in SEQ ID NO: 5 or 6.

[0012]  The cells used in the method, including the cells of the test population and

control population may be human cells or may be non-human animal cells.

[0013]  The cells may comprise stem cells, including for example embryonic stem
cells, mesenchymal stem cells, hematopoietic stem cells, induced pluripotent stem

cells, tissue-specific stem cells, or organ-specific stem cells.
[0014]  The cells may comprise somatic cells or cells derived from stem cells.

[0015]  For example, the cells may comprise tumour cells, germ cells or their
precursors, or primary cells. In some embodiments, the cells may comprise liver
cells, kidney cells, cardiovascular cells, central nervous system cells, skin cells, lung
cells, pancreatic cells, digestive tract cells, eye cells, ear cells, bone marrow cells or
blood cells. The cells may comprise renal proximal tubular cells, including for

example human primary renal proximal tubular cells.

[0016]  For example, the cells may comprise cells from an established cell line,

including for example HK-2 cells, or LLC-PK1 cells.

[0017] For example, the cells may comprise cells derived from stem cells which
are differentiated from embryonic stem cells, mesenchymal stem cells, induced
pluripotent stem cells or organ/tissue-specific stem cells. In some embodiments, the
cells may be at least partially differentiated to resemble liver cells, kidney cells,
cardiovascular cells, central nervous system cells, skin cells, lung cells, pancreatic
cells, digestive tract cells, germ cells or their precursors, eye cells, ear cells, bone
marrow cells or blood cells. In some embodiments, the cells may be renal proximal

tubular-like cells.

[0018] In the method, the contacting is performed over a period of time, for
example, from about 1 hour to about 16 hours, from about 12 hours to about 16 hours,

or from about 30 to about 36 hours, or for about 3 days.



[0019] The method may further comprise repeating the contacting one or more
times, at regular intervals over a total time period of up to 4 weeks, prior to the
determining, including wherein the contacting is performed for the same time period

for each occurrence of the contacting.

[0020] The method may further comprise repeating the contacting followed by the
determining one or more times, at regular intervals over a total time period of up to 4
weeks, including wherein the contacting is performed for the same time period for

each occurrence of the contacting.

[0021]  Other aspects and features of the present invention will become apparent to
those of ordinary skill in the art upon review of the following description of specific
embodiments of the invention in conjunction with the accompanying tables and

figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]  The figures, which illustrate, by way of example only, embodiments of the

present invention, are as follows.

[0023] Figure 1: Schematic drawing comparing prior NF-kB-based assays and

embodiments of the method of the invention.

[0024] Figure 2: Overview of a high content screening (HCS) embodiment of the

method of the invention, used to detect compound-induced NF-«kB translocation.

[0025] Figure 3: (Contains Table 1) Heat Map for 41 different compounds tested

for NF-«B translocation.

[0026] Figure 4: (Contains Table 2) EC50 values and highest percentages of

positive cells determined for 41 different compounds tested.

[0027] Figure 5: (Contains Table 3) Qualitative analysis of NF-kB translocation

for 42 different compounds tested.

[0028] Figure 6: Graphical depiction of sensitivity, specificity and overall

concordance with clinical data.



[0029] Figure 7: (Contains Table 4) Heat map for 43 different compounds

tested.

[0030] Figure 8: (Contains Table 5) Prediction of drug-induced proximal tubular

toxicity using compound-induced NF-kB translocation as an endpoint.
[0031] Figure 9: HPTC1 imaged by HCS (controls).

[0032] Figure 10: HPTCI1 imaged by HCS after treatment (at the indicated
concentrations) with nephrotoxicants that directly damage the proximal tubule in

humans. EC50 and IC50 values were determined for each compound.

[0033] Figure 11: HPTCI imaged by HCS after treatment (at 1000 pg/mL) with

nephrotoxicants that directly damage the proximal tubule in humans.

[0034] Figure 12: HPTC1 imaged by HCS after treatment (at 1000 pg/mL) with

compounds that are not directly toxic for proximal tubular cells in humans.

DETAILED DESCRIPTION

[0035]  Activation of transcription factor NF-xB results in translocation of
ubiquitously expressed NF-kB from the cytoplasm to the nucleus. NF-kB activation
is associated with a number of diseases; as a result, there is interest in identifying

compounds that modulate or inhibit the activity of activated NF-kB [7, 13, 14].

[0036]  Thus, assays to detect the impact of a given test compound on NF-kB
activity have been previously developed. Such prior assays use an agonist known to
induce NF-kB nuclear translocation and thus activation, and then subsequently assess
the effect of the test compound on the agonist-induced nuclear localization of NF-kB.
Agonists used in such assays typically include tumor necrosis factor (TNF)-a or IL-1.
These previously described assays therefore address cell signalling, including
signalling pathways that regulate NF-xB, but do not address cytoxicity or the ability

to activate NF-kB by the test compound to be screened.

[0037] In contrast to previously established NF-kB-based assays that use
activators/agonists to activate NF-kB, the current method is based on the hypothesis

that a toxic compound imposes stress on a cell, which stress can then activate NF-xB
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and induce its nuclear translocation. Thus, in the methods described herein, the
ability of a test compound (in the absence of any activator or agonist) to induce NF-
kB translocation is measured, as a method to determine the toxicity of the compound.
As well, the translocation of NF-kB induced by the test compound reflects the
potential of the compound to activate NF-«xB signalling and induce a pro-

inflammatory effect.

[0038] In the assay method described herein, the cells are first treated with the
potentially toxic test compound that is to be screened for toxicity. NF-«kB
translocation is then measured in order to determine the toxicity of a compound and
its pro-inflammatory potential. Compounds that induce NF-«xB translocation are

classified as positives and are predicted as being toxic for the specific cell type used.

[0039]  Figure 1 shows the design of previously known assays used to determine
regulation of NF-kB and compares it with the design of the method as described

herein.

[0040]  Previously known NF-kB-based assays (left-hand side of Figure 1) are
designed to detect modulatory effects of a compound on activated NF-xB. Therefore,
nuclear translocation of NF-kB is first induced by an agonist (e.g. TNF-o or IL1). The
active state is symbolized here by a cell with a light cytoplasm and dark nucleus. The
activated samples with increased NF-kB localization in the nucleus are then treated
with the compounds to be screened (arrow). Modulatory effects of screened

compounds on agonist-induced NF-kB activity are often detected by HCS.

[0041] In contrast, in the methods described herein (right-hand side of Figure 1),
the cells are only treated with the compounds to be screened. No agonists are used to
induce nuclear translocation of NF-«xB. Thus, NF-«B is localized in the cytoplasm and
is inactive prior to any contacting with the compounds to be screened (symbolized
here by a cell with a dark cytoplasm and light nucleus). Potential NF-xB activation

due to toxic cell injury may be detected by HCS.

[0042] Notably, activation of NF-xB by a cytokine or another agonist (e.g. TNFa)
is not used in the assay method described herein. This feature distinguishes the

described assay from the previously known NF-kB-based HCS assays. That is, the



assay described herein measures the capability of a compound to induce NF-xB
translocation, and not the modulation of NF-kB activity by the test compound

subsequent to nuclear translocation of NF-xB induced by another compound.

[0043]  Thus, in one aspect, there is provided an in vitro method for screening the

toxicity of a test compound.

[0044]  Briefly, the method comprises contacting the test compound with a test
population of cells in which NF-xB has not been activated prior to the contacting. The
nuclear localization levels of NF-kB are then assessed and compared to the NF-«xB
nuclear localization levels for a control population that has not been treated with the

test compound.

[0045]  The test compound may be any compound for which toxicity is to be
assessed, including a compound for which its ability to activate NF-xB or to induce
NF-«B nuclear translocation is not known prior to performing the method. The test
compound may be any compound that is expected to come into contact with a subject,
including being inhaled by, topically applied to, absorbed by, ingested by,
administered to, or implanted into a subject. For example, the test compound may be
a pharmaceutical compound, an organic compound, an inorganic compound, a
pesticide, a herbicide, an environmental toxin, a fungal toxin, a microbial toxin, a
heavy metal-containing compound, an organic solvent, a cleaning agent, a
preservative, a food additive, a dietary supplement, a herbal compound, an animal-
derived compound, an anti-microbial compound, a cosmetic ingredient, a

microparticle or a nanoparticle.
[0046]  The test compound is contacted with a test population of cells.

[0047]  The test population of cells, prior to contact with the test compound, has
not had activation of NF-xB induced. Thus, most of NF-kB will be located in the
cytoplasm of the cells of the test population prior to the contacting, and thus is
available to become activated and then translocate to the nucleus, depending on the

activity of the test compound during the contacting.

[0048]  The test population may be any population of cells in which toxicity of the

test compound is desired to be assessed.



[0049]  Asused herein, the term “cell”, including when referring to a cell
belonging to the control population of cells or the test population of cells, is intended
to refer to a single cell as well as a plurality or population of cells, where context
allows. Similarly, the term “cells” or “population” of cells is also intended to refer to

a single cell, where context allows.

[0050]  The test population of cells may be composed of any type of cell,
including any type of human or non-human animal cell, including mouse cells or rat
cells. The cells may be stem cells or may be somatic cells such as primary cells,
established cell lines such as immortal or immortalized cells, tumour cells, germs cells
or their precursors, as well as cells derived or differentiated from stem cells, including

derived or differentiated from induced pluripotent stem cells.

[0051]  The test population of cells may be a single cell type or may be a mixed

population containing two or more different cell types.

[0052]  Thus, the test population may comprise a population of stem cells. Stem
cells include embryonic stem cells, induced pluripotent stem cells, adult stem cells
such as mesenchymal stem cells, hematopoietic stem cells or tissue-specific stem
cells, or organ-specific stem cells. The stem cells may comprise human embryonic

stem cells, including human embryonic stem cells from an existing cell line.

[0053] The test population may comprise a population of germs cells or their

precursors.

[0054]  The test population used may comprise somatic cells, cells derived from
somatic cells, or cells derived by differentiating stem cells. The cells may comprise
primary cells, cells from an established cell line, including an immortalized cell line,
or tumour cells. The cells may be differentiated from stem cells, including
differentiated from embryonic stem cells, from mesenchymal stem cells, from induced
pluripotent stem cells, from tissue-specific stem cells, or from organ-specific stem

cells.

[0055]  Somatic cells and cells derived from somatic cells include primary cells or
cells from an established, immortal or immortalized cell line. For example, somatic

cells may be any type of organ-specific or tissue-specific cell types, for example and
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without limitation, liver cells (hepatocytes or other hepatic cell types), kidney cells
(glomerular, tubular and other renal cell types), cardiovascular cells (cardiomyocytes,
endothelial cells), central nervous system cells (neurons, astrocytes, glia cells), skin
cells (keratinocytes, skin fibroblasts and cell types specific for accessory structures:
glands and hair follicles), lung cells (airway epithelial cells, alveolar cells), pancreatic
cells (beta-cells and other pancreatic cell types), digestive tract cells (different cell
types of the stomach and small intestine), cell types specific for reproductive organs,
sensory organs (eye- and ear-specific cell types), bone marrow cells or blood cells. In
some embodiments, the cells are renal proximal tubular cells, including for example

human primary renal proximal tubular cells, HK-2 cells, or LLC-PK1 cells.

[0056]  Cells derived from stem cells include cells that have been differentiated
from embryonic stem cells, from mesenchymal stem cells, from induced pluripotent
stem cells, from organ-specific stem cells or from tissue-specific stem cells. For
example, cells derived from stem cells include cells at least partially differentiated to
resemble liver cells (hepatocytes or other hepatic cell types), kidney cells (glomerular,
tubular and other renal cell types), cardiovascular cells (cardiomyocytes, endothelial
cells), central nervous system cells (neurons, astrocytes, glia cells), skin cells
(keratinocytes, skin fibroblasts and cell types specific for accessory structures: glands
and hair follicles), lung cells (airway epithelial cells, alveolar cells), pancreatic cells
(beta-cells and other pancreatic cell types), digestive tract cells (different cell types of
the stomach and small intestine), cell types specific for reproductive organs including
germ cells and their precursors, sensory organs (eye- and ear-specific cell types), bone
marrow cells or blood cells. In some embodiments, the cells are renal proximal

tubular-like cells.

[0057] The use of undifferentiated or partially differentiated stem cells may allow
for assessing the embryotoxicity and/or the general toxicity of a compound, without

necessarily assessing for tissue specificity or organ specificity.

[0058] However, it may be desirable to assess toxicity in a particular cell type,
including assessment of tissue-specific toxicity or organ-specific toxicity. NF-«B is
ubiquitously expressed in all human and animal cell types and NF-xB activation
occurs in many different organ systems in association with injury, disease and

inflammation [7]. The use of NF-kB nuclear translocation as endpoint for an in vitro
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assay for the prediction of organ-specific toxicity is particularly interesting.
Previously, it has been difficult to identify suitable endpoints for such in vitro assays.
Although endpoints for measuring general cytotoxicity (e.g. cell death, reduced
metabolic activity, ATP depletion) are widely used, prediction of organ-specific
toxicity with such endpoints has not been successful [16, 17]. Currently, there are no
accepted in vitro assays for the prediction of toxic effects on internal human organs (a
list of validated and accepted alternative methods is provided at alttox.org/mapp/table-

of-validated-and-accepted-alternative-methods/).

[0059] In such case, the cells used may be partially or fully differentiated. For
example, the cell population may be somatic primary cells specific to a particular type
of tissue or organ, cells derived from somatic cells, such as tumour cells or established
cell lines, tissue-specific stem cells, organ-specific stem cells, or cells partially or
fully differentiated from stem cells, including embryonic stem cells or induced

pluripotent stem cells.

[0060]  Prior to contacting the test compound with the test population of cells, the
test population may be first cultured, in accordance with standard tissue culture
methods suitable for the type of cell used. Tissue culture conditions and techniques
for various cell types are known, for example as described in Molecular Cloning: A
Laboratory Manual, 4 ed., by Michael R. Green and Joseph Sambrook, ©2012, Cold
Spring Harbor Laboratory Press, and in Ref. [18].

[0061]  The test population of cells may be cultured in any format, including as a
confluent monolayer, a subconfluent monolayer, a confluent epithelium, an organoid
culture, a confluent 2D culture, an in vitro tubule, a 3D organoid culture, or a 3D
culture including a static 3D culture or a 3D culture grown under microfluidic
conditions. As indicated above, the test population may consist of a single cell type or

may represent co-cultures of two or more different cell types.

[0062] In some embodiments, the cells are grown in a monolayer, such as a
confluent or subconfluent monolayer. If automated detection methods are to be used,
monolayer cultures are preferred, since 3D cultures involve multiple cell layers which

are not suitable for current HCS methods.

[0063] For example, cells may be seed at high density (e.g. from about 20 000
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cells/cm? to about 50 000 cells/cm?) in multi-well plates. Tissue culture plates made
of polystyrene typically do not need any treating with a coating, gel etc. if cells such
as immortal cell lines or human primary renal proximal tubular cells (HPTC) are used.
If other primary human cell types (e.g. hepatocytes, usually cultivated with collagen I
coating) or stem cells are used, the tissue culture plates may require a coating such as
MatrigelTM or a synthetic coating. For example, culturing and differentiating hESCs
and hiPSCs into HPTC-like cells may involve the use of hESC-qualified Matrigel™

coating on tissue culture plates.

[0064]  The cells may be cultivated for a suitable period, for example about 1 day
or longer, about 3 days or longer, or for about 1 to about 3 days, prior to contacting
with the compound in order to provide the cells time to equilibrate, to form a
monolayer and to differentiate, if desired. For example, if HPTC are used, a
differentiated renal epithelium consisting of a single cell layer (i.e. a simple

epithelium) may be formed prior to the contacting with the test compound.

[0065] In some embodiments, the cells may be grown in microfluidic bioreactors,
including in the form of a confluent or subconfluent monolayer. A microfluidic
bioreactor may be useful for long-term cultivation and repeated exposure to a test
compound, as described herein. This format may be useful for generating compound

concentration gradients within the culture.

[0066]  As will be appreciated, the same cell type should be used for the test
population and control population. The control population should typically be
cultured and treated in the same manner as the test population, with the exception of
contacting with the test compound. Instead, it may be appropriate to contact the
control population with a vehicle control, for example the solution or solvent used to

dissolve the test compound but without any included test compound.
[0067] In the method, the test compound is then contacted with test population.

[0068] The contacting may be done by adding the compound to the culture
medium in which the cells are cultured. For example, the compound may be

dissolved or dispersed in a liquid vehicle, such as a solvent or solution.

[0069] The contacting may be done over a period of time, for example by
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incubating the compound that is to be tested with the cells in culture.

[0070]  The contacting may be performed over a period of about 1 minute or
longer, about 5 minutes or longer, about 15 minutes or longer, about 1 hour or longer,
about 2 hours or longer, about 4 hours or longer, about 8 hours or longer, about 16
hours or longer, about 24 hours or longer, about 36 hours or longer, about 48 hours or
longer, about 60 hours or longer, or about 72 hours or longer. The contacting may be
performed over a period of from about 15 minutes to about 72 hours, from about 1
hour to about 48 hours, from about 1 hour to about 24 hours, from about 1 hour to
about 16 hours, from about 8 hours to about 36 hours, from about 16 hours to about
24 hours, from about 12 hours to about 16 hours, or from about 30 to about 36 hours,

or for about 3 days.

[0071]  The test compound may be left in the cell culture medium, and if the
medium requires changing before the total incubation period is complete, then fresh
medium that is added may also contain the test compound in order to maintain the

contacting.

[0072]  The concentration of the test compound to be used may be varied, and may

depend on the compound that is to be tested.

[0073] For example, the test compound may be contacted with the population of
cells at a concentration of about 0.001 pg/mL or higher, about 0.01 pg/mL or higher,
about 0.1 pg/mL or higher, about 1 pg/mL or higher, about 10 ug/mL or higher, about
100 pg/mL or higher, about 1000 pg/mL or higher, or about 10 000 pug/mL or higher.
The test compound may be contacted with the population of cells at a concentration of
from about 0.001 pg/ml to about 10 000 ug/ml, from about 0.001 pg/ml to about 1000
ug/ml, from about 0.005 pg/ml to about 5000 pg/ml, from about 0.005 pg/ml to about
1000 pg/ml, from about 0.01 pg/ml to about 1000 pg/ml, or from about 0.01 pg/ml to
about 500 pg/ml.

[0074]  Asindicated above, the control population of cells, although not contacted
with the test compound, may be contacted with a negative control solution, for
example the solvent or solution used to dissolve or disperse the test compound for

contacting with the test population (vehicle control).
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[0075] The contacting may be repeated, including on a periodic basis. For
example, the contacting may be performed two or more times, three or more times,
four or more times or five or more times over a given period of time, optionally
interspersed with periods in which the test population is not contacted with the test

compound.

[0076]  For example, after the first period of contacting is completed, the tissue
culture medium may be replaced with fresh medium that contains the test compound.
Alternatively, the medium may be replaced with fresh medium that does not contain
the test compound, and after a period of time with no contact, the test compound may

then again be contacted with the test population of cells.

[0077]  The contacting thus may be repeated one or more additional times (beyond

the first instance of contacting).

[0078]  For example, the contacting may be repeated, including on a periodic
basis, over a period of from about 3 to about 14 days, or from about 3 days to about 4

weeks.

[0079] The interval without any contact of test compound (i.e. exposing the cells
to fresh medium) may last, for example, from about 16 hours to about 14 days, from
about 1 day to about 10 days, from about 1 day to about 3 days, from about 1 day to

about 5 days, or from about 2 day to about 3 days, between the periods of contacting.

[0080]  If repeated, the contacting may be repeated at regular intervals within the
total time period. Each episode of contacting may be performed for the same length

of time within the total time period.

[0081]  For example, over a period of about 2 weeks, the test compound may be

contacting with the test population for about 8 hours, repeated once every two days.

[0082]  Again, the control population should be treated in a similar manner as the
test population, with the exception that the test compound is excluded from contacting
the control population. For example, a vehicle control may be added to the culture
medium of the control population, repeated for the same time periods, for the same

number of occurrences and over the same total time period, as is done for the
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contacting of the test compound with the test population.

[0083] Once the contacting is completed, the levels of nuclear NF-«B are

determined for both the test population and the control population.

[0084] Reference to NF-kB includes reference to any family member of the NF-
kB transcription factors, including any subunit or isoform of NF-xB. Thus, the NF-
kB that is assessed in terms of nuclear localization may be any NF-kB, and may
depend on the type of cell used in the test population of cells. Although NF-kB is
ubiquitous, the form of NF-kB found in various cell types may differ, and thus the
NF-«B that is measured in terms of nuclear localization for the assay should be an

appropriate form of NF-«xB for the cell type used.

[0085] For example, NF-xB that is detected in the method includes the different

isoforms or subunits of NF-kB, including for example the p65 subunit of NF-kB.

[0086] The NF-«B may comprise, consist essentially of, or consist of, in some

embodiments, human NF-kB p635 subunit isoform 1 as set forth in SEQ ID NO: 1:

[0087] MDELFPLIFPAEPAQASGPYVEIIEQPKQRGMRFRYKCEGRSAGSIP
GERSTDTTKTHPTIKINGY TGPGTVRISLVTKDPPHRPHPHELVGKDCRDGFYE
ABLCPDRCIHSFQNLGIQCVKKRDLEQAISQRIQTNNNPFQVPIEEQRGDYDLN
AVRLCFQVTVRDPSGRPLRLPPVLSHPIFDNRAPNTAELKICRVNRNSGSCLG
GDEIFLLCDKVQKEDIEVYFTGPGWEARGSFSQADVHRQVAIVERTPPYADPS
LQAPVRVSMQLRRPSDRELSEPMEFQYLPDTDDRHRIEEKRKR TYETFKSIMK
KSPFSGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINYDEFPTMVEPS
GQISQASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAP
PAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLASVDNSEFQ
QLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLL
SGDEDFSSIADMDFSALLSQISS

[0088] The NF-«B may comprise, consist essentially of, or consist of, in some

embodiments, human NF-kB p65 subunit isoform 2 as set forth in SEQ ID NO: 2:

[0089] MDELFPLIFPAEPAQASGPYVEIIEQPKQRGMRFRYKCEGRSAGSIP
GERSTDTTKTHPTIKINGYTGPGTVRISLVTKDPPHRPHPHELVGKDCRDGFYE
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AELCPDRCIHSFQNLGIQCVKKRDLEQAISQRIQTNNNPFQEEQRGDYDLNAV
RLCFQVTVRDPSGRPLRLPPVLSHPIFDNRAPNTAELKICRVNRNSGSCLGGDE
IFLLCDKVQKEDIEVYFTGPGWEARGSFSQADVHRQVAIVERTPPYADPSLQA
PVRVSMQLRRPSDRELSEPMEFQYLPDTDDRHRIEEKRKRTYETFKSIMKKSP
FSGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINYDEFPTMVFPSGQI
SQASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPA
PKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLASVDNSEFQQLL
NQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGD
EDFSSIADMDFSALLSQISS

[0090] The NF-xB may comprise, consist essentially of, or consist of, in some

embodiments, human NF-kB p65 subunit isoform 3 as set forth in SEQ ID NO: 3:

[0091] MDELFPLIFPAEPAQASGPY VEIIEQPKQRGMRFRYKCEGRSAGSIP
GERSTDTTKTHPTIKINGYTGPGTVRISLVTKDPPHRPHPHELVGKDCRDGFYE
AELCPDRCIHSFQNLGIQCVKKRDLEQAISQRIQTNNNPFQVPIEEQRGDYDLN
AVRLCFQVTVRDPSGRPLRLPPVLSHPIFDNRAPNTAELKICRVNRNSGSCLG
GDEIFLLCDKVQKEDIEVYFTGPGWEARGSFSQADVHRQVAIVFRTPPYADPS
LOAPVRVSMQLRRPSDRELSEPMEFQYLPDTDDRHRIEEKRKRTYETFKSIMK
KSPESGPTDPRPPPRRIAVPSRSSASVPKPAPGPPQAVAPPAPKPTQAGEGTLSE
ALLQLQFDDEDLGALLGNSTDPAVFTDLASVDNSEFQQLLNQGIPVAPHTTEP
MLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDFSSIADMDESA
LLSQISS

[0092] The NF-«B may comprise, consist essentially of, or consist of, in some

embodiments, human NF-kB p65 subunit isoform 4 as set forth in SEQ ID NO: 4:

[0093] MDELFPLIFPAEPAQASGPY VEIIEQPKQRGMRFRYKCEGRSAGSIP
GERSTDTTKTHPTIKINGYTGPGTVRISLVTKDPPHRPHPHELVGKDCRDGFYE
AELCPDRCIHSFQNLGIQCVKKRDLEQAISQRIQTNNNPFQVPIEEQRGDYDLN
AVRLCFQVTVRDPSGRPLRLPPVLSHPIFDNRAPNTAELKICRVNRNSGSCLG
GDEIFLLCDKVQKEDIEVYFTGPGWEARGSFSQADVHRQVAIVFRTPPYADPS
LOQAPVRVSMQLRRPSDRELSEPMEFQYLPDTDDRHRIEEKRKRTYETFKSIMK
KSPFSGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINYDEFPTMVFPS
GQISQASALAPAPPQVLPQAPAPAPAPAMVSALAQRPPDPAPAPLGAPGLPNG
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LLSGDEDFSSIADMDFSALLSQISS

[0094] The NF-«B may comprise, consist essentially of, or consist of, in some

embodiments, mouse NF-kB p65 subunit as set forth in SEQ ID NO: 5:

[0095] MDDLFPLIFPSEPAQASGPY VEIIEQPKQRGMRFRYKCEGRSAGSIP
GERSTDTTKTHPTIKINGYTGPGTVRISLVTKDPPHRPHPHELVGKDCRDGYY
EADLCPDRSIHSFONLGIQCVKKRDLEQAISQRIQTNNNPFHVPIEEQRGDYDL
NAVRLCFQVTVRDPAGRPLLLTPVLSHPIFDNRAPNTAELKICRVNRNSGSCL
GGDEIFLLCDKVQKEDIEVYFTGPGWEARGSFSQADVHRQVAIVFRTPPYADP
SLQAPVRVSMQLRRPSDRELSEPMEFQYLPDTDDRHRIEEKRKRTYETFKSIM
KKSPFNGPTEPRPPTRRIAVPTRNSTSVPKPAPQPYTFPASLSTINFDEFSPMLLP
SGQISNQALALAPSSAPVLAQTMVPSSAMVPLAQPPAPAPVLTPGPPQSLSAP
VPKSTQAGEGTLSEALLHLQFDADEDLGALLGNSTDPGVFTDLASVDNSEFQ
QLLNQGVSMSHSTAEPMLMEYPEAITRLVTGSQRPPDPAPTPLGTSGLPNGLS
GDEDFSSIADMDESALLSQISS

[0096] The NF-kB may comprise, consist essentially of, or consist of, in some

embodiments, rat NF-kB p65 subunit as set forth in SEQ ID NO: 6:

[0097] MDDLFPLIFPSEPAQASGPY VEIIEQPKQRGMRFRYKCEGRSAGSIP
GERSTDTTKTHPTIKINGYTGPGTVRISLVTKDPPHRPHPHELVGKDCRDGFYE
AELCPDRCIHSFQNLGIQCVKKRDLEQAISQRIQTNNNPFQVPIEEQRGDYDLN
AVRLCFQVTVRDPSGRPLRLTPVLSHPIFDNRAPNTAELKICRVNRNSGSCLG
GDEIFLLCDKVQKEDIEVYFTGPGWEARGSFSQADVHRQVAIVFRTPPYADPS
LQAPVRVSMQLRRPSDRELSEPMEFQYLPDTDDRHRIEEKRKRTYETFKSIMK
KSPENGPTEPRPPPRRIAVPSRGPTSVPKPAPQPYAFSTSLSTINFDEFSPMVLPP
GQISNQALALAPSSAPVLAQTMVPSSAMVPSLAQPPAPVPVLAPGPPQSLSAP
VPKSTQAGEGTLSEALLHLQFDADEDLGALLGNNTDPGVFTDLASVDNSEFQ
QLLNQGVAMSHSTAEPMLMEYPEAITRLVTGSQRPPDPAPATLGTSGLPNGLS
GDEDFSSIADMDFESALLSQISS

[0098] In some embodiments, the NF-kB comprises, consists or consists
essentially of, a protein having about 75% or greater, about 80% or greater, about

85% or greater, about 90% or greater, about 95% or greater, about 96% or greater,
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about 97% or greater, about 98% or greater, or about 99% or greater sequence identity
with any one of SEQ ID NO: 1 to SEQ ID NO: 6, while still possessing the function
of NF-kB.

[0099]  As used herein, “consists essentially of” or “consisting essentially of”
means that the protein sequence includes one or more amino acid residues, for
example one or more, two or more, three or more, four or more, five or more, six or
more, seven or more, eight or more, nine or more, ten or more, one to ten, or one to
five, at one or both ends of the sequence, and/or within the sequence, but that the

additional amino acids do not materially affect the function of the protein.

[00100] Thus, following contacting with the test compound, the level of NF-xB
in the nucleus of the test population is determined. This may be done in terms of
absolute value of NF-kB levels in the nucleus, or it may be achieved by comparing
relative amounts of NF-kB between the nucleus and the cytoplasm. For example,
determining the nuclear localization levels of NF-kB in the test population may be
achieved by determining the cytoplasmic/nuclear ratio of NF-«B levels within the test

population.

[00101] Nuclear NF-«B levels may be determined using imaging techniques
combined with quantitative image analysis analysis. Various methods for locating,
imaging and quantifying molecules within cells are known, including immunostaining
techniques using fluorescently labelled antibodies directed against NF-«kB, detection
methods using primary antibodies directed against NF-kB and labelled secondary
antibodies, or imaging of fluorescent NF-«xB fusion proteins expressed in a transiently

or stably transfected cell line.

[00102] The determining of levels of NF-«B in the nucleus and optionally
cytoplasm may comprise automated imaging and image analysis techniques, including
high content screening (HCS) techniques. HCS techniques are known, and involve
automatic imaging of large numbers of cells that have been seeded or cultured in
multi-well plates, followed by subsequent quantitative image analysis. An overview
of an embodiment of the method using an HCS procedure is depicted in Figure 2.
Frequently used synonyms for HCS include high-throughput screening or high-
content imaging. In fact, HCS assays based on detecting and quantifying NF-xB
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translocation have been established [13-15]. For example, specific subunits of NF-
kB, including the p65 subunit, have been detected by immunostaining. Alternatively,
fusion protein techniques have been used, in which a subunit of NF-«B is fused to a
fluorescent reporter protein. Such HCS assays have been established with human and

animal transformed and cancer cell lines.

[00103] Thus, the use of computer-assisted detection techniques may assist in
examining the NF-«B localization levels in the nucleus and cytoplasm. The assay
may be performed using robotic or automated devices or microfluidic devices in order

to increase speed.

[00104] In the method, once the NF-«B localization levels have been assessed
for both the test population and the control population, then the NF-kB localization
levels obtained for the test population are compared with the value obtained for the
control population of cells when cultured under the same conditions minus the contact

with the test compound.

[00105] An increase in nuclear localization levels of NF-kB in the test
population relative to the control population is indicative that the test compound
injures the cells and/or induces a pro-inflammatory response, meaning the test
compound is toxic for that cell type. Thus, for example, a decrease in the ratio of
cytoplasm/nuclear localization levels (or an increase in the ratio of nuclear/cytoplasm
localization levels) of NF-kB in the test population relative to the control population
is indicative that the test compound injures the cells and/or induces a pro-

inflammatory response, and thus is toxic for that cell type.

[00106] It may be desirable to set a threshold level for detection of the NF-xB
localization levels. This may be done by using positive and negative control
populations treated with compounds that are known to be non-toxic for the type of
cell being used, a set of compounds that are known to be generally toxic, and if tissue-
specific or organ-specific toxicity is being assessed, a set of compounds that are
known to be specifically toxic to the cell type used. Positive and negative controls
may also be used to determine overall assay performance. The numbers of true
positives, false positives, true negatives and false negatives may be determined by

comparing the results of the in vitro assay with in vivo data. Subsequently, the major
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performance metrics (sensitivity, specificity, balanced accuracy, positive predictive
value, negative predictive value and the area under the curve (AUC) of the receiver

operating characteristic curves) can be determined.

[00107] In addition, a threshold value may be determined in order to decide
whether a test result is positive or negative. The threshold value relates to the fold

increase in NF-xB nuclear localization relative to the vehicle control.

[00108] For example, a test result may be positive if the increase in the nuclear
localization level of NF-«kB, is similar to or greater than the threshold value. In some
cases, the nuclear localization levels of NF-kB may be assessed by determining the
cytoplasmic/nuclear ratio of NF-xB. It will be appreciated that a decrease in the
cytoplasmic/nuclear ratio of NF-xB corresponds to an increase in nuclear localization
of NF-xB. Thus, if the cytoplasmic/nuclear ratio is used, a positive value is typically
lower than the threshold value. Optimal threshold values can be determined by testing
broader ranges of threshold values. Actual threshold values may vary depending on

the type of cell used and culture and contacting conditions used.

[00109] Alternatively, automated classification methods can be used for the
results. This can be done, for instance, by using machine learning algorithms such as

support vector machine or random forest.

[00110] For any given test compound a dose response curve may be calculated
by testing the compound at increasing concentrations and comparing the results for
each concentration to results for a control population. In this way, an ECsy value may

be obtained for test compounds that are found to be toxic in the method.

[00111] The present methods and uses are further exemplified by way of the

following non-limiting examples.

EXAMPLES

[00112] We developed an HCS-based in vitro model for the prediction of renal
proximal tubular (PT) toxicity in humans that uses nuclear translocation of NF-xB

(e.g. subunit p65) as endpoint.
[00113] As set out below in the following Examples 2 and 3, using human

19



primary renal proximal tubular cells (HPTC) or proximal tubular cell lines (HK-2 and
LLC-PK1), the balanced accuracy of the model was found to be at least 70% (Table 5
(Figure 8)).

[00114] The results obtained as described below demonstrate that nuclear
translocation of NF-kB can be used as endpoint in in vitro assays for the prediction of
organ-specific toxicity and are in agreement with our previous findings. Previously,
we have shown that measuring the up-regulation of IL-6 and IL-8 results in excellent
predictivity with respect to the PT toxicity of compounds, using HPTC, HK-2 and
LLC-PKI cells [18] or HPTC-like cells derived from human embryonic [20] or
induced pluripotent stem cells (Kandasamy, Chuah et al., manuscript submitted). IL-6
and IL-8 are target genes of NF-«B and are up-regulated by p65 [10-12]. It is
important to note that the IL-6/IL-8 based assay [18, 20] is based on gPCR and is not
compatible with HCS. Thus, the IL-6/IL-8-based assay has much lower throughput

and is much more expensive than the NF-kB-based assay when combined with HCS.

[00115] EXAMPLE 1

[00116] An overview of the HCS method for detecting compound-induced NF-
KB translocation is provided in Figure 2. The figure shows a flow diagram (straight

arrows) of the cell seeding and treatment procedures.

[00117] As depicted in the embodiment shown in Figure 2, cells were seeded
on day 0 into multi-well plates (in the example shown in Figure 2, 384-well plates
were used). After seeding, cells were cultivated to allow the formation of a confluent
monolayer. Compound treatment was performed on day 3 overnight for ~ 16 hours,
and cells were then fixed on day 4 and stained, for example using 4',6-diamidino-2-
phenylindole (DAPI, cell nuclei) and whole cell stain (WCS) for the visualization of
the overall cell. NF-kB p65 was detected by immunostaining. After staining, the plate
was imaged by HCS. In some experiments described in Examples 2 and 3 below, F-

actin was also detected.

[00118] The lower right portion of Figure 2 shows the HCS results for one
plate and one multi-channel image per well is shown (note that 9 multi-channel

images per well were captured; wells at the edge of the plate are not shown and were
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not used to avoid edge effects;). An outline of the plate design is shown on the top

right of the figure.

[00119] Each compound (D1-D9) was applied to 2 columns (4 wells
(replicates) per concentration) with increasing concentrations (1.6 pLg/mL — 1000
Hg/mL) from bottom to top. The positions of the controls (Ctrl) are indicated. Wells

depleted in cells due to cell death appeared dark (right, bottom).
[00120] EXAMPLE 2
[00121] Methods

[00122] Compounds and definitions: The same set of 41 compounds as
described previously (Refs. [18] and [20]) was used. Simvastatin was included as
42nd compound, but was excluded from most analyses due to its general high
cytotoxicity. Compounds 1-22 (group 1) are nephrotoxic in humans and are toxic for
proximal tubular (PT) cells. Compounds 23-33 (group 2) are nephrotoxic in humans,
but are not toxic for PT cells. Compounds 34-41 (group 3) are not nephrotoxic in
humans. True positives (TP) were defined as group 1 compounds that gave a positive
test result in vitro. True negatives (TN) were defined as group 2 and group 3
compounds, that gave a negative test result in vitro. Sensitivity was defined as number
of TP / 22 (group 1) compounds. Specificity was defined as number of TN / 19 (group

2 + 3) compounds.

[00123] Cell culture and compound treatment: Commercial HPTC (ATCC,
PCS-400-010) were cultured in Renal Cell Basal Medium (ATCC, PCS-400-030)
supplemented with the Renal Epithelial Cell Growth Kit (ATCC, PCS-400-040). Cells
at passage 4 or passage 5 were seeded into 96-well Falcon black plates at a density of
50,000 cells/cm?. The cells were cultured for 3 days before drug treatment overnight
(16 hours). All compounds were screened at concentrations of 1000, 500, 250, 125,
63,31, 16 and 1.6 pg/mL. Arsenic(Ill)oxide at 25 pug/mL was used as positive control.
Negative controls (cells were not treated with any compounds or vehicles) and vehicle

controls were included on each plate. 3 replicates were included for each data point.

[00124] Immunostaining: After treatment with the compounds overnight the

cells were fixed using 3.7% formaldehyde in phosphate-buffered saline (PBS). Cells
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were blocked for 1 hour with PBS containing 5% bovine serum albumin (BSA) and
0.2% Triton X-100. An anti-NF-«xB p65 antibody (1:100, sc-372; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) was incubated with the samples at room
temperature for 1.5 hours. The secondary antibody was an Alexa Fluor 488 Goat Anti-
Rabbit IgG (H+L) (A11008; 1:200; Molecular Probes, Life Technologies, Singapore).
Samples were incubated with the secondary antibody and rhodamine phalloidin
(Molecular Probes, R415) at room temperature for 1 h (F-actin patterns detected with
rhodamine phalloidine were also assessed, but this was unrelated to NF-«B). Finally,

4’ 6-diamidino-2-phenylindole (DAPI) (4 ng/mL) was used to stain cell nuclei.

[00125] HCS and image analysis: HCS was performed with the

MICRO System Version 2.0 (Molecular Devices, Wokingham, UK). 4 images

ImageXpress
per well were captured. MetaXpress™ image analysis software (version 2.0; Molecular
Devices) was used to quantify the percentages of positive cells. A cell was defined as
positive for NF-xB translocation, when the nuclear area (defined by DAPI staining) had
an equal or higher median intensity of green fluorescence than a defined area of the

cytosol. This cytosolic area consisted of a ring of 2 pm thickness around nuclear area.
[00126] Results

[00127] Table 1 (Figure 3) contains a heat map for 41 different test
compounds used in the assay; HPTC were treated with the indicated 41 drugs for 16
hours. The following drug concentrations were used: 1000, 500, 250, 125, 63, 31, 16
and 1.6 pg/mL. The cells were imaged by HCS and the HCS data set is identical with
the data set used in Table 3 below, with the exception that drug No. 42 (Simvastatin)

is not included in Table 1.

[00128] Image analysis was performed as outlined in the Methods section. The
number in each box indicates percentage of cells (average of 3 replicates with 4
images per replicate) that were positive and displayed nuclear translocation of NF-«B.

Asterisks label cases where cell numbers were low due to cell death.

[00129] Table 2 (Figure 4) provides EC50 values derived from the results
shown in Table 1 and summarizes the highest percentages of positive cells at any

given concentration of a compound within the concentration range tested (highest
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value in each row in Table 1).

[00130] The content of qualitative analysis of NF-xB translocation is shown in
Table 3 (Figure 5), as determined by visual inspection. The HCS work from which
the results summarized in Table 3 were derived was performed during the period of
June 20, 2013 to July 5, 2013. The screen was performed with 96-well plates, which
were seeded with cells, treated with drugs, immunostained and imaged by HCS.
During the screen results obtained with individual compounds were noted, which
were re-evaluated when the whole screen had been finished on July 5, 2013 and
compiled in Table 3. For instance, positive results were obtained with paraquat,
arsenic (IIT) oxide, bismuth (IIT) oxide, gold (I) chloride, lead acetate, potassium

dichromate and tetracycline.

[00131] Figure 6 shows the percentages (y-axis) of sensitivity, specificity and
overall concordance with clinical data. The cut-off value (x-axis) refers to the
percentage of positive cells. For instance, at a cut-off value of 70% all results were
classified as positive where NF-kB translocation was induced in 70% of the cells or
more (at any concentration within the range tested, Table 2, right-hand column). A
cut-off value of 70% resulted in an overall concordance with human clinical data and

balanced accuracy (mean of sensitivity + specificity) of > 70%.
[00132] EXAMPLE 3
[00133] Methods

[00134] Compounds and definitions: A set of 43 compounds was used,
comprising 38 of the set of 41 compounds from Example 2 (excluding tobramycin,
ifosfamide, atorvastatin) and 5 new compounds (cephaloridine, cephalothin,
metformin hydrochloride, aristolochic acid and ochratoxin A). Compounds 1-24
(group 1) are nephrotoxic in humans and are toxic for proximal tubular (PT) cells.
Compounds 25-43 (group 2) are either not nephrotoxic in humans, or are nephrotoxic
in humans, but are not directly toxic for PT cells. True positives (TP) were defined as
group 1 compounds that gave a positive test result in vitro. True negatives (TN) were
defined as group 2 compounds that gave a negative test result in vitro. Sensitivity was
defined as (number of TP)/24 (group 1) compounds. Specificity was defined as

(number of TN)/19 (group 2) compounds. Balanced accuracy is the mean value of
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sensitivity and specificity.

[00135] Cell culture and compound treatment: Three different batches of
HPTC were used. Commercial HPTC, Lot. No. 58488852 (HPTC 1) and Lot. No.
61247356 (HPTC10), were bought from the American Type Culture Collection
(ATCC, Manassas, VA, USA). HPTC6 were isolated from a nephrectomy sample
obtained from the National University Health System (NUHS, Singapore). Only
normal tissue without pathological changes was used, which was selected by a
pathologist. All three batches of HPTC were cultured in ATCC Renal Epithelial Cell
Basal Medium (ATCC, Cat. No. PCS-400-030) supplemented with Renal Epithelial
Cell Growth Kit (ATCC, Cat. No. PCS-400-040) and 1% Penicillin Streptomycin
(Gibco, Cat. No. 15140-122). Only passage (P) 4 and P5 of HPTC were used. HK-2
and LLC-PKlcells were purchased from ATCC. These two cell lines were maintained
in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 1% Penicillin Streptomycin. Approval for the work with
human kidney samples (DSRB-E/11/143) and cell types (NUS-IRB Ref. Code: 09-
148E) had been obtained. All cells were incubated in a humidified atmosphere at

37°C and 5% COs.

[00136] Cells were seeded into 384-well black plates with transparent bottom
(Greiner, Cat. No. 781091). HPTC1 and HPTC6 were seeded at 50,000 cells/cm?;
HPTC10 were seeded at 100,000 cells/cmz‘; HK-2 cells were seeded at 20,000
cells/cm? and LLC-PK1 cells were seeded at 10,000 cells/cm? to adjust for the
different growth kinetics of the different cell types and batches used. All cells were
cultivated for 3 days to achieve the formation of a differentiated simple epithelium
before drug treatment overnight (16 hours). The concentrations of the 43 drugs
screened were 1000, 500, 250, 125, 63, 16 and 1.6 pg/mL. Puromycin at 100 pg/mL
and TNF-a at 100 ng/mL were used as positive controls. Negative controls included
cells that were left untreated (no vehicle, no compound) and cells treated with 100
ng/mL dexamethasone. Vehicle controls were also included on each plate. 4 replicates

were tested for each compound and concentration.

[00137] Immunostaining: After treatment with the compounds overnight the
cells were fixed using 3.7% formaldehyde in phosphate-buffered saline (PBS). Cells

were blocked for 1 hour with PBS containing 5% bovine serum albumin (BSA) and
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0.2% Triton X-100. Samples were incubated with an anti-NF-xB p65 antibody
(Abcam, Cat. No. ab16502) overnight at 4 °C. Alexa Fluor 488 goat anti-rabbit IgG
(H+L) (Invitrogen, Cat. No. A11008) was used as secondary antibody. Finally, the
cells were counterstained with DAPI (Merck, Cat. No. 268298), rhodamine phalloidin
(Invitrogen, Cat. No. R415) and whole cell stain red (Cellomics, Cat. No. 8403401).

Detection of F-actin with thodamine phalloidin was unrelated to the work on NF-«B.

[00138] HCS and image analysis: Tmage acquisition by HCS was performed
with the same equipment and software as described in Examples 1 and 2. Four
different channels were used for detecting DAPT (cell nuclei), Alexa Fluor 488 (NF-
«B; for better perception of the staining patterns NF-kB staining is shown in red in
Figures 9-12), rhodamine phalloidin (F-actin) and Cy5 (whole cell stain red). 9 sites
per well were imaged (all 4 channels). The images were automatically analysed by
using MetaXpress™™ image analysis software version 2.0 using the Translocation-
Enhanced Module [19]. The DAPI stained area was used to define inner nuclear area
(nucleus) and outer nuclear area (cytoplasm surrounding the nucleus). An area within
2 um from the edge of the DAPI stained area was defined as inner nuclear area
(nucleus). A ring from 0.1 um to 2 pm from the outer edge of the DAPI stained area
was defined as outer nuclear area (cytoplasm). The intensity ratios of the outer nuclear
area versus the inner nuclear area were automatically quantified by the MetaXpress™
image analysis software (version 2.0). The final quantitative results for each data
point were the average results from 36 images (4 replicates (wells) with 9 multi-

channel images per well).

[00139] Results

[00140] Table 4 (Figure 7) depicts a heat map. Three batches of HPTC and
two cell lines (HK-2 and LLC-PK1) were treated with the indicated 43 compounds for
16 hours. The following compound concentrations were used: 1000, 500, 250, 125,
63, 16 and 1.6 pg/mL. The cells were imaged by HCS using the ImageXpressMICRo
system. The images were automatically analysed by the MetaXpressTM image analysis
software version 2.0 as described in the Methods section. The average intensity ratios
of the outer nuclear area (cytoplasm) versus the inner nuclear area (nucleus) were

determined for each compound at each concentration tested. The number in each box

shows the lowest intensity ratio obtained for each compound with respect to the whole
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range of concentrations tested (7 values were obtained for the 7 concentrations tested

and the lowest value was selected and is shown in Table 4).

[00141] The results shown in Table 4 were classified as positive or negative by
using a cut-off value of 0.75 (all results at or below 0.75 classified as positive). Table
5 (Figure 8) provides the results obtained for sensitivity, specificity and balanced
accuracy by using this cut-off value. 3 different batches of HPTC and 2 cell lines
(HK-2 and LLC-PK1) were used.

[00142] As shown in Figure 9, HPTC1 were imaged by HCS in the untreated
state (top) or after treatment with the indicated control compounds. DAPI stained cell
nuclei (blue, left) or NF-kB-staining (red, middle) are shown. The merged images are
shown on the right. The nuclear area was depleted of NF-kB in untreated cells,
vehicle controls and negative controls (“dark whole” in the center of the cells stained
for NF-kB (red, middle). Positive control samples (puromycin at 100 pg/mL and
TNF-a at 100 ng/mL) displayed nuclear translocation of NF-kB (increased intensity

of NF-xB in the DAPI-positive nuclear area). Scale bars: 50 um.

[00143] As shown in Figure 10, HPTC1 were imaged by HCS after treatment
with the indicated compounds. DAPI stained cell nuclei (blue, left) or NF-xB-staining
(red, middle) is shown. The merged images are displayed on the right. All compounds
were nephrotoxicants that are directly toxic for proximal tubular cells in humans. The
concentrations used in the selected cases shown are provided below the compound
name (every compound was tested at the full range of concentrations, but not all of
the images can be shown here). The concentrations selected here were the lowest
concentrations of a compound where NF-«B translocation from cytosol to nucleus
was observed. Based on the HCS results obtained with the full range of concentrations
tested, EC50 (compound concentration where nuclear translocation of NF-xB
occurred in 50% of cells) and IC50 (compound concentration where cell death
occurred in 50% of cells; results based on counts of cell nuclei) values were
calculated. An IC50 value of > 1000 pg/mL is indicated where > 50% of cells were
still present at the highest compound concentration of 1000 pg/mL. Based on such
high IC50 values of > 1000 pg/mL respective compounds would have been predicted

as not being toxic for proximal tubular cells in humans if cell death would have been
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used as endpoint to predict toxicity (all compounds included in this figure are toxic
for this cell type). In contrast, in all cases nuclear translocation of NF-kB was
observed in > 50% of cells within the concentration range tested and all compounds
would be predicted as being toxic based on these results. These results show that the
sensitivity is higher when NF-«xB translocation is used as endpoint compared to cell
death. This is also reflected by the fact that the EC50 values are lower than the IC50
values (with the exception of Tacrolimus, where both values are relatively low). Scale

bars: 50 pm.

[00144] HPTCI1 were imaged by HCS after treatment with the indicated
compounds, as seen in Figure 11. The same compounds were used as with respect to
Figure 10. The images in Figure 11 were captured after treatment with the maximal
compound concentrations (1000 pLg/ml). Substantial nuclear translocation of NF-kB
was observed. On some images only few cells are visible due to cell death. Scale

bars: 50 pm.

[00145] As seen in Figure 12, HPTC1 were imaged by HCS after treatment
with the indicated compounds. The images were captured after treatment with the
maximal compound concentrations (1000 pg/mL). All compounds included in this
figure are not directly toxic for proximal tubular cells in humans. Substantial nuclear
translocation of NF-«B or cell death was not observed. All EC50 and IC50 values
were > 1000 pg/mL. Scale bars: 50 pm.

[00146] Discussion

[00147] Although Examples 1 and 2 described above relate to primary and
immortalized human renal cells, NF-«B translocation can also be used to screen for
toxic effects on other organs by using respective organ-specific cell types. NF-«xB is
ubiquitously expressed in all human and animal cell types and NF-xB activation
occurs in many different organ systems in association with injury, disease and

inflammation [7].

[00148] Thus, NF-«B translocation could also be used to assess the toxicity and
pro-inflammatory capacity of compounds with respect to other organ systems in

humans or animals. This could be done by using respective organ-specific human or
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animal cell types. Preferably, primary cells or similar cell types derived from adult,

embryonic or induced pluripotent stem cells should be used.

[00149] Thus, organ-specific cell types would be seeded onto substrates
suitable for HCS (e.g. multi-well plates). On such substrates, the organ-specific cell
type would be treated with the compounds to be screened for potential toxic and pro-
inflammatory effects on this cell type. Induction of NF-xB nuclear translocation by
the compounds would be determined by HCS and subsequent image analysis, and
activation of NF-kB would be classified as positive result. The assays would be
performed with primary human or animal organ-specific cell types (e.g. primary renal
cell types such as HPTC, primary rat hepatocytes or primary human skin
keratinocytes). Alternatively, organ-specific cell types derived from stem cells could
be used. Appropriate stem cell types would include all kinds of human or animal adult
stem cells (e.g. bone marrow-derived mesenchymal stem cells or adipose-derived
stem cells), or human- or animal-derived induced pluripotent stem cells or embryonic

stem cells.

[00150] Organ systems and cell types that could be included in such NF-«xB-
based assays are: liver (hepatocytes and other hepatic cell types), kidney (glomerular,
tubular and other renal cell types), the cardiovascular system (cardiomyocytes,
endothelial cells), the central nervous system (neurons, astrocytes, glia cells), skin
(keratinocytes, skin fibroblasts and cell types specific for accessory structures: glands
and hair follicles), lung (airway epithelial cells, alveolar cells), pancreas (beta-cells
and other pancreatic cell types), digestive tract (different cell types of the stomach and
small intestine), cell types specific for reproductive organs including germ cells and
their precursors, sensory organs (eye- and ear-specific cell types), bone marrow and

blood cells.

[00151] Differences between the assay described herein and previously
established NF-«B-based HCS assays are as follows. (1) In the assay as described
herein, NF-xB/p65 translocation is used as an endpoint to predict the organ-specific
toxicity of a compound and its ability to induce NF-«xB signaling. This assay does not
address modulation of NF-«B translocation that has been induced by an
activator/agonist (e.g. TNF-a or IL-1) prior to treatment with the compound being

tested. (2) Activators/agonists of NF-kB, such as TNF-o, or IL-1, are not used. (3)
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The HSC assay has been performed with a human primary organ-specific cell type,

but could also be performed with differentiated cells derived from stem cells.

[00152] All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The
citation of any publication is for its disclosure prior to the filing date and should not
be construed as an admission that the present invention is not entitled to antedate such

publication by virtue of prior invention.

[00153] As used in this specification and the appended claims, the singular
forms “a”, “an” and “the” include plural reference unless the context clearly dictates
otherwise. As used in this specification and the appended claims, the terms
“comprise”, “comprising”, “comprises” and other forms of these terms are intended in
the non-limiting inclusive sense, that is, to include particular recited elements or
components without excluding any other element or component. As used in this
specification and the appended claims, all ranges or lists as given are intended to
convey any intermediate value or range or any item or sublist contained therein.
Unless defined otherwise all technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skill in the art to which this

invention belongs.

[00154] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention
that certain changes and modifications may be made thereto without departing from

the spirit or scope of the invention.
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WHAT IS CLAIMED IS:

L. An in vitro method of predicting toxicity of a compound in a specific cell type, the
method comprising:

contacting a test compound, for which toxicity is to be assessed and for which the ability
to activate NF-«B or to induce NF-«B nuclear translocation is not known prior to
performing the method, with a test population of cells of the specific cell type in which
nuclear factor (NF)-xB has not been activated prior to said contacting;

determining nuclear localization levels of NF-kB in the test population subsequent to said

contacting;

comparing the nuclear localization levels of NF-«B in the test population with nuclear
localization levels of NF-kB in a control population of cells of the specific cell type that
has not been contacted with the test compound; and

predicting, based on an increase in nuclear localization levels of NF-xB in the test
population relative to the control population, that the test compound is toxic for the
specific cell type.

2. The method of claim 1, wherein the NF-xB is the p65 subunit of NF-«B.

3. The method of claim 2, wherein the p65 subunit of NF-kB comprises the sequence set
forth in any one of SEQ ID NOs: | to 4.

4. The method of claim 2, wherein the p65 subunit of NF-xB comprises the sequence set
forth in SEQ ID NO: 5 or 6.

5. The method of any one of claims 1 to 3, wherein the cells of the test population and
control population are human cells.

6. The method of any one of claims [, 2 and 4, wherein the cells of the test population and
control population are non-human animal cells.

7. The method of any one of claims 1 to 6, wherein the cells of the test population and
control population comprise stem cells.
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8. The method of claim 7, wherein the stem cells comprise embryonic stem cells,
mesenchymal stem cells, hematopoietic stem cells, induced pluripotent stem cells, tissue-specific
stem cells, or organ-specific stem cells.

0. The method of any one of claims 1 to 6, wherein the cells of the test population and
control population comprise somatic cells or cells derived from stem cells.

10.  The method of claim 9, wherein the cells comprise tumour cells.
[1.  The method of claim 9, wherein the cells comprise primary cells.
12. The method of claim 9, wherein the cells comprise liver cells, kidney cells,

cardiovascular cells, central nervous system cells, skin cells, lung cells, pancreatic cells,
digestive tract cells, eye cells, ear cells, bone marrow cells or blood cells.

13. The method of claim 9, wherein the cells comprise renal proximal tubular cells.

14. The method of claim 13, wherein the renal proximal tubular cells are human primary
renal proximal tubular cells.

15. The method of claim 9, wherein the cells comprise cells from an established cell line.
16. The method of claim 15, wherein the cells are HK-2 cells, or LLC-PK1 cells.

17. The method of claim 9, wherein the cells comprise cells derived from stem cells which
are differentiated from embryonic stem cells, mesenchymal stem cells, induced pluripotent stem
cells or organ/tissue-specific stem cells.

18. The method of claim 17, wherein the cells are at least partially differentiated to resemble
liver cells, kidney cells, cardiovascular cells, central nervous system cells, skin cells, lung cells,
pancreatic cells, digestive tract cells, germ cells or their precursors, eye cells, ear cells, bone
marrow cells or blood cells.

19.  The method of claim 18, wherein the cells are renal proximal tubular-like cells.

20.  The method of any one of claims 1 to 19, wherein said contacting is performed over a
period of time of from 1 hour to 16 hours, from 12 hours to 16 hours, or from 30 to 36 hours, or

for 3 days.
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21. The method of any one of claims 1 to 20, further comprising repeating said contacting
one or more times, at regular intervals over a total time period of up to 4 weeks, prior to said
determining, including wherein said contacting is performed for the same fime period for each

occurrence of said contacting.

22. The method of any one of claims [ to 20, further comprising repeating said contacting
followed by said determining one or more times, at regular intervals over a total time period of
up to 4 weeks, including wherein said contacting is performed for the same time period for each

occurrence of said contacting.
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