IN VITRO ASSAY FOR PREDICTING RENAL PROXIMAL
TUBULAR CELL TOXICITY

CROSS-REFERENCE TO RELATED APPLICATION
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noorporated herein by reference.

FIELD OF THE INVENTION

[002]  The present i.swmt}m relates to in vitro assay methods for predicting the

fogie "4, of o eompound {oy e al provimal fubular ce Quﬂ.hﬁ‘ﬁg o

Vive.

BACKG R&U ND OF THE INVENTION

[6003]  The kidney is one of the major target organs for drug-induced "zo:v‘:écityg
Nephrotoxic drugs and chemicals can induce acute kidney injury (AK1), or cbronic
kiduey disease and subsequently end stage renal disease (ESRD) (1-3). AKY and ESRD
patients have increased morbidity and mortality and depend on dialysis (1, 4, ). Abouwt
5% of all hospitalized patients and ~20%-30% of ICU patients develop AKL and ~20%-
25% of these cases are due to nephrotoxic drugs (2-4). When alternative and new drugs
become available their nephrotoxic potential is often underestimated (6), which leads

again to clinical complications, as in case of COXZ inhibitors (7).

[0004]  Typically, nephrotoxicity is detected only late during drug development and
accounts Tor 2% of drug attrition during pre-clinica) studies and 19% in phase 3 (8). Alsp,
due to the large functional reserve of the kidnev nephrotoxic effects often become

obvious only after vegulatory approval. A recent example is tenafovir, which injures the

val proximal tubules £9, 10). Together, the problems outlined above are associated with
increased risks for patients and subjects enrolled in clinical trials as well as substantial



costs for the health care system and the pharmaceutical industry.

[0005] One major problem is the lack of pre-clinical models with high predictability.
The predictability of animal models is compromised by interspecies variability, and there
are other problems such as high costs and low throughput. Further, legislation changes in
the EU (REACH and the 7" Amendment of the Cosmetics Directive) and new initiatives
in the USA (ToxCast and Tox21) have increased the interest in in vitro models.
Regulatory accepted or validated /i vifro models for the prediction of nephrotoxicity in
humans are currently not available. Major difficulties are related to the identification of

appropriate cell types and endpoints (11-13).

[0006]  In the kiduey the cells of the renal proximal tubule (PT) are a major target for
drug-induced toxicity due to their roles in glomerular filtrate concentration and the
transport of drugsand organic compound< (273, PT-denvad ¢ailhnes, such as the™ 7
human and porcine cell lines HK-2 (human kidney-2y and LLC-PK1 (Lewis lung cancer-
porcine kidney 1), have been frequently applied in ir vitro nephrotoxicology. However,
immortalized cells are less sensitive than human primary renal proximal tubular cells
(HPTC) (14) and insensitive to well-known nephrotoxicants (13), which is due to do
functional changes and changes in drug transporter expression associated with
immortalization (15-17). Further, endpoints that are associated with general ¢ytotoxicity,
such as cell death, metabolic activity or ATP depletion, are not useful for addressing
organ-specific toxicity. A recent study measuring ATP-depletion in liver-, kidney PT-
and heart-derived cell lines treated with hepatotoxic, nephrotoxic and cardiotoxic
compounds found that the majority of compounds had similar effects in all three cell lines
(18).

[0007]  The European and US regulatory agencies in charge of the validation and
acceptance of alternative methods (Buropean Centre for the Validation of Alternative
Methods (ECVAM) and the National Toxicology Program Interagency Center for the
Evaluation of Alternative Toxicological Methods/Interagency Coordinating Committee
on the Validation of Alternative Methods (NICEATM/ICCVAM)) are currently not -

involved in any activities on the validation of methods for in vifro nephrotoxicology. The



ECVAM has funded one pre-validation study (19) which used 15 drugs. Other models for
in vitro nephrotoxicology that have been developed since then during the last 10 years
(20-24) have been tested with limited numbers of drugs and are of unclear predictability.
A recently developed high-throughput mitochondrial nephrotoxicant assay is based on
rabbit cells (25), which raises issues concerning interspecies variabilitj. This applies also
to a model employing PT freshly isolated from murine kidneys (23, 24). Both models

would still require the use of animals.

SUMMARY OF THE INVENTION

[0008] In one aspect, the invention provides an in viro method of screening for renal
proximal tubular toxicity of a compound. The method comprises contacting a test
compound with a test population of renal proximal tubular cells; and examining one or
more.cell. morphology-features,- examining-one-or- more cytaskeleton features-and/or
determining cell numbers of the renal proximal tubular cells in the test population: and
comparing cell morphology, arrangement of cytoskeletal components and/or cell count
of the test population with cell morphology, arrangement of cytoskeletal components
and/or cell count of a control population that has not been contacted with the test
compound; wherein a change in one or more cell morphology features, a change in
arrangement of one or more cytoskeleton features or a decrease in cell numbers of the test
population relative to the control population is indicative that the test compound is toxic

for renal proximal tubular cells.

[0009]  The change in morphology features may comprise one or more of an increase
in rounding of the proximal tubular cells, a decrease in cell area, and an increase in
nucleus:whole cell ratio. The change in arrangement of cytoskeleton features mav

comprise a change in arrangement of one or both of F-actin and tubulin.

[0010]  The method may further comprise, prior to the examining and/or the
detenmining. labeling the test population with a detectable label, and/or labeling the
control population with the detectable label. The detectable label may be a fluorescent
label or a coloured label. The detectable label may be a nuclear label, a whole cell label,

a cytoplasmic label, a label for cytoskeletal proteins or a cell surface label.



[0011]  Inthe method, the renal proximal tubular cells may be derived from somatic
cells or from stem cells, including for example primary cells or are cells from a stable cell
line. For example, the renal proximal tubular cells may derived from somatic cells, and '
may be human primary renal proximal tubular cells, HK-2 cells, or LL.C-PK] cells. For
example, the renal proximal tubular cells may be derived from stem cells, and may be
differentiated from embryonic stem cells, mesenchymal stem cells, or induced
pluriopotent stem cells. In some embodiments, the renal proximal tubular cells are

human renal proximal tubular cells. In some embodiments, the renal proximal mbular

cells are non-human renal proximal tubular cells,

[0012]  Inthe method, the contacting may be performed over a period of time, for
example for about § hours or longer. The contacting may be contacting is repeated one
or more times in a period of from about 3 to about 14 days. The contacting may
comprise aﬂding‘{he test cornpound o the test population of renal proximal tubular ceils

at a concentration of about 0.001 o about 1000 pg/ml.

[0013]  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 figures and tables.

- BRIEF DESCRIPTION OF THE DRAWINGS

[0014]  The figures, which illustrate, by way of example only, embodiments of the

present invention, are as follows.

[0015]  Figure 1. Top panels: Commercial HPTC (American Type Culture
Collection); bottom panels: HPTC isclated from fresh human kidney samples. Cells were
left untreated (left-hand panels) or treated with 0.2 mg/ml of tetracyeline (top right-hand
panel) or gentamicin (bottom right-hand panel). Treatment with these nephrotoxins led
to morphological changes (green: F-actin) and g decrease in cell numbers as indicated by
the decrease in the number of cell nuclei (blue). Such changes are quantifiable by HCS

and subsequent image analysis.

[6016]  Figure 2. HPTC (ATCC) were seeded into multi-well plates, cultured and



then left untreated or treated with CdCl, (10 pg/ml), aristolochic acid (100 pg/ml) or

cisplatin (100 pg/ml). Cells were imaged using phase contrast microscopy.

[0017] Figures 3to 7. HPTC (ATCC) (Figure 3), LLC-PK1 cells (Figures 4 and 6)
and HK-2 cells (Figures 5 and 7) were seeded into multi-well plates, cultured and then
left untreated or treated with up to 500 ng/ml of CuCl,, CdCl;, K,Cr07 or tenofovir
{Figures 3 to 5) or gentamicin, tetracycline, 5-fluorouracil or As;Os (Figures 6 and 7).
Cell nuclei were stained with DAPT and cells were imaged and counted by high content

screening (HCS) methods.

[6018] Figure 8. (Table 1} Comparison of drug effects on cell numbers. HPTC
(ATCC), HK-2 and LLC-PK1 cells were exposed to the 41 test compounds at
concentrations ranging from 1 ug/ml — 1000 wg/ml. [Csy values were calculated based on
cell numbers determined by HCS. A valve of = 1000 pe ml-1 was ngsianad if cell
viability was >30% at the highest concentration of a compound (1000 ug mi~1). Cell
numbers were not determined (ND) in some cases. Compounds 1-22 are nephrotoxic in
humans and damage directly the renal proximal tubule. Compounds 23-33 are
nephrotoxic in humans, but do not damage directly the renal proximal tubule.

Compounds 34-41 are non-nephrotoxic in humans.

[0019] Figure 9. Micrographs of HPTC exposed to the vehicle control (vehicle:

water), bismuth (I1I) oxide or 10% DMSO (positive control}.

[0020]  Figure 10. Micrographs of HPTC that were left untreated (negative) control,
or that were exposed to potassim dichromate, germanium (V) oxide or lead acetate at
concentrations of 1000 ng/ml (upper row) or 500 pg/ml (lower row). Red: F-actin, blue:

cell nuclet.

[0021]  Figure 11. Micrographs of HPTC that were lefl unireated (negative) control,
or that were exposed to paraquat, ifosfamide or puryomyein at concentrations of 1000

pe/mal (upper row) or 500 pg/ml (lower row). Red: F-actin, blue: cell nuclei.

[0022]  Figure [2. Micrographs of HPTC that were left untreated (negative) control,



or that were exposed to potassium dichromate, germanium (IV) oxide or lead acetate at
concentrations of 1000 pg/mi (upper row) or 500 pg/ml (lower row). Green: alpha-

tubulin, blue: cell nuclei.

[0023]  Figure 13. Micrographs of HPTC that were left untreated (negative) control,
or that were exposed to paraquat, ifosfamide or puryomycin at concentrations of 1000

rg/mi (upper row) or 500 pg/ml (lower row). Green: alpha-tubulin, blue: cell nuclei.

DETAILED DESCRIPTION

[0024]  There is provided an in vifro assay using cultured renal proximal tubular cells
(PTC), including human primary renal proximal tubular cells (HPTC) or PTC-like cells

derived {rom stem cells to predict proximal tubular toxicity of a compound in vivo. The
assay is based on various morphological, cytoskeletal and cell number changes observed

in the P1C or PTC-like cells that indicate renal proximal tubular (PT) toxicity.

[0025] [t was observed that when treated with compounds that are nephratoxins that
directly damage PTC, the PTC tend to undergo morphological changes, including cell
rounding and decrease in cell area, and also tend to undergo rearrangements of
cytoskeletal components such as F-actin or microtubuli. Cell numbers often decrease
upon cell death in response to PT-damaging nephrotoxic compounds, as can be measured
by counting the number of cell nuclel in a culture of PTC upon treatment with a PT-

specific nephrotoxin.

[0028]  Thus, there is provided a method of screening for the PT-specific toxicity of a
compound. Briefly, the method comprises contacting a test population of PTC with a test
compound that is to be assessed for PT-specific toxicity. Subsequent to the contacting.
one or more features of the test population is examined, for example cell morphology,
arrangeinent of cytoskeletal compenents or cell number, and the characteristics of the
feature or features of the test population are compared to the characteristics of the same
feature or features of a control population of PTC that has not been contacted with the
test compound, although the control population will typically be contacted with a vehicle

control. If the feature or features of the test population differs from the feature or



features of the control population, the indication is that the test compound is a PT-

specific toxin that damages PTC.

[0027]  The cells used in the method, both for the test population and control
population of cells, may be any type of PTC, or may be any type of PTC-like cells that
have been differentiated from stem cells. The cells may be from any species that has

renal proximal tubular cells, including a mammal, such as a pig or a human.

[0028]  Thus, the cells may be derived from somatic cells. The cells may be from an
established renal proximal tubular cell line, or may be primary renal proximal tubular
cells. For example, the cells may be primary PTC isolated from kidney samples,
including PTC isolated trom a human kidney. The cells may be primary PTC obtained
from a commercial source, including for example the American Type Culture Collection
(ATCC The cells moay be an established renal proximal tubular cell line, tncluding for

example human kidney (HK)-2 cells or porcine LLC-PK1 cells,

[0029] In particular embodiments, the cells are human renal proximal tubular cells,
either primary human renal proximal tubular cells (IHPTCs) or from an established cell

line.

[0030]  Alternatively, the cells may be renal proximal tubular celi-like (PTC-like)
cells differentiated from stem cells, including embryonic stem cells, adult stem cells such
as mesenchymal stem cells, or induced pluripotent stem cells. PTC-like cells are cells
that have been differentiated to express certain renal proximal tubular cell markers such
ag aquaporin (AQP)-1, which possess water transport functionality, CD13
(aminopeptidase N) and kidney-specific cadherin. PTC-like cells form differentiated and
polarized epithelia sealed by tight junctions in virro and generate tubular structures
vitro and in vivo. They display enzymatic functions typical for PTC and respond to
parathyroid hormone. A method to differentiate stem cells into renal proximal tubular
cell-like cells is published, for example in WO 2009/011663 and in Naravanan et al. (26).
Commercially available stem cell lines may be used, including for example hunan

embryonic stem (HUES-7) cells.



[0031]  In some instances, HPTC may be affected by inter-donor variability or may be
difficult to obtain. Further, HPTC in vitro may often display a certain degree of de-
differentiation, which possibly reflects an injury-like state after cell isolation and could
explain the lack of substantial up-regulation of novel AKI biomarkers after exposure to
PT-specific nephrotoxins that may be observed. The use of stem-cell derived renal
proximal tubular-like cells in some embodinients may avoid some or all of the issues

using HPTCs. .

[0032]  As used throughout this disclosure, reference to renal proximal tubular cells or
PTC is intended to include reference to renal proximal tubular cell-like (PTC-like) cells

that have been differentiated trom stem cells, where context allows.

[0033]  As will be appreciated, the same cell type should be used for the test

“population and coniFol population,

[0034]  As used herein, the term “cell” when reterring to a renal proximal tubular cell
or a renal proximal tubular-like cell is intended to refer to a single cell as well as a
plurality or population of cells. Similarly, the term “cells” is also intended to refer to a

single cell, where context allows,

[0035]  Thus, in the method, cells are first cultured, in accordance with standard tissue
culture methods. Methods for culturing are also described in the following Examples.
Tissue culture conditions and techniques for renal proximal tubular cells are known. It
should be noted that high serum concentrations in tissue culture medium may have an
effect of causing the cells to de-differentiate. Thus, it may be advantageous to limit
serum concentration in the tissue culture medium, for example to about 0.5% serum or

less.

[0038]  Since morphological changes may be detected, cells should be grown attached
to a support. The cells may be grown on a tissue culture substrate, such as a plate orin a
well of a multi-well plate. 1t should be noted that favourable results may be obtained
when the cells are cultivated on tissue culture grade polystyrene rather than more

compliant membranes such as transwell inserts.



[0037].  For example, cells may be seed at high density (e.g. 50 000 cells/cm”) in
multi-well plates. The tissue culture polystyrene typically does not need any treating
with a coating, gel ete. The cells may be cultivated for 3 days prior to contacting with the
compound in order to provide the cells fime t¢ form a differentiated epithelium, which
would be in the form of a confluent monwlayer epithelium (as opposed to sub-confluent
or multi-lavered that may be used in other embodiments). Contacting with the test
compound ragy then be performed overight, for example for between about 8 hours and
16 hours, or even longer. An example of suitable culture conditions is provided for

example in Li et al, Tox. Res, 2013 (DOL 10.1039/c31x500421).

[0038]  In some embodiments, the cells are grown in a mounolayer, such as a confluent

or subconfluent wonclayer, which may assist with visnalization of morphological traits,

{9759

particularly if high content screening methods are

used. It should be noted that at celi_
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[60397  Inthe method, the in vitro cultured cells are contactad with a compound that is

to he tested for toxicity to PTC in vive.

{0040 The test compound may be any compound that 1s to be assessed for FT-
! 3 Y :
specific toxicity. The test compound may be any compound that is expecied to come into
contact with a subject, inctuding being absorbed or ingested by a subject. For example,
the test compound may be a pharmaceutical compound, an organic compound, a
pesticide, an enviromuental foxin, a heavy metal-containing compound, an organic

solvent, a food additive, a cosmetic or a nanoparticle,

{00411  The contacting may be done by adding the compound to the tissue culture

mediom in which the cells are culiured.

[0042]  The contacting may be done over a period of time, for example by incubating
the compound that is fo be tesied with the cells in culture. The contacting may be
performed tor about § hours or lenger, for about 16 hours or longer, for 24 howrs or

longer, for 72 hours or longer.

[0043]  The concentration of the fest compound to be used may be varied, and may



depend on the compound that is to be tested. Typically, when toxicity is observed in
vitro in PTC at concentrations from about 1 pg/ml to about 1000 pg/ml, such toxicity
may tend to be predictive of PTC toxicity in vive at clinically relevant concentrations. As
set out in the Examples below, test compounds 1-22 display PT-specific toxicity in

humans at clinically relevant concentrations.

[0044]  Tor 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 pg/ml or higher, about 100 pg/ml or
higher, or about 1000 pg/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 1000 wg/ml,
from about 0.005 pg/ml to about 1000 pg/ml, or from about .07 pg/m! to about 500

pe/ml.

[0045]  As will be appreciated, the control population of renal proximal tubular 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 the test compound for

contacting with the test population (vehicle control).

0046 The contacting may be repeated. For example, the contacting may be
o v &
performed two or more times, three or more times, four or more times or five ot more

times over a given period of time.

[0047]  For example, after the first period of contacting is completed, the tissue
culture medinm may be replaced with fresh medium that contains the 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.

[0048]  The contacting thus may be repeated one or more additional times (beyond the
first instance of contacting), for example over a period of about 3 to about 14 days. The
interval without any contact of test compound (i.e. exposing the cells to fresh medium)

may last, for example, for one day to 14 days between the periods of contacting.

10



[0049]  The contacting may be repeated shortly before or immediately before repeated
prior to the examining for morphological or cytoskeletal features or the determining of

cell numbers.

[0050] In order to assist with examining the test population, as well as the control
population, the cell populations may both be labelled with a detectable label. A
detectable label i1s any label or marker that can be detected using visualization methods,

including for example a fluorescent label or a coloured label.

[0051]  The detectable label may label the whole cell, exterior surface of the cell, the
cytoplasm or structures or molecules within the cytoplasm, the nuclear membrane, the

nucleus or structures or molecules within the nucleus including DNA.

[0052]  Inone example, the label may be a fluorescent dye or a coloured dye that is
detectable by fluorescence microscopy or by phase contrast microscopy. The fluorescent
dye or coloured dye may have an alfinity for a particular region or structure within the
cell. In another example, the label may be an antibody directed against a molecule found
in a particular location within a cell, which antibody may itself be labelied with a
fluorescent dye or coloured dye. The antibody may be directed against the whole cell, a
cell surface marker, a molecule located within the nucleus or a molecule located within
the cytoplasm. For example, the detectable label may be an antibody directed against
alpha- or béta-tubulin, which may be conjugated with a fluorochrome or which may be
detected using a secondary antibody that is fluorescently labelled. The detectable label
may be. for example, 47,6’ -diamidino-2"-phenylindole hydrochloride (DAPI; DNA dye),
a nucleic acid stain such as Hoechst nucleic acid stains (e.g. Hoechst 33258), Whole Cell
Stain'™ (Cellomics. commercial), phalloidin (labels F-actin, and may be directly
conjugated to a fluorochrome like rhodamine), Dil (CAS number 41085-99-§; membrane

stain) or DiO (CAS number 34215-57-1; membrane stain).

[0053] Insome embodiments, two or more labels may be used for the examining

wn

tage. For example, one label directed to the cell surface or perimeter may be used

together with a second label directed to the nucleus.
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[0054]  The labelling may be achieved using standard methods for cell visualization,
for example by adding a dye or labelled antibody to the cell culture that is to be

examined.

[0055]  After the contacting with the test compound, the test population is examined
for one or more morphological features, arrangement of one or more cytoskeletal features

and/or to determine cell number.

[0056]  The test population may be examined for morphological features such as cell

roundness, cell area, and an increase in nucleus:whole cell ratio.

[0057]  As well, the test population may be examined for arrangement of cytoskeleton

features such as arrangement of F-actin or tubulin structures such as microtubuli.

00521 Tihon 2xposure o a PT-specibie nephrotoxic compound, the spreading of the
i i 1 ! { ] b

cell may decrease, leading to an overall decrease in cell area. As well, the ratio of the
area of the nucleus: the area of the entire cell (nucleus:whole cell ratio) may thus
correspondingly increase. Thus, whole cell arca and/or the area of the nucleus may be
calculated by measuring the dimensions of the cell, or if high content screening is used,

the number of pixels in the relevant region of the cell.

[0059]  Aswell, upon exposure to a PT-specific nephrotoxic compound, cells may
undergo rounding. Thus, the method may include determining the roundness of cells
after exposure to the test compound. For example, roundness values may be calculated
based on cell area and diameter, as (4 x arca)/(z x diameter”). Using this formula, a cell
that is not at all round (e.g. elongated with a long and thin shape) will have a
measurement of 0 or approaching 0, whereas a cell that is completely circular in the X,y

plane will have a measurement of 1.

[0060]  Simultancously with the morphological changes that a renal proximal tubular
cell toxin may induce in the cells, the arrangement of certain cytoskeletal structural
elements of the cell may also be altered. For example, changes in the arrangement of
actin fibers as well as microtubuli have now been found to correlate with PT-specific

toxicity in the method. Thus, the arrangement of F-actin or tubulin may be examined.

12



By specifically staining cells for F-actin or tubulin, the pattern of actin fibers or
microtubules and non-polymerized tubulin can be visualised. Such cytoskeletal changes
may be related to changes in cell area and roundness. Changes in multiple features can be
addressed simultaneously by multivariate performance measures, for example by
assessing Haralick texture features. Commercial software programs are available to

perform such measurements and calculations.

[0081]  P1-specific nephrotoxic compounds may also reduce the number of intact
cells in the test population. Thus, the number of cells can be counted. For exaniple, cell
numbers can be determined by counting of intact nuclei in the cell population, or based

on counting whole cell bodies.

[0062]  As can be seen from the above description, the use of computer-assisted
detection technigues may assist in examining the morphologieal featnres. arvancement of
cytoskeletal components and cell number. Thus, techniques such as high content
screening may be used to visualize and examine the morphological teatures, arrangement
of cytoskeletal components and cell numbers of the test population. High content
screening techniques are known and used in the art. Such techniques may involve
automated image analysis to assess phenotypes. including of whole cells, cellular
structures and nuclei, and typically involve high resolution microscopes and awtomaied
data collection and analysis. The assay may be performed using robotic or automated
devices in order to increase speed. Multiple parameters may be assessed for a given cell

population simultaneously, further increasing the speed and throughput of the assay.

[0083]  Once assessed, the examined morphological features and/or cytoskeletal
features and/or cell numbers obtained for the test population is compared with the values
obtained for the control population of PTC under the same conditions minus the contact
with the test compound. A change in one or more of these features in the test population
relative to the control population is indicative that the test compound is a nephrotoxin that
is directly toxic for renal proximal tubular cells. Thus, one or more of a decrease in cell
number, a decrease in cell area, an increase in cell rounding. a change in F-actin and/or

tubulin arrangemient and an inerease in nucleus:whole cell ratio can be seen to indicate

13



that the test compound is a nephrotoxin that directly damages renal proximal tubular

cells.

[0064] It may be desirable to set a threshold level for each of the morphological
parameters and/or cell number. This may be done by using positive and negative control
populations, as well as a set of compounds that are known to be non-toxic, a set of
compounds that are known to be nephrotoxic but not specifically toxic to renal proximal
tubular cells, and a set of compounds that are known to be specifically toxic to renal
proximal tubular cells. Major performance metrics can be calculated such as the positive
and negative predictive values. Selectivity and sensitivity can be determined based on
the numbers of true positives, false positives, true negatives and false negatives, which
were determined by the measuring morphological and cytoskeletal features and cell
numbers for controls and each set of compounds. The predictability of the method can be
further determined by ploting receiver operating characteristic curves (ROC) and
calculating the area under the curve values. Such ROC analysis methods are known and

used in the art.

[0065]  Additionally or alternatively to using threshold levels to determine toxicity,
statistical analysis can be performed comparing the results from the test population with
those of the control population. Differences between the results for both populations that
are determined to be statistically significant would be seen to indicate a positive result,

i.e. that the test compound is a nephrotoxin that specifically damages PTC.

[0066] Forany 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 ECsq or {Csg value may

be obtained for test compounds that are found to be toxic to renal proximal tubule cells.

[00667]  Thus, the methods described herein may be useful to predict compounds that
will be toxic for PTC in humans at clinically relevant concentrations of the compound.

As indicated above, compounds 1-22 described in the following Examples (see Figure 8)
indicated positive PCT-specific toxicity at concentrations that are known to be clinically

relevant based on previous known studies. Such predictive strength may be seen for
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compounds tested in the concentration range of from about 1 pg/mi to 1000 ng/ml in

VIR,

[O088Y  The wethods as described herein are f‘ ther exemplified by way of the

following non-lmiting examples.

EXAMPLES

[o088; EXAMPLEL

{00707 1t was observed that human primary renal proximal tubular cells (HPTC

show substantial changes in cell morphology when treated with nephrotoxing (see Figure

i
1. Also, reduced cell numbers are observed due o cell death. This assay uses cell nucle
coont and chang

m cell morphology, such as cell area and roundness 1o as:

b

53 {oxicity

on HPTE,

(00711 Fist, cells were seeded into mnlii-v

s and cultured for 3 days, They
were then exposed {o a test compound for 16 hovrs, Cells used were commercial HPTC
{American T}’p{i Culture Collection; “ATCC) and HPTC isolated by the inventors from

fresh hursan kidney samples.

[0072]  Cells were left unireated or treated with 0.2 mg/wal of weiracyeline (ATCC

cells) or gentamicin (inventor’s isolates).

(00731 Next, cells were fixed and stalned, using both nuclear Smmmg and F-actin
detection. Treatment with these nephrotoxing led to morpholog changes as indicated
by F-actin arrangement, decrease in cell area, increase in cell roundness and a decrease in

cell numbers as indivated by the decrease in the number of L“AH nuclel (Figure 1),

{00741  Such changes are quantifiable by HCS and subsequent image analysis, The

plates are screened with HCS and subsequent image analysis was performed.
[O7¥E8]  EXAMPLEZ

[0076]  This example was performed using commercial HPTC (ATCO).
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[0077]  Cells were seeded into multi-well plate and cultured for 3 days. Cells were
then left untreated or treated with gentamicin (2.5 mg/ml}, CdClL (10 ng/ml), aristolochic

acid (100 pg/ml), cisplatin (100 ug/ml) or DMSO (50 pg/mi).

[0078]  Afier 24 hrs, cells were imaged by phase contrast microscopy (Figure 2;

gentamicin image and DMSO image not shown).
f0079] EXAMPLE3

[60801  Various renal proximal tubular cell types were used: HPTC (ATCC), LLC-
PK1 cells and HK-2 cells.

[6081]  Cells were cultured and treated as deseribed in Example 2, using from 0 to

500 pg/mi of Cat’“ Ly, CdCly, EaCryOg or tenofovir (Figures 3 to 3) or gentamicin,

TAGOY (Figures 6 and 7). Cells wers strvmd,, m

ge

counted. The different types of PTC responded differently to the compounds and HPTC

=

were most sensitive (Figs. 3-5),
[0082] EXAMPLE4

[0083]  The effect of varying concentrations of test compounds on the viability of
HPTC, HK-Z cells and LLC-PK1 cells was assessed and 1Csq values were determined for
each compound. ICsg values were calculated based on cell numbers determined using
high content screening. A value of > 1000 pg/m! was assigned if cell viability was more
than 30% at the highest concentration tested for the relevant compoeund (1000 pa/mi). n

some cases, cell numbers were not determined (ND).

{0084]  The results are shown in Table 1 (Figure 8. Compounds 1-41 are,

respectively: 1 Gentamicin, 2 Tobramyein, 3 Rifampicin, 4 Tetracycline, 5 Puromycein, 6

Cephalosporin C. 7 5-Fluorouracil, § Cisplatin, 9 ifosfamide, 10 Paraquar, 11 Arsenic(IIl)

oxide, 12 Bismuth(ll) oxide, 13 Cadminm(il) chloride, 14 Copper(li) chioride, 13

Germanium{1V) oxide, 16 Gold(l) chloride, 17 Lead acetate, 18 Potassium dichromate,
19 Tacrolimus, 20 Cyclasporin A, 21 Citrinin, 22 Tenofovir, 23 Vancomyein, 24

Phenacetin, 25 Acetaminophen, 26 Thuprofen, 27 Furosemide. 28 Lithium chloride, 29
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Lindane, 30 Ethylene glycol, 31 Valacyclovir, 32 Lincomycin, 33 Ciprofloxacin, 34
Ribavirin, 35 Glycine, 36 Dexamethasone, 37 Melatonin, 38 Levodopa (DOPA), 39
Triiodothyronine, 40 Acarbose and 41 Atorvastatin. Compounds 1-22 are nephrotoxic in
humans and damage directly the renal proximal tubule. Compounds 23-33 are
nephrotoxic in hwmans, but do not damage directly the renal proximal tubule.

Compounds 34-41 are non-nephrotoxic in humars. .
[0085] EXAMPLES

[0086] HPTC were assessed for cell rounding and a decrease in cell area upon
exposure to bismuth (1) oxide or 10% DMSO (positive control). Water was used as a

negative vehicle control.

[0087]  Cells were exposed to water (vehicle control), 125 pg/ml bismuth (III) oxide,
500 pg/ml bismuth (1) oxide or 10% DMSO for 12 hours. Cells were stained with
DAPI (blue) and Whole Cell Stain (green; Cellomics) (Figure 9) and then measured for

roundness and cell area.
[0088] EXAMPLEG

[00891 HPTC were cultured and treated as deseribed in Examples 2 and 3, and lefi
untreated or treated with the compounds as indicated in Figures 10-13. Cells were stained
for F-actin (red; Figures 10 and 11) and tubulin (green; Figures 12 and 13). Cell nuclei

were stained with DAPI (blue).

[0080]  All publications and patent applications cited in this specification are herein
incorporated by reference as it each individual publication or patent application were
gpecitically 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.

[0091]  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
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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
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.

[0092]  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 moditications may be made thereto without departing {rom the spirit or

scope of the appended claims.
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WHAT IS CLAIMED IS:

1.

An in vitro method for predicting renal proximal tubular cell-specific toxicity of a

compound i humans in vive, the method comprising:

2

contacting a test compound for which renal proximal tubular cell-specitic toxicity
in hwmans i1 vive is to be predicted, with an 7n vitro test population of renal
proximal tubular cells grown attached to a support; and

measuring the following features of the renal proximal tubular cells in the test
population: cell area and cell roundness, wherein the cell area and cell roundness
are measured hased on the horizontal dimensions of individual cells in the test
population;

comparing the measured features of the test population with the corresponding
features of a control population that has not been contacted with the test
compound; and

predicting the test compound 1s specifically toxic for renal proximal tubular cells

i humans i vive, based on a decrease 1 cell arca and ncrease in cell roundness
ol the test population relative to the control population.

The method of claim |, wherein the measuring comprises use of automated image

analysis techniques.

The method of claim 1 or 2, further comprising:
examining acrangement of tubulin; and
comparing the arrangement of tubulin of the test population with arrangement of

tubulin of a control population that has not been contacted with the test
compound;

wherein the predicting the test compound as specifically toxic for venal proximal
tubular cells in humans in viveo is further based on a change in the arrangement of
tubulin of the test population relative to the control population.

The method of any one of claims 1 to 3, further comprising:

determining cell numbers of the renal proximal tubular cells in the test population:
and

comparing cell count of the test population with cell count of a control population
that has not been contacted with the test compound;



wherein the predicting the test compound as specifically toxic for renal proximal
tubular cells in humans in vivo is further based on a decrease in cell numbers of
the test population relative to the control population.

3. The method of any one of claims | to 4, further comprising:
examining arrangement of F-actin; and
comparing the arrangement of F-actin of the test population with arrangement of
F-actin of a control population that has not been contacted with the test
compound;
wherein the predicting the test compound as specifically toxic for renal proximal
tubular cells in humans i vive is further based on a change in the arrangement of
F-actin of the test population relative to the control population.

6. The method of any one of claims 1 to 3, further comprising:
measuring area ol nucleus: arca of whote celf ratio; and
comparing the area of nueleus: aren of whole cell ratio of the test population with
area of nucleus: area of whole cell ratio of @ conirol population that has not been
contacted with the test compound;
wherein the predicting test compound as specifically toxie for renal proximal
twbular cells in humans 77 vivo 1s further based on an increase in area of nucleus:
arca of whole cell ratio of the proximal tubular cells of the test population relative
ta the control population.

7. The method of any one of claims 1 to 6, further comprising prior to said

measuring, examining and/or said determining, labeling the test population with a
detectable label.

S. The method of claim 7, further comprising labeling the control population with
the detectable label.

9. f

The method of claim 7 or claim 8, wherein the detectable label is a fluorescent
label, or a coloured label.

10. The method of claim 7 or claim 8, wherein the detectable label is a nuclear label,
a whole cell label, a cytoplasmic label, a label for cytoskeletal proteins ar a cell surface

label.

1. The method of any one of claims 1 to 10, wherein the renal proximal tubular cells
are derived from somatic cells or from stem cells.



12. The method of claim 11, wherein the renal proximal tubular cells are derfved from
somatic cells and are primary cells or are cells from a stable cell line.

13, The method of claim 12, wherein the renal proximal tubular cells are human
primary renal proximal tbular cells, HK-2 cells, or LLC-PK1 cells.

[4.  The method of claim 11, wherein the renal proximal tubular cells are derived from
stem cells and are diffeyentiated from embryonic stem cells, mesenchymal stem cells, or
induced pluriopotent stem cells.

15, The method of any one of claims 1 to 14, wherein the renal proximal tubular cells
are human renal proximal tubular cells.

16, The method of any one of claims 1 to 14, whercin the renal proximal tubular celle
are non-hwman renal proximal tubular cells.

17. The method of any one of claims 1 to 16, wherein said contacting is performed
over a period of time of about § hours or longer.

I8, The method of any one of claims | to 17, wherein said conracting is repeated one
o more tmes in a period of frow about 3 w0 about T4 days,

19. The method of any one of claims | to 18, wherein said contacting comprises
adding the test compound (o the test population of renal proximal whular cells at a
concentration of about 0.001 to about 1000 pe/ml.
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