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6 O 12 4 6 18 

7 | 9 || 1 13115 17 

200bp 
AMPLIFICATIONS 

33 CYCLES 
LANE C# SAMPLETYPE SAMPLE NUMBER GRADE 

7903.8 ABNORMAL A 
2 5627.4 ABNORMAL 2 A 
3 8809. ABNORMAL 3 A 
4. 542.94. ABNORMAL 4. A 
5 1838.07 POSITIVE CONTROL B 
6 -549.23 NORMAL 5 C 
7 -715 NORMA 6 C 
8 - 1605.3 NORMAL 7 C 
9 -824.73 NORMAL 8 C 
O 259.77 NORMAL 9 C 

NEG CONTRO 
2 NEG CONTROL 
13 400 400 STANDARD 
4. 2OOO 2000 STANDARD 
15 4000 4000 STANDARD 
16 6OOO 6000 SANDARD 
17 8OOO 8OOO STANDARD 
18 1OOOO OOOO STANDARD 

A=>2000 
B= 500-2000 

F. G. 2 C= <500 
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i 10 12 14 16 18 2 4 6 

200bp 
AMPLIFICATIONS 

35 CYCLES 
LANE O# SAMPLE TYPE SAMPLE NUMBER GRADE 

10851.04 ABNORMAL A 
2 8862.34 ABNORMAL 2 A 
3 9777.85 ABNORMAL 3 A 
4. 6874.28 ABNORMAL 4 A 
5 2392.07 POSITIVE CONTROL B 
6 3O80.62 NORMAL 5 B 
7 813.45 NORMAL 6 C 
8 -720.04 NORMAL 7 C 
9 -442.2 NORMAL 8 C 
10 1353.86 NORMAL 9 B 
11 NEG CONTROL 
12 NEG CONTROL 
13 400 400 STANDARD 
14 2000 2000 STANDARD 
15 4000 4000 STANDARD 
16 6000 6000 STANDARD 
17 8000 8000 STANDARD 
18 1OOOO 1 OOOO STANDARD 

A= 5000 
B= 1000-5000 
C= <1 OOO F.G. 3 
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2 4 6 8 10 1 2 4 6 18 

200bp 
AMPLIFICATIONS 

34 CYCLES 
LANE C# SAMPLETYPE SAMPLE NUMBER GRADE 

84.28.34 ABNORMAL A 
2 4917.3 ABNORMAL 2 A 
3 7742.22 ABNORMAL 3 A 
4. 3049.85 ABNORMA 4. A 
5 409.5 POSITIVE CONTROL 
6 -682.75 NORMAL 5 C 
7 -78.09 NORMAL 6 C 
8 - O99.28 NORMA 7 C 
9 -O 5.39 NORMAL 8 C 
O 359.74. NORMAL 9 B 

11 NEG CONTROL 
2 NEG CONTROL O 
3 4OO 400 STANDARD 
4. 2OOO 2OOO STANDARD 
5 4OOO 4OOO SANDARD 
16 6OOO 6OOO STANDARD 
17 8OOO 8OOO STANDARD 
18 1 OOOO OOOO STANDARD 

A= >750 
B-250-750 
C= <250 F.G. 4. 
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2 4 6 8 O 2 4 6 18 

| 3 | 7. 9 | 11 1315 17 

200bp 
AMPLIFICATIONS 

33 CYCLES 
LANE C# SAMPLETYPE SAMPLE NUMBER GRADE 

7879.15 ABNORMAL A 
2 4O79.09 ABNORMAL 2 A 
3 7995.95 ABNORMAL 3 A 
4. 26OO.3 ABNORMAL 4. A 
5 1698.19 POSTEVE CONTROL B 
6 -405.32 NORMAL 5 C 
7 -466.15 NORMA 6 C 
8 -O46.47 NORMA 7 C 
9 -764.83 NORMAL 8 C 
O 105.05 NORMA 9 C 
11 NEG CONTROL 
12 NEG CONTROL O 
13 400 4OO STANDARD 
4. 2OOO 2OOO STANDARD 
15 4OOO 4OOO STANDARD 
16 6OOO 6OOO STANDARD 
17 8000 8OOO STANDARD 
18 OOOO OOOO STANDARD 

As 2000 
Bs 500-2000 
C= <500 
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2 4 6 8 10 2 4 6 8 

1 || 3 || 5 || 7 || 9 || 11131517 

200bp 
AMPLIFICATIONS 

34 CYCLES 
LANE Off SAMPLETYPE SAMPLE NUMBER GRADE 

7852.95 ABNORMAL A 
2 4797.07 ABNORMAL 2 A 
3 8543.47 ABNORMAL 3 A 
4. 3597.23 ABNORMAL 4. A 
5 943.84 POSITIVE CONTROL B 
6 -296.7 NORMAL 5 C 
7 -5.48 NORMAL 6 C 
8 -896.94 NORMAL 7 C 
9 -196.87 NORMAL 8 C 
10 44.81 NORMAL 9 C 

NEG CONTROL 
12 NEG CONTROL 
13 4OO 4OO STANDARD 
14 2000 2000 STANDARD 
15 4OOO 4OOO SANDARD 
16 6000 6OOO STANDARD 
17 8OOO 8OOO STANDARD 
18 OOOO OOOO STANDARD 

A= >2000 
B= 500-2000 

C= <500 FIG. 6 
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2 4 6 8 O 12 14 16 18 

1 | 3 || 5 || 7 || 9 || 11131517 

200bp 
AMPLIFICATIONS 

34 CYCLES 
LANE C# SAMPLETYPE SAMPLE NUMBER GRADE 

1 7660.6 ABNORMAL 1 A 
2 7032.89 ABNORMAL 2 A 
3 8364.31 ABNORMAL 3 A 
4. 6892.04 ABNORMAL 4. A 
5 4.883.47 POSITIVE CONTROL A 
6 1934.67 NORMAL 5 B 
7 1380.64 NORMAL 6 B 
8 -964. 17 NORMAL 7 C 
9 1729.51 NORMAL 8 B 
10 2221.69 NORMAL 9 B 
11 NEG CONTROL 
12 NEG CONTROL 
13 400 4OO STANDARD 
14 2OOO 2OOO STANDARD 
15 4OOO 4000 STANDARD 
16 6OOO 6OOO STANDARD 
17 8OOO BOOO STANDARD 
18 1OOOO 1 OOOO STANDARD 

A= 5OOO 
Base 1 OOO-5OOO 
C= <1000 FIG. 7 
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2 4 6 8 O 2 4 6 18 

| 3 || 5 || 7 || 9 || 11||1315|17| 3 7 

200bp 
AMPLFCAIONS 

33 CYCLES 
LANE C# SAMPLETYPE SAMPLE NUMBER GRADE 

85.19.13 ABNORMAL A 
2 5745.19 ABNORMAL 2 A 
3 9765.65 ABNORMAL 3 A 
4. 4153.79 ABNORMAL 4. A 
5 1869.33 POSITIVE CONTROL B 
6 48.37 NORMA 5 C 
7 405.9 NORMAL 6 C 
8 -258.08 NORMA 7 C 
9 4.64 NORMAL 8 C 
O 450.78 NORMAL 9 C 

NEG CONTROL 
2 NEG CONTROL 
3 4OO 400 STANDARD 
4. 2OOO 2OOO STANDARD 
15 4OOO 4OOO STANDARD 
16 6000 6000 STANDARD 
17 8OOO 8000 STANDARD 
18 OOOO 1 OOOO STANDARD 

As >2000 
B-500-2000 
C= <500 FIG. 
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METHODS FOR DETECTING NUCLEC ACDS 
INDICATIVE OF CANCER 

0001. This application claims benefit of U.S. provisional 
patent application Ser. No. 60/128,629, the disclosure of 
which is incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 This invention relates to methods for the early 
detection of cancer in patients by Screening for large DNA 
fragments. Methods of the invention are especially useful in 
the detection of colon cancer. 

BACKGROUND OF THE INVENTION 

0.003 Alterations in genomic integrity often are associ 
ated with disease or with the propensity for disease. For 
example, many cancers are thought to arise through a Series 
of mutations in genomic DNA, resulting in genomic insta 
bility in the form of uncontrolled cellular growth. In normal 
cells, damage to genomic DNA typically leads to expression 
of tumor Suppressors, Such as the cell-cycle regulator, p53. 
For example, damage to cellular DNA results in increased 
expression of p53 which arrests the cell cycle to allow repair 
of the damage. If the damaged DNA cannot be repaired, the 
cell undergoes apoptosis, thus preventing the accumulation 
of additional mutations in daughter cells. If however, there 
is a mutation in the p53 gene itself (or in another cell cycle 
regulator), damaged cells will proceed through the cell 
cycle, giving rise to progeny in which additional DNA 
mutations will go unchecked. It is the accumulation of these 
mutations that is the hallmark of many cancers. 
0004. The process of apoptosis is important not only in 
the regulation of cellular metabolism, but also in inhibiting 
oncogenesis. AS cells undergo apoptosis, the nucleus 
becomes small and fragmented. Nuclear DNA is digested 
into Spindle fragments that are generally no larger than about 
200 base pairs. AS the proceSS continues, usually through 
multiple pathways, the cell membrane breaks down, and 
cellular contents are metabolized. As a result, cells that have 
the potential to enter the multi-step pathway leading to 
cancer are eliminated. 

0005. Many cancers are curable if detected early in their 
development. For example, colorectal cancers typically 
originate in the colonic epithelium, and are not extensively 
vascularized (and therefore not invasive) during early stages 
of development. The transition to a highly-vascularized, 
invasive and ultimately metastatic cancer commonly takes 
ten years or longer. If the presence of cancer is detected prior 
to extensive vascularization, Surgical removal typically is an 
effective cure. However, colorectal cancer is often detected 
only upon manifestation of clinical Symptoms, Such as pain 
and black tarry Stool. Generally, Such Symptoms are present 
only when the disease is well established, and often after 
metastasis has occurred. Early detection of colorectal cancer 
therefore is important in order to Significantly reduce its 
morbidity. 
0006 Invasive diagnostic methods, such as endoscopic 
examination, allow direct visual identification, removal, and 
biopsy of potentially-cancerous tissue. EndoScopy is expen 
Sive, uncomfortable, inherently risky, and not a practical tool 
for early diagnosis. 
0007 Established non-invasive screening methods 
involve assaying Stool Samples for is the presence of fecal 
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occult blood or for elevated levels of carcinoembryonic 
antigen, both of which are Suggestive of the presence of 
colorectal cancer. Additionally, recent developments in 
molecular biology provide methods of great potential for 
detecting the presence of a range of DNA mutations indica 
tive of colorectal cancer. The presence of Such mutations can 
be detected in DNA found in stool samples during various 
Stages of colorectal cancer. However, Stool comprises cells 
and cellular debris from the patient, from microorganisms, 
and from food, resulting in a heterogeneous population of 
cells. This makes detection of Small, Specific Subpopulations 
difficult to detect reliably. 
0008. There is a need in the art for additional non 
invasive methods for early diagnosis of cancer that will 
detect characteristics indicative of the presence of cancer. 

SUMMARY OF THE INVENTION 

0009. The present invention provides methods for iden 
tifying indicia of cancer in tissue or body fluid Samples by 
identifying non-apoptotic DNA in those Samples. The inven 
tion also provides methods for identifying indicia of cancer 
or precancer in Samples containing exfoliated epithelial 
cells. It has now been recognized that DNA obtained from 
exfoliated normal (non-cancerous) cells is different than 
DNA obtained from exfoliated cancer or precancer cells. 
Normal exfoliated cells typically have undergone apoptosis, 
and thus produce cells or cellular debris (depending upon the 
stage of apoptosis) comprising DNA that has been Substan 
tially degraded. Exfoliated cancer or precancer cells typi 
cally have not undergone apoptosis, and Such cells or their 
debris, while producing Some very Small fragments as a 
result of degradation in the Sample, typically also contain a 
higher proportion of large DNA fragments (compared to 
those observed in cells or debris from exfoliated normal 
cells). The difference in DNA integrity between normal and 
abnormal cells is a marker for the presence of cancer or 
precancer in a Sample comprising exfoliated cells. 
0010 Stool is a good sample for exemplification of 
methods of the invention. The colonic epithelium undergoes 
a continual process of exfoliation. Normal epithelial cells 
undergo apoptosis, and are Sloughed into the lumen of the 
colon, and onto forming Stool. Cells from polyps and tumors 
are also Sloughed onto forming Stool. However, cells from 
polyps or tumors are, by definition, not apoptotic. Methods 
of the invention take advantage of the different characteris 
tics between apoptotic and non-apoptotic cells in order to 
Screen patient Samples for indicia of cancer or precancer. 
0011. As noted above, non-cancerous (normal) cells 
undergo apoptosis at regular intervals, or in response to 
irreparable cell damage. As a result of apoptosis, DNA from 
normal cells is cleaved into Small fragments having about 
200 or fewer base pairs, and typically 180 base pairs or less. 
In contrast, DNA obtained from cancer or precancer cells is 
much larger than the typical apoptotic fragments. Thus, the 
presence of large DNA fragments in a sample (e.g., of 
Sloughed colonic epithelium) indicates that there are or were 
cells in the sample (or the specimen from which it was 
obtained) that have avoided apoptosis, and its coincidental 
degradation of DNA. The presence of large DNA fragments 
represents a positive Screen for cancer or precancer. 
0012. Accordingly, methods of the invention comprise 
detecting the presence in a biological Sample of Species 
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Specific nucleic acids indicative of cancer or precaner. 
Samples comprising Such nucleic acids are identified as 
having indicia of cancer or precancer. In preferred methods, 
patients presenting Samples having a high proportion of 
non-apoptotic nucleic acids as determined by methods of the 
invention are further evaluated for the presence of a tumor, 
adenoma, or other cancerous or precancerous lesion. 

0013 In general, methods of the invention comprise 
detecting in a biological Sample one or more DNA frag 
ment(s) of a length that would not be Substantially present in 
noncancerous cells or cellular debris. In a preferred embodi 
ment, Such fragments are larger than a typical apoptotic 
Spindle fragment, or larger than about 170 base pairs. 
However, also in a preferred embodiment, methods of the 
invention comprise detecting DNA fragments that are 
greater than about 200 base pairs, and preferably greater 
than about 500 base pairs. There is no upper limit on these 
fragments, as all that is necessary is that the fragment be 
larger than an apoptotic fragment. Typically, however, frag 
ments indicative of cancer or precancer cells are between 
about 200 and about 3500 base pairs, and ideally between 
about 500 and about 2500 base pairs. 
0.014. Accordingly, in a preferred embodiment, methods 
of the invention comprise detecting in a tissue or body fluid 
Sample the presence of nucleic acid fragments having 
greater than about 500 base pairs or having a molecular 
weight corresponding to greater than about 500 base pairs. 
In other preferred embodiments, methods of the invention 
comprise detecting nucleic acid fragments having between 
about 200 and about 1000 base pairs, preferably between 
about 200 and about 600 base pairs, and most preferably 
about 500 base pairs. 

0.015 Also in a preferred embodiment, methods of the 
invention comprise determining a ratio of large fragments 
(200-3500 bp) to small fragments (less than 200 bp), and 
determining whether the ratio exceeds an empirically-de 
rived threshold. The threshold is determined empirically by 
analyzing ratioS of large-to-Small fragments, and correlating 
those ratioS with the disease State of a Selected population of 
normal and cancer patients. In preferred embodiments, 
amounts of large and Small fragments are determined by 
polymerase chain reaction amplification of Sample DNA 
using primerS Selected to amplify long and Short fragments. 
Alternatively, amounts of large and Small fragments are 
determined using the Same primer. 

0016 Preferred methods of the invention comprise 
amplifying nucleic acids in a representative Stool Sample 
using human-specific primers, and detecting amplicons hav 
ing greater than about 200, and preferably about 500 or more 
base pairs. In a highly-preferred embodiment, amplification 
is accomplished by polymerase chain reaction (PCR) using 
forward and reverse primers directed against human-specific 
nucleic acid fragments, and Spaced apart to provide a lower 
limit on the resulting amplicons. Also in a highly-preferred 
embodiment, primers for PCR are directed against human 
oncogene or tumor Suppressor Sequences. Preferred target 
nucleic acids for PCR primers include p53, Kras, apc, dcc, 
and other genes known or Suspected to be associated with 
cancer, and especially colorectal cancer. Methods for con 
ducting PCR are provided in U.S. Pat. No. 4,683,202, 
incorporated by reference herein. The presence of amplicon 
greater than about 200 base pairs in length is indicative of 
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template nucleic acid in the sample of that length (or longer). 
According to methods of the invention Such long Sequences 
represent a positive Screen, and are indicative of cancer or 
precancer. 

0017 Preferred biological samples include stool, pus and 
urine. Method of the inventions are especially useful for the 
detection of large DNA fragments in Samples comprising 
exfoliate. Tissue (e.g., colon, lungs, bladder) in which cells, 
especially epithelial cells, are exfoliated are most preferred 
for Screening methods of the invention. In Such tissues, 
continuing cellular renewal requires that cells are regularly 
Sloughed after having undergone apoptosis. Samples of the 
exfoliate (tissue or body fluid containing the exfoliated cells) 
predominantly comprise apoptotic DNA. 

0018 Preferred methods of the invention for use on a 
Stool Sample comprise obtaining a representative Stool 
Sample. An especially-preferred method for preparing a 
stool sample is disclosed in U.S. Pat. No. 5,741,650, and in 
co-owned, co-pending U.S. patent application Ser. No. 
09/059,713 (attorney docket No. EXT-015), each of which is 
incorporated by reference herein. 
0019. In a preferred embodiment, methods of the inven 
tion comprise homogenizing a representative Stool Sample in 
a Solvent in order to form a homogenized Sample mixture 
having a Solvent Volume to Stool mass ratio of at least 5 to 
1. An especially-preferred ratio of Solvent Volume to Stool 
mass is about 20:1. A preferred Solvent for preparing Stool 
Samples according to the invention is a physiologically 
compatible buffer comprising a detergent and a proteinase 
and optionally a DNase inhibitor, such as a buffer compris 
ing Tris-EDTA-NaCl. A preferred buffer is 50 mM Tris, 150 
mM EDTA and 10 mM NaCl at pH 9.0. Another preferred 
solvent is guanidine isothiocyanate (GITC). Providing an 
optimal Solvent Volume to Stool mass ratio increases the 
yield of nucleic acid generally from the Sample. Further 
details regarding Sample preparation are disclosed in co 
owned, co-pending U.S. patent application Ser. No. 09/198, 
083 (Attorney Docket No. EXT-0028) incorporated herein 
by reference. 
0020 Preferred methods of the invention further com 
prise enriching sample for human DNA. Preferred enrich 
ment methods for use in the invention include enriching a 
desired human target Sequence using an affinity column, 
Sequence-specific capture, or through the use of preferred 
buffers that bias isolation of human DNA. A preferred 
enrichment method is based upon the capture of unique 
human nucleic acids using, for example, an affinity column. 
Details of such methods are provided below. 
0021. In a preferred embodiment, methods further com 
prise the Step of extracting DNA from the homogenized 
Sample mixture using Sequence-specific nucleic acid probes. 
0022 Particularly preferred are probes hybridizing to 
human DNA. The probes are preferably labeled. Preferred 
labels include radioactive labels, fluorescent labels, molecu 
lar weight labels and enzymatic labels. Other labels are well 
known in the art. 

0023. In a preferred embodiment gel electrophoresis, 
affinity chromatography, or mass spectrometry are used to 
detect large DNA fragments (fragments comprising greater 
than about 200 base pairs). The presence of large DNA 
fragments in the Sample is indicative of colorectal cancer. 
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0024. In a preferred embodiment capture probes com 
prise DNA, RNA or PNA, and are detectably labeled using 
methods known in the art. In one embodiment probes are 
labeled with radioactive isotopes such as p, p, S, 'I, 
or any other detectable isotope useful for labeling a hybrid 
ization probe. In an another embodiment, probes are labeled 
with fluorescent molecules. Numerous fluorescent labels are 
known in the art, and any detectable fluorescent probe label 
is useful for practice of the invention. Alternatively, probes 
are attached to moieties which increase their molecular 
weight. For example a probe may be directly attached to a 
glycoprotein, or a glass bead, or any compound which has a 
detectable effect on the molecular weight of the probe. In a 
further embodiment, probes are labeled with a compound 
that is detectable due to specific interactions with an addi 
tional compound. For example, biotinylated probes are 
detectable via interaction with streptavidin. The streptavidin 
moiety is attached to a detectable label Such as a bead, a 
fluorescent tag, or an enzyme. In another example, the 
probes are labeled with a hapten or other antigen which is 
Specifically recognized by an antibody. The antibody is 
made detectable using methods known in the art including 
radioactive isotopes, fluorescent tags, and enzyme reactions. 
In a further example the probes are directly attached to an 
enzyme which is detectable via a Specific enzyme catalyzed 
reaction generating a detectable product. 
0.025 Finally, methods of the invention allow one to 
approximate the position in the colon of a colorectal lesion 
based upon the relative amount of DNA fragments in a stool 
Sample that are greater than 200 base pairs in length. This 
aspect of the invention relies on the fact that the lytic 
properties of Stool are greater in the proximal colon than 
they are in the distal colon. In the proximal colon, Stool is 
typically in liquid form. Therefore, the cell lysis and DNA 
degrading enzymes in the colon have greater access to 
exfoliated cells in the liquid mixture of the proximal colon 
as compared to their access to exfoliated cells Sloughed onto 
formed or forming Stool that is typical in the distal colon. AS 
a consequence of the differences between the environments 
of the proximal and distal colon, the present invention 
provides that typical DNA fragments from cells exfoliated 
into the proximal colon are Smaller than DNA fragments 
from cells exfoliated into the distal colon. FIG. 1 provides 
an example of the progression of DNA sizes expected for 
cancer or precancer cells exfoliated into different regions of 
the colon. The size of DNA fragments from non-cancerous 
or precancerous cells is the same throughout the colon due 
to the fact that the DNA from those cells is degraded 
primarily through apoptosis. Thus, cell lysis and DNA 
degradation play only minor roles in determining the Size of 
DNA fragments from most exfoliated normal cells through 
out the colon. It is noted, however, that normal cells that are, 
for example, mechanically Sheared from the colon undergo 
the same lytic and degradation cycle as the typical cancer or 
precancer cell. However, the contribution of Such non 
apoptotic normal cells to the overall level of DNA in the 
Stool Sample is Small, and is controlled for by establishing 
Standards as taught below. 
0.026 Further aspects and advantages of the invention are 
contained in the following detailed description thereof. 

DESCRIPTION OF THE DRAWINGS 

0.027 FIG. 1 shows a schematic representation of the 
colon, and the representative (typical) DNA fragment length 
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for DNA obtained from a cancer or precancer exfoliated cell 
over the representative (typical) apoptotic (normal) DNA 
fragment length for various regions of the colon. 
0028 FIG. 2 is a gel photograph showing results of 
amplification of Kras (exon 1) DNA isolated from stool 
using forward and reverse primerS Spaced about 200 bp 
apart. The band intensity relates to the amount of 200 bp 
product or greater in the Sample. Lanes 14 are results from 
patients with cancer or adenoma, lane 5 is a positive control, 
lanes 6-10 are from patients who did not have cancer or 
adenoma, lanes 11-12 are negative controls, and lanes 13-18 
are Standards at the approximate molecular weight indicated 
in the figure. 
0029 FIG. 3 is a gel photograph showing results of 
amplification of apc (exon 15) DNA isolated from stool 
using forward and reverse primerS Spaced about 200 bp 
apart. The band intensity relates to the amount of 200 bp 
product or greater in the Sample. Lanes 14 are results from 
patients with cancer or adenoma, lane 5 is a positive control, 
lanes 6-10 are from patients who did not have cancer or 
adenoma, lanes 11-12 are negative controls, and lanes 13-18 
are Standards at the approximate molecular weight indicated 
in the figure. 
0030 FIG. 4 is a gel photograph showing results of 
amplification of apc (exon 15) DNA isolated from stool 
using forward and reverse primerS Spaced about 200 bp 
apart. The band intensity relates to the amount of 200 bp 
product or greater in the sample. Lanes 1-4 are results from 
patients with cancer or adenoma, lane 5 is a positive control, 
lanes 6-10 are from patients who did not have cancer or 
adenoma, lanes 11-12 are negative controls, and lanes 13-18 
are Standards at the approximate molecular weight indicated 
in the figure. 
0031 FIG. 5 is a gel photograph showing results of 
amplification of apc (exon 15) DNA isolated from stool 
using forward and reverse primerS Spaced about 200 bp 
apart. The band intensity relates to the amount of 200 bp 
product or greater in the Sample. Lanes 14 are results from 
patients with cancer or adenoma, lane 5 is a positive control, 
lanes 6-10 are from patients who did not have cancer or 
adenoma, lanes 11-12 are is negative controls, and lanes 
13-18 are Standards at the approximate molecular weight 
indicated in the figure. 
0032 FIG. 6 is a gel photograph showing results of 
amplification of p53 (exon 5) DNA isolated from stool using 
forward and reverse primers spaced about 200 bp apart. The 
band intensity relates to the amount of 200 bp product or 
greater in the sample. Lanes 14 are results from patients with 
cancer or adenoma, lane 5 is a positive control, lanes 6-10 
are from patients who did not have cancer or adenoma, lanes 
11-12 are negative controls, and lanes 13-18 are Standards at 
the approximate molecular weight indicated in the figure. 
0033 FIG. 7 is a gel photograph showing results of 
amplification of p53 (exon 7) DNA isolated from stool using 
forward and reverse primers spaced about 200 bp apart. The 
band intensity relates to the amount of 200 bp product or 
greater in the sample. Lanes 14 are results from patients with 
cancer or adenoma, lane 5 is a positive control, lanes 6-10 
are from patients who did not have cancer or adenoma, lanes 
11-12 are negative controls, and lanes 13-18 are Standards at 
the approximate molecular weight indicated in the figure. 
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0034 FIG. 8 is a gel photograph showing results of 
amplification of p53 (exon 8) DNA isolated from stool using 
forward and reverse primers spaced about 200 bp apart. The 
band intensity relates to the amount of 200 bp product or 
greater in the Sample. Lanes 1-4 are results from patients 
with cancer or adenoma, lane 5 is a positive control, lanes 
6-10 are from patients who did not have cancer or adenoma, 
lanes 11-12 are negative controls, and lanes 13-18 are 
Standards at the approximate molecular weight indicated in 
the figure. 
0.035 FIG. 9 is a gel photograph of results of amplifi 
cation of DNA from stool samples using forward and reverse 
primerS Spaced approximately 1.8Kb apart. The band inten 
sity shows the amount of 1.8 Kb or greater product. Lanes 
1, 8, and 9 are negative controls, lanes 2, 3, and 5 are results 
from patients with cancer or adenoma, lanes 4, 6, and 7 are 
results from patients who did not have cancer or adenoma, 
and lanes 10-14 are molecular weight Standards. 
0.036 FIG. 10 is a gel photograph of results of amplifi 
cation of DNA from stool samples using forward and reverse 
primerS Spaced approximately 1.8Kb apart. The band inten 
sity shows the amount of 1.8 Kb or greater product. Lanes 
1, 8, and 9 are negative controls, lanes 2, 3, and 5 are results 
from patients with cancer or adenoma, lanes 4, 6, and 7 are 
results from patients who did not have cancer or adenoma, 
and lanes 10-14 are molecular weight Standards. 
0037 FIG. 11 is a gel photograph of results of amplifi 
cation of DNA from stool samples using forward and reverse 
primerS Spaced approximately 1.8Kb apart. The band inten 
sity shows the amount of 1.8 Kb or greater product. Lanes 
1, 8, and 9 are negative controls, lanes 2, 3, and 5 are results 
from patients with cancer or adenoma, lanes 4, 6, and 7 are 
results from patients who did not have cancer or adenoma, 
and lanes 10-14 are molecular weight Standards. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.038 Methods of the invention are based upon the obser 
Vation that Samples comprising cells from patients with 
cancer or precancer contain a greater amount of high 
molecular weight (long Sequence) DNA fragments as com 
pared to corresponding Samples obtained from individuals 
that are free of cancer/precancer. Accordingly, methods of 
the invention provide accurate Screening and diagnostic 
procedures for cancer or precancer. 

0039 Methods of the invention are useful to detect 
nucleic acid indicia of cancer or precancer in any tissue or 
body fluid Sample. For example, Sputum Samples are used to 
detect the presence of high molecular weight (long 
Sequence) DNA as a marker for cancer. The majority of cells 
exfoliated into Sputum have undergone apoptosis and Sub 
Sequent further enzymatic degradation. The predominant 
DNA from those cells is small, apoptotic DNA. Cancer cells 
produced by, for example, the lungs, the nasal passages, or 
the trachea will also be sloughed into Sputum. However, the 
DNA from those cells, while being exposed to enzymatic 
processes, has not been affected by apoptosis. Accordingly, 
fragments from cancer or precancer cells found in Sputum 
are larger than fragments expected to be produced by normal 
cells. 

0040 Similarly, cells sloughed by cancerous or precan 
cerous lesions in the bladder or kidney produce non-apop 
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totic DNA in urine, cancerous or precancerous lesions in the 
lymph nodes result in non-apoptotic DNA fragments in 
lymph, and cancerous or precancerous cells in the breast 
Slough non-apoptotic DNA-containing cells that can be 
harvested via aspiration. Accordingly, methods of the inven 
tion are useful in any tissue or body fluid. However, for 
purposes of exemplification of the methods described 
herein, Stool Sample were used to predict the presence of 
colorectal cancer or precancer. Stool is an excellent Speci 
men for analysis due to the characteristic exfoliation of 
colonic epithelia as described above. 
0041 Methods of the invention are practiced by detecting 
the presence of DNA fragments having a sequence length 
that would not be expected to be present in Significant 
amounts in a sample obtained from a healthy individual (i.e., 
an individual who does not have cancer or precancer). A 
threshold amount of large fragments is an amount that 
exceeds a predetermined level expected or determined for 
non-cancerous/non-precancerous cells. The predetermined 
level or Standard can be determined by detecting the amount 
of a particular size of DNA fragment (preferably apoptotic 
fragments characteristic of normal cells) in a population or 
Subpopulation of normal patients. Standards can be deter 
mined empirically, and, once determined, can be used as the 
basis for further Screening. 
0042. The size of fragments to be used is chosen based 
upon the convenience of the individual performing the 
Screen. Factors affecting the size of fragments used in 
Screening or diagnostic methods of the invention include the 
availability and costs of probes and primers, the desired 
target of amplification, the type of cancer being Screened, 
and the patient Sample on which Screening takes place. The 
invention takes advantage of the recognition that large 
fragments exist in greater abundance in abnormal Samples 
than in normal Samples. Accordingly, the precise Size of 
fragments used in methods of the invention does not matter. 
For any given size of fragments to be analyzed, a cutoff must 
be determined to distinguish between normal and abnormal 
samples. Preferably, the cutoff is determined empirically 
based upon known normal and abnormal Sample, and then is 
used in future Screenings. 
0043. The following examples provide further details of 
methods according to the invention. For purposes of exem 
plification, the following examples provide details of the use 
of the method if the present invention in colon cancer 
detection. Accordingly, while exemplified in the following 
manner, the invention is not So limited and the skilled artisan 
will appreciate its wide range of application upon consid 
eration thereof. 

0044) Exemplary Method for the Detection of Colon 
Cancer 

0045 For the analysis of stool samples, preferred meth 
ods of the invention comprise obtaining at least a croSS 
Section or circumfrential portion of a voided Stool as taught 
in U.S. Pat. No. 5,741,650, and co-pending, co-owned U.S. 
patent application Ser. No. 09/059,718, both of which are 
incorporated by reference herein. While a cross-sectional or 
circumfrential portion of Stool is desirable, methods pro 
Vided herein are conducted on random Samples obtained 
from voided Stool, which include Smears or Scrapings. Once 
obtained, the Stool Specimen is homogenized. A preferable 
buffer for homogenization is one that contains at least 16 
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mM ethylenediaminetetraacetic acid (EDTA). However, as 
taught in co-pending, co-owned U.S. patent application Ser. 
No. 60/122,177, incorporated by reference herein, it has 
been discovered that the use of at least 150 mM EDTA 
greatly improves the yield of nucleic acid from Stool. Thus, 
a preferred buffer for Stool homogenization comprises phos 
phate buffered saline, 20-100 mM NaCl or KC1, at least 150 
mM EDTA, and optionally a detergent (such as SDS) and a 
proteinase (e.g., proteinase K). 
0046. After homogenization, nucleic acid is preferably 
isolated from the Stool Sample. Isolation or extraction of 
nucleic acid is not required in all methods of the invention, 
as certain detection techniques can be adequately performed 
in homogenized Stool without isolation of nucleic acids. In 
a preferred embodiment, however, homogenized Stool is 
Spun to create a Supernatant containing nucleic acids, pro 
teins, lipids, and other cellular debris. The Supernatant is 
treated with a detergent and proteinase to degrade protein, 
and the nucleic acid is phenol-chloroform extracted. The 
extracted nucleic acids are then precipitated with alcohol. 
Other techniques can be used to isolate nucleic acid from the 
Sample. Such techniques include hybrid capture, and ampli 
fication directly from the homogenized Stool. Nucleic acids 
can be purified and/or isolated to the extent required by the 
Screening assay to be employed. Total DNA is isolated using 
techniques known in the art. 
0047 Once DNA is isolated, the sample preferably is 
enriched for human nucleic acids using Sequence Specific 
capture probes. Pelletized DNA is resuspended in TE buffer. 
Guanidine isothiocyanatate (GITC) is then added. An excess 
of capture probes that target human DNA are added to the 
sample. The sample is heated to denature the DNA and then 
cooled. Finally, probe and target DNA are allowed to hybrid 
ize. Steptavidin-coated magnetized beads are Suspended in 
water and added to the mixture. After briefly mixing, the 
mixture is maintained at room temperature for approxi 
mately 30 minutes. Once the affinity binding is completed, 
a magnetic filed is applied to the Sample to draw the 
magnetized isolation beads (both with and without hybrid 
ized complex). The beads are then washed four (4) times in 
1M GITC/0.1% Igepal (Sigma, St. Louis, Mo.) solution for 
15 minutes, followed by two (2) washes with warm buffer 
(TE with 1M NaCl) for 15 minutes in order to isolate 
complexed Streptavidin. Finally, distilled water is added to 
the beads and heated to elude the DNA. Gel electrophoresis 
can then be performed on the human DNA that has been 
captured. 
0.048 III. Determination of Fragment Length 
0049. The size of human DNA fragments obtained above 
can be determined by numerous means. For example, human 
DNA can be separated using gel electrophoresis. A 5% 
acrylamide gel is prepared using techniques known in the 
art. See Ausubel et. al., Short Protocols in Molecular Biol 
ogy, John Wiley & Sones, 1195, pgs. 2-23-2-24, incorpo 
rated by reference herein. The size of human DNA frag 
ments is then determined by comparison to known 
Standards. Fragments greater than about 200 bp provide a 
positive Screen. While a diagnosis can be made on the basis 
of the Screen alone, patients presenting a positive Screen are 
preferably advised to Seek follow-up testing to render a 
confirmed diagnosis. 
0050 A preferred means for determining human DNA 
fragment length is by using PCR. Methods for implementing 
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PCR are well-known. In the present invention, human DNA 
fragments are amplified using human-specific primers. 
Amplicon of greater than about 200 bp produced by PCR 
represents a positive Screen. Other amplification reactions 
and modifications of PCR, Such as ligase chain reaction, 
reverse-phase PCR, Q-PCR, and others may be used to 
produce detectable levels of amplicon. Amplicon may be 
detected by coupling to a reporter (e.g. flouresence, radio 
isotopes, and the like), by Sequencing, by gel electrophore 
sis, by mass spectrometry, or by any other means known in 
the art, as long as the length, weight, or other characteristic 
of the ampliconsidentifies them by size. 

EXAMPLES 

0051 Experiments were conducted to determine whether 
characteristics of amplifiable DNA in stool were predictive 
of cancer or precancer in patients from whom Stools Samples 
were obtained. In the first experiment, the amount of ampli 
fiable DNA was measured in each of several stool samples 
using PCR amplification to detect DNA fragments in the 
Sample of at least 200 base pairs in length. The Second 
experiment determined the amount of long (greater than 200 
base pair) fragments in the same Samples, and then to 
determine ratioS of long product to short product. 
0.052 I. The Use of Amplifiable DNA as a Marker for 
Cancer or Precancer 

0053 Stool samples were collected from 9 patients who 
presented with symptoms or a medical history that indicated 
that a colonoscopy should be performed. Each Stool Sample 
was frozen. Immediately after providing a stool Sample, 
each patient was given a colonoscopy in order to determine 
the patient's disease Status. Based upon the colonoscopy 
results, and Subsequent histological analysis of biopsy 
Samples taken during colonSocopy, individuals were placed 
into one of two groups: normal or abnormal. The abnormal 
group consisted of patients with cancer or with an adenoma 
of at least 1 cm in diameter. Based upon these results, 4 of 
the 9 patients were placed into the abnormal group. 
0054 The samples were screened by hybrid capturing 
human DNA, and determining the amount of amplifiable 
DNA having at least 200 base pairs. Each frozen stool 
Specimen, weighing from 7-33 grams, was though and 
homogenized in 500 mM Tris, 16 mM EDTA, and 10 mM 
NaCl, pH 9.0 at a volume: to mass ratio of 3:1. Samples were 
then rehomogenized in the Same buffer to a final Volume 
to-mass ratio of 20:1, and spun in glass macro beads at 
2356xg. The Supernatant was collected and treated with SDS 
and proteinase k. The DNA was then phenol-chloroform 
extracted and precipitated with alcohol. The precipitate was 
suspended in 10 mM Tris and 1 mM EDTA (1XTE), pH 7.4. 
Finally, the DNA was treated with Rnase. 
0055 Human DNA was isolated from the precipitate by 
Sequence-specific hybrid capture. Biotynilated probes 
against portions of the p53, K-ras, and apc genes were used. 
The K-ras probe was 5'GTGGAGTATTTGATAGTGTAT 
TAACCTTATGTGTGAC 3' (SEQ ID NO: 1). There were 
two apc probes: apc-1309 was 5"TTCCAGCAGTGTCA 
CAGCACCCTAGAACCAAATCCAG 3' (SEQ ID NO: 2), 
and apc-1378 was 5"CAGATAGCCCTGGACAAACAAT. 
GCCACGAAGCAGAAG 3' (SEQ ID NO:3). There were 
four probes against p53, the first (hybridizing to a portion of 
exon 5) was 5'TACTCCCCTGCCCTCAACAAGAT 
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GTTTTGCCAACTGG3' (SEQ ID NO:4), the second 
(hybridizing to a portion of exon 7) was 5'ATTTCTTCCAT. 
ACTACTACCCATCGACCTCTCATC3" (SEQ ID NO. 5), 
the third, also hybridizing to a portion of exon 7 was 
5ATGAGGCCAGTGCGCCTTGGGGAGACCT 
GTGGCAAGC3' (SEQ ID NO: 6); and finally, a probe 
against exon 8 had the Sequence 5'GAAAGGA 
CAAGGGTGGTTGGGAGTAGATGGAGCCTGG3' (SEQ 
ID NO: 7). A 10 ul aliquot of each probe (20 pmol/capture) 
was added to a suspension containing 300 ul DNA in the 
presence of 310 ul 6M GITC buffer for 2 hours at room 
temperature. Hybrid complexes were isolated using Strepta 
vidin-coated beads (Dynal). After washing, probe-bead 
complexes were suspended at 25 C. for 1 hour in 0.1XTE 
buffer, pH7.4. The Suspension was then heated for 4 minutes 
at 85 C., and the beads were removed. 
0056 Captured DNA was then amplified using PCR, 
essentially as described in U.S. Pat. No. 4,683,202, incor 
porated by reference herein. Each Sample was amplified 
using forward and reverse primers through 7 loci (Kras, 
exon 1, APC exon 15 (3 separate loci), p53, exon 5, p53, 
exon 7, and p53, exon 8) in duplicate (for a total of 14 
amplifications for each locus). Seven separate PCRs (33 
cycles each) were run in duplicate using primers directed to 
detect fragments in the Sample having 200 base pairs or 
more. Amplified DNA was placed on a 4% Nusieve (FMC 
Biochemical) gel (3% Nusieve, 1% agarose), and stained 
with ethidium bromide (0.5ug/ml). The resulting amplified 
DNA was graded based upon the relative intensity of the 
stained gels. The results are shown in FIGS. 2-8. Each 
Figure represents the results for all 9 patients (including 
standards) for the seven different loci that were amplified. As 
shown in the Figures, each Sample from a patient with 
cancer or adenoma was detected as a band having Signifi 
cantly greater intensity than the bands associated with 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 7 

<210> SEQ ID NO 1 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
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Samples from patients who did not have cancer or precancer. 
All four cancer/adenoma patients identified using colonos 
copy were correctly identified by determining the amount of 
amplifiable DNA 200 base pairs or greater in length. As 
shown in FIGS. 2-8, the results were the same regardless of 
which locus was amplified. Accordingly, the amount of 200 
bp or greater DNA in a Sample was predictive of patient 
disease Status. 

EXAMPLE 2 

0057. An experiment was conducted that was essentially 
identical to the one described above in Example 1, but 
forward and reverse primers were placed Such that frag 
ments of about 1.8 Kb and above were amplified. 

0.058 DNA was prepared as described above. Forward 
and reverse primers were Spaced So as to hybridize approxi 
mately 1.8 Kb apart on three different loci (Kras, exon 1, 
APC, exon 15, and p53 exon 5). Thirty-three rounds of 
amplification were performed, and the resulting DNA was 
placed on a 5% acrylamide gel. The results are shown in 
FIGS. 9-11. As shown in the Figures (which show results 
from three separate experiments to amplify and detect 
“long product), Samples from individuals having cancer or 
precancer produced large amounts of high-molecular weight 
(in this case 1.8Kb and above) DNA; whereas samples from 
patients who did not have cancer or precancer produced no 
DNA in the range of about 1.8 Kb and higher. Thus, the 
presence of high-molecular weight DNA was indicative of 
the disease Status of the patient. 

0059) The invention has been described in terms of its 
preferred embodiments. Alternative embodiments are appar 
ent to the skilled artisan upon examination of the Specifica 
tion and claims. 

<223> OTHER INFORMATION: Description of Artificial Sequence: K-ras 
oligonucleotide probe 

<400 SEQUENCE: 1 

gtggagtatt togatagt gta ttaac cittat gtgtgac 

<210> SEQ ID NO 2 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

37 

<223> OTHER INFORMATION: Description of Artificial Sequence: apc-1309 
oligonucleotide probe 

<400 SEQUENCE: 2 

titc.ca.gcagt gtcacagdac cottagalacca aatccag 37 
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-continued 

<210> SEQ ID NO 3 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: apc-1378 

oligonucleotide probe 

<400 SEQUENCE: 3 

cagatagocc toggacaaaca atgccacgaa goagaag 

<210> SEQ ID NO 4 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

37 

<223> OTHER INFORMATION: Description of Artificial Sequence:first p53 
oligonucleotide probe 

<400 SEQUENCE: 4 

tact coccitg cccitcaacaa gatgttittgc caactgg 

<210 SEQ ID NO 5 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

37 

<223> OTHER INFORMATION: Description of Artificial Sequence: second p53 
oligonucleotide probe 

<400 SEQUENCE: 5 

atttctitcca tactactacc catcg accitc. tcatc 35 

<210> SEQ ID NO 6 
&2 11s LENGTH 37 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: third p53 

oligonucleotide probe 

<400 SEQUENCE: 6 

atgaggc.cag togC gCCttgg ggagacCtgt ggcaa.gc 37 

<210 SEQ ID NO 7 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: fourth p53 

oligonucleotide probe 

<400 SEQUENCE: 7 

gaaaggacaa gq9tggttgg gagtagatgg agcctgg 37 

What is claimed is: 
1. A method for Screening a patient for cancer or precan 

cer, the method comprising the Steps of 
detecting in a patient tissue or body fluid Sample com 

prising exfoliated cells and cellular debris, nucleic acid 
fragments that are greater than 200 base pairs in length; 

the presence of Said fragments being a positive Screen for 
cancer or precancer. 

2. The method of claim 1, wherein Said detecting Step 
comprises conducting an amplification reaction designed to 
amplify only nucleic acids in Said Sample that are greater 
than 200 base pairs in length. 

3. The method of claim 1, wherein said sample is selected 
from the group consisting of Stool, pus, and urine. 

4. The method of claim 1, further comprising the step of 
enriching Said Sample for human DNA. 
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5. The method of claim 1, further comprising the step of 
isolating human DNA from Said Sample. 

6. A method for Screening a patient for cancer or precan 
cer, the method comprising the Steps of 

determining in a patient tissue or body fluid Sample a first 
amount of nucleic acid fragments greater than 200 base 
pairs in length; 

determining in Said Sample a Second amount of nucleic 
acid fragments less than about 200 base pairs in length; 

determining a ratio between Said first amount and Said 
Second amount; and 
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identifying a positive Screen if Said ratioS exceeds a 
threshold ratio for patients who do not have cancer or 
precancer. 

7. A method for Screening a patient for cancer or precan 
cer, the method comprising the Step of 

detecting in a patient tissue or body fluid Sample com 
prising exfoliated cells a nucleic acid fragment of a 
length that is not expected to be present in Said Sample 
in a healthy patient; 

the presence of Said fragment being a positive Screen. 
k k k k k 


