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Deteymination of the abilicy of patients to respond tn fumor treatment

Field of The Invention

The present invontion relates to a method for screening patients to determine
their ability to respond to @ tumor treatment. 3t concerns also a diagnostic test for
carrying oat the suid method.

Backpgronnd of The Invention

Treatment capable of opposing the development of tumors have a lot of
inferest in the therapeutically research. Since not all twmots are the same, only
sorae of the patients respond to a particular tumor treatment.

Furthermore, in subgroups of patients, specific activities of tumor trestments
are accompanied by toxic effects for health, including, for example, gastrointestinal
disorders, hypo- or hypertension, fachycardia, fatigue/asthenia ar headache. In

other subgroups of patients, no obvious beneficial effects are observed.

Finally, tumor cells change over time and may eventually become resistant to

a specific tumor treatment.

Carcinagenesis, tumor progression and metastasts result om an imbalanced
transcriptional pragram, inappropriate post-translational meodifications and
deregulated epigenetic modifications (Schwirzke, M, et ul., Anticancer Res 19
(1999) 18C1-1814; Pardee, A.B., Advances in Cancer Res 65 {1994) 213-227; Ponta,
H., Biochim Biophys Acta 1198 {1994) 1-10). Changes of the tramscriptional
program are due to oncogenes and [umor suppressor genes, fusion proteing
created by cytogenetic alterations, altered expression of genes due to unscheduled
methylation by DNA methyltransferases and chromatin modifying enzymes such
as histone acetyitransferases and histone deacetylases (Lin, R.J. et al., Trends Genet
15 (1999) 173-184; Stunnenberg, H.G. et al,, Biochem Biophys Acta 1423 {1999)
F15-¥33).

JP 2004-507253 A 2004.3.11
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One major difficuity {5 that, at present, it is only rarely possible to predict
whether a particular patient’s tumor will respond to a gpecific tamor treatment. It
is also difficult to predict how tumor cells change over time and if they becorme
resistant to a specific tumeor treatment.

For jdentification of imor-refated candidate genes, transcriptional profiling
of cellular systems such as metastasizing versus non-metastasicing cell lines and
tumor specimen corresponding to different stages of progression is the first step
far achievement of this goal {Schiemann, §. ct al., Anticancer Research 17 (1997)
13-20, Schwirzke, M. et al., Anticancer Research 18 (1998) 1409-1422; Schiemann,
5. et al., Clin Bap Metastasis 16 (1998) 129-138). Further steps involve analysis of
prevalence of the identified alteration in different turnors, in-vitro modulation of
the gene under consideration by overexpression and downregulation making use
of antisense BNA or ribozymes in stable transfectants and assessing the
consequences in relevant in-vitrs systems. The advent of nude mouse systems,
incuding subcutaneous xenograft systers and orthotopic implantation in which
the natura) tropism of metastasis of the rumor under investigation s maintained,
has paved the way for assessment of the functional role of candidate genes in vivo
(Fidler, LY., Cancer Metastasis Rev 50 (1988) 29-49).

Clinical, immunological or molecular features enabling s tavgeted selection
of patients likely o take advantage of tumor treatments have not been identified so
tar.

Clearly, the possibility to develop criteria predicting the potential
effectiveness of tumor treatments would be of high clinical relevance since it weuld
sparc unnecessary toxicity to non responders and it would contribute to the

identification of specific responder patients’ subgroups.
P P P P

Summary of The Invention

The present invention provides 2 method for screening patients to detevnine
thedr ability to respond to a tumor treatment, said method comprising measuring
by said patients the expression level of one or more genes responsive for said
treatment and compating the result of measurement to a reference sample. The

present invention alse concerns a diagnostic tests for carrying out said method,

JP 2004-507253 A 2004.3.11
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Detajled Description of The Invention

The expression “tumor treatments” as used herein includes ell biological or
chemical antitumor drugs.

The expression “reference sample” as used herein concerns a reference of

gene expeession level characteristic of normal cells or of normal tissue extracts.

The texm "[FM-o " as used herein mncludes IFN-tis derived from 2ny natural
material (e.g., lenkocytes, fibroblasts, lymphocytes) or material derived therefrom
{e.g. cell lines), or those prepared with recombinant DNA technology. Details of
the cloning of IPN-o and the direct expression therecf, especially in E. coli, have
been the subject of many publications. The prepatation of recombinant IEN-os is
known, for example from Goeddel et al. {1980) Mature 284, 316-329 and (1981),
Mature 290, 20-26, and European Patents Nos. 32134, 43980 and 211148, There are
many types of IFN- ¢ such as IEN-0], IVN-02; and further their subtypes including
but not limited to [FMN-ci2A, [FN-02B, I[FN-02C and IFN-o1I {al:o designated
IEN-¢iL or w-IFiN). In the present invention, the use of IFN-t12A is preferred. The
manufacture of IFN-02A is deseribed in Buropean Patents Nos, 43280 and 211148,

The method of the present invention for screening patients to determine
their ability 1o respond to a tumor trealment cumprises measuring the expression
level of at least one of the genes predictive for said treatroent in patient samples
and comparing the result of the measurement with the result obtained with a

reference sample.

The present invention is useful for screening patients sulfering from tumoar.
Exemplary tumors include ovaries cancer, prostate cancer, breast cancer, colon
cancer, liver cancer, stomach cancer or lung cancer. OF particular interest is
melanoma cancer.

In the present invention, the tumor treatment may inctude tumor drugs like
cytokine, for example.

It may include an active ingeedient IFN-o or pegylated IFN-o conjugate in 2
therapeutically effective amount to decrense the severity of the viral infection.

The IFN-¢; used in this mvention may be conjugated to a polymer such as a
polyallkylene glycol (substituted or unsubstitated), for example polyethylene glycol,
te form PEG-IFN-0. Conjugation may be accomplished by means of various

JP 2004-507253 A 2004.3.11
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linkers known in the ari, in particalarly by linkers such as those disclosed in
European Patent Applications, Publication Mos. 0510356 and 593863 and
European Patent Application No. 97108261.5. The molecular weight of the
polymer, which 13 preferably polyethylene glycol, may range from 300 to 30000
Draltom, and one o1 more, preferably one to three, polymers may be conjugated to
the [FN-0.

Most preferably, the reagents attach Lo primary amino groups on for example
Iysine or to the N-terminus of the IFN-o. The reagents ¢zn also attach to a
hydroxyl on for example serine, One or more, preferably one to three, FEGs may

be conjugated to the IFN-w,

A most preferced reagent is of the formula

HOCHQCHQ(OCHECHZ}.,—O—E—NH
(?th
CH

N
n'ocHZCHzfot:HQCHz)N—D—c—N)-/ gﬁof

@ i

in which & tutal of 2 menemethoxy PEG (m-PEG) chains is linked to lysine, one at
the @ and € amino groups via cartbamate {urethane) bonds and the lysine carboxyl
group is activated to a suc,c'inimidyl ester. This reagent may be obtzined by
conventional means, according to known procedures (Monfardisl et al, “A
branched monomethoxypoly(ethylene glycol} for protein  meditication”,
Bioconjugate Chem. 6:62, 1995) applicable to 2 reagent with R being Jower alkyl
and having a desired n. This reagent may be obtained from Shearwater Polymers,
Inc. (Huntsville, Alabama). The preferred average molecular weight of the PEG is
about 20,000 Daltons, providing a total PEG mass of about 40,000 Daltons in
PEG2-NHS {other molecnlar weights may be obrained by varying n for the PEG-
alcohol starting materials for the reagent of the above formula, by conventional
means.

JP 2004-507253 A 2004.3.11
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A preferred pegylated-TFN-¢f conjagate has the formula:

ROGH,CH, (OCH,GH,),— C—C—NH

(CH.),

|
CH

<
H'OCHECH.‘,(OCHZCH?)N-‘O—ﬁ—NF/ E*x——iFNa
0

wherein R and R' are independently lower alkyl; X is NI or O; n and n' are integers
haviog a surm of from 600 to 1500; and the average molecular weight of the
polyethylene glycol in said conjugate is from about 26,000 Daltons tw about 66,000
Daltons.

Muost preferred is the pegylated interferon-c¢ is of the formula

CHAOCHLCHAOCH,CHy),— N
(GHy);

CH
CHJOCHQCHQ(OCHQCHz)"fO—i—m—/ \O‘NH—IFNU.ZH
e}

wherein n and n' are independently 420 or 520. This pegylated IFN-¢! conjugate is
known, for example in Buropean Patent Application EP 809996, incorporated
herein by reference.

The IFN-c: used in the present invention may be associated with other active

pharmaceutical compourds, like mycophenalate moftil, ribavirin or 2mantadine.

JP
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Measurement of the expression level of genes in the present invention can be

carried aut in a variety of ways:
- insitu bybridization with fixed whole cells, with fixed tissue samples,

—  Southern bybridization (DINA detection) (Sambrook et al, Molecular
Cloning, vol. 2, 9.31-9.57),

—  Northern hybridization {RNA detection) (Sambrook et al., Molecular
Clening, vol. 1, 7.37 & 7.39),

=~ serum analysis (e.g., cell type analysis of cells in the serum by slot-blot
analysis),

—  after amplification (e, PCR technique) {Sambrock et al, Molecular
Cloning, vol. 2, 14.2-14.4).

Gene expression may be measured directly by RNA analysis such as Northern blat
or Dat blot techniques Such blotting techniques require the use of nucleic acid
probes, usually radiolabelled, specific to at least one of the genes predictive for said
treatment, Probes may be prepared synthetically based on the known nucleotide
sequences of the predictive gencs of reference sample. For Northern blotting RIA
is obtained from tissue extracts by corventional methods. The RNA is then
denatured apd separated on an agarese gel by elecrophoresis followed by transfer
to 2 nylan or a collulose nitrate Alter by blotting and fixation by baking. The filter
is thesl exposed to & single labeled complementary probe and mRINA of interest s
detected, usnally, by autoradiegraphy. Dot blotting is similar except that the
mRNA is not electrophotesed before immobilization. In aitu hybridization may
also be used to measute gene expression by the level of mRINA.

Alternatively, gene expression may be measured by the level of gene product
by Woestern blotting and by immunohistochemical staining, for example.
According to Western blotting measurement, predictive proteins of the reference
sample and the sampls to be tested or peptides of said proteins are separated by
5D polyacrylamide gel electrophoresis and transfered on to ritrocellulose
membrane, After washing, the nitrocellulose membrane is then incubated with
antibodies labeled with radicactive or Huorescence labels According to
immunohistochemical staining antibodies may be either monoclonal or polycional
and may be prepared against a synthetic pepdde based on the reported DNA of at
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least one predictive gene of 2 reference sample. Those synthetic peptides may ther
be used as immunogen in preparing antibodies by well-lmown techniques.
Immunogen may be also divectly prepared from the native product of at [east one
of the predictive genes for tumor treatment and/or portions thereof.

In the present invention, for determining the ability of patients to respond w0
a tumor teeatment, patient semples are prepared depending on the nature of the
cancer. Patient samples including blood, urine, serum, lymph node,-bone marrow,

cell extracts or fissue extracts may be used, for exaniple.

The lymph node may be fresh samples or frozen, preferably snap-frozen in
liquid nitrogen, and stored at about -§0°C. Blood and bonre marrow samples, upon
callection, are stored and their cells lysed using prefersbly a guanidine
hydrochleride-based solution with detergent. Additional steps to entich specific
¢¢ll fractions in blood, such as Ficoll-gradient separation, can also be used prior to
cell lysis.

If samples such a8 blood or bone marrow are used, it is preferred to perform
an enrichment of epithelial cells or lymphocytes prior to mRINA extraction. Such
an enrichment can be done by the use of epitbelial speaific binding such as
fmmune beads or high gradient and magnetic cell surting (MACS) {Hardingham,
1.E., et al,, Int. . Cancer 20 (2000) 8-12; Martin, V.M., et al., Bxp. Hematology 26
{1998) 252-264).

‘The diagnostic test in the present invention comprises contacting a matrix
with probes like nucleic acid or protein probes with a liquid phase containing
anlibodies or nucleic acid probes and detecting gene transcription or product of

one of the genes predictive for tumor treatment,

For detecting the presence of the product of one gene predictive for said
tumor treatment, the antibodies in the liquid phase may be bound to & marker.

Particularly, the enzyme alkaline phosphatase is used as marker.

JP 2004-507253 A 2004.3.11
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The present invention also relates to a kit for determining the ability of
patients to respond to a tumor treatment, said kit comprising a container with o

matrix with probes. Preferably, the probes nn the matrix are nucleic acids.

The therapeutic efficacy of tumor treatment may be related to direct effects
on the cells. :

It would be useful to have & method for screening the availability of cells to
be sepsitive or resistant to tumor treatment, said method comprising the
identification of gene expression profiles specific of said treatment. Cells may be
one or more cell lines, especially tumor cell lines and more particularly melanoroa
primary cell lines.

Another abject of the present invention concerns an immunolegical marker
epabling the sclection of cells responding o & tumor treatmient. 'This
irenaunclogicel marker s an antibady specific for a product of ene or mere of the
genes predictive for sald tumor treatment.

Finally the present invention concerns a diagnostic test for determining
whether or not a cancer cell-containing test sample originating from or containing
human cells has potential for tumeor development, tumaor progression or metastasis
with a specific tumor treatment, wherein the test sample and a second sample
originating from non-tumor cells obtained (rom the same individual or a different

individual of the same speeiss, which test compriscs the following steps:
(z) incubating each respective sample under stringent hybridization copditions
with a pucleic acid prabe which is sclected from the group consisting of:

(1) a nucleic acid sequence of at least one of the genes predictive for said
freatment;

(i) a nucleic acid sequence which iz complementary fo any nucleic acid
sequence of {iJ;

(iil) a nucleic acid sequence which hybridizes under skzingent conditions
with the sequence of (1); and

(ivla nucleic acid sequence which hybridizes under stringent conditions with
the sequence of {ii); and

(b) determining the approximate amount of bybridization of each respective
sample with said probe, and

JP 2004-507253 A 2004.3.11
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(¢c) comparing the approximate amount of bybridization of the test sample to an
approximate amount of hybridization of said second sample to identify
whether or not the test sample conteins a greater amount of the specific

nucleic acid or mixtare of nucleic acids than does said second sample.

Typically, the approximate amount of hybridization is determined
cualitatively, for example, by a sight inspection upon detecting hybridization. For
example, if 2 gel is used to resolve labelled nucleic acid which hybridizes to target
nucleic acid in the sample, the resulting bard can be inspected visually. One can
compare the approximate amount of hybridization in the test sample to the
approximate amount of hybridization in non-tumor cells. Such non-tumor cells
are, ¢.¢., epitheliat cells or peripheral blood cells,

The present invention will be better understaod on the basis of the following
examples, offered by way of llustration end not by way of limitation.

The cell lines used in the present invention can be any human cell Lies.
Especially, preferred are the responder cell lines CNCM [-2544, CNCM J-2546,
CNCM I-2547 and CNCM, 1-2548 and the non responder cell lines CNCM 1-2545
and CINCM 1-2548 isolated from human primary melanoma. Cultures of these cell
lines were deposited and registered under the Budapest Lreaty {Rule 6.1} by the
Culture Collection “Collection Mationale de Cultares de Microotganismes” on
August 17, 2000,

Examples

The examples below are in connsection with the following figurcs:

Figure 1. Expression of genes epcoding tumer associated antigens and IFN-u
receptor in melanoma cell lines.

Panel A: Expression of pencs encoding tumor associated antigens.

The cell lines CMCM [-2544 (375), CNCM [-2545 (D10), CNCM 1-2546 (15),
CNCM 1-2547 (51), CNCM -2548 (59) and CNCM 1-2549 (67) were cultured for
48 hours In the presence (+) or absence (-} of 100U/ml IFN-t. The expression
patterns of genes encoding tyrosinase, tyrosinase related protein-2 , pmel-17 and
mart-1, HLA restricted, fumor associated antigens are reported. Grey bars refer to
IEN-gt sensitive cell Jines and black bars vefer to IEN- resistant lines (see Tablz 1)
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Data are presented as average difference of signal intensity between match and

mismatch probesets,

Panel B: IFN-G receptor gene expression Js detected in IBN-(u sensitive and
resistant melanoma cell lines by 23 cycles RT-PCR,

Figure 2. Genes preferentially exprassed in IFIN-¢ sensitive or resistant melanoma
cell lines,

Oligonucleotide array expression data were collected from untreated cells. Tata
from the sensitive (CNCM 1-2544 {A375), CNCM [-2546 (MEIS), CNCM [-2547
{ME51) and CNCN 12348 [ME39)) or resistant ¢ell lines (CNCM 1-2545 (D10)
and CNCM [-2548 (MEG7)) were combined into two data sets (panel A and panel
B). Average values for individual genes were then filtered to identify genes
upregulated at least three fold in either group, Data are presented as average

difference of signal intensity between match and mismatch probesets.

Identification of IFN-¢ inducible genes in melanoma cell lines

Cell lines and culture conditions

Melanoma cell lines were screened for their sensitivity to proliferation
inhibition aitd HLA, class I induction. The study was done of six cell lines (CNCM
1-2544, CNCM [-2545, CRCM 1-2546, CNCM [-2547, CNCM [-2548 and CNCM
123493,

All these ccll Lines were cultured in RFMI mediurm supplemented with 10%
FC8, glutamine (2 mM), sedium pyruvate (1 mM), non-essential amina acids and
HEPES buffer (10mM) (all from GIBCO Life Sciences, Paisley, UK). When
confluent, the cells were passaged by trypsinization.

Oligonucleotide array analysis

Cultured melanoma cells were harvested by scraping and total eellular RNA
was extracted. 101g from each sample were used directly as templates for ciNA
synthesis using 2 commercial kit (Roche Molecular Biochemicals, Rotkreuz,

Switzerland}. The T7 promater sequence incorperated into the cDINA synthesis
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primer allowed template amplification and biotin labeling by #n vifro transcription
using a commergial kit {Affymetrix, Santa Clars, CA). ARer alkaline heat
fragmentation cDNA was hybridised to the array (Affyroeteix, Santa Clara, CA)
and all subsequent steps were performed following standard procedures as
supplied with the arrays. Raw data were collected with a confocal laser scanner
(Hewlett Packard, Palo Alto, CA) using GeneChip software v3.). (Affymetrix, Santa
Clara, CA}.

Data analysis

Raw data were normalized based on the total chip signal obtained upon
hybridisation of ME15 cell line cDNA. This array was selected because ; 1) the 53"
intensity ratio of control genes was smaller than 3; if) >25% of the genes are called
"present’ by Genechip; iif) the image appearance is homegeneous with low
background and no sign of mechanical chip damage.

The normalized average difference (nAID) between the signals of the perfect
and of the mismatch probesets for each gene was used as the expression level af o
given gene. At least one nAD value in a pairivise comparison of data has to exceed
50 to be induded. Based on nAD, change factors related to [FN- exposure were
also caleulated. Negative nAJD values were set to 20 in order to avoid the
calculation of artificially high modifications. Tn order to exclude artefacts, only
genes with robust change factors, greater than 2-fold, were tncluded in the anelysis.
By applying thesc criteria, about 60-80 genes were found to be differentially
expressed depending on the cell line analyzed. Acray te array variations did not
exceed 2% based on the hybridization of ane sample te 5 arrays from the same

batch in a pilot study. Genes were clustered according to their mude of regulation.

Identification of TRN-t sensitive and resistant melanoma cell lines

A number of cstablished melanoma cell lines were assayed for their
sensitivity to ITFIN-o; by testing the capacity of [EN-w. to inhibit their proliferation

and to increase their surface expression of HLA class 1 determinants.
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Two cell lines (CNCM 1-2545 and CNCM [-2549) were found to be resistant
te the antiproliferative effects of [FN-rt.

Pratiferation of CNCM 12547 and CNCM 1-2548 <ould be at least 50%
inhibited by IEN-c. concentrations as low as 10U/m], whereas CNCM [-2544 and
CNCM I-2546 required a ten times higher dose for the clicitations of similar effects

{Table 1.

The upregulation of HLA class | expression by IFN-o closely matched its

antiproliferative effects. In no case a dissociation of the two activities could be

ohserved [Table 1).

Table 1. [dentification of melanama cell lines sensitive or resistant to the inhibition

of proliferation and to the HLA clzass [ overexpression induced by IFN-o.

Cell line

protiferation inhibition (IC50) (a) THLA class [ induction (b}

CNCM 1-2544

+ {100 U/ml)

(442v5.305)

CMCM 1-2545

(184vs.196)

CNCM 1-2346

+ (100 U/ml)

(52195257}

CINCM 1-2347

+ (10 UWml)

{980vs.135)

CHOM 1-25348

+ (10 Ulml)

{550vs. 380)

CNCM 1-2549

{175vs. 203)

{a)  Melanoma cd] lines were cwllured in the presence of [FN-(L concentrations runging between 1

and 1000 Uiml, IH-Thymidine incorparation was messared daily aver u five days culture period

follewing an 18 hour pulsing time. [CS0 i3 the [FN-t concentration inducing at iesst 2 50%

inhibition of & maximal profiferation activity detzctable in individual experimenta.

{b) Mebinnms celis wore staived with HLA dass [ specific menomerphic mAbs Rillowing 2 two

days eolnre in the presence (digits on theleR} or ebsence (digits on the right) of LFR-i (100 Uml)

and tested by fnw-cytomelcy. Dota are expressed a3 mean Aworessence ntensity of labelled call

lines.
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etect] enes encoding turnor associated antigens in melanoma ccll lines

Tatal cellular KA was axtracted from the sensitive and resistant melancma
cell lines identified above, reverse transeribed and processed for hybrdization to
an oligonucleotide array (Hus800FL, PI¥ 900183) containing probe sets derived
from 7000 full-length human genes. Expression levels for each gene were calculated
as normalized average difference (nAD; see materials and methods).

Datasets for genes cncoding MART-1/Melan-A, pmel-17 (gp160), TRP-2 and
tyrasiase timor associated antigens (TAA) were first analyzed. These four genes
were found to be expressed in CNCM £-2546 and CNCM [-2545 cell lines, whereas
virtually no expression was detectable in CNCM [-2544, CNCM 1-2545, CNCM i-
2547 and CNCHN 1-2548 cell lines (Figure 1), Functional tests confirmed these
findings. Indeed, CNCM 1-2345, HLA-A2.1 positive melanoma cells were
effectively killed by HLA-A2.1 restricted CTL lines recognizing epitopes derived
from MART-1/Melan-A, pmel-17/gpl00, tyrosinuse or TRP-2Z proteins. In
contrast, CNCM 1-2548 HLA-A2.1 positive cells, that do not express the genes
under investigation failed to be killed by the specific CTL (Figure 1}. Remnarkably,
JFN-o treatment does sot appear to influence the expression of the genes encoding
these TAA.

Thus, the application of the microartay technology to the cellular system
under investigation is validated by results concurrently obtained at fanctional and

gene expression levels.

IFN- ot receptor gepe expression in melanoma cell lines

A differential sensitivity to the effects of IFN-¢ is related to a differential
sxpression of the specific receptor. Indecd, trapscripts from the IFN-@ receptor
gene (TFMARZ) were detected at low Jevels, nAD<60, (Table 2, gene cluster 3) upon

microarray hybridization of the cDMNA from the cell lines under investigation,

[FN-¢t receptor gene expression was evaluated by using a more sensitive RT-PCR
assay {Figure 2R).
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Although to different extents, unrelated to the level af responsiveness to IFN-c,
specific transeripts were detectable in all lines.

tion o igl marker genes for [FN-o responsiveness

The genetic profile of melanoma cell lines was clagsified according to their
sensitivity or resistance to critical direct effects of IFN-t, namely the inhibition of

proliferation and the upregulation of HLA class | expression,

The availability of large mRNA cxpression data sets from six human
melanoma cell lines well mentioned for thetr responsiveness to IFN-¢ raised the
possibility of identifying genes prefercntially expressed in sensitive or resistant lines
in the absence of cytokine treatment Microarray data of sl genes from responder
(CHCM 1-2544, CNCM [-2546, CNCM 1-2547 and CNCN I-2548) and non
responder (CNCM 1-2545 and CNCM 1-2549) cell lines were combined resulting
in two averaged data sets. These data were then screened for genes upregulated
more than three fold in either group. The average data were then dissoclated in
order to obtain the individual expression levels in each cell line. A gene was
considered positive or predictive when the deviation from the mean was lower
than 304 of the average value of the nAD.

This analysls resulted in the identification of a groop of four genes
preferentially expressed in JEN-o sensitive cell lines (Hgure 2, panel A). Two of
them, IF[16 and RCC1 encode nuclear proteins endowed with mitetic regulation
and transcriptional activation capacities, respectively. A third is the hox2
homeobox gene, whereas the fourth, h1% gene, encodes an untranslated RNA,
invalved in the DNA wmethylation and genetic impsinting processes. Notably,
however, one of the JFN-a sensitive cell lines, MES1, does not express RCCL.

On the other hand, twa genes encading likely components of signal transduction
pathways, SHE and PKC-{, appeared to be preferentially expressed in IFN-@
resistant D10 and MEG7 cell lines (Figure 2, panel B).

A pattern of genes preferentially expressed according to typical profiles in
sensitive and resistant cells clearly emerged. Genes involved in the regulation of cell
proliferation, such as [FI16, h19 and RCCL, but also hox2. were found to be

preferentially expressed in sensitive cell lines. Intriguingly, genes encoding SHB
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and PKC-{, proteins, known components of defined signal transduction pathways
appeared to be preferentially expressed in IFN-0; resistant cells. These puzeling data
suggest that [FN-u reststance could result from a series of active events 35 opposed
to a merely defective activation,

Induction of gene expression by [INN-c¢ in sensitive and resistant cell tines

FPatterns of genes expressed in IFN-o sensitive and resistant melancma cell
lines were investigated upon 48 hour celture in the presence of FEN-c. CNOM I-
2546 and CNCM 1-2543 were gtudied in detail. Analysis was focused on genes
which were at [east 3-fold up or down regulated as compared to untreated cells and
displayed nAD values of at [east 50 in ane of the four experiments,

Cluster 1 (Table 2) includes genes only inducible in the sensitive CNCM [-
2546 cell line. As expected expression of these genes was not significantly affecred
by the treatment in JFN-ct resistant CINCM I-2545 cells. This set of genes includes
HLA dass T genes, 2-5A synthetase, TAP-1, genes encoding a pumber of
Interferon-inducible proteins, but also p27 cyclin-dependent kinase inhibitor and
ROX protein. A single gene, encoding amplaxin or cms-1 and derived from the
locus 11g13 frequently amplified in tumar cells, appeared to be induced by [FN-¢;
in both lines {cluster 23,

Cluster 3 genes, including ip-30, a knewn IFN-y inducible gene, and dss 1
were induced in the CNCM 1-2545 resistant cell line but their expression was not
signiftcantly altered in CNGM I-2546 sensitive cells. Cluster 4 includes additional
genes inducible by [FN-o in CNCM 1-2546 which are, in contrast to cluster 1,

downregulated in IFN-00 resistant CNCM 12545 cells. Interestingly, the

transcription factor ISGF-3, of relevance for IFN-o signalling, belongs to this
cluster that includes other 1FN related genes. Cluster 5 comprises penes
dovnregulated by TFN-ou treatment in resistant CHCM 1-2545 cells, but virtually
unaffected in sensitive CINECM 1-2546 cells. Interastingly, this cluster comprises the
genc encading IFN-0 receptor. Cluster 6 includes two genes (itf-2 and interferon-
induced cellular resistance mediater) whase expression, basically undetectable in
the GNCM 1-2545 resistant cell line, is downtegalated in CNCM 1-2545 IFN-¢0
sensitive cells. Interestingly, the TRF-2 gene product is known to bind ta the
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promoter region of IFN type I indudble genes and to prevent transcription.
Deswnregulation could thus promote the activation of IF} inducible genes.

In Table 2 below, CNCK 1-2546 and CNCM [-2543 cultured for ¢8 hours in the
absence or in the presence of 100 U/ml IFN-o were wsed to assay cytokine
modulated gene expression as matched with data obtained in fbrosarcoma cells.
Thus analysis ylelded six clusters of genes. Cluster 1 contains penes only induced in
the TFN-e sensitive CNCM I-2546. Cluster 2 includes amplaxin, upregulated in both
lines and cluster 3 comprises genes anly induced in the CNCM [-2545 resistant line.
Cluster 4 refers to genes duwnregalated in CNCM [-2545 and indeced in CNCM 1-
2546. Cluster 5 includes genes downregulated in GNCM 1-2345 and cluster 6 refers
to genes downregulated in CNCM [-2546. Data are presented as average difference
of  signal  intensity  between  match and  mismatch  probesets.
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-23.
Detection of novel [FM-rinducible genes

Clusters 1 and 2, reported in Table 3, include genes previously unknown as
IFN-0 inducible, whose expressian can be upregulated upon melanoma cell
treatment. Cluster | comprises genes only induced in sensitive cells, wherzas cluster
2 tefers 1o genes upregulated upon IFN-ox treatment of melanoma cells regardless
of their ,phenotypic sensitivity. Some of these genes obviously helomg to
melanocytic (melanoma differentiation antigen, mda-6) or neurcectodermic (e.g.,
newroleukin or catechol o-methylransferase) cell lineages, while others clearly
inducibie genes such as, for instance, those encoding plasma gelsolin or spermidine
synthase escape an evident, similar, tissue specitic classification. Cluster 2 in Table
5 includes novel penes inducible regardless of [FN-o responsiveness in both. lines
analyzed. A number of these genes (rheb, PP1, ATFase, ceramidase, sif3) are
functionally related to intracellular signaling pathways.

In Table 3 below, CNCM 1-2546 and CNCA I-2543 cell lines cultured for 48
hours in the absence or in the presence of 100 Utm] [FN-rt were used to identify
novel cytokine induced genes whose expression was not found to be modulated in
fibrosarcoma cells. Cluster 1 includes penes inducible in the CNCM 1-2544
sensitive but not in the CNCM, [-2345 resistant cell line. Cluster 2 comprises genes
inducible in both lines. Duta are presented as average difference of signal intensity

between match and mismatch probesets,
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Claims

1. A method for screening patients to determine their ability to respond 1o
a tumor treatrnent, said method comprising:

- measuring the expression level of at least one of the genes predictive

for said treatment in patient samples; and

- cornparing the resnlt of measurement to the vesult obtained with a

reference sample.

2. A method as in claim 1, wherein patients are patients suffering from
tumor.

3. A msthod as in caim I, wherein patients are patients suffering from

melanoma cancer.

4. A method as in claim 1, wherein the tumor treatment includes IFN-o
or one of its derivatives.

5. A method as in clzim 1, wherein pene expression is measured divectly
by DA analysls with & DNA probe specific to at least one of the genes
predictive for said trearment or by deterounation of the level of mENA

transcription ar by determination of the level of gene product.

6. A diagnostic test for carrying out the method daimed in 1 te 5,
comprising
- contacting @ matrix with probes with a liquid phase containing

antibodies or nucleic acid probes

- detecting gene transcription or product of one of the genmes
predictive for the tumor treatment.

7. A diagnostic test as claimed in 6, whereln the mateix comprises nucleic
acids and the liquid phase tontains target nurleic scid probes.

& A diagnostic test as claimed in 6, wherein the matrix comprises target
protein probes and the liquid phase contains antibodies.

JP 2004-507253 A 2004.3.11
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9, A diagnostic kit for the method as claimed in 1 comprising & container
with a mateix with peobes.

10. A diagnostic kit as claimed in ¢ comprising a container with a matrix

with nueleic acid probes.

11. A method for screening the availability of cells or tissues to be sensitive
or resistant to tumor treatment, szid method comprising the identification of

gene expression profiles characteristic of said treatment.
12, Amethod asin daim 11, wherein the cells originate from cell Hoes.

13, A method as in claim 11, wherein the cells originate from turmor cell
lines.

14, Animmunological markee enabling the selection of cells responding to
a tumor treatment characterized in that it is an antibody specific for product
of ne or more of the genes predictive for sajd treatment.

15.  Theinvention substantially as herein before described especially with

reference to the foregoing Examples.

JP 2004-507253 A 2004.3.11
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Fig. 1
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Gune: Tyrozinaze (M271560) protein (X51420)
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Box 1

Observations where certaln claim® were found unsearchable (Continuation of llam 1 of first shaet)

This Intamational Raasch Fapathas nat been astablishad In rasgect of sacaln cams unans dricls 17{7)a} #° e following reaasre:

L[]

2 1]

a []

Chims Noa.:
bevauss ey relaie o subject matter not required to be searched by this Authorlty. namety:

Ciaime Nes. E (partially), 6-8, 15 (completely)
DACALER IRy Bl 10 parts of 1A [atematonal Appiclian “hat do ned oriply with Ine presaribed reguirements 1o sush
an extenl thal no meaningivl Inernatonsl Sea-cr. can be casried out, £pagilically:

see FURTHER INFORMATION sheet PCT/ISA/ZL0

Cialms Mos.:
becausa they ae dapendant cirlT.s and afe not drafted in amordeocr whn the secone and 1Pid sentenses of Rule 6.4(a).

Box #

Observaiions where unity of invention Is lacking {Conlinuation of item 2 of first sheet)

This Alesnational Saamcking Autharity Found multiple invent ons in this inlerrafenal application, 8 fallows:

|.D

«[

i

Remark on Protoct D The addiional sctroh leas were azcompanicd By he app isant's protest.

As 3ll required acdiional $2areh (264 WES M2y paid by the applicant, his Ieratcnol Sezich Report casars all
scarchab.e dalnis.

A 3l searchabie aims cookd be searched wit-aut 290 justifyirg an additional fee, this Authar y did nel invife payrEnt
of ony additiznzl fee.

A OTlY SOME Of e "Equlred 2ddilanc] S0a%ch [2es WIS 3 MCly paid by IhC aEalicant, this Inemational Seatch 3aport
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FURTHER INFORMATION CONTINUED FROM  PCTASA! 210

Continuation of Box [.2

Claims Mos,: b {(partially), &8, 15 (completely)

Claim 5 includes an embodiment wherein gene expression is measursd
directly by DMA analysis with a DNA probe specific to at least one of the
genes predictive for the treatment. It 1s unclear what 1s meant by
“measured direciy by DNA analysis" and there is ne suppart found in the
dascriptian (Art & PCT;. Furthermere, the application does not enahle the
skilled person to carry out this embodiment in particular because it is
unclear haw to determine gene expression an the basis of genomic DNAR (Art
5 PCT}. Therefore, claim 5 is only searched with respect to the other
enbodiments §.e. determination of the level of RNA transcription and by
determination of the level of gene product.

Claim 6 i5 50 unclear that no meaningful search can ba carrjed out {Art 6
PCT): 1% is toctally unclear whatl the probes are supposed ta be, and where
the samplefanalyse comes in. Hepce, il is not clear, what the clzim is
suppased to cever. The same applies to the dependent claim 7 and 8. It is
not clear what is meant by "target nucleic acid probes’ ar " target
protein probes" respectively.

Cla'm 15 does not contaln any technical features and does not define the
1nvention and is thus so unclear {Art 6 PCT), that no search can carried
out for said eclatm.

The applicant’s attention 1s drawn to the fact that claims, or parts of
cla’ms, relating te inventions in respect of which nc international
search report has been established need not be the subjeet of an
internatioral preiiminary examination (Rule 66.1{e) PCT). The applicant
i5 advised that the EPQ policy when acting as an International
Freliminary Exanining Authority is normally not to carry out a
preliminary exanination on matter which has not been searched. This 1s
the case irrespective of Whether or not the claims are amended foliowing
receipt of the search report or during any Chapter II procedure.
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