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Diagnosis of Diseases Associated with tumar suppressor genes and oncogenes

Field of the [nvention
The evels of abservation that have been well studied by the methodolopical develepments of
recent years in molecular biclogy, arc the genes themsclves, the translation of these genes inta
RNA, and the resulting proteins. The question of which gene is switched on at which point in
the course of the developmenl of an individual. and how the activation and inhibition of spe-
cific genes in specific cells and tissues are controlled is correlatable to the degree and chavac-
ter of the methylation of the genes or of the gertome. In this respect. pathogenic conditions
may manifest themsetves in a changed methylation panern of individual genes or of the ge-

nome.

The present invention telates w0 pucleic acids, oliponucleotides. PN A-oligomers and o a
rmethod for the diagnosis and/or therapy of diseases which have a conneetion with the genetic
ancbior epipenctic parameters of genes associated with tumor suppressor genes and oncogenes

and, in particular, with the methylation satus thereof.

Prior Art
There exists a need for the development of altemative methads of reatment and diagnasis of
cancer patients, Current methods of treatment, such as radiatherapy and chemotherapy sre
aften accompanied by unpleasant side offects, and are ineffective against nuny forms of con-

[ein:

The penetics of cancer is complicated, invelving multiple dominant, positive regulaters of the
transformed state (oncopenes)y as well 25 multiple recessive, negative regulaters (lumor sup-
pressor genes). About 100 oncegencs have been identified. The oncogenes fall into several
graups, represcnting different types of agtivities ranging from transmembrane proteins to ran-
scription factors, About 10 tumer suppressor genes are known at preseat. They represent loss
of function in genes that usuzlly impose some constraint on tumor suppressor genes and on-
cogenes ot cell growlh; the release of the constraint is tumorigenie. In addirion Lo loss of het-
erozygosity and spontanagus mutation io genes, there exisis a further mechanism which may

lead to tumor formation. The epigenctic miscegulation of genes has been shown to be in-

JP 2004-507214 A 2004.3.11
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2

valved in the formation of umors, The best characterised epigenetic parameter is that of ge-
nomic methylation, the covalent modification of the €3 position of cytosine. Methylation
anomalies in cancer include point mutations, global hypomethylation, hypomethylation of

individual genes, hypermethylation of CpG islands and loss of imprinting.

The bigh rate of muration within CpG islands can lead to cancer. Mcthylated cytosines bases
may spontansousiy deaminate to form uracil. The mismateh repaic may then be impatred by
DMA-MTase, leading to a cywosine to thiamidine transition. A good example of this is the p33
gene. A mulation in this gene is present in more than 50 % of all tumors, of which an esti-

mated 24% ate cytosine to thymidine transitions at CpG dinuclzotides.

Decrensed levels of global methy(ation is 1 commen in many forms of tumars. Hypornethyla-
tien of individual geney has 2lse been observed. An tnverse relationship between levels of
methylation and cell proliferation has been observed in the bel-2 gene {lymphocytic leukemia)

and the k-ras proto-oncogene in lung and colon carcinomas.

The plé gene is a key tumor suppressor genes and oncogenes regulatory gene. The pl6 pro-
tein halis cell-cycle progression at the G1/S houndary, and the loss of pio function may iead
1o cancer progression by alowing unreguiated ceflular proliferarion. Hypeemethylation medi-
ated inactivation of the pl6 gene has been demonstrated in brain, breast, colon, head and

neck, and non-small-cell lung cancer and in high grade non-Hodgkin's bymphoma.
The role of methylarton o tumorizenesis is reveiwed by Singal and Ginder 'DNA- Methyla-
tion' Blood, Voi. 93 No. 12 (June 15), 1999: pp. 4059-4070, Further examples of methylation

linked ocneouenesis include:

.[Gene peomoter hypetmethylation in tu-

Head and neck cancer {Sancher-Cespedes M et al.
mours and serum of head and neck cancer patients” Cancer Res. 2000 Feb. 15,60 (4):832-5)
Hodgkin's discase (Garcia J¥ ¢ al Loss of pl6 protein expression associated with methyla-
tion of the pl6INKAA genc is a frequent finding in Hodghin's disease” Lab fnvest 1999 Dec,
79 {125:1453-9):

JP 2004-507214 A 2004.3.11
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Gagtrie eancer (Yanagisawa Y et al. ,, Methylation of the hMLHI1 pramoter in familial gastric

cancer with microsatellile tnstability Int J Cancer 2000 Jan 1; 85 {1):30-3):

The identification of the methyiation dependant regulation of cancer genes has opened up the
possihility of creating attemarive methads of cancer weatent and diagnosis. Treatment wiih
DA methylation inhibitors has been shown to restore gene expression of the key tamot sup-
pressor genes and ancopenss gene pl6, Bender ot al. "Inhibition of DNA methylation by 3-
aza-2'-teoxyeviiding suppresses the growth of human tumor cel) lines." Cancer reseatch 38;
63.101 (1998). This resulted in heritable levels of gene expression leading to suppression of

growth in tumor cefl lines.

Methylation bused therapies eould have considerable advantages over current methiods of
treatment, such a5 chentatherapy, surgery and radiotherapy, They may sven provide a means
of treating tumors which are resistant ta conventional methods of therapy. as demonstrated by
Soengas et al "Inactivation of the apoptosis effector Apaf-1 in malipnant melanoma” Nature
40%; 207-211{2001). In addition to (he develupment of methylation specific therapies, ex-
periments with Min mice have shown that inhibition of DNA methylation can suppress tumer
initiation, Laird et. ul. "Suppression of intestinal neoplasia by DNA hypomethylation’ Cell 81
197-205 {1995). Furthermore, INA methylation analysis may provide novel mewns for cancer

diagnosis.

S-methyloytosing is the most frequent covalent base modification in the DNA of cukaryoue

cells. It plays a roic, for example, in the regulation of the transeription, in genetic imprinting,
and in tumorigenesis, Therefore, the identitication of 3-methyleytosine as a component of
genetic infarmation is of considerable interest. lowever, S-methylcytasine positions cannat
be identified by sequencing zince 3-methyleytosioe bas the same base pairing behavior as
cytosine. Moreover, the spigenetic information cartied by S-methyvlcvipsine is completely lost

during PCR amplification.

A relatively new and cumently the mast frequently used method for analyzing DA for 5-
methylcytosine is based upon the specific reaction of bisulfite with cytosine which, upon sub-
sequent alkaling hydrolysis, is converted to uracil which corresponds to thvmidine in its base

pairing behavior. However, 5-methyicytosine remaing unmadified under these conditiuns.

JP 2004-507214 A 2004.3.11
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Consequently. the original DNA is converied in such ¢ manner that methylcyiosine, which
originally could not be distinguished from cytosine by its hybridization behavior, can now be
detected as the only remaining cylosine using "normal™ moleeular biolepical echniques, for
example, by amplification and hybridization or sequencing. All of these techniques are based
on base pairing which can now be fully exploited. In terms of sensitivily, the prior art is de-
fined by a micthod which enclases the DNA to be analveed in an agarose matrix, thus pre-
venting the diffusion and renaturation of the PMA (bisullite only reacls with single-stranded
DAY, and which replaces all precipitation and purifieation steps with fasr dialysis (Olsk A,
Oswald J, Walter ]. A modified and improved method far bisulphite bascd cytosine methylu-
tion analysis. Nucicic Acids Res. 1996 Due 15;24(24%:5064-6). Using this method. it is possi-
ble 1o analyze individua! cells, which illustrates the potemial of the method. However, cut-
rently anly individual segions of a length of up to approximately 3000 basc pairs are analyzed,
a globul analysis of cells for thousands of possible metlylation events is not possible, How-
gver, this method carnat reliably anatyze very small fragments from small sample quantities

either. These are lost through the matrix in spite of the diffusion protection.

Aq overview of the further known methods of detecting 3-methyleyvtosine may be gathered
from the following review article: Rein, T., DePamphilis, M. L., Zorbas, H., Nucicie Acids

Res. 1998, 26,2255,

To date, baring few exceptions {e.g., Zeschrigh M, Lich C, Buiting K, Doerfler W,
Horsthemke B, A single-lube PCR. test for the diagnesis of Angelman and Prader-Wiili syo-
drome bascd on allelic methvlation differences at the SNRPN Jogus. Pur J Hum Gener, 1997
Mar-Apr;3(23:94-8) the bisulliie technigque is enly used in research. Always, however, shon,
specific fragments of & known gene are amplified subsequent 10 a bisulfttz treatment and ei-
ther completely sequenced {Clek A, Walier J. The pre-implantation ontegeny af the H1%
methylation jmprint. Nat Gener 1997 Rov 17(33273-6) or individual cytosine positions arc
detected by a primer exicnsion reaction {Gonzalge ML, lones PA. Rapid quanthiation of
methyvlation differences au specific sites using methyiation-sensilive single nucieotide primer
extension (Ms-SNuPE). Wucleic Acids Res. 1997 Jen 15:25(12):2529-31, WO Patent
9500669} or by snzymatic digestion (Kiong 7, Laird PW. COBRA: a sensitive and quantita-
tive DNA methylation assay. Nucleic Acids Res. 1957 fun 15;25(12):2532-4). In addition,
detaction by hybridization has alse been deseribed (Cek etal,, WO 99 28438),

JP 2004-507214 A 2004.3.11



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

(26)

WO Di/68912 PCE/EPO /2955

Further publications dealing with the use of the bisulfite 2echnique for methylation detection
in individugal genes are: Grigg G, Clark 5. Sequencing S-methyleytosine residugs in genomic
DNA. Bioessays. 1994 Jun;16(6):431-6, 431; Zeschnipk M, Schmitz B, Dittrich B, Buiting K,
Horstherske B, Doerfler W. Imprinted scgments in the human geneme: dilferent DNA meth-
ylation pattems in the Prader-Willi‘Angelman syndrome region as determined by the penomic
sequencing method. Hum Mol Genet. 1997 Mar;6(3):387-95; Feil R, Charlton J, Rird AP,
Walter ], Reik W. Methylation analysts on individual chromosomes: improved protecol for
bisulphite genomic sequencipg. Mucleic Acids Res. 1994 Teb 25,22{4:693-6; Matin V,
Ribieras 9, Song-Wang X, Rio MC, Dante R. Genomtie sequencing indicates a correlation
between DA hypomethylation in the 5 region of the pS? gene and ils expression m human
breast cancer cell lines. Gene. 1973 May 19:157(1-2):261-4; W 9746705, WO 93/15373
and WO 98/45560.

An overview of the Prior Art in oligomer array manufacturing can be gathersd from a special
edition of Nature Genetics {Nature Genetics Supplement, Volume 21, January 1998}, pub-
lished in Januacy 1999, and from the literature cited therein.

Flucrescently labeled probes are often used for the scanning of womobiized DA amays. The
simple attachment af Cy3 and Cy3 dyes o the 3-011 of the specific probe are particutarly
suilable for ftuoresconce labels. The detection of the flucrescence of the hybridized probes
may he carned out, for example via & confocal microscope. Cy3 and Cy3 dyes. hesides many

others, are commetcinlly available.

Matrix Assisied Laser Desorption lonization Mass Spectrometry (MALDI-TOE) is & very
sficient development for the analysis of biomolecules (Karas M, Hillenkamp F. Laser de-
sorption ionization of proteins with molecular masses exceeding 10,000 daltans. Anal Chem.
1988 Oct 15:60(20%:2299-301). An analyle iy embedded in a light-absorbing matrix, The ma-
trix is evaporaied by o short [aser pulse thus transparting the snalyle mateswle into the vapor
phase in ax unfrapmented manner. The analyte 15 ionized by collisions with matrix molecules.
An applied voltage accelerates the fons into a field-free flight tube. Due Lo their different
masses, the ions are accelerated at difTerent rates. Smaller ions reach the detector suoner than

bipzer ones.
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MALDI-TOF spectrometry is excellently suitzd to the analysis of peptides and proteins. The
znalysis of nucleic acids is somewhat more ditficult (Gt | G, Beck 8. DNA and Marrix As-
sisted [aser Desorption lonization Mass Spectrometry. Current Innovations and Future
“Irends. 1995, 1; 147-57). The sensitivity to nucleic acids is approximately 100 times worsc
than to peptides and deersases disproportionally with increasing fragment size. For nucleic
acids having a multiply negatively charged backbone, the forization process via the matix {s
considerably less efficient. In MALDI-TQF spectrometry, the sefection of the matrix playvs an
eminently imporlant role. For the desecption of peptides, several very efficient matrixes have
been found which produce a very fine crystallization. Thers are now several responsive ma-
trixes for DNA, however. the dilference in sensitivity has not been reduced. The differeice
sensitivity can be reduced by chemically modifying the DNA jn such a manner that it be-
comes more similar 10 a peptide. Phosphorothioate nucleic acids in which the usual phos-
phates of the backbone are subslituted with thiophosphates can be convened into a charge-
neutral DMA using simple alkylation chemistry (Gut 13, Beck 5. A procedurs for selective
DNA alkylation and detection by rmass spectromewry. Nugleic Acids Res. 1995 Apr
25;23{8):1367-73). The coupling of a charge tag to this modificd DNA results in an increase
in sensitivity ta the same level as that found for peptides. A further advantage of charge tag-
ging is the increased stability of the analysis against imparities which make the deteetion of

unmaodified substrates considerably more difficult.

Genomic DNA is oblained from DNA of cell, tssue or other test samples vsing standard
methods. This standard methodology is found in references such as Fritsch and Maniatis eds.,

Molecutar Cloning: A Laboratory Manual, 1989,

Problem Definition
The present inventiun is intended to provide oligonucleotides andfor PN A-olignmers for de-
tecting cytesine methylations as well as & method which is particularly suitoble for the diag-
nosis andfor therapy of gencfic and epigenelic parameters of genes associated with wmar
suppressor renes and oncogenes. The present invention is based on the discovery that, cyto-
sine methylation patterns are particularly suitable for the diagnasis and’or therapy of discases

associated with tumor suppressor genes and oncogencs.
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Description

The object of the present invention is to provide the chemically modified DNA of genes ayso-
ciated with tamor suppressor genes and pneogencs, as well as oligonucleotides andfor PNA-
oligamers for delecting cytosine methylations, as well as 2 method which is particularly suit-
able for the diagnosis and’or therapy of genelic and epigenctic parameters of genes associated
with turaor suppressor genés and oncogenes. The present invention is based on the discovery
Ihat generie and epigenstic parameiers and, In panicular, the ¢yiosine methylation paticm of
uenes associated wilh tumor suppressor gencs and oncogenes are particularly suitable for the

dingnosis andsor therapy of diseases associated with tumer suppressor genes and onsogenes.

This ohjeclive is achicved according 1o the present invention using & nucleic acid containing a
sequence of at least 1] bases in length of the chemically praweated DMA of genes associated
with tumer suppresser genes and oncogenes according 0 one of Seq. 1D No.1 through Seq,
1D No.3356 and sequences complementary thercto and/ar a chemically pretreated DA of
penes associated with wimor suppressor genes and ancogencs according 10 sequences accard-
ing to table L, [n the table, after the listed gene desipnations, the regpective data bank numbers
(accession numbers) are specified which define the appertaining gene sequences as unique.
GenBank was used as the underlying dara bank, which is located at the National Institute of

Health at the internet address www.nebi.olm.nih.gov.

The chemicaliy modified nncleic acid could herstofore not e conneeied with (he ascertain-

ment of genctic and epigenetic parameters.

The object of the present invention is further ackieved by an oligonucleatide or oligamer for
detecting the eytosine methylation state in chemically pretrezted DiNA, contaiping at least one
base scquence having & length of at least 13 nucleatides which hybridizes o & chemicsily
pretraated DINA of genes associated with tumor suppressoi genes and oncogencs according (o
Seq. 1D Na.1 through Seq. [D Mo.536 and sequences complementary (hereto and’or a chemi-
cally prereared IINA of genes asseciared with fumor suppressor genes and oncesenss ac-
conding 10 sequences acconding to table 1. The oligomer probes according to the present in-
venlion constitute important and elfective tols which, for the first time, muke it possible 10

ascerlain the genetic and cpipenetic parameters of genes associated with tumor suppressor

JP 2004-507214 A 2004.3.11



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

(29)

WO N1/68912 PCT/EPH02SSS

8

genes and oncogenes. The base sequence of the oligomers preterably cantains at least one
CplG dinucleotide. The probes may also cxist in the form of a PNA (peptide nucleic ucid)
which has particulasly preferred pairing properties. Particularly preferred are oligonucleotides
aceording to the present vention in which the eytesing of the CpG dinucleotide is the Sth -
9th nucleatide from the 5°-end of the |3-mer; in the case of PNA-oligomers, it is preferred for
the cytosine of the CpG dinugleatide o be the 4th - 6th nuclegiide from the 5"-end of the §-

mer.

The oligomers according te the present tnvention ars normally used in so called “ses” which
contaitt at least ore olipamer for each of the CpG dinucleotides of the sequences of Seg, ID
Mo, 1 through Seq. ID Mo.536 and sequences complementary thereto andfor a chemically pre-
treated DNA of genes associuled with tumor suppressor genes and oncogenes ascording to
sequences aceording to table 1, Prefermed is a set which comuains a1 least one oligomer tor sach
of the CpG dinucleotides from one of Seg. 1D No.) through Seq. 11) No.536 and scquences
complementary thereto andéor a chemically pretreated DINA of genes associated with tumor

suppressor genes and ancogenes ascording to sequences according, to table 1.

Mareover, the prasent invention makes available a set of 81 least twa gligonucicotides which
can be used as so-called "primer oligonucleatides™ for amplifving DNA, sequences of one of
Seq. 1D Ha.l through Seq. 11 Mo 536 and scquences complerncerary theretn sndfor a chemi-
cally pretreaicd DNA af genes associmed with tumeor suppressor genes amd oncogenes ac-

cording 1o sequences according to table 1, or segments thereal

In the case of the sets of aligonuclectides according to the present invention, it is preferred

that at least one aligonucleotide is baund to a solid phase.

The present invention JNOSOVET relates t a set of at least 10 n {oligonuclectides and/or PNA-
oligomers) used for detecting the cytosine methylalion state in chemically pretreated genomic
DNA (Seq. ID No.l through Seq. I No.536 and seguences complementary thereto andfor a
chemically protreated DNA of genes associated with tumar suppressor genes and oncogenes
according to sequenees according to table 1). These probes enable diagnosis and/or therapy of
penetic and cpigenetic parameters of genes associated with tumor suppressor genes and onco-

genes. The set of eligomers may also be used for detecting single nocleotide polymorphisms
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{SMPs) in the chemically pretreated DNA. of genes associated with tumor suppressor genes
and oncogenes according 10 one of Seq. ID No.l through Seq. 1I¥ No.336 and sequences
complementary therete and/or a chemically pretreated DNA of genes assosiated with tumor

suppressor genes and oncogenes according ta seyquences according 10 table 1.

According 1o the present fnvention. it is preferred that en arrangement of differcnt aligonu-
cleatides and/or PNA-oligomers (a so-called “array”) made available by the present favention
is present in a manner that it is likewise bound to a solid phase. This amay of different oligo-
rurteotide- and/or FaiA-aligomer sequences can be shacacterized in that it is aranged en the
solid phase in the form of a rectangular or hexaganal lattice. The solid phase surface is pref-
crably composed of silicon, glass, polystyrene, aluminum, steel, iron, copper, nickel, sil ver, ar
gold. However, nitrocellulose as well 2s plastics such us oylon which can exist in the form of

pellets or also as resin matrices are possible as well,

Thercfore, a further subject matter of the present inventian is & method for manufacturing an
array fixed to a carrier material for analysis in connection with diseascs associated with lumar
suppressor genes and oncogencs in which method at least one aligomer according to the pres-
ent invention is coupled to a solid phase. Methods for manulasturing such arrays are knawn,
for example, from US Patent 5,744,305 by means of solid-phase chemisiry and photolabile

protecting groups,

A further subjeet marter of the present invention relates to a DNA chip for the analysis of dis-
eases associated wirth tumor suppressar genes and oncegenes which contains at least one nu-
cleic acid secording to the present tnvention. DNA chips are known, for example, from US

Patent, 5,837,532,

Moreover, a subject mater of the prosent invention s a kit which may be compesed, for ex-
ample, of 3 bisulfile-convaining reagent, a sct of pmer oligonueleatides containing at Jeast
twa oligonucletides whose sequences in each case cortespend or are complementary 10 an 8
buse Jong segment of the base sequences specified in the appendix (Seq. [0 Ne.1 through Seq.
11> No.536 and sequences complementary thereto andfor a chemically pretreated DNA of
genes associated with mmor suppressor penzs and oncoganes according ta seguanees accord-

jug 1o table 1). ohigonucleatides and/or PNA-pligomers as well as Instruetions for carrying am
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and cvaluating the described method. However, a kit along the lines of the present inventian

can also contain only part of the aforementioned components.

The present invention alse rmakes available a method for ascertainiog genetic andfor epige-
nete pazameters of genes associated with the cycle cell by analyzing cylosine methylations

and single nucleotide pelymorphisms, including the following steps:

In the first step of the methed, a genomic DNA sample is chemically treated m such a manner
thet cytosing bases which arc ununethylated ot the 5°-position are converted 1w urucil, thymine,
or another base which is dissimiiar ta cytosine in terms of hybridization behaviar, Thiz will be

understond as ‘themical pretreatment’ herginafier,

The pennmic DA to be anatyzed is preferably obtained form usual sources of DA such as
cells or cell components, fbr example, coll lines, biopsies, blood, sputum, stool, usine, cere-
bral-spinal fluid, tissue cmbedded in paraffin such 23 tissue from eves. intestine, kidney,

brain, heart, prostate, lung. breast or liver, histologic object slides, or combinations thereof.

The above described 1reatment of genomic DNA is preferably carried out with bisulfite (hy-
dragen suliite, disullite) and subsequent alkaline hydrolysis which results in a conversion of
non-methylated cytosine nuclesbases to uracil or to another base which is dissimilar o ¢yio-

sine in terms of base pairing behavior.

Frapmenits of the chemically peetreated DMNA are amplified. using sets of primer eliponucleo-
tidrs according lo the present invention. and a, preferably hear-stable polvmerase. Because of
statisticel and practical considerations, preferably more than ten clifferent fragments having a
lenzth of 100 - 2000 base pairs are amplifted. The amplification of several DA segmems can
he cartied out simultaneously in ene and the same reaction vessel. Usually, the amplification

is carried out by means of a polymerase chain reaction (PCR).

in a preferred embodiment of the method, the set of primer oligonucleotides inctudes at least
two atipnonucleatides whose scquences are sach reverse complementary or identical to an al
least |8 basc-pair tong segment of the baze sequences specified in the appendix (Seq. ID No.l

through Seq. 1D No.536 and sequences complementary thereto and/ior a chemically pretecated
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DMA of genes associated with 1umor suppressor penes and oncegenes according to scquences
according to table 1). The primer oligonuclegtides are preferably chamclerized in that they do

not contain any Cp dinucleotides.

According to the present invention, it is preferred that at least one primer oligonucleotide is
bonded 1o a solid phase during amplification. The different oliponuclentide and/or PNA-
pligormer sequences cap e arranged on a plane salid phase in the form of a rectangular o7
hexagonal laltice, the solid phase surface preferably being composed of silicon, giass, poly-
styrenc, alumninum, steel, iron, copper, nickel, silver, or gold, it being possible for other mate-

tials such as nitrocellulose or plastics to be used as well.

The fragments obtained by means of the amplification can carry a directly or indireeily de-
tectahlz label, Preferred are lahels in the form of fluarescence ahels, radionuckides. or detach-
ahle molecule frapmenis having a typical mass which can be detected in 2 mass spectrometer,
it being preferred that the frapments that are produced have a single positive or negative net
charg for betrer detectabilily in the mnass spectrometer. The doteetion may be carricd out and
visualized by means of mawix assisted laser desorptionfionizaton mass spectrometry

{MALDHI) or using eleciron spray mass spectrometry {ESI).

The amplificates obtained in the secand siep of the methad arc subsequently hybridized o an
array or a set of eligonuclcetides and/or PNA probes, fo this comext, the hybridization takes
place i the manver deseribed in e following. The set of prohes wied during the hybridiza-
tien is preferably composed of at Jeast 14 oligonucleotides or PNA-cligomers. In the process.
the amplilicates serve as probes which hybridize 10 eligonucleatides previously bonded w a
solid phase. The non-hyhidized fragments are subsequently removed. Said oligonucleotides
conlain al least ane base sequence having a length of 13 nucleotides which is reverse com-
plementary or identical to 2 segment of the base scquences speeified in the appendix. the
segment containing at least one CpG dinucleotide. The cytosine of the CpG dinuclectide is
the $th to 9th pucleotide from the 5*-end of the 13-mer. One oligonuclentide exists for cach
CpG dinucleotide. Said PNA-oligomers contain at least one base sequence having a length of
9 nucleotides which is reverse complementary or identical to a scgment of the base sequences

specified in the appendix, the segment contaiming at least ane CpG dinucleatide. The cytosine
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of the CpG dinucteotide is the 4th to 6th nucleotide seep from the 5™-end of the 9-mer. One

oligonuclcetide exists for each CpG dinucleetide.
In the fourth step of the methed, the non-hybridized smplificates are removed.

In the final step of the method, the hybridized umplificates are detected. In this context, it is
preferred that labels attached to the amplificates are identifiable at vach position of the solid

phase ar which an oligonacleotide sequenes is Incated.

Aceording to the prosent invention, it is preferred that the labels of the amplificates are fluo-
rescence labels, tadionuclides, or detachable malecule fragments having a typical mass which
can be detected in a mass spectrometer. The mass spectrometer is preferred for the detection
of the amplificates, fragmenis of the amplificates or of probes which are complementary to
the amplificates, it being possible for the detection to be carricd out and visualized by means
of matrix assisted laser desorplion/ionization mass specrrometry (MALDI) or using vleatron

spray mass spectromerry {E51).

The produced fragments may have a single positive or negative net charge for better defecta-
bility in the mass spectrometer. The aforementioned method is preferably used for ascertain-
ing genetic and/or epigenetic parameters of genes associated with tumor suppressor genes and

oneogenes,

The oligomers according to the present invention or arrays thereaf as wall as a kit according
to the present invention are intended to be used for the diamnosis andfor sherapy of diseases
associated with lumor suppressor g2nes and oncogenss by analyring methylation partems af
genes associated with tumor suppressor gencs and oncogenes. According to the present in-
vention, the method is preferably used far the diagnosis and/or therapy of important genetic
andfor epigenetic paramaters within genes associated with tumer suppresser genes and onco-

2enes.

The method according 1o the present fnvention is used, for example, for the dizgnosis andfor

therapy ofsolid tumars and cancers
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The nucleic acids according to the present invention of Seq. ID No.! through Seq. ID No.33§
and sequences complementary therete and’or a chemically prerreated DINA of genes associ-
ated with tumor suppressor genes and oncogenes ascording 1o sequences according to table 1
can be used for the diagnosis and/or therapy of genctic and/or epigenctic parameters of genes

associated with tumor suppressor genes and oncogenes.

Tiwe present iovention moreover relates o 2 method for manofacuring a dispnostic agent
andlor therapeutic agent for the diagnosis and/or therapy of diseases associated with tumor
suppressor gencs and oncogenes by analyzing methylation panerns of genes associated with
tumor suppressor genes and oncapencs, the diagnostic agent andfer therapeutic agent being
characterized in that at least one nucleic acid according to the present invention is used for

manufzeluring it, possibly tegether with suitable additives and auxiliary agents.

A farther subject marter of the present inveation relaes to a djagnostic agent and/or therapeu-
tic agent for discases associated wilh tumnor suppressor genes and oncogenes by analyzing
methylation patterns of genes associated wirhl wmor suppressor genes and ancogenes, the di-
agnostic agent and/or therapeutic agent containing ol least one nucleic acid aceording to the

presen invention, possibly together with suilable additives and auxilbary agents.

The present invention moreover relates Lo the diagnasis and‘or prognesis of events whicl are
disadvantageous to paticnts or individuals in which impartant genctic andlor epigenetic pa-
rameters within gencs associated with tumor suppressor genes and oncogenes said parametees
obained by means of the prescat invention may be compared to another sei of genatic andfor
epigenetic parameters, the differences serving as the basis for o diagnosis and/or prognosiy of

events which are disadvantageous (o paticnts or individuals.

In the context of the present invention the term “hybridization™ is to be understood a3 2 bond
of an oligonucleotide to a completely complementary sequence along the lines of the Watson-
Crick base pairings in the sample DNA, forming a duplex steucture. To be understood by
“stringent hybridization conditions” ere those conditions in which a hybridization is carricd
oui at 60°C in 2.5 x SSC buffer. follawed by several washing steps at 37°C i a low buffer

cancentration, and remains stable.

JP 2004-507214 A 2004.3.11



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

(35)

WO 01/68912 PCT/EPA1A2953

14

The teem "hunctional variants” dencies all DNA sequences which are complementary to a
DNA sequence, and which hybridize to the reference sequence under stringeni conditions and

have an activity similar to the comespending polypepiids according to the present invention.

In the context of the present invention, “genetic parameters”™ arc mutations and pelymor-
phisms of geries assnciated with tumor suppressor genes and oncogenes and sequences further
required for their regulation. To be designated as mutations are, in particuter, insertions, dele-
tions, point mutations, inversions and polymerphisms and, particularly preferred, SNPs {sin-

gle nucleotide polymorphisms}.

in the context of the present invention, "cpigenetic paramelers™ arg, in particulaz, eylosine
methylations and further chemical modifications af DNA bases of genes associated with -
mor suppresser penes and oncogenes and sequences further required for their regulation.
Further epigenctic parameters include, for example, the acetylation of histones which, how-
ever, cannol be directly analyzed using the described method but which, in tum, correlates

wilh the DNA methylation.

1n the following, the present invention will be explaincd in greater detail on the basis of the
sequences and examplos with reference 1o the accompanying figure without being limited

thereto.

Figume 1

Figurc 1 shows the hylridisation of fluorcseent labelled smplificates 1o & surface bound
olipnunuclentide. Sample 1 being from pilecytic astrocytoma (brain tumar} lissue and sample
11 being from astrocytoma grade II {brain tumor) tissue. Flourescence 2l o spot shows hybridi-
sation of the amplificate to the olignonucleatide. Hybridisation 1o a CG olignenucleatide de-
notes methylation ar the cyiosine position being analysed, hyhridisation to a TG obignonu-

cleotide denotes no methylation al the eytosine position being analysed.

Sequence ID Nos 1 to 536
Scquence 1D Nos | 10 536 show sequences of the chemically pretreated DNA of genes asso-

clated with wmer suppressor genes and oncogenes aceording o the invention, Scquences

having odd scquence numbers le.., Seq- 10 Mo, 1, 3, 5, ...} exhibit in each case sequences of
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the chernicatly prerreated penomic DM As af differeat genes associated with wmer suppressor
genes and oncogenes. Scquences having even sequence numbers (e, Seq. [D No. 2, 4, 0, ..}
exhibit in each case the sequences of the chemically pretreatcd genomic DNAs of penes asso-
ciated with tumor suppressar genes and oncopenas which are complementary to the precesd-
ing sequences {¢.g., the complememary sequence to Seq. 1D No.1 is Seq. [D No.2, the com-

plemeniary scguence 1o Seq. (D Ne.3 is Seq. 1D Nod, ete),

Sequepce [ MNos §37 o 340
Sequence [D Nos $37 to 540 show the sequences of aligonucleotides vsed in Example 1

The following cxxample relates to a (ragment of a gene associaled with tumor suppressor genes
and oncopenes, in this case, MYC in which & specific C3-position js analyzed for tts meth-

ylation staius.

Exantple 1:Mcthylation analysis In the gene MYC associated with tumor suppressor
genes and oncogencs.
The following example relates 1o 2 fragment of the gene MYC in which & specific €G-

position is to be analyzed for methylation.

In the first siep, a genomic sequence is treated using bisulfite (hydrogen sulfite, disultite} in
such a manner that all cytosines which sre not methylated at the 3-position of the hase are
madified in such a manner that a different base is substitured with regard to the base pairing

behavior while the cytasines melhylated at the S-position remain unchanged.

If bisulfite solution is used for the reaction, then an addition takes place at the non-methylated
cviosine hases. Moreover, & denmturating reagent or solvent as well as a radical intercepior
must be present, A subsequent alkaline hydrolysis then gives rise te the conversion af non-
methylated cyiosine nucleabases to uracil, The chemically comveried DNA (s2quence 1D 531)
is then used for the detectivn of methylated cytosines. in the second methad step, the treated
DA sample is diled with water or @t aqueons solution. Preferably, the DA is subse-
quently desulfonated (10-30 min, 90-100 *C) at an alkaline pH velue. In the third step of the
tethod, the DNA, sampls is amplificd in a pelymerase chain reaction, preferably using a heal-

resistant DINA polvmerase. In the present case, cylosines of the gene MYT are analyzed. To
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this end, a defined fragment having a length of 831 bp is amplified with the specific pramer
ofigonuclectides  TTTTGTGTGUAGGGTAGITG  (sequence 1D 337) and
CLCTAAATAAACAAAATAACC (scquence ID 538). This amplificate serves ag a sample
which hybridizes to an oligonuclegtide previously bonded to a solid phase, forming a duplex
structure, for example TAAGCATGCGGTITGTTA (sequence ID 538), the cytosine ta be
detected being lovated at position 60 of the amplificate. The detection of the hybridization
product is baged on Cy3 and Cy3 flourescently labeled primer oligonucleotides which have
been used for the amplification. A hybridization reaction of the amplified DNA with the oli-
gonusleotide tzkes place only if & methylated cytosine was present at this [ocation in the bi-
sulfile-ircated DMA. Thus, the methylation status of the specific cytosine to be analyzcd is

inferred from the hybridization product.

Ton erder to verify the methylarion status of the position, a sample of the amplificate {s further
hvbridized to another oligonucleotide praviously bonded to a solid phase. Said olignenucleo-
lide is identical Lo he oligonucleotide previously used (o analyze the methylation status of the
sample, with the exception of the position in question. At the position t be analysed said oli-
gonucleotide comprises a lhyminc base as apposed o @ ovigsine hasc ic. scquence
TAAGGATOTGGTTTGTTA (sequence [I 540). Therefore, the hybridisation reaction only

takes place ifan wnmethytated cytosine was present ut the position to be analysed.

The analysis was carricd out on twa tissue samples. Sample | from a pilocytic astrocytamy
(brain tumos). and Semple 2 from an astrocytoms grade 1T (brain tumor). Trom the resuits
(Figure 1) it can be seen that Sampie 1 was unmethylated at position 60 of the amplilicate
whercas Sauple 2 contained & rixture of beth metbylated and onmethylated cells ot the sanme

position.

Exampie 2: Dingnosis of diseases assoeiuted with tumar suppressor gents and oncngenes
In order to relate the methylation patierns tu oue of the discases associated with tumor sup-
pressor gencs and oneoyencs, it is initiatly required W analyze the DNA methylation patterns
of # group of diseased and of 2 group of healthy patients. These analyses are caried out, for
example, analogously 1o example 1. The results obtained in this manper are siored in a data-
base and the Cp( dinucleotides which are methylaied differently hetween the bwo groups are

identified. This can be carried out by determining individual CpG methylation rates as can be
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dene, for example, in a relatively imprecise manncr, by scquencing or else, In a very precise
manner, by & methylation-sensitive “primer extension reaction™. It 15 also possible for the en-
tice methylation status ta be analyzed simulianepusly, and for the pattemns to be compared, for

example, by clustering analyses which can be carrted out, for example, by a computer.

Subsequently, it 1s possible to allocate the examined patients to a specific therapy group and

to treat these patients sclectively with an individualized therapy,

Example 2 can be carried our, for example, for the [bllowing diseases: Solid wmors and can-

CETS.

Table 1.
Listing of prefetred penes associated with lumoer suppressor genes and oncogenes according

1o the inventian.

Gene Darabase entry Mo. (GenBank, iniemel address i
www.nebiunim.nih.gev) ;
BRUAZ {GA3745),
E2F1 (M96577), i
{ELEI (X71413), T
IMIN/CAD (754349, !
S50 (MIET14),
5ACE (AK001723),
TEME (AKDZ5425), :
ITMASFT X01354),
;"I'NFSFI ] (AFO53712), :
AXL (NM_0ZTD13&NM_001699), —
CCND3 (RA_DO1760),
CSFIR (NM_005211),
MGMT OWM_002312),
HOV (NM_002314),
SFRSY (NM_004553),
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TNERSF6 (NM_D00043),

TPD5Z (NM_DO3079), -
AKTE (NM_005163},

BCL2 (M _00U633& NM_UG0657), 'k
CBL (NM_003188),

CBLC (NM_G12118),

TRK (NM_D0S206&NM_C16873),

e (NM_005215),

EPHA] (M_N05232),

EPHA3 (NM_005233).

ETS1 (NM_005238),

ETVS (MM_003454),

ETVG (N3_001987), o
FGE) (NM_005247),

[FGF4 (NM_002007),

FHIT CNM_002013), -
GLTSCRI T oNM_onsTT,

GPSL (NM_004127),

GROSI THNM_622356),

EIHCH (M_008497),

“TGFBFT [NI_001553),

K158 :(NM_(JUEESG),

KRASZ (NM_D04983),

LATS "(HM_004690],

LOCS1213 (NM_U16383},

MUCI M _002456),

MUCZ (002457, 1
'N35 (NM_00676%),

IPTTGLIP (NM_004339),

[SE204 (WM 022117,

ISE7G-2 (NM_022113),

“SFN (VL 006142), ]
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sT7 (NM_013437),

SUPT3H (NM_803599),

SUPT6H (NM_D03T70).

TEMI (M 0204049,

TERT (TM_003210}, :
THRB NM_000461, '
TIvP? (NM_D03255), T
TMEEFFL (EM_D036923. )
TNFAIDG NM_0G7115), i
TNFRSFI0A “(NM_003844),

TNFRSF10B T(NM_003842). T
THERSII0C I(Nid_003841). - }

i TNFRSF11A [(NM_(03840),

“TNFRSFLA “NM_O0106S).

JINFSF1Z {(NM_003809), -
TNFSF13 (MM_OD3BOR), B
TMNFSF13 NM_00S11E), ‘
TNESFIg T(NM_003092), R
TPEa (MM 003722), R
TS5CI SN 0331,

VIR NM_(00376), T
YESI (NM_003433),

FOXGIA CFM_004471), A
GRF2 (NM_D033133,

HSPC0O70 T [ NM_014160), -

RAB3A (NVI_002866). —

RABSA (NM_004162), -
ADC T(IM_000638),

BMJ " (NM_005180). "

CHES1 1 (NM_0031973.

SMT3H1 mhoveme,
TiAMI (NM_003233),
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VAV M _G0a428),
MEFZ (MM_005369),
MSHZ (NM_O00251),
ERBE4 (NM_B05235],
FOXOLB (NM_005249),
TACSTOL [ND_002354),
TRAL (NM_G037295),
FONGIB (RM_005249),
TACSIDN (N_002354),
FLII (NM_002017)
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Claims

1. A nucleic acid comptising a sequence at Jeast 18 bases in [ength of 2 scgment of the chemi-
cally pretreated DNA of genes associated with rumor suppressor genes and oneogenes ac-
cording to one of the sequences taken from the group of Seq. ID Nend to Seq. D No.536 and

sequences complementary thereto.

2. A nicleic actd comprising a sequence at feast 18 hases in Jength of 2 segment of the chemi-
cally pretreated DNA of genes associated with tumor suppressor gencs and oncagencs ac-
cording 1o onc of the sequences according to one of the genes BRCAD (L43746). E2FI
{MS6577), ELEL (X71413), MN/CAD (Z54349), PVTL (M26714), SACY (AKO017235),
TEMS  (AK025429), TM48F1 (X01394),  TNFSFI1 (AF033712),  AXL
NM_021913&NM_001699), CCND3  (NM_001760), CSFIR (NM_005211). MGMT
(NM_D02412), MOV (NM_002314), SFRSE (NM_004392), TNFRSF6 (NM_000043),
TPDSZ (NM_005079), AKTI (M_005163), BCLZ (NM_DO0633&NM_000657), CBL
(MM _005188), CBLC (WM _012116), CRK (NM_005206&NM 016823}, DCC
NM_005215), EPHAT (NM_005232), CPHAL (NM_003233), FTS] {NM_005238), ETV3
{NM_0044543, ETVE (NM_DUL9ET7), FGF3 (NM_005247), FGF4 (NM_002007), FHIT
NM_002012), GLTSCRI (NM_015711). GRS (NM_004127), GROSI(NM_022356). HICI
(NM_006497), TGFBPT (NM_001553), KISS1 (NM_00223G). KRASZ (NM_004985),
LATS! (NM_084600), LOC5I213 (NM_016381) MUC) (NM_002436), MUC2
NM_002457), N33 (NM_006765), PTTGHP (NM_004339), SE20-4 (NM_022117). SE70-2
{NM 022118}, SFN (NM_0D06142), ST7 (NM_013437), SUPT3H {NM_G03599), SUPT6H
NM_003170), TEML (NM_020404), TERT (WNM_G03219), THRE NM_00U461), TIMP2
NM 003255, TMEFFD  (NM_003692), TNFAIPG (WM _007115), TNFREFI0A
(M _003844), INFRSFI0H (NM_003842), TNFRSFIOC (NM _002841), TNFRSF1IA
(N D03849).  TNFRSFIA (MM _Q01065),  TNFSP12 (NW_003809), TNI'SFL3
(NM_{03808), TNFSFIS (NM_005118), TNFSFI8 (NM_005092), TP63 (NM_003722),
TSRCT ASM_003310), VDR (MM _000376), YESI {(NM_003433), FOXG1A (NM_004471),
GRF2 (MM_003312), HSPCO?70 {NM_C14160), RAB3A (NM_002866), RABSA
(NM_D04162), APC ( NM_000038), BMI (NM_DUS180), CHES] (MNM_603197), SMT3IH1
NM_D0E936), TIAML (NM_003253). VAV (NM_D03428), MCF2 (INM_0035359), M3H?
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MM_000251), ERBB4A (MM_005235), FOXGI1B (NM_003249), TACSTD (NM_002354),
TRAL (NM_003299). FOXGIR (NM_005249), TACSTD] (NM_002354), FLH
(NM_D02017) and sequences complementary thereta.

3. An oligomer. in particular an oligonugleotide or peptide nucleie acid (PNA)-cligomer. said
aligomer comprising in each case at least one base sequence having a dength of at [east & nu-
cleatides which hvbridizes to or {5 identical o a chermically pretreated DNA of genes associ-
aled with the cell cyele according to one of the Seq. 10 NouT through Seg, 1D Wo.536 end

sequences complementary thereto.

4. The oligomer as recited in Claim 3: whercin the base sequence compriises al leasl one CpG

dinucleotide.

5. The oligomer as recited in Claim 4: characterized in that the cviosine of the Cp( dinuelze-

tide is incated approximatety in the middle thisd of the oligomer.
&. A set of aligomers, comprising ot least two oligomers according to one of claims 3 1o 5.

7. A set of oligomers as recited in Claim 6, comprising oligamers for detccling the methyla-
tion state of all Cpli dinucleotides from one of the sequences of Seq. ID 1 through Seq. ID
536 or to & chemically pretreated DNA of a pene according to claim 2, and scquences ¢om-

plementary thereto.

8. A set af at least two oligonucleotides as recited in Claim 3 which can be wsed as prinwec
oligonucleotides for the amplification of DNA sequences of one of Seq. IR 1 through Seq. ID
536 and sequences complementary thereto and/or 10 a chemically pretreated DNA of & gene

according io claim 2, and sequences complementary thereto, or sepments thereof,

9, A sel of oligonuclentides as recited in Claim 8, characterized in that at least one oligenu-

cleotide is bound 10 a solid phase.
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10. A set of oligorer probes for dstecting the cytosine merhylatian arate andfor single nu-
cleotide pofymorphisms {SNPs) in chemically pretreated genomic DNA sccording to claim 1

andror a chemicelly prerreated DNA of a gene according to claim 2.

11. A method for manufacturing an arrangement of different oligomers (aray} fixed to a car-
rier material for analyzing diseases assoclated with the methylation state of the CpG dinu-
cleotides of one of the Seq. 12 | through Seq. ID 536 and scquences complementary thereto
and/or a chemically pretrzated DNA of 2 gene according to claim 2,

wherein at lzast one oligomer aecording to ane of the Claims 3 through 5 is coupled to a solid

phase,
12. An arrangement of dilferent oligoners farray), obtainable aceording to claim 11.

12. An array of different oligonucleotide- and/or PMA-oligomer sequences as recited in Claim
12, characterized in that these are arranged on a plane salid phase in the form of a reclangular

or hexagonal lattice.

14. The array as recited in one of the Claims 12 or 13, characterized in that the solid phasc
surface is compaosed of silicon, glass, polystyrene, aluminum, steel, iron, copper, nicke], sil-

ver, or gold.

13. A DNA- andfor PiNA-array for anatyzing diseases associated with the methylation st of

genes, comprising at least onc nucleie acid according 1 one of the preceeding claims.

16. A method for ascerlaining uenetic and/or epigenetic parameters for the diagnosis and/or
therapy of existing discases or the predisposition 1o speeific discases by analyzing cytosine

methylations, charactezized iu that the following steps arc carried out:

a) in a genomic DNA sample, cyosing hases which are unmethylated st the $-pasition are
converted, by chemical treatment, to uracil or another base which is dissimilar te cytosine in

terms al hybridization behavior;
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b} fragments of the chemically pretreated genomic DNA are amplified using sets of primer

oligonucieotides aceording to Claim 8 ar 9 and a polymerase, the amplificates carrying 2 de-

tectable label;

¢} amplificates are hyhridized 1o z szt of oligonuclectides andfor PivA probes according to

the Claims & or 7, or else o an amay according (o one of the Claims 12 through 15;
d) the hybridized amplificates are subsequently detected.

17. The method as recited in Claim 16, characierized in that the chemical treatmen is carried

out by means of a solution of » bisulfire, hydrogen sulfite ar disuifite.

18. The method as reciled in one of the Claims 16 or 17, characterized {n thai more than teo

different fragments having a Jength of 104 - 2000 base pairs arc amplified.

19. The method as recited in onc of the Claims 16 through 18, characterized int that the ampli-

(ication of several DNA segments 1s carzied oui in ons reaction vessel.

20. The method as recited in one of the Claims 16 through 19, characterized in that the poly-

metase is a heat-resislant DNA polymerase.

21. The method as recited in Claini 2(, characterized in that the amplification is carried out by

means of the polymerasc chain reaciion {PCR).

22, The method as recited in one of the Claims 16 through 21, characterized in that the labels

of the amplificates are fluorescence labels.

23. The method as recited in one of the Claims 16 through 21, characterized in that the labels

of the arplificates are radionuclides.

24. The method as recited in one of the Claims 16 through 21, characterized in that the Iabels
of the amplificates are deiachable melecule fragments having a tvpical mass which are de-

tected in a mass spectrometer
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25. The method as recited in one of the Claims 16 through 21, characterized in that the ampli-

ficates or fragments of 1he amplificates are detected In the mass spectromeler,

26. The method as recited in any of the Claims 24 or 15, characterized in that the produced
fragments have = single positive or negative nel charge for better detectability in the mass

spectrometer

27. The method as recited in one of the Claims 24 through 26, characterized in that detection
is carried out and visualized by means of matrix assisted laser desorption/fonization mass

spectrametry (MALDE) or using electron spray mass speetcometry {ES{)

28, The method 25 recited in one of the Claims 16 through 27, characterized in that the peno-
mic DNA is obtained from cells or cellafar components which contain TINA, sources of DNA
comprising, for example, cel} lines, biopsies, blood. sputum. stocl, urine, cerebral-spinal fluid,
tissue embedded in paraffin sueh as tissue from eyes, intestine, kidney, brain, hean, prostate,

lung, breast or liver, histologic object slides, and all possible combinations therenl.

29, A kit comprising a bisulfite {= disulfite, bydrogen sulfite) reagent as well as oligonucleo-

tides and/or PNA-oligomers according to one of the Clatms 3 through 5.

30. The use of a nucteic acid according ta Claim 2, of an oligonucleotide or PMA-gligomer
according lo one of the Claims 3 through 3, of a kit according 10 Claim 29, of an array ac-
cording to one of the Claims 12 through 15, of a set of olizonucleotides according ta one of

claims & through 9 for ihe diagnosie of solid turnors and cancers

31. The use of 2 nucleic acid according te Claim 1. of an oligonucleotide nr PNA-aligomer
according to one of the Claims 3 through 5, of a kit aceording 1o Claim 29, of an array ac-
cording 1 one of the Claims 12 through 135, of a set of oligonucleotides sccording 1o one of

cleims 6 through 9 for the therapy of solid tumaors and cancers

32. A kit, comprising a bisulfite {= disulfite, hydrogen sulfite) reagent as well as aligonuclea-

tides and/or PNA-oligemers aceording to one of claims 3 through 5.
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I ional apeiication

No.
INTERNATIONAL SEARCH REPORT PCT/ER 01702935

Box{ Observations where cartain claima wara found ungaearchabla [Continuation of Bem 1 of first sheet)

This InternationaF Search Aeport has net been estaisned in respect of certzin claims under Adticla 17(2)a) far the fallowing easons:

1y, CaimsNos.: 30,31
** bacause ey relate 1 subjecCmaiier ol requirsd 1o 0e searchad by this Authorisy, namaly:

see FURTHER INFORMATION sheet PCT/ISA/210

I_ Claima Mes.:
because they relate 10 parta of the Irternationat Agplication thet do ply with Ihe requirsmerta (2 such
anaxerl fhat np meanngh, L Sy be cared oul, cal

Cisims Nog.:
Becanse they aie desendent tlaims and are rof drefied i 2ccordance wilh the second and third sentances of Ruis B.4{s).

Bax kB Observations where unity of inveation is lacking {Sentinuatien of item 2 of lirst sheet)

This Iernavionsl Searching Authority found k3 8 inverrisns in this inteenational appicakien, as fallows:

see additional sheet

IR A= alt raquirea acitional smarch fess wera irmaly pak Sy tha appicant, s inamanensl Seanh Aepon covers al
searchsnia slaims.

As il searchable caims couid 2e seached withoul effa-tshfying 2n additionai fee, this Authanly Sid nol invite payment
T of any additional fae.

S " sg only some of the renuired adnitional search fess ware timely paig by the ADGHCNT, 1S INtemational Seateh Hepoa
Govers only hose c.ams for wnih faes wene paid, speciicall thims Ros.:

{0 requirad adcirional Searth fbas were imely pad by
estricizd 0 the mweniaa tirst menZoned in the 2iaims

1, 3-32 (in part)

spplicant, Tunseguenily. this Inlernational Search Repa 5
& veret by eiims Nos.

Remark on Protest * Tre agzticnal search 1825 wore accompaniad by tha apglicant s EIoiest,

No protest accompanied the pyment of adaitional search fees,

Farm PSTASAZ10 (camtinuatian 3 frst sheel 1)) fuly 1288)

JP 2004-507214 A 2004.3.11



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

(52)

iniarnational Appiicatione. PCT/EP 01 /02655

FURTHER INFORMATICN CONTINUED FROM  PCT/ISA! 219

This International Searching Autherity found multiple (groups of)
inventiens in this intermational application, as follows:

1. Claims: 1,3-32 (fn part}
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Imesnationa) Appicaton ve. PCT/EP 01 /02955

FURTHER INFORMATION CONTINUED FROM  PCTASA! 21p

Continuation of Box I.1

Although claim 30 enconpasses a diagnostic method practised an the
hunan/animal hody and & method of treatment of the human/animal body, the
search has been carried out and based on 1he alieged effects of the
compound/cemposition.

Although claim 31 is directed to a method of treatment of the

humar/animal body, the search has been carried out and based on the
atleged effects of the compaund/composition.

Continuation of Box 1.1

Claims hes.: 38,31

Rule 39.1{(iv) PCT - Diagnostic method practised on the human or animal
hody [claim 38)

Rule 39.1(iv) PCT - Methad for treatment of the human or anima) body by
therapy (cTaim 31)
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