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Diagnpsis of Di Associated with the cell cycle

Field of the Invention

The levels of observation thal have been well studied by the methedological developments of
recent years in melecular biology, are the genes themselves, the translation of these genes into
R4, and the resulting proteins. The guesiion of which genic 13 switched on at which point in
the course of the development of an individual, and how the activation and ishibition of spe-
cific genes in specific cells and tissues are controlled is corrclatable to the degree and charac-
ter of the methylation of the genes or of the geneme. In this respect, pathogenic conditions
may manifest themselves in a changed methylation pattern of individual genes or of the ge-

lesting

The present invention refates w nueleie acids, oligonucleotides, PNA-oligomers and 1o a
method for the diagnosis and/or therapy of diseases which have a conmection with the genetic
andfor epigenstic parameters of genes associated with celt cyvcle and, in particular, with the

methylation status thereof.

Prior Art

The cell eycle is the series ol events between each meitotic division, culminating in the divi-
sion of a cell into 1wo daughrer cells. The cycle consists of 4 discrete phases, the GL. 8, G2
and M phases. Nuclear and cytoplasmic division ocur during the M (mitotic} phase snd TINA
replication takes place during the 5 phase. The period between the end of the M phase and the
start of the § phasc s termed G, and e phase between the end of the $ phase and the start

of the M phase is temed G2,

The regulation of these phases and the progression from one phase to the next is a key factor
in the regulation of ordered eell division. The unidireetiohal progression from one phase w
the next is controlled at various hiochemical 'checkpoints’. These 'checkpoints', or biochemi-
cal pathways arc of considerable interest, as alterations within themn may result in decreased

fidelity ol events associated with cell eycle, such as chromosome duplication and segregation.

JP 2004-507213 A 2004.3.11
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2

In mammalian cells Gl represents the most important checkpoint. At this peint, the cell con-
mits itself 4o DNA replication and regulatzs proliferativn. Other checkprints are present dur-
ing the § phase when the integrity of the replicated chromosomes is checked and G2 when
commitment to meitotic diviston is made. 1f the cell dacs not divide ai this point, it rermains in

the condition of kaving twice the normal complement of chromosomes.

The regulatory syslem coasists of a series of enyywes that respond o exicrnal signals and
cheekpoints by phosphorylating or dephosphorylating the next member of the pathway. Phos-
pharylation is cataiysed by cyclin dependant kinases. These halaenzymes consist of two pro-
fein subunitsia regulatory subunit (the cvelin), and an associated catalytic subunit (the cyelin-
dependent kinase or CDK). [hey arc subjeet to many levels of regulation. and sre used both
10 control the activitics of the regulatory circuit itsell and 10 contro] the activities of the sub-
strates that execute the decisions of the regulatory circuit. In general. different types of cyeling
are designated by letters (e.g., cyelin A, cyclin B, ere.) and CDKs arc distinguished by oum-
bers (CDEL, CDK2, ete; }. The role of cell eycle regulators has been reviewed by Stephen
Elladge, "J.Cell Cyvele Checkpoints: Proventing ao ldsntity Crisiy” Svience, 274; 1664-1672
(1996).

Misrcgulation of the the cell eyele can lead to proliferation. end cell eycle regulators have
heen implicated in a number of diseases, in particular tumor Farmarion. Lxamples of diseases

involving disruptions in e cycle patlnvays include:

I. HIV infection;Zhou and Rawner "Phosphorylation of Human Inmmumodeficiency Vi
Type | Vpr Regulutes Cell Cyele Arrest” Journal of Viralogy, Vel 74; 6520-6327.
(2000).

[

. Alzheimezs: Bruckner ¢ al. "Aberrancias in signal transduction and cell eycle related

svenis in Alzheimer's disease.” J Neural Transnr Suppl:54:147-58 (19981

fraft-versus-host dissase; Bousaiodls et al. "Altered T-cell receptor ~ CD28-mediated

Ly

signaling and blocked cell cyele progression in interlenkin 10 and transtorming growth
faclor-beta-ireated allareactive T celis that do not induce graft-versus-host disease.”

Blood. ;97(1):565-571 (2001)
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. Aging: Zhu et ol "Neuronal CDK7 in hippocampus is related to aging and alzheimer

discase” Neurobiol Aging. ;21(6%:807-13 (2000)

. Glomerular disease; Shankland e, ol "Differential cxpression of cvclin-dependent kinase

imhibitors in human glemerular disease: role in podocyie proliferation and maturation.”
Kidney Int.;58(2):674-83 (2000)

. Lewy body disease; Takahashi er. ai. "Cyclin-dependent kinase 5 {Cdk3) associated with

Lewy bodies in diffuse Lewy bedy disease.” Brain Res. 17,362(1-23:253-6 {2000)

. Arthirits; Kohsaka ef, @l “Treaiment of arthriis with cvelin-dependent kinase inhibitar p

16TNK4a gene" Nihon Rinsho Meneki Galdaal Kaishi. ;22(6):397-% (1209}

. Neurodegenerative disorders; Parick er. al. "Conversion of p35 to p25 deregulates CdkS

activity and promates neuredegeneration” Nalure 9;402(6762).615-22 (1999

. Arterosclerosis; Thling et. al, "Co-gxspression of p33 and MDM2 in human atherosclerosis:

implications  for the repulation of celiularity of atheroscleretic  lesions.” ]

Fathol;185(3):303-12 (1958)

. Ataxia 1elangiectasin; Matsuoka g1, al. "Linkage of ATM to Celi Cycle Regulation by the

Chk? Protein Kinase" Sclence, Vol. 282; 18931897 (1998).

. Bladder cancer; Del Pizzo ef af. "Loss of Cell Cvele Regulators p27Kipt and Cyelin E in

Transitienal Cell Carcinorna of the Bladder Correlates with Tumor Grade and Fatent Sur-

vival'! American Journal of Pathology, Val. 155:1129-1136 (1999,

. Leukemia; Vrhovae ef o, "Prognostic Significance of the Cell Cyele Inbibitur p27Kipl in

Chronic B-Cell Lymphocytic Leukemia" Blood Val. #1; 4694-4700 (1998).
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13, Calorectal cancer; Thomas QY. "Down-Regulation of p27 [s Associated with Develop-
menl of Celoreetal Adenocarcinoma Metastases™ American Journal of Pathologyv;133;
681-037 (1998).

14. Gasirie cancer. Takami ¥ "Cyclin D2 Overexpression and Lack of p27 Carrelate Posi-
tively and Cyclin E Inversely with a Poor Prognosis in Gastric Cancer Cases” Amccican
Journal of Patholegy;156; 585-594 (2000).

15. Liver cancer; Albeecht J "Regulatian of (31 cyclin-dependent kinases in the liver: role of

nuclear localisation and p27 scquestration” Vol. 277;1207-G1216, (1999).

16, Lung cancer; Nabeyrat E "Retinoic acid-induced proliferation of lung siveotar epithctial
cells is linked 10 p21 CIP1 downregulation” Val, 278;42-L50, (2000).

17. Prostate cancer; De Marzo A “Expression of the Cell Cyele Inhibiter p27Kipl in, normal,

Hyperplastic. and Neoplastic Cells" American Journal of Pathology,153;911-919 {1958).

The methylation of DMA is 2 necessary factor in the correct regulation of gene expression
For example, the p16 protein halts cell cyele progression at the G1/5 houndary. and the logs of
plf function may lead to cancer progression by allowing unsegulated cellular proliferation.
Liypermethylatinn mediated inactivation of the pl6 gens bas been demonstraled n brain,
breast, colon, head and neck, and non-small-cell lung cancer and in high grade non-Hodgkin's
lymphoma. Qther studies establishing a link between methylation and gene regualtion in-
clude, Jackson r @/, "Loss of genomic methylation cavses p33 dependant apoprosic and epi-
genetic derepulation” Nature Genetics 27,31-39 (2001), which showed zbamant expressian

patterns of several key cell eycle genes.

The identification of the methylation dependant regulation of cell cycle genes opens up the
possibility of developing alternative methods of cancer treatment and disgnosis. Treatment
with UNA methylation inhibitors has been shawn te restore gene expression of the key cef!
cycle pene pl6, Bender er o “Inhibition of DNA methylation by 3-aza-2'-deonveytidine

suppresses the growth of human tumer cell Jines." Cancer research 58; 95-101 (1998). This
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resulted in heritable levels of gene expression leading to suppression of growth o tumar cell

fines.

wethylation based therapics could heve considerable advamages over current methads ul
treatment, such a5 chemotherapy, surgery and radiotherapy. They may even provide @ means
of treating tumors which are resistant 10 conventional methods of therapy, as demonstrated by
Soengas ez al "Inactivation of the apoplasis effector Apaf-1 in malignant melapotna” Nature
409; 207-2112001). In addition to the development of methylation specific therapies, ex-
periments with Ain mice have shown thal inhibition of DA methylation can suppress 1umor
initiation, Laird ¢f. af 'Suppression of intestinal neaplasia by DNA hypomethylation' Cell 81
197-205 {1093}, Furthermare, DNA methylation analysis may provide novel means {or cancer

diagnosis.

5-methyleytosine is the most froquent covalent base modification in the DNA of cukaryotic
cells. It plays a role, for exampie, in the regulation of the transeription, ir genelic imprinting.
and in wmorigenesis. Therefore, the identification of S-methyleviosine a3 a component of
genetic infarmation is ol considerable interest. However, S-methyleytosine positions cannot
be idertified by sequencing since S-methyloylasing has the same base paicing bebavior as
cylosine. Moregver, the epigenetic information carried by S-methylcytosine is complerly lost

during PCR. amplification.

A relatively new and currently the most frequently used method for analyzing DA for 3-
methylcstosine is based upon the specific reaction of bisuifite with cytesine which, upon sub-
sequent alkaline hydroiysis, is converted to uracil which comesponds te thymidine in ils hasc
pairing behavior. However, S-mcthyleytosine remains unmodilied under these conditians.
Consequently, the original DNA is convested in such a manner that methyleytesine. which
ariginally could not be distinguished from cytosine by ils hybridization bebavior, can now be
detected as the only remuining cytosine using "normal” molecular biologteal tcchniques, tor
example, by amplification and hybridization ot sequencmg. All of these technigues are bused
on base pairing which can now he fully exploited. In terms of sensitivity, the prior art is de-
fincd by a nethed which encloses the DNA to be analyzed in am agarose matrix, thus pre-
venting the diffusion and renaturation of the DINA (bisulfile only reacts with single-sttanded

DNA), and which replaces all precipitation and purification steps with fast dialysis (Qlek A,
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Oswald J, Walter J. A medified and Improved method (o bisulphite based eylusing methyla-
ton analysis. Nuclete Acids Res. 1996 Dec 13;24(24):5064-6). Using this method, 1t iy possi-
ble 10 analyze individual cells, which illustrates the potential of the methad. However, cur-
rently only individual regions of a length of up to approximately 3000 base pairs are analyzed,
a global analysis of cells for thousands of possible methylation events is not possible. How-
ever, this method cannot reliably analyze very amall fragments from smalt sample guantities

either. These arc lost through the mateix in spite of the diffusion protection.

An overview of the further known methods of detecting 5-methyleytosine may be pathered
from the following review aicle: Rein, T., DePamphilis, M. L., Zorbas, H., Nucleic Acids

Res. 199826, 2255,

To date, barring few oxeepions {e.g, Zeschnigk AL Lich C, Buiting K, Doerfler W,
Horsthemke B. A single-tube PCR test for the diagnosis of Angelman and Prader-Willi syo-
drome based on allelic methylation differences at the SNRPN logus. Eur [ Huom Genet. 1957
Mar-Apr;3(2):94-8) the hisulfite techniqus is only used in research. Always, however, short,
specific fragments of a known gene are amplified subsequent to a bisulfite treatment and ci-
ther completely sequenced (Ulek A, Walter 1 The pre-implantation artogeny of the HI9
methylation imprint, Nat Gener, 1997 Nov;17(3):275-6) or individual eytosine posituns are
detected by a primer extension reaction {Gonzalgo ML, Jones PA. Rapid quantitation of
methylation differences at specific sites using methylation-sensitive single nucleatide primer
cutension (Ms-SNuPE) MNucleic Acids Res. 1997 Jun 15;25(12:2329-31, WO Application
95/00669% ar by enzymatic digestion (Xiong 7, Laird PW. CORRA: a sensitive and quantila-
live DNA methylation assay. Mucleic Acids Res. 1997 Jun 15:25(12):2532-4). In addition,
detection by hybridization has also been deseribed (Glek etal,, WG 99725498).

Further publications dealing with the use of the bisulfite wechniqus for methylation deteetion
in individual genes are: Griag G, Clark §. Sequencing $-methyloytosine residues in genamic
DNA. Bioessavs. 1994 Jun,16(6):431-6, 431; Zeschnigk M, Schmitz B, Ditrich B, Buiting K,
Horsthemke B, Doerller W. Imprinted scgments in the human genome: different DINA meth-
vlation patrerns in the Prader-Willi/Anpelman syndrome region as determined by the genomiz
sequencing method. Hum Mal Genel. 1997 Mar;6(3):387-95; Feil R, Charlton J. Bird AT,
Walter J, Reik W. Methyiation analysis on individual chromgsomes: improved protocal for
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bisuiphile genomic sequencing. Muclcic Acids Res. 1994 Feb 2522(4):693-5; Mardin ¥,
Ribieras 3, Song-Wang X, Rio MC, Dante R. Genomic sequencing indicates a correlation
between DNA hypomethylation in the 5 repion of the p82 gene and its expreasian in human
breast cancer cell lines. Gene. 1995 Muy 151537(1-2):261-4. WO 97 46705, WO 85 15373
and WO 45560,

An overview of the. Prior Arl in oiigomer array manufacturing can be gathered from a speeial
edition of Nature Genetics (Nature Genetics Supplerent, Volurme 21, Janvary 1999}, pub-

lished in January 1999, and from the literature cited therein.

Fluorescently lzbeled probes are often used for the scanning of immeobilized DNA amays. The
simple attachment of Cy3 and Cy5 dyes to the 5'-OH of the specific probe are particularty
suitable for fluorescence labels. The detecrion of the fluorescence of the hybridized probes
may be carried out, for example via a confocal micraseope. Cy3 and Cy5 dyes, besidos many

others, arc commercially available,

Matrix Assisted Laser Desorption lonization Mass Spectrometry (MALDI-TOF) is a very
efficient devefcpment fur the analysis of biomoleenles (Karas M, Hillenkamp I, Laser de-
sorplion ionization of proteing with molecular masses exceeding 140,000 dalions. Anat Chem.
1088 Oct 15;60¢20):2299-301). An analyte s cmbedded in o lighi-absorbing matrix. The ma-
wix is evaporated by a short laser pulse thus transperting the analyte molecule into the vapor
phase in an unfragmenled manaer. The analyte is ionized by collistons with matrix molecules,
An applied voltage accelerates the jons inw a ficld-free flight tube. Duc to their different
masses, the ions are accelerated at different mies. Smaller ions reach the detector seoner than

bigger ones.

MALDI-TOF spectrometry is excellently suited to the analysis of peptides and proteins. The
analysis of nueleic acids is somewhal more difficult (Gut I G, Beek 8. DNA and Mawrix As-
sistsd Laser Desorption lonization Mass Spectromeiry. Current Innovaians and Fuivr:
Trends. 1993, 1; 147-37). The sensitivity to nucleis acids is approximately 100 times worse
than to peptides and decreases disproportionally with increasing fregment size. For nucleie
acids having a multiply negatively charged backbone, the jonization process via the matrix s

considerably less efficient. In MALDI-TOI spectromerry, the selecrion of the mauix plays an
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eminently trnportant role. For the desorption of peptides, several very efficicnt matrixes have
been found which produce a very fine crystailization. There are pow several responsive ma-
trixes for DNA, however, the difference in sensitivity has oot been veduced. The difference in
sensitivity can be reduced by chentically modifying the DNA in such a manner that it be-
"comes more similar to a peptide. Phosphorothioate nucleic acids in which the usual phos-
phates of the backbone are substituted with thiophosphates can be converted inte a charge-
neutra]l DNA using simple alkylation chenustry (Gut IG, Beck 5. A procedure for selective
DNA atkylation and detection by mass spectromery. Bucleic Acids Res. 1993 Apr
25;23(8):1367-73}. The coupling of a charge tag 10 this medified DMNA restlts in an increase
in sensitivity ta the same leve! as that (cund for peptides. A further advantage of charge tag-
ging is the increased stability of the analysis apainst impurities which make the deteetion of

unmodified substrates considerably more difficult,

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

Molegular Cloning: A Laberatory Manual, 1989,
Object of the invention

In view of the above, i1 15 the object of the present invention 10 provide the chemically modi-
lied DDMA of genes assaciated with the cell cyele, as well as oligonuelectides andfor PNA-
oligemers for deecting cylosine methylations. as well as a meihod which is particularly suit-
able for the diagnosis andfor therapy of genetic and epigenctic parameters of genes associated
with the cell cycle. The preseat inventian is hased on the discovery that genetic and epigenetic
paramesers and, in panicular, the cyiosine methylalion paitern of genes associated with czfl
cycle are particularly suitable for the diagnosis and/or therapy of diseases associated with the

cell eyele.

‘This objective j5 achieved according to the present inveniion by providing a nudeic acid
containing a scquence of at least I8 bases in length of the chemicaliy preueated DA of
genes associated with eell cycle according o one of Seq. ID No.l through Seq. 1D No.424
and sequences complementary thersto and/or of the chentically pretreated DNA. of genes as-

sociated with ectl excle according to vne of the sequences of the penes lisied in tahle 1. In the
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table, after the listed pene designations, the respective data bank numbers {accession num-
bers) are specified which define the appertaining pene sequences as unique. GenBank at the
Mational Institute of Health was used as the underlying data bank at the Intemnet-address

www. nchialm nih gov.

The chemically medified nucleic acid could heretofore not be connevted with the ascertain-

ment of genetic and epigenetic patameters.

The obiect of the present ioventian is further achieved by an oliganucleotids or oligomer for
detecting the cytosine methylaton stale in chemically pretrcated DNA, containing at least ane
base sequence having a length of at least 13 nucleotides which hybridizes 10 & chemically
pretreated DINA of genes associaed with the cell eycle according (o Seq. [D Moot through
Seq. 11D No.424 and sequences complementary thereta and/or of the chemically pretreated
DMA of gones associated with cell eycle according 1o one of the sequences of the genes listed
in table 1. The oligomer probes according to the present invention constitute important and
effective tools which, for the first time. make it possible 1o ascertain the genetic and epige-
netic parametecs of genes associated with the call eycle. The buse sequence of the oligomers
preferably contains at feust one CpG dinucleotide. The probes may also exist in the form of a
PNA (peptide nucleic acid) which has partteudarly preferred pairmg properties. Farticularly
preferred are oligonuclestides according to the present invention in which the cylosine of the
CpG dinucleotide is (he 5 - ¢h nucleotide from tie 5'-end of the 13-mer; in the casc of
PNA-oligomers, it is preferred for the cytosine of the CpG dinueleotide 1o be the 4th _ gth

nucleatide from the 5'-end of the S-mer.

The olipomers according to the present invention are rormally used in so called “sets” which
contain at least one cligemer for each of the CpG dinucleatides of the sequences of Sey. M)
Na.1 through Sey. 1D No.424 and sequences complementary thereto and/or of the chemically
pretreated DNA of genes associated with cell eycle according to one of the sequences of the
penes Histed in table 1. Preferved is a set which concains at Jeast onc oligomer fur each of the
CpG dinucleatides from ene of Seq. ID No.l through Seq. JI> No.423 and sequences com-
plementary thereto and/or of the chemically pretreated DNA of genes associated with cell

cyele aceording to one of the sequences of the gones listed in tahle 1.
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Morsover, the present mvention makes available a set of at feast two oligonucleotides which
can be used as so-called “primer oligonucleotides” for amplifying DNA sequences of one of
Seq. ID Mo.] through Seq. 1D No.424 and sequences complemeniary therete andfor of the
chemically pretreated DA of penes associaled with cell cyele aceording o one of the s

quences of the genes listed in table 1, or segments thereof.

n the ¢ase of the sets of cligonucleotides according t the present invention, it Is preferred

that at icast one oliganucleotide is bound 1o a solid phase.

The present invention moreover relates to a sct of at least 10 n (oligonucleotides and/or PINA-
oligemers) used for detecting the cytosine methylation state in chemically pretreated genomis
DNA (Seq. 1D No.1 through Seq. [D No.424 and sequences complementary thereto and‘or of
the chemicaliy pretreated DMA of gepes associated with cell cycle according (o one of the
sequences of the yenes listed in table 1} These probes enable diagnosis andsor therapy of ge-
netic and epigenetic paramerers of genes assaciated with the cell cycle. The sel of oligomers
may also be used for detecting single nucleotide palymerphisms (SNPs) in the chemically
pretreated DNA of genes associated with the cell cycle according (o one of Seq. 11 Mo.l
through Seq 1T MNo.d24 and sequences complemeangary theveto and/or of the chemirally pre-
treated DA of penes associated with cell eyele according to onc of the sequences of the

genes Listed in table L.

According to the present invention, it is preferred that an arrangement of different oliganu-
cleotides andior PNA-oligomers (2 so-called “array”) made available by the present inveation
is present in 2 manner that it is likewisc bound 10 a solid phase. This array of different oligo-
nuclegtide- and/ar PN A-oligomer sequences can he characterized in that it is amranged on the
so}id phase in the form of a rectangular or hexagonal lattiee. The solid phase sutface is pref-
erably composed ol silicon, glass, polystyrene. aluminum. steel, iron, copper, nickel, silver, ar
gold. However, nitrocellulose as well as plastics such as nylon which can exist in the form af

pellets or also as resin matrices ace possible as well.

Therefore, a further subject matier of the present invention is 2 method for manufacturing an

array fixed to a carrier material for analysis in cornection with discases associated with the
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cell eyele in which method at least one oligomer according to the present invention is coupled
to 2 solid phasc. bethods for manufacturing such arrays arc known, for example, from U3

Patent 3,744,305 by means of solid-phase chemistry and photolabile protecting groups.

A further subject matter of the present invention relates to a IDNA chip for the analysis of dis-
eases associated with the cell eyele which contains at least one nucleic acid according to the

present invention. DNA chips are known, for example, from US Patent 5,837,832

Mareaver. 2 subject matter of the present invention is a kir which may be compesed, Tor ex-
ample, of a bisulfite-contaimng reagent, a set of primer oligonucleotides containing at least
two oligenucleotides whose sequences in each casc correspond er arc complementary o an 18
base long segment of the base sequences specified in the appendix (Seq. TD Mol through Sog,
D Ne.424 and sequences complementary therete andror of the chemically pretreated DNA of
penes associated with cell cyele according 1o one of the sequences of the genes histed m table
1), oligomucleotides andfor PNA-oligomers as weil as instructions for carrying out and evalu-
ating the deseribed method, However, a kit along the lines of the present invention cun also

contain only pant of the aforementioned components.

The presant invention alse makes available a method for ascertaining genetic and/or epige-
netic parameters of genes sssociated with the cycle eell by analyzing cytosine methylations

and single nueleatide polymerphistes, including the following steps:

[n the first step of the method, a genomic DNA sample is chemically treated in such a manner
thal eviosine bases which are unmethyiated at the 5 -position are converled to uracll, thymine,
aor another base which is dissimilar 1o cytosine in terms of hybridization behaviar. This will be

undecsiood a5 'chemical pretreaiment’ hereinafier.

‘The genomic DNA 1o be anatyzed is preferably obtained form usual sources of DINA such as
calls or cell components. for example, cell [incs, biopsies. blood, spurvm, stool, uring, cere-
bral-spinal fluid, tissuc embedded in paraffin such as tissue from cyes, imesting, kidney.

brain, heart. prostate, lung, breast or liver, histologic object slides, or combinations thereof.
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The above described treatment of genomic DNA is preferably carried ont with bisutfite {hy-
dragen sulfite, disulfite) and subsequent alkaline hwirolysis which results in a conversion of
non-methylated cytosine nucleobases (o uraci! or to another base which is dissimilar to cyto-

sine in terms of base pairing pehavior.

Fragments of the chermically pretreated DINA are amplified, using sets of primer oligonucleo-
tides according to the present invention, and a_ preferably heat-stable polymerase. Because of
statistical and practical considerations, preferably more than ten different fragments having a
length of 100 - 2000 base patrs are amplified. The amplification of several DMA segments can
be carricd out simultaneously in one and the same reaction vessel, Usually, the amplification

is carried eans hy means of a polymerase chain reaction {PCR).

In a preferred embodiment of the method, the set of primer olizgonuclectides includes at. least
two olignonucleotides whase sequences are cach veverse complemenary or identical (o an at
least 18 hase-pair long segment of the base sequences specified in the appendix (Seq. 10 Ne.)
through Seq. 11 No424 and sequences complementary therete apdfor of the cherucally pre-
treated DNA of genes associated with cell cycle aceording to one of the sequences of the
genes listed in table 1). The primer oliganuclectides are preferably characterized in that they

de not eontain any Cpli dinucleotides.

According to the present invention, it is preferred that at least one primer oligonucleotide is
bonded 10 a solid phase during amplification. The different oligonucleotide and’or PNA-
oligomer sequences can be arranged on a plane solid phase in the form of a reclanpular ar
hexapenal lamice, the solid phase sarface preferably being composed of silicon, glass. poly-
styrenc, aluminuty, steel. iron, copper, nickel, silver. or gold, it being possible for other mate-

rials such as nitrocellulose or plastics 1o be used as well.

The frapments obtzined by means of the amplification can carry a direotly or indircetly de-
teetable label. Preterred are labels in the form of fuorcscenee labels. radionuclides, or detach-
able molecule fragmenis having a typical smass which can be detected v a smass spectrometer,
it being preferred that the fragments that are produced have a single positive or negative pet

charpe (or betier detectability in the mass speetometer. The detection may be earried out and
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visualized by means of matix assisted Jaser desorptionfionization mass spectrometry

(MALDI) ar using clectron spray mass spectrometry (ESI).

The amplificates obtained in the second siep ol the method are subscquently hybridized to an
array or a set of oligonucleotides and‘or PNA probes. Ln this context, the hybridization takes
place in the manner described in the following. The set af probes used during the hybridiza-
tion is preferably camposed of at least 10 oligenuclectides or PNA-oligomers. In the process,
the amplificates serve as probes which hybridize w oligomleotides previously bonded to a
solid phase. The non-hybridized fragments are subsequently removed. Said oligonucleatides
contain a1 least one base scquence having a length of [3 nucleotides which is reverse com-
plementary or identival to a seament of (the base sequenees specified in the appendix. the
sepment comtatning st least one CpG dinugleotide. The cywosine of the CpG dinuclentide is
the 510 1o 9th pucleotide fram the 5'-end of the 13-mer. One oligomclectide exists for each
CplG dinucletide. Said PNA-oligomers coneain at least one base sequence having a length of
% nucleotides which Is reverse complementary or identical to o segment of the base sequences
specified in the appendix, the segmert containing at least one CpG dinucleotide. The cyiosine
of the CpG dinuclcotide is the 4th 1o 6th nucleotide seen from the $™-end of the 9-mer. One

atigonuclestide exists for each CpG dinucleotide.
In the fourth step of the methad, the nan-hybridized amplificates are removed.

In the firul step of the method, the hybridized amplificates are detected. In this context, it is
preferred that labels attached to the amplificates are identifiable al cach position ol the solid

phase at which an clipenuclectide sequence is located.

According to the present invention, it is prefecred that the Jabels of the amplificales ave fuo-
rescence labels, radionuclides, or detachable molesule frapments having a tvpical mass which
can be detected it a mass spectrometer. The mass spectrometer is prefersed for the deiection
of the amplificates, fragments of the amplificates or of probes which ave complementary to
the amplificates, it being possible for the detection to be carried out and visualized by means
of matrix assisted laser desorplion/ionization mass spectrametry {(MALDI} or using electron

spray mass spectrometry (ESI).
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The produced fragments may have @ single positive or negative net charge fur better detecta-
bility in the masy spectrometer, The aforementioned method is preferably used for ascertain-

ing genetic and‘or epigenetic parameters of pencs assaciated with the cell cyele.

The oligomers according 1o the present invention or arrays thereof as well as a kit according
o the present invention are imtended Lo be used for the diagnosis and/or therapy of discases
assaciated with the cell cycle by analyzing methylation patterns of gencs associated witl the
cell eyele. According to the present invention, the methad is preferably used for the diagnosis
and/or therapy of important genctic and/or epigenetic parameters within genes associated with

cel! cycle

The method accarding to the present invention is used, for example, for the diagrosis andfor
therapy of HIV infection. nevrodegenerative disorders, grafl-veryus-host diseasc, aging, glo-
merular diseass, Lewy body disease, erthirits, arterosclerosis, solid tumors and cancers

The nugleic acids according to the present inventiort of Seq. 1D Mo.1 threugh Seq. I Na.424
and sequences complementary thereto and/or of the chemically pretreated DNA of genes as-
sociated with cell cycle according to one of the sequences of the genes listed in table [ can be
used for the diagnosis and‘or therapy of gepetic and/or epigenetic parameters of genes associ-

ated with the cei? cycle.

The present invention moreover relates to a methed for manufacturing a diagnesiic agent
andior therapeutic agent for the diagnosis and/ar therapy of discascs associated with the celt
cyele by analyzing methylation pattems of gepes associated with the ecll cycle, the diagnostic
agent and/or therapeutic agent being characterized in that at least one nucleic acld according
to the present invention is used for manufacroring i, possibly together with suitable additives

and auxiliary agents.

A funber subject pavter of the present invention relates 1o a diagnostic agent and/or therapeu-
tic apent for diseases associaled with the cell cycle by analyzing methylation panems of gencs
associated with the cell cvele, the disgnostic agent and/or therapeutic agent containing at Leas:
one nueleis acid according to the present invention, pussibly together with suitable additives

and auxiliary agents.
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The present invention meresver relates 1o the diagnosis and/or prognesis of events which are
disadvaniageous to patients er individuals in which important genetic and/or epigenetic pa-
cameters within genes associated with the celi cycle said parameters oblained by means of the
presens invention may he compared to another set of genetic and/or epigenetic parameters, the
differences serving as the basis for a diagnosis and/or prognosts of events which are digad-

vantageous 10 patients or individuals.

In the cantext of the presenit invention the term “hybridization™ is to he understood as a hond
of an sligorucleotide 12 a completely complementary scquence along the lines of the Watson-
Crick base pairings in the sample DNA, forming o duplex sirugture. Te he understaad by
“stringent hybridizaton conditions™ are those conditions in which a hybridization is catried
but at 60°C in 2.5 x SSC bufter, followed by scveral washing steps at 37°C in a Jow buffer

congenfration, and remains stable.

The term “funclional variants” denotes all DNA sequences which arc complementary to a

DMA seguence, and which hybridize to the reference sequence under stringent conditions and

have an activity similar to the carresponding polypeptide accordiag 1o 1he present invention.

In the context of the present invemion, “penetic parameters” are mututions and polymer-
phisms of genes associated with cell cycle and sequences further required for their regulation.
To be designared as mulations are, in panicular, insertions, delelions. point mutations, inve-
sivns and polyimorphisms and. particularly preferred, SNPs (single nucleotide polymor-

phisms).

In the eentext of the present invention, “epigenciic parameters” are, in particutar, cytosine
methylations and further chemical modifications of DNA bases of genes associated with the
cell eycle and sequenees further reguired for their repulation. Further epigenctic paramsters
include, for example, the acerylation of histoncs which, howewver, cannot be directly analyzed

using the: deseriged methnd but which. in . comelates with the DNA methylation.

In the following, the present invention will be explained in greater detail on the basis of the

sequences and examples and the accompanying figure without being limited thereto.
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Figure 1

Figure | shows the hybridisation of fluorescent labelled amplificates to a surface bound
alignonucleotide. Sample [ being from healthy brain tissus and sample 1 being from pilocytic
astrocytoma grade 1T {brain tumor) tissue. Flourcseence at a spot shows hiybridisation of the
amplificate to the clignonugleotide. Hybridisation o a CG elipnonucleotide denotes methyla-
tipn at the cytosine pesition being analysed, hybrdisauon to a TG olignenucleotide denotes
no methylation at the ¢ytosine position being analysed. It can be seen that Sample 1 was un-
methylated at position 156 of the amplificate whereas in comparison Sample [T had a higher

degree of methylation al the same pasition.

Seguence [ Nos. 1 to 424

Sequence IN Nos. 1 to 424 show sequences of the chemically prereated genomic DMNAs of

different genes associated with cell cycle. In particular, sequences having odd sequence num-
bers fe.g.. Seq. JD No. 1, 3, 5, ) exhibit in each case sequences of the ehemically pretreated
genonic DMNAS of different gencs associated with eell cycle. Sequences having even sequence
numbers fe.g.. Seq. [D No. 2, 4, 6, ...) exhibit in cach case the sequences of the chemically
pretreated penomic TNAs of genes agsociated with cell eyele which are complementary (o the
preveeding sequences (¢.g., the complementary seguence 1o Seq. 1D No.l is Seq. ID No.2, the

complementary scquence fo Seq. [ No.3 is Seq. 1D No.4, etc.}

Scg. I0 No. 423 to $eq. 1D No. 428 show specific oligonucleotide scquences as used in Ex-

ample 1.

The fallawing example relates to a fragment of a pene associated with cell evcle, in this case,

CDK4 in which a specific CG-positian is analyzed for its methylation status.

Example [:Methyiation analysis in the gene CDKY assuciuted with the cell cyele.
The following example rulates to 1 fragroent of the gens cyiosine dependant kinase 4 (CDE)

in which a specific CG-position is to be analyzed for methylation.

In the first step. a genomic sequence is treated using hisulfite (hydrogen sulfite, dsuliie) in

such 2 manner that alt cytosines which are not methylated at the S-positian of the basc arc
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modified in such & manner that a diflerent base is substituted with regard to the base pairing

behavior while the cytosines methylated at the S-position remain unchanged.

If bisulfite solution is used for the reaction. then an addition takes place at the non-methyvlated
cytosine bases. Moreaver, a denaturating reagent or salven! as well as a radical interceptor is
present. A subsequent alkaline hydrolysis then gives rise to the conversion of nen-methylated
eylosine nucleobases to uracil. Chempcally ronveried DXA is then used for the detection of
methylated cytosines. [n the second method step, the treated DNA sample ix diluted with wa-
ler or an aqueous solution. Preferably, the DNA is subsequently desulfonated (10-30 min, 90-
100 °C) at an alkaline pH value. In the third step of the method, the DNA sample is amplified
in @ polymerase chain reaction, preferably using a heat-resistant INA polymerasc. In the pre-
senl easc, cviosines of the pene CDK4 are anatyzed. To this vnd, a defined frsgment having a
lenpth  of 474 bp iz amplificd  with  the specific  primer  oligonucleotides
AAAAATAACACAATAACTCA (Seq. ID Moo 425) and TTTTGGTAGTTGGTIATATG
(Seq. 1D Ne. 426). This amptificate serves as a sample which hybridizes 1 an oligonucleatide
previonsly bonded to a solid phase, forming a duplex stucture, for example
GGGTTOOCOTGAGGTA (Seq. 1D Ne. 427). the cylosine to be detecied being lacated at
position 179 of the amplificate. The deteetion ef the hybridization product 1s based on Cy3
and Cy5 Nourescently labeled primer oligonucleotides which have been used for (he amplifi-
cation. The hybridization reaction of the amplificd DNA with the olipanuclzutide takes place
enly if a methylated eytosine was present at this location in the bisulfite treated DRA. Thus,
the methylaton stalus of the spoeific crtasme 10 be analyzed may be inferred from the -

brigization praduct.

In arder to verifv the methylation status of the position, a saraple of the amplificate is further
hybridized 1o another oligonueleotide previeusly bonded t a solid phase. Said alignomuclee-
tide is identical to the oligonueleotide previously used 1o analyze the methylation status of the
sample, with the exception of the position Jn question. At the pesition to be analysed said oli-
gonucleotide comprises a thymine base as opposed to a cyiosine base ie. sequence
GGGTTGGTGTGAGGTA (Seq. ID Mo, 428) Therefore, the hybridisation reaction only

takes place it an unmethylaicd cytosine is present at the position to be analysed.
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The analysis was carried our on two tissue samptes, Sample 1 fron healthy brain tissue, apd
Sample 2 from pilacytic astrocytoma {brain tumor) tissue. From the results (Figure 1) it can
be seen that Sample 1 was unmethylated at position [56 of the amplificate whereas in com-

parison Sample 2 had a higher degree of methylation al the same position.

Example 27 Diaghosis of diseases associated with the cell cycle

In order ta rafate the methylation patterns w one of the diseuses associated with the cell eyele,
it is initially requirad 1o analyze the DNA metitylation patrerns of a group of dissased und of a
group of healthy patients. These analyses arc carried owt, for example, analegously to exam-
ple t. The results obtained in this manner are stored in & database and the CpG dinucleotides
which are methylated differently between the two growps are identified. This can be camried
out by detenmining individual Cpti methylation rates as can he done, for example, in @ rela-
tively imprecise manner, by scquencing or else, in & very previse manner, by a methylation-
sensitive “primer extensian reaction”. It is also possible for the entire methylation status to be
analyzed simultancously, and for the patterns to he compared, for example, by clustering

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

Subsequently, it is possible 1 allocate the examined patients to 3 specific therapy group and

1o treat chese patients selectively with on individualized therapy.

Example 2 can be carried oul, for example, for the following diseases:
1% infection, ncurodegenerative disorders, grafi-versus-host disease, aging, glomerulac dis-

ease, Lewy body disease, arthirils, arterosclerosis, solid tumors and cancers.

lable [

Listing of particularly preferred genes of the present invention associated with the cell excle
"Gene Database Enicy Mo, {GenBank at www.nebinlm.nih.gov) .

CCNBI {M25753)

CCHEL (M73812); (M74093)

DENR (043583

EPHAS (1.36644)

MCMA (X74794)
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NEK3 (£29067)

PCTK (X66367)

PREARIE | (M65066) 7
PRKCG | (M13977); (ZI5114)

PREM3 (M84350}, (Z11696)

PREMK2  |(L11285)

ZAPTO (L0514}

ACPT NM_004300)

AKTI (NM_005163)

BMPR2 (NM_001204)

DDRI {NM_0153993)

CTMDA CIM_DOL760)

CHES! (NM_095197)

CLK3 (NM_003997)

DYRK] [NM_001396)

EFNA] (MM_0N4428)

TFIT1 (IM_001528)

SCYBIO | (MM_0D1565) i
INPPSDr | (NM_005541)

‘15G20 (NM_002201)

TY6E (MM_002336y T
PONA (NR_002592) T
PIK3CA | (NM_006218)

PFPIR3 (HM_002711) T
PTPNT 0028332}
FTPNO (NM_002833)

(RAOK CIM_02925
RYK (NM_002958)

EFHB3 I 004443
PPPICA | (NM_000944)
PRKCA NI _002757)

{PERGT (HM_006255)
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MAPKIO | (MM_002753)
MAPKG | {NM_00274%)
PTPRC NM_002838)
PTERD (NM_002839)
PTPRG (NM_002841)
RBL1 (NM_002895)
T3 TN _006281)
TGFBI (NM_000358}
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Claims

1. A nucleic acid comprising 2 sequence at teast 18 bases in length of a scgment of the chemi-
cally pretreated DNA of genes asseciated with the cell cycle aczording to one of the se-
quences taken from the group of Seq. 1D No.1 w Seq. 1D Ne.424 and sequences complemen-

tary thereto.

2. A nucleic acid comprising o sequence at least 18 bases in length of & segment of the chemi-
cally pretreated DINA of genes associated with ihe cell cycle according to one of the se-
yuences accarding to the genes CONBI (M25753), CONET (M73812) (M74095), DENR
(043583), EPHAS (L36644), MUM4 (X747943, NEKD (229067}, PCTES (X66362),
PREARID (M63066), PRKCG (M13977) (215114), PREM3 (M84490) (711696}, PRKMK2
(L11285), 2AP70 (L03 148}, ACP) (NM_004300), AKT1 {(NM_005163). BMPR2
(NM_001204), DDRL (NM_0139%3), CCND3 (NM_001760), CONF (NM_001761). CHES!
(NM_005197), CLE3 (NM_003952), DYREI (NM_001396), EFNAI(NM_004428), TFIT1
(NM_001548), SCYB10 (NM_D01563]), INPPSD (NM_005541), I5G20 (NM_002201),
LYGE (NM_002346), PCNA GIM_002592), PIKICA (NM_006218), PPPIR3

(NM_{0271 1)), PTPN7 {(WM_002832), PTPN3 (WM_002833), RHOK (NM_002929}, RYK
(NM_002958), EPHB3 (NM_004443), PPE3CA (NM_000944), PRKCA (NM_002737},
PREGT (NM_D06258), MAPK 16 (NM_002753}, MAPKS (M _002743), PTPRC

(N 002838), PTPRD (NM_002832), PTPRG (NM_002841), RBLI (NM_002893), STK3
(NM_0062813, TGFBI(NM_000338), and sequences complementury thereto.

3. An oligomer. in purticular an oligenucleotide or peptide nucleic acid (PNA)-oligomer, said
oligomer comprising in each case at least one base sequence having a length of at least 9 nu-
cleotides which hvbridizes to or is identical 1o a chemicatly preircated DA of genes assaci-
ated with the cell cycle according Lo one of the Seq. 1D Nas 1 through 424 according to claim
1 o to a chemically pretreated DA of genes according to claim 2, and sequences comple-

mentary thercto

4. The oligamer as recited in Claim 3; wherrin the basc sequence includes at least one CpG

dinuclentide.
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3. The oligamer as recited in Claim 4; charecterized in that the cytosine of the CpG dinueleo-

tide is located approximately in the middle third of the sligomer.

6. A set of oligomers, comprising at least iwo oligomers according to any of claims 3 w0 5.

7. A set of oligomers as recited in Claim 6, comprising oligomers fot detecting the methyla-
tion state of ajl CpG dinucleotides from one of the sequences according to the Seq. I Nos 1
through 424 accerding Lo ¢laim 1 or to a chemically pretreated DNA of genes according to

claim 2, and sequences complementary thereta.

8. A set of at leasi two oligonuclentides as recited in Claint 3 which can be used as primer
cligonucleotides for the amplification of TANA sequences of ane of Seg. [ | through Seq. 11>
424 o sequences complemantary therete and/or sequences of a chemically pretreated DNA

of genes according to ¢laim 2, and sequences complementary thereto, or segments therecf.

9. A set of oligonuclevtides us recited in Claim 8, characterized in that at least ane oligonu-

cleatide is bound o a solid phase.

10. Use ol a set of oligomer prabes camprising at [cast ten of the oligoiners aceording o any
of Claims 6 through 9 For detesting the cytosine methylation state andfor single nucleatide
polymorphisms (SNPs) in chemically pretreated genomic DNA aceordiag to claim 1 o7 a

chemically pretreated DNA of penes according Lo claim 2.

11. A method for manufacturing an arrangement of different oligomers {array) fixed to a car-
rer material for analyzing diseases asseciated with the nrethylation siate of the CpG dinu-
cleatides of one ot the Scg. 1D 1 through Seq. 1D 424 and sequences complementary thereto
and/or a chemically pretreated DNA of genes acvording to claim 2,

wheretn at least pne oligemer sccording to any of Claims 3 through 3 s coupled o & solid

phase.

JP 2004-507213 A 2004.3.11



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

(44)

WO /68901 PCT/EP01/02945

23

12. An armangement of different oligomers (array), obtainable acearding to Claims 11.

13. An array of differcnt oligonucleotide- andfor PMNA-cligomer sequences as recited in Claim
12, characterized in that these are arranged on a plane solid phase in the form of & rectangular

or hexagoaal laitice.

14. The array as recited in any of Claims 12 or 13,
characterized in that the solid phase surface is composed of silicon, plass, polystyrenc, alumi-

num, steel. iron, copper. nickel, silver, or gold.

15. A DN A- andfor PNA-array for analyzing diseases associated with (he methylation state of

genes, comprising al teast one nucleic acid aecording to one of the preceeding claims.

16, A method for ascertaining penetic andfor epigenctic parameters [or the dizgnosis and/or
therapy of existing diseases or the predisposition to specific diseases by analyzing cytosine

methylations, charaeterized in that the following steps aze carried out:

a) in a genomic DNA sample, cytosine bases which are unmethylated at the 3-position ars
converted, by chemical treatment, t¢ uracil or another base which is dissimilar 1o cylosiae in

terius of hybridization bebavior:

b) fragments of the chemically protreated genomic DNA are amplified wsing sets of primer
aligonueleotides according to Claim 8§ or © and 2 polymerase, the amplificates carrying a de-

tectable label;

<) Amplificates are hybridized 1 a st of olinonucleotides and/or PNA probes according o

the Claims 6 or 7, or cise to an array according to onc of the Claims 12 through L5;
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&} the hybridized amplificates are subsequently detected.

17. The method as recited in Claim 16, charactenzed in that the chemical treatment is carried

out by means of a selution of a bisulftte. hydrogen sulfite or disulfite.

18. The method as recited in one nf the Claims 16 or 17, characterized in that more than ten

different fragments having a length of 100 - 2000 base pairs are amplified.

19. The method as recited in one of the Claims 16 through [8, characterized in that the ampli-

fication af several DN A segments is cartied out in anc reaction vesscl.

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

merasc is & heat-resistant DNA polymerase.

21. The method as recited in Claim 20, chatacterized in that the amplification is carried out by

means of the polymerase chain reaction (PCR).

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

of the amplificates are flunrescence labels.

23, The method as reeited in one of the Claims 16 thyough 21, characterized in thut the abels

of the amplificales are radionuclides.

24. The method as recited in one of the Claims 16 through 21. characterized in thal the labels
of the amplifjcates are detachable molecule fragments having a typical mass which are de-

tected in a mass speclrometer.
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25. The methed as recifed in one of the Claims 16 through 21, characterized in that the ampli-

licates or frapments of the amplificates are detected in the mass spectrometer,

34. The method es recited in one of the Claims 24 and/or 25, characterized in that the pro-
dueed fragments have a single pesttive or nepslive net charge foe better detectability in the

mass spectrometer

27. The methad as recited in one of the Claims 24 through 26, characlerived in that detection
is carried out and visualized by means of matrix assisted laser desomion/ionization mass

spectrometry (MALDI) or using electron spray mass sperteometry (ESI).

28. The methed as recited in one of the Claims 16 through 27, characterized in thai the geno-
mic DNA is obtained from cells or cellular components which contain DNA, sourges of DINA
comprising, for example, cell lines, biopsies, blood, spatum. stnol, vrine, verebral-spinal fluid,
tissue embedded in paraffin such as tissue from eyes, intestine, kKidney, brain, hear, prostate,

iung, breast o liver, histologic object slides, and alt possible cormbinations thereof.

29. A kit camprising a bisulfite (= disuifite, bydrogen suifite) reagent as well as aligonucleo-

tides andfor PNA-oligomets according to any of Claims 3 through 5.

30. The use of a nucleie achd acgording to Claims 1 or 2, of an oligonuclestide or FNA-
oligomer according 1o ane of the Claims 3 through 5, of a kit according to Claim 29, of an
array according to one of the Claims 12 through 13, of a set of oligonucleotides according to
one of Claims 6 through 9 for the diagnosis of HIV infection, neurodegensranve disorders,
grafi-versus-host disease, aging. glomerular disease. Lewy body disease, arthirits, arterascle-

tosis, selid wumors and cancers.

31. The usc of a nucleic acid according te Claim 1 or 2, ol an oligonuslsotide or PNA-

oligomer according to one of Claims 3 through 5, of a kit according to Claim 29, of an ammay
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accarding to one of the Claims 12 through 15, of a set of oligonucteotides aceording to one of
Ciaims 6 through 9 for the therapy of HIV infection. neurodegenerative disorders, praft-
versus-host disease, aging, glormerular disease, Lewy body disease, arthirits, arterosclerosis.,

solid tumors and cancers,

32, A kit, comprising a bisulfite (= disulfite, hvdrogen sulfite} reagent as well as oligonucleo-

tides and‘er FNA-oligomers according to onc of Claims 3 through 5.
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