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(54) Method and device for determination of tissue specificity of free floating DNA in bodily fluids

(57) A method for diagnosing, screening and/or
monitoring the development of a proliferative disease
like cancer by quantifying the amount and analyzing the
methylation status of DNA in blood, serum, urine, saliva
or other samples derived from an individual, comprising
the following steps:

a) retrieving a bodily fluid sample from said individ-
ual;

b) detecting the amount of total free floating DNA in
said sample;
c) determining the amount of free floating DNA that
originates from said tissue or organ;
d) determining the presence or absence of a med-
ical condition based on the total amount of free float-
ing DNA and the fraction of free floating DNA that
originates from said tissue or organ.
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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to methods for detecting
free floating nucleic acids, as present in not cellular
bound nucleic acids in bodily fluids like plasma or serum
fractions of human or animal blood or in any other tissue
samples derived from the human or animal body in order
to diagnose a cell proliferative disease. Specifically the
invention relates to the detection of increased levels of
nucleic acids in bodily fluids. Furthermore the invention
allows to determine the source of the enriched DNA by
measuring the ratio of DNA originating from a certain
organ versus total DNA from other organs in a given
bodily fluid sample by specifying the DNA's methylation
pattern. This can be done with or without increasing the
DNA concentration of a given biological sample. In a
preferred embodiment a further analysis of this methyl-
ation pattern allows for the detection of the presence of
tumorous or otherwise proliferative disease in said or-
gan.

PRIOR ART

DNA based assays to detect cancer

[0002] A number of genetic alterations like mutations
in certain genes, but also loss of heterozygosity and mi-
crosatellite instability at certain loci can be detected in
DNA samples from tumor tissue. These DNA alterations
can be detected in DNA retrieved from the tumor tissue
of a patient. In some cases it has been reported that
these alterations were also found in DNA samples from
serum or blood or the sputum of those tumor patients.
It is known that cigarette smokers have increased bron-
chial secretions that contain exfoliated cells from the
bronchial tree. From analyzing these excreted cells, pre-
malignant cytological changes could be detected sever-
al years before a clinical diagnosis of lung cancer in high
risk patients (Saccomanno et al. (1974) Cancer (Phila.),
33: 256-270). These studies were not easily reproduci-
ble and required specific skills in the person which an-
alyzed those samples. Therefore, to enhance the pre-
dictive value of the sputum samples, it has been sug-
gested to use molecular assays, for example to detect
mutations within the K-ras gene or microsatellite altera-
tions specific to the tumor (Mao et al. (1994) Proc. Natl.
Acad. Sci. USA, 91: 9871-9875 and Mao et al. (1994)
Cancer Res., 54: 1634-1637). K-ras as well as p53 mu-
tations have been detected in bodily fluids as found in
cytological samples of the sputum and bronchial lavage
of lung cancer patients and chronic smokers (Kersting
et al. (2000) J. Clin. Oncol., 18: 3221-3229 and Ahrendt
et al. (1999) J. Natl. Cancer Inst. (Bethesda), 91:
332-339). Knowing the nucleic acid sequences of spe-
cific marker genes involved in a certain type of cancer
like, for example, lung cancer enabled the analysis of

these sputum samples and allowed to predict the devel-
opment of lung cancer in high risk patients. More rele-
vant information on this matter can be found in patent
WO 95/16792 by Maurice Stroun, Philippe Anker and
Valeri Vasioukhin. However, these methods are not ideal
as they lack sensitivity and the overall prevalence of
these changes in non-small cell lung cancer is less than
25% (Palmisano et al. (2000), Cancer Res. 60:
5954-5958). Also for prostate cancer it has been report-
ed that the inactivation of the HPC2/ELAC2 gene via
LOH is a relatively uncommon event (Wu et al. (2001)
Cancer Res 61: 8651-8653). Another factor highly cor-
related with the occurrence of tumors is the hypermeth-
ylation of certain promoters and promoter regions.

Methylation

[0003] In recent decades in molecular biology studies
have focussed primarily on genes, the translation of
those genes into RNA, and the transcription of the RNA
into protein. There has been a more limited analysis of
the regulatory mechanisms associated with gene con-
trol. Gene regulation, for example, at what stage of de-
velopment of the individual a gene is activated or inhib-
ited, and the tissue specific nature of this regulation is
less understood. However, it can be correlated with a
high degree of probability to the extent and nature of
methylation of the gene or genome. From this observa-
tion it is reasonable to infer that pathogenic genetic dis-
orders may be detected from irregular genetic methyla-
tion patterns and this has been shown for a number of
cases. In addition this invention discloses a method on
how to determine the origin of DNA in a bodily fluid by
analyzing its methylation pattern in order to detect ab-
errant levels of DNA deriving from a certain organ, indi-
cating a cell proliferative disease of said organ.
In higher order eukaryotes DNA is methylated nearly ex-
clusively at cytosines located 5' to guanosine in the CpG
dinucleotide. This modification has important regulatory
effects on gene expression, especially when involving
CpG rich areas, known as CpG islands, located in the
promoter regions of many genes. While almost all gene-
associated islands are protected from methylation on
autosomal chromosomes, extensive methylation of
CpG islands has been associated with transcriptional in-
activation of selected imprinted genes and genes on the
inactive X-chromosome of females. Aberrant methyla-
tion of normally unmethylated CpG islands has been de-
scribed as a frequent event in immortalized and trans-
formed cells, and has been associated with transcrip-
tional inactivation of defined tumor suppressor genes in
human cancers. Human cancer cells typically contain
somatically altered genomes, characterized by muta-
tion, amplification, or deletion of critical genes. In addi-
tion, the DNA template from human cancer cells often
displays somatic changes in DNA methylation (E. R.
Fearon, et al., Cell, 61:759, 1990; P. A. Jones, et al.,
Cancer Res., 46: 461, 1986; R. Holliday, Science, 238:
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163, 1987; A. De Bustros, et al., Proc. Natl. Acad. Sci.,
USA, 85: 5693, 1988; P. A. Jones, et al., Adv. Cancer
Res., 54:1, 1990; S. B. Baylin, et al., Cancer Cells, 3 :
383, 1991; M. Makos, et al., Proc. Natl. Acad. Sci., USA,
89: 1929, 1992; N. Ohtani-Fujita, et al., Oncogene, 8:
1063, 1993). However, the precise role of abnormal
DNA methylation in human tumorigenesis has not been
established. DNA methylases transfer methyl groups
from the universal methyl donor S-adenosyl methionine
to specific sites on the DNA.
Several biological functions have been attributed to the
methylated bases in DNA. The most established biolog-
ical function is the protection of the DNA from digestion
by cognate restriction enzymes. The restriction modifi-
cation phenomenon has, so far, been observed only in
bacteria. Mammalian cells, however, possess a different
methylase that exclusively methylates cytosine resi-
dues on the DNA, that are 5' neighbors of guanine
(CpG). This methylation has been shown by several
lines of evidence to play a role in gene activity, cell dif-
ferentiation, tumorigenesis, X-chromosome inactiva-
tion, genomic imprinting and other major biological proc-
esses (Razin, A., H., and Riggs, R. D. eds. in DNA Meth-
ylation Biochemistry and Biological Significance,
Springer-Verlag, N.Y., 1984).
[0004] Although the exact mechanisms by which DNA
methylation effects DNA transcription are unknown, the
relationship between disease and methylation has been
well documented. Misregulation of genes may be pre-
dicted by comparing their methylation pattern with phe-
notypically 'normal' expression patterns. The following
are cases of disease associated with modified methyl-
ation patterns, the specific role of methylation in cancer
is described in the next paragraph:

- Hodgkin's disease (Garcia JF et al "Loss of p 16
protein expression associated with methylation of
the p16INK4A gene is a frequent finding in Hodg-
kin's disease" Lab invest 1999 Dec; 79 (12):
1453-9)

- Prader-Willi/Angelman's syndrome (Zeschnigh et al
"Imprinted segments in the human genome: differ-
ent DNA methylation patterns in the Prader Willi/An-
gelman syndrome region as determined by the ge-
nomic sequencing method" Human Mol. Genetics
(1997) (6) 3 pp 387-395)

- ICF syndrome (Tuck-Muller et al "CMDNA hy-
pomethylation and unusual chromosome instability
in cell lines from ICF syndrome patients" Cytogenet
Call Genet 2000; 89(1-2):121-8

- Dermatofibroma (Chen TC et al "Dermatofibroma is
a clonal proliferative disease" J Cutan Pathol 2000
Jan;27 (1):36-9)

- Hypertension ( Lee SD et al. " Monoclonal endothe-
lial cell proliferation is present in primary but not
secondary pulmonary hypertension" J clin Invest
1998 Mar 1, 101 (5):927-34)

- Autism (Klauck SM et al. "Molecular genetic analy-

sis of the FMR-1 gene in a large collection of autistic
patients" Human Genet 1997 Aug; 100 (2) : 224-9)

- Fragile X Syndrome ( Hornstra IK et al. " High res-
olution methylation analysis of the FMR1 gene tri-
nucleotide repeat region in fragile X syndrome"
Hum Mol Genet 1993 Oct, 2(10):1659-65)

- Huntigton's disease (Ferluga J et al. "possible or-
gan and age related epigenetic factors in Hunting-
ton's disease and colorectal carcinoma" Med hy-
potheses 1989 May;29(1);51-4

[0005] All of documents cited herein are hereby incor-
porated by reference.

Hypermethylation and cancer

[0006] DNA methylation can down-regulate gene ex-
pression, and when it does so inappropriately it might
lead to a shutting off of tumor suppressor genes, for in-
stance and cause cancer. Consequently, it has been
shown frequently that certain regions of the genome are
hypermethylated in tumor tissue when this is not the
case in neighboring unaffected cells. A well investigated
system is the inactivation of GSTP1 (glutathione-S-
transferase promoter 1) by CpG island hypermethyla-
tion, the most common somatic genome alteration yet
reported for human prostate cancer, occurs early during
human prostatic carcinogenesis and results in a loss of
GSTP1 caretaker function, leaving prostate cells with in-
adequate defenses against oxidant and electrophile
carcinogens. The genetic diagnosis of prostate cancer
via detection of the methylation status of the GSTP1 has
been described in the patent US 5,552,277. Another ex-
ample out of many more is described in the following
paper: Yanagisawa Y et al. (2000) "Methylation of the
hMLHI promoter in familial gastric cancer with micros-
atellite instability" Int J Cancer 85:50-3).
A recent example for the correlation between hyper-
methylation and cancer is given by Maruyama et al.
when they reported a positive correlation between the
median methylation index of a number of selected
genes and the prognosis of bladder cancer develop-
ment in December 2001 (Maruyama et al. (2001) Can-
cer Res 61: 8659-8663). Methylation of CDH1, FHIT,
and a high MI were associated with shortened survival.
CDH1 methylation positive status was independently
associated with poor survival in multivariate analyses.
The authors conclude that the methylation profile may
be a potential new biomarker of risk prediction in bladder
cancer, but as they only analysed biopsy samples this
would require surgical operation on a patient. However
more recent studies have highlighted the possibility to
detect DNA methylation in DNA from bodily fluids rather
than from tumor tissue itself.

DNA methylation in bodily fluids

[0007] For example in DNA from exfoliated cells in
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sputum samples from lung cancer patients or high risk
patients the p16 tumor suppressor gene promoter and/
or 06-methylguanine-DNA methyltransferase promot-
ers could be shown to be aberrantly methylated. The
aberrant methylation could be detected in DNA from
sputum in 100% of patients with squamous cell lung car-
cinoma up to 3 years before clinical diagnosis (Palmisa-
no et al. (2000), Cancer Res. 60: 5954-5958).
When the methylation status of the p15 and p16 promot-
er region from tumor DNA and blood (plasma, serum
and buffy coat samples) DNA from hepatocellular carci-
noma patients was investigated, 87% of the patients
with tumor methylation also showed methylated DNA in
the blood stream. None of the control samples were
methylation positive (Wong et al. (2000) Clin Cancer
Res 6(9):3516-3521). In addition a study on Head and
Neck cancer revealed a correlation between serum
DNA methylation and tumor DNA methylation of 42%
(Sanchez-Cespedes et al. (2000) Cancer Res 60:
892-895).
Methylated DNA as a tumor marker is not only restricted
to the sputum or blood stream, but can - at least in pros-
tate carcinoma patients - also be found in urine or ejac-
ulate samples. In this study 94% of the tumor DNA sam-
ples were methylated, 72% of the plasma or serum sam-
ples, 50% of ejaculate samples and 36% of urine sam-
ples (after prostatic massage in order to release pros-
tatic secretions) from patients with prostate cancer
whereas no methylation was detected in samples from
the control group (Cairns et al. (2001) Clin Cancer Res
7: 2727-2730).
[0008] The detection of aberrant promoter region
methylation constitutes a promising approach for using
DNA methylation based marker assays for the early de-
tection of common human cancers. As hypermethyla-
tion is involved in a wide range of cancer types one can
think of a number of similar approaches for other types
of cancer. For an overview see:

Esteller, M., Corn, P. G., Baylin, S. B., Herman, J.
G. (2001). A Gene Hypermethylation Profile of Hu-
man Cancer. Cancer Res 61: 3225-3229

or for a selection of recent publications on the matter:

Byun, D.-S., Lee, M.-G., Chae, K.-S., Ryu, B.-G.,
Chi, S.-G. (2001). Frequent Epigenetic Inactivation
of RASSF1A by Aberrant Promoter Hypermethyla-
tion in Human Gastric Adenocarcinoma. Cancer
Res 61: 7034-7038.
Agathanggelou A., Honorio S., Macartney D. P.,
Martinez A., Dallol A., Rader J., Fullwood P., Chau-
han A., Walker R., Shaw J. A., Hosoe S., Lerman
M. I., Minna J. D., Maher E. R., Latif F. (2001). Meth-
ylation associated inactivation of RASSF1A from
region 3p21.3 in lung, breast and ovarian tumours.
Oncogene, 20: 1509-1518.
Dong, S. M., Kim, H.-S., Rha, S.-H., Sidransky, D.

(2001). Promoter Hypermethylation of Multiple
Genes in Carcinoma of the Uterine Cervix. Clin
Cancer Res 7: 1982-1986.
Herman J. G., Latif F., Weng Y. K., Lerman M. I.,
Zbar B., Liu S., et al (1994) Silencing of the VHL
tumor suppressor gene by DNA methylation in renal
carcinomas. Proc. Natl. Acad. Sci. USA, 91:
9700-9704.

Methods to detect methylated DNA

[0009] In the previous paragraphs the significance of
methylation of certain cytosine bases for gene activity,
cell differentiation, tumorigenesis, X-chromosome inac-
tivation, genomic imprinting and other major biological
processes (Razin, A., H., and Riggs, R. D. eds. in DNA
Methylation Biochemistry and Biological Significance,
Springer-Verlag, N.Y., 1984) has been described. The
cytosin's modification in form of methylation contains
significant information. It is obvious that the identifica-
tion of 5-methylcytosine in a DNA sequence as opposed
to unmethylated cytosine is of greatest importance to
analyze its role further. But, because the 5-Methylcyto-
sine behaves just as a cytosine for what concerns its
hybridization preference (a property relied on for se-
quence analysis) its positions can not be identified by a
normal sequencing reaction.
Furthermore, in a PCR amplification this relevant epige-
netic information, methylated cytosine or unmethylated
cytosine, will be lost completely.
Several methods are known that solve this problem.
Usually the genomic DNA is treated with a chemical or
enzyme leading to a conversion of the cytosine bases,
which consequently allows to differentiate the bases af-
terwards. Some restriction enzymes are capable of dif-
ferentiating between methylated and unmethylated
DNA.
A relatively new and currently the most frequently used
method for analyzing DNA for 5-methylcytosine is based
upon the specific reaction of bisulfite with cytosine
which, upon subsequent alkaline hydrolysis, is convert-
ed to uracil, whereas 5-methylcytosine remains unmodi-
fied under these conditions (Shapiro et al. (1970) Nature
227: 1047 ). Uracil corresponds to thymidine in its base
pairing behavior, whereas 5-methylcytosine doesn't
change its chemical properties under this treatment and
corresponds to guanin. Consequently, the original DNA
is converted in such a manner that methylcytosine,
which originally could not be distinguished from cytosine
by its hybridization behavior, can now be detected as
the only remaining cytosine using "normal" molecular bi-
ological techniques, for example, by amplification and
hybridization or sequencing. All of these techniques are
based on base pairing which can now be fully exploited.
[0010] Comparing the sequences of the DNA with and
without bisulfite treatment allows an easy identification
of those bases that have been methylated.
An overview of the further known methods of detecting
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5-methylcytosine may be gathered from the following re-
view article: Rein, T., DePamphilis, M. L., Zorbas, H.,
Nucleic Acids Res. 1998, 26, 2255.
In terms of sensitivity, the prior art is defined by a meth-
od, which encloses the DNA to be analyzed in an aga-
rose matrix, thus preventing the diffusion and renatura-
tion of the DNA (bisulfite reacts with single-stranded
DNA only), and which replaces all precipitation and pu-
rification steps with fast dialysis (Olek A, Oswald J, Wal-
ter J. (1996) A modified and improved method for bisul-
phite based cytosine methylation analysis. Nucleic Ac-
ids Res. 24: 5064-6). Using this method, it is possible to
analyze individual cells, which illustrates the potential of
the method.
[0011] To date, barring few exceptions (e.g., Ze-
schnigk M, Lich C, Buiting K, Doerfler W, Horsthemke
B. (1997) A single-tube PCR test for the diagnosis of
Angelman and Prader-Willi syndrome based on allelic
methylation differences at the SNRPN locus. Eur J Hum
Genet. 5: 94-8) the bisulfite technique is only used in
research. Always, however, short, specific fragments of
a known gene are amplified subsequent to a bisulfite
treatment and either completely sequenced (Olek A,
Walter J. (1997) The pre-implantation ontogeny of the
H19 methylation imprint. Nat Genet. 3: 275-6) or indi-
vidual cytosine positions are detected by a primer ex-
tension reaction (Gonzalgo ML and Jones PA. (1997)
Rapid quantitation of methylation differences at specific
sites using methylation-sensitive single nucleotide prim-
er extension (Ms-SNuPE). Nucleic Acids Res. 25 :
2529-31, WO 95/00669) or by enzymatic digestion
(Xiong Z, Laird PW. (1997) COBRA: a sensitive and
quantitative DNA methylation assay. Nucleic Acids Res.
25: 2532-4).
[0012] Another technique to detect hypermethylation
is the so-called methylation specific PCR (MSP) (Her-
man JG, Graff JR, Myohanen S, Nelkin BD and Baylin
SB. (1996), Methylation-specific PCR: a novel PCR as-
say for methylation status of CpG islands. Proc Natl
Acad Sci U S A. 93: 9821-6). The technique is based on
the use of primers that differentiate between a methyl-
ated and a non-methylated sequence if applied after bi-
sulfite treatment of said DNA sequence. The primer ei-
ther contains a guanine at the position corresponding to
the cytosine in which case it will after bisulfite treatment
only bind if the position was methylated. Or the primer
contains an adenine at the corresponding cytosine po-
sition and therefore only binds to said DNA sequence
after bisulfite treatment if the cytosine was unmethylated
and has hence been altered by the bisulfite treatment
so that it hybridizes to adenine. With the use of these
primers, amplicons can be produced specifically de-
pending on the methylation status of a certain cytosine
and will as such indicate its methylation state.
Another new technique is the detection of methylation
via Taqman PCR, also known as MethylLight (WO
00/70090). With this technique it became feasible to de-
termine the methylation state of single or of several po-

sitions directly during PCR, without having to analyze
the PCR products in an additional step.
[0013] In addition, detection by hybridization has also
been described (Olek et al., WO 99/28498). Further
publications dealing with the use of the bisulfite tech-
nique for methylation detection in individual genes are:
Grigg G, Clark S. (1994) Sequencing 5-methylcytosine
residues in genomic DNA. Bioessays 16: 431-6; Ze-
schnigk M, Schmitz B, Dittrich B, Buiting K, Horsthemke
B, Doerfler W. (1997) Imprinted segments in the human
genome: different DNA methylation patterns in the Prad-
er-Willi/Angelman syndrome region as determined by
the genomic sequencing method. Hum Mol Genet. 6:
387-95; Feil R, Charlton J, Bird AP, Walter J, Reik W.
(1994) Methylation analysis on individual chromo-
somes: improved protocol for bisulphite genomic se-
quencing. Nucleic Acids Res. 22: 695-6; Martin V, Ribi-
eras S, Song-Wang X, Rio MC, Dante R. (1995) Genom-
ic sequencing indicates a correlation between DNA hy-
pomethylation in the 5' region of the pS2 gene and its
expression in human breast cancer cell lines. Gene
157 : 261-4; WO 97/46705, WO 95/15373 and WO
97/45560.

Elevated Levels of Circulating DNA

[0014] Another characteristic property of cancer and
other cell proliferative diseases is an increased amount
of free floating, circulating DNA in blood and/or serum.
Also cell death caused by for example toxic doses of
bacterial lipopolysaccharide, HgCl2, CCl4, cyclophos-
phamide and hydroxyurea triggers the release of prod-
ucts of chromatin catabolism, particularly of DNA into
extracellular spaces. At least those have been shown to
be responsible for the release of extracellular DNA in
plasma in mice, in a dose dependent relationship.
Hence it was suggested to use the quantitation of extra-
cellular DNA for investigating in vivo cell death phenom-
ena induced by toxic agents and drugs (Bret et al. (1990)
Toxicology 61(3): 283-92).
It is known that plasma DNA content reflects the amount
of cell death occurring in the whole body and is in-
creased during destructive pathological processes, in-
cluding cancer. Increased DNA contents in serum have
been found in correlation with Systemic Lupus Ery-
thematosus (Leon et al. (1977) Cancer Res. 37:
646-650), malignant gastrointestinal disease (Shapiro
et al. (1983), Cancer 51:2116-2120), pancreatic cancer
(Anker et al. (1999), Cancer Metastasis Rev. 18: 65-73)
and lung cancer (Maebo A. (1990), Jap J Thoraic Dis
28: 1085-1091 and Fournié et al. (1995), Cancer Let 2:
221-227). Whilst healthy human beings have free float-
ing DNA levels in the range of 2-30 ng/ml, cancer pa-
tients, more specifically patients with Systemic Lupus
Erythematosus in an early study from 1977 showed lev-
els of up to 180 ng/ml. (Leon et al. (1977) Cancer Res.
37: 646-650). In a publication from Jahr et al. a table is
shown which describes plasma DNA levels from 23 pa-
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tients grouped into 12 different tumor groups. In the
most extreme case the DNA level was increased 100x
compared to the mean value of DNA level in healthy pa-
tients. They concluded that elevated levels of circulating
DNA appear to be a characteristic feature of most, but
not all of the carcinoma diseases. The determined level
of circulating DNA alone could not be correlated to the
type of cancer or to the clinical status. But it has to be
said that in Jahrs study no more than 4 repeats of any
one tumor have been performed (Jahr et al. (2001),
Cancer Res 61: 1659-1655).
Jahr et al. tried to analyze how much of this circulating
DNA originates from tumor cells. It was reported from
studies based on tumor specific microsatellite changes
that nearly all the circulating plasma DNA originated
from tumor cells (Goessl C. et al. (1998) Cancer Res.,
58: 4728-4732). Other studies contrarily detected wild
type DNA in the plasma of nearly all of the cancer pa-
tients. To be able to distinguish between tumor DNA and
non tumor DNA they determined the DNA's methylation
status, assuming that methylated DNA derived from the
tumor tissue only and non methylated DNA from healthy
cells. It was found that when the DNA count in the plas-
ma was very high, the percentage of methylation was
quite low, whereas when the DNA level was rather low
the percentage of methylated DNA was - in one case at
least - up to above 90%. The authors stress the fact that
it would be difficult to investigate whether the unmeth-
ylated DNA originates from the neighboring tumor tissue
or from some other source "because DNA markers that
distinguish defined cell types are not available". In this
paper evidence is discussed which supports the idea
that the circulating DNA origins from apoptotic and
necrotic cells.
Although the exact mechanism of the release of circu-
lating DNA remains to be proved, an active release of
circulating DNA from highly proliferating cells has also
been proposed (Anker et al. (1999), Cancer Metastasis
Rev. 18: 65-73). Herein the authors discuss why the or-
igin of circulating DNA in the blood stream of cancer pa-
tients is most likely to be 'active release', rather than
lysis of circulating cancer cells, necrosis or apoptosis.
Botezatu et al. described how to detect extracellular
DNA in the urine and how to analyze this DNA in order
to diagnose cancer (Botezatu et al. (2000) Genetic anal-
ysis of DNA excreted in urine: a new approach for de-
tecting specific genomic DNA sequences from dying
cells in an organism. Clin Chem 46:1078-1084). Unlike
previous work illustrating the diagnostic use of urine for
cancer detection (Mao L. (1996) Genetic alterations as
clonal markers for bladder cancer detection in urine. J
Cell Biochem Suppl 25:191-196 and Eisenberger et al.
(1999) Diagnosis of renal cancer by molecular urinaly-
sis. J Natl Cancer Inst 91: 2028-2032), the cancer types
chosen by Botezatu et al., namely pancreatic and color-
ectal carcinomas, are not of urologic origin. Previous
work has indicated that pancreatic and colorectal cancer
cells (Anker et al. (1997) K-ras mutations are found in

DNA extracted from the plasma of patients with color-
ectal cancer. Gastroenterology 112: 1114-1120) can re-
lease tumoral DNA into the plasma. The new results by
Botezatu et al. go one step further by suggesting that
tumor DNA, following its release into the blood stream,
will be excreted into the urine in sizes large enough for
PCR analysis and hence applicable to our techniques
on how to determine methylation patterns.
The data by Botezatu et al. include only patients with
relatively advanced diseases (stages III and IV), the ap-
plicability of urine DNA analysis to the detection of early
nonurologic malignancies remains to be demonstrated
in future studies (Lo et al. (2000) Molecular Testing of
Urine: Catching DNA on the Way Out. Clinical Chemistry
46: 1039-1040).

Methods on quantitation of nucleic acids

[0015] Accurately determining the DNA concentra-
tions of crude chromosomal or purified plasmid DNA
samples is an essential step in quantitative manipula-
tions of DNA. Two types of methods are widely used to
measure the amount of nucleic acid in a preparation. If
the sample is pure (i.e. without significant amounts of
contaminants such as proteins, phenol, agarose or oth-
er nucleic acids), spectrophotometric measurement of
the amount of ultraviolet irradiation absorbed by the bas-
es is simple and accurate. Two different techniques rely
on spectrophotometric and/or fluorometric analyses, for
example to determine the concentration of a dilute sam-
ple of plasmid DNA purified by two passes through an
ethidium bromide - cesium chloride (EtBr-CsCl) centrif-
ugation gradient. The sample can either be tested on an
for example LKB Biochrom Ultrospec II spectrophotom-
eter for absorbance at wavelengths of 260 nm and 280
nm, or it can be tested for emission of 460 nm on the
Hoefer TKO 100 mini-fluorometer in the presence of bis-
benzimidazole, a fluorescent dye known as Hoechst H
33258 (manufactured by American Hoechst Corpora-
tion), that has an excitation maximum at 356 nm and an
emission maximum of 458 when bound to DNA (Labarca
and Paigen (1980) Anal. Biochem. 102, 344-352). The
spectrophotometer detects absorbance due to RNA as
well as DNA, while the Hoechst dye used in the fluor-
ometer interacts specifically with adenosine and thymi-
dine residues of DNA. Due to the highly specific nature
of the Hoechst dye the mini-fluorometer seems to be
most accurate for quantitation of crude chromosomal
DNA, but less reliable for plasmids and other DNA of
limited complexity.
If the amount of DNA or RNA is very small or if the sam-
ple contains significant quantities of impurities, the
amount of nucleic acid can be estimated from the inten-
sity of fluorescence emitted by ethidium bromide mole-
cules intercalated into the DNA (Sambrook; Fritsch and
Maniatis (1989) Molecular Cloning - A laboratory man-
ual (second edition) 3: E.5). A simple application of this
general approach is the use of EtBr agarose plates.
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DNA samples of 2-10 ul are spotted onto 1% agarose
containing 0.5 ug/ml EtBr within a Petri dish. Afterwards,
the plate is exposed to UV light and photographed. An-
other variation is to mix 5-10 ul of a 0.5 ug/ml solution
of EtBr with 10 ul of DNA spotted onto plastic film wrap
or a siliconized glass slide placed on top of a UV tran-
silluminator. The advantage of this method is that DNA
samples with as little as 1-10 ng of DNA can be quanti-
tated within minutes. The disadvantage is the intercala-
tion of the dye with RNA as well as DNA and its limitation
to double stranded DNA.
Other methods for quantitating DNA are for example,
Invitrogen's nucleic acid quantitation DNA Dipstick [TM]
kit, which is claimed to be sensitive enough to detect as
little as 0.1 ng/ul of nucleic acid. Unfortunately, the meth-
od cannot be used with samples containing more than
10 ng/ul of nucleic acids. (see: Trends in Biochemical
Sciences 19, 46-47).

Methods on detection of specific DNA

[0016] Methods to detect and quantify specific nucleic
acids are used in detecting microorganisms, viruses and
biological molecules. Hence they are used in human
and veterinary medicine, food processing and environ-
mental testing. Additionally, the detection and/or quan-
tification of specific biomolecules from biological sam-
ples (e.g. tissue, sputum, urine, blood, semen, saliva)
has applications in forensic science, such as the identi-
fication and exclusion of criminal suspects and paternity
testing as well as medical diagnostics. However the ma-
jority of such methods is based on 2 techniques: hybrid-
ization and PCR. Both of which detect and quantify a
certain specific part of the genomic DNA.
Hybridization is known as one of the methods to detect
a nucleic acid having a specified base sequence (here-
after referred to as "target nucleic acid"). This method
employs an oligonucleotide probe having a base se-
quence capable of hybridizing to the target nucleic acid
as a detection probe to form a hybrid, and performs de-
tection of the target nucleic acid by detecting the hybrid
through various detection means.
In patent US 6,228,592 the drawbacks of this technique
get mentioned, especially when trying to apply those to
detecting a specific sequence in a surrounding environ-
ment like a biologically active fluid or especially in a liv-
ing cell. When a detection probe is introduced into the
cytoplasm, it will a) rapidly move to the nucleus and b)
the probe or the hybrid between the detection probe and
the target nucleic acid is rapidly digested by various
kinds of nuclease existing in the cytoplasm, which
renders the detection of the target nucleic acid difficult.
This can be circumvented by using an oligonucleotide
probe having a base sequence capable of hybridizing
to the specified base sequence of a target nucleic acid,
which is bound to a nuclear membrane unpermeable
molecule via a linker and labeled with a fluorescent dye;
forming a hybrid between the target nucleic acid and the

probe. A change in fluorescence of the fluorescent dye
due to formation of the hybrid thereby detects the exist-
ence of the target nucleic acid in the cytoplasm of a living
cell or any other background contaminated with DNAs-
es.
Another type of process for the detection of hybridized
nucleic acid takes advantage of the polymerase chain
reaction (PCR). The PCR process is well known in the
art (U.S. Pat. Nos. 4,683,195, 4,683,202, and
4,800,159). To briefly summarize PCR, nucleic acid
primers, complementary to opposite strands of a nucleic
acid amplification target sequence, are permitted to an-
neal to the denatured sample. A DNA polymerase (typ-
ically heat stable) extends the DNA duplex from the hy-
bridized primer. The process is repeated to amplify the
nucleic acid target. If the nucleic acid primers do not hy-
bridize to the sample, then there is no corresponding
amplified PCR product. In this case, the PCR primer
acts as a hybridization probe. PCR-based methods are
of limited use for the detection of nucleic acid of un-
known sequence.
In a PCR method, the amplified nucleic acid product
may be detected in a number of ways, e.g. incorporation
of a labeled nucleotide into the amplified strand by using
labeled primers. Primers used in PCR have been la-
beled with radioactivity, fluorescent dyes, digoxygenin,
horseradish peroxidase, alkaline phosphatase, acridin-
ium esters, biotin and jack bean urease. PCR products
made with unlabeled primers may be detected in other
ways, such as electrophoretic gel separation followed
by dye-based visualization.
Fluorescence techniques are also known for the detec-
tion of nucleic acid hybrids. U.S. Pat. No. 5,691,146 de-
scribes the use of fluorescent hybridization probes that
are fluorescence-quenched unless they are hybridized
to the target nucleic acid sequence. U.S. Pat. No.
5,723,591 describes fluorescent hybridization probes
that are fluorescence-quenched until hybridized to the
target nucleic acid sequence, or until the probe is digest-
ed. Such techniques provide information about hybridi-
zation, and are of varying degrees of usefulness for the
determination of single base variances in sequences.
Some fluorescence techniques involve digestion of a
nucleic acid hybrid in a 5' to 3' direction to release a flu-
orescent signal from proximity to a fluorescence
quencher, for example, TaqMan.RTM. (Perkin Elmer; U.
S. Pat. Nos. 5,691,146 and 5,876,930).
Real time PCR monitoring using fluorescence has been
described in several manners. Firstly, the binding of
double stranded DNA specific fluorescent dyes such as
ethidium bromide allows for the monitoring of the accu-
mulation of PCR product by correlation with increased
fluorescence. A second detection method, polymerase
mediated exonuclease cleavage utilises the 5' exonu-
clease activity of polymerases such as Taq. An oligonu-
cleotide probe that is complementary to the PCR prod-
uct, yet distinct from the PCR primer is labeled with a
FRET pair such that the donor molecule is quenched by
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an acceptor molecule. During PCR amplification, the 5'
exonuclease proceeds to digest the probe, seperating
the FRET pair and leading to increased fluorescence. A
variation on this technology uses a nucleic acid wherein
the FRET pair is internally quenched, for example, by
having a hairpin conformation. Upon hybridization to a
sequence of interest, the FRET pair is separated and
the donor molecule emits fluorescence. This technology
can be used, for example for the analysis of SNPs.
An alternative technology is based on the use of two
species of hybridization probes, each labeled with a
member of a FRET pair. Upon hybridization of both
probes to the target sequence in adequate proximity, a
fluorescent signal is emitted. Again, this technology may
be used for the detection of SNPs.
A major advantage of the use of such FRET based PCR
technologies is that the reaction may be monitored in a
closed tube reaction, suitable for use in high and medi-
um throughput and reducing the probability of contami-
nation.

Methods on extracting and detecting DNA in bodily
fluids

[0017] Methods for the detection of circulating DNA
are described in a number of articles. In the majority of
cases for separating the DNA from the biological sample
scientists rely on a kit supplied by Qiagen, called
QIAamp Blood Kit (Qiagen, Hilden, Germany):
For example in Jahr et al. (2001), Cancer Res 61:
1659-1655: "After having separated the plasma from
blood cells by centrifugation at 3000g for 20 min the
DNA from the blood plasma can be extracted using the
QIAamp Blood Kit (Qiagen, Hilden, Germany) using the
blood and body fluid protocol referring to Wong et al.
(1999), Cancer Res 59: 71-73 and Lo et al. (1998) Am.
J. Genet. 62: 768-775."
Wong et al. (1999), Cancer Res 59: 71-73: "Blood sam-
ples are centrifuged at 3000g and plasma and serum
are carefully removed from the EDTA-containing and
plain tubes, respectively, and transferred into plain poly-
propylene tubes. The buffy coat fraction from the EDTA-
containing tubes was also collected to study the pres-
ence of circulating tumor cells in the peripheral blood.
The samples were stored at -70C or -20C until further
processing. DNA from plasma and serum samples was
extracted using a QIAamp Blood Kit (Qiagen, Hilden,
Germany) using the blood and body fluid protocol as
recommended by the manufacturer (Chen et al. (1996).
Microsatellite alterations in plasma DNA of small cell
lung cancer patients. Nat Med 2: 1033-1035)."
Chen et al. : "Fresh frozen tissue was treated with SDS
and proteinase K followed by phenol and chloroform ex-
traction. Paraffin-embedded tissue was scraped from
the slides and washed in xylol to remove paraffin. After
the addition of one volume of ethanol, the mixture was
centrifuged, and the pellet was digested with proteinase
K and SDS, followed by phenol and chloroform extrac-

tion. Control Lymphoczte and plasma DNA were purified
on Qiagen columns(Qiamp Blood Kit, Basel, Switzer-
land) according to the "blood and body fluid protocol".
Plasma (1-3 ml) was passed on the same column. After
purification, 1 ml of plasma yields an average of 39 ng
of DNA.
[0018] The amounts of plasma DNA can be deter-
mined by competitive PCR according to the method of
Diviacco et al. (1992) Gene 122: 313-320, using for ex-
ample the Lamin B2 locus as a typical example for a
single copy gene. The competitor molecule carrying a
20-bp insert was obtained directly from two amplification
products by the overlap extension method (Diviacco et
al. (1992) Gene 122: 313-320).
Quantitation of competitive templates can be obtained
by OD260 measurement. A fixed amount of plasma
DNA can be mixed with increasing amounts of the com-
petitor template. For competitive PCR, two additional
primers need to be designed. After PCR amplification
and PAGE, two products are evidently corresponding to
genomic and competitor templates. The ratios of the
amplified products precisely reflect the initial concentra-
tion of genomic DNA versus that of the added compet-
itor. Quantitation of competitor and genomic bands can
be obtained by densitometric scanning of the ethidium
bromide stained gel.
The results obtained by means of competitive PCR can
be confirmed by quantitation with the control Kit DNA in
the LightCycler System (Roche Diagnostics) using the
LightCycler Control Kit DNA to amplify a 110 bp of the
human Beta-globin gene. The amplicon can be detected
by fluorescence using a specific pair of hybridization
probes (LC-Red 640).
[0019] A similar approach was used by Lee et al. to
quantify genomic DNA of serum and plasma samples
DNA by using reagents from an HIV assay kit (HIV Mon-
itor Assay, Roche Molecular Systems, Emeryville, CA).
Immediately after thawing, plasma and serum samples
were microcentrifuged at maximum speed (Microfuge II,
Beckman Instruments) for 5 minutes to produce clean
plasma or serum, free aggregates and non-specific pre-
cipitates. Plasma and/or serum (100ul) was removed
and deposited into a 1.5 ml microcentrifuge tube con-
taining 300 ul of working lysis reagent. The tube was
then agitated vigorously for 3-5 seconds and incubated
at room temperature for 10-15 minutes. After incubation,
400 ul of 100-percent isopropanol was added into each
tube, which was then agitated for 3-5 seconds and mi-
crocentrifuged at 10000g (12000 rpm Microfuge II,
Beckman Instruments)for 15 to 30 minutes at room tem-
peratures. Supernatant was removed and 1 ml of 70 per-
cent ethanol was added to each tube; these steps were
followed by microcentrifugation at 10.000 g for 5 - 10
minutes at room temperature. The supernatant was re-
moved and then the DNA pellets were left overnight at
room temperature to evaporate any remaining ethanol.
The pellet was resuspended in 100 ul of PCR solution
A (100 mM KCI, 10 mM Tris, 2.5 mM MgCl2. pH 8.3) and

13 14



EP 1 342 794 A1

9

5

10

15

20

25

30

35

40

45

50

55

PCR solution B (10 mM Tris, 2.5 mM MgCl2, 1% Tween-
20, 1% Nonidet P-40; pH 8.3).
Purified DNA was amplified with HLA DQ-alpha primers
or human γ-chromosome primers. Standard curves
were prepared and for quantification included in each
amplification (Lee et al. (2001) Transfusion 41:
276-282).
In the patent US 6156504 (Gocke et al.), which also re-
lates to the detection of tumor-associated extracellular
nuclec acid in plasma or serum fractions, an overview
is given on several methods on how to extract and detect
circulating DNA in blood and serum samples.
[0020] To determine the DNA concentration in a urine
sample the samples need to be fresh, because human
urine contains a nuclease activity (Botezatu et al. 2000).
The fresh samples are centrifuged 10 min at 800 g and
DNA is isolated from the supernatant as desccribed by
Labarca and Paigen (Labarca and Paigen (1980 ) Anal
Biochem 102: 344-352).
[0021] In summary, the state of the art is to develop
more and more nucleic acid based assays in order to
detect the presence or absence of tumor indicating pro-
tein or cDNA of tumor related genes, so called marker
genes in blood or other bodily fluids. The detection of
cancer specific alterations of genes involved in carcino-
genesis, like oncogene mutations or deletions, tumor
suppressor gene mutations or deletions, or microsatel-
lite alterations will then allow a prediction of the patient
to carry a tumor or not (for example patent WO 95/16792
or US 5,952,170 (Stroun et al.)). In an advanced stage
the aim will be to produce a kit that allows the scientist
to screen plenty of samples in little time with high accu-
racy. These kits will not only be of interest for an im-
proved preventive medicine and early detection of can-
cer but also to monitor a tumors performance after ther-
apy.
Also the detection of hypermethylation of certain genes,
especially of certain promoter regions, has been recog-
nized as an important indicator for the presence or ab-
sence of a tumor. To our knowledge so far all studies
that dealt with methylation analysis looked at the meth-
ylation status of certain marker genes, only. These
genes are known to play a role in the regulation of car-
cinogenesis or in other words are believed to determine
the switching on and off of tumorigenesis. Most ad-
vanced is the knowledge about methylation and pros-
tate cancer. Hence a method employing the methylation
analysis of a certain marker gene (GSTP1) indicating
prostate cancer using DNA from a bodily fluid has been
patented (US 5,552,277). The determination of the
methylation state of certain, yet to be identified indicator
genes might even become a useful tool to predict the
responsivness of a patient towards chemotherapy and
radiotherapy (Hanna et al. (2001) Cancer Res 61:
2376-2380). On the other hand all those screening ap-
proaches are limited to certain cancer types. This is be-
cause they are all limited in that they look for certain
marker genes, which are highly specific for a kind of can-

cer. The invention described in patent US 6,156,504
(Gocke et al.) also relates to the detection of extracel-
lular nucleic acid in plasma or serum fractions but the
patent only covers a method to detect mutated extracel-
lular K-ras nucleic acid in blood. This is another example
for the dependence of most assays on specific marker
genes, in this case the oncogene K-ras. For a number
of cancer types though these genes are not even known
yet. Also, in an early screen, when there is no reason to
assume that the patient suffers from a specific kind of
cancer, a screen would require to test for every possible
gene alteration known so far. This can be regarded as
unfeasible.
On the other hand, cell proliferative diseases cause ex-
tracellular DNA levels in blood and in other bodily fluids
to rise. To our knowledge the quantitation of extracellular
DNA in humans has never been used to predict the risk
of a patient to carry a cell proliferative disease like for
example cancer. Some reports have been published
where elevated levels of circulating DNA in blood of can-
cer patients are mentioned, but these were solely uti-
lized as a source for easier accessible DNA in order to
analyze its properties further (Jahr et al. 2001). It is also
known that these DNA molecules origin from the tissue
where the cells are dying, for whatever reason (as dis-
cussed above). Nevertheless, up to now there has been
a lack of know-how in order to determine the DNAs or-
igin and therefore it wasn't possible to link the general
result of increased DNA levels in a bodily fluid like blood
to the risk of a cell proliferative disease in a certain or-
gan. This lack has been due to the inavailabity of tissue
specific markers (Jahr et al. 2001), which would allow a
determination of the DNAs origin. This is exactly the gap
that our invention is able to close.
In short, the first result of an analysis of a bodily fluid
from a screen would be an information about the circu-
lating DNA level. In cases where this is elevated above
normal (average from healthy people), which so far has
not been seen as a significant risk factor on its own,
would now lead to a further analysis in terms of methyl-
ation analysis. Without having to guess, which kind of
cancer might be responsible for the emission of those
DNA levels and without needing to employ assays on
certain marker genes with our invention we will be able
to reveal the DNA's origin. This is based on the discov-
ery of tissue specific methylation patterns. With those
we are able to interpret a certain methylation pattern as
belonging to a certain tissue type.
[0022] It is therefore an object of the present invention
to provide a method that enables a) a prediction that the
patient is likely to suffer from a cell proliferative disease
from determining the level of free floating, circulating
DNA in his blood or other bodily fluid, and b) a prediction,
which tissue is releasing the DNA and therefore is likely
to carry the disease.
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BRIEF DESCRIPTION OF THE INVENTION

[0023] The present invention provides a method to
determine the presence or absence of a medical condi-
tion like cancer or another cell proliferative disease. The
method employs several steps starting with the retrieval
of a person's sample in form of a tissue sample or a bi-
ological fluid like blood, serum, urine or other fluids as
defined below and ending with the conclusive interpre-
tation of data from a methylation pattern analysis of DNA
captured from said sample, that gives information on the
likelihood of the person suffering from a said disease.
The method is based upon the quantification of free
floating DNA in said biological fluid and the consequent
determination of its methylation status. Determining the
latter allows to decide where (as in from which organ)
the potentially enhanced levels of DNA originate from.
This allows to predict if the individual carries a cell pro-
liferative disease like for example cancer in said organ.
To validate this, the next step could be to employ for
example a tailored test assay for disease indicating
marker gene expression specific for said organ or tis-
sue.
The idea to combine the quantitative analysis of DNA in
a biological sample like blood with the consequent anal-
ysis of its methylation state in order to predict its origin
is new and leads to new possibilities of screening large
populations for very early signs of for example cancer
even before clinical stages, when no other symptoms
are noticeable yet. As early detection is the most impor-
tant step in fighting a disease like cancer this method
provides an important improvement towards a success-
ful fight against these diseases. In addition the method
can be employed to monitor the progression of a tumor
after treatment and thereby allows to optimize the dos-
age of said treatment or adjusting to a different treat-
ment in a patient specific individual manner.

DETAILED DESCRIPTION OF THE INVENTION

[0024] 'Bodily fluid' herein refers to a mixture of mac-
romolecules obtained from an organism. This includes,
but is not limited to, blood, blood plasma, blood serum,
urine, sputum, ejaculate, semen, tears, sweat, saliva,
lymph fluid, bronchial lavage, pleural effusion, perito-
neal fluid, meningal fluid, amniotic fluid, glandular fluid,
fine needle aspirates, nipple aspirate fluid, spinal fluid,
conjunctival fluid, vaginal fluid, duodenal juice, pancre-
atic juice, bile and cerebrospinal fluid. This also includes
experimentally separated fractions of all of the preced-
ing. 'Bodily fluid' also includes solutions or mixtures con-
taining homogenized solid material, such as feces.
[0025] A 'methyl-specific agent' herein refers to any
chemical or enzyme interacting or reacting with nucleic
acids in such a way that it differentiates between a meth-
ylated and a non-methylated nucleobase. By acting spe-
cifically on either the one or the other or by interacting
with both in a different way it will be easier, by methods

available today, to differentiate between these nucleo-
bases than it has been before the interaction with said
'methyl-specific agents'. Examples for treatment with a
'methyl-specific agent' are the so called 'bisulfite treat-
ment' or treatment with methylation sensitive restriction
enzymes.
[0026] The term "bisulfite treatment" refers to the
method commonly known to the person skilled in the art.
Examples for the treatment can be found, for example,
in several of the references cited herein.
[0027] In the context of the present invention, the term
"hybridization" is to be understood as a bond of an oli-
gonucleotide to a completely complementary sequence
along the lines of the Watson-Crick base pairings in the
sample DNA, forming a duplex structure.
[0028] One aspect of the present invention is to detect
the presence or absence of and the monitoring of a dis-
ease in an individual, the disease being specified by
showing increased levels of free, non cellular bound
DNA in a bodily fluid as defined above. In a preferred
embodiment of this invention this disease is a cell pro-
liferative or neoplastic disease. In an especially pre-
ferred embodiment of this invention the disease is a type
of cancer.
The present invention provides a method for the analy-
sis of circulating nucleic acids. It discloses a means of
distinguishing between healthy (or diseased) tissues
from different sources in a human body. It is disclosed
that typical methylation patterns of certain genes can be
positively correlated with certain organs and tissues.
This allows the identification of free floating DNA's ori-
gin, or in other words to determine the organic source
of this circulating nucleic acids. This is done by in an
assay that detects methylation at specific CpG sites by
restriction enzyme analysis, or using a nucleic acid
based method.
[0029] The invention hereby provides a means for the
improved diagnosis, prognosis, staging and grading of
cancer, at a molecular level, by employing the capacity
to differentiate between sources of free floating DNA in
bodily fluids. Also this new tool will help to discover the
actual reason for the increase of nucleic acids in blood
or serum for example.
[0030] Furthermore, the disclosed invention provides
improvements over the state of the art in that current
methods of methylation analysis are based on histolog-
ical and cytological analyses that require a biopsy that
provides a sufficient amount of tissue. The method ac-
cording to the present invention can be used for classi-
fication of easily accessible samples like bodily fluids
that do not require a biopsy.
[0031] The invention further provides a method for de-
tecting the organic source of nucleic acids is character-
ized in that certain genes are contacted with a reagent
or series of reagents capable of distinguishing between
methylated and non methylated CpG dinucleotides with-
in given target sequences.
[0032] The present invention further makes available
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a method for ascertaining genetic and/or epigenetic pa-
rameters of genomic DNA.
[0033] In a preferred embodiment, the method com-
prises the following steps, which are described with ref-
erence to Figure 1 that shows a flow chart of the pre-
ferred method according to the present invention:
[0034] In the first step of the method, a sample is re-
trieved from a patient or individual in form of said bodily
fluids (as defined above). The retrieval of the said sam-
ple can be done in any way known to a person skilled
in the art. The detailed description can be found in rel-
evant technical articles and text books that describe the
state of the art. This includes but is not limited to ven-
tricular puncture, also known as CSF collection, a pro-
cedure to obtain a specimen of cerebrospinal fluid
(CSF); thoracentesis, referring to inserting a needle be-
tween the ribs into the chest cavity, using a local anes-
thetic to obtain the pleural effusion fluid; amniocentesis,
referring to a procedure performed by inserting a hollow
needle through the abdominal wall into the uterus and
withdrawing a small amount of fluid from the sac sur-
rounding the fetus; but also urine, sperm and sputum
collection.
[0035] In a preferred embodiment the samples are ob-
tained from any bodily fluids as mentioned in the defini-
tion above. In a further preferred embodiment the sam-
ples are obtained from whole blood, blood serum, urine,
saliva or ejaculate from said individual.
In a second step, the extracellular nucleic acids from the
bodily fluid are quantified. On this purpose the free float-
ing nucleic acids may be extracted and/or separated
from RNA if necessary. However the following steps are
also enabled without doing any of the aforementioned
treatment. Also, the DNA may be purified, or otherwise
conditioned and prepared, before quantification. Purifi-
cation may be done for example on Qiagen columns
supplied in the Qiamp Blood Kit as described in Chen
et al. (1996) (Nature medicine 2, 1033-1035). The quan-
titation may take place either immediately after retrieval
of the sample or after an unspecified time of storage of
said sample. In a preferred embodiment of the method
the free floating DNA will be separated from the cell
bound DNA via centrifugation either after the amount of
total DNA in said sample (including the cell bound) has
been determined or without determining the cell bound
DNA at all.
[0036] Any process mentioned in step 2 may be done
by means that are standard to one skilled in the art,
these include the use of detergent lysates, sonification
and vortexing with glass beads. In a preferred embodi-
ment the sample is also conditioned by means of pres-
ervation, like heating or adding chemicals to deactivate
or inhibit deoxyribonucleases or other nucleic acid de-
grading enzymes; storage at reduced (below room tem-
perature) or not reduced temperatures; cooling; heating;
the addition of detergents; filtering and/or centrifugation.
For example the sample may be treated with proteinase
K (from Boehringer Mannheim) and sodium dodecyl sul-

fate at 48°C overnight before separating out the DNA
as described in Eisenberger et al (1999) (J Natl Cancer
Inst 91: 2028-2032) for serum samples.
Also conditioning in this context comprises applying
methods to concentrate the DNA in said sample. These
methods can be either one or several of the methods
mentioned in the description of prior art and may be any
by means that are standard to one skilled in the art.
Some of those are described in detail in Appendix E of
the well known lab manual Sambrook, Fritsch and Ma-
niatis (1989) Molecular Cloning - A Laboratory Manual
(second edition): precipitation of DNA in microfuge
tubes, precipitation of RNA with ethanol, concentrating
nucleic acids by extraction with butanol (vol 2: E.12, E.
15 and E.16 respectively).
In preferred embodiments conditioning can also mean
any kind of chemical treatment, like adding an anti-co-
agulant, treatment with reducing agents, treatment with
intercalating chemicals or chemicals that build covalent
bonds with the DNA.
In a preferred embodiment the DNA may be cleaved pri-
or to the chemical treatment, this may be by any means
standard in the state of the art, in particular with restric-
tion endonucleases.
The quantitation of the free floating DNA may also be
done by any means that are standard to one skilled in
the art. Commonly used techniques are based on spec-
trophotometric and/or fluorometric analyses, for exam-
ple: the concentration of a dilute sample of plasmid DNA
purified by two passes through an ethidium bromide -
cesium chloride (EtBr-CsCI) centrifugation gradient can
either be determined on an for example LKB Biochrom
Ultrospec II spectrophotometer for absorbance at wave-
lengths of 260 nm and 280 nm, or it can be tested for
emission of 460 nm on the Hoefer TKO 100 mini-fluor-
ometer in the presence of bisbenzimidizole, a fluores-
cent dye known as Hoechst H 33258 (manufactured by
American Hoechst Corporation), that has an excitation
maximum at 356 nm and an emission maximum of 458
when bound to DNA (Labarca and Paigen (1980) Anal.
Biochem. 102, 344-352). The spectrophotometer de-
tects absorbance due to RNA as well as DNA, while the
Hoechst dye used in the fluorometer interacts specifi-
cally with adenosine and thymidine residues of DNA. In
a preferred embodiment the Invitrogen's nucleic acid
quantitation DNA Dipstick[TM] kit is used, which is
claimed to be sensitive enough to detect as little as 0.1
ng/ul of nucleic acid. Unfortunately, the method cannot
be used with samples containing more than 10 ng/ul of
nucleic acids ( Trends in Biochemical Sciences 19,
46-47).
The total amount of free floating DNA may be measured
for example by intercalating fluorescent dyes or other
dyes changing their fluorescence properties when bind-
ing to DNA, and also by hybridization to DNA specific
probes including, but not limited to oligonucleotides or
PNA (peptide nucleic acid) oligomers, real time PCR as-
says or other real time amplification procedures, UV-Vis
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absorbance or in general amplification procedures with
subsequent determination of the amount of product
formed.
[0037] In a third step, the methylation pattern of the
free floating DNA is determined in order to discover
where the majority of DNA origins from.
In order to do so, the nucleic acid sample is first treated
with a 'methyl-specific agent' like, but not limited to, bi-
sulfite or with for example methylation sensitive restric-
tion enzymes. In a preferred embodiment the extracell-
ullar nucleic acids are chemically treated in such a man-
ner that cytosine bases which are unmethylated at the
5'-position are converted to uracil, thymine, or another
base which is dissimilar to cytosine in terms of hybridi-
zation behavior. This will be understood as treatment
with a 'methyl-specific agent'. Said chemical conversion
may take place in any format standard in the art. This
includes but is not limited to modification within agarose
gel or in denaturing solvents. The nucleic acid may be,
but doesn't have to be, concentrated and/or otherwise
conditioned before the said nucleic acid sample is treat-
ed with said agent. In this third step of the method, it is
preferred that the above described treatment of extra-
cellular nucleic acids is carried out with bisulfite (sulfite,
disulfite) and subsequent alkaline hydrolysis, which re-
sults in a conversion of non-methylated cytosine nucle-
obases to uracil or to another base which is dissimilar
to cytosine in terms of base pairing behavior.
The double stranded DNA is preferentially denatured.
This may take the form of a heat denaturation carried
out at variable temperatures. The denaturation temper-
ature is generally depending on the buffer but for high
molecular weight DNA it can be as high as 90°C. How-
ever, the analysis may be upon smaller fragments which
do not require such high temperatures. In addition as
the reaction proceeds and the cytosine residues are
converted to uracil the complementarity between the
strands decreases. Therefore, a cyclic reaction protocol
may consist of variable denaturation temperatures.
The bisulfite conversion then consists of two important
steps, the sulfonation of the cytosine and the subse-
quent deamination. The equilibra of the reaction are on
the correct side at two different temperatures for each
stage of the reaction. The temperatures and length at
which each stage is carried out may be varied according
to the specific requirement of the situation. However, a
preferred variant of the method comprises a change of
temperature from 4°C (10 minutes) to 50°C (20 min-
utes). This form of bisulfate treatment is state of the art
with reference to WO 99/28498.
[0038] Said chemical conversion may take place in
any format standard in the art. This includes but is not
limited to modification within agarose gel, in denaturing
solvents or within capillaries.
[0039] In preferred embodiments bisulfite conversion
within agarose gel will be done as described by Olek et
al, Nucl. Acids. Res. 1996, 24, 5064-5066. The DNA
fragment is embedded in agarose gel and the conver-

sion of cytosine to uracil takes place with hydrogen-
sulfite and a radical scavenger. The DNA may then be
amplified without need for further purification steps.
[0040] Furthermore, the specific modifications in said
nucleic acids caused by said treatment are detected by
use of the standard methods as described below.
For a number of healthy organs and tissues certain CpG
sites have been identified and are disclosed in this in-
vention that are specifically methylated. From the pool
of different nucleic acids circulating in the bodily fluid,
these sites are tested for their methylation status. This
is done in a way as described below: Fragments of the
chemically pretreated DNA are amplified, using sets of
primer oligonucleotides and a, preferably heat-stable
polymerase. Because of statistical and practical consid-
erations, preferably more than ten different fragments
having a length of 100 - 2000 base pairs are amplified.
The amplification of several DNA segments can be car-
ried out simultaneously in one and the same reaction
vessel. Usually, the amplification is carried out by means
of a polymerase chain reaction (PCR).
The method may also be enabled by the use of alterna-
tive primers, the design of such primers is obvious to
one skilled in the art. These should include at least two
oligonucleotides whose sequences are each reverse
complementary or identical to an at least 18 base-pair
long segment of the base sequences. Said primer oli-
gonucleotides are preferably characterized in that they
do not contain any CpG dinucleotides. In a particularly
preferred embodiment of the method, the sequence of
said primer oligonucleotides are designed so as to se-
lectively anneal to and amplify, only the tissue specific
DNA of interest, thereby minimizing the amplification of
background or non relevant DNA. In the context of the
present invention, background DNA is taken to mean
genomic DNA which does not have a relevant tissue
specific methylation pattern, in this case, the relevant
tissue being one tissue out of the plenty we have found
marker genes for, both healthy and diseased.
[0041] According to the present invention, it is pre-
ferred that at least one primer oligonucleotide is bound
to a solid phase during amplification. The different oli-
gonucleotide sequences can be arranged on a plane
solid phase in the form of a rectangular or hexagonal
lattice, the solid phase surface preferably being com-
posed of silicon, glass, polystyrene, aluminum, steel,
iron, copper, nickel, silver, or gold, it being possible for
other materials such as nitrocellulose or plastics to be
used as well.
[0042] The fragments obtained by means of the am-
plification can carry a directly or indirectly detectable la-
bel. Preferred are labels in the form of fluorescence la-
bels, radionuclides, or detachable molecule fragments
having a typical mass which can be detected in a mass
spectrometer, it being preferred that the fragments that
are produced have a single positive or negative net
charge for better detectability in the mass spectrometer.
The detection may be carried out and visualized by
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means of matrix assisted laser desorption/ionization
mass spectrometry (MALDI) or using electron spray
mass spectrometry (ESI).
The amplificates obtained are subsequently hybridized
to an array or a set of oligonucleotides and/or PNA (pep-
tide nucleic acid) probes. In this context, the hybridiza-
tion takes place in the manner described in the following.
The set of probes used during the hybridization is pref-
erably composed of at least 10 oligonucleotides or PNA-
oligomers. In the process, the amplificates serve as
probes, which hybridize to oligonucleotides previously
bonded to a solid phase. The non-hybridized fragments
are subsequently removed. Said oligonucleotides con-
tain at least one base sequence having a length of 10
nucleotides which is reverse complementary or identical
to a segment of the base sequences specified in the ap-
pendix, the segment containing at least one CpG dinu-
cleotide. The cytosine of the CpG dinucleotide is the 5th

to 9th nucleotide from the 5'-end of the 10-mer. One ol-
igonucleotide exists for each CpG dinucleotide. Said
PNA-oligomers contain at least one base sequence
having a length of 9 nucleotides which is reverse com-
plementary or identical to a segment of the base se-
quences specified in the appendix, the segment con-
taining at least one CpG dinucleotide. The cytosine of
the CpG dinucleotide is the 4th to 6th nucleotide seen
from the 5'-end of the 9-mer. Preferably one oligonucle-
otide exists for each CpG dinucleotide.
[0043] In the next step, the non-hybridized amplifi-
cates are removed.
[0044] In the final step of this procedure, the hybrid-
ized amplificates are detected. In this context, it is pre-
ferred that labels attached to the amplificates are iden-
tifiable at each position of the solid phase at which an
oligonucleotide sequence is located.
[0045] According to the present invention, it is pre-
ferred that the labels of the amplificates are fluores-
cence labels, radionuclides, or detachable molecule
fragments having a typical mass which can be detected
in a mass spectrometer. The mass spectrometer is pre-
ferred for the detection of the amplificates, fragments of
the amplificates or of probes which are complementary
to the amplificates, it being possible for the detection to
be carried out and visualized by means of matrix assist-
ed laser desorption/ionization mass spectrometry
(MALDI) or using electron spray mass spectrometry
(ESI). The produced fragments may have a single pos-
itive or negative net charge for better detectability in the
mass spectrometer.
[0046] The methylation patterns found in the tested
sample will be identified as belonging to a certain tissue
or organ. This is done by checking the methylation pat-
tern of certain organ specific marker genes or by com-
paring the methylation pattern of a broader range of sev-
eral genes to the pattern of those same genes when ex-
tracted from different tissues and organs. An individual
dataset is compared to data received in previous studies
or a dataset obtained in a parallel experiment on a con-

trol fluid.
This analysis will reveal the predominance of a certain
source of DNA. Thereby the amount of free floating DNA
that originates from this tissue, specified in that it is
showing a certain specific methylation status, relative to
the total amount of free floating DNA is determined.
[0047] In a fourth step, the presence or absence of a
medical condition in said organ is determined by com-
paring the individual's test result, regarding the ratio of
a single sourced DNA to the amount of total DNA, with
the dataset that was built up in house in previous stud-
ies. This is based on the ratio of the fraction of free float-
ing DNA that originates from a specific tissue or organ
and the total amount of free floating DNA. Based on
these results it is posssible to identify patients with ab-
normal amounts of DNA of a certain organ or tissue, as
in increased by more than 10% above a value defined
as "normal", in their bodily fluids. In a preferred embod-
iment it is possible to positively identify patients with free
floating DNA levels increased by at least but not limited
to 20% above a value defined as normal. In a further
preferred embodiment it is possible to identify patients
with an increased level of free floating DNA, specified
in increased by at least but not limited to 40% above
normal.
Furthermore and most importantly the said analysis will
not only tell that the patients DNA level are increased
but also reveal the possible cause of it, as in specifying
where this extracellular DNA comes from. This will give
the doctor or clinician involved a valueable tool to iden-
tify a disease in its very early days, even before notica-
ble symptoms might have occurred.
[0048] The invention provides a method as described
above characterized in that the said methylation pattern
is found to be specific for said organ or tissue with re-
gards to other organs or tissues. In a preferred embod-
iment the method is characterized in that the said meth-
ylation pattern is found to be specific for said organ or
tissue with regards to methylation patterns that can be
found in DNA from other organs or tissues, specified by
the fact that it is not found in other organs or tissues
which are involved in the medical condition of interest
and thereby independent of the medical condition the
patient might be diagnosed with.
[0049] In a further preferred embodiment the method
is characterized in that the said methylation pattern is
found to be specific for said organ or tissue with regards
to other organs or tissues when the medical condition
the patient is diagnosed with is a tumor or another cell
proliferative disease.
[0050] The invention provides a method for determin-
ing the fraction of free floating DNA in a bodily fluid that
originates from an organ or tissue of interest, character-
ized in that the following steps are carried out: First, re-
trieving a bodily fluid sample from said individual as de-
scribed above; second, detecting the amount of total
free floating DNA in said sample as described above;
third determining the amount of free floating DNA that
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originates from a specific tissue or organ by determining
the amount of free floating DNA that has a methylation
pattern characteristic for a specific tissue which was de-
termined previously; fourth, determining the fraction of
total free floating DNA which originates from said tissue
or organ; fifth, concluding, if there is an abnormal level
of total free floating DNA, whether this DNA originates
from said tissue or organ and sixth, concluding whether
a medical condition associated with said tissue or organ
is present.
[0051] In a further embodiment the invention provides
a method for determining the fraction of free floating
DNA in a bodily fluid that originates from an organ or
tissue of interest, characterized in that the following
steps are carried out: First, retrieving a bodily fluid sam-
ple from said individual; second, conditioning said sam-
ple to prepare the binding of free floating DNA to a sur-
face; third, detecting the amount of total free floating
DNA by measuring the amount of DNA bound to said
surface; fourth, subjecting said surface with the immo-
bilized DNA to a chemical and/or enzymatic treatment
that converts all unmethylated cytosines in the DNA into
uracil but leaving in position 5 methylated cytosines un-
changed as described above; fifth, amplifying the treat-
ed DNA; sixth, analyzing several positions in said treat-
ed DNA and determining the amount of DNA that has a
tissue specific DNA methylation pattern which was de-
termined previously; seventh, determining the fraction
of total free floating DNA that originates from said tissue
or organ.
[0052] In a further embodiment the method includes
the following steps: If there is an abnormal level of total
free floating DNA it is concluded whether this DNA orig-
inates from said tissue or organ and whether a medical
condition associated with said tissue or organ is present.
[0053] The present invention is also directed to a
method for diagnosing a disease or medical condition
that comprises any of the methods that are disclosed in
this invention.
[0054] In addition the invention discloses the means
to produce a device to determine the total amount of free
floating DNA in a bodily fluid, comprising a surface to
bind DNA floating in a sample volume of bodily fluid and
a means for detecting the amount of DNA bound to this
solid surface. The device is further characterized in that
it comprises a chamber to host the surface and reagents
to chemically or enzymatically modify the DNA bound to
said surface and a means to control and adjust the tem-
perature in this chamber.
Said surface may be the same as described and used
in the DNA DipStickTM kit (supplied by Invitrogen) or of
other means enabling DNA to selectively bind to a ma-
terial applicated to some unspecified kind of carrier,
which might be either mobile or fixed. The binding may
for example be based on unspecific hybridization of nu-
cleic acids. The quantification of DNA bound to said sur-
face may be carried out by any means standard to an-
yone skilled in the art or for example following instruc-

tions given in the DNA DipStickTM Kit. Furthermore the
invention discloses the means how to produce a cham-
ber or similar kind of closed environment to host said
surface together with the required reagents and / or en-
zymes to modify the DNA bound to said solid surface.
The means to control and adjust the temperature in this
chamber may be done by means that are standard to
anyone skilled in the art, for example by fixing an elec-
tronic thermometer or any device able to read the tem-
perature and connect it to a chip programmed to react
in a certain way by switching on a cooling or heating unit.
However, a kit along the lines of the present invention
can also contain only parts of the aforementioned com-
ponents and may not include the device. It may be com-
posed, for example, of a bisulfite-containing reagent, a
set of primer oligonucleotides containing at least two ol-
igonucleotides whose sequences in each case corre-
spond or are complementary to a 18 base long segment
of a specific base sequence, oligonucleotides and/or
PNA (peptide nucleic acid)-oligomers as well as instruc-
tions for carrying out and evaluating the described meth-
od.

Claims

1. A method for detecting the presence or absence of
a medical condition in a tissue or organ of an indi-
vidual, comprising the following steps:

a) retrieving a bodily fluid sample from said in-
dividual;
b) determining the amount of total free floating
DNA in said sample;
c) determining the amount of free floating DNA
that originates from said tissue or organ in said
sample;
d) determining the presence or absence of a
medical condition based on the total amount of
free floating DNA and the fraction of free float-
ing DNA that originates from said tissue or or-
gan.

2. A method according to claim 1, characterized in
that the sample is conditioned before the amount
of free floating DNA is detected.

3. A method according to claim 2, characterized in
that the sample is conditioned by means of centrif-
ugation, filtering, heating, cooling, concentration or
chemical treatment.

4. A method according to one of the preceding claims,
characterized in that the amount of DNA originat-
ing from a certain organ or tissue is determined by
analyzing a DNA methylation pattern that is charac-
teristic for said organ or tissue.
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5. A method according to claim 4, characterized in
that said methylation pattern is found in said organ
or tissue and not in other organs or tissues involved
in the medical condition of interest.

6. A method according to one of the preceding claims,
characterized in that the medical condition is a tu-
mor or another cell proliferative disease.

7. A method according to one of the preceding claims,
characterized in that the samples are obtained
from bodily fluids like whole blood, blood plasma,
blood serum, urine, sputum, ejaculate, semen,
tears, sweat, saliva, lymph fluid, bronchial lavage,
pleural effusion, peritoneal fluid, meningal fluid, am-
niotic fluid, glandular fluid, fine needle aspirates,
nipple aspirate fluid, spinal fluid, conjunctival fluid,
vaginal fluid, duodenal juice, pancreatic juice, bile
and cerebrospinal fluid from said individual.

8. A method according to one of the preceding claims,
characterized in that the methylation pattern is de-
termined by subjecting the DNA to a chemical or
enzymatic treatment that converts all unmethylated
cytosines in the DNA into uracil but leaving position
5-methylated cytosines unchanged.

9. A method for determining the fraction of free floating
DNA in a bodily fluid that originates from an organ
or tissue of interest, comprising the following steps:

a) retrieving a bodily fluid sample
b) detecting the amount of total free floating
DNA in said sample;
c) determining the amount of free floating DNA
that originates from said tissue or organ by de-
termining the amount of free floating DNA that
has a tissue or organ characteristic DNA meth-
ylation pattern;
d) determining the fraction of total free floating
DNA that originates from said tissue or organ;
e) concluding, whether there is an abnormal
level of free floating DNA that originates from
said tissue or organ and
f) concluding whether a medical condition as-
sociated with said tissue or organ is present.

10. A method for determining the fraction of free floating
DNA in a bodily fluid that originates from an organ
or tissue of interest, comprising the following steps:

a) retrieving a bodily fluid sample;
b) conditioning said sample to prepare the bind-
ing of free floating DNA to a surface;
c) binding at least part of said DNA to said sur-
face;
d) detecting the amount of total free floating
DNA by measuring the amount of DNA bound

to said surface;
e) subjecting said surface comprising said
bound DNA to a chemical and/or enzymatic
treatment that converts all unmethylated cy-
tosines in the DNA into uracil but leaving posi-
tion-5 methylated cytosines unchanged;
f) amplifying the treated DNA;
g) analyzing several positions in said treated
DNA and determining the amount of DNA that
has a tissue or organ-characteristic DNA meth-
ylation pattern; and
h) determining the fraction of total free floating
DNA that originates from said tissue or organ.

11. The method of claim 10, characterized in that the
following additional steps are carried out:

e) concluding, whether this DNA originates
from said tissue or organ, if there is an abnor-
mal level of total free floating DNA; and
f) concluding, whether a medical condition as-
sociated with said tissue or organ is present.

12. A method according to one of the preceding claims,
characterized in that the total amount of free float-
ing DNA is measured by intercalating fluorescent
dyes or other dyes changing their fluorescence
properties when binding to DNA, hybridization to
DNA specific probes including, but not limited to ol-
igonucleotides or PNA oligomers, real time PCR as-
says or other real time amplification procedures,
UV-Vis absorbance or in general amplification pro-
cedures with subsequent determination of the
amount of product formed.

13. A method for diagnosing a disease or medical con-
dition using a method according to one of the pre-
ceding claims.

14. A kit for determining the total amount of free floating
DNA in serum, comprising:

- a surface to bind DNA floating in a sample vol-
ume of bodily fluid

- a means for detecting the amount of DNA
bound to this solid surface

- reagents to chemically or enzymatically modify
the DNA bound to the surface

- a chamber to host the surface and said rea-
gents

- a means to control and adjust the temperature
in this chamber.
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