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< (57) Abstract: The invention relates to a method for analyzing cytosine methylations in DNA sequences, according to which non-
methylated cytosines are first converted into uracil while 5-methylcytosine remains unmodified. The DNA is then amplified by
\& means of a polymerase and at least one primer whose 5 end is connected to a probe via a linker. The probe is intramolecularly
hybridized onto the amplified products in accordance with the methylation state of the DNA, hybridization being detectable via
different detection systems. The inventive method is particularly suitable for diagnosing and predicting cancer diseases and other
diseases associated with a modification of the methylation state as well as for predicting undesired effects of medicaments.
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(57) Zusammenfassung: Die folgende Erfindung betrifft ein Verfahren zur Untersuchung von Cytosin-Methylieurungen in DNA -

& Sequenzen. Dabei werden zundchst unmethylierte Cytosine in Uracil umgewandelt, wahrend 5-Methylcytosin unverdandert bleibt.
& Anschliessend wird die DNA mittels einer Polymerase und mindestens einem Primer amplifiziert, dessen 5° -Ende iiber einen Linker

N it einer Sonde verbunden ist. Abhidngig vom Methylierungsstatus der DNA erfolgt ein intramolekulare Hybridisierung der Sonde

=

o an die Amplifikate. Die Hybridisierung kann iiber verschiedene Detektionssystem nachgewiesen werden. Das erfindungsgemasse

Verfahren eignet sich insbesondere zur Diagnose und Prognose von Krebserkrankungen und anderer mit einer Verdnderung des Me-
thylierungsstatus assozilierter Krankheiten sowie zur Vorhersage unerwiinschter Arzneimittelwirkungen.
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Method for the detection of cytosine methylations in DNA
Background of the invention

The present invention concerns a method for the detection of 5-methylcytosine in DNA.
5-Methylcytosine 1s the most frequent covalently modified base in the DNA of eukaryotic
cells. It plays an important biological role, among other things, in the regulation of
transcription, in genetic imprinting and in tumorigenesis (for review: Millar et al.: Five
not four: History and significance ot the ftifth base. In: The Epigenome, S. Beck and A.
Olek (eds. ), Wiley-VCH Publishers Weinheim 2003, pp. 3-20). The identification of 5-
methylcytosine as a component of genetic information is thus of considerable interest. A
detection of methylation 1s difficult, of course, since cytosine and 5-methylcytosine have
the same base-pairing behavior. Many of the conventional detection methods based on
hybridization thus cannot distinguish between cytosine and methylcytosine. In addition,

information of methylation 1s completely lost in a PCR amplification.

The conventional methods for methylation analysis operate essentially according to two
different principles. In the first one, methylation-specific restriction enzymes are used,
and in the second one, there occurs a selective chemical conversion of unmethylated
cytosines to uracil (so-called bisulfite treatment, see, e.g.: DE 101 54 317 Al; DE 100 29
915 Al). The DNA that has been pretreated enzymatically or chemically is then
amplified for the most part and can be analyzed in different ways (for review: WO
02/072880 p. 1 {f). Therefore, methods which can detect methylation in a sensitive and
quantitative manner are of great interest. This 1s true due to the important role of cytosine

methylation in the emergence of cancer, particularly with respect to diagnostic
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applications. Of particular importance are methods which permit detection of deviant
methylation patterns 1n body tluids, e.g., in serum. Unlike unstable RNA, DNA is often
encountered in body fluids. The DNA concentration in blood in fact is increased in
destructive pathological processes such as cancer disorders. A diagnosis of cancer by
means of a methylation analysts of tumor DNA found in body fluids is thus possible and
has in fact been described many times (see e.g.: Palmisano et al.: Predicting lung cancer
by detecting aberrant promoter methylation in sputum. Cancer Res. 2000 Nov 1; 60 (21):
5954- 8). A problem here, however, consists of the fact that in body fluids, in addition to
the DNA with the methylation pattern typical of disease, there is also found a large
quantity of DNA of identical sequence, but of another methylation pattern. The
diagnostic methods must thus be able to detect small quantities of specifically methylated
DNA against an intense background of DNA of the same sequence but of another

methylation pattern.

Common methods for sensitive detection are conducted via a PCR amplification. One
method 1s so-called methylation-sensitive PCR ("MSP"; Herman et al.: Methylation-
specific PCR: a novel PCR assay for methylation status of CpG islands. Proc Natl Acad
Sc1 USA. 1996 Sep 3; 93 (18): 9821-6). Here, primers are used which specifically bind
only at positions of the bisulfite-treated sequence that were previously either methylated
(or 1n the opposite approach: unmethylated). A comparable sensitive method is the so-
called "heavy methyl" method. Here, a specific amplification of only the originally
methylated (or unmethylated) DNA 1s achieved by use of methylation-specific blocker

oligomers (for review: WO 02/072880). Both MSP and heavy methyl can be applied as
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quantifiable real-time variants. This makes possible the detection of the methylation state
of a few positions directly in the course of the PCR without the need for a subsequent
analysis of the products ("MethyLight" — WO 00/70090; US 6,331,393). One
embodiment of this 1s the "Tagman" method. This technique uses probe molecules which
bear a fluorescent-dye/quencher pair. The probes hybridize in a sequence-specific manner
to the amplified products and are decomposed 1n the course of the next amplification
cycle due to the exonuclease activity of the polymerase. A detectable fluorescent signal
arises due to the separation of quencher and dye (see, e.g., Eads et al.;. MethyLight: a
high-throughput assay to measure DNA methylation. Nucleic Acids Res. 2000 Apr 15;
28(8): E32). Another MethyLight embodiment is the so-called LightCycler method. In
this case, two different probes are utilized, which hybridize to the amplified product in
direct proximity to one another, and then produce a detectable signal via fluorescence-

resonance energy transfer (FRET).

The applicability of this real-time method for methylation analysis, of course, 1s limited.
This 1s true particularly with respect to specificity, sensitivity and reaction rate. Based on
the special biological and medical importance of cytosine methylation, however, there is
a great technical need for the development of higher performing methods for methylation
analysis. Such a method is described in the following. Here, probes and primers are
joined together so that the hybridization of the probes to the target sequence can be
produced intramolecularly. The method according to the invention permits an effective

and rapid detection and thus makes possible a very sensitive and very specific

methylation analysis.
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A method for mutation analysis that 1s similar to the method according to the invention
has already been described under the name "Scorpion” (see, e.g.: Whitcombe et al.:
Detection of PCR products using self-probing amplicons and fluorescence. Nat
Biotechnol. 1999 Aug; 17(8): 804-7; Thelwell et al.: Mode of action and application of
Scorpion primers to mutation detection. Nucleic Acids Res. 2000 Oct 1; 28(19): 3752-61;
US 6,326,145; US 6,365,729; US 2003 0087240 Al). The Scorpion method 1s applicable
in different embodiments. The intramolecular binding of the probe, of course, 1s common
to all methods. In the so-called “hairpin loop™ variant, the Scorpion primers bear at the 5'-
end a specific probe sequence, which 1s present 1n a special hairpin loop configuration. A
fluorescent dye and a quencher which are found at the ends of the probe sequence are
placed in direct spatial proximity to one another by the hairpin formation. The probe and
the primer sequence are joined by means of a linker, which bears a so-called PCR
stopper. If, after one round of amplification, the double strand that has been formed 1s
separated, then the probe binds intramolecularly to the elongated primer sequence of the
same strand. This hybridization brings about the opening up of the hairpin, so that
fluorescent dye and quencher are separated and thus a signal can be detected. The PCR
stopper prevents a “read-through’ ot the polymerase within the PCR and thus avoids

false-positive signals (see: Thelwell et al. 2000, loc. cit., particularly Fig. 1, p. 3753).

Another Scorpion variant 1s the so-called “duplex” method. The probe sequence 1s not
present 1n a hairpin structure here, but rather forms a duplex with another

oligonucleotide. Thus a fluorescent dye 1s bound at the 5'-end of the probe sequence,
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while the other oligonucleotide bears a quencher at the 3'-end. The quencher and dye are
found in direct spatial proximity due to the duplex formation. If, after one round of
amplification, the double strands are separated, then the probe binds intramolecularly to
the elongated primer sequence of the same strand. Fluorescent dye and quencher are
separated, so that a signal can be detected (Solinas et al.: Duplex Scorpion primers in
SNP analysis and FRET applications. Nucleic Acids Res. 2001 Oct 15; 29(20): E96). In
addition, duplex variants are also described, in which the probes bear two dyes, and in
which the signal 1s formed via a fluorescence-resonance energy transfer (see: Solinas et
al. 2001, loc. cit., particularly p. 7 f and p. 6 Fig. 5). An advantage of the duplex method
in comparison to the above-described hairpin method consists of the fact that a more
intense fluorescent signal arises in the activated form due to the complete separation of
quencher and dye. In addition, duplex Scorpion primers are simpler to synthesize and are

less expensive than the corresponding hairpin primers (see: Solinas et al. 2001, loc. cit. p.

8 1).

Additional Scorpion varants have been described in detail in US Patent 6,326,145 and in

US Patent Application 2003 0087240.

The Scorpion methods have several advantages when compared with conventional real-
time PCR methods. This is true particularly with respect to the reaction rate. Thus the
Scorpion probes hybridize intramolecularly to the target sequence and are the basis for
one-molecule kinetics. In contrast, in the Tagman method, the binding of the probes takes

place according to two-molecule kinetics, while 1n the LightCycler method, it takes place
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according to three-molecule kinetics. In the LightCycler method, an enzymatic
degradation of the probe 1s also necessary, before a signal can be detected. Rapid PCR
cycles, as are necessary, e.g., for high-throughput analyses, are thus possible only to a
limited extent. It could be shown correspondingly that the Scorpion method i1s more
etficient, particularly under rapid cycling conditions than the conventional real-time
methodology (Thelwell et al. 2000, loc. cit.) Another advantage of the Scorpion method
lies 1n 1ts particular specificity. Therefore, by shortening the probe sequence, the
specificity can be increased so that a single erroneous base patring can be detected. A
corresponding increase in specificity is not possible in the case of the conventional real-
fime variants. Shortened probes 1n such cases instead lead to a reduced specificity, since

the probability of binding to nonspecific PCR products is increased (see: Thelwell et al.

2000, loc. cit., p. 3760).

The application of the Scorpion method to methylation analyses is described for the first
time 1n the following. Based on the special biological and medical importance of cytosine
methylation and based on the disadvantages of the known methods,

the revelation of this advantageous new technology represents an important technical
advance. In addition to the advantages of the Scorpion method which are already known
from mutation analysis, the application of the Scorpion methodology in methylation
analyses 1s associated with additional advantages. For example, a sensitive and specific
methylation analysis 1s possible with the conventional PCR method only in the case of
sequences which contain several co-methylated cytosine positions. In contrast, the

method according to the invention in certain embodiments requires a smaller number of
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co-methylated positions. The Scorpion method 1n this case is more independent of
sequence and thus has a broader field ot application than the comparable known PCR
method (“heavy methyl method”, see below). The use of two Scorpion primers leads to
additional particular advantages. Thus, methylation and mutations can be simultaneously

investigated. Also, the use of two Scorpion primers permits an internal quantification (see

below).

Description
The method according to the invention permits a sensitive detection of cytosine
methylations. It is carried out in the following five steps:
[) the DNA to be investigated 1s reacted with a chemical or with an enzyme so
that 5-methylcytosine remains unchanged, while unmethylated cytosine is
converted to uracil or to another base which differs from cytosine in its base
pairing behavior,
2) the pretreated DNA 1s amplified by means of a polymerase and at least one
primer, whose 5'-end 1s joined with a probe via a linker,
3) the primer extension product is separated from the matrix strand,
4) the probe hybridizes intramolecularly to the primer extension product, whereby
the hybridization occurs as a function of the methylation state of the DNA,

5) a detection 1s made of whether a hybridization of the probe has occurred.

In the first step of the method according to the invention, the DNA to be investigated is

reacted with a chemical or with an enzyme so that S-methylcytosine remains unchanged,
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while unmethylated cytosine 1s converted to uracil or to another base which differs from
cytosine in its base-pairing behavior. The DNA to be investigated thus can originate from
different sources depending on the diagnostic or scientific objective. For diagnostic
objectives, tissue samples are preferably used as the initial material, but body tluids,
particularly serum, can also be used. It is also possible to use DNA from sputum, stool,
urine, or cerebrospinal fluid. Preferably, the DNA 1s first isolated from the biological
specimen. The DNA 1s extracted according to standard methods, from blood, e.g., with
the use of the Qiagen UltraSens DNA extraction kit. The 1solated DNA can then be
fragmented, e.g., by reaction with restriction enzymes. The reaction conditions and the
enzymes that can be employed are known to the person skilled 1n the art and result, e.g.,
from the protocols supplied by the manufacturers. Then the DNA 1s chemically or
enzymatically converted. A chemical conversion by means of bisulfite 1s preferred. The
bisulfite conversion is known to the person skilled in the art in different vanations (see,

e.g.: Frommer et al.: A genomic sequencing protocol that yields a positive display of 5-

methylcytosine residues 1n individual DNA strands. Proc Natl Acad Sct USA. 1992 Mar
1; 89(5): 1827-31; Olek, A modified and improved method for bisulphite based cytosine
methylation analysis. Nucleic Acids Res. 1996 Dec 15; 24(24): 5064-6; DE 100 29 915;
DE 100 29 915'). The bisulfite conversion is most preferably conducted in the presence
of denaturing solvents, e.g., dioxane, and a radical trap (see: DE 100 29 915). In another
preferred embodiment, the DNA 1s not chemically converted, but rather enzymatically
converted. This is conceivable e.g., due to the use of cytidine deaminases; unmethylated

cytidines react more rapidly than methylated cytidines. A corresponding enzyme has been

sic; the number 1s repeated—Trans Note
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recently identified (Bransteitter et al.: Activation-induced cytidine deaminase deaminates
deoxycytidine on single-stranded DNA but requires the action of RNase. Proc Natl Acad

Sc1 USA. 2003 Apr 1; 100(7): 4102-7).

In the second step of the method according to the invention, the pretreated DNA is
amplified by means ot a polymerase and at least one primer. Different possibilities are
known to the person skilled in the art for this purpose, €.g., the use of 1sothermal
amplification methods. Of course, polymer chain reactions (PCR) are preferred. Various
embodiments are thus conceivable, each depending on the structure of the primers. It 1s
common, of course, to all embodiments, that the 5'-end of at least one of the primers is
joined to a probe via a linker. The entire sequence of primer, linker and probe--
independent of the secondary structure of the probe—is designated below as the Scorpion
primer. “Primer”, in contrast, designates only the primer sequence of the Scorpion
primer. Either the probe or the primer sequence must be methylation-specific for a
methylation-specific detection. For example, it 1s possible to amplify originally
methylated and unmethylated DNA 1n the same way and to distinguish the two forms
later by hybridization with a methylation-specific probe. And vice versa, it is also
possible to amplify only one type of DNA and to detect it later with a nonspecific probe.
If a high specificity 1s required, then, of course, methods are preferred in which both the

amplification as well as the detection are methylation-specific.

A methylation-specific amplification can be achieved in different ways. In a preferred

embodiment, the PCR takes place with the use of primers which bind specifically only to
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positions of the unconverted sequence which were previously methylated (or in the
reverse approach: unmethylated). This method is known under the name methylation-
sensitive PCR (MSP). Here, primers which contain at least one CG dinucleotide are used:;
preferred are primers which bear at least three CG positions, at least one of which is
localized at the 3'-end. Correspondingly, TG or CA dinucleotides are necessary for the
amplification of unmethylated sequences or of the counterstrands. The precise technical
information for conducting an MSP are known to the person skilled in the art (see:
Herman et al.: Methylation-specific PCR: a novel PCR assay for methylation status of
CpG i1slands. Proc Natl Acad Sci USA. 1996 Sep 3; 93(18): 9821-6; US 5,786,146; US

6,017,704; US 6,200,756).

Another preterred embodiment for the methylation-specific amplification is the “heavy
methy!” method. In this case, at least one methylation-specific blocker oligomer is
utihized, which binds to a CG (or TG or CA) dinucleotide and thus prevents the
amplification of the background DNA. By selecting the polymerase or by modifying the
blocker oligomers, the embodiment can be designed in such a way that a degradation or

an extension of the blockers 1s minimized. Precise technical information for conducting

the amplification 1s known to the person skilled in the art (WO 02/072880).

The methylation-specific and the non-methylation-specific amplifications can be
combined according to the invention with different linkers and probe elements. It is
common, of course, to all embodiments, that the 5'-end of at least one of the primers is

Joined to a probe sequence via a linker. Information on length and the structure of the
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linker are found from the prior art. In particular, it must be assured that the probe 1s not
amplified. This can be achieved by means of different designs which are known to the
person skilled in the art (EP 0416,817; US 5,525,494; US 2003 0087240). In a preferred
embodiment, the linker contains a PCR blocker, which prevents the primer extension on
the counterstrand. Particularly preferred are hexaethylene glycol (HEG) monomers.
Alternatively, the linker can contain 2-O-alkyl-RNA. The use of oligonucleotides which
are partially combined with one another 1n the 5'-5' direction 1s also possible (see: US

2003 0087240).

In addition, the Scorpion primers are constructed in such a way that the probe can bind
intramolecularly to an extension product of the primer. According to the invention, the
hybridization of the probe takes place as a function of the methylation state of the
original DNA. This means that hybridization occurs only 1f the matrix DNA was present
originally methylated or else unmethylated at the positions to be investigated. Such a
methylation-specific detection can be conducted 1n ditterent ways. It the amplitication
has already taken place in a methylation-specific manner, then a non-methylation-specific
probe may be sufficient. A hybridization of the probe then occurs only 1t a (methylation-
specific) amplified product has formed. According to the invention, the use of a
methylation-specific probe is preferred, of course. This probe binds either only to the
originally methylated or originally unmethylated DNA. Correspondingly, the probe
contains at least one methylation-specific CG, TG or CA dinucleotide. One to three
corresponding dinucleotides are preferred. The probe sequence 1s preferably between 6

and 50 nucleotides long, particularly preferred between 10 and 40 nucleotides long, and



CA 02540378 2006-03-27

WO 2005/024056 12 PCT/DE2004/001837

most preferred between 15 and 30 nucleotides long. The probe may contain nucleic acid
analogs such as peptide nucleic acids (PNAs) or 2'-O-alkyl-RNA. Further technical
information relative to length and structure of the probes 1s found in US Patent 6,326,145

and 1n US Patent Application 2003 0087240.

The probe also bears at least one label, by means of which a detection can be made of
whether a hybnidization has occurred. Varnous signal systems are known to the person
skilled in the art for this purpose. Thus, among other things, fluorescent dye/quencher
pairs, intercalating dyes and dye pairs, which produce signals via fluorescence-resonance
energy transfer (FRET) can be used. The use of systems which also make possible a
binding of amplified products to a solid phase s also conceivable. These and other
examples, which can also be used tor methylation analysis and thus are part of this
invention, are described 1n detail and with additional citations in US Patent 6,326,145 and

in US Application 2003 0087240 (in particular, [0018]; [51] f1).

The signal systems preferably consist of two components. These are designed in one
embodiment such that a signal is formed only 1f the two components are spatially
separated from one another. And vice versa, it 1s also possible that a signal is generated
only if the two components are found in direct spatial proximity to one another. In both
embodiments, the components are provided either by the same molecule or by different
molecules. By means of ditferent secondary structures for the probe, the components can
be kept in the necessary spatial configuration. Such configurations include, e.g., hairpins,

loops, pockets, branches, elbows and stems. Correspondingly, the prior art includes a
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multiple number of possible embodiments (see US 6,326,145; US 2003 0087240, in
particular [52] ff). These embodiments can be applied also to methylation analysis and

are thus part of this invention. :

In a preterred embodiment, fluorescent dye/quencher pairs are used. Corresponding pairs
are known to the person skilled in the art (see, e.g., US 2003 0087240 [0020] with further
citations). In a particularly preterred variant, both the quencher as well as the dye are
bound to the probe and are found in the 1nactive form 1n direct spatial proximity to one
another due to a hairpin formation (see: Thelwell et al. 2000 loc. cit.). Precise technical

information on usable hairpin structures belong to the prior art (US 6,326,145; US 2003

0087240).

In another preferred embodiment, the Scorpion primer bears two signal components,
which are spatially separated from one another in the inactive form and which are
brought together 1n spatial proximity to one another by the hybridization of the probe to a
primer extension product. In a particularly preferred vanant, the signal components in the
active form generate a signal via a fluorescence-resonance energy transfer. Here, the first

component 1s found 1n the 3' region and the second component is found in the 5' region of

the Scorpion primer.

In another particularly preterred embodiment, the signal components are bound to
ditterent molecules and are found in spatial proximity to one another in the inactive form.

This 1s possible, e.g., by using another oligonucleotide, which forms a duplex with the
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probe 1n the nactive form. In this case, the probe bears a fluorescent dye at its 5' end,
while the other oligonucleotide bears a quencher at 1ts 3' end. Instead of an

oligonucleotide, oligomers of nucleic acid analogs, e.g., peptide nucleic acid oligomers

can also be used (see: Solinas et al. loc. cit.; US 6,326,145; US 2003 0087240).

In other particularly preterred embodiments, the quencher 1s also bound to another
oligonucleotide which forms a special spatial structure with the probe when 1t is in the
inactive form. The probe bears two dyes in this case. As soon as the probe and the other
oligonucleotide are separated from one another, a signal 1s formed between the two dyes
by means of a tfluorescence-resonance energy transfer. Instead of an oligonucleotide,
oligomers of nucleic acid analogs, e.g., pepttde nucleic acid oligomers can also be used

(see: Solinas et al. 2001, loc. cit., particularly p. 7 f and p. 6 Fig. 5).

A fifth particularly preferred embodiment is similar to the LightCycler method and uses
an additional, dye-labeled molecule. A particular spatial structure between the other
molecule and the probe is not necessary here. Again, the signal is formed by means of a
tluorescence-resonance energy transfer. In the actitve form, the other molecule binds to
the amplified product in addition to the probe, so that the two dyes end up in direct
proximity to one another, and thus a signal 1s generated. An oligonucleotide or an
oligomer of nucleic acid analogs 1s preferably used as the other molecule. The specificity
of the detection reaction can be increased, if the oligonucleotide or oligomer sequence is

methylation-specific. 1.e., at least one CG (or TG or CA) dinucleotide. The sequence is
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preferably 15-30 nucleotides long. Further technical information for the person skilled in

the art can be taken from the known LightCycler method.

All of the above-described embodiments can be carried out with the use of only one
Scorpion primer in addition to a conventional primer. It 1s preferred according to the
invention, however, also if both the forward—as well as the reverse—primers are present
in the Scorpion form. Such a combination may be associated with a multitude of
advantages. Thus, a first particularly preterred embodiment makes possible an increase in
the sensitivity of the methylation analysis. In this way, both Scorpion primers generate
the same signals in the active form. The probes hybridize to different, co-methylated
positions of the DNA. The signals of the two Scorpion primers are additive, so that the
signal intensity is increased. Conversely, in a second particularly preferred embodiment,
the specificity of the detection reaction can be increased. In this case, the Scorpion
primers bear different signal components. Here also, the probes hybridize to different, co-
methylated positions ot the DNA. However, a positive signal 1s produced only 1f the two
signals occur simultaneously. A third particularly preferred embodiment permits an exact
internal quantification of the methylation analysis. In this case, one of the Scorpion
primers 1s used for the methylation analysis and the other Scorpion primer 1s used for the
determination of the total quantity of DNA. This is possible, e.g., if a non-methylation-
specific amplification occurs and the two Scorpion primers bear different signal
components. The probe of the first Scorpion primer then hybridizes to methylation-

spectific positions, as described above, while the probe of the second Scorpion primer
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binds to non-methylation-specific positions. By means of the signal generated by the
second Scorpion primer, the total quanity of DNA can then be determined, while the
signal of the first Scorpion primer indicates the quantity of methylated (or unmethylated)
DNA. The quantity of methylated DNA can be determined exactly from the two signals.
A tourth particularly preferred embodiment makes possible simultaneously a methylation
analysis and a mutation analysis or an allele discrimination. For this purpose, the first
Scorpion primer 1s used for the methylation analysis (see above) and the second Scorpion
primer is used for the mutation analysis (or allele discrimination). In this case, the two
Scorpion primers bear difterent signal components. The probe sequence of the second
Scorpion primer 1s specific for a specific mutation (or a specific allele). Then the
methylation state as well as the presence of a mutation can be concluded from the

generated signals.

As already mentioned above, different methylation-specific or non-methylation-specific
amplitication methods with different linkers and different probe systems can be
combined. One or two Scorpion primers can be utilized simultaneously. A plurality of
embodiments which are suitable for methylation analysis results thereby, and these are
also to be regarded according to the invention. How these methods are to be conducted
can be tound from this Application in combination with the prior art. Preferred reaction
conditions of the invention will be described in more detail in the following. As is known
by the person skilled in the art, the optimal reaction conditions may vary, however, for

several embodiments.
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[t is not necessary for the method according to the invention to utilize Scorpion primers
exclusively. Rather, 1t is sufficient, if only a small proportion of Scorpion primers 1s used
along with conventional primers of the same sequence. The optimal ratio between the two
types of primers depends on the structure of the special assay and can easily be
determined experimentally. When suitable signal systems are used (e.g different
fluorescent dyes), it 1s also possible to investigate several sequences simultaneously by
the use of different Scorpion primers (see, ¢.g., Thelwell et al. 2000 loc. ctt.; US 2003
0087240). The Scorpion primers can be added to the reaction batch at different times in
the course of an amplification reaction. Thus, 1t may be sufficient if the Scorpion primers
participate only in the last amplification cycle. This 1s true, e.g., tor the case when an
end-point analysis is to be conducted (see: Solinas et al. 2001, loc. cit. p. 6). Preferably,
the Scorpion primers are present, of course, at the beginning of the amplification. This
particularly applies to real-time applications. The amplitication is preterably conducted
by means of a PCR. The person skilled in the art knows how reagents, concentrations and

temperature cycles can be determined.

In the third step of the method according to the invention, the primer extension product is
separated from the matrix strand. This 1s necessary in order to make possible a binding of
the probe to the primer extension product. This separation is preferably conducted by

means of an increase in temperature. In a PCR, this increase in temperature can be part of

the usual temperature cycle.
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In the fourth step of the method according to the invention, the probe hybridizes to the
primer extension product, whereby the hybridization will occur as a function of the
methylation state of the original DNA. This means that hybridization occurs only 1f the
matrix DNA at the positions to be investigated was present originally methylated or else
unmethylated. If a non-methylation-specific amplification occurs, then the methylation-
specific hybridization must be assured by the sequence of the probe. In the case of a
methylation-specific amplification and the use of a non-methylation-specitic probe, a
binding then results only when a (methylation-specific) product has tormed 1n general
(see above). If the reaction 1s produced by means of two Scorpion primers, then the
hybridization of the probe of the second Scorpion primer takes place independently of the
methylation state, e.g., if the total amount of DNA 1s determined and 1n addition to the

methylation analysis, a mutation analysis is also conducted (see above).

In the fifth step of the method according to the invention, a detection 1s made of whether

a hybridization has occurred. In this case, the detection is made as a function of signal

formation produced according to the prior art.

The person skilled in the art knows that steps 2 to 5 ot the method according to the
invention can be repeated several times. This particularly applies to real-time

applications.

As has already been mentioned several times, the method according to the invention can

be applied to multiple embodiments. Several preferred embodiments are described in
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more detail in the following. The person skilled in the art can derive precise technical
information for designing this method from the prior art in combination with this
Application. Nevertheless, the method according to the invention 1s not imited to the
variants presented below. Rather, the embodiments of Scorpion technology for
methylation analysis which are dislosed elsewhere are also applicable and are thus a part

of this invention (see particularly: Thelwell et al. loc. cit.; Solinas et al. loc. cit.; US

6,326,145; US 2003 0087240, particularly [52] f1).

A first preferred embodiment 1s designated 1n the following as a “methyl hairpin™. The
amplification of the chemically or enzymatically pretreated DNA in this case is produced
by means of a non-methylation-specitic PCR. Correspondingly, primers are utilized,
which bind in the same way to originally methylated and to originally unmethylated
DNA. The primers thus do not contain CG dinucleotides and only those TG and CA
dinucleotides that correspond to positions that were already present in this sequence prior
to the conversion. A Scorpion primer and a conventional PCR primer are preferably
utilized as the pair of primers. The linker of the Scorpion primer preferably contains
hexaethylene glycol (HEG) monomers in order to prevent an amplification of the probe.
Other possibilities are known to the person skilled in the art for how to design the linker
element (EP 0 416,817; US 5,525,494, US 2003 0087240). The probe element of the
Scorpion primer forms a hairpin structure. The probe sequence 1s preferably between 6
and 50 nucleotides long, particularly preferred between 10 and 40 nucleotides long, and
most preterred between 15 and 30 nucleotides long. The probe in this case may contain

nucleic acid analogs such as peptide nucleic acids (PNAs) or 2'-O-alkyl-RNA. Precise
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technical information on length and structure of usable hairpin structures belong to the
prior art (US 6,326,145; US 2003 0087240). The probe sequence is methylation-specific,
1.€., it bears at least one CG dinucleotide or methylation-specific TG and CA
dinucleotides, respectively. One to three corresponding dinucleotides are preferred. The
probe also bears a pair comprising a fluorescent dye and a quencher, which are found in
direct spatial proximity due to the hairpin formation. An extension of the Scorpion
primer and then a thermal separation of the extended primer from the matrix strand occur
in the course of the PCR. The probe of the Scorpion primer then binds intramolecularly to
the extended primer as a function of the methylation state. A tluorescent signal 1s formed
by the separation of dye and quencher. The signal can be detected in different ways
according to the prior art. It 1s sufficient for the method according to the invention to
utilize only a small proportion of Scorpion primers along with conventional primers of
the same sequence (see above). With the use of suitable signal systems, it 1s possible to
investigate several sequences simultaneously with the use of different Scorpion primers.
A methyl hairpin method 1s described in Example 1. Example 2 shows a comparison
between the MethyLight and the methyl hairpin technology. The course of a methyl

hairpin reaction is shown in a rough schematic diagram in Figure 5.

A second preferred embodiment is designated in the following as an “MSP methyl
hairpin”. The amplification of the chemically or enzymatically pretreated DNA in this
case 1s produced by means of a methylation-specific PCR. Correspondingly, primers are
utihized, which preferably bind either to the originally methylated or to the originally

unmethylated DNA. The primers thus contain CG dinucleotides or methylation-specific
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TG or CA dinucleotides. Preferably the primers bear at least three corresponding
dinucleotides, at least one of which is localized at the 3'-end. A Scorpion primer and a
conventional PCR primer are preferably utilized as the pair of primers. The linker and the
probe are constructed as in the methyl hairpin method (see above). The probe preterably
provides a methylation-specific sequence, i.e., it bears at least one CG dinucleotide or
methylation-specific TG or CA dinucleotide, respectively. One to three corresponding
dinucleotides are preferred. Since the amplification is already produced in a methylation-
specific manner, it is also possible to utilize a non-methylation-specific probe. The signal
is generated as in the case of the methyl hairpin method via a fluorescent dye/quencher

pair (see above).

A third preferred embodiment is designated in the following as a “heavy methyl hairpin”.
The amplification of the chemically or enzymatically pretreated DNA 1n this case 1s
produced by means of a methylation-specific heavy-methyl PCR (see above). For this
purpose, non-methylation-specific primers are utilized, 1.e., primers which bind 1n the
same way to originally methylated and to originally unmethylated DNA. The primers
thus do not contain CG dinucleotides and only those TG and CA dinucleotides that
correspond to positions that were already present in this sequence prior to the conversion.
The methylation-specific amplification i1s assured by the use of at least one methylation-
specific blocker oligomer. The blocker binds to a CG (or to a methylation-specific TG or
CA) dinucleotide and thus prevents the amplification of the background DNA. By
selecting the polymerase or by modifying the blocker oligomers, the embodiment can be

designed in such a way that a degradation or an extension of the blockers 1s minimized. A
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Scorpion primer and a conventional PCR primer are preferably utilized as the pair of
primers. The linker and the probe are constructed as in the methyl-hairpin method (see
above). The probe preterably provides a methylation-specific sequence, 1.e., it bears at
least one CG dinucleotide or methylation-specific TG or CA dinucleotide, respectively.
One to three corresponding dinucleotides are preferred. In a particularly preferred
embodiment, the heavy methyl hairpin assay uses the same methylation-specific
dinucleotides for the blocking and for generating the signal. In this way, the number of
dinucleotides necessary for analysis 1s reduced, so that the heavy methyl hairpin method
may have a broader applicability than the heavy methyl method. An increased specificity
1s also achieved. Since the amplification is produced in a methylation-specific manner, it
1S possible to use a non-methylation-specific probe. The signal is generated as in the case
of the methyl hairpin method via a fluorescent dye/quencher pair (see above). A heavy

methyl hairpin method 1s described in Example 3.

A tourth preferred embodiment 1s designated “methyl-duplex” in the following. This
vartant 1s distinguished from the above-described methyl hairpin variant only by the
probe element. In the methyl duplex method, dye and quencher are bound to different
molecules and are found 1n spatial proximity to one another in the inactive form. This is
possible, e.g., by use of another oligonucleotide, which forms a duplex with the probe in
the inactive form. Instead ot an oligonucleotide, other oligomers of nucleic acid analogs,
e.g., peptide nucleic acid oligomers can also be used. (See: Solinas et al. loc. cit. ; US

0,326,145; US 2003 0087240). The course of a methyl hairpin reaction is shown in a

rough schematic diagram in Figure 6.
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A fifth preferred embodiment 1s designated in the following as an “MSP methyl duplex™.
This variant s distinguished from the above-described MSP methyl hairpin variant only

by the probe element. This element in turn forms a special spatial structure, t.e., a duplex,

with another oligomer (see above).

A sixth preterred embodiment 1s designated in the following as “heavy methyl duplex™.
This variant corresponds to a combination of the heavy methyl hairpin with a probe

element which forms a special spatial structure, 1.e., a duplex, with another oligomer (see

above).

A seventh particularly preterred embodiment involves a quantitative “methyl hairpin”
assay. This embodiment coresponds to the “methyl hairpin assay” in which a second
Scorpion primer 1s utilized. In this case, an internal quantification is possible. The probe
of the second Scorpion primer 1s non-methylation-spectfic and binds to the amplified
product independent of the methylation state. By means of the signal generated in this
way, the total quanity of DNA can then be determined, while the signal of the first
Scorpion primer produces the quantity of methylated (or unmethylated) DNA. The

quantity of methylated DNA can be determined exactly from the two signals.

Another aspect of the invention consists of the use of all embodiments according to the
invention. If disease-specific cytosine positions are investigated, then the method

according to the invention is particularly suitable for the diagnosis or prognosis of cancer
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disorders or other diseases associated with a change of methylation state. These include,
among others, CNS malfunctions; symptoms ot aggression or behavioral disturbances;
clinical, psychological and social consequences of brain damage; psychotic disturbances
and personality disorders; dementia and/or associated syndromes; cardiovascular disease,
malfunction and damage; malfunction, damage or disease of the gastrointestinal tract;
malfunction, damage or disease of the respiratory system; lesion, inflammation, infection,
immunity and/or convalescence; malfunction, damage or disease of the body as a
consequence of an abnormality 1n the development process; malfunction, damage or
disease of the skin, the muscles, the connective tissue or the bones; endocrine and
metabolic malfunction, damage or disease; headaches or sexual malfunction. The method
according to the invention 1s also suitable for predicting undesired drug effects, for
establishing a specitic drug therapy (personalized medicine) and for monitoring the
success of a drug therapy. Another application 1s distinguishing cell types or tissues and

investigating cell differentiation.

The subject of the invention is also the use of Scorpion primers for methylation analysis
and for the detection or for the prognosis of the above-named disorders associated with a
change 1n the methylation state. Another subject of the invention is the use of Scorpion
primers for predicting undesired drug eftects, for establishing a specific drug therapy
(personalized medicine) and for monitoring the success of a drug therapy. The subject of
the invention 1s also the use of Scorpion primers for differentiating cell types or tissues
and for investigation of cell differentiation. A Scorpion primer is thus understood to be a

primer which 1s bound at its 5'-end to a probe sequence via a linker (see above).
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Finally, the subject of the present invention 1s also a kit, consisting of at least one

Scorpion primer, a polymerase and the necessary reagents tor a PCR.

Examples

Example 1: Quantification of methylated DNA of the brcal gene with a methyl hairpin

real-time PCR assay.

A bisulfite-treated fragment of the human brcal was amplified (Genebank Accession:
L.78833.1, nt 3538 - nt 3666; Seq [D-7). Human DNA from peripheral blood cells (Roche
Diagnostics) and comprising methylated human DNA (Serologicals) was utilized as the
matrix. Both types of DNA were treated with a bisuifite solution (Olek et al. 1996, loc.
cit.). In this way unmethylated cytosines were converted to uracil, while 5-
methylcytosines remained unchanged. After the bisulfite treatment, the DNA
concentration was determined by means of UV absorption (260 nm). The efficiency of

the assay was investigated with the use of 10 ng, [ ng and 0.1 ng of bisulfite-treated

methylated matrix DNA. The reaction was conducted in a total volume of 20 ul with the
use of a LightCycler apparatus. The reaction batch contained 10 ul of matrix DNA (see
below for concentration data), 2 pl of the FastStart-LightCycler reaction mix for
hybridization probes (Roche Diagnostics), 0.30 umol/l forward primer (5'-
GAAGITGAtAGATGGGTATTITTTGA-3"; Seq ID-1), 0.10 umol/l reverse primer (5'-

CCCCCTTCCTaATCCTCAa-3"; Seq ID-2), 0.5 umol/l Scorpion primer (5'-FAM-

GGCAGCCTAGGTCGCGAGGGAAGGCTGCC-MR-HEG-
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CCCCCTTCCTaATCCTCAa-3'; probe element: Seq ID-6; primer element: Seq [D-8)
und 2 mmol/l MgCl,. The thermocycles began with an incubation at 95 °C for 10
minutes, followed by 35 cycles with the following steps: 95 °C for 10 seconds, 56 °C for

30 seconds und 72 °C for 10 seconds. The fluorescence was detected in each cycle prior

to the annealing phase at 56 °C.

Due to the 1dentical base-pairing properties of uracil and thymine, those positions which
correspond to the converted, unmethylated cytosines are designated with a lower-case "t"
(or a lower-case "a" in the complementary strand). In contrast, the capital "T" (or "A" in
the complementary strand) stands for thymine that is already present prior to the bisulfite
treatment. The abbreviations in the primer sequences here and in the further examples
stand for the following: FAM = fluorescein label; red640 = LightCycler fluorescence
label for channel F2; MR = methyl red label; HEG = hexaethylene glycol spacer; pho =

phosphate modification; fluo= fluorescein.

The results are shown in Table 1 and in Figure 1. Table 1 shows the mean value for the
threshold values of two repetitions calculated by the LightCycler software. No amplified
products were produced 1n the negative controls (10 ng of unmethylated bisulfite-treated
DNA; 50 ng of genomic DNA; water). The data show that a specific detection of the
methylated, bisulfite-treated DNA of the brcal gene 1s possible with the methyl hairpin
assay. In the case of the bisultite-treated, methylated matrix DNA, the PCR shows a
linearity of at least three orders of magnitude (Figure 1). The methyl hairpin assay can

thus quantity methylated DNA on real-time PCR platforms.
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Table 1: Efficiency of the brcal methyl hairpin assay for the detection of methylated
DNA. The threshold cycles were obtained with the LightCycler software from two
repetitions

(method: second denvative maximum).

Quanity ot bisulfite-treated Threshold cycles for
matrix DNA (ng) methyl hairpin

10 34.9

| 37.9

0.1 40.8

0.0 0

Example 2: Comparison of a methyl-hairpin assay with a MethyLight assay for the
methylation-specific detection of the brcal amplicon in DNA mixtures of methylated and
unmethylated, bisulfite-treated DNA. The real-time PCR methods for the methyl hairpin
and the MethyLight technologies were compared in the following. The quantity of
originally methylated, bisulfite-treated DNA against a background of originally

unmethylated, bisulfite-treated DNA was determined.

The PCR amplifications were conducted 1n a total volume of 20 ul with the use of a

LightCycler apparatus (Roche Diagnostics). A bisulfite-treated DNA fragment of the
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human brcal gene was amplified (nt 3538 - nt 3666 1n Genebank Accession No.

[.78833.1; Seq ID-7). The methyl hairpin reaction batch contained 10 pl of matrix DNA
(see below for concentrations), 2 Ul of the FastStart-LightCycler reaction mix tor
hybridization probes (Roche Diagnostics), 0.30 pmol/l forward primer (5'-
GAAGITGAtAGATGGGTATTITTTGA-3'; Seq ID-1), 0.10 umol/1 reverse primer (5'-

CCCCCTTCCTaATCCTCAa-3";, Seq ID-2), 0.5 umol/l Scorpton primer (5'-FAM-

GGCAGCCTAGGTCGCGAGGGAAGGCTGCC-MR-HEG-

CCCCCTTCCTaATCCTCAa-3"; probe element: Seq ID-6; primer element: Seq ID-8)

and 2 mmol/l MgCl,. The MethyLight reaction batch contained 10 il of matrix DNA, 2
il of the FastStart-LightCycler reaction mix for hybridization probes

(Roche Diagnostics), 0.30 umol/l torward primer (5'-
GAAGITGAtAGATGGGTATTITTTGA-3"; Seq ID-1), 0.30 pumol/l reverse primer (5'-

CCCCCTTCCTaATCCTCAa-3"; Seq ID-2), 0.25 umol/l hybridization probe 1 (5'-

GCGGAAttTGAGAGGCGTA-fluo-3'; Seq ID-3) and hybndization probe 2 (5'-red640-
GCGTTGTGAAtttTGGGGAG-pho-3'; Seq ID-4). The thermocycles began with an
incubation at 95 °C for 10 minutes, followed by 35 cycles with the following steps: 95 °C
for 10 seconds, 56 °C for 30 seconds and 72 °C for 10 seconds. The fluorescent signals

were detected in each cycle prior to the annealing phase at 56 °C.

The DNA was 1solated from the same source as described in Example 1. A total quantity
of 20 ng of bisulfite-treated DNA was utilized in each reaction. The fractions of
methylated DNA amounted to 100%, 50% and 10%. This corresponds in absolute

quantities to 20 ng (100%), 10 ng (50%) and 2 ng (10%) per reaction. Both assays were
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conducted in parallel in the same LightCycler apparatus with the same DNA mixtures.
The tluorescent signals were detected in ditferent channels. The methyl hairpin assay
generated signals in channel F1 (520 nm). The signals of the MethyLight assay were

detected 1n channel F2 (640 nm).

The experimental data show that for all concentrations and with both assays, signals of
methylated DNA can be obtained against a background of unmethylated DNA (Figures 2
and 3). Unmethylated, bisulfite-treated DNA produced no signals. The methyl hairpin
assay generated higher signals in comparison to the MethyLight assay and permitted a
better analysis. This 1s particularly true for the 10% samples. The signal of the
MethyLight assay thus 1s 140% above the background signal, while the signal of the
Scorpion assay 18 180% higher. The results show that the methyl hairpin assay can detect
at least 2 ng of methylated DNA against a background of 18 ng of unmethylated DNA..

Theretore, 1t had a higher sensitivity than the MethyLight assay.

Example 3: Use of the heavy methyl hairpin assay for the detection of methylated DNA

of the brcal gene with a 4000 X higher background of unmethylated DNA.

The assay described here combines the advantages of the heavy methyl and the methyl
hairpin technologies. The use of methylation-specific blocker (heavy methyl) and
methylation-specific detection with Scorpion primers (methyl hairpin) creates a novel

real-time PCR technology for a sensitive detection of methylated DNA (heavy methyl

hairpin).
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The heavy methyl hairpin assay was conducted 1n a total volume of 20 ul with the use of
a LightCycler apparatus (Roche Diagnostics). A bisulfite-treated DNA fragment of the

human brcal gene was amplified (nt 3538 - nt 3666 in Genebank Accession No.

1.78833.1; Seq ID-7). The reaction mixture contained 10 ul of matrnix DNA (see below
for concentrations), 2 ul of the FastStart-LightCycler reaction mix for hybridization
probes (Roche Diagnostics), 0.30 umol/l forward primer (5'-
GAAGtTGAIAGATGGGTATTITTTGA-3'; Seq ID-1), 0.10 umol/l reverse Primer (5'-

CCCCCTTCCTaATCCTCAa-3"; Seq ID-2), 0.5 umol/l Scorpion primer (5'-FAM-

GGCAGCCTAGGTCGCGAGGGAAGGCTGCC-MR-HEG-

CCCCCTTCCTaATCCTCAa-3'; probe element: Seq ID-6; primer element: Seq ID-8), 4
umol/l blocker (5'-TAATCCTCAaCACTTCCCTCACAACCT-pho-3'"; Seq ID-5) und 2

mmol/1 MgClz

The thermocycles began with an incubation at 95 °C for 10 minutes, followed by 55
cycles with the tollowing steps: 95 °C for 10 seconds, 56 °C for 30 seconds and 72 °C for
10 seconds. The tluorescent signals were detected in each cycle prior to the annealing
phase at 56 °C. The DNA mixtures were isolated from the same source as described in
Example 1. The quantity of originally methylated, bisulfite-treated DNA amounted to
100 pg 1n each sample. The quantity of unmethylated background DNA varied each time.
Ratios of methylated to unmethylated DNA of 1:1000 and 1:4000 were prepared by
appropriate mixtures after the bisulfite treatment. Correspondingly, 100.1 ng (1:1000) or

400.1 ng (1:4000), respectively, resulted as absolute DNA quantities for the reactions.
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100 pg of methylated DNA without unmethylated background were used as the positive

control and 100 ng of unmethylated DNA were used as the negative control.

The results are shown 1n Figure 4. 100 pg of methylated DNA could be detected with the
heavy methyl hairpin assay in both relative sensitivities of 1:1000 and 1:4000. No signals
were obtained for 100 ng of unmethylated DNA. In contrast, the positive controls with
100 pg of methylated DNA without the background of unmethylated DNA gave the
strongest signal. The data show that the heavy methyl hairpin assay can assure a sensitive

detection of methylated DNA against a 4000-fold background of unmethylated DNA.

Example 4 (theoretical example): Methylation analysis of the GSTPi gene by Scorpio’

real-time analysis (heavy methyl hairpin assay)

The following (bisulfite-treated) fragment of the GSTPi1 gene 1s amplified:
CGGGAttAtttTTATAAGGITCGGAGGICGCGAGGHTTCGITGGAGTTTCGtCGtCGtA
GTtTTCGttAttAG (SEQ ID NO: 9; nt 1845 - nt 1924 in Genebank Accession No.
AY324387). The PCR 1s conducted with the reaction conditions described above. The

following sequences are used as primers: forward primer (GGGAtAtttT TATAAGGtT;

SEQ ID NO: 10), reverse primer (TACTCACTaaTaaCKAAaACTaC; SEQ ID NO: 11),

Scorpion primer (FAM-ggcagecGtTG-GAGtttCGtCGggctgecc-DDQ-HEG-
TACTCACTAATAACKAAAACTAC; SEQ ID NO: 12, 13), 4 uM blocking probe

(CTAATAACaAAAACTACaACaACaAAACTCCAAC-PHO; SEQ ID NO: 14). Instead

x . ‘
sic; Scorpion?—Trans. note



CA 02540378 2006-03-27

WO 2005/024056 32 PCT/DE2004/001837

of the above-described standard Scorpio* primer, the following duplex Scorpio™ primer
can also be used: FAMGtTGGAGtttCGtCG-HEG-
TACTCACTAATAACKAAAACTAC (Seq ID ; CGaCGaaaCTCCAaC-DDQ; Seq ID

NO: 15; NO: 16).

sic: no number is indicated—Trans. note
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Explanations to figures:

Figure 1: Real-time amplification ot the bisulfite-treated brcal DNA by means of the
methyl hairpin assay (Example 1). The Y-axis shows the fluorescent signal measured 1n
each cycle (channel F1). The X-axis shows the number of cycles. The negative controls
produce no signal: water (stars), 50 ng of genomic DNA (X’s); 10 ng of unmethylated,
bisulfite-treated DNA (open circles). The methylated, bisulfite-treated DNA is

characterized by the filled circles (10 ng), filled triangles (1 ng) and filled squares (0.1

ng).

Figure 2: Real-time amplification of the bisulfite-treated brcal DNA by means of the
MethylLight assay with the use of hybrnidization probes (Example 2). The Y-axis shows
the fluorescent signal in channel F2 (640 nm). The measurement was made in each cycle
(X-axis). The curves show 100% (filled circles), 50% (filled diamonds) and 10%
methylated DNA (filled trnangles) against a background of unmethylated DNA. In all, 20
ng of bisulfite-treated DNA were investigated in each batch. A signal could not be

determined for 20 ng of unmethylated DNA (open squares).

Figure 3: Real-time amplification of the bisulfite-treated brcal DNA by means of the
MethylLoop assay with the use of hybridization probes (Example 2). The Y-axis shows
the fluorescent signal in channel F1 (520 nm). The measurement was made in each cycle
(X-axis). The curves show 100% (filled circles), 50% (filled diamonds), and 10%

methylated DNA (filled triangles) against a background of unmethylated DNA. In all, 20

" sic: MethyLight?—Trans. Note
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ng of bisulfite-treated DNA were used in each batch. A signal could not be detected for

20 ng of unmethylated DNA (open squares).

Figure 4: Sensitive detection of the brcal-DNA with the heavy methyl hairpin assay
(Example 3). The Y-axis shows the fluorescent signal in channel F1 (640 nm). The
measurement was made in each cycle (X-axis). Each time the determination was made
with 100 pg of methylated DNA with the following quantities of unmethylated
background DNA: without background DNA (filled circles), 100 ng (filled triangles with
apex pointing down), 400 ng (filled trnangles with apex pointing up). In the case of
negative controls (100 ng of unmethylated DNA without methylated DNA), a signal was

not obtained (open squares).

Figure 5 shows a rough diagram of the course of the methyl hairpin method. The
Scorpion primer 1s found on the left side. The (methylation-specific) probe element of the
Scorpion primer is present in the form of a hairpin. It bears a fluorescent dye (filled
triangle) and a quencher (filled square), which are found in direct spatial proximity to one
another due to the hairpin structure. The zigzag line characterizes the PCR stopper within
the linker element. The DNA to be mvestigated, which is already bisulfited, is presented
in the form of a double bar. One CG position within the DNA will be investigated. Only
if the cytosine was onginally methylated does the bisulfite treatment leave it unchanged.
Unmethylated cytosines are converted into uracil (or thymine). After a thermal
denaturation, the (here non-methylation-specific) primer element of the Scorpion primer

can bind to the single-stranded DNA. A primer extension occurs by means of a
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polymerase. After another thermal denaturation the probe binds intramolecularly to the
extended primer, as long as the extension product contains a CG dinucieotide. This is the
case, however, only if the DNA to be investigated was originally methylated.
Unmethylated cytosines lead to TG dinucleotides at which a probe binding does not
occur (not shown). Due to the binding ot the probe to the extended primer sequence, the
hairpin 1s opened up and a fluorescent signal can be detected (modified figure according

to Thelwell et al. 2000, loc. cit., p. 3753).

Figure 6 shows a rough diagram of the course of the methyl duplex method. The

Scorption primer 18 found on the left side. The (methylation-specific) probe element of the
Scorpion primer 1s present together with another oligonucleotide in the form of a double
strand. The probe element bears a tluorescent dye (filled triangle). A quencher is bound
to the other ohgonucleotide (filled square). Both components are found in direct spatial
proximity to one another due to the duplex. The zigzag line characterizes the PCR
stopper within the linker element of the Scorpion primer. The DNA to be investigated,
which 1s already bisulfited, 1s presented in the form of a double bar. One CG position
within the DNA will be investigated. Only if the cytosine was originally methylated does
the bisulfite treatment leave it unchanged. Unmethylated cytosines are converted into
uracil (or thymine). After a thermal denaturation, the (here non-methylation-specific)
primer element ot the Scorpion primer can bind to the single-stranded DNA. A primer
extension occurs by means of a polymerase. After another thermal denaturation, the
duplex 1s separated from the probe and the other oligonucleotide and the probe binds

intramolecularly to the extended primer, as long as the extension product contains a CG
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dinucleotide. This 1s the case, however, only if the DNA to be investigated was originally
methylated. Unmethylated cytosines lead to TG dinucleotides to which the probe does
not bind (not shown). Due to the binding of the probe to the extended primer sequence,
the dye and quencher are separated and a tluorescent signal can be detected

(modified figure according to Solinas et al. 2001, loc. cit., p. €96).
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Patent Claims
I. A method for the detection of cytosine methylations in DNA is hereby characterized in
that
a) the DNA to be investigated 1s reacted with a chemical or with an enzyme so
that 5-methylcytosine remains unchanged, while unmethylated cytosine is
converted to uracil or to another base which differs from cytosine in its base-
pairing behavior,
b) the pretreated DNA 1s amplified by means of a polymerase and at least one
primer, whose 5'-end is joined with a probe via a linker (Scorpion primer),
¢) the primer extension product 1s separated from the matrix strand,
d) the probe hybridizes intramolecularly to the primer extension product, whereby
the hybridization occurs as a function of the methylation state of the DNA,

¢) a detection 1s made of whether a hybnidization of the probe has occurred.

2. The method according to claim 1, further characterized in that the reaction in step a) is

produced with a bisulfite.

3. The method according to claim 1, further characterized 1n that the reaction in step a) 1s
produced by means of a cytidine deaminase; the unmethylated cytidine reacts more

rapidly than methylated cytidine.

4. The method according to at least one of claims 1 to 3, further characterized in that the

amplification in step b) 1s carried out by means of a polymerase chain reaction.
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5. The method according to claim 4, further characterized in that the polymerase chain

reaction 1s carried out 1n the form of the MSP or heavy methyl method.

6. The method according to at least one of claims 1 to 5, further characterized in that the
probe bears two signal components which are found in spatial proximity to one another in
the mactive form, and which are separated from one another by the hybridization of the

probe to a primer extension product.

7. The method according to claim 6, further characterized in that the two signal

components involve a quencher-fluorescent dye pair.

8. The method according to at least one of claims 6 to 7, further characterized in that the
spatial separation in the inactive form is assured by the secondary structure of the probe

>

particularly by a hairpin shape.

9. The method according to at least one of claims 1 to 5, further characterized in that the
Scorpion primer bears two signal components which are separated from one another in
the mnactive form, and which are brought into spatial proximity to one another by the

hybridization of the probe to a primer extension product.

10. The method according to claim 9, further characterized in that the signal components

1n the active form generate a signal via fluorescence-resonance energy transfer.
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11. The method according to at least one of claims 1 to 5, further characterized in that the
probe and another oligonucleotide each bear at least one signal component, whereby the
signal components are found in spatial proximity to one another in the inactive form, and
are separated from one another by the hybridization of the probe to a primer extension

product.

12. The method according to claim 11, further characterized in that the two signal

components involve a quencher-fluorescent dye pair.

13. The method according to at least one of claims 11 to 12, further characterized in that
the spatial separation between the probe and the other oligonucleotide 1n the nactive

form 1s assured by a duplex structure.

14. The method according to at least one of claims 1 to 5, further characterized 1n that the
probe and another oligonucleotide each bear at least one signal component, whereby the
signal components are separated from one another spatially in the inactive form, and are
brought into spatial proximity to one another by the hybridization of the probe to a primer

extension product.

15. The method according to claim 14, further characterized in that the signal
components in the active form generate a signal via a fluorescence-resonance energy

transfer.
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16. The method according to at least one of claims 14 to 135, further characterized in that
the other oligonucleotide binds in immediate proximity to the probe on the primer

extension product.

17. The method according to at least one of claims 1 to 16, further characterized in that

several sequences are simultaneously amplified.

18. The method according to at least one of claims 1 to 17, further characterized in that

the amplification occurs by means of two Scorpion primers.

19. The method according to claim 18, further characterized in that the Scorpion primers

bear different signal components.

20. The method according to at least one of claims 18 to 19, further characterized 1n that
one of the Scorpion primers bears a methylation-specific probe and the other Scorpion

primer bears a non-methylation-specific probe.

21. The method according to at least one of claims 1 to 19, further characterized in that
one of the Scorpion primers bears a methylation-specific probe and the other Scorpion

primer bears a mutation-specific or allele-specific probe.
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22. The method according to at least one of claims 1 to 4, further characterized in that a
non-methylation-specific PCR amplification takes place, wherein the probe bears a
quencher and a dye molecule, which are found in spatial proximity to one another in the
inactive form, and which are separated from one another by the hybridization of the

probe to a primer extension product ("methyl hairpin").

23. The method according to at least one of claims 1 to 4, further characterized in that an
MSP amplification takes place, wherein the probe bears a quencher and a dye molecule
which are found in spatial proximity to one another in the inactive form, and which are
separated from one another by the hybridization of the probe to a primer extension

product ("MSP methyl hairpin").

24. The method according to at least one of claims 1 to 4, further characterized in that a
heavy methyl amplification takes place, wherein the probe bears a quencher and a dye
molecule which are found in spatial proximity to one another in the inactive form, and

which are separated from one another in the hybridization ot the probe to a primer

extension product ("heavy methyl hairpin").

25. The method according to at least one of claims 1 to 4, further characterized in that a
non-methylation-specific amplification takes place, wherein the probe bears a dye
molecule and another oligonucleotide bears a quencher which are found in spatial
proximity to one another in the inactive form, and which are separated from one another

by the hybridization of the probe to a primer extension product ("methyl duplex").
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26. The method according to at least one of claims 1 to 4, further characterized 1n that an
MSP amplification takes place, wherein the probe bears a dye molecule and another
oligonucleotide bears a quencher which are found in spatial proximity to one another in
the 1nactive form, and which are separated trom one another in the hybridization of the

probe to a primer extension product ("MSP methyl duplex").

27. The method according to at least one of claims 1 to 4, further characterized 1n that a
heavy methyl amplification takes place, wherein the probe bears a dye molecule and
another oligonucleotide bears a quencher which are found 1n spatial proximity to one
another in the inactive form, and which are separated from one another in the

hybridization of the probe to a primer extension product ("heavy methyl duplex").

28. The method according to claim 23, further characterized in that the amphfication is
produced by means of two Scorpion primers, wherein one of the Scorpion primers bears a
methylation-specific probe and the other Scorpion primer bears a non-methylation-

specific probe ("quantitative methyl hairpin”).

29. Use of the method according to at least one of claims 1-28 tor the diagnosis or
prognosis of cancer disorders or other diseases associated with a change 1n the cytosine
methylation state, for predicting undesired drug interactions, for establishing a specific
drug therapy, for monitoring the success of a drug therapy, for the differenttation of cell

types or tissues and for the investigation of cell differentiation.



CA 02540378 2006-03-27

WO 2005/024056 43 PCT/DE2004/001837

30. Use of Scorpion primers for methylation analysis, particularly for the diagnosis or
prognosis of cancer disorders or other diseases associated with a change in the cytosine
methylation state, for predicting undesired drug interactions, for establishing a specific
drug therapy, for monitoring the success of a drug therapy, for the differentiation of cell

types or tissues and for the investigation of cell differentiation.

31. A kit, consisting ot at least one Scorpion primer, a polymerase and the necessary

reagents for a polymerase chain reaction.
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