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(57) ABSTRACT 

The present invention provides methods for determining the 
methylation status of CpG-containing dinucleotides on a 
genome-Wide scale using infrequent cleaving, methylation 
sensitive restriction endonucleases and two-dimensional gel 
electrophoretic display of the resulting DNA fragments. 
Such methods can be used to diagnose cancer, classify 
tumors and provide prognoses for cancer patients. The 
present invention also provides isolated polynucleotides and 
oligonucleotides comprising CpG dinucleotides that are 
differentially methylated in malignant cells as compared to 
normal, non-malignant cells. Such polynucleotides and oli 
gonucleotides are useful for diagnosis of cancer. The present 
invention also provides methods for identifying neW DNA 
clones Within a library that contain speci?c CpG dinucle 
otides that are differentially methylated in cancer cells as 
compared to normal cells. 
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DETECTION OF METHYLATED CPG RICH 
SEQUENCES DIAGNOSTIC FOR MALIGNANT 

CELLS 

[0001] This invention Was conducted, at least in part, With 
government support under National Institutes of Health 
Grants No: P30 CA16058 and CA80912 awarded by the 
National Cancer Institute. The US. government has certain 
rights in the invention. 

BACKGROUND OF THE INVENTION 

[0002] Diagnosis of cancer, classi?cation of tumors, and 
cancer-patient prognosis all depend on detection of proper 
ties inherent to cancer, or malignant cells, that are absent in 
normal, nonmalignant cells. Since cancer is largely a genetic 
disease, resulting from and associated With changes in the 
DNA of cells, one important method of diagnosis is through 
detection of related changes Within the DNA of cancer cells. 
Such changes can be of tWo types. The ?rst type of change 
is a genetic change that occurs When the sequence of 
nucleotide bases Within the DNA is changed. Base changes, 
deletions and insertions in the DNA are eXamples of such 
genetic changes. The second type of change in the DNA is 
an epigenetic change. Epigenetic changes do not result in 
nucleotide sequence changes, but rather, result in modi?ca 
tion of nucleotide bases. The most common type of epige 
netic change is DNA methylation. 

[0003] In mammalian cells, DNA methylation consists 
exclusively of addition of a methyl group to the 5-carbon 
position of cytosine nucleotide bases. In the process, 
cytosine is changed to 5-methylcytosine. Cellular enZymes 
carry out the methylation events. Only cytosines located 5‘ 
to guanosines in CpG dinucleotides are methylated by the 
enZymes in mammalian cells. Such CpG dinucleotides are 
not distributed randomly throughout the genome. Instead, 
there are regions of mammalian genomes Which contain 
many CpG dinucleotides, While other areas of the genome 
contain feW CpG dinucleotides. Such CpG-rich areas of the 
genome are called “CpG islands.” Most often, CpG islands 
are located in the transcriptional promoter regions of genes. 

[0004] Not all CpG islands are methylated. HoWever, the 
methylation status of CpG islands (i.e., Whether the CpG 
dinucleotides Within a particular CpG island are methylated 
or not) is relatively constant in cells. Nevertheless, the 
pattern of CpG island methylation can change and, When it 
does, often a neW, relatively stable methylation pattern is 
established. Such changes in methylation of CpG islands can 
be either increases or decreases in methylation. 

[0005] Methylation of CpG islands in the promoter region 
of a feW speci?c genes has been observed in some types of 
human cancer. HoWever, at present it is still uncertain 
Whether the methylation status of multiple CpG islands in 
the genomic DNA of subjects suspected of having cancer 
can be used as a diagnostic tool for determining Whether or 
not tissue obtained from such subjects contain malignant 
cells. 

SUMMARY OF THE INVENTION 

[0006] The present invention relates to methods for iden 
tifying CpG islands Which are diagnostic of one or more 
cancers in a subject. The method employs restriction land 
mark genomic scanning (RLGS) techniques and comprises 
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separately digesting genomic DNA Which has been obtained 
from malignant cells derived from a particular tumor tissue 
and genomic DNA Which has been obtained from control 
cells derived from healthy tissue With an infrequently cutting 
restriction enZyme that is not capable of cleaving methylated 
recognition sites to provide a ?rst set of DNA restriction 
fragments from the tumor tissue, referred to hereinafter as 
“malignant cell restriction fragments”, and a ?rst set of DNA 
restriction fragments from the healthy tissue, referred to 
hereinafter as “control cell restriction fragments”; attaching 
a detectable label to the ends of the malignant and control 
cell restriction fragments; digesting the labeled malignant 
and control cell restriction fragments With a second restric 
tion enZyme; separating each set of restriction fragments on 
a gel; digesting the restriction fragments in each of the gels 
With a third more frequently cutting restriction enZyme; 
electrophoresing each set of restriction fragments in a direc 
tion perpendicular to the ?rst direction to provide a ?rst 
pattern of detectable malignant cell restriction fragments and 
a second pattern of detectable control cell restriction frag 
ments; and comparing the second pattern to the ?rst pattern 
to identify control cell restriction fragments, hereinafter 
referred to as “diagnostic fragments”, Which are absent, or 
eXhibit an decreased intensity of label in the ?rst pattern. 
Such fragments comprise CpG islands that are methylated in 
the malignant cells. Such patterns are useful for character 
iZing tissue Which is suspected of containing malignant 
cells. Preferably, each of the diagnostic fragments is then 
isolated and sequenced, at least in part. In one preferred 
embodiment, the ?rst restriction enZyme is NotI. In another 
preferred embodiment, the ?rst restriction enZyme is AscI. 
Advantageously, the present method permits the detection of 
numerous methylation sites Within the entire genome. In 
accordance With the present method, applicants have deter 
mined that particular CpG islands are preferentially methy 
lated in DNA obtained from tumor tissues of subjects 
diagnosed as having breast cancer, glioma, acute myeloid 
leukemia, primitive neuroectodermal tumors of childhood, 
colon cancer, head and neck cancer, testicular cancer, and 
lung cancer. 

[0007] The present invention also provides isolated poly 
nucleotides, referred to hereinafter as “CpG diagnostic poly 
nucleotides”, and isolated oligonucleotides referred to here 
inafter as “CpG diagnostic oligonucleotides”, Which are 
useful for characteriZing tissue samples obtained from a 
subject suspected of having gliomas, acute myeloid leuke 
mia, primitive neuroectodermal tumors of childhood, or 
cancer of the breast, colon, head and neck, testicle or lung. 
The CpG diagnostic polynucleotides and oligonucleotidess 
both comprise a sequence Which contains CpG islands that 
have been shoWn to be preferentially methylated in DNA 
that has been obtained from malignant cells of subjects 
diagnosed as having breast cancer, glioma, acute myeloid 
leukemia, primitive neuroectodermal tumor of childhood, 
colon cancer, head and neck cancer, testicular cancer or lung 
cancer. The CpG diagnostic polynucleotides are from 35 to 
3000, preferably, 35 to 100 nucleotides in length, and 
comprise from 15 to 34, preferably 18 to 25 of the consecu 
tive nucleotides contained With the sequences depicted in the 
accompanying DNA sequence listing, or sequences Which 
are complementary thereto. The CpG diagnostic polynucle 
otides comprise tWo or, preferably, more CpG dinucleotides 
or dinucleotides Which are complementary thereto. The CpG 
diagnostic oligonucleotides are from 15 to 34 nucleotides in 
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length and comprise from 15 to 34 consecutive nucleotides 
contained Within the sequences depicted in the sequence 
listing, or sequences Which are complementary thereto. The 
CpG oligonucleotides comprises tWo or more CpG dinucle 
otides, or dinucleotides Which are complementary thereto. 

[0008] The present invention also relates to methods 
Which employ the CpG diagnostic polynucleotides and 
oligonucleotides of the present invention to characteriZe 
tissue from patients suspected of having cancer. Such meth 
ods are based on the methylation status of CpG islands that 
have been shoWn to be preferentially methylated in DNA 
that has been obtained from tumor tissues of subjects 
diagnosed as having breast cancer, glioma, acute myeloid 
leukemia, primitive neuroectodermal tumor of childhood, 
colon cancer, head and neck cancer, testicular cancer and 
lung cancer. In one method, DNA Which is isolated from 
suspected tumor tissue from a subject is digested into 
smaller fragments and reacted With a CpG diagnostic poly 
nucleotide under stringent hybridiZation conditions. The 
reaction products are then assayed to determine the siZe or 
the sequence of the DNA fragment With Which the CpG 
diagnostic polynucleotide has hybridiZed. The siZe or the 
sequence of the DNA fragment to Which the CpG diagnostic 
polynucleotide has hybridiZed, hereinafter referred to as the 
“target DNA fragment”, indicates Whether the target DNA 
fragment comprises methylated or non-methylated CpG 
islands. The presence of methylated CpG islands in the 
target DNA fragment indicates that the DNA has been 
obtained from a tumor or neoplasm for Which the diagnostic 
CpG polynucleotide serves as a diagnostic marker. 

[0009] In another method the DNA from the suspected 
tumor tissue is treated With a chemical compound Which 
converts non-methylated cytosines to a different nucleotide 
base. An example of such a compound is sodium bisul?te 
Which converts non-methylated cytosines to uracil. The 
DNA is then reacted With at CpG diagnostic oligonucle 
otides under conditions Which permit the CpG diagnostic 
oligonucleotide to hybridiZe With a complementary 
sequence in the DNA, referred to hereinafter as the “target 
sequence”. The DNA is also reacted With a modi?ed CpG 
diagnostic oligonucleotide. The modi?ed CpG diagnostic 
oligonucleotide comprises a sequence that is complementary 
to a modi?ed target sequence, i.e., a sequence in Which the 
non-methylated cytosines in the target sequence are con 
verted to a different nucleotide base, e. g. uracil, When treated 
With a chemical compound. The reaction products are then 
assayed to determine Whether the DNA contains sequences 
Which have hybridiZed With the CpG diagnostic oligonucle 
otide or With the modi?ed CpG diagnostic oligonucleotide. 
Hybridization of the sample DNA With the CpG diagnostic 
oligonucleotide, as opposed to the modi?ed CpG diagnostic 
oligonucleotide, indicates that the cytosines in the target 
sequence are methylated and that the DNA sample has been 
obtained from a tumor or neoplasm for Which the CpG 
oligonucleotide has been shoWn to serve as a diagnostic 
marker. 

[0010] The present invention also relates to a method of 
identifying genes Whose expression is increased or 
decreased in cancer cells. 

BRIEF DESCRIPTION OF THE FIGURES 

[0011] FIG. 1. Methylation detection in restriction land 
mark genomic scanning (RLGS) pro?les. A, Diagram of the 
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RLGS procedure shoWing the quantitative nature of methy 
lation detection on NotI fragments displayed on RLGS 
pro?les. Methylation detection in RLGS pro?les depends on 
the methylation sensitivity of the endonuclease activity of 
NotI. Differences in digestion are assessed by radiolabelling 
the DNA at cleaved NotI sites. FolloWing further endonu 
clease digestion, tWo-dimensional electrophoretic separation 
and autoradiography, the intensity of a DNA fragment on the 
resultant RLGS pro?le quantitatively re?ects the copy num 
ber and methylation status of the NotI fragment. A priori, 
this alloWs NotI fragments containing single-copy CpG 
islands to be distinguished from the abundant NotI frag 
ments present in repeat elements and rDNA sequences. B, A 
portion of an RLGS pro?le from normal peripheral blood 
lymphocyte DNA displaying nearly 2,000 single-copy NotI 
fragments and 15-20 high copy-number fragments. First 
dimension separation of labeled NotI/EcoRV fragments 
extends from right to left horiZontally. FolloWing in-gel 
digestion With HinfI, the fragments are separated vertically 
doWnWard into a polyacrylamide gel and autoradiographed. 
To alloW uniform comparisons of RLGS pro?les from 
different samples and different laboratories, each fragment is 
given a three-variable designation (Y coordinate, X coordi 
nate, fragment number). The central region of the RLGS 
pro?le used for all comparisons described in this invention 
has 28 sections (1-5 vertically and B-G horiZontally; the 4G 
and 5G sections Were excluded due to high density and 
loWer resolution of fragments). C, Enlarged vieW of pro?le 
section 2D, shoWing the numbers assigned to each NotI 
fragment. D, Analysis of the GC content and CpG ratio 
{(number of CpGs)/(number of guanines)(number of 
cytosines)}(number of nucleotides analyZed) of 210 non 
redundant NotI/EcoRV clones containing the NotI/HinfI 
fragments seen in B and in other portions of the RLGS 
pro?le. Of 210 clones, 184 clones Were randomly chosen 
and 26 corresponded to fragments Which Were frequently 
lost from tumor pro?les. CpG islands have a GC content of 
greater than 50% and a CpG value of 0.6 or greater, relative 
to bulk DNA (average CG content of 40% and CpG ratio of 
0.2). Nucleotide sequences Were determined With greater 
than 99% accuracy overall. An average of 377 nt/clone Were 
analyZed (not indicative of actual CpG island siZe). The 
average NotI/EcoRV clone siZe Was approximately 2 kb. 

[0012] FIG. 2. Fragment loss from RLGS pro?les is due 
to methylation. Top, portions of the RLGS pro?les obtained 
from normal tissue and from tWo tumors having NotI 
fragments With either decreased intensity or no change in 
intensity. Bottom, Southern-blot analysis of EcoRV (NotI: —) 
and EvoRV/NotI (NotI: +) restriction digested DNAs from 
a larger number of samples, including the samples at top. In 
samples Without methylation in the NotI site, the probe 
detects a smaller fragment on double digestion With NotI 
and EcoRV. The quantitation from multiple Southern blots 
using a phosphorimager alloWed the determination of a 
loWer limit of reliable detection in RLGS pro?les of 30% 
decreased intensity of the diploid NotI/EcoRV fragments. 
Presence (+) or absence (—) of the corresponding NotI 
fragment is indicated. N, normal tissue DNA; T, tumor tissue 
DNA. A, CpG-island locus 3C1 methylation in loW-grade 
gliomas. B, CpG island locus 2C40 methylation in leuke 
mias. C, CpG-island locus 3E24 methylation in PNETs of 
childhood. *, EcoRV fragment of approximately 13 kb With 
homology to the probe. BLAST searches using the NotI 
EcoRV clone sequence identi?ed a homologous BAC clone 
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sequence lacking an internal NotI site, Which accounts for 
the 13-kb fragment on the Southern blot. 

[0013] FIG. 3. Heterogeneity in CpG-island methylation 
across tumors. RLGS pro?les Were generated from 98 
primary human tumors and compared With pro?les of either 
matched normal DNA (58 of 98 cases) or to multiple pro?les 
of tissue type-matched normal DNA from unrelated indi 
viduals. Loss or decreased intensity of single-copy frag 
ments in the tumors, relative to several neighboring unal 
tered NotI fragments, Were detected by visual inspection of 
overlaid autoradiographs and con?rmed in many cases by 
independent pro?les of the same DNA samples. For each 
tumor type, the dot plots display the total number of methy 
lated CpG islands (of 1,184 CpG islands analyZed) observed 
in each tumor. Under the assumption that the tumors are 
draWn from a homogeneous distribution, With all tumors 
having the same frequency of methylation, the loss distri 
butions should be approximately Poisson. The colored curve 
represents the expected distribution. BRE, breast tumors; 
CLN, colon tumors; GLI, gliomas; HN, head and neck 
tumors; LEU, acute myeloid leukemias; PNET, primitive 
neuroectodermal tumors of childhood; TST, testicular 
tumors. 

[0014] FIG. 4. Subsets of CpG islands are preferentially 
methylated. For each tumor type, the histograms display the 
number of tumors in Which the particular CpG islands Were 
methylated. Most of the 1,184 CpG islands Were not methy 
lated in any of the tumors (histogram bar at 0 is not shoWn), 
but several CpG islands Were methylated in multiple tumors. 
The black line shoWs the expected distribution under the null 
hypothesis that the CpG islands have equal frequencies of 
methylation. Most of the tumor types shoW signi?cant 
preferential methylation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] In one aspect, the present invention relates to 
methods for identifying clones Within a DNA library that can 
be used for cancer diagnosis and tumor classi?cation, based 
on the methylation status of CpG dinucleotides contained 
Within or closely adjacent to the speci?c clones. Such 
method employs methylation-sensitive restriction endonu 
cleases (MSREs) and restriction landmark genomic scan 
ning (RLGS) gels to identify neW, differentially-methylated 
CpG islands Within malignant cells obtained from patients 
diagnosed as having cancer. In accordance With the present 
invention, Applicants have identi?ed 93 clones Which can be 
used to determine Whether a tumor biopsy from a patient 
contains benign or malignant cells. 

[0016] To carry out such method, tissue (referred to here 
inafter as “tumor tissue”) Which contains a tumor or neo 
plasm is obtained from a patient knoWn to have a cancer. In 
some cases, the tumor tissue is obtained from a particular 
type of solid tumor Which has bee surgically removed from 
the patient. In some cases, the tumor tissue is obtained from 
the hematopoietic system, such as for example, bone mar 
roW or blood, of the patient. The tumor tissue Will have been 
determined to be from either a benign or malignant tumor or 
neoplasm. 

[0017] Separately, tissue (referred to hereinafter as 
“healthy tissue”) Which does not contain a tumor or neo 
plasm is obtained from a subject. The healthy tissue, may be 
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obtained by surgically removing normal tissue from the 
patient or by surgically removing normal tissue from a 
healthy control subject Who does not have cancer. The 
healthy tissue may also come from the hematopoietic sys 
tem, such as for example, bone marroW or blood, of a 
healthy control subject. The healthy tissue Will have been 
determined to be non-tumorigenic or non-neoplastic. 

[0018] DNA is then isolated from both the tumor tissue 
and healthy tissue. If the tumor tissue is a solid tissue 
sample, such procedure may ?rst comprise separating the 
individual cells contained Within the tissue from each other. 
For example, if the tissue samples Were froZen after surgical 
removal from a patient, cells may be separated from one 
another by grinding the froZen tissue With a mortar and 
pestle. DNA is then isolated from the individual cells using 
procedures Well knoWn to those skilled in the art. Com 
monly, such DNA isolation procedures comprise lysis of the 
individual cells using detergents, for example. After cell 
lysis, proteins are commonly removed from the DNA using 
various proteases. The DNA is then commonly extracted 
With phenol, precipitated in alcohol and dissolved in an 
aqueous solution. 

[0019] In the procedures Which folloW, the DNA obtained 
from the tumor tissue is treated separately from the DNA 
obtained from healthy tissue (i.e., the tWo DNAs are not 
mixed). The DNAs are separately analyZed using a method 
called restriction landmark genomic scanning (RLGS). The 
purpose is to analyZe both DNAs separately. The tWo 
analyses are then compared in order to identify CpG islands 
that distinguish cancer cells from normal cells. 

[0020] Both DNA samples are treated With restriction 
enZymes and the free ends that result from the restriction 
enZyme cleavage are labeled. HoWever, since the isolated 
DNA is in linear pieces, there are free ends that exist before 
the DNA is cleaved With the restriction enZymes. To prevent 
these ends from being labeled, the ends, preferably, are 
blocked before restriction enZyme treatment. Such blocking 
can be done by addition of dideoxynucleotides and sulfur 
substituted nucleotides to the free ends before treatment With 
restriction enZymes. Subsequently, When the DNA is cleaved 
by restriction enZymes and labeled, only the ends resulting 
from the restriction enZyme cleavage Will be labeled. 

[0021] After the reaction to block free ends, the DNA 
samples are cleaved With a ?rst restriction enZyme that can 
be characteriZed as an infrequently cleaving, methylation 
sensitive restriction enZyme. Examples of suitable ?rst 
restriction enZymes are NotI, AscI, BssHII and EagI. As 
used herein the term “infrequently cleaving” refers to a 
restriction enZyme that is expected to cleave genomic DNA 
at intervals greater than 10 kilobases. For example, NotI is 
an infrequently cleaving restriction enZyme. NotI recogniZes 
a nucleotide sequence of 8 base pairs (bp) in the genome 
(i.e., 5‘GCGGCCGC3‘) and cleaves the DNA at this site. 
There are an estimated 4000-5000 of such NotI recognition 
sequences Within the human genome. It is estimated that 
such recognition sequences are spaced at approximately 1 
megabase (Mb) intervals Within the genome. In contrast, a 
frequently cleaving restriction enZyme is expected to cleave 
the human genome at from 5-10 kb intervals. Such an 
enZyme Will have approximately 100-times more cleavage 
sites Within the human genome than infrequently-cleaving 
enZymes. Such frequently cleaving enZymes usually recog 
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niZe a nucleotide sequence of less than 8 bp in the genome 
and cleave the DNA at that site. However, not all restriction 
enZymes that have nucleotide recognition sequences of less 
than 8 bp are frequently cleaving enZymes. BssHII and EagI 
both have 6 bp recognition sequences but the recognition 
sequences for these tWo enZymes are spaced at intervals 
Within the genome that are greater than 10 kb. “Methylation 
sensitive” as used herein refers to any enZyme that is unable 
to cleave DNA at its normal restriction site if one or more 
nucleotides Within the recognition sequence is methylated. 
For example, the restriction enZyme NotI Will cleave the 
5‘GCGGCCGC3‘ recognition sequence if the sequence does 
not contain a S-methylcytosine. HoWever, the NotI enZyme 
Will not cleave this sequence if any of the cytosines have 
been methylated to become S-methylcytosine. 

[0022] FolloWing digestion of the DNA With the ?rst 
restriction enzyme, the ends of the DNA fragments are 
labeled. This can be done, for example, by attachment of 
nucleotides carrying a detectable label, such as a radiolabel, 
to the ends of the DNA sample. Typically, attachment is 
accomplished by ?lling in the recessed DNA ends left by 
cleavage With the ?rst restriction enZyme such that the ends 
become blunt (i.e., non-recessed). Such end-?lling reaction 
may employ deoxynucleoside triphosphates having a radio 
labeled phosphate at the ot phosphate position. Such labeled 
phosphate is preferably 32R 

[0023] The labeled fragments from each sample are then 
cleaved With a second restriction enZyme. Such second 
restriction enZyme preferably cleaves human DNA at aver 
age intervals of betWeen 5-10 kb. Such enZymes normally 
have a 6 bp recognition sequence. Preferably, the second 
restriction enZyme is not methylation sensitive. Examples of 
suitable second restriction enZymes are PstI, PvuI, EcoRV or 
BamHI. Cleavage of the DNA fragments With the second, 
restriction enZyme provides a second set of fragments, 
labeled at the ends left by cleavage With the ?rst enZyme. 
Many of such second fragments are smaller than the frag 
ments resulting from cleavage With the ?rst restriction 
enzyme. 

[0024] The DNA fragments are then separated from one 
another. Preferably this separation is based on siZe. Prefer 
ably this separation is performed by ?rst-dimension electro 
phoresis through an agarose tube-shaped gel of approxi 
mately 60 cm in length. 

[0025] After electrophoresis through the tube-shaped gel, 
the DNA is digested Within the gel With a third restriction 
enZyme. Such third restriction enZymes preferably have 
recognition sequences of 4 or 6 bp. Such third restriction 
enZymes also have the property of being able to cleave DNA 
Which is embedded Within agarose. One such enZyme is 
HinfI. 

[0026] After cleavage by the third restriction enZyme, the 
DNA is again separated based on siZe, preferably by elec 
trophoresis through a polyacrylamide gel. Subsequently, the 
separated DNA fragments are detected based on the labeled 
ends of the DNA fragments. In those cases Where the 
fragments are radiolabeld, detection is by autoradiography 
of the tWo-dimensional gel. Such autoradiography provides 
a pattern of DNA fragments or “spots.” Such pattern is 
called an RLGS pro?le. 

[0027] Each fragment on the RLGS pro?le obtained from 
using the DNA from healthy tissues is uniquely identi?ed by 
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its location on the autoradiograph (Y coordinate, X coordi 
nate, fragment number). For each fragment location on the 
RLGS pro?le obtained from healthy tissue DNA, the iden 
tical location is observed on the RLGS pro?le obtained from 
tumor tissue DNA. 

[0028] In a fragment by fragment comparison of RLGS 
pro?les obtained from tumor tissue DNA With healthy tissue 
DNA, three different patterns are possible. First, for a given 
fragment on the healthy tissue RLGS pro?le, there may be 
a corresponding fragment at the same location, and of the 
same intensity, on the tumor tissue RLGS pro?le. This 
indicates that the ?rst restriction enZyme cleaved both DNAs 
at the same sequences (FIG. 1A). This indicates that there 
Were no differences in methylation of the NotI nucleotide 
recognition sequence of that fragment betWeen the tumor 
tissue DNA and the healthy tissue DNA. 

[0029] Second, for a given fragment on the healthy tissue 
RLGS pro?le, there may be no fragment at the same location 
on the tumor tissue RLGS pro?le. Such a pattern indicates 
that the ?rst restriction enZyme did not cleave the tumor 
tissue DNA at the recognition sequence required to produce 
that speci?c fragment, but did cleave at such sequence 
Within the healthy tissue DNA (FIG. 1A). This indicates that 
there Was methylation Within the NotI recognition sequence 
in the tumor tissue DNA but not in the healthy tissue DNA. 

[0030] Third, for a given fragment on the healthy tissue 
RLGS pro?le, there may be a corresponding fragment at the 
same location on the tumor tissue RLGS pro?le, but the 
intensity of the fragment may be of decreased intensity. Such 
a pattern indicates that the ?rst restriction enZyme cleaved 
one of tWo copies (i.e., the genome is diploid) of the tumor 
tissue DNA at the recognition sequence required to produce 
that speci?c fragment (FIG. In healthy tissue DNA, the 
?rst restriction enZyme cleaved both copies of the recogni 
tion sequence. This indicates that there Was methylation 
Within one of tWo NotI recogniton sequences in the tumor 
tissue DNA. 

[0031] Through comparisons of RLGS pro?les obtained 
from healthy tissue DNA With pro?les obtained from a large 
number of different tumor tissue DNAs, loss of speci?c 
fragments in multiple tumors can be associated With a 
speci?c type of cancer. Loss of such fragments from RLGS 
pro?les, therefore, can be diagnostic for cancer in a subject. 
For example, loss of a speci?c fragment (i.e., methylation of 
the ?rst restriction enZyme site at the end of said fragment) 
in a high percentage of tumor tissue DNAs from Women 
knoWn to have breast cancer can be diagnostic for breast 
cancer in subjects suspected of having the disease. To 
perform such a diagnostic analysis, DNA isolated from a 
patient suspected of having breast cancer Would be analyZed 
by RLGS, as described above, to determine Whether there 
Was loss of one or more fragments in RLGS pro?les that are 
knoWn to be lost at high frequency in Women knoWn to have 
breast cancer. Similarly, loss of other speci?c fragments can 
be diagnostic for other cancers, such as for example, colon 
cancer, head and neck cancer, lung cancer, testicular cancer, 
neuroectodermal cancer, gliomas, acute myeloid leukemias, 
and others. 

[0032] Loss of a speci?c fragment in RLGS pro?les from 
multiple tumors can also be diagnostic of several types of 
cancer, rather than a single type of cancer. For example, loss 
of a speci?c fragment can occur in a high percentage of 
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tumor tissue DNAs obtained from individuals With either 
breast, colon or lung cancer. Loss of such a spot from RLGS 
pro?les using DNA obtained from a patient suspected of 
having cancer Would be diagnostic for either breast, colon or 
lung cancer in that patient. 

[0033] Isolated Polynucleotides and Oligonucleotides 
Diagnostic for Cancer 

[0034] Individual DNA clones that contain the DNA 
present in each spot or fragment that makes up an RLGS 
pro?le can be obtained. This is done by constructing a DNA 
library of healthy tissue DNA that has been cleaved With the 
same ?rst and second enZymes used to perform the RLGS 
gel analysis. Such DNA library Will contain individual 
clones, each clone comprising DNA that is present in a 
single spot of the RLGS pro?le. The totality of clones Within 
the library is representative of the combined DNA spots in 
the RLGS pro?le. 

[0035] Individual clones Within the library can be identi 
?ed that contain the DNA of each spot on the RLGS pro?le. 
This can be done by taking DNA from one or a feW 
individual clones of the DNA library and mixing it With 
healthy tissue DNA, before RLGS analysis is begun. When 
this mixture of DNAs is used to produce an RLGS pro?le, 
the intensity of the spots that contain the same DNA as the 
individual clones added to the mixture Will be increased. By 
performing multiple analyses of this type, each spot on an 
RLGS pro?le can be matched up With a DNA clone Within 
the library. The result of such an analysis is an ordered 
human genomic library of restriction fragments containing 
the same subset of genomic fragments as those displayed on 
RLGS pro?les. In such ordered genomic libraries, an indi 
vidual library clone corresponding to any spot or fragment 
in an RLGS pro?le can be rapidly located. 

[0036] To design diagnostic CpG polynucleotides and 
oligonucleotides, the sequence of the DNA Within each 
clone (referred to hereinafter as a “diagnostic clone”) that 
corresponds to a spot that is absent or exhibits decreased 
intensity on the RLGS pro?le of the DNA from malignant 
tumor tissue is sequenced using standard techniques. Once 
sequence information is obtained, regions comprising mul 
tiple CpG dinucleotides are located. Such regions serve as 
the target sequence for the CpG polynucleotides and oligo 
nucleotides. 

[0037] The CpG polynucleotides are from 35 to 3000, 
preferably from 35 to 1500 nucleotides in length and com 
prise tWo or, preferably, more CpG dinucleotides or dinucle 
otides Which are complementary thereto. The CpG diagnos 
tic oligonucleotides are from 15 to 34 nucleotides, 
preferably from 18 to 25 nucleotides, in length and comprise 
at least tWo CpG dinucleotides or dinucleotides Which are 
complementary thereto. The CpG diagnostic polynucle 
otides and oligonucleotides each comprise a sequence Which 
is substantially complementary to target sequences contain 
ing CpG islands that are knoWn to be preferentially methy 
lated in the DNA from one or more types of cancer cells. 
“Substantially complementary” means that there is enough 
complementarity betWeen the CpG diagnostic polynucle 
otides or oligonucleotides and the target sequence so that 
hybridiZation occurs betWeen the CpG diagnostic polynucle 
otides and oligonucleotides under stringent conditions, pref 
erably under highly stringent conditions. Such assays 
include hybridiZation assays, such as for example Southern 
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analysis, Where the sample DNA is reacted With the CpG 
diagnostic polynucleotide under stringent hybridiZation con 
ditions. 

[0038] The term “stringent conditions, as used herein, is 
the “stringency” Which occurs Within a range from about 
Tm-5 (5 beloW the melting temperature of the probe) to 
about 20 C beloW Tm. “Highly Stringent hybridiZation 
conditions” refers to an overnight incubation at 42 degree C. 
in a solution comprising 50% formamide, 5><SSC (750 mM 
NaCl, 75 mM sodium citrate), 50 mM sodium phosphate 
(pH 7.6), 5>< Denhardt’s solution, 10% dextran sulfate, and 
20 g/ml denatured, sheared salmon sperm DNA, folloWed by 
Washing the ?lters in 0.2><SSC at about 65 degree C. As 
recogniZed in the art, stringency conditions can be attained 
by varying a number of factors such as the length and nature, 
i.e., DNA or RNA, of the probe; the length and nature of the 
target sequence, the concentration of the salts and other 
components, such as formamide, dextran sulfate, and poly 
ethylene glycol, of the hybridiZation solution. All of these 
factors may be varied to generate conditions of stringency 
Which are equivalent to the conditions listed above. 

[0039] Changes in the stringency of hybridiZation and 
signal detection are primarily accomplished through the 
manipulation of formamide concentration (loWer percent 
ages of formamide result in loWer stringency); salt condi 
tions, or temperature. For example, moderately high strin 
gency conditions include an overnight incubation at 37 
degree C. in a solution comprising 6>< SSPE (20>< SSPE=3M 
NaCl; 0.2 M NaH2PO4; 0.02M EDTA, pH 7.4), 0.5% SDS, 
30% formamide, 100 ug/ml salmon sperm blocking DNA; 
folloWed by Washes at 50 degree C. With 1><SSPE, 0.1% 
SDS. In addition, to achieve even loWer stringency, Washes 
performed folloWing stringent hybridiZation can be done at 
higher salt concentrations (e.g. 5x SSC). 

[0040] Note that variations in the above conditions may be 
accomplished through the inclusion and/or substitution of 
alternate blocking reagents used to suppress background in 
hybridiZation experiments. Typical blocking reagents 
include Denhardt’s reagent, BLOTTO, heparin, denatured 
salmon sperm DNA, and commercially available proprietary 
formulations. The inclusion of speci?c blocking reagents 
may require modi?cation of the hybridiZation conditions 
described above, due to problems With compatibility. 

[0041] Such assays also include polymerase chain reac 
tions (PCR) Where the sample DNA and the diagnostic CpG 
oligonucleotides are reacted, preferably under conditions 
Which result in the synthesis of a single PCR product. 
Computer programs, such as for example, the “Primer3” 
program that can be accessed at “http://genome.Wi.mit.edu/ 
cgi-bin/primer/primeri3WWW.cgi” can be used to determine 
the siZe and sequence of the CpG diagnostic oligonucle 
otides. Optimum conditions are determined empirically. 

[0042] The CpG diagnostic polynucleotides and oligo 
nucleotides are made using standard techniques. For 
example, these polynucleotides and oligonucleotides may be 
made using commercially available synthesiZers. 

[0043] Diagnostic Methods 

[0044] In another aspect, the present invention relates to 
methods Which use the CpG diagnostic polynucleotides and 
oligonucleotides to characteriZe tissue samples from a sub 
ject suspected of having cancer, referred to hereinafter as test 
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sample DNA. To do this, DNA is isolated from the cells of 
the tissue sample of the patient. Preferably, DNA that serves 
as a control is also obtained from healthy tissue of the test 
subject or a control subject as described previously. The 
diagnostic methods comprise reacting the test sample DNA 
With the diagnostic CpG polynucleotide or oligonucleotide 
and assaying the products that are formed as the result of the 
reaction. In some cases, the sample DNA is digested into 
smaller fragments prior to reaction With the CpG diagnostic 
polynucleotides or oligonucleotides. In some cases, a por 
tion of the test sample DNA is ?rst reacted With a chemical 
compound, such as for eXample sodium bisul?te, Which 
converts methylated cytosines to a different nucleotide base. 

[0045] Southern Blot Analysis 

[0046] One such method for diagnosing cancer in a patient 
involves cleavage of the test sample DNA With a methyla 
tion sensitive enZyme, then Southern blot analysis of said 
cleaved DNA using a CpG diagnostic polyncleotide or 
oligonucleotide as a probe. For example, the DNA from the 
patient and the control, healthy tissue DNA are separately 
cleaved With a methylation-sensitive restriction endonu 
clease, such nuclease being the same ?rst restriction enZyme 
used to identify the diagnostic spot in the RLGS pro?le that 
corresponds to the CpG diagnostic polynucleotide or oligo 
nucleotide. After cleavage, the test sample and control 
DNAs are electrophoretically separated by siZe in different 
lanes of the same agarose gel and blotted to a membrane that 
can be used in hybridiZation, such as for eXample, nitrocel 
lulose or nylon. The membrane is then used in a hybridiZa 
tion reaction With a labeled CpG diagnostic polynucleotide 
or oligonucleotide. The labeled CpG diagnostic polynucle 
otide or oligoneucleotide Will hybridiZe to complementary 
DNA sequences on the membrane. After hybridiZation, the 
location on the membrane Where the probe hybridiZed to the 
control and patient DNAs is visualiZed. Such locations Will 
identify DNA fragments or bands Within the control and 
patient DNAs containing the same sequence as the CpG 
diagnostic polynucleotide or oligonucleotide. Hybridization 
of the probe to a fragment Within the patient DNA that is of 
higher molecular Weight than that of the fragment Within the 
control DNA to Which the probe hybridiZed, indicates that a 
restriction endonuclease cleavage site ?anking the target 
sequence of the CpG diagnostic polynucleotide or oligo 
nucleotide Was not cleaved due to methylation. Such result 
indicates that the tissue is from a cancer for Which the CpG 
diagnostic polynucleotide or oligonucleotide serves as a 
diagnostic tool. 

[0047] A second method for diagnosing cancer in a patient 
involves cleavage of patient DNA With a methylation 
sensitive restriction endonuclease, such nuclease being the 
same ?rst restriction enZyme used to identify the diagnostic 
spot in the RLGS pro?le that corresponds to the fragment. 
Such nuclease Will cleave the patient DNA at the diagnostic 
recognition sequence only if the DNA is unmethylated. 
Using nucleotide information derived from sequencing of 
the library clone corresponding to the diagnostic spot on the 
RLGS gel, primers for PCR are selected that span the 
diagnostic recognition sequence. Using the primers, PCR is 
performed on the DNA. PCR ampli?cation of the sequences 
Will be successful only if the diagnostic nucleotide sequence 
in the patient DNA had been methylated and Was not cleaved 
by the enZyme. Successful PCR ampli?cation, therefore, is 
indicative of cancer in the patient. 
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[0048] Methods Employing a Chemically-Modi?ed DNA 
Test Sample 

[0049] Another group of methods for diagnosing cancer in 
a patient using CpG diagnostic polynucleotides and oligo 
nucleotides are based on treatment of patient DNA With 
sodium bisul?te Which converts all cytosines, but not methy 
lated cytosines, to uracil. The bisul?te converted patient 
DNA can then be analyZed in a number of different Ways. 
One method of analysis is direct sequencing of the DNA to 
determine Whether the sequence contains cytosine or uracil. 
Such DNA sequencing requires primers adjacent to the 
sequenced region to be made. Such primers Would be based 
on DNA sequence information obtained from the diagnostic 
RLGS spots. 

[0050] Another method of analyZing bisul?te converted 
patient DNA is a method called “methylation sensitive PCR” 
(MSR). In MSR, primers are designed to comprise a 
sequence Which is substantially complementary to the the 
CpG islands Which are knoWn to be preferentially methy 
lated in DNA of cells found in one or more type of tumor 
tissues. TWo sets of PCR primers are made to emcompass 
this region. One set of primers is designed to be comple 
mentary to the sequence that Was changed by bisul?te (i.e., 
cytosines that Were originally unmethylated and changed to 
uracil). As discussed above, these are the modi?ed CpG 
diagnostic oligonucleotides. A second set of primers is 
designed to be complementary to the same sequence that 
Was not changed by bisul?te (i.e., cytosines that Were 
methylated and not changed to uracil). As discussed above 
these are the unmodi?ed CpG diagnostic oligonucleotides, 
ie the oligonucleotides Which containe at least tWo CpG 
dinucleotides or dinucleotides Which are complementary 
thereto. TWo sets of PCR reactions are then run, one reaction 
With each set of primers, using DNA from the subject as the 
template. In the case Where cytosines Within the target 
sequence of the subject DNA are not methylated, the target 
sequence Will be modi?ed by the chemical reaction and the 
primers complementary to the modi?ed sequence, i.e., the 
modi?ed CpG diagnostic oligonucleotides, Will produce a 
PCR reaction product While the primers complementary to 
the methylated sequence, i.e., the unmodi?ed CpG diagnos 
tic oligonucleotides, Will not produce a PCR product. In the 
case Where cytosines Within the target sequence of the 
subject DNA are methylated, the target sequence Will not be 
altered by the reaction With the sodium bisul?te, and the 
primers complementary to the unaltered sequence, i.e., the 
unmodi?ed CpG diagnostic oligonucleotides, Will produce a 
PCR reaction product While the modi?ed CpG diagnostic 
oligonucleotides, Which are complementary to the modi?ed 
target sequence (i.e., unmethylated sequence) Will not pro 
duce a PCR product. 

[0051] A modi?cation of MSR is bisul?te treatment of 
patient DNA and PCR ampli?cation of said DNA using 
primers designed to amplify either methylated or unmethy 
lated sequences. The PCR product is then digested With a 
restriction enZyme that Will cleave or not depending on 
Whether said product contains uracil (rather, thymidine, the 
complement of uracil; found in PCR product if original 
patient DNA contained unmethylated cytosine) or cytosine 
(found in PCR product if original patient DNA contained 
methylated cytosine). 
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[0052] Another technique referred to as MS-SnuPE, uses 
bisul?te/PCR followed by primer extension, Where incor 
poration of C (vs. T) denotes methylation. 

[0053] Methods of Identifying Genes 

[0054] In another aspect of the invention, the CpG diag 
nostic polynucleotides and oligonucleotides can be used as 
probes to to identify genes Whose expression is increased or 
decreased in cancerous tissues. To do this, CpG diagnostic 
polynuceotides are reacted With individual clones of the 
DNA library. The clones Which hybridiZe With the CpG 
diagnostic polynucleotide can then be analyZed to determine 
if they contain an open reading frames that could encode 
proteins. To determine if the CpG diagnostic polynucleotide 
hybridiZes With the promoter region of a knoWn gene, the 
open reading frame sequence is analyZed by searching 
existing DNA databases. For example, GenBank databases 
can be searched using the BLAST algorithm. If no knoWn 
genes that correspond to a library clone is found, the 
sequence can be searched for open reading frames that could 
encode a protein. Such searching can be performed using 
commercially available sequence analysis programs com 
monly knoWn to those skilled in the art. GCG is an example 
of one such program. 

[0055] Sequences from clones of the DNA library that 
contain either knoWn genes or open reading frames can be 
used as probes to determine Whether genes encoded by the 
sequences are expressed in tumor tissues as compared to 
control, healthy tissues. To do this, RNA, preferably mes 
senger RNA (mRNA) is isolated from healthy tissue and 
from tumor tissue from Which it is desired to test expression. 
Such RNA is examined for the presence of expressed 
transcripts encoded by the sequences obtained from the 
library. Examination for the presence of expressed tran 
scripts can be performed using a number of methods. One 
method is Northern blotting Where the isolated RNA is 
separated by siZe using gel electrophoresis and then blotted 
to a hybridiZation membrane. Afragment, polynucleotide or 
oligonucleotide from the sequence obtained from a library 
clone is labeled and then used to probe the hybridiZation 
membrane containing the siZe-separated RNA. Detection of 
hybridiZation of the probe to the membrane indicates pres 
ence of a transcript encoded by the sequence and indicates 
expression of the gene encoded by that sequence. 

[0056] Another method to examine isolated RNA for the 
presence of expressed transcripts is to use RT-PCR analysis. 
In such analysis, primers are designed and made that span a 
region of the gene Whose expression is to be tested. The 
isolated RNA is reverse transcribed into DNA using reverse 
transcriptase. Such DNA is then ampli?ed With the designed 
primers using PCR. PCR products are visualiZed after elec 
trophoresis. The presence of PCR products on the gel 
indicates that the gene encompassed by the designed primers 
Was expressing RNA transcripts. Such analysis can identify 
and determine genes Whose expression is changed in cancer 
cells as compared to normal, non-cancerous cells. 

[0057] The folloWing examples are for purposes of illus 
tration only and are not intended to limit the scope of the 
invention as de?ned in the claims Which are appended 
hereto. 
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EXAMPLES 

Example 1 

Identi?cation of Diagnostic Markers Using NotI 
and RLGS 

[0058] A. Isolation and EnZymatic Processing of Genomic 
DNA 

[0059] Tissue from solid tumors Was obtained as surgical 
tissue samples. Where possible, surrounding non-tumor tis 
sue Was taken and used as a control. Where it Was not 

possible to obtain patient-matched normal tissue, normal 
tissue from multiple patients Was used. Tissue samples from 
patients With acute myelogenous leukemis (AML) consisted 
of either bone marroW aspirates or peripheral blood. Normal 
samples Were obtained from the same patients Who Were in 
remission after chemotherapy. 

[0060] The surgically removed tissues Were quickly fro 
Zen in liquid nitrogen and stored at —80° C. prior to isolation 
of DNA. When DNA Was ready to be isolated, 2 ml of lysis 
buffer (10 mM Tris, pH 8.0; 150 mM EDTA, 1% sarkosyl) 
Was added to 100-300 mg of tissue in a 50 ml Falcon tube 
and froZen in liquid nitrogen. The froZen mixture Was then 
removed from the tube, Wrapped in aluminum foil, and 
quickly broken into pieces With a hammer. The broken 
pieces of cells Were transferred to a chilled mortar and 
ground to a poWder With a chilled pestle. For peripheral 
blood samples, cells Were separated on a sterile Histopaque 
1077 (SIGMA) gradient and stored at —80° C. before DNA 
isolation. 

[0061] Cells Were transferred to a 50 ml tube and 15-25 ml 
of lysis buffer containing 0.1 mg proteinase K per ml of lysis 
buffer Was added and mixed using a glass rod. The mixture 
Was incubated at 55° C. for 20 min With gentle mixing every 
5 min. The mixture Was then placed on ice for 10 min. 
Subsequently, an equal volume of PCI (phenolzchloroformzi 
soamylalcohol in a ratio of 50:49:1) Was added and the tubes 
containing the mixture Were gently rotated for 30-60 min. 
The tubes Were then centrifuged for 30 min at 2500 rpm and 
the separated, aqueous phase Was transferred to a neW 50 ml 
tube using a Wide-bore pipette. The PCI extraction Was 
repeated one time. The collected aqueous phase containing 
the DNA Was transferred to dialysis tubing and dialyZed 
against 4 L of 10 mM Tris, pH 8 for 2 hr. The dialysis tubing 
Was then transferred into fresh 10 mM Tris and dialyZed 
overnight at room temperature. One additional dialysis Was 
performed in fresh 10 mM Tris for an additional 2 hr. The 
DNA Was then transferred from the dialysis tubing to 50 ml 
tubes and RNase A Was added to a ?nal concentration of 1 
pig/ml. The mixture Was incubated at 37° C. for 2 hr. 
Subsequently, 2.5 volumes of 100% ethanol Were added to 
the DNA and the mixture Was gently rotated. The insoluble 
DNA Was transferred to a microfuge tube, centrifuged 
brie?y, and the remaining alcohol removed. The pellet Was 
brie?y dried in air. The DNA in the pellet Was resuspended 
to a ?nal concentration of 1 pig/pl. Such isolated DNA had 
an average siZe of 200-300 kb. 

[0062] The isolated genomic DNA Was blocked at ends 
Where the DNA had been sheared. Blocking Was done by 
addition of dideoxynucleotides and sulfur-substituted nucle 
otides. In a 1.5 ml tube, 7 pl of genomic DNA solution Was 
added along With 2.5 pl of blocking buffer (1 pl 10>< buffer, 
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1, 0.1 pl 1 M DTT, 0.4 pl each of 10 pM dGTPotS, 10 pM 
ddATP, 10 yddTTP, and 0.2 pl 10 pM dCTPotS; buffer 1 
consists of 500 mM Tris, pH 7.4, 100 mM MgCl2, 1 M NaCl, 
10 mM DTT) and 0.5 pl DNA polymerase I. The mixture 
Was mixed thoroughly and incubated at 37° C. for 20 min. 
The mixture Was then incubated at 65° C. for 30 min to 
inactivate the polymerase. The reaction Was then cooled on 
ice for 2 min. The DNA Was digested With NotI by adding 
to the sample, 8 pl of 25x buffer 2 (20>< buffer 2 is 3 M 
NaCl, 0.2% Triton X-100, 0.2% BSA) and 2 pl (10 U/l) of 
NotI. The sample Was incubated at 37° C. for 2 hr. The DNA 
Was then radioactively labeled. This Was done by adding to 
the sample 0.3 pl 1 M DTT, 1 pl [ot-32P]-GTP, 1 pl 
[ot-32P]-dCTP and 0.11 ?l[(X-32P]-GTP Sequenase ver 2.0 
(13 U/pl). The mixture Was incubated at 37° C. for 30 min. 
The DNA Was then digested With EcoRV by adding to the 
sample 7.6 pl second enZyme digestion buffer (1 pl 1 mM 
ddGTP, 1 ul 1 mM ddCTP, 4.4 pl ddHZO, 1.2 pl 100 mM 
MgCl2) and 2 pl EcoRV (10 U/pl). The mixture Was incu 
bated at 37° C. for 1 hr. Then, 7 pl of 6x ?rst-dimension 
loading dye (0.25% Bromophenol Blue, 0.25% Xylene 
Cyanol, 15% Ficoll type 400) Was added. 

[0063] B. First Dimension Gel Set-Up and Electrophoresis 

[0064] To make the 60 cm long agarose tube-shaped gel, 
a gel holder Was made. To do this, a sharp raZor Was used to 
cut one end of PFA-grade te?on tubing (PFA 11 thin Wall, 
natural; American Plastic, Columbus, Ohio) at an angle to 
make a bevel. The beveled end of the tubing Was fed into 
glass tubes (4 mm inner diameter, 5 mm outer diameter, 60 
cm long). Using a hemostat, the beveled end Was pulled up 
through the tapered end of the glass rod until it protruded 2 
to 4 cm. The tubing Was cut horiZontally at the same end, 
leaving a 2 mm protrusion (this is the top of the gel holder). 
The opposite end Was cut horiZontally, leaving a 5 to 6 cm 
protrusion from the glass tube. The gel holder Was inverted 
and the top protruding end Was pressed ?rmly against a hot 
metal surface (metal spatula heated by a Bunsen burner) to 
fold the edges of the te?on outWard onto the rim of the glass 
support. A rubber stopper With cored center Was pulled over 
the top end of the gel holder until it Was just past the taper 
of the glass rod. A tWo-Way stopcock Was attached to a 10 
ml syringe and then to the gel holder via 2 to 3 cm of ?exible 
tubing. The stopcock valve Was adjusted to the open posi 
tion. 

[0065] Then, to a clean 200 ml glass bottle Was added, 60 
ml 2>< Boyer’s buffer (20>< is 1 M Tris, 360 mM NaCl, 400 
mM sodium acetate, 40 mM EDTA) and 0.48 g Seakem 
GTG agarose (0.8%). The mixture Was heated in a micro 
Wave oven until the agarose Was dissolved. The mixture Was 
then equilibrated to 55 ° C. in a Water bath. With the stopcock 
valve in the open position, the protruding te?on tube Was 
loWered into the molten agarose solution. The gel solution 
Was suctioned into the gel holder until the gel solution 
reached 1-2 cm from the top of the gel holder. The stopcock 
valve Was then closed. Keeping the gel upright, the gel Was 
suspended from a ring stand. The gel Was alloWed to solidify 
for 20 min. 

[0066] The stopcock valve Was then opened and the 
syringe and connecting tubes Were removed from each gel. 
After adding 2>< Boyer’s buffer to the bottom of the ?rst 
dimension gel apparatus (C.B.S. Scienti?c), the gels Were 
loWered into the ?rst dimension gel apparatus, seating the 
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rubber stopper ?rmly into the appropriate holes in the top 
portion of the apparatus. The top chamber Was ?lled with 2x 
Boyer’s buffer. 

[0067] BetWeen 1.0-1.5 pg of DNA Was loaded onto each 
gel. The sample Was electrophoresed at 110 V for 2 hr, and 
then 230 V for 24 hr. 

[0068] C. In-Gel digest 

[0069] After the DNA Was electrophoresed in the ?rst 
dimension in the agarose tube gel, the DNA Was further 
digested With an additional restriction endonuclease so it 
could be electrophoresed in the second dimension. In order 
to perform this additional endonuclease digestion, the buffer 
and gel holders Were removed from the ?rst dimension 
apparatus. The gel Was extruded into a pan containing 1>< 
buffer K (10>< buffer K is 200 mM Tris, pH 7.4, 100 mM 
MgCl2, 1 M NaCl) by forcing the gel out through the bottom 
of the gel holder. This Was accomplished using a 1 ml 
syringe ?tted With a pipet tip and ?lled With buffer K. The 
tip Was ?rmly inserted into the top of the gel holder and the 
plunger depressed until the gel began to come out through 
the bottom of the gel holder. The 1 ml syringe Was replaced 
With a 5 ml syringe, and the plunger Was depressed until the 
entire gel Was expelled. With a raZor, a bevel Was cut in the 
loW molecular Weight end of the gel and a horiZontal cut Was 
made at the high molecular Weight end so that the gel Was 
approximately 43 cm in length. The gel length Was noW the 
same as the Width of the second dimension gel. 

[0070] The gel Was placed into a separate 50 ml tube 
containing 40 ml of 1x buffer K. The tube Was incubated for 
10 min at room temperature. The buffer Was poured off and 
the gel incubated in 1x buffer K for an additional 10 min. 
The buffer K and gel Was poured into a pan containing fresh 
buffer K. Using a 10 ml syringe attached to restriction digest 
tubing (PFA grade te?on, 9, thin Wall, natural; 2.7 mm inner 
diameter and approximately 3.3 mm outer diameter; Ameri 
can Plastic, Columbus, Ohio), via a 1 to 2 cm segment of 
?exible tubing, the gel Was suctioned into the digest tubing, 
loW molecular Weight (beveled) end ?rst. The gel Was 
suctioned into the digest tubing by placing the end of the 
tubing in line With the beveled end of the gel and pulling the 
syringe plunger. The tubing Was positioned vertically, With 
the syringe at the bottom and remaining buffer from the 
tubing Was suctioned into the syringe. 

[0071] In a clean tube, a 1.6 ml mix of 1x HinfI restriction 
enZyme buffer (50 mM NaCl, 10 mM Tris pH 7.9, 1 mM 
DTT), 0.1% BSA, and 750 U of HinfI restriction enZyme 
Was made. The open end of the digest tubing Was placed into 
the tube containing restriction digestion solution. Holding 
the syringe end up, suction Was applied until a small amount 
of digestion solution appeared in the syringe. The digest 
tubing Was removed and both ends Were oriented upWard in 
a U-shape. The syringe Was removed and the tWo ends of the 
tubing Were attached to form a closed circle. This Was placed 
in a moist chamber and incubated at 37° C. for 2 hr. 

[0072] D. Second Dimension Electrophoresis 

[0073] The digested DNA Was noW run in the second 
dimension using a 5% non-denaturing acrylamide gel With a 
0.8% agarose spacer. To do this, the second dimension gel 
apparatus (C.B.S. Scienti?c) Was ?rst assembled. All glass 
plates Were cleaned thoroughly and the non-beveled face of 
each plate Was coated With Gelslick or Sigmacote (only once 
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every 10 uses). The back half of the apparatus Was laid 
horizontally on a table top With the upper buffer chamber 
hanging over the table edge. The tWo small clear plastic 
blocks Were inserted at the bottom corners of each apparatus. 
A glass plate Was placed in the apparatus, beveled edge 
facing upWard and near the upper buffer chamber, folloWed 
by tWo spacers, one along each side. Glass plates and spacers 
Were added in this manner until the ?fth plate had been 
added. After the third plate, ?exible Tygon tubing Was slid 
doWn the side channel of the apparatus, With a bevel cut in 
the leading end of the tubing. The other end Was cut, leaving 
approximately 10 cm protruding from the apparatus. The 
Plexiglas “?ller” sheet Was placed over the ?fth glass plate. 
The front half of the apparatus Was positioned by aligning 
the screW holes of the front and back half. These Were 
secured With the te?on screWs. The oblong oval “Windows” 
at the loWer, front face Were sealed With Plastic tape (Scotch 
brand). The apparatus Was stood upright in the loWer buffer 
chamber. 

[0074] Using a three-Way stopcock, the gel apparatus 
tubing Was attached in series With a 2 L reservoir and a 60 
ml syringe Was attached to the remaining stopcock outlet. 
The tubing Was attached to the 2 L reservoir through a 
bottom drain (a 2 L graduated cylinder Was used). The 
reservoir Was secured above the gel apparatus to alloW for 
gravity ?oW. The stopcock valve Was adjusted to alloW 
liquid to How betWeen the 2 L reservoir and the 60 ml 
syringe. Once the TEMED Was added, the acrylamide solu 
tion (1>< TBE, pH 8.3, 96.9 g acrylamide, 3.3 g bis-acryla 
mide, 1.3 g ammonium persulfate and 700 pl TEMED in a 
total volume of 2 L) Was poured into the 2 L reservoir. The 
syringe plunger Was pulled doWn to the 50 ml mark. The 
plunger Was depressed to push the air out of the upper 
tubing. Once all air Was removed, the valve Was adjusted so 
that all three ports Were open. Acrylamide ?oWed into the 
apparatus, ?lling all four gels simultaneously from the 
bottom upWard. The How Was stopped When the level 
reached 3 mm from the top edge of the glass plates. The 
solution Was alloWed to settle for 2 to 3 minutes. After the 
valve leading to the gel apparatus had been closed, the 
syringe and reservoir Were detached. 

[0075] The ends of the in-gel digest digest tubing Were 
separated and the ?rst dimension gel Was extruded into a pan 
containing 1>< TBE, pH 8.3. The gel Was transferred to a 50 
ml tube containing 40 ml 1>< TBE, pH 8.3. This Was 
incubated for 10 min at room temperature, replaced With 
fresh TBE, and incubated for an additional 10 min. The ?rst 
dimension gel Was placed in a horiZontal position across the 
beveled edge of each glass plate. Once all gels Were in place, 
the space betWeen the agarose gel and the top of each 
polyacrylamide gel Was ?lled With molten 0.8% agarose 
(equilibrated to 55° C.). This connecting agarose Was 
alloWed to solidify for 10 to 15 min and then 250 pl second 
dimension loading dye (1>< TE, pH 8.3, 0.25% Bromophenol 
Blue, 0.25% Xylene Cyanol) Was added along the length of 
each gel. Then 1>< TBE, pH 8.3 Was added to the upper and 
loWer buffer chambers and electrophoresis Was carried out at 
100 V for 2 hr and then at 150 V for approximately 24 hr. 

[0076] Buffers Were then removed and the apparatus Was 
disassembled. Each gel Was lifted from the plates by over 
laying With Whatmann paper cut to siZe for autoradiographic 
or phosphorimager cassettes. The perimeter of the paper Was 
traced With the edge of a plastic ruler, removing any excess 
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gel. The Whatmann paper and gel Were lifted and placed, gel 
side up, on a second piece of Whatmann paper. This Was 
overlaid With saran Wrap and a third piece of Whatmann 
paper Was added to the top and saran Wrap Was folded over 
the top of the Whatmann paper. This Was placed in a gel 
drier, in the same orientation, for 1 hr at 80° C. While 
applying a vacuum. The loWer and upper Whatman paper 
Was then removed, saran Wrap folded under the remaining 
paper and exposed to X-ray ?lm (BioMax MS). 

[0077] E. RLGS Spots Resulting from Methylation-Sen 
sitive Restriction EnZymes Identify CpG Islands 

[0078] Using this methodology, an RLGS pro?le of DNA 
from human cells produces a pattern displaying approxi 
mately 2,000 spots. FIG. 1B, for example, shoWs such an 
RLGS pro?le from normal peripheral blood lymphocyte 
DNA. First-dimension separation of labeled NotI/EcoRV 
fragments extends from right to left horiZontally. FolloWing 
in-gel digestion With HinfI, the fragments Were separated 
vertically doWnWard into a polyacrylamide gel and autora 
diographed. To alloW uniform comparisons of RLGS pro 
?les, spots Were de?ned based on their location in the gel by 
assigning each spot a three-variable designation (Y coordi 
nate, X coordinate, fragment number). This can be more 
easily seen in the enlarged portion of section 2D of the 
RLGS pro?le (FIG. 1C) shoWing the numbers assigned to 
each spot. 

[0079] From a set of 1,567 NotI spots comprising the 
central portion of the RLGS pro?le of normal DNA, 392 
spots Were eliminated from all analyses on the basis of 
having more than diploid intensity, less than diploid inten 
sity, or a degree of positional overlap With neighboring 
fragments. In addition, a small fraction of loci in individual 
tumor pro?les Was not able to be analyZed due to poor local 
gel quality. In normal DNA pro?les, the less-than-diploid 
copy-number intensities can result from polymorphism, 
partial methylation or spots derived from sex chromosomes. 
Thus, the analyZed spots Were of diploid copy number in 
most samples. Tumor tissue and healthy tissue DNA pro?les 
Were compared by visual inspection of overlaid autoradio 
graphs. In those cases in Which matched normal tissue Was 
not available, tumor pro?les Were compared With pro?les 
matched for tissue type of four to ?ve unrelated individuals. 
Each CpG island Was de?ned as unmethylated or methylated 
(a visually apparent decrease in intensity on the RLGS 
pro?le, Which, through corroboration With Southern-blot 
data for 26 CpG island loci and more that 100 loss events, 
corresponded to a 30% or greater level of methylation). 

[0080] To determine if the NotI restriction sites Which 
produced the RLGS spots, had characteristics of authentic 
CpG islands, DNA from 210 of the NotI/EcoRV RLGS spots 
Was partially sequenced. This Was possible because each 
spot on the human NotI/EcoRV RLGS pro?le had previously 
been assigned to a clone from a NotI/EcoRV genomic 
plasmid library (see description earlier in the speci?cation). 
Of the 210 spots, 184 Were randomly chosen. Another 26 
spots Were chosen because they Were frequently lost from 
RLGS pro?les from human tumors, suggesting that cytosine 
nucleotides Within the NotI sequence of that spot Were 
methylated in the tumor. From the sequences derived from 
these clones, the GC content (% GC) Was plotted against the 
CpG ratio for each clone (FIG. 1D; CpG ratio=[(number of 
CpGs)/(number of guanines)(number of cytosines)(number 






























































































































































