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TOXICITY TYPING USING MESENCHYMAL STEM CELLS

CROSS_REFERENCE TQO RELATED APPLICATIONS
This application claims the priority benefit of the provisional
patent application U.S. Serial No. 60/211,608, filed Juoe 14, 2000, which is

hereby incorporated by refercnce in its entivaty.

TECLINICAL FIELD
This invention provides methods for identifying and characterizing

taxic compounds ag well as for sereening new compounds for toxic cifects.

BACKGROUND ART

A eritical slement of modern drug discovery is the use of high
thwonghput screening assays of combinatorial chemical libraries to rapidly identify
drug candidates for treatment of diseases. Cumently, few of the millions of
compounds generated by chemists are suitable for therapewiic use becauss of their
toxicity to the host system, Simifur toxicity preblems hinder the development of
indnstrial and household chemicals as well. Tt is clear that currently available
toxicological screening assays do nof detect all toxicities associated with human
therapy. DBetier means of screcning potential therapeutics for potential toxicity
would reduce the cost and nneertainty of developing new therapeutics and, by
reducing uneeriainty, would encourage the private sector to commit additional
resources to drug development.

Cugrenttly availabie alternatives to traditional “single-reporter” cell
lines and animal toxicity testing do not fully meet these neods. For exampie, Farr,
L3 Pabent 5,811,231, provides methods of identifying and characierizing toxic
compounds by choosing selected slress pramoters and determining the level of the
transcr.iption of genee linked o these promoters in cells of various cell Lines. This
methed therefore depends on the degree to which both the promoter and the cell

H
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lines are representative of the etfect of the potentially toxic agent on the crgardsn
of interest.

The use of hybridization amrays of aligonucleotides provides
anather roufe for determining the potentiaf toxicity of chemical compositions.
Exposiag cells of a cultuye to a chemical composition and then comparing the
expression pattern of the exposed cells to that of cells exposed to other chemical
Agents permits one te detect patierss of expression similar to that of the test
compound, and thus to predict that the toxicities of the chemical compositiens
will be similar. See, e.g., Servace, R., Science 282:396-399 (1998). These
methods suffer from the fact that individual cell lines may not be fully
represeatative of the complex biclogy of an infact organisin. Moreover, even
repeating the tests in multiple vell lines does not reproduce or account for the
complex interactions amoog cells and tissues that ocenr in 2o orgamism.,

Liver cell-bascd toxicity assays are also known. For example,
Mater describes development of an in vitro toxieity test with culiures of freshly
isolated rat hepaiocyles. Maier, P.. Experientia 44{10):807-817 (1988). This test
is based on drug-induced pathological alterations in ploidy in hepatocytes as
indicaters of cornpounds which interfere with cell differentiation in liver. Sawai
and Awsta describe a metﬁod for culturing liver cells that cun be used for testing
the toxicity of test substances. Sawai and Awata, Japanese Patent 10179130,
Taltashing and Nacki describe established subculturable hepatic cells abtained by
fusing a subcwlturable bepatic cell strain to & hepatooyte that can be used for
torxicity tests. “Uakashiva and Nacki, Japanese Patent 06319533, Again, toxicity
assays using cell lines such as these may not fully take into secaunt the complex
biology of ap intact organism or fissue, and cannot address the contributions of
cell and tissne interactions in detenmiting foxicity effects.

Laockhart et al. describe a method of screening a drag for
deleterious side effects en a vell using expression profiles of 2 group of koown
genes. Loclchart et al., ULS Paient 6,033,860, This method assesyes alterations in
cxpression of 16 known genes, and therefore iz limited to only deug aud toxicity

JP 2004-503255 A 2004.2.5
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types that alter the expression of a very small number of genes whose identity is
Jmown and expression fevel can be specifically measured.

A method for identifying or testing cytotoxicity of an agent bused
on expression of cytochrome P450 is also koown. Harris ef al., U.S. Patent
5,660,986. This method is based on testing cytotoxicity of agenis on human
bronchial and liver epithelial cell fines expressing exogenous cytochrome P450,
Thig method s limited by its parrow focus on the expression of a particular gene
and its nature as an assay that is based on cell lines that do not take account of
complex ¢ell and tissue interactions.

‘What is needed in the art is & method of systematically testing
chemical compositions for petential toxicity in 2 milieu in which cefls interact
with cells of other types. What is further needed is a means of doing so which is
relevant ta the effect of the composition on whele organisms, without the cost,
time, and ethical rumification of animai and human testing, The present invention

addresses thesc and other needs.

DISCLOSURE OF THE [NVENTION

This invention provides novel methods for assessing the toxicity of
chemical eompositions. Tn ooe group of embodimerts, the invention is dixected to
methods of ereafing a melecular profile of a chemical composition, comprising
the steps of &) contacting an isolated population of mammalian mesenchymal stem
cells (MSCs) with the chemical composition; and b) recording alterations in genc
expression or protein expression i the matwnalian MSCs in response fo the
chemical composition to create a motecular profile of the ehemisal composition.

‘The invemion fimther embodies methods of compiling a library of
molecular profiles of chemicul compositions having predetermined toxicities,
comprising the steps of a) contacting un isolated population of mammalian MSCs
with a chemical composition having predetermined toxicities; &) recording
alterations in genc expression o proteln expression in the mammalian MSCs in
Tesponse to the chemical compasition to create a moleenlar profile of the chemical
composition; and ¢ compiling a library of molecular profiles by repeating steps a)

3
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and b) with at least twa chemical compositions having predetermined toxicities.
Libraries of melecular profites compiled by methods of the invention can he
stored n suitable storage devices, such as computer hard drives, compact disks,
casscttes, floppy disks and the Jike. Generally and preferably, suitable storape
devices store such data in machine (such as computer) rezdable form.

Ancther cmbodinent of the present invention provides methods for
typing toxicity of a test chernical composition by comparing its melecular protile
in MSCs with thet of an identified chemical compasition with predetermined
toxicity. Inone aspect, the test chemical composition can be the same as the.
chemical compesition having predeterniined toxicities. For example, the lest
chenmical is identified through this testing as exhibiting the identical molccular
profile as the known cheimical compesition.

The isivention further encompasses systemic methods for typing
the toxicity of a test chenical composition by making the profile comparison with
a library comprising profiles of multiple chemical compositions with
predeteymined fexicities. Preferably, the chemical compositions comprised in a
library exert similar toxicities in terms of types and targci tissues or vrgans. The
Jibrary can be in the form of a datubuse. A database may comprise more than one
library for chemieal compositions of different toxieity categories.

In one aspect of the present invention, the toxicity of a test
chemiczl composition can be ranked according to a comparison of its molecular
profile m MSCs to these of chemical compositions with predetermined toxicities.

MSCs in the present invention can be of human. or non-human
mammals, including those of murine species, as well ag canine, feline, porcine,
bovine, caprine, equ!‘mé, and sheep species.

The alterations in levels of gene or protein expression can be
deteeted by use of a label selocted ftom any of the following: fluorescent,
colorimetrie, radioactive, epwyme, enzyme substrate, nucleoside analog, magnetic,
dless, or latex bead, colloidal gold, and electronic wansponder, The alterations

can also be detected by mass speetrometiy.  The chemical composition can be

4
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knowm (for example, 2 potenbal new drug) or uaknowi {for example, a sample of
an unknown chemical found duniped near a roadside and of unknown toxicity).

Purther, the chemical compositions can be therapeatic agents (or
potential therapeutic apents), or agents of known toxicities, such as nevrotoxins,
hepatic toxins, loxdns of hematopoietic cells, myoiexins, carcineogens, teralogens,
<t toXing to one or note reproductive organs. The chemical compositions can
tirther be agricultural chemicals, sueh as pesticides, fungicides, nematicides, and
tertilizers, cosmetics, including so-called “eosmeceuticals,” industrial wastes or
by-produets, or environmental contaminants. They can also be animal
therapentics or potential animal therapewios,

The invention also prevides MSCs provided in array format (for
example, liquid arrays) that can be conventently used for conducting methods of
the mvemion. Cells provided in array format can be exposed to chemical
compositions of interest, and the molecular profiles of the cells determined. The
melecular profiles can be determined by, for cxample, prebing the MSCs on the
substrate (of the array) itself, or by detaching cells from the subsuare (of the
array} and prepering them for determination of molecular profiles as described
herzin.

The ipvention further includes integrated systerns for comparing
the molecular pro@ile of a chemical composition to a library of molecular profiles
of chemijeal compositions, conprising an armay reader adapted to read the pattern
of labels on an artay, eperably linked to a computer comprising a.data file having
« plurality of gene expression or protein expression profiles of mammatian MSCs
contacted with known or unknown chemical compositions.

The invention also inclodes infegrated systems for eorrelsiing the
molecular profile and toxicity of a chemical composition comprising an array
reader adapted to read the partem of labels on an array, operably linked to a digital
computer comprising a database file having a plurality of molecular profiles of
mammalian MSCs contacted with chemical compositions with predetermined
1oxicities and a program suitable for molecular profile-toxicily correlation. The

integrated systems of the invention can be capable of reading more than 500
k]
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labels in an hour, and further gan be operably linked 1o an optical detector for

reading the pattern of labels on an array.

BRIEF DESCRIPTICN OF THE DRAWINGS

Figure 1 lustratively depicts differences in expression of nuclear
proteins betwecn M3Cs cxposed to one of two chemical compositions, and
cantrol MSCs.

Figure 1A illustrates 2 half tone reproduction of a readout from a
inass spectrometer. The top band is the mass spectrum for control MSCs, which
arc grown in the absence of cither of the test chemical compositions. The middle
band s the mass spectrumn for the M3Cs grown in the presence of a test chemical
composition {fest composition I}, and the bottom band of Figure 1A shows the
19435 spectrum of nucjear proteins expressed by MSCs exposed {o a second iest
chemical compuosition (test composition IT).

Tigure 1B and 1C are bar graphs that illustrate computationaf
subivactions ol identicul proteins between the respective test MSCs and the
controf MSCs te indicate only those proteins which are significantly different in
expression between the test and the control MSCs. Bach bar represents a single
protein and the height of the bar represents 1he amount of protein expressed by the
MBEBCs exposed to the test composition compared to the amount expressed by
MECs not exposed to the chemical composition. Figare 1B: protein expression of
test MSCs contacted with test composition I, compared to prefein expression of
contels. Figure 1C: profein expression of test MSCs contacted withe test
composition I1, compared to protem expression of controls.

Figure 2 is a bar graph illustrating expression of small nuclear
proteins detected by mass spectiometry. X-asis: mass of protein detected. V-
axis: amount of protein detected, in relative units. Figure 24: Protein expression

of control MSCs net exposed to the chemical composition. Figure 2B: Protein

expression of MSCs exposed to test compesition . Figure 2C: Protein expression -

of MBCa expozed to test composition IT. Beld lines indicate proteins expressed in
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different amounts betwean MSCs exposed to sach of the two test chemical
coImpositions.

Figure 3 js a bar graph illustrating expression of smatl cytoplasmic
proteins detected by mass spectroretry. X-axis: mass of protein detected. Y-
axis: amount of proicin detected. in rejative units. Figure 3A: Profein expression
of cantrol MSCs not exposed fo the chemical comyposition. Figure 3B: Protein
expression of MSCs exposed to test composition [. Figure 3C: Protein expression
of MSCs exposed to fest composition II. Dold lines indicate proteins expressed in
different amounts between MSCs exposed to each of the two test chemical
compositions.

Figure 4 is & bar graph illustrating cxpression of large nuclear
proteis detected by mass speottometry, ¥-axis: mass of protein detected. Y-
axis. amount of protein detected, in relative units. Figure 4A: Protein expression
of controf MSCs not exposed to the chemical compozition. Figure 4B; Protein
expression of MSCs exposed to test composition [ Figure 4C: Protein expression
of MSCs expesed to test composition 1. Bold lines indicate pruteins expressed in
different amounts between MSCs exposed to each of the twao test chemical

compositions.

MODE(S) FOR CARRYING OUT THE INVENTION

A DEFINITIONS

“Toxieity,” as vsed hetein, meaos any adverse effect of a chermical
o a lving organism or portion thercof. The toxicity can be W individuai ceils, to
a tissue, to an organ, or to an organ system. A measurement of ioxicity is
thezefore integral to determining the potential effects of the chemical on lnanan or
animal health, including the significance of chemical exposures in the
environment. Bvery chomical, and every divg, bas an adverse effect at some
concenwation; accordingly, the question is in part whether a drug or chemical
poses a sufficiently low rigk to be marketod for a stated purpose, or, with respect

to an envizonmental contaminant, whether the risk posed by its presence in the
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environment requites special precautions to prevent its release, or quarantining or
remedistion once it 1s released. See. g, Klaassen, of af,, edy., Casareti and
Dend!'y Toxicology: The Basic Seience af Poisons, MoGraw-Hill (New York.
N, 5™ Bd. 1996). Asused berein, a chemical composition with “predetermined
ioxicities” means that the type of toxicities and/or certain pharmacodynamic
properties of the chemical composition have been determined. For example, a
chemical composition raay be known to induce liver toxicity. Furthermore, the
severity of liver toxicity caused by the chemical may be quantitatively measured
by the amount or concentration of the chemical in contact with the liver tissues.

*Alteration in gene or protein expression” according i the present
invention means a change in the expression level of one or more genes or proiging
compared to the gene or protein expression level of MSC which has been exposed
only to nnrmal tiszue cnlture medium and normal culturing conditions.
Depending on the context, the phrase can mean 2a alteration in the expression of a
single protein or gene, as when MSCs exposed 10 2 cherical apent expresses a
protein not expressed by control MSCs, or it can mean the overall pattern of gene
or protein expression of M3Cs. The phrase can include gene or protein
expression in MSCs at one or more time points and/or stages along the pathway of
their differentiation, growth, and/or development into mesenchymal cells. The
phrase does oot include gene or protein expression in fully differentiatad
mesenchymal cells.

“MSC type” or “type 0f MSC™ as used herein refer to MSCs
isolated from a particular source {as defined by, for example, species, iissue, age
of source) and/or according i a particular MSC isolation method.

“Chemical composition,” “chermical,” “camposition,” and “azent,”
as used hercin, are generally synonymous and refer to u compound of interest.

“The chemical can be, for example, one beiog considered as a poiential therapentic,

an agriculural chemical, an envirenmental contaminant, or an unknown substance .

found at a crime scene, at a waste disposal site, or dumped at the side of'a road.
As used herein, “molecular profile” or “profile™ of a chemical

compaosition refers 1o & patiern of alterations in gene or protein expression, or
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both, in MSCs contacted by the chemical composition compared to similar MSCs
it contact only wath colture mediam.

As used herein, “efficacy profile” of a chemical composition vefers
o the existence andfor extent of an expected, characteristic and/or desired
effect(s) of the chemical compusiiion in a cell, tissue, organ, andfor organism.
For example, the efficacy profile of a drug known or sxpected to induce bone
development might include an effect such as up-regnlation of a gene(s} and/or
proteinds) associated with bone development.

As used herein, “database’ refers to an ordercd system for
recording information cosmelating information about the toxicity, the biological
effzcts, or both, of a chemjcal agent to the alterations in the pattern of gene or
protein expression, or both, in M8Cs contacted by a chemical composition
compared to like MSCs in contact only witl: culture medium.

A “library,” as used herein, refers to a cempilation of molecular
profiles of at lcast twe ehemical compositions, permitting a comparison of the
alterations in gene or protein expression, or both, in MSCs contacted by a
chemical conposition to the profiles of such exprassion(sy caused by other
chemical compositions.

“Array” means an ordered placement or errangemem.  Most
commoaly, it is used berein to refer to an ordered placement of oliponuclectides
(ineluding cDNAs and genomic DNA) or of ligands placed on a chip or other
surface used to eapture complementary oligonueleotides (ineluding eDNAg and
penomic DNA) or substrates for the ligand. For example, since the
oligenucleotide or ligand at each position in the apangement is knewn, the
sequence (of a nucleic acid) or a physical property (of a protein) can be
determined by the position at which the nucleic acid or substrate binds to the
aray.

“QOperably Linked” means that two or mare elements are counected

in a way that permits an event accurring in one element {such as ureading by an

opiical reader) to be transmitted to and acted upon by a second clement (such as a

calculation by a campurter concerning daia from an optical reader).
9
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B. GENERAL DESCRIPTION

The invention provides methods of assessing toxieity of chemical
compositions on a genome-wide basis, in an in vitro system that closely models
ibe complex biolegical and cellulur interactions i vive. [n one aspect, the
iovention is especially useful in drug development, both because of its ability fo
validate targets and because of its ability to rapidly identify and to quantify &ll the
expressed genes associated with responses to a potential therapoutic zgent,

The invention achicves thesc poals by exploiting the properties af
pluripotent mesenchymoal stem celis (MSCs), MSCs are the formative
pluripotential blast cells that are capable of differentiating inte various specific
types of mesenchymal or connective tissucs/cells, including adipose, osseous,
cartilaginous, elastic, muscular, and fibrous connective tissues. MSCs have been
found and jsolated from various tissues of mesodermal origin such as bone
marrow, blood {includiog pezipheral blood), perivsteum, dermis and muscle.
Becanse of its pluripotency in differentiating inte multiple tissue types, an isclated
population of MSCs provides a much cloger mods! to the complexity of in vive
systems than do traditional single cell or yeast assays, while still aveiding the cost
and difficulties associated with the use of mice or larger mammals.

Tor the purpose of the present invention, M3Cs possess many
advantages over other types of stem cells such as embryonie stem cells (ES).
MECs are relatively casy to isolzte and purify from many sowrces. They are alse
relatively easy to expand in culture and io be subject io modified condiions such
as drug freatments, Obtaining ES celis, on the other hand, can be very
complicaled und tend to be labor intensive. In the case of ES celis, use of human,
or animal embryos may also be subject to ethical and regulatory scrutiny.
Furthermore, since MSCs can ba isolated from easily accessible tissues such as
sldn or skeletal muscle of adults, the present invention provides means to enable
the development of toxicity profiles for individus! patients or patient populations
that have uniguc drug sensitivities, an area that would be almost impossible to

achieve if using ES cells for toxicity assay.
10
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The MSCs used in the invention comprise a cell population, the
majority of which being pluripotent cells capable of developing into different
cellular ncages when cultured under appropriate conditions. [t is preferred that
the MSC papulation comprises at least 51% phuipotent cells. More preferably,
the MSC popalation comprises at least 75% pluripotent cclls. And stifl more
preferably, he MSC population comprises at least $5% pluripotent cells.

In its simplest fonm, the method of creating a molecular profile
according to the present mvention invelves contacting MSCs with a chemical
composition of interest, and then detenmiming the alterations In gene expression,
protein expression, or both, in MBCs exposed to the chernical comiposition (the
“regt MSCs™) compared to MSCs which are nof exposed {o the agent (the “conirol
MSCs™.

Furthermore, a libwary ean be generated by conpiling meleeular
profiles tor two or more different chemical compozitions, such as those having
similar toxicities. The molecular profiles of these compositions can be compared
with cach other, cither qualifatively or quantitatively, in order to discern common
alterations In their gene or pretein expression paticrns. For example, while the
overall gene ur pratein expression pattern for each chemical composition may be
unique, the changes in expression level of certain specific genes or proteins may
be similar among compositions having similar toxicitiss--some genes/proteins
may be similarly up-regulated and therefore expressed in higher amowunt compared
to contrels; while other genes/proteins may be similacly down-regulated and
therefore exprcssed in smaller amount compared to controls. These common
molecular features of the chemical compasitions can then be correlated to their
toxicities und serve as surrogate markers for assessing the toxicitics of a new or
previousty unlesied chemical composition, such as a drug lead in drug screening.
8RS0V,

Thousands of compoeunds have undergone preclinical and clinical
studies. Preclinical studies include, among ofher things, toxicity studies in at leagt
two mammalian speeics, sne of which is usually a ourine species, typically mice

or rats, and clinical trials always include information on any apparent ioxicity. A
11
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considerable amount of informatien is available about the taxicity of various of

these compounds. Based on the toxicity information available, these compounds

can be classified into particular categories of toxicitics. For example, a number of

chertical compoasitions are listed in Tabic 1 according to tissues or organs in

which they exert toxicities.
TABLE1
TOXICITIES
Drucs T LiveR €V CNS  Brown Tspicamion TRADY NAMES
\d

thalidomide +
methotrezate + antinvoplastios
retinaic acid + aeme
alprate acid + + stizures Depakene
acetominophen + anaigesic
isuniazid + antisiotic
diclolonae (NSADE} + anti-inflammatory Valtarern
bromotemac (NSAIDE) = anti-inflammalory Durict
hoglitazone + digbeley Rezulin™
rosiglitaronz e disbeics Avandia™
trovaflozacin + antibietic Teovan™
ciprofloxacin nte antibiatic Cipraf#
wrylhromyoin gsinlih -+ antibietic
pravasislin + Jipid lowering Pravachal™
atorvestin + lipid Jowering Lipitor™
clofibrate ole lipid lowering Alromid
clozapine + antipsychetic Clozarll
chioreamphenicol + antiblotic Chloramyeetin
doxerubicin v antineoplustics
daunorubicin + antineoplastcs
erelosopbosphundde + antineoplastics

Conrounps
curbon telrachloride +
=dmivm +
phuliodidin +
cthamo] +
di-raethyl formide +
dichlorethylene +
lead +
benzo(aipyrene 4
allylamine : -+
methylmercory +
teimetiyltin +
carbon disalfide +
serylamide +
hexachlonaphene +
DMSC not well sludied

“méc’” = non-toxic, {imjted woxicity, control

“Dev” = developmantal "CWT = cardiovaseular MONS” = central aervaus system

12

JP 2004-503255 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(49)

WO 01796865 POCTIUSOLAG04R

20

5

30

In ope embadiment of the fnvention, composilions known for
having fiver toxicities are used for 4 systematic anatysis of their molecular profiles
in MS8Cs. In another embodiment, compositions causing toxicities to the
cardiovascular system are evaluated for their molecular profiles in MSCs, Inyet
another ecmbodiment of the invention, compositions cansing foxicities to the
neurenal system are evaluated for their molecular profiles in MSCs,
Alternatively, known or potential drugs for treating a disease of choice can be
used together in a systematic analysis of their toxicities. Tn this regard, for
exaniple, anti-cancer drugs and drug candidates can be screened for their tissue
and organ toxicities.

According o one aspect of the invention, molecular profiles of
chemical corpositions can be correlated {o toxicitics these agents demenstrated in
nop-human animals, in nunans, or in both., By then compating the expression
pattem of MSCz exposed to a new or previously untested agent to a library of
such profiles of expression induced by apents of known toxicity, predictions can
be made as to the likely type of toxicily of the new agent, Furthermare, the
toxicity of the new agent, if any, can be ranked among the known toxic
compositions, providiog information for pricrifization in drug development.

Ip addition to its utilily in drug development, the invention also has
uscs in other aranas in which the toxicity of chemical compositions is of concern.
“Thus, the mvention can be utilized to assess the toxisity of agricultural chemjcals,
such as pesticides and fertilizers. It can further be used with cosmeties. For
example, 1t can be used to scréen candidate cosmetics for foxicity prior 10 moving
the compounds into animal siedies, thereby potentially reducing the numnber of
animals which need to be subjected to procedures such as the Draize cyc irrltancy
test. Similarly, the methods of the invention can be applied to agents intended for
use as “vosmeceulicals,” wherein agents which are primarily cosmetic are also
asserted 10 have some guasi-thetapsutic property. Further, the invention can be
used {o assess the relative toxicily of environmental confaminants, including
waste products, petrochemical tfesiducs, combustion products, and products of

12
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industrial processes. Examples of such contamivants include dioxins, PCDs, and
bydrocarbons.

In general, it is preferred that the method used to detect the levels
of protein or gene expression provides at least a relative measure of the amount of
protein or gene expression. More preferably, the method provides 2 quamtitative
measure of protein or gene expression to fucilitate the comparison of the proten
or geng expression of the MSCs exposed 10 the test chemieal corpposiiion fo that

of MSCs cxposed o chernical compositions of known toxicity.

C. PREPARING MSCs

Methods for preparing M3Cs of buman or other rmanmealian
species are known in the art. For example, Caplan et al. U.S. Pai. Nos. 5,197,985
and 5,486,359 describe isolation and purification of human MSCs from bone
marrow, and expansion of MSCs in tissue culture. Bone marrow is the soft tissue
occupying the medullary cavities of long bones, seme haversian canals, and
spaces between trabeculae of cancellous or spongy bone. Bone matrow compriscs
hematopoietic stem cells, red and white blood cells and their precarsors,
mesenchymal stetn cells, stromal cells and their precursors, and a group of cells
including fibroblasts, reticulocytes, adipooytes, and endothelial eclis which forn: 2
conmective tissue network called “stroma”. Bone marrow can be obtained from a
aumbper of different sources, melading plugs of femoral head cancellows bong
pieces, patients with degencrative joint disgase during hip or knee replacernant
surgery, or aspirated marrow obtained from normat donors and oncolegy paticnts
who have marrow harvested for future bone marrow iransplantation.

While the harvested marrow can be prepared for cell culture
separation by a number of different mechanjcal isalation processes, the ceitival
step nvolved in the isolation processes is the use of a specially prepared mediura
descnibed by Caplan et al. supra, that contains agents which allow for not only
MSC prowth without differentiation, but also for the direci adherence of only the
MSCs to the plastic or glass surface area of the culture dish. By allowing for the

sclective attachment of the desired mesenchymal stem celis which are present ip
14
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the marrow gamples in very minute amounts, it is possible to separate the MSCs
from the other cells present in the bone marrow.

Young et sl. describe wolation, purification and culture-expansion
of M8Cs from postatal avian leg tissues. Young ct al. (1992) 1. Tiss. Cult.
Method, 14:85-92; Young et al. U.B. Patent Ne. 3,328,695, The legs of 11-day
postnatal chick embryes were removed for tissue dissection. Dissected tissues
such as slin, skeleta] muscle, tendong/epimysing, and pesiosteury/perichondrium
were colleeted and separately pooled. Each tissue pool was filtered to generate
single cell suspension. Cell cultires were maintained undes optinturo conditions
for cellular differentiation for six days, then the single mononueleated,
undifferentiated MSCs were dissociated from dilferentiated structures und
resuspended in incoroplete Eagle’s Minimal Essential Media for culture
expansion.

Pittenger et al. describe isolation of human mesenchymal cells
from bone marrow taken ftem dic iliac crost. Pittenger et al., {1999) Science
284:143-147. A density gradient was used to eliminate unwanted cell types
present in the matrow aspirates, yielding isolated caltured mesenchymal cells
comprising a single phenetypic population (95% and 98% homogencous at
passage 1 and 2, respectively.

Under proper culture medium condifions, as exemplified in the
above-identified references, MSCs used In the invention can remain
undifferentizted and pluripatent for an extended period of time, The lineage-
specific differentiation of MSCs can be fnduced by varions bioactive factors that
are well known in the arl. For example, Bruder et al. U.S. Patent No. 5,736,396
describes bioactive factors inducing differentiation of MSCs into a mesenchymal
lineage such as osteogenic, chondrogenic, tendonogenic, ligatwentogenic,
myogenio, marrow stremagenic, adipogenie, or dexmogenic lincage. [t was shown
that bone morphogenic proteins BMP-2 and BMP-3, bFGF and prostaglandin E1
ar capable of indueing the osteogenic lineage; TGF-B proteins, coliagens,

retinoic acid are capable of inducing the chondrogenic lineage; 1L-1a and [L-2 are

i5
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capable of indueing the stromagenic lineage; and cytidine analogs are capable of
inducing the myogenic lineage. Furthermore, Young et al., 1.8, Patent No.
5,827,733, describes direcied differentiation of MSCs into either fibroblast cells
when contacted with mmscle merphegenic protein (MMT): or branched
muttinueleated myogenic cells when contacted with both MMP and scar
inhibitory facter {SIF). Pittenger, 11.5. Patont No. 5,827,740, describes factors
and conditions capable of causing adipogenic differentiation of human MSCs.
Pittenger et al. {1999) Science 284:144-147, alse characterizes adipogenic,
chondrogenie and osieogenic difterentiation of MSCs.

MECs uzed in the present invention can be identified by their
distinct properties as known in the art and described in references cited herein.
For sxample, homogenous M3Cs isolated from bone marrow van by identitied by
their unjque adherenee to glass or plastie surface of culture dish under defined
culturing conditions. Ceplan et al. U.S. Patent No. 5,486,359, The MSCs isolated
according to Young et al., ULS. Patent No. 5,827,735, can be identified by
morphology as predominantly mononacieated, stollate-shaped cells.

Alternatively, the MSCs used in the present invention can be
identified by the deteclion of specific markers such as through the use of
antibodies specific to a population of MECs at a defined stage. For example,
Caplan et al, s2pwa, deseribes monoclonal angibodics SH2, SH3 and SH4 that
specifically recognize the MBCs isolated from bone marrow. MSCs that have
updergone lineage-specific differantiation can also be identified by specific cell-
surface matkers. For example, differentiated MSCs wers foud to display cell
swface differentiation markers CD10, CD13, CD56 and MHC class-I. Young et
ak, (19949) Proc. Soc. Exp. Biol. Med. 221:63-71.

If necessary, MSCs obtained and cultured for use in the present
invention may be iselated from the culiure based on their physical or chemnical
properties (such as size, mass, density, specific antigen or gene expression), using
methods imown in the art (such as flow cytometry, cell serting, Mtration. or
centrifugation).
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The MSCs used to test the chemieal composition can be of any
vertebrate species. The choice of the particular species from which the MSCs aye
derived will typically reflect a balance of several factors. First, depending on the
purpase of the study, one or more species may be of particular interest. For
cxample, human MSCs will be of particular interest for use with compositions
being tosted as potential human therapeutics, while equine, feline, bovine,
porcing, caprine, canine, or sheep MSCs may be of more interest for a potential
veterinary therapeutic.

Second, even with respect to testing of buman therapeutics, cost
and handling considerations may dictate that some or ali testing be performed
with non-human, aad even noﬂ-.primatc MSCs. For soine testing, it may be
desirable to use MSCs from mice, rets, guinea pigs, 1abbits, and other readily
available, and less expensive, laboratory animals.

Third, it will often be of value to select 5 specics as to which
considerable information is availabie oo the toxicity of chemical compositions, 3o
that obscrved changes m gene and protein expression can be corrglzted to various
{ypes of toxieity. For this reason, mice and rats are preferred embodiments, Most
pre-tlinical testing is performed on at least one murine specics, and there |
therefore exists a larpe body of infornation on the toxicity of vanious compeunds
on various tissues of mice and on rats. UTsing MSCs derived from mice or rats
permits the correlation of the alterations in gene or protein expression in the
MECs with the toxdcities exlibited by these agents in those species. MSCs of
other specics commonty used in proelinical testing, such as guinea pigs, rabbits,
pigs, and dogs, are also preferred for the same reagon. Typically, MSCs of these
species will be nsed for “first pass” streening, or where detailed information on
toxicity in huimans is nof needed, or where a result in a murine or ather one of
these laboratory speeies has been comelated to a known toxicity or other effect in
humans.

Fewth, although primates are not as widely used in, preclinical
testing and are often morc expensive to purchase and to maiotain than other

laboratory animals, their biochemistry and developmental biology is considarably
17
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closer to that of humans than those of the more conuman laboratory animals,
MSCs derived trom primates is therefore preferred for toxicity tosting where the
study is sufficienily important to justify the additional cost and handling
considerations. Most preferred are human MSCs, since conelusions about the
toxicity of agents in lhese MSCs can be considered the most directly relevant to
the effect of a chemical composition on humans. It is anticipated that studies in
primate or human MSCs will bo performed to confirm results of toxjoity studies in
MSCs of other species.

Fifth, with respect to human therapeutics, regulatory agencies
generally requirc animal data before human trials can begin; jt will generally be
desirable to use MSCs of gpecies which will be used in the preclinical animal
studies. The results of toxicity testing m the MSCs car ther guide the researcher
on the degree apd type of toxicity 1o anticipate during the animal trials. Certain
animal species are known in the art to be better models of busan toxicily of
different types than are others, and species also differ in their ability to metabolize
drugs. See, £.g., Williams, Environ Health Perspect. 22:133-138 (1978); Duncan,
Adv Sci 23:537-541 (1967). Thus, the particular specics preferred for use in g
particular preclinical toxicity study may vary according fo the inteaded use of the
drug candidate. For example, a species which provides a suitable model for a
drug intended io affect the reproductive system mmay not be as svitable 2 model for
a drug intended to affoct the nervous system. Criteria for selecting appropriate
species for preclinical testing ace well known in the art.

While MSCs from different species can be used in the methods of
the nvention, m general, mammalian cells are preferred. In the discussions
below, it is assumed that in any given comparison of control and test MSCs, the
MSCs used as controls and those uscd to test the effects of the chemical

compositions are dertved from the same species.
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D, CONTACTING MSCs WITHE CHEMICAL COMPOSITIONS
1. General

Once a MSC culture has been initiated, it can be contacted with &
chemical composiiion. Conveniently, the ohemical composition is in an aqueous
solution and 1s introduced to the culiuce medivm. The introduction can be by any
convenient means, but will usually be by means of a pipette, a micropipetior, or a
syringe. In some applications, such as high throughput screening, the chemical
compasitions will be introduced by automated means, such as automated pipeiting
systenns, which may be on tobotic anms. Chemical compositions can also be
introduced into the medium 23 in powder or solid forms, with er without
pharmacentical excipients, bindars, and other materials commonly used in
pharmaceutical compasitions, or with other carriers which might be employed in
the intended use. For example, vhemical compositions intended for nse as
agricultural chemicals or as pefrochemical agents can be mfroduced into the
medium by themselves to test the toxicicy of those chemieals or agents, or
introduced in combination with other materials with whick fhey might be used or
which might be found in the eavironment, to determine if the combination of the
chemicals or agents has a synergistic effect. “Typically, the cultures will be shaken
at least briefly after introduction of a chemical composition to ensure the
composition is dispersed throughout the medium.
2, Timinp of contacting

The time at which a chemical composition is added 1o the calture is
within the diseretion of the praciitioner and will vary with the particular study
objective. Convenienily, the chemical composition will be added as soon as the
MBECs are cultured, permitting the determination of the alteration in protein or
gene expression on the development of all the fissues of the MBCs. it may be of
interest, however, to focus the study on the effect of the composition ona
particular tissue type. As previously noted, individual differentiated tissues, such
as muscle, bone, and connective lissues, are known e develop in the presence of'

specific inducing factors, and cen be identified by specific cell markers. Such

19
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faciors and markers arc known in the art, and examples are provided above and in
the referenves cited. Addition of the chemical composition can therefore be
staped to sccur at varions tine points and/or stages i the differentiation, growih
andfor development of the MSCs. Tn one embodiment, the chernical composition
is contacted with MSCs maintained in nndifferentiaced fottn. Tn another
embodinent, addition of the chemical composition is staged to occur at the time
the tissue of interest commences develeping, In yet another embodiment, the
addition of the chemical composition is stuged to ocour at & chosen lime point
after commencement of that development, in order te observe the effect on
altering gene or protein exprassion in the tissue of intorest.

3. Dosing of the chemical compuosition

Different arnounts of a chemical compesition will be used to
confaci MSCs depending on the amonnt of information known about the
cytotoxicity of that composition, the purposes of the study, the time available, and
the resowces of the practitioner. A chermical compesition can be administered at
just one concentration, particularly where other studies or past work or field
experience with the corppound have indicated that a particnlar concenrtration is the
one which is most commonly found in the body. More cormmonly, the chemmcal
compoesition will be added in different concentrations to cultures of MSCs run in
parallel, so that the effects of the concentration differences on gene or protein
expression and, hence, the differences in toxicity of the cornpesition at different
concentrations, can be assessed. Typically, for examyple, the chemical
composition will be added at a normial or medium concentration, and bracketed by
twofold or fivefold increases and decreases in concentration, depending on the
degree of precision desired.

Where the composition is one of unknown. cytotoxicity, a4
preliminary study is conveniently first performed to determine the concentration
ranges at which the composition will bo tested, A variety of procedures for
determining concentration dosages are known in the ari. Cne compnen procedure,
for example, 15 to determine the dosage at which the apgent is directly cjiotaxic.

The practitioner then reduces the dose by one half and performs a dosing study,
20
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typieally by administering the agent of interest at fivefold or twofold dilutions of
‘coneentration to parallel eultures of cells of the type of interest. Tor
environmental contaminanis, the composition will usually also be tested at the
coneentration at which it is found in the environment. For agricultural chemicals,
such as pesticides which leave residuss on foodstiulfs, the agent will usuafly be
tested at the concentration at winch the residue is found, although it will likely be
tested at other concentrations as well.

In one embodiment, the toxicity profile(s) (e.g., molecular profile)
of a chemical composition in MSCs is correlated with the concentration(s) at
which the chemical composition is comtacted with the MSCs. Such a correlation
can provide useful indication of the concentration(s) of the chemical composition
that causes accepiable or unacceptable exients of cytotoxicity, Tn another
embediment, the efficacy profile(s) of 1 chemical compesision in MSCs is
correlated with the concentration{s) af which the chemical composition is
contacted with the MSCs. Suck a correlation can provide useful indication of the
copcentration(s) of the chernical composition sutficient to cause an acecptable
and/or desirable degreoe of efficacy of the compaosition. In yet inother
embodiment, the toxicity profiic-concentration correlation and the efficacy
profile-concentration correfation are used in an index that provides a measurement
of the desirability and/or usefulness of the chemical composition. For example, a
highly desirable chemical composition would be one that has an index that is a
function of higgh concenlration for causing an unacceptahie Javel of MSC toxicity

and iow concenteation for abtaining a desirable and/or useful level of efficacy.

E. DETECTING ALTERATIONS IN LEVELS OF GENE OR PROTEIN
EXPRESSION
1. Detecting Protein Expression Alterations

Protein expression can be detected by a number of methods kown
inthe arf. For example, the proteins in a sample can be separated by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (“SDS-PAGE”) znd

visualized with a stain such as Coomassie biue or a silver stain. Radivactive
21
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labels can be detected by placing a sheet of X-vay filin ever the gel. Protelns can
also be separated on the basis of their Isoelectsic point via isoelectric focusing,
and visualized by staining. Further, SDE-PAGE can be performed in ¢embination
with igoelectrie focusing (usually performed in perpendicilar directions) to
provide two-dimensional scparation of the proteins in a sample. Froteins can
further be separated by such techniques as high pressure liguid chromatography,
HELC, thin layer chromatogeaphy, affinity clwomstography, gel-filtation
chromatography, ion exchange chromategraphy, surface enhanced laser
desorption/fionization ("SELDT”), matix-assisted laser desorption/ionization
(“MALDI™), and, if the sedimentaiion rates are sufficicntly diﬂ'erent_. density
gradient centnfugation. Detecting alterations in levels of protein expression using
these technigues can be aceomplished, for example, by running in parcllel
sumples from M3Cs contacted with a chemical composition whose effect is of
interest {“test samples™) and samples from MSCs cultured under identical
conditions except for the presence of the chemical compostiion of interest
(“contref samples™), and noting any difforences in the protcing detected and the
amourtt of the proteins detected.

Immunodetection provides a group of useful techniques for
detecting alterations in protein expression. Tn-thesc techniques, antibodies are
typically raised against the protein by injecting the protsin into mice or rabbits
following standard protocels, such as those taught in Harlew and Lane,
Antibodies, A Laboratory Manual (Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY, 1938). The antibodies so raised can then be used to detect the
prasence of and guantitaie the protein in a varety of immunological assays known
in the agt, such as ELISAs, fluorescent immunoassays, Western and dot blots,
immunoprecipitations, and focal immuncassays. Alterations in protein expression
can be determined by running parallef tests on test and control santples and noting
any diffcrences in rosults between the samples. Results of ELISAs, for cxampls,
can be directly refated to the amount of protein prescnt.

Tagging provides another way to detect and determine changes in

protein expression. For example, the gene encoding the pretein can be engineered
22
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to produce a hybrid protein containing 2 detectable tag, sa that the pyotein can be
specifically detected by detection of the tag. Systems are available which permit
the direct irnaging and quantitaiion of radicactive labels in, for example, gels on
which the proteins have been separated. Differences in sxpression cun be
detertoined by obsciving differences in the amount of the tag present in test and
control samples.

Proteins cun also be unalyzed by standard protein chemistry
techmigques. [or example, proteins can be analyzed by performing proteolytic
digesfs with trypsin, Staphylococcus B protease, chymolrypsin, or other
protealytic enzymes, Differences in ¢xprossion ¢an be determined by comparing
relative amounts of the digested produets.

{Une particularly preferred method for determining differences in
protein expression is mass spectioscopy, or “MS,” which provides the broadest
profile of the broadest nmnber of proteing for the least eftort. Morcover, M8
permits not only accurate detection of proteins present in a sample, bul also
guantitation. The procedure can be used either by itself, or in combination with
one or more of the preceding methods based oa selective pliysical properiies to
paztition the proteins present in a sample. Purtifioning reduces the number of
proteins of different physical properties in the sample and resulls in 2 better MS
analysis by permifting a comparison of proteins of similac sive, electrostatic
charge, aflinity for netal ions, or the like. Thus, for example, the proteins in a
sample can be subjected 10 SDS-PAGE and isoelectric focusing, and a resulting
spot of inferest on the gel can then be subjected to M8, In Example 2, below, an
initial partitioning performed using a sizing column and a second partitioning
performed nsing SELIT are fllustrated. $t should be noted that, i the pratocol
described in Example 2, analysis of proteins with molecular weights smaller than
30 kD is exerplified. Alternatively, of course, the higher weight profeins could
be analyzed in the metheds of the invention, and the proieins do not need to be
fractionated if the practitioner js prepared to analyze all the proteins in & sample
or, for example, if a preliminary analysis shows that the total nurmber of ditferent

proteins in a sample is small enough to be analyzed without partitioning.
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Compters attached to the mass spectrometer can £lso be used to
analyze the samplas to facilitate defermination of whether 2 change in protein
expression may be indicative of a particular foxicity. For example, the readout
from the MS can be used in a “subtractive caloulation” in which the protein
expiession in control M3Cs is quantitated and then subtracted from the
quantitated protein expression of MSCs cantacted with a chemical composition.,
with only the prokeins expressed in grester or lesser quantitics thau those
enpressed by the control MSCs being shown, This method immediately focuses
attention on differences in protein expression between a control and a test
populaiion. Examples of such comparisons are shown iz Figures 1B and 1C and
discussed in detail below,

2. Detecting Gene Expression Alterations

A number of methods are known io. fae art for detecting and
comparing levels of gene expression.

One standard. methed for such comparisons is the Northern blot. Tn
this fechiique, RNA is extracted fiom the sample and loaded ono any of a variety
of gels suitable for RNA analysis, which are then run to separate the RINA by size,
according ¢ standerd methods {see, e.4., Sambrook, T, ef al., Molecular Cloning,
A Lahoratory Manmal. Cold Spring Harbor Laboratory Press, Cold Spring 1larbor,
NY (2nd ed. 1989)). The gels are then blotted (as described in Sambrook, supra),
and hybridized to probes for RNAs of intcrest. The probes can be redioactive or
noo-radioactive, depending on the practitioner’s prefereuce for detection systoms.
Fer example, hybridization with the probe can be observed and analyzed by
chemilumingscent detection of the bound probes using the “Genius Systen,”
{Bochringer Mannheim Corporation, [ndianapolis, IN), following the
manufacturer’s directions, Equal loading of the RINA in the lanes can be judged,
for example, by ethidium bromide siaining of the ribosomal RNA bands.
Alternatively, the probes ean be radiclsbeled and detected autoradiographically
using photographic film.

The RNA can alse be amplified by any of a verlety of methods and

then detected. For example, Marshall, U.S. Patent No. 5,686,272, discloses the
24
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amplification of KNA. sequences using ligase chain reaction, or “I.CR.” LCR has
been extensively described by Landegren ef al., Suvience, 241:1077-1080 (1988};
W et &f., Genomits, 4:560-569 (1989); Barany, in PCR Mcihods and
Applications, 1:5-16 (1991); and Barany, Proc. Natl. Acad. Sci. US4, §§:189-193
(1991). O, the RNA can be reverse iranscribed into DNA and then amplified by
TCR, polymerase chain reaction (“PCR™), or other methods. An exemplar
protoccl for conducting reverse transcription of RMA is taught in U.S, Patent No.
5,703,365, Selection of apprapriate primers and PCR protocols are taught, for
example, in Inois, M. ef @/, eds., PCR Protocols 1990 (Academic Press, San
Diego CA) (hersafter “Yands ef of. ™), Differential expression of wossenger RMA
can also be compared by reverse transeribing mENA into cDNA, which is then
cleaved by restriction enzymes and clectrophoretically separated to permit
coraparison of the cDNA fragments, as taught in Belyavsky, 1.8, Patent Na.
5,814,445,

Typically, priners arc labeled at the 5 terminus with biotin or with
any of a number of Nucrescent dyes. Probes are usually labeled with an enzyme,
such as horsecadish perosidase (HRF} and allcaline phosphatasc {see, Levenson
and Chang, Nonisotopically Labeled Probes and Primers in Ionis, ef af., supra),
but can also be labeled with, fur example, biotin-psoralen. Detailed exemplar
protocols for labeting primers and for synthesizing enzyme-labeled probes are
taught by Levenson and Chang, supra, Or, the probes can also be labelad with
radinnctive isotopes. An exemplar protocol for synthesizing radioactively labeled
TINA and RINA, probes is set forth in Sambrock ef of., sepre. Usually, P is used
for Jabeling DNA and RNA, probes, A number of methods for detection of PCR
praducts ate known. See, c.g., Innis, supra, which sets forll: a detailed protocol
for detecting PCR products using non-isotopicaily labeled probes. Generally,
there is a step permitiing hybridization of the probe and the PCR product,
following which there are one or more development steps to permit detection,

For example, if a biotinylated psoralen probe is used, the
hybridized probe is incubated with streptavidin HRP conjugate and then incubated

with a chromogen, such as tetramethylbenzidine (TMB).  Alternatively, if the
25
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practitioner has chosen ta employ a radioactively labeded probe, PCR products to
which the probe has hybridized can be detected by autoradiography, As another
example, biotinylated JUTP (Bethesda Ressurch Laboratories, MD) can be used
during amplification. The labeled PCR products can then be run on an agarose
gel, Southern transferred to a nylon filter, and detected by, for example, 2
streptavidin/alkaline phospbaiase detegiion system. A, protocol for detecting
incorporated bictinylated dUTP is sct forth, e.g., in Lo ef al, Tncorporation of
Biotinylated dUTP, in Innis ef ol, supra. Fially, the PCR products can be run on
agarose gels and pucleic acids detected by a dye, such a5 ethidium bromide, which
specifically recognizes nucleic acids.

Sutcliffe, U.S. Patent 5,807,680, tcaches a metbod for the
sitnultaneons idemification of differentially expressed mRNAs and measutement
of relative concentrations. The wechnique, wliich comprises the formation of
cDNA using anchor prinrs followed by PCR, allows the visualization of ncarly
every mRNA expressed by a tissue as a distinct band on a gel whase intensity
corresponds ronghly to the concentration of the mRNA.

Another group of technigues cmploys analysis of relalive transeript
expression levels. Four such approaches have recently been developed i permit
comprebensive, high throughput anatysis. Firsi, cXNA czn be reverse transcribed
from the RNAs in the samples (as described in tbe references above), and
subjected to single pass soquencing of the 5° and 3" ends to define expressed

sequence tags for the genes expresscd in the test and contral samples.

- Enumerating the relative representation of the tags from the different samples

provides an approximation of the relative representation of the gene trmscript
within. the samples.

Second, a variation on ESTs bas been developed, knewn as serial
analysis of gene expression, or “SAGE,” which allows the quantiiative and
simultanzous analysis of a large number of transcripts. The technique employs
the isolation of short dizgnostic sequence tags snd sequencing to reveal patterns of
gene expression characteristic of a target function, and has been used lo compare

expression levels, for example, of thousands of genes in normal and in umer
6
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cells. See, e.g., Veloulescn, ef of., Scionce 270:368-369 (1995); Zhang, ef af.,
Science 276:1263-1272 (1997).

Third, approaches have been developed based on differential
display. [nthese approaches, (ragments defined by specific sequence delimiters
can b used as unigue identifiers of genes, when cotpled with information about
{ragment length within the expressed gene.  The relative representation of an
expressed gene within a cell can then be estimated by the relative representation
ol the fragment asseciated with that gene. Examples of some of the several
approaches developed to exploit this idea are the restriction enzyme analysis of
differentially-expressed sequences (“READS”) employed by Gens Logie, Inc.,
and total gene expression analysis (“TOGA™ used by Digital Gene Technologies,
Ine. CLONTECH, Tne. (Palo Alto, CA), for example, sells the Delta™
Differential Display Kit for identification of differentially expressed genes by
PCR.

Fowrth, in preferred epabodiments, the detection is performed by
one of 2 number of technigues for hybridization analysis. In these approaches,
RIMA from the sample of mterest is usvally sabtjectad to teverse transeription to
obtain lubeled cDNA. The ¢cDNA is then hybridized, typically to olipenuclestides
or cDNAs of known sequence arayed on a chip or other surtace in a known order.
The location of the aligonucleotide o which the labeied cDINA hybridizes

- provides seguence information on the cDNA, while the amount of labeled

hybridized RNA or cDNA provides an estimate of the relative 1epresentation off
the RINA or cDMA of interest. Further, the technique permits sinmaltaneous
hybridization with two gy more different detectable labels. The hybridization
tesults then provide a direct comparison of the relative expression of the samples.

A nurnber of kiis are commercially avatlable for hybridization
analysis. These kits allow identification of specific KNA. or cDNAs on bigh
density fopmats, including filters, microscope slides, microchips, and technologies
relying on mass spectorpetry, For example, Affymetds, Inc. (Santa Clara, CA),
markets GeneChip™ Probe arrays containing thousands of different

27
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aligonocleotide prabes with known sequences, lepgths, and Jocations within the
erray for high accuracy sequencing of genes of interest. CLONTECH, Ine.’s
(Palo Alto, CA) Atlas™ cDINA Expression Asray permits monjtoring of the
expression patterns of 588 selected genes. Hyseq, Ine.’s (Sunnyvale, CA)Y Gene
Discovery Module permiits high throughput screening of RMA without previous
sequence information ai a resolution of 1 mRINA copy per cell. Incytz
Pharmaceuticals, In¢. (Pale Alte, CA) offers microarmays containing, for example,

ordered vligonuslestides of buman canver and signal transduaction genes.

Techniques used by other campanios in the ficld are discussed in, e.g., Sorvice. R.,

Solence 282:396-394 (1998).
3. Labels

Bath proteins and genes can be labeled fo detect the alteration in
levels of expreszion in the methods of the invention. The tcxm "label” refers o a
composition detectable by spectroscopic, photochemical, blochemical,
immunochemical, or chemical means. Fer example, useful nueleic acid and
protein labels include EP, JSS, fluorescent dves, electron-dense reagents, enzymes
(2.5, as cormmonly used in an ELISAY, biotin, digoxigenin, or haptens and
preteins for which antisera or monoclonal antibodices are available.

A wide variely of labels and conjugation techniques are known and
are reported extensively in both the seienlific and patent Lterature, and ore
generally applicable to the present invention for the labeling of nucleic acids,
amplified mucleic acids. and proteins. Suitable 1abels include radionuclentides,
enzymes, substrates, cofactors, inhibitors, fluorescent moieties, chemiluminescent
moieties, magnetic particles, and the like. Labeling agents optionally include,
e.g., monocional antibodies, polyclonal antibodies, proteius, or other polymers
such as affinity matrices, carbohydrates ot lipids. Detection of labeled nuclere
acids or proteins may proceed by any of a number of methods, including
immunoblotting, tracking of radioactive or bicluminescent markers, Southern

biotting, Northern blotiing, or other methods which frack a molecole based upon
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sizo, charge or atfinity. The particular label or detectable moicty used and the
particular assay are not critical aspects of the invention.

The detectable moiety can be any matexial having a deteclable
physical or chemical property. Such detectable labels bave been well developed
ity the field of gels, solumns, and solid substrates, and in general, labels vseful in
such methods can be applied to the present invention. Thus, u label is any
composition detectable by spectroscopie, photochemical, biochernical,
brmunocheinical, electrical, optical or chemical means. Useful labels in the
present inventon include fuorescent dyes (2.g., fluorescein isothiovyanate, Texas
red, thodamine, and the lke), radiclabels (e g, iy, 11, B Ve or iy, CAZYIICS
(e.r, LacZ, CAT, hotse radish peroxidase, alkaline phosphatase and othess,
commenly used as deteciable enzymes, cither as marker gene products or io an
ELISA), nucleic acid intercalators (e.g, ethidium bromide} and colerimetric
labels such as colloidal gold or colored glass or plastic (e.g. polystyrene, poly-
propylene, Latex, etc.) beads, as well as elecironic transponders (e.g., U.S. Patent
5,736,332).

It will be recognized that fluorescent labels are not to be limited to
single species organic molecules, but include inorganic molecules, mulli-
molegular mixtures of organie end/or inorganic molecules, erystals,
heteropolymers, and the like. Thus, for example, CdSe-CdS core-shell
nanacrystals enclosed in « silica shell can be easily derivalized for coupling to a
Biclogical raolecule, Bruches ef of. {1998} Scieace 281: 2013-2016. Similarly,
highly fluerescent quaptus dots (zine sulfidecapped cadmium selenide) have
heen covalently coupled to biomelecules for use in ultrasensitive biological
detection. 'Warren and Mie (1998) Sciznece 281: 2016-2018.

The label is coupled dirgctly or indirecily to the desired vucleic
acid or protein aceording to methods well known br the art. As indicated above, a
wide varlety of labels may be used, with the cheiee of label depending on the
sensitivity required, sase of conjugation of the compound, stability requirements,
available instrumentation, and disposal provisions. Non-radioactive labels are

often attached by indirect means. Generally a ligand moleculs (2.g., biotin) is
29
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covalently bound to a polymer. The ligand then binds to an anti-ligand (2. g..
streptavidind melecule which is either inheremtly detectable or covalently bound to
a signal system, such as a deteciable enzyme, a fluorescent compound, or 2
chemiluminescent compound. A number of ligands and anti-ligands can be used.
Where a ligaud has a patural anti-ligand, for example, Biotin, thyroxine, and
cortisol. it can be nsed in conjunction with labeled anti-Hgands. Altematively,
uny haptenic or untigenic compound can be used in combination with an aiibody.
Labcls can also be conjugated dircetly to signal generating
compounds, ¢.g., by conjugation with an enzyme or {lucrephore. Enzymes of
interest as labels will pnmarily be hydrolases, particulatiy phosphatases, esterases
and glycogidases, or oxidoreductases, particularly peroxidases. Fluoregoent
compounds include fiucrescein apd its derdvatives, rhodamine and its derivatives,
dansyl, unbellifexone, fluotescent green protein, and the like. Chemiluminescent
compounds inciude lciferin, and 2,3-dihydrophthalazinediones, ¢.g., lundnol.
Means of defecting labels are well known to those of skill in the
art, Thus, for examnple, where the label is a radioactive label, means for detectinn
include a scintillation cowntter, proximity couttter (microtiter plates with
scintillatien fluid built in), or phoiographic film as in auwteradiography. Where
the label 1s a fluercscent label, it may be detected by exciting the fluorechrome
with the appropriate wavelength of tight aind deteeting the resulfing fluoreseenee,
e.g., by microscapy, visual inspection, via photographic film, by the use of
electronic detectors suck as charge coupled devices (CCDS) or photomultipliers
and the bke, Similarly, eneymatic labels may be detected by providing
appropriate subsivates for the enzyme and detecting the resulting reaction product
Finatly, simple ealorimetric labels are often defected sitply by observing the
color asseciated with the label. Thus, in various dipstick assays, conjugated gold

ofien appears pink, while varicus conjugated beads appear the color of the bead.

F. CORRELATING MOLECULAR PROFILES WITH TOXICITIES
The invemion contemplates roultiple erations of compiling 2

library of moleclar profiles by contacting test MSCs with an cver-widening
30
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group of chemical compositions having predetermined toxicities. The toxicities

and biological effects of many chemical compositions are already known through

previous unimal or clinical testing. Any such information is carefully noted along

with the alterabions of gene or protein expression in MSCs. As the data from fests

3 oh a mumber of chemical compositions, ot agents, is gathered, it is assembled to

form a library. Separate libraries can be maintained for each type of toxicity;

preforably, a single database can be maintained recording the results of all the

tests conducicd and any available toxicity informetion on the agents to which the

MSCs were exposed. Preferably, biological effecis are alse noted. Past

i0 experience has indicated that biclogical effects often become associated with, or

markers for, particvlar toxicities as the bielogy of the toxicity becomes batter

understood.

In one group of embodiments, libraries 2re compiled comprising

molecular profiles of one or more types of MSCs, which may inciude one or more

15 of those listed in Tabie 2, contacted with one or more chemical compositions with

predetermined toxicities, which may 1nclude ane or more of those listed m Table

1.

TABLE 2 -- Bxamples of types of MSCs

3

Species Source Ysolation method
| Fluman " Plugs of cancellous bong Caplan, U 3. Patents
HRATTOW 5,486,359 & 5,197,985
ReTTY T e aapivaie bone tieow | Caplan, TUE, Tatents
3,486,359 & 5,197,985
Chicken Embryonic day 11 leg Young ei al., U.S. Patent
muscle and associated soft 5,827,735
tissues
Hurman Tliug crest bone marrow Piltenger et al,, Science
(1999), 284:143-147
2
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The invention contetaplates that cach iteration of contacting test
MSCs with a chemical composition will generate a pattein of gene or protein
expression, or both, characteristic for that chemieal composition andor MSC
type. The dewermination of the atteration in gene or protetn axpression of a
reasonably large munber of chemical compuounds of similar toxicity Is desirable so
that paiterns of gene or proisin wxpression, or both, associated with tha texdcity
can be determined. Changes in genc ot protein expression patterps in MSC colls
that are common to classes of dmizs that have similar toxicities will scrve as
smTogate molecnlar profiles useful for recognizing compounds haf are likely to
have related biclogy and toxicities. It is the comelation of these alterations in
gene or protein expression and toxicities that gives the invention jts predictive
power with respect to previously untested compounds.

‘The correlation of pattemns of gene or protein expression with
toxicities can be performed by any convenient means. For exampie, visval
comparisons of paiterns can be performed to determine patterns associated with
different types of toxicities. More conveniently, the correlation can be done by
computer, using one of the statistical programs discussed in the following section.
Preferably, the correlation is performned by a computer using non-parametric
statistical methods or neural netwark programs, since newral netwark programs
are specilically desigped for paltern recognition. Once a cotrelation of expression
markers which are biomarkers for a particular toxicity has been made, a,
comparigon ean be made, again conveniently by computer, of knowm patterns to
the pattern of gene or protein expression induced by 4 new or unknown chemical
omposition to provide the closest matches of expression, The patterns can then
be reviewed to predict the likely toxicity of the now or unknewn chemical,

G. TYPING AND RANKING TOXICITIES OF TEST CHEMICAL
COMPOSITIONS

A molecular profile of a test chernical composition can be
established by detecting the alterations in gene or protein expression in MSCs

coniacied by the test chemical composition as described in the previous sections.
32
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Onee the molecular prefile of the test composition is detcrmined, it can be
compated 1o that of a chemical composition with predetermined toxicities or,
preferably, to a library of melecular profiles of chemical compositions with
predetermined toxicities. The outcome of such comparisen provides information
for one te predict the likelibood of whether the test composition is toxic, what
type of toxicitics, and how toxic it would be as compared to the other known toxic
compasitions.

Fer the purpose af practicing the invention, the predictions of
toxicity of the test corrposition based on its molecular profiles in MSC ceils does
not have to be 100% acewrate. To have a major positive impact on the efficiency
and costs of drug development, ons only bas to modestly increase the prohability
that the less toxic and thus more successful drug candidates are, for cxample, on
the top half of a priovitized list of new drug leads,

As noted in previous sections, alterations in gene or protein
expression in MSCs exposed 1o a chemical composition can be detected by any of
a number of means known in the art. Protein expression determinad by MS is
particularly convenient for such comparisons since the output data is typically fed
directly into a computer comeeted to the mass spectrometer and is immediately
avzilable for a variety of calculations. If the alterations are susceptible to
graphical representation, as when M5 is used as the means of detection, a direct
compacison ean be made of the effect of the chemical composition o the
expression of proteins compared to the control M3Cs. ) the slterations are
detected by, for example, sn ELISA, which produces a numerical readout, then
the numerical readouts can be nsed to quantitate the expression of ihe protein. For
gene expression, Northern blots can he corrclaied to the amount of RNA present
for each RNA probed. Where gene expression is detected by hybyidization amays,
the pattern of hybridizatien for nucleic acids from the test and contrel MSCs
provides a basis for comparisen.

The comparison of molecular profiles can be done by a number of
means known in the art. Usually, the graphs resnliing from the calculations can

be stored, for example, in file folders or the like, and examined visuaily to discerne
33
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common patterns of expression compared to the control, as well as differcnces.
Conveniently, howevey, the data can be stored on and compared by a computer.
Proprams are available, for exampie, to compare mass spectrometry data. One
form of comparison is based on the use of “subtractive calculation™ and graphical
representation to compare protein expression in the control MSCs (“contrel
samples™) against that of the MSCs contacted with test chemical composition(s)
(“test samples™). In this type of comparison, the amount of each protein
expressed by the control samples is subtracted from the amount expressed by the
test surnples. The control sample value is represented by a herizontzl line, and
any protein expressed in a differcnt amount is represcnted as a line above or
below the ling {represeniing positive and negative amounis compured to the
centrol, respectively), with the height of the line designating the amount by which
the expression of the test sataple is different from that of the control. This method
focuses attention on the differences in protein expression. Tn a like mamer, the
pragram can also be nsed io compare the expression of two or more iest samples
so that any <lifferences in expressien patterns can be readily discerned. Ttis
cxpected that the more similar the pattern. of expressien, the more similar will be
the effect, and the type of toxicity, of the two agents.

This form of cernpatisen is further Hlustrated in Figure 1, which is
provided solely for clarity of discussion. Figure 1 Ullusteates differences in
nuciear protcins expressed by the MSCs. The tap pancl, pane? 14, is a half-tone
reproduction of the readout from a mass spectrometer. Viewing the sheet fiom
along the long axis, the fop band would be the mass spectrum for the control, the
MSCs grown in the absence of tesi chemical compositions, the middle band
would be the spectram for the MSCs grewn in the presence of an added test-
chemical compound {test composition I), and the bottom band of Figure 1A wourld
be the mass specirum of nuclear proteins expressed by MSCs exposed 1o a second
test chemical compound {test composition ).

Figures 1B and 1C graphically. dlosirate differences o protein
expression level between MSCs contacted with one of the 1est chemical

compositions (“test MSCs™} and control MSC3 grown in standard tissue growth
34
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medium without added chemical compositions. These panels illustrate
computational subtractions of identical proteing between the respective test MSCs
and the control MSCs to indicate only those proteins which are significantiy
different in expression between the test and the control MSCs. Each bar
represents a single profein and the Jength of the bar represents the amount of
protein expressed by the MSCs exposed to the test composition compared to the
amount expressed by the control MSCs. A bar above the center tine indicates that
the test MSCs express more of that protein than do the control MSCs; a bar below
the line indicates that the test M3Cs express less of that protein.

Figere 1B illustrates differences i the noelear proteins expressed
by M3Cs grown in the presence of test conzpesition I compared to contrel MSCs.
Figure 1C illustrates the differences In the nuclear profeins expressed by the
MSCs grown in the presence of test composition IT, and the control. {Both the test
and the control MSCs would he at the same time point of
differentiation/development/prowth.) In these iRusiraiive figures, reading Figures
1 and 1C from the lefk, the firs|. bar encountered is above the line ai the same
position for both Figures, but the height of the bar is much greater in Figure 1C.
This indicates that both groups of test MSCs express more of this profein than do
the control, but that the cells contacted with test composition 1T express
congiderably more than do cells contacted with test compaosition L

Cantinuing along the 3, or molecular weight, axis of Figure 1C,
the nesct four bars encountersd ave shown to have a counterpart in Figure 1B.
Moreover, i each of the figures, the bars representing the same three proteins are
below the bne, whereas the bar for the same fourth protein is above the line. Onee
again, the height of the lines differs between Figures 1€ and 18, Thus, in this
illustzation, for the first 5 nuclear proteins detected, the MSCs contacted with test
chemical compositions [ and IT are showa to displey the same pattern of protein
expression, but at dilferent levels of expression. Gach of these protelns, and the
overall expression pattern, would be a candidate for inclusion in a profile
ilicating thai an voknown cheraieal composition, such. as a new potential

therapeutic, had the tissue toxicity of the test composition(s). Conversely, the first
5
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protein detected as illustrated in Figure 1C to the right of the 4000 Daltons
molecular weight line is shown as not having a counterpart (or at least a
counterpart in terms of being expressed at a level different from that of the control
celly) in Figure 1B. This protein would not be considered a protein that
demonstrated a common pathway of fissuc/organ toxicity of the fest chemical
composition(s). Depending on its correlation with expression pathways of other
toxins against the same tissue/organ, it might, however. be associaied with
toxieity towards the same tissue/organ exhibited by the test chemical
compositions. Similar analyses can be made for the other protems ilhsirated on
the two graphs.

Another form-of comparison is illustrated in Figures 2, 3, and 4,
which are provided sclely for clarity of discussion. These fzures graphically
deplet the small nuclear, small cytoplasmic, and fatge cyioplaamic proteios
axpressed by control samples and by test samples exposed te one of two chemical
compositions, as well the amovat of the protein expresyed by the samples. Thess
graphs can be compared visually, and the proteins and the amounts expressed
recorded manually. Figure 2 compares the expression of small nuclear protcins in
the three MSC groups described above. In these grapbs. each bar in a panel
represents a single pretein, but the length of the bar represents the relative amount
of protein expressed, rather than a comparison of the amount expressed compared
1o the control MSCs. In Figure 2, the top panel, 2A, graphs the level of protein
expression, as determined by mass spectroscopy, in the MBCs net exposed to
chemical compositions in addition to these in a standard tissue culturc medium.
The middle pancl, 2B, illustrates the level of cxpression of proteins of MSCs
exposed (o test composition [ And the bottom panel, 2C, illustrates the level of
expression of M5Cs contacted with test composition I1. In these pancls, the
expression lovel of the protem, shown plotted on the Y axds as a relative value, s
plotied against the molecular weight, shown piotted on the X axds. A visval
compansan of the panels as ilustrated reveals that some of the protems expressed
by the MSCs exposed to the twe chemical compositions tested are the same,

although perbaps af different Jovels of expression, and that others are different,
36
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und that both reveal a different pattem of expression than do the control MSCs not
exposed to either composition.

Figure 3 illusirates the level of expression of small eytoplasmic
prateins in the same three groups of MSCs as those discussed in the preceding
paragraph. The panels are arranged in the same order a3 in Figare 2. Onee again,
the expression level of the protein for each groui), shown plotted on the Y axis, is
plotted against the molecular weight of the proteins, shown plotted on the X axis.
Onee again, o visual cowparison of the panels as illustrated reveals that seme of
the proteins cxpressed by the MSCs exposed to the two chemical compositions
tested are the same, although perhaps at different levels of expression, and that
others are differ=nt.

Similarly, Figuze 4 illustrates a graphical analysis of the large
cyloplasmic proteins expressed by the same groups of MBCs discussed above.
Once again, the level of expression determined by the mass spectrometry is
plotted on the ¥ uxis, while the molecular weight is plotted on the X axis. Once
again, clear similarities, and clear differences, can be observed between the
protein expression patterns of the MSCs exposed to the test chemical
compesitions, and between these protein expression patterns and that of the MSC's
grown without exposure to either of the test chemical cnmposiﬁons.

It would be clear from figures such as the above that the drugs can
induce complex and upique protein expression pattens. Some proteins would be
expressed in smaller amounts (or “down regulated”) compared to the prolein
expression in the control MSCs, and others would be expressed in higher amounts
(or “up regulated™ compared 1o the controls. Additdonally, the chemical
compositions may alfect some of the same proteins and thus share commen sub-
patterns.

For example, as illustrated in Figure 2C, to the right of the line
denoting a molecular woight of 2500 Daltons, there is shown a tall line, over 15
unsts on the Y axis, which would designate a strongly expressed protein.
Following the line up to panels 2B and 24, it is shown that that same protein is

expressed at high levels in both the MSCs contacied with = test composition 1 and
37
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in the control MSCs not contacted with eithker composition. This protein,
therefore, would be deemed as highly expressed in MBCy at the point in
development 2t which the samples are taken, although there would be some
variation in Jevel of expression. Continving to the right in panel 2C and making
the same comparisons, however, the next protein present is also shown as present,
in approximately the same amount, in the M3Cs exposed to test composition 1,
but is not expressed af all by the control M8Cs, Thus, this protein would be &
candidate for differentiating chemieal compositions with the tissueforgan toxieity
of the test chemical compogitionés) from other compositions and other kinds of
toxicity.

Preferably, the results are placed into a compuier database, with
information about the known taxicities of the chemical compositions recorded in
scarchable data ficlds. Entrics of date from other forms of detecting atterations in
protein or gene expressicn can also be reviewed and recotded marually orina
computer database. For example, the values from an ELISA, of the proteins
identified on a Western blot can be recorded to identify the types and amounts of
proteins expressed in control and test samples. Similarly, the paltermns on a
Northern blot, or the hybridization pattern on an oligonucleotide array, can be
recorded to identify the gene expression of control and test sampies. The
information can be kept manually, but prefecably is maintained in a computer
searchable forra,

Standard databese programs, such as Enterprise Data Management
{Sybase, Inc., Emeryville, CA) or Oracle8 (Oracle Corp., Redwood Shores, CA)
can be used to store end cornpare information. Allernatively, the data can be
recorded, or analy.zed, or both, in specifically designed programs available, for
example, from Partek Inc. (St. Charles, MO).

Additionally, companies selling integrated analytical systems, such
as mass specirometers, provide with the machines integrated software for
recording results. Such companies include Finnigan Carp. (San Jose, CA),
Perkin-Elmer Corp. (Norwalk CT), Ciphergen Biosysterns, Inc. (Palo Alto CA),

and Hewlett Packard Corp. (Pala Alta, CA)Y. Similarly, companies such as
38

JP 2004-503255 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(75)

WO 01796865 POCTIUSOLAG04R

10

15

20

30

Affymetrix, Inc. (Santa Clara, CA) and Incyte Pharmaceuticals, Inc. (Paio Alto
CA) providing oligonucleotide hybridization services maintain proprictary image
recognition algorithms to record and analyze the scanned images of hybridiation
arrays.

Tn a preferred embodiment, the data can be recorded and analyzed
by neutal network technology. Neural networks are complex non-linear modeling
equations which are specifically designed for pattern recognition in data sets. One
such program iy the NeuroShell Classifiec™ classification algerithin from Ward
Systemns Group, Inc. (Frederick, MD). Other neural network programs are
available from, e.g., Partel, Inc., BicComp Systems, Inc. {(Redmond WA) and Z
Solutions, LLC (Atlanta, GA).

H. ADAPTING ARRAY READERS

Tn one embodiment, the invention relates to the formation of arvays
of hybridized oligonuclectides or of hound proteins to defect changes in gene or
protein expression, respectively. Such arrays can be scanned ar read by array
readers.

Typically, the array reader will hiave en optical scanner adapted to
read the paltern of lebels on ar array, such 4s of bound proteins or hybridized
oliponcleolides, operably linked to & computer which bas stored on i, or
accessible to it (for exapple, on an cxternal drive or through the ntemet) onc or
more data files having a plurality of gene expression or protcin expression profiles
of mammalian MSCs coniacted with knewn or uoknewn, toxic chemical
compositions. The array reader can, however, be adapted with a detection device
suitable to “read” labels that can pot be read optieally, such as clectronic

tansponders.

X USE IN HIGH THROUGHPUT SCREENING
The methods of the inveniion can be readily ndapted to high
throughput screeniog. Iligh throughput (“HTP™} sereening is bighly desirable

39
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becanse of the large numober of uncharacterized componnds already developed in
{he larger pharmacoutical companies, as well as the flood of new compeunds now
being synthesized by combinatorial chemistry. Using the invention, hundreds of
chemieal compositions can be tested on MSCs and the resulting alterations in
gene or protein expression, or both, compared to toxicities of known chemical
compositions 1o predict the type and possibly the degree of toxicity the new
componnds possess. Those compositions with acceptable toxicity profiles can
then be considered for further Jevels of testing.

HTP screening can be fucilitaled by nsing autemated and
inteprated culture systerns, sample preparation (protein or RNA/CDNA), and
analysis. These steps can be performed in regular labware using standard rebotic

arps, or in more recently developed microchip and microfluidic devices, such as

those developed by Caliper Techmelogies Corp. fPalo Alto, CA), described in ULS.

Patent 5,800,690, by Orchid Biocomputer, Ine, (Princeton, NI}, deseribed in the
Gotober 25, 1997 New Scientist, and by other companics, which provide methods
of automated analysis using very low volumes of reagentis. See, e g, McConnick,
K. et al,, Anal. Chem, 69:2626-2630 {1997); Turgeon, M., Med Lab.
Management Rept, Dec, 19597, page ).

40
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EXAMPLES

Fxample 1. Selecting chemical compounds for toxicity screening
Compositions that fall into particular categories of toxicity are vsed
1o establish wolecular profiles and coropile libraries for particular ioxicities.
Tabls 1 lisis & number of compositions that are known to be toxie to certain
tissues or organs or during developreenta! stages. In particular, those
compositions that cause lver ioxicities are assessed for itheir molecular profiles by
determining alterations of gene or protein expression patterns in M5Cs contacted
by cach composition. A library comprising molecular profiles of compositions
having liver toxicities is therefore compiled. Those compositions causing
cardiorvascular toxicities are similarly assessed for their molecular profiles and a
library compiled. In addition, rolecular profiles and library thereof for
compositions having toxicities on the central pervous system and for compositions
having developmentzal toxjeities are sirailarly established using the MSC system.
The experimental procedures as described above in general, and in more detail in
the following examples, are tollowed to compile the molecular profiles and

libraries for compositions with particular type of toxicities.

4]
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Dhups with kaowa or suspected of having activities agamst
particolar diseascs can be wsed to establish molecular profites and Hbraties for
toxicity assessment, Antineoplastic drugs with simdlar toxicitics, for example
those lisied in Table I, can be used to compile molecular profiles by determining
the alterations in gene or protein expression paiterns in MSCs expused to these
drugs. Similarly, antibiotics with similar toxicitics can also be assessed for their
alterations In gene or protein expression patterns in MSCs. Also used are drags
controlling diabetes, diugs for lowering lipid levels, or anti-inflammatory drugs.
Once a composile library comprising malecular profiles of specific type of drugs
baving similar toxicities is established, it can bg used to screen for rew drug leads
of the similar type for their potential toxicities. Again, the experimental
procedures as deseribed above in general, and in more detail in the following
examples, are followed for compiling moleenlar profiles and libraries, and for

typingfranking foxicities of new drug leads.

Example 2, Establishing protein profiles for chemical agents relating to
tissne/organ toxicities

This Example demonstrates the culturing of mesenchymal stem cells, the
exposure of the mesenchymal stem celils to different chemical agents having pre-
determined tissue or organ toxjcities, and the determination of changes it protein

expression in the mesenchymal stem cells.

Isolation of cells
WSCs are isolated, purified and culturexpanded according to methods
described below:

Method Iz

IHumae mesenchymal stem cells are isoluted, purified and culture-
expanded according to methods described in Caplan et al. (U.5. Paient Nos.
5,197,985 and 5,486,359). Briefly, marrow js obtained from eitber plugs of

cancellous bone marrow or aspirate bone marrow. Plugs of cancellows bone
42
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arrow are transferred 1o sterile tubes io which about 25 ml BGY, medinm
(GIBCO, Grand Island, MNLY.) with 10% fetal bovine serum (YR Scientific,
Woodland, Calif) (complete medivmm) is added. The tubes are vortexed to
dispexse the marrow, and then spun at about 1000XRFEM for about 5 minutes to
pellet cells ard bone pieces. The supernataat and fat layer are removed and the
marrow and Yone reconsiituted in about 5 mi complete mediun and vortexed to
sugpend the matrow calls. The suspended cells are collected with a syringe fitted
with a 16 gauge needle and transfomed te separate tabes, Bone picces are
recanstituted in about 5 ml complete mediam and the marrow geils collected as
before. Mamow cells are separated into a single cell suspension by passing ther
througl: sysinges fitted with 18 and 20 pauge needles. Cells are spup at
1000KRPM for about 5 minutes after which the fat layer and supematans ate
removed. Cells are reconstituted in complete medium, counted with a
hemocytometeor (red blood cells are lysed prior to counting with 4% acetie acid),
and plated in 100 rom dishes at 50-100X10° pucleated cells/dish.

In the case of aspirate bone marrow, about 5 to 10 ml of aspirate mazrow is
ransferred to sterile tubes to which 20 ml of complete medium is added. The
tubes are spun at 1000KXRPM for about 5 minutes to pellet the cells. The
supernatant and fat layer are removed and the cell peliets (about 2.5 tp 5.0 ml) are
loaded onto T4% Percoll (Sigma, St. Louis, Mo.) gradients and spun at 460X g for
15 minutes. The gradients ars sepavated into three fractions with a pipet: wop 25%
of the gradient (low density cells-platelet fraction), peoled density=1.03 p/ml;
middle 5% of the pradient (high density cells-menonucleated cclls), pooled
density=1.10 g/ml; and, bottorn 25% of the gradient (red blood cells), pooled

* densify=1.14 g/m). The low density ceils are plated.

Marrow gells from either the fernoral head cancelious bone or the liac
aspirate arc cultured in complete medivm at 37°C, in humidified atmosphere
containing 95% air and 5% CO». Cells are allowed to attach for at leest 1 day
before nonadhereat cells are removed from the cultures by replacing the original
medium with fresh complete medium.  Subsequent mediur: changes re

performed about every 4 days. Upon reaching confluence, cells are detached with
. : 43
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0,25% trypsin with 0.1 mM EIDTA (GIBCO) for about 10-15 minutes at 37°C.
The action of trypsin is stopped with 1/2 volume of {etal bovine serum. Cells are

counted, split about 1-3, and replated in cultwe medium.

Wethod 2:

MESCs are isolated according o the methods described by Young et al. (1
Figs. Cult. Method (1992), 14:85-92; 1.8, Patent No. 5,328,655). Brietly, day 11
embryos are removed tram fertilized chick eggs, decapitated, and their legs
{encompassing knee to ankle joint) are removed and placed into sierile
Tyrode's. TM. buffer (Young et al, Connect. Tiss. Res., 17: 99-118 (1988)). The
skin is removed from each leg and the muscle and associated soft tissues are
finety minced, tritarated 1o dispersc the cells, filtered through sterile cheese cloth
and then through a 20 pun Nitex™ fiter to obtain a single cell suspension (Young
etal, . Fiss. Cult, Meth, (1991), 13: 275-284). Viable ccll numbers are estimated
by the dve exclusion test: a 100 pl aliquot of eeli suspension is mixed with 100 ul

of .4% trypan blue in sterile Tyrode's™

solution 2t pH 7.4, and the viable (dye-
excluding) cells countsd on a hemeocytometer. The cells are plated w 2,5X10°
ceils per 100 mm tissue culiure plate and fod duily with Eagle's™ Mininal
Essential Medium (MEM) with Farle's Salts (GIBCQ, Guithersburg, Md.), 10%
pri-selected horse serum, and 5% stage-specific embyyo extract (Voung <t al, Jf
Tiss. Cull, Method, (1992, 14: 85-92 (19923). The cultures are incubated at 37°C
in a humdified, 93% air/5% €Oy, incubator.

The cultures are mainiained until all myogenic lineage-cornumitted cells
had formed multinncleated spontaneously contracting myatubes embedded within
multiple confluent layers of moponucleated stellate-shaped cells {Young et al, J
sy, Cuft, Merh, (3991), 13: 275-284). The mixed cultures are gently trypsinized
with 0.05% trypsin in Moscona's:Moscona's-EOTA buffer for 5-10 minutes at
ambient temperature to release the cells from the plate Yoy ef al, J Tiss. Culr.
Adeth. (1991, 13: 275-284). The celV/rypsin suspension is added to one-half
digestate volume of hotse serum to inhibit further frypsin activity and centrifuged
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(Young et al, J Fees, Cadr. Math, (1991), 13: 275-284). The supernatant is
discarded, the cells arc suspended in incomplete Fagle's. TM. MEM with Farle's
salts, sieved through sterile cheese clotl: and 20 pm Nitex. TM., and 100 ul aliquot
removed for viahility testing and cell counfing. The mesenchymal stem cells
(Young et al, J T¥ss. Culr. Merhod. (1992}, 14: 85-92) are maintained in medium
consisting of Eagle’s MEM with Earle’s salts, 5% embryo extract (ree Young of
b, J Tiss. Calt, Meth, (1991), 13:275-284), and 10% fetal calf serum.

']

Exposure of cells to fest cf ition and methods of analysis

of pratein expression
MSCs isolated aceording to the methods described above are coftured in

medium containing dexamcthasone to induce differentiation of the cells. A drug
with pre-determined toxicity, such as troglitazone, which is a drug designed for
the contred of disbetes which has shown rare but severs liver toxicity and recently
removed [rom the market, is added at a final concentration of about 20 uM o one
group of plates (group “A™) contalning the MSCs. Cn the same day, another drug
with pre-determined toxicity, such as erythromyein cstolate (Sigrua, catalog
nurnber ER630}, which is a form of erythromyein with known liver toxicity, is
added to a second group of plates (group “B™ af a final concentration of about 50
pM. A third group of plates containing the coltured cells (group “C17} is cultured
without any added drugs to serve as o contral. Additionally, plates containing
only tissuc culiure medium (pgroup “C2”) are cultured alongside those containing
cultured cells a5 a control for degradation of proteins i the culture medium.
Following a pericd of exposure of the cells to the drags, for example after about
ten, twenty, thirty and forty days, the cultures are harvested, the cells washed with
a buffer such as PBS, and then lysed in a buffer that contains, {or example, PBS,
D.5% Triton X-100 for about 10 miutes onice. The nuclei are palleted, and the
supcmatant removed angd stored at -§0°C uniil analysis, The nuclei 2 lysed ina
buffer such as PBS with 0.2% $DS and dounce homogenized 1o shear the DNA.
The insoluble material is pslieted and he nuclear lysates stored at -80°C upil
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analyzed. Cytoplasmic and muclear Jysates are also taken on day ero prier to
exposure to uny test chemieal compesitions 1o serve as additional controls.

The lysates and medium samples are diluted by, for example, 3
fold in bulfer confaining 50 mM Tris-HC! at pH 8, and 0.4 M NaCl. Aliquoted
samples of dilited Iysate or wedivm arc placed in a sizing spin column that
fractionates the samplz with a size cut-off of, for example, 30 kDD and squilibrated
in 50 mM Tris-HCL, pH 8 and 50 mM NaCl. The column is spun atan
appropriate force and for an appropriste period, such as 700 g for 3 minutes, for
each fraction. Multiple fractions of abowt 25 pL are collected for each column
vsing the column equilibraicd buffer.

The sanzples are partitionsd by surface enhanced laser
desorption/ionization (“SELDI”), and proteins are detected by mass speciroscapy.
SELDI permits proteins to be captured on 2 surface of choice, which can fhen be
washed at selected stringengy. 1o permit fractionation according to desired
characteristics such as uffinity for metal jons of the surface used for capturs.

Ciphergen normal phasc chips {Ciphergen Dinsystems, Palo Alto,
CA) are used 1o partition the proleins in the fractions generated by the spin
cofumns. Aliquots of about 1 wl of sach fraction are deposited on 2 spot on the
chip, and the sample is air dried at roon temperarars for about § minutes. A
taixturs of about 0.5 L. of satureted sipapinic acid (“SPA™ in 50% acetonitrile
with 0.5% trifluroacetic acid (“TFA™) is applied to cach spot. The chip is again
permitted to air dry for ahout § minutes at room teroperatars, and 2 sccond aliquot
of the SPA mixture iz applied.

Chips are read by the Ciphergen Protein Biology System 1 reader.
Exemplary reader seifings are as follows. Aute mode is used for data collection,
at the SELDI quantitation setting. Two sets of protein profilcs are collected, ore
at low laser intensity (a1 13 wiih filter out) and one ut high laser intensity (at 50
with filter ouf), detector set at 10. Anaverage of |5 shots per location on the
same sagiple spat are made. Protein profiles from different lysates are compared
using SELDI software (Ciphergen Riosystems, Palo Alto, CA). This program
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assurnes two proteins with a molecular weight within about 196 of cach other are
ihe same. I ther quantitates the results, coropares the tesl samples against the
control samples, and prints a graph showing the amount of each protein in the
control as 2 horizental ling, with any reduction or cxcess in the amount of each
protein in the test sample compared to the zmouni of that protein in the control

sample as a Jiee below or above the ling representing the control.

Example 3. Seresning of anti-cancer dreags for fissue and organ toxicities

This exampls illustrates using the MSC system for screening anti-
cancer agents for their tissue or organ toxicities.

Compounds and drugs (both anti-cancer and therapeutic) that have
known foxicitics and biology endpoints in kumans and/or énimals are selected for
compiling their gene or protein expression profiles in MSCs. In addition,
compounds are selected with related known mechunisms of sctivities and with,
regard to compounds thei bave been vsed in previous studies to correlate clinical

omeomes with human in vito ¢ell cultuee effcets. Table 3.

TARLE 3
TOXICITIES
Duugs DEY  LIVER oy [ CNS  Rensl  Buroop BLECHARISH
chloroquioxaling -+ T 7
snlfonannide
didemunin B + ?
cyclosophosphamide + alkylator
hizelesin 4 alkylater
carboplatin + + alkylator
eisplatin + + + alleylator
oxatiplatin k3 zlkylator
ccteinascidin 743 + alkylator
penclomedine + alkylator
methotrexate + + Erti-metalalite
fuzarabine + anti-metitbolite
fludurabine + anti-metabuolite
Havopiridol + CdK inhibitor
doxorubicin + DRTA intercatatar
amcnafide + DNA inisrcalator
daunorubicin + + INA syn inthis
gemcitabine + + DNA syn inhib
stoposide + NA syn inhil
deoxyspergualin + IInORGsUppression
47

JP 2004-503255 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(84)

WO 0146865 PCTIUSOL04R
camptothecin + topo-§ inhibior
% aminocamptothecin + tope-1 inhibitor
topotecan + topu-1 inhibitor
werharons + topo-TT inhibitor
dolastatin 10 + tubuliz inhibitor
taol + tbulin ithibitor
vinblastine > + tubulin inhibitor
vineristine + + mbulin inhibitor
vindesine + 1 + tubulin inhibitor
vingrelbine + + tubulin: inhibitor

10

15

25

“Dev” = developmental ~ “GI = gastro-intestinal ~ “CV” = cardiovascular  “CNS' = central narva

a. Esiablishing gene expression profiles

The gene expression pattern of a selested compound is measured
and quantified using cDNA microarrays and is normalired with ceflular
differentiation. The gene expression partern of the compound 15 compared with a
cantrol MSC culture nof exposed to the compound or, where appropriate, MSC
cultures treated with related drugs with similar function or dose limiting toxicity.
By compiling the gene expression profiles for a number of anli-capcer agents
having similar or related {oxicities, comumnon alterations in gene expression are -
diseerned and correlated with the toxicities, and are used as swropgate protiles for
nssessing {he toxicities of test anti-cancer drug candidates.

The cDNA microarray cun be any one of many kinds that are
known and available in the at, for example, as described in Shalon. et al (1996),
Gerome Res G:639-645. oDNA microasrays allow for the simultanecus
monitoring of the cxpression of thousands of gones, by direct comyparison of
conirel and chemically-treated cells. 3° expressed sequence tags (ESTs) are
arayed and spotted onto glass microscope slides at a density of undreds to
thousands per slide nsing high speed mbotics. Fluorescent cDNA probes are
generated from control and test RINAs using a reverse transcriptase reaciion with
labeled dUTP using fluors that excite at two differont wavelengths, i.e. Cy3 and
Cy5, which allows for the hybridization of both the conirol and test RNA to the
same chip for direct comparisen of relative gene expreasion in cach sample. The

flnorescent signal iy detected wsing a specially engineered scanning confocal
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microscope. A collgetion of 15,000 sequence verified human clones apd £700
mouse clones can be used in making cDNA microarrays. These microarrays are
ideal for the analysis of gene expression patterns in MSC cultures treated with a
variety of agents.

Another example of microanay analysis is described in Lockfart et
al,, U.3. Patent No. 6,040,138, In this method, labeled RNA or cDNA from target
<cells are hybridized to a high density array of oligonucleotide probes where the
high densify array contains oligonueleotide probes complementary to
subsequences of target nucleic acids in the RNA or cDNA sample, 20 mer
oligonucleotide probes prepared as described in T.ockhari et al., supra, are arrayed
on a planar glass slide. Labeled RNAs are generated from condrol and fest MSCs
using methods known in the art, such as incubsting celis in the presence of labeled
pucleatides. Alternatively, Jabeled cDNAs are prepared from RNAs of the test
and contiol cells using & reverse trarseription reaction with labeled nuelentides,
such as dUTP using fluors that excite at different wavelengths. Signal from the
labeled RNA or <DNA ¢an be read by a lasey-illuminated seanning confocal
fluorescence microseope. The microarray in this method is capable of
simultaneous moaitoring of more than 10,000 different gencs.

Briefly, RNAs are isolated from conirol and treaicd MSCs. Total
RINA are prepared using the RNAeasy kit from Qiagen. Subscquently, RNA are
Iabeled ejther with Cy3 or CyS dUTP in a single round of reverse transcription.
The resultant Jabeled cDNAs are mvixed in 2 concentrated volume and ybridized
ta the arrays. Hybridizations are incubated overnight at 65°C in a custom
designed chamber that prevents evaporation. Following hybridization. the chip iz
scamped with u custom confocal luser scanner that will provide an output of the
intensity of each spot in the array for both the Cy3 and Cy5 channels. The data

are then analyzed with a software package thut contains additiona) extensions.
These extensions allow for the intepration of a signal across cach spot,
normalization of the data to a panel of designated housekesping genes, and

statistical calculations to generate a list of genes whose ratios are ouiliers, or
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significantly changed by the treatrpent. In addition to the image analysis sofiware,
infurmatics packages such as Spot-Fire and GeneSpring, both of which are
commercially availahle, ars used to allow clustering and analysis of genes in
multiple experiments across dose and/or time. cDNA microacray technology, in
peneral, is still betng validated as a viabie tecbnique for providing guaniitative
data. While the ratio of red/green provides good qualitative data on the relative
level of expression of a gene in onc population versus the other, it is not an
aﬁsolute value of the level of induction/down regulation of that gene. Each pair of
samples on the arrays are hybridized in trplicatc. Outliers that are consistently
induced or suppressed in two of the three hybridization experiments are further
validated by a traditional ENA quantitation method, such as Northem blot or RT-
PCR

Each drug is tested at Jeast (hree times on separate MSC culturcs
for its effects on growth, differentiation and RINA. expression. Cell counts
{growth), amount of cells expressing/not expressing and/or exhibiting a particular
differentiation warker/eharacieristic (differentiation) and RNA levels/cDNA
microarray data (RNA cxpression) are averaged for the three or more experiments
and the mean and SEM determined. All results are normalized using
uppraximately 15 “house keeping” genes. This allows 2 quantitetive comparison
of the effzets of the test dmgs 1o confrol compounds that are nat toxic in himans
or ardmals, Statistical comparisons provide information for determining whether a
given dmug affects MBC gene expression compared o control drogs or non-treated
cells and for determining whether a change in RNA in the cells is relevant.

b. Establishing protein expression profiles

The protein expression profiles of the selected anti-cancer diugs
are established using Ciphergen’s SELDI masa spectroscopy (MS)-TOF system,
as deseribed in Exanople 2. Total cell lysates fram harvested MSC cultures are
prepared in cither 0.1% SDS or Triton-X100 (0.5%} and an equal protein mass is
directly applied to protein atray chips using mammfacturer’s protocols, For some

situations it may be desirable to add a defined mass of one or more known contral
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peptides as internal calibration and guantification standards to allow more
quantitative coraparisons between chips and samples. Each chip can analyze two
drags in triplicate. After working out the stringeney conditions and experimental

replications, on average 6 ProteinChips™

per test compound are used.

The Ciphergen technology allows for the proteins in the sample 10 be
captured, retained and purified direcily on the chip. The proteins on the
microchip are then analyzed by SELD], This analysis determines the moleculur
weight of proteins in the sample. An avtomatic readout of the molecular weights
of the purified proteins in the sample can then be assessed. Typically this system
bas a CV of less than 20%. The Ciphergen data analysis system normalives the
data to internai reference standards and subtracts the readout of proteins found in
control eells from those in drug treated cells. This data analysis reveals protein
expression stimulaied by the drugs as well as proteins only found in the control
cells whose expression is inbibited by the drug. The analysie provides a
qualitutive readout of protein sxpression between a comrol and treated group.
Analysis of muliiple samples provides an average fold change in protein
expression and a relative mcasure of varibility. This can be represented as a
mean + SEM which can provide a statistical measure of the protein changes. This
analysis is used to determine wheiher drogs that induee shnilar forms of toxicity
in bumans cause similar changes in protein expression in MSCs. Each drug is

analyzed on at least 3 separate groups of MSCs.

All publications and patent applications eited in his specification arc
herein incorporated by reference as if each ind#vidual publication or patent
application were specifically and individually indicated to be incorpotaied by
relerence.

Although the foregoing invention has been described in some detail by
way of illustration and exampie for parposes of clarity of understanding, it will he
readily apparent to those of ordinary skill in the art in light of the leachings of this
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invention that certain changes and modifications may be made ihereto without

departing from the spirit ar seope of the appended claims.
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CLAIMS
WHAT IS CLATMED 18:

1. A method of creating a molecular profile of a chemical
composilion, comprising the steps of
&) comtacting an isolated population of mémmalian mesenchymat
stem cells (MSCs) with the chemical composition; and
b) recording alterations in gene expression or protem expression in
the manymelian MSCs in response to (he chemical composition to create a

mwolecular profile of the chemical composition.

2. A method of compiling a library of mateenlar profiles of chemical

compositiens having predetermined toxicities, comprising the steps of:

4) contacting an isolated population of mammalian mesenchyma?
stem cells (MSCs) with 2 chemical coroposition having predetermined toxicities;

b) recording alferations in gene expression or protein crpression in
the mammaiian MSCs in response to the chemical composition to create a
molecular profile of the chemical composition; and

¢} compiling a libracy of molecular profiles by repeating steps a)

and b) with at least two chemical compositions having predetermined toxicities.

3. The methed of claim 1 or 2, whercin the altcrations in gene
expression or proteln expression are detected by a izbel.

4, The methed of claim 3, wherein the label is solected from the
group consisting of fuorescent, colorimetric, radioactive, enxyme, enzyme
substrate, nucleoside analog, maguetic, glass, latex bead, colloidal gold, snd

electronic transponder.
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5. The method of claim 1 or 2, wherein the molecular profile

comprises alterations in gene expression.

6. The methed of claim 3, whearein the alterations in gene expressinn
are detected by a nucleotide hybridization assay.

9. ‘The method of claim T or 2, wherein the melecular profile

comprises alterations in protein expression.

8. The method of claim 7, wherein the alterations in protein

expression are detected by an immunoactivity assay.

Q. The method of claim 7, wherein the alterations in pratein

expression aic dotectod by 2 mass spectrometry assay.
1. The method of claim 2, wherein the MSCs are of human.

11.  The method of claim 10, further wherein the cherpical
compositions having predetecmined toxicities are selected from the group
comsisting of therapeutic agents, neurotoxins, renal toxins, hepatic toxins, toxins

of hematopoietic cells, and myotoxins.

12, The method of claim 10, further wherein the chemizal
compositions having predetermined toxicities are selected from the group
cousisting of agents that are toxic to cells of one or more reproductive organs,

teratopenic agents and carcinogens.

13, The method of claim 10, forther wherein the chemical
compositions having predetermined toxicities are selected from the group

consisting of agricultural chemicals, cosmetics, and emvironmental contaminants.
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[4.  The method of claim 2, wherein the MSCs are of non-human

15, The meihod of claim 14, whercin the non-human mammals are

16.  The method of claim 14, further wherein the chemical
compositions having predetermined toxjeities are selected from the group
consisting of animal therapeutics, neurotoxing, renal toxins, hepatic toxins, toxins

of hematopoietic cells, and myotoxins.

17.  The method of claim 14, further wherein the chensical
compositions having predetermined toxicities are selected from the group
consisting of agents that are toxic 1o cells of voe or more reproductive organs,

terategenic apents and carcinogens.

18.  The method of claim 14, finther wherein the chemical
composilions having predetermined toxicities are selecied from the group

consisting of agricultural chemicals, cosmetics, and environmental confaminants.

18, A [ibrary of molecular profiles of chemical compositions having
predetermined toxivities, produced by a method according to any one of the
claims 2, 10-18.

20.  Thelibrary of claim 19, wherein the library comprises molecular

profiles for at least 20 chemical compositions.

21, Amethed of typing toxicity of a fest chemical composition,
compnsing the steps of:
&} creating & molecular profile of the test chemical composition

aceerding 1o claim 1; and
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B) comparing the molecular profile in step a) with the molegular
profile of a ehemical composition having predetermined toxicities;
wherein ihe type of toxicity of the test chiemical composition is

defermined by the comparison in step b).

22, Asystematic methed of typing toxciiy of a test chemical

composition, comprising the steps of:

2) creating a molecular profile of the test chemical composition
according to clwdm 1; and

b) comparing the molecular prefile in step a) with a compositc
Library of molecular profiles of chemical compositions baving predetermined
toxiciiies, wherein the composite library comprises the molecular profiles of at
least twa cheniical compositions, said molecular profiles ere eteated according to
claim 1;

wherein the type of toxicity of the test chemical composition is

determined by the comparison in step b).

23, A metkod of ranking toxicity of 2 test chemical compaosition, the

method comprising:

a) creating a molecular profile of the test chemical compasition
according fo claim 1; and

b) comparing the molecular profile in step a) with a composite
library of molecular profiles of chemical compositions having predetermined
toxicities, witcrein the composite library comprises the molecular profiles of at
Jeast two chemical compositions, said molecular profiles are created according 1o
claiin 1;

wherein the toxicity of the test chemical composition is ranked by
the comparison in step b).

24, The method of claim 21, 22 or 23, whercin the test chemical

composition is keown or unknown.
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25, The method of claim 21, 22 or 23, farther wherein the M8Cs arc of
huaman.

26, The method of claiin 235, further whercin the chemrical
compositions having predetermined foxicities arc therapentic agents, neurotoxins,

renal toxing, hepatic toxing, toxins of hematopoistic cells, or myotexins.

27, The method of claim 25, further wherein the chermical
compositions having predetermined toxicittes are selected from the group
consisting of agents that are ioxic 1o cells of one or more reproductive organs,

teratogenic agents and carcinogens.

28.  The method of claim 23, further wherein the chemical
compositions having predetermined toxicities are selected from the group

consisting of agricultural chemicals, cosmetics, and environmental contaminants.

20, The method of ctaim 21, 22 or 23, further wherein the MSCs arc of

non-human maminals.

30, The method of ¢laim 29, wherein the ron-human mammals are

redents.

31 The method of claim 29, further wherein the chemical
campositions having predetertnined toxicities are selected trom the group
consisting of animal therapeutics, neurctoxing, renal toxins, hepatic toxins, foxins
of hematopoietio eclls, and myotoxins.

32, The method of claim 29, further wherein the chemical

compositiens baving predetermined toxicities are selected from the group
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consisting of agents that are toxic to cells of one or more reproductive orgens,

teratogenic agents and carcinogens.

33, The method of clair 29, further wherein the chemical
cempositions having predetermined toxicitics arc selected froon the group

consisting of agriculivral chemicals, cosmetics, and environmental contaminants,

34, Anintegrated system for comparing the melecular profile in M§Cs
of 4 chemical composition to a Hbrary of molecular profiles in MBCs of chemieal
compositions having predetermined toxicitics, comprising: an array reader
adapted to read the paftem of labels on an armay, operably linked to 2 digital
computer comprising a database file baving a phuality of mekcular profiles in

MECs of chemical compositions having predetermiped toxicities.

35, The integrated sysiem of clsim 34, wherein the data file comprises

ul Jeast 20 gene or proicin expression profiles.

36, The inteprated system of claim 34, capable of reading the
hybridization pattern of 500 or more labels on an array per hour.

37, Theintegrated sysfem of claim 34. furtier operably linked to an
optical detector for reading the pattern of labels on an array.

38 Aninfegrared system for correlating the molecular profile in MSCs
and toxicity for a chemical conpesition comprising: an array reader adapted to
read the pattern of labels on an amray, operably linked to a digital computer
vomprising a database file having a plurality of molecular profiles in MSCs of
chemical compositions with predetermined toxicities and a program suitable for

moleenlat profile-toxicity corrclation,
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39, The integrated system of ¢laim 38, wherein the data file comprises
at least 20 gene or protein expression profiles.

40.  The integrated system of claim 38, capable of reading the
hybridization patiemn of 500 o raote labels on an array per hour.

41, The integrated system of claim 38, further operably linked to an

optical detector for reading the pattern of labels on 2n array.
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