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Method for identifying functional nucleic acids
Description

The present invention relates to a method for identifying nucleic acid

molecules functionally associated with a desired phenotype.

A lot of information has been gathered about the execution apparatus of
apoptosis (Hengartner, Nature 407 (2000), 770-776). But data on signals
that control the initiation of apoptosis have only recently begun to be
accumulated {Rich et al., Nature 407 (2000), 777-783). Previous methods
for identifying apoptosis-associated genes or genes associated with other
specific phenotypes are tedious. For example, Hudziak et al. {Cell Growth
and Differentiaton 129 (1990), 129-134) describe a selection procedure for
transformation and met protoonco gene amplification in NIH 3T3
fibroblasts using tumor necrosis factor-a. It is suggested that this method
may be used for identifying other gene products, including other tyrosine
kinases, associated with aggressive tumor growth. A fast or reliable

procedure for identifying such genes is, however, not provided.

According to the present invention a novel method for identifying
functional nucleic acid molecules is provided. This method is based on a
genome evolution concept and therefore involves mutagenesis and/or
genome arrangement steps followed by selection of cell clones displaying
the desired phenotype. Subsequent transcriptome analysis in conjunction
with bioinformatics-directed gene sorting allows not only comprehensive
identification of genes that are critical for the selected celi characteristic,
but even entire signalling pathways that govern a given cellular phenotype.
This method can be employed towards a wide variety of cell characteristics

for which a selection procedure is available.
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Thus, a subject matter of the present invention is a method for identifying

nucleic acid molecules functionally associated with a desired phenotype

comprising the steps:

(a) providing a population of parental cells wherein said cell population
substantially lacks the desired phenotype,

(b} optionally subjecting said cell population to a procedure resulting in
a rearrangement and/or mutation of the cell genome,

(c) subjecting said cell population from (b) to a selection procedure for

the desired phenotype,

(d) identifying and optionally characterizing cells exhibiting said desired
phenotype,

(e) obtaining protein and/or mRNA from cells exhibiting said desired
phenotype,

(f) determining gene expression in cells exhibiting said desired
phenotype and

(g)  comparing gene expression in cells exhibiting said desired phenotype
with gene expression in cells substantially lacking the desired

phenotype.

In the method of the invention essentially any type of parental cells {e.g.
cell lines or primary cells) can be used. Most important the cells should
lack the desired selection characteristic or display it only weakly. Preferred
examples of starting cells are eukaryotic cells, e.g. mammalian cells,

particularly human cells.

In order to generate cells, preferably cell clones exhibiting the desired
phenotype, the parental cell may be subjected to a procedure resulting in
an arrangement and/or mutation of the cell genome. This step is an
evolution procedure comprising an induction of the parental cell to undergo
genomic rearrangements and/or mutagenesis. In case of transformed cells,
e.g. tumor cells such as Hela or normal cells having a low threshold to

instability, e.g. immortalized cells such as NIH 3T3 cells, no special
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induction is necessary, since these cells are continuously in a process of
genome rearrangement and mutagenesis. It is sufficient to expose the
parental cell cuiture to selection conditions either in form of clones or
subdivided cultures preferably in multiple well plates, e.g. 96 well
microtiter plates, or when the selection involves lethal conditions, exposure
of cell monolayers. It should be noted, however, that also parental cells
may be used which have a substantially stable genome. These cells,
however, require a specific induction in order to obtain the desired genomic

rearragement and/or mutagenesis.

In a preferred embodiment step (b} of the method comprises a mutagenesis
procedure. This mutagenesis procedure may be selected from irradiation,
e.g. by UV or y-irradiation, chemical mutagenesis, e.g. by treatment with

N-methy| maleimide or ethyl maleimide, or combinations thereof.

After the rearrangement and/or mutation of the cell genome has been
achieved, the cell population is subjected to a selection procedure for the
desired phenotype. After selection, cells, e.g. individual cell clones
exhibiting the desired phenotype are identified and optionally characterized.
The identification may comprise a morphological determination and/or a cell
sorting procedure, e.g. by a Fluorescence Activated Cell Sorting procedure
(FACS). The cells may be expanded and subsequently the desired
phenotype/property may be verified and/or quantified.

Subsequently, protein and/or mRNA from cells exhibiting the desired
phenotype is obtained. This material may be used for determining gene
expression in cells exhibiting the desired phenotype and comparing gene
expression in said cells with gene expression in cells substantially lacking

the desired phenotype.

In a preferred embodiment, mBNA from cells exhibiting the desired

phenotype is obtained. The mRNA may be extracted from the selected

JP 2004-517638 A 2004.6.17
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genetically modified cell clones and either used directly, or after conversion
into another nucleic acid, e.g. cDNA or cRNA as a probe for hybridization
with a nucleic acid array. The nucleic acid, e.g. mRNA, cDNA or cRNA,
used for hybridization with the array will usually be labelied in order to
determine site-specific hybridization on the array. The array may be a solid
carrier, e.g. a filter, chip, slide etc. having immobilized thereto a plurality of
different nucleic acid molecules on specified locations on the carrier. The
nucleic acid array may be selected from genomic DNA arrays, cDNA arrays
and oligonucleotide arrays. Preferably, an array is used which preferentially
comprises nucleic acids encoding functional cellular polypeptides or
portions thereof, more preferably selected from kinases, phosphatases,
enzymes and receptors. Hybridization on the array as a measure of gene
expression in the selected cell clones may be determined according to
known methods, e.g. by image analyis using a phosphor imager. In some
cases, the desired new property of the cell may be determined by a large
scale high throughput assay analysis of e.g. the conditioned media of

subdivided cultures.

In addition or alternatively to expression profiling by mRNA analysis a
proteomics approach determining the differences in protein content of the
identified clones compared to the parental cellline and the identified clones
or their supernatants may be carried out by suitable methods, e.g. by 2D
gel electrophoresis. Proteins that differ in their concentration in the parental
cell line and the identified clones will show a differently stained spot in the
2D gel. Furthermore, protein modifications like phosphorylations can be
detected by this method. Once can also perform a separation of the celiular
proteins prior to the analysis step, in order to reduce the complexity of the
protein mixture. For instarice, column chromatographic steps could be
carried out that purify kinases (by affinity chromatography using an ATP
column) or glycosylated proteins (using a lectin column) which then can be

further separated by 2D gel electrophoresis. Any other method for

JP 2004-517638 A 2004.6.17
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analyzing differences on the protein level (protein chips, mass

spectrometry) may also be utilized.

The gene expression results in cells exhibiting the desired phenotype will
be compared with gene expression in cells substantially lacking the desired
phenotype, preferably in the parental cells. Further, the gene expression
results may be analyzed by a cluster detection program. This analysis will
yield a plurality of possible changes in the expression of genes that confer

the desired cell phenotype.

The application of the method of the invention is very broad and includes
essentially all cell characteristics that can be selected for and/or which can
be determined with an assay. For example, the desired phenotype may be
selected from cancer cell properties such as invasiveness, metastasis, loss
of contact inhibition, loss of extracellular matrix requirement, growth factor
independence, angiogenesis induction, immuno defense evasion, anti-

apoptosis and/or increased levels of tumor markers.

In an especially preferred embodiment the desired phenotype is anti-
apoptosis. Another application is the elucidation of cancer related genes by
sorting cancer cells for a known tumor marker. Often tumor markers are a
consequence and not a cause of the tumorigenicity of cells and are
therefore not amenable as drug targets. But since the correlation of the
marker with a cancer phenotype is established, sorting cells for increased
marker expression will also sort for the genes that are linked to the marker
and cause the cancer phenotype. These genes can be identified by
comparing the expression profiles in the parental cell line and the sorted

cells and are potential drug targets.

Alternatively, the desired phenotype may be selected from other properties
such as production of secreted protein, e.g. insulin, growth hormone,

interferons etc., susceptibility or resistance to pathogens, e.g. viruses such

JP 2004-517638 A 2004.6.17
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as HCV, HBV or other pathogens, senescence and regulation of cell
functions, i.e. the identification of genes that regulate certain cell functions
e.g. identification of negative regulators of insulin receptor activity
comprising a screen for cell clones with upregulated insulin receptor

activity.

A further preferred embodiment is the identification of components of
signal transduction pathways in general, e.g. to sort for cells that are
better capable of transmitting the respective signal. For instance, the
identification of components of a signal transduction pathway of a
Receptor Tyrosine Kinase (RTK), particularly of a receptor of the EGF-
receptor family, such as EGFR, HER2 and HER3, can be carried out by
generating a cell line that expresses a suitable reporter protein, such as
Green Fluorescent Protein (GFP) under the control of a promoter that is
responsive to stimulation by a ligand of the respective receptor {e.g. c-fos
promoter for EGF stimulation etc.). Stimulation of the receptor by the
ligand will then lead to transcription of GFP and an increased green
fluorescence that can be detected, e.g. by a FACS machine. Sorting the
cells that show the highest fluorescence induction will enrich for cells that
respond stronger to a ligand-indicated signal than the parental cell
population. Analyzing the expression patterns of both cell populations will
identify the genes whose varying expressions are responsible for the
different reaction to the signal and hence influence the signal transduction
pathway. This strategy can be applied to any signal for which a fluorescent

output can be generated.

In the following, the invention is described in more detail with reference to
the identification of anti-apoptotic nucleic acids using a cDNA array. It
should be noted, however, that this embodiment is only illustrative for the

method of the invention and should not be construed as limitation.
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In order to identify nucleic acids which are associated with the regulation
of apoptosis the method of the invention was used for the identification of
genes, which are differentially expressed in apoptosis-sensitive and

apoptosis-resistant ceils.

Apoptosis was induced in the human cervix carcinoma cell line Hela S3 by
Fas activation. Activation of Fas results in an autocatalytic activation of
caspase-8 and thus to apoptosis. For Fas activation the parental cells were

incubated with an anti-Fas antibody.

After the selection procedure only a low amount of living cells were
present. These cells had a higher resistance against apoptosis than the
parental cell line. The surviving cells were clonally expanded. mRNA was
isolated from the clones and the parental cell line, which was subsequently
reversed, transcribed into cDNA. Then cDNA arrays were hybridized with
the cDNA from the clones and the parental cell line and thus the gene
expression on the array determined. The sequences on the arrays were
derived from about 1000 genes which preferentially encode kinases and
phosphatases. By means of a comparison between the expression and the
parental cell line and the expression and the clones, about 200 genes were
identified which exhibited enhanced expression (an increase by more than
the factor 2) in at least 10% of the clones. These are nucleic acids which
are associated with the apoptosis resistance of the clones {Tables 1 and
2). Table 1 is a listing of genes which are induced in the apoptosis-
resistant clones and have not yet been linked to an anti-apoptosis funetion.
Table 2 is a listing of genes that are induced in apoptosis-resistant clones

with previously known anti-apoptotic function.

An improved method for the identification of genes, which are differentially
expressed in the parental cell line, e.g. Hela $3, and the clones having a
desired phenotype, e.g. apoptosis-resistant clones, an evaluation procedure

as described in Example 2, may be applied. For each nucleic acid analysed

JP 2004-517638 A 2004.6.17
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in the parental cell line, a plurality of measured values is determined from
which an average value and a standard deviation may be calculated. For
example, RNA may be isolated at least twice from the parental cell line in
at least two independent preparations. Material from each preparation is
used for hybridization with at least two nucleic acid arrays. The average of
those values for a given spot on the array is calculated and the standard
deviation determined. Material from the desired clone is hybridized with
one nucleic acid array. A gene is considered to be differentially expressed
in the desired clone when its value exceeds a predetermined cut-off. The
cut-off for upregulated genes is preferably the average of the respective
values of the parental cell [ine plus two times standard deviation. The cut-
off for down-regulated genes is preferably the average of the respective
parental cell line values minus two times standard deviations. Using this
procedure it is possible to correct errors inherent in the experimental
procedure. Since those errors made during the preparation of the nucleic
acid arrays will determine the standard deviation, any value of the desired
clone that lies outside the standard deviation marks a differentially
expressed gene. Therefore, it is possible to detect also smali differences in
gene expression that may not be detected by using an arbitrary cut-off.
The values obtained by this improved evaluation procedure are depicted in
Table 5.

Thus, a subject matter of the present invention is the use of nucleic acids
as depicted in Table 1, Table 2, and Table 5 preferably in Table 1 and
Table 5, and polypeptides encoded by these nucleic acids as "targets” for
diagnostic and therapeutic applications, particularly for disorders which are
associated with dysfunctions of apoptotic processes such as tumors.

Further, the nucleic acids and the gene products are suitable as targets in

ening procedures for identifying novel modulators of apoptotic/anti-

apoptotic procedures, particularly drugs. The drugs may be biomolecules
such as antibodies directed against the gene products, enzyme inhibitors or
low molecular non-biological drugs. Methods of drug screening comprise

JP 2004-517638 A 2004.6.17



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

25

(50)

WO 02/063037 PCT/EP02/01073
-9-

cellular based systems wherein usually a cell overexpressing the target

nucleic acid of interest is used or molecular based systems wherein the

polypeptide of interest in used in a partially purified or substantially purified

and isolated form. Particular screening methods are known to the skilled

person and need not be described in detail here. It should be noted,

however, that also high throughput screening assays may be used.

Further, several groups or clusters of genes were identified whose
expression patterns across the cell lines are similar. Clusters of apoptosis-
resistant clones are depicted in Table 3. Clusters in squamous cell
carcinoma cell lines are depicted in Table 4. The identification of such
clusters allows the use of specific combinations of active agents in
diagnostic and/or therapeutical applications as well as in screening
methods. Thus, according to a preferred embodiment of the invention
combinations of agents capable of modulating the presence and/or activity
of several targets within a cluster may be used in order to multiply the

efficacy.

Furthermore, the method of the present invention allows the generation of
expression profiles of genes and particularly gene clusters associated with
a desired phenotype. These expression profiles may be compared with the
expression profile in a specific biological sample, which may be a body
fluid or a tissue sample derived from a patient, e.g. a human, particularly a
tumor patient. The comparison of the expression profile obtained by the
method of the present invention with the expression profile in the biolegical
samples allows the development of improved diagnostic, monitoring and/or
therapeutic strategies which are specifically adapted to the individual

patient.

In experiments it was demonstrated that an inhibition of the catalytic
activity of proteins having an increased expression in the clones resulted in

an enhanced increase of apoptosis. Also in the parental cell line the
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inhibition resulted in an increased apoptosis. This outlines the importance
of the identified nucleic acids and proteins for the apoptosis resistance of

the clones and demonstrates the inhibition specifity.

Further, the invention is described in more detail in the following examples

and figures.
Figure 1 shows the inhibition of upregulated kinases.

Cells were grown in Ham’s F12 medium without FCS and treated with 100
ng/ml anti-Fas antibody CH-11 with and without inhibitors. Apoptosis was
measured by FACS analysis as described in the examples. SU 5402: 10
uM, AG 1295: 1 uM, SB 203580: 10 uM, PD 98059: 25 uM.

Figure 2 shows the inhibition of pyk-2 by a dominant negative mutant and

an antisense construct.

Figure 3 shows the apoptosis sensitivity of clones. 70% confluent cells
were starved for 24h in medium without FCS and subsequently 100 ng/ml
CH-11 was added. After a 16h incubation the cell nuclei were stained in
hypotonic buffer and analysed by FACS. The percentage of the sub-G1-
peak was deduced. The apoptotic rate without FCS was subtracted from
the rate with FCS.

Figure 4 shows the apoptasis sensitivity with other apoptosis inducers.
70% confluent cells were starved for 24 h in medium without FCS and
subsequently 10 pg/ml Cisplatinum or TNF-a plus 0.1 ug/ml Cycloheximide
was added to the cells. After 16 h the cell nuclei were stained with
propidium iodide and analysed by FACS. 50 nM Taxol was added to the
cells for 3 h and the medium subsequently replaced by fresh medium with

10% FCS. 2 days later the percentage of sub-G1 cells was deduced. The
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apoptotic rate without FCS was subtracted from the rate with FCS. The

values are expressed as the percentage of the respective Hela S3 value.

Viral supernatant was produced using Phoenix A packaging cell line and
the respective cloned constructs (expressing pyk-2 wild-type or pyk-2 KM
mutant) cloned in the vector pLXSN. Hela S3 and clone 14 were infected
over night. Medium was changed the next day and two days later cells
were starved for 24 hours in medium without FCS before adding 100 ng/ml

CH-11 over night. Apoptosis was measured as described in Fig. 1.

Example 1

1. Materials and Methods

1.1 Selection of Apoptosis-Resistant Clones

The cervix carcinoma cell line Hela S3 (ATCC CCL-2.2) was plated on 10
cm cell culture dishes (10° cells) in Ham’s F12 growth medium containing
10% FCS. On the next day the medium was exchanged against medium
without FCS supplemented with 100 ng/ml apoptosis activating anti-Fas
antibody CH-11 (Coulter Immunotech). After 3 days when most of the cells
were dead, the medium was exchanged once more against the medium
containing 10% FCS without antibody. The surviving cells were clonally

cultivated for 3 weeks. The clones were picked and expanded.

1.2 Apoptosis Assay
50000 cells per well obtained from the parental cell line Hela S3 or from

the clones, respectively, were grown in a 12 well cell culture dish for 2
days in 2 ml Ham’s F12 medium containing 10% FCS. On the third day the
cells were washed twice with 1 ml Ham’s F12 medium and then the
medium exchanged against 1 ml Ham’s F12 medium. On the next day the
medium was supplemented with the respective inhibitors and 100 to 200

ng/ml CH-11. On the next day the medium was decanted and transferred
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to an Eppendorf tube. The cells were washed once with 200 4l PBS, the
PBS was transferred to the respective Eppendorf tube. Then the remaining
cells were also transferred to the respective Eppendorf tube after treatment
with EDTA/trypsin in PBS. The cells were pelleted by centrifugation,
suspended in 500 ul hypotonic buffer {0.1% sodium citrate, 0.1% Triton-
X100, 20 ug/ml propidium iodide) and incubated for 2-24 hours at 4°C.

The resutling cell nuclei were analyzed by FACS.

1.3 FACS (Fluorescence Activated Cell Sorting) - Analysis for Determining

Apoptotic Nuclei

The propidium iodide fluorescence of single nuclei was determined using a
FACSCalibur (Becton Dickinson} cytometer. The forward scatter light (FSC)
and the side scatter light {SSC) were recorded simultaneously. The FSC
peak was adjusted at channel 500 in a 1024 channel linear scale and the
red fluorescence peak at channel 200 of a logarithmic scale. The FSC cut-
off value was determined by gating to 95% of the greatest nuclei of a
negative control without supplements. Nuclei were classified as apoptotic
when a subdiploid signal between the G1/GO peak and channel 10 was

present.

1.4 Preparation of cDNA

Total RNA was isolated by lysing of cells with guanidinium isothiocyanate
and subsequent extraction with acid phenol (Current Protocols in Molecular
Biology}. mRNA was isolated by binding to oligo-dT cellulose according to

standard methods (Current Protocols in Molecular Biology).

cDNA was synthesized from mRNA by reverse transcription using Cap-
finder primer K1 and K2 {Clontech Inc., USA} and AMV-reverse
transcriptase (Roche Diagnostics) and purified using the PCR purification kit
{Qiagen}. From 3 xg mRNA 50 ul cDNA consisting of one strand DNA and

one strand RNA were obtained.
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1.5 Preparation of cDNA Arrays
cDNAs cloned in p-Bluescript were spotted with a BioGrid spotter
{BioRobotics, UK) on nylon membranes. 250 ng DNA were used per spot.

For about one half of the genes two or more probes were used and each

probe was spotted twice. The following designations were used:

YK = tyrosine kinase

STK = serin/threonin kinase

PP = phosphatase

Lig = ligand

UK = unknown kinase

upP = unknown phosphatase

oT = other

Example:

YK_1b_Abl_2 = tyrosine kinase 1, probe b, spot 2

1.6 Radioactive Labelling of cDNA

5 ul cDNA were labelled with 50 y Ci ¢®*P-ATP using the Megaprime
Labelling Kit {Amersham Pharmacia) and purified using the PCR purification
kit {Qiagen). The thus obtained cDNA was hybridized with COT-DNA
{Roche Diagnostics) in order to block repetitive sequences which might

bind unspecifically to the cDNA array.

1.7 Hybridization of cDNA Arrays

The cDNA arrays were prehybridized for 4 hours or over night at 68°C in
prehybridization solution (50 x Denhardt, 10 x SSC, 0.25 M NayPO,, pH
6.8, 50 mM Na/P,0,, 0.1 mg/mi tRNA (bakers's yeast, Roche

Diagnostics)).

JP

2004-517638 A 2004.6.17



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

20

25

30

(55)

WO 02/063037 PCT/EP02/01073

-14 -
Subsequently the cDNA arrays were hybridized for 16 hours with the

labelled cDNA in hybridization buffer (5 x SSC, 0.1% SDS, 0.1 mg/ml
tRNA). The cDNA arrays were washed as follows:

2 x 20 min W1 {2 x SSC, 0.1% SDS) at 42°C
1 x 20 min W2 (0.2 x SSC, 0.1% SDS) at 42°C
1 x 60 min W2 at 65°C

The cDNA arrays were exposed for 48 hours on Phosphoimager plates
{Fujifitm) and subsequently analyzed on a Phosphoimager (Bas-2500,

Fuijifilm).

1.8 Analysis of cDNA Arrays

The spot volume on the filter was determined using ArrayVision software
(V 5.1, Imaging Research Inc.). All further calculations were carried out in

Excel (Microsoft Corp.}.

For better internal comparison of the cDNA arrays a normalization
procedure was carried out as follows: From each spot on the array the
background {average of p-Bluescript values of an array) was subtracted
and divided by the sum of all spot volumina in the array. The thus obtained

value was multiplied by 10000.

For the identification of genes which are differentially expressed in the
parental cell line Hela S3 and the apoptosis-resistant clones, the quotient
from the values of the clones and the average value of the different arrays
of the parental cell line {reference arrays) was calculated. All normalized
values smaller than 0.1 were set to 0.1 for the calculation. 90% of all
values different from O were above this value. The respective gene was
defined as differentially expressed, if the percentage differs by at least

100%. Only such genes were analyzed wherein the deviation of the values
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on the reference arrays for the respective spot on the array was sufficiently

small. The following filters were used for sorting out these genes:

If the values of the reference arrays and of the respective clone for a spot
were smaller than 2.5, the deviation of the reference arrays from each

other must be in the range from 0.2 to 5.

If the values of the reference arrays were smaller than 2.5 and that of the
clone greater than 2.5 or vice versa, the deviation of the reference arrays

from each other has to be in the range from 0.3 to 3.

If both the values of the reference arrays and of the clone were greater
than 2.5, the deviation of the reference arrays from each other has to be in

the range from 0.5 to 2.

1.9 Gene Clustering

For gene clustering the Program Cluster {Michael Eisen, Stanford
University) was used. The quotients from the values of the clones and the
average value of the respective arrays of the parental cell lines were used.
Spots exhibiting high deviations in the values on the reference arrays were
excluded. For this purpose the filters were used which had already been
applied in the identification of induced genes. From 1922 spots 1451
remained. These values were logarithmically transferred to clusters and
further filtered on spots wherein the value of at least 80% of the clones
was different from 0. The thus resulting 520 spots were analyzed via an

hierarchical cluster algorithm.

The overall similarity of the expression patterns and the cluster mirrors in
the correlation coefficient which has a value between 1 and -1. A
correlation coefficient of 1 means the expression patterns are identical, O
means that they are completely independent and -1 the opposite of each

other.
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2. Resuits

2.1 Apoptosis-Resistant Clones are Obtained by Selection of Hela S3 Using
CH-11 Antibod

40 clones were obtained after selection with CH-11 antibody. 20 of these
clones were tested in view of their sensitivity to CH-11. The degree to
which the clones are resistant differs between individual clones, but none
of them is completely resistant to apoptosis suggesting that the apoptosis
machinery is functional. The clones are also refractive to apoptosis induced

by TNF-a and cisplatin.

2.2 Numerous Genes Show Enhanced Expression in Apoptosis-Resistant

Clones

Tables 1 and 2 show listings of genes which show enhanced expression in
apoptosis-resistant clones. Further, the Genbank Accession numbers of the
respective clones, the number of clones in which expression exceeds cut-
off for increased expression and the average percentage over cut-off is

given.

Most of the analyzed genes encode protein phosphatases and kinases, i.e.

enzymes which are important for cell regulation.

From the thus determined induced clones several have not yet been
associated with apoptosis and/or tumorogenesis (Table 1). Other genes
such as CAMKK (calmodulin dependent kinase kinase), EGFR (epidermal
growth factor receptor), Ber (breakpoint cluster region}, FGFR-1 (fibroblast
growth factor receptor 1), Nik {(NFxB-interacting kinase) and DAPK (death-
associated protein kinase} are already known as apoptosis-associated

genes.
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2.3 Gene Clustering Shows Groups_of Genes Which are Commanly
Regulated

By clustering of expression data groups of genes were found which are

commonly up- or downregulated. The common regulation suggests a
common function of the genes. Thus not only single apoptosis-modulating
genes, but also signal transduction cascades consisting of a plurality of
genes are found. The clusters identified in apoptosis-resistant clones are
shown in Table 3. The clustering of the genes allows to group the
upregulated genes and deduce different anti-apoptotic signalling pathways
instead of single genes only. The clusters that were found in the apoptosis-
resistant clones could also be partially found in expression data of
squamous cell carcinoma cell lines (Table 4). That suggests that by the
screen physiologically relevant apoptosis clusters can be found that are

important for tumor development and hence could serve as drug targets.

Cluster 1 contains some genes induced in many clones such as CAMKK,
UK11 (unknown kinase 11), PTP a (protein tyrosine phosphatase a) and
PRK (proliferation related kinase}.

Cluster 2 contains 3 genes exhibiting a highly correlated expression,
namely serin/threonin phosphatase VH2, TIMP (tissue inhibitor of
metalloproteinase 1) and MMP-15 (matrix metalloproteinase 15).
Interestingly, an enzyme (MMP-15) and a potential inhibitor (TIMP-1) are

commonly regulated.

Cluster 3 comprises inter alia the membrane bound tyrosine phosphatase

Lar and the proapoptotic serin/theronin kinase DAP kinase.

In cluster 4 BCR, a potential inhibitor of p38 and the JNK signal pathways,
and an activator of p38, namely MAPKK-3 (mitogen activated kinase

kinase 3) are commonly regulated.
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2.4 Inhibition of the Induced Genes Enhances Apoptosis

In order to show that the induced genes are in fact modulators of
apoptosis selected enzymes wers inhibited by specific inhibitors and

apoptosis was induced. Inhibitors for the following enzymes were used:

- SU 5402 inhibits FGF receptors, but is not specific for a defined FGF
receptor

- AG 1295 inhibits the PDGF receptor

- SB 203580 inhibits the p38 MAP kinase

PD 98059 inhibits the MAP kinase kinase 1, which in turn activates the
MAP kinases ERK1 and ERK2. This inhibitor was used as control for SB
203580, because SB 203580 also partially inhibits ERK1 and ERK2.
Furthermore, ERK2 shows an enhanced expression in the clones. The

results for Hela S3, clone 14 and clone 20 (partially) are shown in Fig. 1.

It was found that an inhibition of FGF receptors in Hela S3 cells leads to an
increase in apoptosis of about 50%. In clones 14 and 5 SU 5402 leads to
an increase of nearly 300% or 50%, respectively. Thus, in a clone having
an increased expression of two FGF receptors (clone 14, FGFR-1 and
FGFR-3) an inhibition of FGF receptors leads to an enhanced increase of
apoptosis. In clone 5, which does not show any enhanced expression of
FGF receptors, the increase in apoptosis is comparable to the parental cell
line Hela S3.

An inhibition of the PDGF receptor leads to an increase of about 30% in
Hela S3. In clone 14, which shows enhanced expression of PDGF receptor,
the inhibition results nearly in a doubling of the number of apoptotic cells.
In contrast thereto, clone 5, which does not contain any detectable PDGF
receptor, exhibits only 30% increase in apoptosis after treatment with AG
1295.
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The p38 MAP kinase was inhibited because BCR, an inhibitor of the p38
MAP kinase signal pathway, and MAPKK-3 (MEK-3}, which is a p38
activator, exhibited an enhanced expression in the clones. Further, both

genes are grouped in a cluster.

p38 inhibition in Hela S3 results in a 25% increase of apoptosis. In clone
14 exhibiting an enhanced MEK-3 expression, an inhibition of p38 leads to
a 60% increase of apoptosis. In contrast thereto, an inhibition of MEK-1
results in a doubling of the apoptosis rate. The increase in apoptosis after
inhibition of p38 compared to Hela S3 and the constant apoptosis after
inhibition of MEK-1 might be explained by inhibition of ERK1/2 and
additional inhibition of p38.

In clone 20, which expresses MEK-3 on a similar level as Hela $3,
treatment with SB 203580 only leads to a slight increase of apoptosis. In
contrast thereto, treatment with PD 98059 triples the apoptosis rate. Thus,
SB 203580 acts specifically in this system and the differences in the
increase of apoptosis after inhibition of p38 correlate with the expression
of the p38 activator MEK-3.

These inhibition experiments demonstrate conclusively that the method of

the invention for identifying apoptosis-associated genes is efficient.

2.5 Inhibition by Introducing a Dominant Negative Mutant or an Antisense

Strand

The respective enzymes upregulated in apoptosis-resistant clones can also
be inhibited by introducing a dominant negative mutant or the antisense
strand. Figure 2 shows that - as as example - the wild-type pyk-2 confers
increased resistance when introduced in Hela $3. In clone 14 with a higher
ekpression of pyk-2 introduction of the wild-type enzyme has no effect but

the mutant with the lysine mutated to methionine (pyk-2 KM) in the
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reactive center of the enzyme reverts the phenotype of the clone. The

antisense construct has a corresponding but weaker effect.

Example 2
The experimental procedure was carried out as described in Example 1.

For the idemifipation of genes differentially expressed in the parental cell
line Hela S3 and the apoptosis resistant clones, the following evaluation
procedure was applied: For each spot on the cDNA arrays of the parental
cell line Hela S3 four values were determined in the following manner. RNA
was isolated twice from Hela S3 in two independent preparations. Each
RNA preparation was used to synthesize cDNA and each cDNA was
hybridized with two cDNA arrays. The average of those 4 values for a
given spot on the cDNA array was calculated and the standard deviation
determined. The cDNA of each apoptosis resistant clone was hybridized
with one cDNA array. A gene was considered to be differentially expressed
in the apoptosis resistant clones when its value exceeded the following cut
offs. The cut off for upregulated genes was the average of the respective
Hela $3 values plus two times standard deviation. Accordingly, the cut off
for downregulated genes was the average of the respective Hela S3 values
minus two times standard deviation. The magnitude of the up-or
downregulation was expressed as percent over/under the.cut off. For
example, a value of 100% over the cut off for upregulated genes means a
2-fold induction compared to the cut off, and a value of 100% under the
cut off for downregulated genes means a bisection of that value in the

resistant clones.

For gene clustering the program Cluster (Michael Eisen, Stanford
University) may be used. The normalized values of the four reference
arrays and the array of the 20 apoptosis resistant clones were used. Genes
with a value greater than 1 in at least 20 of the 24 investigated arrays

were filtered out and employed for the following calculations. The cut off
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For gene clustering the program Cluster (Michael Eisen, Stanford
University) may be used. The normalized values of the four reference
arrays and the array of the 20 apoptosis resistant clones were used. Genes
with a value greater than 1 in at least 20 of the 24 investigated arrays
were filtered out and employed for the following calculations. The cut off
of 1 was utilized in order to avoid clustering of genes whose value was so
close to the background that a clustering would be unreliable. Thus, out of
2400 spots, 520 remained that were analysed via a hierarchical cluster

algorithm.

The results are shown in Table 5.
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Table 1

32

(73)

PCT/EP02/01073

Genes that have not been linked to an antiapoptotic function before
and are Induced in the apoptosis resistant clones

Gene A i INumber of cl in which % over cutoff
number lexpression exceeds cut off
[for increased expression
[Tyrogine Kinases
Hck M16591 4 48,5
TrC 105012 o 28,0
Hyl X77278 11 245
Rse 05682 10 Zzi
RON X70040 14 21,0
KIAA0B4 1 AB014541 5 19,5
[EphA2 M53371 12 19,5
ICsk X589 8 18,
EphB3 X75208] | 16,0
EphB4 07695 5 12,5
-2 Us3284 4| 11,0
Unknown Phosphatases
PB-26 ABQ40504] | 30,5
PB-28 AB040904) 4 18,0
IUnknnwn Kinases
UK19 AA292584 5l 25,0
UK10 R52045 4 24,5
Jukt Hago7H o 9,5
L1686 16 69,0
Y05305 i 5 55,0
AF026273 13 54,5
026309 5 458
Uo7747] 9 44,0
AJ224539 4 40,0
AF10031§ 14) 39,0
6678957| 14} 37,4
X76104 11] 37,00
[MAPKK3 4506099 11 360
PLK-1 L19559 124 34,5
[PKN-H4 26181 13 345
X02584 10| 32,0
AF074715 - 30,0
M63167] 18] 28,0
AFQ2463¢ bi 28,0/
M14504 El 26,5]
[PcTAIRET X66369 o 23.0
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ABO15718 4 22,0
088435 6 21,0
108578 7 20,5
AF022805 8 18.5
X86779 5 15.0
AF013588 L= 17.9
U25265 s 16.5
AF005046 11 16.0
AF008552) 4] 180
UB2508] 4 15,0
M31606 8 14,5
AF1 286251
3 13,5
D63485 9 11,0
AB011109 6 11,5
X99325 4 6.0
AF08342q 3 5.5
M96995 7 18,0
Y09847] & 17.5
X7534; 10| 15,04
Phosphatases
PYST1 X93824 5 85,5
B3 U15932 s 339
PCP-2 X97198 19 31,9
PP~ U73727| 9 30,0
P-Meg2 M83738 o 29.5
IPP5 X89416 7l 18,5
ICOC25B M81934 10} 17.08
IPTP-SL Z30313 5 17.9
PP2B-R M30773 > 17,08
PP1-Calpha M6396) 6 16,0
[PP2A-Rb55 M64930 g 155
PTPzeta X54135 4 13,0
Shp-1 X6205: 4 7.0
PP2A-Raé5 J02902 > 7.0
PTPmu X58284 3 65
Metalloproteases
IMMP-15 Z 19 714
DAM12 X05232) [ 59,0
IMMP-3 Joa2og 14) 345
IADAM15 NM0038185] 12) 28,0
IADAMS XM005675] 13 270
|G-proteins
Iphai2 16 44.0
EPI R-3 4 8.0

Table 1 (continued)
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]

[Other |
PHASGF-3 Mg782! 7 104,9
0k S031 15 57.5
(MHC-1 M11884 17] 53.0
EF-2 X51464 18 440
Ipha-tubulin NM_0060! 9 43.5
KIF-1c NMOO6E61 2 280
Furin X17094 L, 274
rS9 4506744 13 239
GPDH M33197] 9 239
beta-Aktin, X00351, 11 215
Vimentin X56134 1 18,0
lneurolaktin K03515 1 17,9
osinbeta $54005 7 11,5
Histon3.3 M11354) & 7.9
PHBA4-PC 114273 5 3.5

Table 1 (continued)
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Table 2

(76)

PCT/EP02/01073

Genes with known antiapoptotic function that are induced in the

apoptosis resistant clones

IGene lAccession |Number of clones in which % over cut off
number rexpression exceeds cut off
tar increased exprassion

iTyrosins Kinases

POGFRaipha M22734 4 39.9
HER2 M11739 4 38,9
EGFR Xoo584 8 21,0
FGFR-3 . M58051 205
HER4 Lo786d 5| 32,8
Jak-2 AF058925 6 34,9
[Tyk-2 . . X54887 E 185
{Serlna/Threonine Kinases

RSK L0757 11 43,4
MAPKK2 L1128 1 335
IPIM-2h U77734 El 29,5
IKK1 AF012850 4 284
CKil-beta M3044¢ 7 289
IALK-4 222534 & 27.9
[ERK1 X8018¢] 1 254
IKKgamma AF07438! 12 235
|AKT2 M35936 10 17,0
[CKll-aipha J02853 8 17.5
(CaM-Kligamma LO7044| 7 16,0
IMAPKAPK2 NM00475! g 150
ILK U40282 7] 14,0
ICKl-deita u28171 6 11,5
SGK Y10032) 4 11,9
ICKli-beta M30448) El 9,0
IA-Rat-1 . X04728q 5 s9
IALK-1 117075 5 6.9
[Phosphatases

IPPX. X70214 16] 26,0
Ligands

(TGFalpha XM002732] 11 63.0
IL1-beta NM000576 g 545
L1-alpha X02531 4 348
IVEGF NM00337§ 9 270
{Other

Bel-x 223114 14| 345
L-4Stat U16031 9 19,5
ITIMP-1 X0D3124 17 108.5
imyc X00364) 8 15.8
[TimMP-2 13 36,

JP 2004-517638 A 2004.6.17
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Clusters in the apoptosis resistant clones
Bold: also found in one common cluster in squamous cell carcinoma

Cluster 1

Correlation factor 0.71

[Rac-alpha
KKgamma
PPX
ADAM15
IADAMS
RK1
g8

LK-1 iphai2S48C
IAPKKKE
0k

BTUB

Table 3
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Cluster 2

Cluster 5

{Correlation factor 0,71

[PKC-spstion
KS

Table 3 (continued)

(78)

PCT/EP02/01073
37
Cluster 3 Cluster 4
[Correlation factor 0.74 [Correlation factor 0.67
IPDGFRalpha PP2A-Ra65
IPB-28 RER2
PHK-gammaT CAMIK
Cluster 6 Cluster 7
[Conrelation factor 0,81 [Correlation factor 0,83

[L-4Stat
PCP-2

[DAPK

PKA-Calpha2

PP5S

IADI

[Raf

PTPzeta

IGF1-R

HE-A1
1B

MSTH1

PKA-Calpha

PLCgamma |

HSGAK

HR

ITESK1

PRK

JP 2004-517638 A 2004.6.17
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Clusters in squamous cell carcinoma cell lines

SCaBER
UMSSC-17B
UMSSC-17A
UMSSC-22A
UMSSC-22B
UMSSC-10A
HIaC738
H1aC79
FaDu
Bold: also found in one cluster in apoptosis resi: clones
Cluster 1 Cluster 2
Correlation factor 0.7 Corralation factor 0,8
PRL-3.2 23 SK-3aipha
SL
MAPKAPK3
IGSK-3bata
hPAK1
PKC-datta
PB-32
h
KIF-1c
HB
KIAA0B87Nck-interactingkinase

Table 4

JP 2004-517638 A 2004.6.17
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Cluster 3

[Correlation factor 0,67

PB-32

PB-38
hPAK2

INMP-2
PB-5

ICDKE
Bel-x
H11

IMMP-14
SLK
MSTH1
Ipha
IADAM17
PIR1

IALK-2

Table 4 (continued)

39

(80)

PCT/EP02/01073

Cluster 4

|(Corretation factor 0,71

JP 2004-517638 A 2004.6.17
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Claims

A method for identifying nucleic acid molecules functionally

associated with a desired phenotype comprising the steps:

(a) providing a population of parental cells wherein said cell
population substantially lacks the desired phenotype,

{b) optionally subjecting said cell population to a procedure
resulting in a rearrangement and/or mutation of the cell
genome,

(c) subjecting said cell population from (b) to a selection
procedure for the desired phenotype,

{d) identifying and optionally characterizing cells exhibiting said
desired phenotype,

{e) obtaining protein and/or mRNA from cells exhibiting said
desired phenotype,

(f) determining gene expression in cells exhibiting said desired
phenotype and

(g) comparing gene expression in cells exhibiting said desired
phenotype with gene expression in cells substantially lacking

the desired phenotype.

The method of claim 1 wherein the desired phenotype is selected

from cancer cell properties.

The method of claim 2 wherein the cancer cell properties are
selected from invasiveness, metastasis, loss of contact inhibition,
loss of extracellular matrix requirement, growth factor
independence, angiogenesis induction, immuno defense evasion,

anti-apoptosis and/or increased levels of tumor markers.

JP 2004-517638 A 2004.6.17
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4.

10.

12.

48

The method of claim 2 wherein the desired phenotype is anti-

apoptosis.

The method of claim 1 wherein the desired phenotpye is selected
from production of secreted protein, susceptibility or resistance to
pathogens, senescene, regulation of cell functions and madification

of signal transduction pathways.

The method of any one of claims 1-5 wherein a parental cell is
selected which is continuously in a process of genome

rearrangement and mutagenesis.

The method of claim 6 wherein the parental cell is an immortalized

or transformed cell.

The method of any one of claims 1-5 wherein a parental cell is

selected which has a substantially stable genome.

The method of claim 8 wherein step (b) comprises a mutagenesis

procedure.

The method of claim 9 wherein said mutagenesis procedure is
selected from irradiation, chemical mutagenesis and combinations

thereof.

The method of any one of claims 1-10 wherein step (d) comprises a

cell sorting procedure.

The method of claim 11 wherein said cell sorting procedure is a

Fluorescence Activated Cell Sorting Procedure (FACS).

JP 2004-517638 A 2004.6.17
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18.

20.

49

The method of any one of claims 1-12 comprising obtaining mRNA
in step {e} and hybridizing said mRNA or a nucleic acid made

therefrom with a nucleic acid array.

The method of claim 13 wherein the nucleic acid made from mRNA

is selected from the group consisting of cDNA and cRNA.

The method of any one of claims 13-14 wherein said nucleic acid
array comprises a solid carrier having immobilized thereto a plurality

of different nucleic acid molecules.

The method of any one of claims 13-15 wherein said nucleic acid
array is selected from arrays of genomic DNA arrays, cDNA arrays

and oligonucleotide arrays.

The method of any one of claims 13-16 wherein said nucleic acid
array comprises nucleic acids encoding functional cellular
polypeptides or portions thereof selected from kinases,

phosphatases, enzymes and receptors.

The method of any one of claims 1-12 comprising obtaining protein
in step (e} and analyzing the protein content in cells exhibiting the
desired phenotype.

The method of claim 18 wherein said analyzing comprises 2D gel

electrophoresis, mass spectrometry and/or binding to protein arrays.

The method of claim 18 or 19 wherein before analyzing a
pretreatment step in order to reduce the complexity of the protein

mixture is carried out.

JP 2004-517638 A 2004.6.17
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21.

22,

23.

24,

25,

26.

27.

28.

29.

The method of any one of claims 1-20 further comprising the
identification of a plurality of genes {gene cluster) which is

associated with the desired phenotype.

The method of any one of claims 1-21 further comprising a
validation step wherein the association of a defined gene or gene

cluster with the desired phenotype is determined.

The method of .claim 22 wherein the validation step comprises

generating of dominant-negative mutants.

The method of any one of claims 1-23 further comprising a
screening procedure wherein the activity of a test substance for a
defined gene or gene cluster associated with the desired phenotype

is determined.

Use of the method of any one of claims 1-24 for generating
expression profiles of genes or gene clusters associated with a

desired phenotype.

The use of claim 25 wherein the expression profile is compared with

the expression profile in a biological sample.

The use of claim 26 wherein the sample is derived from a human

patient.
Use of the nucleic acid shown in Table 1, Table 2 and Table 5 or
fragments thereof or peptides or polypeptides encoded by said

nucleic acids or fragments as targets.

The use of claim 28 for diagnostic applications.

JP 2004-517638 A 2004.6.17
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30. The use of claim 28 for therapeutic applications.

31. The use of claim 28 for a screening procedure to identify novel

drugs.

JP 2004-517638 A 2004.6.17
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Method for identifying functional nucleic acids
Description

The present invention relates to a method for identifying nucleic acid

molecules functionally associated with a desired phenotype.

A lot of information has been gathered about the execution apparatus of
apoptosis (Hengartner, Nature 407 {2000), 770-776). But data on signals
that control the initiation of apoptosis have only recently begun to be
accumulated {Rich et al., Nature 407 (2000}, 777-783). Previous methods
for identifying apoptosis-associated genes or genes associated with other
specific phenotypes are tedious. For example, Hudziak et al. {Cell Growth
and Differentiaton 129 (1990), 129-134) describe a selection procedure for
transformation and met protoonco gene amplification in NIH 3T3
fibroblasts using tumor necrosis factor-g. It is suggested that this method
may be used for identifying other gene products, including other tyrosine
kinases, associated with aggressive tumor growth. A fast or reliable

procedure for identifying such genes is, however, not provided.

According to the present invention a novel method for identifying
functional nucleic acid molecules is provided. This method is based on a
genome evolution concept and therefore involves mutagenesis and/or
genome arrangement steps followed by selection of cell clones displaying
the desired phenotype. Subsequent transcriptome analysis in conjunction
with bicinformatics-directed gene sorting allows not only comprehensive
identification of genes that are critical for the selected celi characteristic,
but even entire signalling pathways that govern a given cellular phenotype.
This method can be employed towards a wide variety of cell characteristics

for which a selection procedure is available.

JP 2004-517638 A 2004.6.17
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Thus, a subject matter of the present invention is a method for identifying

nucleic acid molecules functionally associated with a desired phenotype

comprising the steps:

(a) providing a population of parental cells wherein said cell population
substantially facks the desired phenotype,

(b} optionally subjecting said cell population to a procedure resulting in
a rearrangement and/or mutation of the cell genome,

(c) subjecting said cell population from (b) to a selection procedure for
the desired phenotype,

{d) identifying and optionally characterizing cells exhibiting said desired
phenotype,

(e) obtaining protein and/or mRNA from cells exhibiting said desired
phenotype,

(f} determining gene expression in cells exhibiting said desired
phenotype and

(g)  comparing gene expression in cells exhibiting said desired phenotype
with gene expression in cells substantially lacking the desired

phenotype.

In the method of the invention essentially any type of parental cells (e.g.
celt lines or primary cells) can be used. Most important the cells should
lack the desired selection characteristic or display it only weakly. Preferred
examples of starting cells are eukaryotic cells, e.g. mammalian cells,

particularly human cells.

In order to generate cells, preferably cell clones exhibiting the desired
phenotype, the parental cell may be subjected to a procedure resulting in
an arrangement and/or mutation of the cell genome. This step is an
evolution procedure comprising an induction of the parental cell to undergo
genomic rearrangements and/or mutagenesis. In case of transformed celis,
e.g. tumor cells such as Hela or normat cells having a low threshold to

instability, e.g. immortalized cells such as NIH 3T3 cells, no special

JP 2004-517638 A 2004.6.17
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induction is necessary, since these cells are continuously in a process of
genome rearrangement and mutagenesis. It is sufficient to expose the
parental cell culture to selection conditions either in form of clones or
subdivided cultures preferably in multiple well plates, e.g. 96 well
microtiter piates, or when the selection involves lethal conditions, exposure
of cell monolayers. it should be noted, hawever, that also parental cells
may be used which have a substantially stable genome. These cells,
however, require a specific induction in order to obtain the desired genomic

rearragement and/or mutagenesis.

In a preferred embodiment step {b) of the method comprises & mutagenesis
procedure. This mutagenesis procedure may be selected from irradiation,
e.g. by UV or p-irradiation, chemical mutagenesis, e.g. by treatment with

N-methyl maleimide or ethyl maleimide, ar combinations thereof.

After the rearrangement and/or mutation of the cell genome has been
achieved, the cell population is subjected 1o a selection procedure for the
desired phenotype. After selection, cells, e.g. individual cell clones
exhibiting the desired phenotype are identified and optionally characterized.
The identification may comprise a morphological determination and/or a cell
sorting procedure, e.g. by a Fluorescence Activated Cell Sorting procedure
(FACS). The cells may be expanded and subsequently the desired

phenotype/property may be verified and/or guantified.

Subsequently, protein and/or mRNA from cells exhibiting the desired
phenotype is obtained. This material may be used for determining gene
expression in cells exhibiting the desired phenotype and comparing gene
expression in said cells with gene expression in cells substantially lacking

the desired phenctype.

In a preferred embodiment, mRNA from cells exhibiting the desired

phenotype is obtained. The mRNA may be extracted from the selected

JP 2004-517638 A 2004.6.17
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genetically modified cell clones and either used directly, or after conversion
into another nucleic acid, e.g. cONA or cRNA as a probe for hybridization
with a nucleic acid array. The nucleic acid, e.g. mRNA, ¢DNA or cRNA,
used for hybridization with the array will usually be labelled in order to
determine site-specific hybridization on the array. The array may be a solid
carrier, e.g. a filter, chip, slide etc. having immaobilized thereto a plurality of
different nucleic acid molecules on specified locations on the carrier. The
nucleic acid array may be selected from genomic DNA arrays, cDNA arrays
and oligonucleotide arrays. Preferably, an array is used which preferentially
comprises nucleic acids encoding functional cellutar polypeptides or
portions thereof, more preferably selected from kinases, phosphatases,
enzymes and receptors. Hybridization on the array as a measure of gene
expression in the selected cell clones may be determined according to
known methods, e.g. by image analyis using a phosphor imager. In some
cases, the desired new property of the cell may be determined by s large
scale high throughput assay analysis of e.g. the conditioned media of

subdivided cultures.

In addition or alternatively to expression profiling by mRNA analysis a
proteomics approach determining the differences in protein content of the
identified clones compared to the parental cell line and the identified clones
or their supernatants may be carried out by suitable methods, e.g. by 2D
gel electrophoresis. Proteins that differ in their concentration in the parental
cell line and the identified clones wilt show a differently stained spot in the
2D gel. Furthermore, protein modifications like phospharylations can be
detected by this methad. Once can also perform a separation of the cellular
proteins prior to the analysis step, in order to reduce the complexity of the
protein mixture. For instarice, column chromatographic steps could be
carried out that purify kinases (by affinity chromatography using an ATP
column) or glycosylated proteins {using a lectin column) which then can be

further separated by 2D gel electrophoresis. Any other method for
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analyzing differences on the protein level ({protein chips, mass

spectrometry) may also be utilized.

The gene expression resuits in cells exhibiting the desired phenotype will
be compared with gene expression in cells substantially lacking the desired
phenotype, preferably in the parental cells. Further, the gene expression
results may be analyzed by a cluster detection program. This analysis will
vield a plurality of possible changes in the expression of genes that confer

the desired cell phenotype.

The application of the method of the invention is very broad and includes
essentially all cell characteristics that can be selected for and/or which can
be determined with an assay. For example, the desired phenotype may be
selected from cancer cell properties such as invasiveness, metastasis, loss
of contact inhibition, loss of extracelfular matrix requirement, growth factor
independence, angiogenesis induction, immuno defense evasion, anti-

apoptosis and/or increased levels of tumor markers.

In an especially preferred embodiment the desired phenotype is anti-
apoptosis. Another application is the elucidation of cancer related genes by
sorting cancer cells for a known tumor marker, Often tumor markers are a
consequence and not a cause of the tumorigenicity of cells and are
therefore not amenable as drug targets. But since the correlation of the
marker with a cancer phenotype is established, sorting cells for increased
marker expression will also sort for the genes that are linked to the marker
and cause the cancer phenotype. These genes can be identified by
comparing the expression profiles in the parentai cell line and the sorted

cells and are potential drug targets.

Alternatively, the desired phenotype may be selected from other properties
such as production of secreted protein, e.g. insulin, growth hormone,

interferons etc., susceptibility or resistance to pathogens, e.g. viruses such
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as HCV, HBV or other pathogens, senescence and regulation of cell

functions, i.e. the identification of genes that regulate certain cell functions

e.g. identification of negative regulators of insulin receptor activity

comprising a screen for cell clones with upregulated insulin receptor

activity.

A further preferred embodiment is the identification of components of
signal transduction pathways in general, e.g. to sort for cells that are
better capable of transmitting the respective signal. For instance, the
identification of components of a signal transduction pathway of a
Receptor Tyrosine Kinase (RTK), particularly of a receptor of the EGF-
receptor family, such as EGFR, HERZ and HER3, can be carried out by
generating a cell line that expresses a suitable reporter protein, such as
Green Fluorescent Protein {GFP) under the control of a promoter that is
responsive to stimulation by a ligand of the respective receptor {e.g. c-fos
promoter for EGF stimulation etc.). Stimulation of the receptor by the
ligand will then lead to transcription of GFP and an increased green
fluorescence that can be detected, e.g. by a FACS machine. Sorting the
cells that show the highest fluorescence induction will enrich for cells that
respond stronger to a ligand-indicated signal than the parental cell
population. Analyzing the expression patterns of both cell populations will
identify the genes whose varying expressions are responsible for the
different reaction to the signal and hence influence the signal transduction
pathway. This strategy can be applied to any signal for which a fiuorescent

output can be generated.

In the following, the invention is described in more detail with reference to
the identification of anti-apoptotic nucleic acids using a cDNA array. It
should be noted, however, that this embodiment is only illustrative for the

method of the invention and should not be construed as limitation.

JP 2004-517638 A 2004.6.17



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

20

25

30

(105)

WO 12/663037 PCT/EP02/01073
-7 -

In order to identify nucleic acids which are associated with the regulation

of apoptosis the method of the invention was used for the identification of

genes, which are differentially expressed in apoptosis-sensitive and

apoptosis-resistant cells.

Apoptosis was induced in the human cervix carcinoma cell line Hela S3 by
Fas activation. Activation of Fas results in an autocatalytic activation of
caspase-8 and thus to apoptosis. For Fas activation the parental celis were

incubated with an anti-Fas antibody.

After the selection procedure only a low amount of living cells were
present. These cells had a higher resistance against apoptosis than the
parental cell line. The surviving cells were clonally expanded. mRNA was
isolated from the clones and the parental cell line, which was subsequently
reversed, transcribed into cDNA. Then ¢DNA arrays were hybridized with
the cDNA from the clones and the parental cell fine and thus the gene
expression on the array determined. The sequences on the arrays were
derived from about 1000 genes which preferentially encode kinases and
phosphatases. By means of a comparison between the expression and the
parental cell line and the expression and the clones, about 200 genes were
identified which exhibited enhanced expression (an increase by more than
the factor 2) in at least 10% of the clones. These are nucleic acids which
are associated with the apoptosis resistance of the clones {Tables 1 and
2). Table 1 is a fisting of genes which are induced in the apoptosis-
resistant clones and have not yet been linked to an anti-apoptosis funetion.
Table 2 is a listing of genes that are induced in apoptosis-resistant clones

with previously known anti-apoptotic function.

Animproved method for the identification of genes, which are differentially
expressed in the parental cell fine, e.g. Hela S3, and the clones having a
desired phenotype, e.g. apoptosis-resistant clones, an evaluation procedure

as described in Example 2, may be applied. For each nucleic acid analysed
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in the parental cell fine, a plurality of measured values is determined from
which an average value and a standard deviation may be calculated. For
example, RNA may be isolated at least twice from the parental cell fine in
at least two independent preparations. Material from each preparation is
used for hybridization with at least two nucleic acid arrays. The average of
those values for a given spot on the array is calculated and the standard
deviation determined. Material from the desired clone is hybridized with
one nucleic acid array. A gene is considered to be differentially expressed
in the desired clone when its value exceeds a predetermined cut-off. The
cut-off for upregulated genes is preferably the average of the respective
values of the parental cell line pius two times standard deviation. The cut-
off for down-regulated genes is preferably the average of the respective
parental celi line values minus two times standard deviations. Using this
procedure it is possible 10 correct errors inherent in the experimental
procedure. Since those errors made during the preparation of the nucleic
acid arrays will determine the standard deviation, any value of the desired
clone that lies outside the standard deviation marks a differentially
expressed gene. Therefore, it is possible to detect also small differences in
gene expression that may not be detected by using an arbitrary cut-off.
The values obtained by this improved evaluation procedure are depicted in
Table 5.

Thus, a subject matter of the present invention is the use of nucleic acids
as depicted in Table 1, Table 2, and Table 5 preferably in Table 1 and
Table 5, and polypeptides encoded by these nucleic acids as "targets” for
diagnostic and therapeutic applications, particularly for disorders which are
associated with dysfunctions of apoptotic processes such as tumeors.
Further, the nucleic acids and the gene products are suitable as targets in
'sé_ifeening procedures for identifying novel modulators of apoptotic/anti-
aééptotic procedures, particularly drugs. The drugs may be biomolecules
sﬁéh as antibodies directed against the gene products, enzyme inhibitors or

tow molecular non-biological drugs. Methods of drug screening comprise
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cellular based systems wherein usually a cell overexpressing the target

nucleic acid of interest is used or molecular based systems wherein the

polypeptide of interest in used in a partially purified or substantially purified

and isolated form. Particular screening methods are known to the skilled

person and need not be described in detail here. It should be noted,

however, that alsc high throughput screening assays may be used.

Further, several groups or clusters of genes were identified whose
expression patterns across the celf lines are similar. Clusters of apoptosis-
resistant clones are depicted in Table 3. Clusters in squamous cell
carcinoma cell lines are depicted in Table 4. The identification of such
clusters allows the use of specific combinations of active agents in
diagnostic and/or therapeutical applications as well as in screening
methods. Thus, according to a preferred embodiment of the invention
combinations of agents capable of modulating the presence and/or activity
of several targets within a cluster may be used in order to multiply the

efficacy.

Furthermore, the method of the present invention allows the generation of
expression profiles of genes and particularly gene clusters associated with
a desired phenotype. These expression profiles may be compared with the
expression profile in a specific biological sample, which may be a body
fluid or a tissue sample derived from a patient, e.g. @ human, particularly a
tumor patient. The comparison of the expression profile obtained by the
method of the present invention with the expression profile in the biological
samples allows the development of improved diagnostic, monitoring and/or
therapeutic strategies which are specifically adapted to the individual

patient.

In experiments it was demaonstrated that an inhibition of the catalytic
activity of proteins having an increased expression in the clones resulted in

an enhanced increase of apoptosis. Also in the parental cell line the

7o
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inhibition resulted in an increased apoptosis. This outlines the importance
of the identified nucleic acids and proteins for the apoptosis resistance of

the clones and demonstrates the inhibition specifity.

Further, the invention is described in more detail in the following examples

and figures.
Figure 1 shows the inhibition of upregulated kinases.

Cells were grown in Ham's F12 medium without FCS and treated with 100
ng/ml anti-Fas antibody CH-11 with and without inhibitors. Apoptosis was
measured by FACS analysis as described in the examples. SU 5402: 10
uM, AG 1295: 1 M, SB 203580: 10 yM, PD 98059: 25 yM.

Figure 2 shows the inhibition of pyk-2 by a dominant negative mutant and

an antisense construct.

Figure 3 shows the apoptosis sensitivity of clones. 70% confluent ceils
were starved for 24h in medium without FCS and subsequently 100 ng/ml
CH-11 was added. After a 16h incubation the cell nuclei were stained in
hypotonic buffer and analysed by FACS. The percentage of the sub-G1-
peak was deduced. The apoptotic rate without FCS was subtracted from
the rate with FCS.

Figure 4 shows the apaptosis sensitivity with other apoptosis inducers.
70% confluent cells were starved for 24 h in medium without FCS and
subsequently 10 pg/ml Cisplatinum or TNF-o plus 0.1 ug/ml Cycloheximide
was added to the celis. After 16 h the cell nuclei were stained with
propidium iodide and analysed by FACS. 50 nM Taxol was added to the
cells for 3 h and the medium subsequently replaced by fresh medium with
10% FCS. 2 days later the percentage of sub-G1 cells was deduced. The

/7
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apoptotic rate without FCS was subtracted from the rate with FCS. The

values are expressed as the percentage of the respective Hela S3 value.

Viral supernatant was produced using Phoenix A packaging cell line and
the respective cloned constructs (expressing pyk-2 wild-type or pyk-2 KM
mutant) cloned in the vector pLXSN. Hela S3 and clone 14 were infected
over night. Medium was changed the next day and two days later cells
were starved for 24 hours in medium without FCS before adding 100 ng/ml

CH-11 over night. Apoptasis was measured as described in Fig. 1.

Example 1

1. Materials and Methods

1.1 Selection of Apoptosis-Resistant Clones

The cervix carcinoma cell line Hela $3 (ATCC CCL-2.2) was plated on 10
cm cell culture dishes (10° cells) in Ham’s F12 growth medium containing
10% FCS. On the next day the medium was exchanged against medium
without FCS supplemented with 100 ng/ml apoptosis activating anti-Fas
antibody CH-11 {Coulter Immunotech). After 3 days when most of the cells
were dead, the medium was exchanged once more against the medium
containing 10% FCS without antibody. The surviving cells were clonally

cultivated for 3 weeks. The clones were picked and expanded.

1.2 Apoptosis Assay
50000 celis per well obtained from the parental cell fine Hela S3 or from

the clones, respectively, were grown in a 12 well cell culture dish for 2
days in 2 ml Ham's F12 medium containing 10% FCS. On the third day the
cells were washed twice with 1 m} Ham’s F12 medium and then the
medium exchanged against 1 ml Ham's F12 medium. On the next day the
medium was supplemented with the respective inhibitors and 100 to 200

ng/mi CH-11. On the next day the medium was decanted and transferred

/2

JP 2004-517638 A 2004.6.17



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

20

25

30

(110)

WO 020063037 PCT/EP02/H073
“12-
to an Eppendorf tube. The cells were washed once with 200 w4 PBS, the
PBS was transferred to the respective Eppendorf tube. Then the remaining
cells were also transferred to the respective Eppendorf tube after treatment
with EDTA/trypsin in PBS. The cells were pelleted by centrifugation,
suspended in 500 ul hypotonic buffer {0.1% sodium citrate, 0.1% Triton-
X100, 20 pg/ml propidium iodide) and incubated for 2-24 hours at 4°C.

The resutling cell nuclei were analyzed by FACS.

1.3 FACS (Fluorescence Activated Cell Sorting) - Analysis for Determining
Apoptotic Nuclei

The propidium iodide fluorescence of single nuclei was determined using a
FACSCalibur {Becton Dickinson) cytometer. The forward scatter light (FSC)

and the side scatter light {SSC) were recorded simultaneously. The FSC
peak was adjusted at channel 500 in a 1024 channel linear scale and the
red fluorescence peak at channel 200 of a logarithmic scale. The FSC cut-~
off value was determined by gating to 95% of the greatest nuciei of a
negative control without supplements. Nuclei were classified as apoptotic
when a subdiploid signal between the G1/GO peak and channel 10 was

present.

1.4 Preparation of cDNA

Total RNA was isolated by lysing of cells with guanidinium isothiocyanate
and subsequent extraction with acid phenol (Current Protocols in Molecular
Biology). mRNA was iscolated by binding to oligo-dT cellulose according to

standard methods (Current Protocols in Molecular Biology).

¢cDNA was synthesized from mRNA by reverse transcription using Cap-
finder primer K1 and K2 (Clontech Inc., USA) and AMV-reverse
transcriptase {(Roche Diagnostics) and purified using the PCR purification kit
{Qiagen). From 3 ug mRNA 50 ul cDNA consisting of one strand DNA and

one strand RNA were obtained.

/S
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1.5 Preparation of cDNA Arrays
c¢DNAs cloned in p-Bluescript were spotted with a BioGrid spotter
(BioRobotics, UK) on nylon membranes. 250 ng DNA were used per spot.

For about one half of the genes two or more probes were used and each

probe was spotted twice. The following designations were used:

YK = tyrosine kinase

STK = serinfthreonin kinase

PP = phosphatase

Lig = tigand

UK = unknown kinase

up = unknown phosphatase

oT = other

Example:

YK_1b_Abl_2 = tyrosine kinase 1, probe b, spot 2

1.6 Radioactive Labelling of cDNA
5 ul cDNA were labelled with 50 ¢ Ci ¢®P-ATP using the Megaprime

Labelling Kit (Amersham Pharmacia) and purified using the PCR purification
kit (Qiagen). The thus obtained cDNA was hybridized with COT-DNA
(Roche Diagnostics) in order to block repetitive sequences which might
bind unspecifically to the cDNA array.

1.7 Hybridization of cDNA Arrays
The cDNA arrays were prehybridized for 4 hours or over night at 68°C in

prehybridization solution (50 x Denhardt, 10 x $SC, 0.25 M Na;PO,, pH
6.8, 50 mM Na,P,0,, 0.1 mg/mi tRNA (bakers's yeast, Roche

Diagnostics}).
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Subsequently the cDNA arrays were hybridized for 16 hours with the
labelled cDNA in hybridization buffer (5 x SSC, 0.1% SDS, 0.1 mg/ml
1RNA). The cDNA arrays were washed as follows:

2 x 20 min W1 (2 x SSC, 0.1% SDS) at 42°C
1 x 20 min W2 (0.2 x SSC, 0.1% SDS) at 42°C
1 x 60 min W2 at 856°C

The cDNA arrays were exposed for 48 hours on Phosphoimager plates
{Fujifilm) and subsequently analyzed on a Phosphoimager (Bas-2500,

Fujifilm).

1.8 Analysis of cDNA Arrays

The spot volume on the filter was determined using ArrayVision software
{V 5.1, Imaging Research inc.). All further calculations were carried out in

Excel (Microsoft Corp.}.

For better internal comparison of the ¢DNA arrays a normalization
procedure was carfied out as follows: From each spot on the array the
background (average of p-Bluescript values of an array) was subtracted
and divided by the sum of ali spot volumina in the array. The thus obtained

value was multiplied by 10000.

For the identification of genes which are differentially expressed in the
parental cell line Hela S3 and the apoptosis-resistant clones, the quotient
from the values of the clones and the average value of the different arrays
of the parental cell line {reference arrays) was calculated. All normalized
values smaller than 0.1 were set to 0.1 for the calculation. 90% of all
values different from O were above this value. The respective gene was
defined as differentially expressed, if the percentage differs by at least
100%. Only such genes were analyzed wherein the deviation of the values

o)
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on the reference arrays for the respective spot on the array was sufficiently

small. The following filters were used for sorting out these genes:

If the values of the reference arrays and of the respective clone for a spot
were smaller than 2.5, the deviation of the reference arrays from each

other must be in the range from 0.2 10 5.

If the values of the reference arrays were smaller than 2.5 and that of the
clone greater than 2.5 or vice versa, the deviation of the reference arrays

fram each other has to be in the range from 0.3 to 3.

If both the values of the reference arrays and of the clone were greater
than 2.5, the deviation of the reference arrays from each other has to be in

the range from 0.5 to 2.

1.9 Gene Clustering

For gene clustering the Program Cluster (Michael Eisen, Stanford
University} was used. The quotients from the values of the clones and the
average value of the respective arrays of the parental cell lines were used.
Spots exhibiting high deviations in the values on the reference arrays were
excluded. For this purpose the filters were used which had already been
applied in the identification of induced genes. From 1922 spots 1451
remained. These values were logarithmically transferred to clusters and
further filtered on spots wherein the value of at least 80% of the ciones
was different from 0. The thus resulting 520 spots were analyzed via an

hierarchical cluster algorithm.

The overall similarity of the expression patterns and the ciluster mirrors in
the correlation coefficient which has a value between 1 and -1. A
correlation coefficient of 1 means the express?on patterns are identical, O
means that they are completely independent and -1 the opposite of each

other.

/&
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2. Results

2.1 Apoptosis-Resistant Clones are Obtained by Selection of Hela S3 Using

CH-11 Antibody

40 clones were obtained after selection with CH-11 antibody. 20 of these
clones were tested in view of their sensitivity to CH-11. The degree to
which the clones are resistant differs between individual clones, but none
of them is completely resistant to apoptosis suggesting that the apoptosis
machinery is functional. The clones are also refractive to apoptosis induced
by TNF-a and cisplatin.

2.2 Numerous Genes Show Enhanced Expression in Apoptosis-Resistant

Clones

Tables 1 and 2 show listings of genes which show enhanced expression in
apoptosis-resistant clones. Further, the Genbank Accession numbers of the
respective clones, the number of clones in which expression exceeds cut-
off for increased expression and the average percentage over cut-off is

given.

Most of the analyzed genes encode protein phosphatases and kinases, i.e.

enzymes which are important for cell regulation.

From the thus determined induced clones several have nbt yet been
associated with apoptosis and/or tumorogenesis (Table 1). Other genes
such as CAMKK (calmodulin dependent kinase kinase), EGFR (epidermal
growth factor receptor), Ber (breakpoint cluster region), FGFR-1 (fibroblast
growth factor receptor 1), Nik (NFxB-interacting kinase) and DAPK (death-
associated protein kinase) are already known as apoptosis-associated

genes.
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2.3 Gene Clustering Shows Groups of Genes Which are Commonly
Requlated

By clustering of expression data groups of genes were found which are
commonly up- or downregulated. The common regulation suggests a
common function of the genes. Thus not only single apoptosis-modulating
genes, but also signal transduction cascades consisting of a plurality of
genes are found. The clusters identified in apoptosis-resistant clones are
shown in Table 3. The clustering of the genes alilows to group the
upregulated genes and deduce different anti-apoptotic signalling pathways
instead of single genes anly. The clusters that were found in the apoptosis-
resistant clones could also be partially found in expression data of
squamous cell carcinoma cell lines (Table 4). That suggests that by the
screen physiologically relevant apoptasis clusters can be found that are

important for tumor development and hence could serve as drug targets.

Cluster 1 contains some genes induced in many clones such as CAMKK,
UK11 (unknown kinase 11), PTP o (protein tyrosine phosphatase a) and

PRK (proliferation related kinase).

Ciluster 2 contains 3 genes exhibiting a highly correlated expression,
namely serin/threonin phosphatase VH2, TIMP (tissue inhibitor of
metalloproteinase 1) and MMP-16 (matrix metalloproteinase 15).
Interestingly, an enzyme (MMP-15) and a potential inhibitor (TIMP-1) are

commonly regulated.

Cluster 3 comprises inter alia the membrane bound tyrosine phosphatase

Lar and the proapoptotic serin/theronin kinase DAP kinase.

In cluster 4 BCR, a potential inhibitor of p38 and the JNK signal pathways,
and an activator of p38, namely MAPKK-3 (mitogen activated kinase

kinase 3) are commonly regulated.

/3
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2.4 Inhibition of the Induced Genes Enhances Apoptosis.

In order to show that the induced genes are in fact modulators of
apoptosis selected enzymes were inhibited by specific inhibitors and

apoptosis was induced. Inhibitors for the following enzymes were used:

- SU 5402 inhibits FGF receptors, but is not specific for a defined FGF
receptor

- AG 1295 inhibits the PDGF receptor

- SB 203580 inhibits the p38 MAP kinase

PD 98059 inhibits the MAP kinase kinase 1, which in turn activates the
MAP kinases ERK1T and ERK2. This inhibitor was used as control for SB
203580, because SB 203580 also partially inhibits ERK1 and ERK2.
Furthermore, ERK2 shows an enhanced expression in the clones. The

results for Hela S3, clone 14 and clone 20 (partially) are shown in Fig. 1.

It was found that an inhibition of FGF receptors in Hela S2 cells leads to an
increase in apoptosis of about 50%. In clones 14 and 5 SU 5402 leads to
an increase of nearly 300% or 50%, respectively. Thus, in a clone having
an increased expression of two FGF receptors (clone 14, FGFR-1 and
FGFR-3) an inhibition of FGF receptors leads to an enhanced increase of
apoptosis. In clone 5, which does not show any enhanced expression of
FGF receptors, the increase in apoptosis is comparable to the parental cell
line Hela S3.

An inhibition of the PDGF receptor leads to an increase of about 30% in
Hela 3. In clone 14, which shows enhanced expression of PDGF receptor,
the inhibition results nearly in a doubling of the number of apoptotic cells.
In contrast thereto, clone 5, which does not contain any detectable PDGF
receptor, exhibits only 30% increase in apoptosis after treatment with AG
1295.

/7
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The p38 MAP kinase was inhibited because BCR, an inhibitor of the p38
MAP kinase signal pathway, and MAPKK-3 {MEK-3), which is a p38
activator, exhibited an enhanced expression in the clones. Further, both

genes are grouped in a cluster.

p38 inhibition in Hela S3 results in @ 25% increase of apoptosis. In clone
14 exhibiting an enhanced MEK-3 expression, an inhibition of p38 leads to
a 0% increase of apoptosis. in contrast thereto, an inhibition of MEK-1
results in a doubling of the apoptosis rate. The increase in apoptosis after
inhibition of p38 compared to Hela $S3 and the constant apoptosis after
inhibition of MEK-1 might be explained by inhibition of ERK1/2 and
additional inhibition of p38.

In clone 20, which expresses MEK-3 on a similar level as Hela S3,
treatment with SB 203580 only leads to a slight increase of apoptosis. In
contrast thereto, treatment with PD 88069 tripies the apoptosis rate. Thus,
SB 203580 acts specifically in this system and the differences in the
increase of apoptosis after inhibition of p38 correlate with the expression
of the p38 activator MEK-3.

These inhibition experiments demonstrate conclusively that the method of

the invention for identifying apoptosis-associated genes is efficient.

2.5 inhibition by Introducing @ Dominant Negative Mutant or an Antisense
Strand

The respective enzymes upregulated in apoptosis-resistant clones can also
be inhibited by introducing a dominant negative mutant or the antisense
strand. Figure 2 shows that - as as example - the wild-type pyk-2 confers
increased resistance when introduced in Hela S3. In clone 14 with a higher
e):(pression of pyk-2 introduction of the wild-type enzyme has no effect but
the mutant with the lysine mutated to methionine (pyk-2 KM} in the
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reactive center of the enzyme reverts the phenotype of the clone. The

antisense construct has a corresponding but weaker effect.

Example 2
The experimental procedure was carried out as described in Example 1.

For the identification of genes differentially expressed in the parental cell
line Hela S3 and the apoptosis resistant clones, the following evaluation
procedure was applied: For each spot on the cDNA arrays of the parental
cell line Hela S3 four values were determined in the following manner. RNA
was isolated twice from Hela 53 in two independent preparations. Each
RNA preparation was used to synthesize cDNA and each cDNA was
hybridized with two cDNA arrays. The average of those 4 values for a
given spot on the cDNA array was calculated and the standard deviation
determined. The cDNA of each apoptosis resistant clone was hybridized
with one cDNA array. A gene was considered to be differentially expressed
in the apoptosis resistant clones when its value exceeded the following cut
offs. The cut off for upregulated genes was the average of the respective
Hela $3 values plus two times standard deviation. Accordingly, the cut off
for downregulated genes was the average of the respective Hela 53 values
minus two times standard deviation. The magnitude of the up-or
downregulation was expressed as percent over/under the. cut off. For
example, a value of 100% over the cut off for upregulated genes means a
2-fold induction compared to the cut off, and a value of 100% under the
cut off for downregulated genes means a bisection of that value in the

resistant clones.

For gene clustering the program Cluster (Michael Eisen, Stanford
University) may be used. The normalized values of the four reference
arrays and the array of the 20 apoptosis resistant clones were used. Genes
with a value greater than 1 in at Jeast 20 of the 24 investigated arrays

were filtered out and employed for the following calculations. The cut off

2/
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For gene clustering the program Cluster (Michael Eisen, Stanford
University) may be used. The normalized values of the four reference
arrays and the array of the 20 apoptosis resistant clones were used. Genes
with a value greater than 1 in at least 20 of the 24 investigated arrays
were filtered out and employed for the following calculations. The cut off
of 1 was utilized in order to avoid clustering of genes whose value was so
close 1o the background that a clustering would be unreliable. Thus, out of
2400 spots, 520 remained that were analysed via a hierarchical cluster

algorithm.

The results are shown in Table 5.

22
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Genes that have not been linked to an antiapoptotic function before
and are Induced in the apoptosis resistant clones

Gene lAccession |[Number of clones in which [% over cutoff
inumber lexpression exceeds cut off
for incl d expression
[Tyrosine Kinases
Hck M16591] 4 46.5
[TrkC U05012) [ 28,0
Hyt 77278 11 24,5
IRse o 10 22.5
RON 14 21.9
KIAACB4 1 ABQ14541 9 18,5
EphA2 ME9371 12 18,5
Csk 59933 8 18,0
[EphB3 X75208 & 16,0
EphB4 U07695 5 12,5
-2 U33284 4 11.0
Unknown Phosphatases|
PB-26 AB040904 E 30,5
PB-28 ABO40904] 4] 18.0
Uniatown Kinases
uK18 AAZS2584 E 250
UK10 R52045 A 24,9
lukit H3sa75 E 9,8
[Serine/Threonine
Kinases
RKE 116863 16 69,0
Y09304 5 55,0
AF026273 13 54.5
D26303 5] 455
Ua7747 9 440
AJ224538 4 400
AF100314 14 33,0
§678957] 14 47,8
. X76104 H 37,0
4506094 11 36.0
L.19559 1 34,5
D26181 13 34,5
X02596 10 320
AF(74715 & 30,0
M53167] . 16} 28,9
AF024634 7 28,0
PSK-H1 M14504 5 26,5|
PCTAIRE1 X66363 &l 23.0
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lok ABO1S718 24d
HsGAK 088435 8 21,0
IMAPKAPK3 08578 7 205
LINKK2alpha AF022805 8 18.9
FAST X86779 5 19,0
IMKI7 AF013584 g 17,5
IMAPKKS U2526 6 159
IPAK1-relatedkinase AF005048 11 150
ARK2 AF00855 4 18,0
MSSK1 18280! 4 150
PHK-gammaT M31608 (> 14,5
DC42- ] AF128625
bindin: ginkinasebeta 135
KIAAQYSY D63485 o 11,0
KIAAQ537 ABO11109 6 1.4
STE20-like X99324 4 6.0
Ste-20ikeproteinkinased AF083420) 3 55
M36395 7 18,4
'08547] 17.9
X75342] 104 15,0
X93920 = 859
U159323 E 33,9
PCP-2 xg7194 10 a1
IPTP~J U73727] o 30,00
PTP-Meg2 Ma3738 E 295
IPPS X89416) 7 18,5
ICDC25B M81934 10 17.9
FTP-SL Z30313 5 17,00
PP2B-A M30773 § 17,00
PP1-Calpha M63980) [ 164
PP2A-AbSS M 5 15,5
PTPzeta X54135 4 13,9
Ishp-1 X62055 4 7.9
[PP2A-Ra65 J02502 5 74
PTPmy X58288 3 65
1
! |
MMP-15 248482 1 71,9
DAM12 X05232 8 sa0f
MMP-3 Jo3z2od 14] 34,5
IADAM15 NMOO381 5 12 28,
laDAMa XMOO05675 i, 279
|G-proteins
Iphai2 1§] 44,0
PIR-3 4 8.0

Table 1 {continued)
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Other
1/1SGF-3 MI7835 7 104,0
180k 50318862 15 57,5
HC-1 M118¢ 17 53.0
EF-2 X51466] 16 440
ipha-tubulin M_ 9 43.9
KIF-1¢ NM006612 & 280
Furin 17094 - 2740
rS9 4506744 13 239
IGPDH M33197] 9 230
ibeta-Aklin X00351; 11 21.5
Vimentin X56134 15 19,04
[neurolektin K03515 14 17
IThymosinbeta S54008 7 118
Histon3.3 M11354 (= 79
PHB-4-PC L14273 5 __35

Table 1 {continued)

JP 2004-517638 A 2004.6.17



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

WO 02/063037

Table 2

(133)

34

PCT/EP2/A01073

Genes with known antiapoptotic function that are induced in the
apoptosis reslstant clones

Gene [Accesslon |Number of clones in which (% over cut off
Inumber lexpresslon exceeds cut off
for increased expression
Tyrosine Kinases
[POGFRalpha M22734 4 380
HER2 M11730 4 38.9
EGFR 00584 5 210
FGFR-2 M58051 S 20.3
HERA 07868 5 32,5
IJak-2 AF058925 & 34,01
2 X54637) & 18,9
ISerine/Threcnine Kinases
RSK L07597) 11 434
IMAPKK2 L1128 11 335
FIM-2h U77735 8 295
Kt AF012880 4 28,9
ICKll-beta M30448 7 ' 289
ALK 722538 6 274
ERKY X80188 11 254
IKKgamma AFQ7: 12 234
IAKT2 M359338 10 17.9
ICKIl-alpha JO2853 8 174
ICaM-Kiigamma L7044 7 16,08
@PKAPKz NMOOA759 9 159
ma V40262 7 14,0
lCKl-dalta U29171, 5 11,5
SGK Y10032 - 4 11,5
ICKli-beta M30448 L 84
la-Rat-1 X04790) E 99
JALK-1 117075 5 6.4
Phosphatases
IPPX X70218 16 260
lgands
ITGFalpha XM002733 91 830
Li-beta NMO00576, 8 54,5
L1-alpha X02531 4 %,
IVEGF NM003376 9| 279
[Other
Bekx. 223115 14 34,5
Lfasxa« 116031 9 ] 13,5
IMP-1 X03124 q \Dﬂ.j
iy X00364 159
IMP-2__ 54856 4 36,
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Clusters in the apoptosis resistant clones
Bold: also found in one common cluster in squamous cell carcinoma

Cluster 1

Correlation factor 0.71

[Rac-alpha
KKgamma
PPX
ADAM1S
IADAMS
RK1

Iphai2S48C
IAPKKKE
0k

BTUB

Table 3
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Cluster 2

ICotrefation factor 0,73

Bel-X
IBKT2
F-2
{TALRE
MP-2
[FGFR-2
DC258
Ki-delts
E
PP2C
Rac-alpha
RON
EphB4

Cluster &

[Correlation factor 0,71

Table 3 {continued)
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Cluster 3

melation factor 0.74

PDGFRalpha
PB-28

PHK-garmmaT
Tyk-2

A-Raf1

Cluster 6

iConelation factor 0,81

amma
ok

[CaM-Kilgarma

[DRP-1

ICKl-gamma2

PSK-H1

IGPIR-t

(135)

PCT/EP2/01073

Cluster 4

melation factor 0.67

PP2A-Ra65
HER2

T —

Cluster 7
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Clusters in sguamous cell carcinoma cell lines

SCaBER
UMSSC-17B
UMSSC-17A
UMSSC-22A
UMSSC-22B
UMSSC-10A
HlaC78
H1aC79
FaDu

Bold: also found in one common cluster in apoptosis resistant clones

Cluster 1 Cluster 2
(Corretation factor 0.7 | [Comrstation jactor 0,8
RL-3 2 23 K-3aipha
218 P-SL
MAPKK2 1 S APKAPK3
HC_1.3. SK-3bata
ERK3_ 1.4 | PAKA
[RSK KC-detla.
B-32
KIE-1c
HEB
IAAQ687Nck-interactingkinaga

Table 4
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Cluster 3

[Corrslation factor 0,67

PB-32
PB-38
hPAK2

nMpP-2

PB-5

ICDKE
[Bet-x
H11

MMP-14.
SLK
IMSTHT

IADAM17
PIRt

IALK-2

Table 4 (continued)}
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Cluster 4

Corralation factor 0,71

e eion lacter 4,0 |
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Claims

A method for identifying nucleic acid molecules functionally

associated with a desired phenotype comprising the steps:

{a) providing a population of parental cells wherein said cell
population substantially lacks the desired phenotype,

{b) optionally subjecting said cell population to a procedure
resulting in a rearrangement and/or mutation of the cell
genome,

(c}  subjecting said cell population from (b} to a selection
procedure for the desired phenotype,

(d)  identifying and optionally characterizing cells exhibiting said
desired phenotype,

(e)  obtaining protein and/or mRNA from cells exhibiting said
desired phenotype,

(f determining gene expression in cells exhibiting said desired
phenotype and

{g) comparing gene expression in cells exhibiting said desired
phenotype with gene expression in cells substantially facking

the desired phenotype.

The method of claim 1 wherein the desired phenotype is selected

from cancer cell properties.

The method of claim 2 wherein the cancer cell properties are
selected from invasiveness, metastasis, loss of contact inhibition,
loss of extracellular matrix requirement, growth factor
independence, angiogenesis induction, immuno defense evasion,

anti-apoptosis and/or increased levels of tumor markers.

%
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11.

12.

48

The method of claim 2 wherein the desired phenotype is anti-

apoptosis.

The method of claim 1 wherein the desired phenotpye is selected
from production of secreted protein, susceptibility or resistance to
pathogens, senescene, regulation of cell functions and modification

of signal transduction pathways.

The method of any one of claims 1-5 wherein a parental celi is
selected which is continuously in a process of genome

rearrangement and mutagenesis.

The method of claim 6 wherein the parental cell is an immortalized

or transformed cell.

The method of any one of claims 1-5 wherein a parental cel} is

selected which has a substantially stable genome.

The method of claim 8 wherein step (b) comprises a mutagenesis

procedure.

The method of claim 9 wherein said mutagenesis procedure is
selected from irradiation, chemical mutagenesis and combinations

thereof.

The method of any one of claims 1-10 wherein step (d) comprises a

cell sorting procedure.

The method of claim 11 wherein said cell sorting procedure is a
Fluorescence Activated Cell Sorting Procedure (FACS}.

“7
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16.

17.

18.

20.

The method of any one of claims 1-12 comprising obtaining mRNA
in step {(e) and hybridizing said mRNA or a nucleic acid made

therefrom with a nucleic acid array.

The method of claim 13 wherein the nucleic acid made from mRNA

is selected from the group consisting of cDNA and cRNA.

The method of any one of ciaims 13-14 wherein said nucleic acid
array comprises a solid carrier having immobilized thereto a plurality

of different nucleic acid molecules.

The method of any one of claims 13-15 wherein said nucleic acid
array is selected from arrays of genomic DNA arrays, cDNA arrays

and oligonucleotide arrays.

The method of any one of claims 13-16 wherein said nucleic acid
array comprises nucleic acids encoding functional cellular
polypeptides or portions thereof selected from kinases,

phosphatases, enzymes and receptars.

The method of any one of claims 1-12 comprising obtaining protein
in step (e) and analyzing the protein content in cells exhibiting the

desired phenotype.

The method of claim 18 wherein said analyzing comprises 2D gel

electrophoresis, mass spectrometry and/or binding to protein arrays.

The method of claim 18 or 19 wherein before analyzing a
pretreatment step in order to reduce the complexity of the protein

mixture is carried out.

Sp
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21.

22.

23.

24,

25.

26.

27.

28.

29.

The method of any one of claims 1-20 further comprising the
identification of a plurality of genes {gene cluster) which is

associated with the desired phenotype.

The method of any one of claims 1-21 further comprising a
validation step wherein the association of a defined gene or gene

cluster with the desired phenotype is determined.

The method of claim 22 wherein the validation step comprises

generating of dominant-negative mutants.

The method of any one of claims 1-23 further comprising a
screening procedure wherein the activity of a test substance for a
defined gene or gene cluster associated with the desired phenotype

is determined.

Use of the method of any one of claims 1-24 for generating
expression profiles of genes or gene clusters associated with a

desired phenotype.

The use of claim 25 wherein the expression profile is compared with

the expression profite in a biological sample.

The use of claim 26 wherein the sample is derived from a human

patient.

Use of the nucleic acid shown in Table 1, Table 2 and Table 5 or
fragments thereof or peptides or polypeptides encoded by said

nucleic acids or fragments as targets.

The use of claim 28 for diagnostic applications.

JP 2004-517638 A 2004.6.17
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30. The use of claim 28 for therapeutic applications.

31. The use of claim 28 for a screening procedure to identify novel

drugs.
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FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application. as follows:

1. Claims: 1 - 27

Method for the identification of nucleic acids functionally
associated with a desired phenotype and use thereof.

2. Claims: 28 - 31 {partially)

Use of a panel of nucleic acids, depicted in Tables 1, 2 and
5, as target for diagnostic/therapeutic applications and for
use in a screening procedure.
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Concerning the partial search for the second invention (claims: 28 - 31):

Claims 28 - 31 relate to the use of a panel of nucleic acids, depicted in Tables 1, 2 and 5, as target
for diagnostic/therapeutic applications and for use in a screening precedure.

This use was found to bear no common technical relationship with the method and use of claims
1 - 27, which is generically directed to 2 method for identifying the genetic determinants of &
desired phenotype. The applicant has therefore recsived the invitation pursuant to Rule 40.1 PCT
and has paid additional search fees for the second invention.

The International Searching Authority considers that for this second invention recited in claims 28 -
31, a further lack of unity in view of the prior art as disclosed in

UssTe3ise
Us5959087
Uss019966
Us5811098
WO96/41523
WOQQ/77195

has been revealed during the search for those parts of the international Application which relate to
the second invention in respect of which an additional fee has been paid

The above prior art discioses the use of HER2, MAPKK2, FGFR3, JAK2, EGFR and HER4 as
target for diagnestic/therapeutic applications. The common iechnical concept involved in

claims 28 - 31 (use of sefected nucleic acids as targets) is therefore known. The use of each of the
nucleic acids listed in Tables 1, 2 or 5 therefore constitutes a separate inveniion; the requirements
of Rule 13.1 PCT are not therefore met.

Only subject-matter related to the first invention ("main invention™) in those paris (i.e. the first
nucleic acid listed in Table 1) thus identified has been the subject of & search.

This International Search Report has therefore been limited to:

Claims 28 - 31: use of HCK as target (for diagnostic/therapeutic applications, for 2
screening procedure te identify novel drugs)...)

The applicant's attention is drawn to the fact that ciaims relating to inventions in respect of which
no international search report has been established need not be the subject of an international
preliminary examination (Rule 66.1(e) PCT).

The applicant is advised that the EPQ policy when acting as International Preliminary Examining
Authority is normally not to carry out a preliminary examination on non-unitary rmatter which has not
been searched. This is the case irrespective of whether or not the claims are amended following
receipt of the search report or during any International Preliminary Examination procedure,

Form PCT/ISA/210
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