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ABSTRACT 

This application describes methods and compositions for 
detecting and treating C6Orf150-associated neoplasia. Dif 
ferential methylation of the C6Orf150 nucleotide sequences 
has been observed in C6Orf150-associated neoplasia such as 
colon neoplasia. 
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Figure 1 

C6orf150 data from Agilent methylation array vs. 
expression array 
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Figure 2 
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Figure 3 

C6orf1504000 bp genomic fragment map with CpG sites 
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C6orf150 BS sequencing summary 
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C6orf150 MS-PCR results for representative MSPs 
Figure 5 
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Figure 7 

Positions of primers MSP-8, MSP-10, and MSP-23 against DMR of C6Orf150 
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Figure 8 MSP8, MSP10, and MSP23 vs. BS sequencing summary 
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Figure 9 C6orf150 MSP8 Specificity Testing 
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Figure 10 

C6orf150 MSP8 Specificity Testing 
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Figure 11 
C6orf150 MS-PCR summary on Exon array samples 
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Figure 12 
C6orf150 MSP8 sensitivity testing 
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C6orf150 expression profile (exon array data) 
Figure 13A 
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Figure 13B 

C6orf150 expression levels in c6orf150 methylators vs. non-methylators (exon array data) 

35 - - - - - - - - - - - - - --------------------- - - - - - - - - - - - - - - - - --------------------- - - - - - - - - - - - - - - - - --------------------- - - - - - - - - - - - - - - - - --------------------- - - - - - - - - - - - - - - - - ----------------- 

O - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -r 

EO is $ 

O 

& 
s 

15 - 

----------------------------------------------------------------------------------------------------------------------------------------------s. 110. 
s 
s s 

5 sessesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 
s 
$s S. 

O ----------- S.S.S.S.S.S.S..?.S.S.S.. 

C6orf150 C6Orf150 
MSP8 Methyl MSP8 Unmethyl 

Median expression values are shown for each group 



Patent Application Publication Apr. 24, 2014 Sheet 15 of 18 US 2014/0113290 A1 

Figure 14A 
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Figure 14B 
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Figure 15B 
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ABERRANT METHYLATION OF C6ORF150 
DNA SEQUENCES IN HUMAN COLORECTAL 

CANCER 

RELATED APPLICATIONS 

0001. This application claims the benefit of priority to 
U.S. provisional application No. 61/275,355, filed Aug. 27. 
2009, the disclosure of which is hereby incorporated by ref 
erence in its entirety. 

FUNDING 

0002 Work described herein was supported by National 
Institutes of Health Grant RO1CA 120237, U54 CA 1 16867, 
and CA98.006. The United States Government has certain 
rights in the invention. 

BACKGROUND 

0003 Colorectal cancer is among the leading causes of 
cancer-related morbidity and mortality in industrialized 
nations. The pathogenesis is related to hereditary influences, 
modified by the quantity and quality of dietary fat. In 1995, 
the American Cancer society estimated that 135,000 new 
cases of colon cancer were diagnosed: 71% were in the colon 
and 30% were in the rectum. Patients diagnosed at an early 
stage, prior to lymph-node spread, are potentially cured with 
Surgery. Approximately 40% of patients are diagnosed at an 
early stage. The remaining cases frequently undergo peri 
operative radiation and/or chemotherapy to attempt to control 
the metastatic spread of disease. Ultimately, 50% of patients 
thought to have undergone curative resections eventually 
develop recurrent disease. Unfortunately, 55,000 Americans 
die each year due to recurrent or metastatic colon or rectal 
cancer. The key to enhanced Survival is early diagnosis. Colon 
and rectal cancers are often silent and slowly progressive. 
Most patients exhibit symptoms such as rectal bleeding, pain, 
abdominal distension or weight loss only after the disease is 
advanced and not surgically curable. 
0004 Early detection depends upon availability of high 
quality methods. Such methods are also useful for determin 
ing patient prognosis, selecting therapy, monitoring response 
to therapy and selecting patients for additional therapy. 
Although methods for detecting colon cancer exist, the meth 
ods are not ideal. Digital rectal exams (i.e., manual probing of 
rectum by a physician), for example, although relatively inex 
pensive, are unpleasant and can be inaccurate. Fecal occult 
blood testing (i.e., detection of blood in stool) is nonspecific 
because blood in the stool has multiple causes. Colonoscopy 
and sigmoidoscopy (i.e., direct examination of the colon with 
a flexible viewing instrument) are both uncomfortable for the 
patient and expensive. Double-contrast barium enema (i.e., 
taking X-rays of barium-filled colon) is also an expensive 
procedure, usually performed by a radiologist. Consequently, 
there is a need for cancer diagnostic methods that are specific, 
accurate, minimally invasive, technically simple and inex 
pensive. 
0005 Because of the disadvantages of existing methods 
for detecting or treating cancers, new methods are needed for 
cancer diagnosis and therapy. 

SUMMARY OF THE INVENTION 

0006. The present invention is based in part on Applicants 
discovery of a particular human genomic DNA region, start 
ing within and extending beyond the C6Orf150 genomic 
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locus (NM 138441.2) that spans coordinates chr6: 
74191577-74218764 in the (hg18) assembly of the UCSC 
Genome Browser), in which the cytosines within CpG 
dinucleotides are differentially methylated in tissues from 
human cancers (e.g., colon cancer) and unmethylated in nor 
mal human tissues. The genomic sequence is disclosed herein 
as SEQ ID NO: 1, corresponding to (hg18) coordinates 
74,219,719-74,215,720. The present methods are also based, 
in part, on Applicants discovery that the levels of C6Orf150 
transcript in tissues from human cancers are lower than the 
levels of C6Orf150 transcript in normal tissues. 
0007. In one aspect, the invention provides a method for 
detecting the likelihood that a human patient has a gas 
trointestinal neoplasia, comprising obtaining a human 
sample; and assaying said sample for the presence or absence 
of methylation within a nucleotide sequence set forth in SEQ 
ID NO: 1 or its reverse complement sequence set forth in SEQ 
ID NO: 4, or fragments thereof, wherein the presence of 
methylation within any one of said nucleotide sequence is 
indicative of the likelihood that the human patient has colon 
neoplasia. In certain embodiments, the fragment contains at 
least one site of methylation, and is of a length amenable to 
MS-PCR and/or digestion by methylation-sensitive restric 
tion enzyme. In some embodiments, the method comprises 
assaying for the presence or absence of methylation of the 
C6Orf150 gene sequence selected from SEQID NOs: 7 or 10. 
In other embodiments, the method comprises assaying for the 
presence or absence of methylation of the C6Orf150 
sequence selected from SEQID NOs: 13 or 16. 
0008. In another aspect, the invention provides a method 
for detecting the likelihood that a human patient has a gas 
trointestinal neoplasia, comprising obtaining a human 
sample; and assaying said sample for the presence or absence 
of methylation within a nucleotide sequence set forth in SEQ 
ID NO: 7 or its reverse complement sequence set forth in SEQ 
ID NO: 10, or fragments thereof, wherein the presence of 
methylation within any one of said nucleotide sequence is 
indicative of the likelihood that the human patient has colon 
neoplasia. In certain embodiments, the fragment contains at 
least one site of methylation, and is of a length amenable to 
MS-PCR and/or digestion by methylation-sensitive restric 
tion enzyme. 
0009. In yet other aspects, the invention provides a method 
for detecting the likelihood that a human patient has a gas 
trointestinal neoplasia, comprising obtaining a human 
sample; and assaying said sample for the presence or absence 
of methylation within a nucleotide sequence set forth in SEQ 
ID NO: 13 or its reverse complement sequence set forth in 
SEQID NO:16, or fragments thereof, wherein the presence of 
methylation within any one of said nucleotide sequence is 
indicative of the likelihood that the human patient has colon 
neoplasia. In certain embodiments, the fragment contains at 
least one site of methylation, and is of a length amenable to 
MS-PCR and/or digestion by methylation-sensitive restric 
tion enzyme. 
0010. In any of the foregoing aspects, the gastrointestinal 
neoplasia is a colon neoplasia, e.g., colon cancer, colon 
adenoma, and other colonic neoplasia types. In some embodi 
ments, the sample is a bodily fluid selected from blood, 
serum, plasma, a blood-derived fraction, stool, urine, and a 
colonic effluent. In other embodiments, the bodily fluid is 
obtained from a subject Suspected of having or is known to 
have colon neoplasia. 
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0011. In any of the foregoing aspects, the assay can be 
methylation-specific PCR. The method may comprise treat 
ing DNA from the sample with a compound that converts 
non-methylated cytosine bases in the DNA to a different base; 
amplifying a region of the compound converted C6Orf150 
nucleotide sequence with a forward primer and a reverse 
primer; and analyzing the methylation patterns of said 
C6Orf150 nucleotide sequences. In some embodiments, the 
method may comprise treating DNA from the sample with a 
compound that converts non-methylated cytosine bases in the 
DNA to a different base; amplifying a region of the compound 
converted C6Orf150 nucleotide sequence with a forward 
primer and a reverse primer; and detecting the presence and/ 
or amount of the amplified product. In one embodiment, the 
compound used to treat DNA is a bisulfite compound. 
0012. In a related embodiment, the method comprises for 
ward primers selected from SEQID NOs: 19, 21, 23, 25, 27, 
29, 31,33,35, 37,39, 41,43, 45, 47,49,51,53,55, 57, 59, 61, 
63, 65,67, 69,71, 73,75, 77, 79,81, 83, 85, 87, 89,91, 93, 95, 
97,99, 101, 103,105,107,109,111,113, 115, 117, 119, 121, 
123, 125, 127, 129, 131, 133, 135, and 137. In other embodi 
ments, the method comprises reverse primers selected from 
SEQID NOs: 20, 22, 24, 26, 28, 30, 32,34, 36,38, 40, 42,44, 
46,48, 50, 52,54, 56,58, 60, 62, 64, 66, 68, 70, 72, 74,76, 78, 
80, 82,84, 86, 88,90, 92,94, 96, 98, 100, 102, 104,106, 108, 
110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 
134, 136, and 138. In certain embodiments, the method com 
prises PCR primer pairs selected from MSPS, MSP10, and 
MSP23. 

0013. In any of the foregoing methods, the method com 
prises assaying using a methylation-specific restriction 
enzyme. In some embodiments, the methylation-specific 
restriction enzyme is selected from HpaII, SmaI, SacII, Eagl, 
MspI, BstUI, and BssHII. In certain embodiments, the 
method comprises a pair of primers selected from SEQ ID 
NOs: 139, 140, 141, 142, 143, 144, 145, and 146. 
0014. In another aspect, the present invention provides a 
method for detecting the likelihood that a human subject has 
colon neoplasia, comprising detecting C6Orf150 protein or 
nucleic acid expression level in a sample from the human 
subject, wherein reduced expression level of C6Orf150 pro 
tein or nucleic acid relative to a control sample from a healthy 
subject is indicative of the likelihood that the human subject 
has colon neoplasia. In certain embodiments, the sample is a 
bodily fluid selected from blood, serum, plasma, a blood 
derived fraction, stool, urine, and a colonic effluent. In one 
embodiment, the bodily fluid is from a subject suspected of 
having or known to have colon neoplasia. In some embodi 
ments, the C6Orf150 protein is detected by an immunoassay. 
0015. In other aspects, the present invention provides a 
method for identifying an agent which enhances C6Orf150 
protein or nucleic acid expressionina diseased cell associated 
with C6orf150 gene silencing, comprising contacting the cell 
with a Sufficient amount of the agent under Suitable condi 
tions; quantitatively determining the amount of C6Orf150 
protein or nucleic acid; and comparing the amount of 
C6Orf150 protein or nucleic acid with the amount of 
C6Orf150 protein or nucleic acid in the absence of the agent, 
wherein a greater amount of C6Orf150 protein or nucleic acid 
in the presence of the agent than in the absence of the agent 
indicates that the agent enhances C6Orf150 protein or nucleic 
acid expression. In one embodiment said C6Orf150 gene 
silencing is due to differential methylation of a C6Orf150 
nucleotide sequence. In a related embodiment, differential 
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methylation occurs within a C6Orf150 nucleotide sequence 
set forth in SEQID NO: 7, or fragments thereof. In certain 
embodiments, the fragment contains at least one site of 
methylation, and is of a length amenable to MS-PCR and/or 
digestion by methylation-sensitive restriction enzyme. In 
Some embodiments, the diseased cell is from a subject having 
colon neoplasia. 
0016. In another aspect, the present invention also pro 
vides a method for monitoring over time colon neoplasia in a 
human Subject, comprising (a) detecting the methylation sta 
tus of a C6Orf150 nucleotide sequence selected from SEQID 
NOs: 1, 4, 7, 10, 13, and 16 in a sample from the human 
subject for a first time; and (b) detecting the methylation 
status of any one of said C6Orf150 nucleotide sequence of 
step (a) in a sample from the same human Subject at a later 
time; wherein absence of methylation in the C6Orf150 nucle 
otide sequence taken at a later time and presence of methy 
lation in the C6Orf150 nucleotide sequence taken at the first 
time is indicative of regression of colon neoplasia; wherein 
presence of methylation in the C6Orf150 nucleotide 
sequence taken at a later time and absence of methylation in 
the C6Orf150 nucleotide sequence taken at the first time is 
indicative of progression of colon neoplasia. In a related 
embodiment, the sample is a bodily fluid selected from the 
group consisting of blood, serum, plasma, a blood-derived 
fraction, stool, urine, and a colonic effluent. 
0017. In other aspects, the present invention also provides 
oligonucleotide primer for detecting methylation of a 
C6Orf150 nucleotide sequence, selected from SEQID NOs: 
19-138. In certain aspects, the present invention also provides 
oligonucleotide primer for detecting methylation of a 
C6Orf150 nucleotide sequence, selected from SEQID NOs: 
139-146. 
0018. In other aspects, the present invention provides a 
method for detecting colon cancer, comprising obtaining a 
sample from a patient; and assaying said sample for the pres 
ence of methylation of nucleotide sequences within at least 
two genes selected from: C6Orf150, vimentin, SLC5A8, 
HLTF, p16, and hMLH1; wherein methylation of nucleotide 
sequences within any of the genes is indicative of colon 
cancer. In a related embodiment, the sample is a bodily fluid 
selected from blood, serum, plasma, a blood-derived fraction, 
stool, urine, and a colonic effluent. In some embodiments, the 
bodily fluid is obtained from a subject suspected of having or 
is known to have colon cancer. 
0019. In certain aspects, the present invention provides a 
method for detecting the likelihood that a patient has colon 
neoplasia, comprising obtaining a sample from a patient; and 
assaying said sample for the presence or absence of methy 
lation within a nucleotide sequence set forth in SEQID NO: 
13 or its reverse complement sequence set forth in SEQ ID 
NO: 16, wherein the presence of methylation within said 
nucleotide sequence is indicative of the likelihood that the 
patient has colon neoplasia. In a related embodiment, the 
sample is a bodily fluid selected from blood, serum, plasma, 
a blood-derived fraction, stool, urine, and a colonic effluent. 
In some embodiments, said colon neoplasia is colon cancer. 
In other embodiments, the assay is methylation-specific PCR. 
0020. In one embodiment, the foregoing method com 
prises treating DNA from the sample with a compound that 
converts non-methylated cytosine bases in the DNA to a 
different base; amplifying a region of the compound con 
verted C6Orf150 nucleotide sequence with a forward primer 
and a reverse primer; and analyzing the methylation patterns 
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of said C6Orf150 nucleotide sequences. In other embodi 
ments, the method comprises treating DNA from the sample 
with a compound that converts non-methylated cytosine 
bases in the DNA to a different base; amplifying a region of 
the compound converted C6Orf150 nucleotide sequence with 
a forward primer and a reverse primer; and detecting the 
presence and/or amount of the amplified product. 
0021. In any of the foregoing methods, the compound used 

to treat DNA is a bisulfite compound. 
0022. In certain aspects, the present invention provides 
isolated or recombinant C6Orf150 nucleotide sequences that 
are at least 80%, 85%, 90%, 95%, 98%, 99% or identical to 
the nucleotide sequence of any one of SEQID NOs: 1-18, and 
fragments of said sequences that are 10, 15, 20, 25, 50, 100, or 
150 base pairs in length wherein the C6Orf150 nucleotide 
sequences are differentially methylated in a C6Orf150-asso 
ciated disease cell. 

0023. In another aspect, the present invention provides a 
kit for detecting a C6Orf150-associated neoplasia in a sub 
ject, comprising at least two primers, wherein each of the 
primers has a sequence selected from the group consisting of 
SEQID NOs: 19-138, for assessing methylation of the human 
C6Orf150 gene. In some embodiments, the kit further com 
prises a compound, e.g., bisulfite, to convert a template DNA. 
In other embodiments, each primer comprises at least a CpG 
dinucleotide. 

0024. In a related embodiment, the kit comprises a for 
ward primer selected from SEQID NOs: 19, 21, 23, 25, 27, 
29, 31,33,35, 37,39, 41,43, 45, 47,49,51,53,55, 57, 59, 61, 
63, 65,67, 69,71, 73,75, 77, 79,81, 83, 85, 87, 89,91, 93, 95, 
97,99, 101, 103,105,107,109,111,113, 115, 117, 119, 121, 
123, 125, 127, 129, 131, 133, 135, and 137; and a reverse 
primer selected from SEQID NOs: 20, 22, 24, 26, 28, 30, 32, 
34, 36,38, 40, 42, 44, 46,48, 50, 52, 54, 56,58, 60, 62, 64, 66, 
68, 70, 72, 74, 76, 78,80, 82, 84, 86, 88,90, 92,94, 96, 98, 
100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 
124, 126, 128, 130, 132, 134, 136, and 138. 
0025. In one embodiment, kit comprises a forward primer 
selected from SEQ ID NOs: 31, 35, and 61, and a reverse 
primer selected from SEQID NOs: 32, 36, and 62. 
0026. In one aspect of the invention, provided herein is an 
oligonucleotide primer for assessing methylation in the 
human C6Orf150 gene, wherein said primer specifically 
hybridizes under high Stringent conditions to a bisulfite-con 
verted template sequence selected from SEQID NOS: 2, 3, 5, 
6, and complements thereof. 
0027. In another aspect, the present invention provides an 
oligonucleotide primer for assessing methylation in the 
human C6Orf150 gene, wherein said primer specifically 
hybridizes under high Stringent conditions to a bisulfite-con 
verted template sequence selected from SEQID NOs: 8, 9. 
11, 12, 14, 15, 17, 18, and complements thereof. 
0028. In any of the foregoing aspects, the primer has a 
sequence selected from SEQ ID NOs: 19-138. In certain 
embodiments, said primer is a forward primer selected from 
SEQID NOs: 19, 21, 23, 25, 27, 29, 31,33,35, 37,39, 41,43, 
45,47,49,51,53,55, 57,59, 61,63, 65, 67, 69,71, 73,75, 77, 
79, 81, 83, 85, 87, 89,91, 93, 95, 97,99, 101, 103,105,107, 
109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 
133, 135, and 137. In other embodiments, said primer is a 
reverse primer selected from SEQID NOs: 20, 22, 24, 26, 28, 
30, 32,34, 36,38, 40, 42, 44, 46,48, 50, 52,54, 56,58, 60, 62, 
64, 66,68, 70, 72, 74,76, 78,80, 82,84, 86, 88,90, 92,94, 96, 
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98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 
122, 124, 126, 128, 130, 132, 134, 136, and 138. 
0029. In a related embodiment, said primer is further 
labeled with a detectable marker, e.g., a fluorescent dye. 
0030 The present invention also provides a method of 
inhibiting or reducing growth of cancer cells (e.g., colon 
cancer). The method comprises increasing the levels of the 
C6Orf150 protein in cancer cells. In one embodiment, the 
cells are contacted with the C6Orf150 protein or a biologi 
cally active equivalent or fragment thereof under conditions 
permitting uptake of the protein or fragment. In another 
embodiment, the cells are contacted with a nucleic acid 
encoding the C6Orf150 protein and comprising a promoter 
active in the cancer cell, wherein the promoter is operably 
linked to the region encoding the C6Orf150 protein, under 
conditions permitting the uptake of the nucleic acid by the 
cancer cell. In another embodiment, the method comprises 
demethylating the methylated C6Orf150 DNA, or otherwise 
reactivating the silenced C6Orf150 promoter. 
0031. The invention contemplates combinations of any of 
the foregoing or following aspects and embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the Patent Office upon request and payment of the 
necessary fee. 
0033 FIG. 1. Data on expression of C6Orf150 transcript 
as measured on Affymetrix Human Exon 1.0 ST Arrays 
(Y-axis) for colon cancer cell line samples plotted against log 
2 of the MCA methylation values for these samples measured 
on the Agilent CpG island microarrays (X-axis). Samples 
with increased levels of C6Orf150 methylation show mark 
edly reduced levels of C6Orf150 transcript expression. 
0034 FIG. 2. Screen shot of the UCSC gene browser 
(hg18 assembly) identifying a CpG island in the C6Orf160 
locus region. The sense strand of C6Orf150 lies on the (-) 
genomic strand of chromosome 6. A 4kb regionaligned to the 
C6Orf150 sense strand is defined, with coordinates 1-4000 
corresponding to (hg18) coordinates 74,219,719-74,215,720. 
0035 FIG. 3. Schematic of the 1-4000 bp C6Orf150 
genomic locus above as defined in the Ensembl Genome 
Browser. The first coding exon is denoted as exon 2 (in UCSC 
Genome browser the exon 2 is annotated as exon 1). Balloons 
denote the positions of CpG dinucleotides. Double headed 
arrows denote the positions of oligonucleotide probes present 
on the Agilent human CpG island microarray. Also shown is 
the position of outer PCR primers used for amplification of a 
C6Orf150 differentially methylated region (“BS seq PCR 
primer'), as well as the position of PCR primers that define 
MSP-8 target region domain (“MSP8 F and “MSP8 R”). 
0036 FIG. 4. Heat map showing sequencing results of 
bisulfite converted DNAs across the differentially methylated 
region (DMR), corresponding to template SEQID NO: 7 in 4 
samples of normal colon mucosa from individuals who did 
not have colon cancer (Non-CAN, for Non-Cancer Normal), 
versus 4 colon cancer cell lines (V457, V9m, V206, V863). 
Each CpG within the region is denoted along the X-axis. CpG 
cytosines are designated sequentially (CpG number in DMR) 
in the top row, then designated by actual basepair position in 
the differentially methylated domain (SEQ ID NO: 7) (BP 
Position in Sequenced DMR Fr), then designated by actual 
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basepair position in the 4kbC6Orf150 genomic domain (SEQ 
ID NO: 1). Red regions denote CpG positions for which 90% 
or more of sequenced clones denoted methylation. It is appar 
ent that there is more methylation in the cancer samples than 
in the normal colon samples. 
0037 FIG. 5. Illustrates an assay for presence of methy 
lation across the C6Orf150 differentially methylated region 
(DMR) by methylation specific PCR (MSP) for a represen 
tative subset of methylation specific PCR assays. 
0038 FIG. 6. A representative MSPamplification condi 
tion for MSP8. 

0039 FIG. 7. Illustrates positions of primers MSP-8, 
MSP-10, and MSP-23 against DMR of C6Orf150. See FIG.3 
for designations. 
0040 FIG.8. Illustrates positions of primers for C6Orf150 
reactions MSP8, MSP10 and MSP23 referenced to the results 
of bisulfite sequencing of the C6Orf150 differentially methy 
lated region (DMR) as shown on FIG. 5. 
004.1 FIG.9. C6orf150 MSP8 specificity testing demon 
strating that colon cancer samples with positive MSP8 assays 
for C6Orf150 methylation turn positive by at least as early as 
PCR cycle 31. In contrast, normal colon samples remain 
negative in the assay for as late as at least PCR cycle number 
46. 

0042 FIG. 10. C6orf150 MSP8 specificity testing demon 
strating that methylation at the MSP8 target region is essen 
tially undetectable in the great majority of normal colon tis 
SUS. 

0.043 FIG. 11. Summary of results for C6Orf150 MSP8 
testing of a panel of colon cancer cell lines used in the initial 
array study, and a panel of normal mucosa from 13 individu 
als without cancer (non-cancer normals), plus a validation set 
of 154 colon cancer tumor tissues of known Dukes clinical 
stage and colon cancer Xenografts, and normal colon mucosa 
from 16 individuals with colon cancer. 

0044 FIG. 12. MSP8 assay of serial dilutions of colon 
cancer sample DNAs into control normal DNA. MSP8 is able 
to detect between 78-313 picogram of total colon cancer 
genomic DNA diluted in up to 264 fold excess of normal 
DNA. 

004.5 FIGS. 13A and 13B. Illustrates samples that are 
methylated in the MSP8 assay. Methylated samples in general 
demonstrate lower levels of C6Orf150 expression than unm 
ethylated samples. 
0046 FIGS. 14A and 14B. Schematic of SEQID NO: 1. 
The yellow highlighted region corresponds to the C6Orf150 
Differentially Methylated Region (DMR). The black, bolded 
and underlined bases correspond to the locations of outer 
flanking primers used to amplify the differentially methylated 
domain following bisulfite conversion of unmethylated 
cytosine bases to uracil. The red, bolded and underlined bases 
correspond to the locations of primers that amplify up the 
MSP-8 target region domain following bisulfite conversion. 
0047 FIGS. 15A and 15B. Schematic of SEQID NO: 4, 
the antisense strand of SEQID NO: 1. The yellow highlighted 
region corresponds to the C6Orf150 Differentially Methy 
lated Region (DMR). The black, bolded and underlined bases 
correspond to the locations of outer flanking primers used to 
amplify the differentially methylated region following 
bisulfite conversion of unmethylated cytosine bases to uracil. 
The red, bolded and underlined bases correspond to the loca 
tions of primers that amplify up the MSP-8 target region 
domain following bisulfite conversion. 
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DETAILED DESCRIPTION OF THE INVENTION 

I. Definitions 

0048 For convenience, certain terms employed in the 
specification, examples, and appended claims are collected 
here. Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. 
0049. The articles “a” and “an are used herein to refer to 
one or to more than one (i.e., to at least one) of the grammati 
cal object of the article. By way of example, “an element' 
means one element or more than one element. 
0050. The terms “adenoma”, “colon adenoma, and 
"polyp’ are used herein to describe any precancerous neopla 
sia of the colon. 

0051. The term “colon” as used herein is intended to 
encompass the right colon (including the cecum), the trans 
verse colon, the left colon, and the rectum. 
0052. The terms “colorectal cancer and “colon cancer 
are used interchangeably herein to refer to any cancerous 
neoplasia of the colon (including the rectum, as defined 
above). 
0053. The term “blood-derived fraction herein refers to a 
component or components of whole blood. Whole blood 
comprises a liquid portion (i.e., plasma) and a solid portion 
(i.e., blood cells). The liquid and solid portions of blood are 
each comprised of multiple components; e.g., different pro 
teins in plasma or different cell types in the solid portion. One 
of these components or a mixture of any of these components 
is a blood-derived fraction as long as Such fraction is missing 
one or more components found in whole blood. 
0054 “Cells. “host cells' or “recombinant host cells are 
terms used interchangeably herein. It is understood that Such 
terms refer not only to the particular subject cell but to the 
progeny or potential progeny of Such a cell. Because certain 
modifications may occur in Succeeding generations due to 
either mutation or environmental influences, such progeny 
may not, in fact, be identical to the parent cell, but are still 
included within the scope of the term as used herein. 
0055. The terms “compound”, “test compound,” “agent', 
and “molecule' are used herein interchangeably and are 
meant to include, but are not limited to, peptides, nucleic 
acids, carbohydrates, Small organic molecules, natural prod 
uct extract libraries, and any other molecules (including, but 
not limited to, chemicals, metals, and organometallic com 
pounds). 
0056. The term “compound-converted DNA” herein 
refers to DNA that has been treated or reacted with a chemical 
compound that converts unmethylated C bases in DNA to a 
different nucleotide base. For example, one such compound is 
sodium bisulfite, which converts unmethylated C to U. If 
DNA that contains conversion-sensitive cytosine is treated 
with sodium bisulfite, the compound-converted DNA will 
contain U in place of C. If the DNA which is treated with 
Sodium bisulfite contains only methylcytosine, the com 
pound-converted DNA will not contain uracil in place of the 
methylcytosine. 
0057 The term “de-methylating agent” as used herein 
refers to agents that restore activity and/or gene expression of 
target genes silenced by methylation upon treatment with the 
agent. Examples of Such agents include, without limitation, 
5-azacytidine and 5-aza-2'-deoxycytidine. 
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0058 As used herein, the phrase “gene expression” or 
“protein expression' includes any information pertaining to 
the amount of gene transcript or protein present in a sample, 
as well as information about the rate at which genes or pro 
teins are produced or are accumulating or being degraded 
(e.g., reporter gene data, data from nuclear runoff experi 
ments, pulse-chase data etc.). Certain kinds of data might be 
viewed as relating to both gene and protein expression. For 
example, protein levels in a cell are reflective of the level of 
protein as well as the level of transcription, and Such data is 
intended to be included by the phrase “gene or protein expres 
sion information.” Such information may be given in the form 
of amounts per cell, amounts relative to a control gene or 
protein, in unitless measures, etc.; the term “information' is 
not to be limited to any particular means of representation and 
is intended to mean any representation that provides relevant 
information. The term “expression levels' refers to a quantity 
reflected in or derivable from the gene or protein expression 
data, whether the data is directed to gene transcript accumu 
lation or protein accumulation or protein synthesis rates, etc. 
0059. The term “detection” is used herein to refer to any 
process of observing a marker, or a change in a marker (Such 
as for example the change in the methylation State of the 
marker), in a biological sample, whether or not the marker or 
the change in the marker is actually detected. In other words, 
the act of probing a sample for a marker or a change in the 
marker, is a “detection” even if the marker is determined to be 
not present or below the level of sensitivity. Detection may be 
a quantitative, semi-quantitative or non-quantitative observa 
tion. 
0060. The term “differentially methylated region” refers 
to a region of the C6Orf150 nucleotide sequence that is found 
to be methylated in a C6Orf150-associated neoplasia such as 
a region of the C6Orf150 nucleotide sequence that is found to 
be methylated in colon cancer tissues or cell lines, but not 
methylated in the normal tissues or cell lines. For example, 
SEQ ID NO: 7 provides a C6Orf150 region spanning 1060 
base pairs that is differentially methylated, referred to herein 
as the Differentially Methylated Region (DMR). This region 
corresponds to the minus Strand of chromosome 6 base pairs 
74,217,783-74,218,842 (UCSC Genome Browser on Human 
March 2006 Assembly hg18). In certain embodiments, a sub 
set of the DMR, depicted as SEQID NO: 13 also represents a 
differentially methylated region (“MSP8” region). This 130 
base pair region corresponds to the minus Strand of chromo 
some 6 base pair 74,218,391-74,218,520 (UCSC Genome 
Browser on Human March 2006 Assembly hg18). 
0061 “Expression vector” refers to a replicable DNA con 
struct used to express DNA which encodes the desired protein 
and which includes a transcriptional unit comprising an 
assembly of (1) genetic element(s) having a regulatory role in 
gene expression, for example, promoters, operators, or 
enhancers, operatively linked to (2) a DNA sequence encod 
ing a desired protein (in this case, a C6Orf150 protein) which 
is transcribed into mRNA and translated into protein, and (3) 
appropriate transcription and translation initiation and termi 
nation sequences. The choice of promoter and other regula 
tory elements generally varies according to the intended host 
cell. In general, expression vectors of utility in recombinant 
DNA techniques are often in the form of "plasmids” which 
refer to circular double stranded DNA loops which, in their 
vector form are not bound to the chromosome. In the present 
specification, "plasmid' and “vector are used interchange 
ably as the plasmid is the most commonly used form of vector. 
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However, the invention is intended to include such other 
forms of expression vectors which serve equivalent functions 
and which become known in the art Subsequently hereto. 
0062. In the expression vectors, regulatory elements con 
trolling transcription or translation can be generally derived 
from mammalian, microbial, viral or insect genes. The ability 
to replicate in a host, usually conferred by an origin of repli 
cation, and a selection gene to facilitate recognition of trans 
formants may additionally be incorporated. Vectors derived 
from viruses, such as retroviruses, adenoviruses, and the like, 
may be employed. 
0063. The terms “healthy”, “normal,” and “non-neoplas 

tic' are used interchangeably herein to refer to a subject or 
particular cell or tissue that is devoid (at least to the limit of 
detection) of a disease condition, such as a neoplasia, that is 
associated with C6Orf150 such as for example neoplasia 
associated with silencing of C6Orf150 gene expression due to 
methylation. These terms are often used herein in reference to 
tissues and cells of the colon. Thus, for the purposes of this 
application, a patient with severe heart disease, but lacking a 
C6Orf150 silencing-associated disease would be termed 
“healthy.” 
0064 “C6Orf150-associated neoplasia” refers to neopla 
sia associated with reduced expression or no expression of the 
C6Orf150 gene, or reduced levels or undetectable levels of 
the C6Orf150 transcript. Examples of C6Orf150-associated 
neoplasia include gastrointestinal neoplasia and colon neo 
plasia, etc. Further examples of C6Orf150-associated condi 
tions include non-colonic neoplasias, particularly for early 
detection of other non-colonic gastrointestinal neoplasias, 
e.g., neoplasias of the stomach, esophagus and pancreas. 
0065 “C6Orf150-associated proliferative disorder” refers 
to a disease that is associated with either reduced expression 
or over-expression of the C6Orf150 gene. 
0066 “Differentially Methylated Region” (DMR) and 
“MSPS region as used herein refer to those regions of 
C6Orf150 that are found to be differentially methylated. For 
example, FIG.3 discloses a C6Orf150 region wherein certain 
sequences of this gene are differentially methylated (e.g., 
SEQID NOs: 7 and 13). 
0067 “C6Orf150-nucleotide sequence” or “C6Orf150 
nucleic acid sequence' as used herein refers to the C6Orf150 
genomic sequences as set forth in SEQ ID NOs: 1-18, and 
fragments thereof. 
0068 “C6Orf150-silencing associated diseases” as used 
herein includes C6Orf150-associated neoplasia. 
0069) “Homology” or “identity” or “similarity” refers to 
sequence similarity between two peptides or between two 
nucleic acid molecules. Homology and identity can each be 
determined by comparing a position in each sequence which 
may be aligned for purposes of comparison. When an equiva 
lent position in the compared sequences is occupied by the 
same base or amino acid, then the molecules are identical at 
that position; when the equivalent site occupied by the same 
or a similar amino acid residue (e.g., similar in steric and/or 
electronic nature), then the molecules can be referred to as 
homologous (similar) at that position. Expression as a per 
centage of homology/similarity oridentity refers to a function 
of the number of identical or similar amino acids at positions 
shared by the compared sequences. A sequence which is 
“unrelated or “non-homologous' shares less than 40% iden 
tity, preferably less than 25% identity with a sequence of the 
present invention. In comparing two sequences, the absence 
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of residues (amino acids or nucleic acids) or presence of extra 
residues also decreases the identity and homology/similarity. 
0070 The term “homology” describes a mathematically 
based comparison of sequence similarities which is used to 
identify genes or proteins with similar functions or motifs. 
The nucleic acid and protein sequences of the present inven 
tion may be used as a "query sequence to perform a search 
against public databases to, for example, identify other family 
members, related sequences or homologs. Such searches can 
be performed using the NBLAST and XBLAST programs 
(version 2.0) of Altschul, et al. (1990).J Mol. Biol. 215:403 
10. BLAST nucleotide searches can be performed with the 
NBLAST program, score=100, wordlength=12 to obtain 
nucleotide sequences homologous to nucleic acid molecules 
of the invention. BLAST protein searches can be performed 
with the XBLAST program, score=50, wordlength=3 to 
obtain amino acid sequences homologous to protein mol 
ecules of the invention. To obtain gapped alignments for 
comparison purposes, Gapped BLAST can be utilized as 
described in Altschulet al., (1997)Nucleic Acids Res. 25(17): 
3389-3402. When utilizing BLAST and Gapped BLAST pro 
grams, the default parameters of the respective programs 
(e.g., XBLAST and BLAST) can be used. See http://www. 
incbi.nlm.nih.gov. 
0071. As used herein, “identity” means the percentage of 
identical nucleotide or amino acid residues at corresponding 
positions in two or more sequences when the sequences are 
aligned to maximize sequence matching, i.e., taking into 
account gaps and insertions. Identity can be readily calculated 
by known methods, including but not limited to those 
described in (Computational Molecular Biology, Lesk, A. 
M., ed., Oxford University Press, New York, 1988: Biocom 
puting: Informatics and Genome Projects, Smith, D. W., ed., 
Academic Press, New York, 1993: Computer Analysis of 
Sequence Data, Part I, Griffin, A.M., and Griffin, H. G., eds. 
Humana Press, New Jersey, 1994; Sequence Analysis in 
Molecular Biology, von Heinje, G., Academic Press, 1987: 
and Sequence Analysis Primer, Gribskov, M. and Devereux, 
J., eds., M. Stockton Press, New York, 1991; and Carillo, H., 
and Lipman, D., SIAM J. Applied Math., 48: 1073, 1988). 
Methods to determine identity are designed to give the largest 
match between the sequences tested. Moreover, methods to 
determine identity are codified in publicly available computer 
programs. Computer program methods to determine identity 
between two sequences include, but are not limited to, the 
GCG program package (Devereux, J., et al., Nucleic Acids 
Research 12(1): 387 (1984)), BLASTP, BLASTN, and 
FASTA (Altschul, S. F. et al., J. Molec. Biol. 215: 403-410 
(1990) and Altschul et al. Nuc. Acids Res. 25: 3389-3402 
(1997)). The BLAST X program is publicly available from 
NCBI and other sources (BLAST Manual. Altschul, S., et al., 
NCBI NLM NIH Bethesda, Md. 20894; Altschul, S., et al., J. 
Mol. Biol. 215: 403-410 (1990)). The well known Smith 
Waterman algorithm may also be used to determine identity. 
0072 The term “including is used herein to mean, and is 
used interchangeably with, the phrase “including but not lim 
ited to 

0073. The term “isolated” as used herein with respect to 
nucleic acids, such as DNA or RNA, refers to molecules in a 
form which does not occur in nature. Moreover, an "isolated 
nucleic acid is meant to include nucleic acid fragments 
which are not naturally occurring as fragments and would not 
be found in the natural state. 
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(0074 The term “methylation-sensitive PCR” (i.e., MSP) 
herein refers to a polymerase chain reaction in which ampli 
fication of the compound-converted template sequence is per 
formed. Two sets of primers are designed for use in MSP. 
Each set of primers comprises a forward primer and a reverse 
primer. One set of primers, called methylation-specific prim 
ers (see below), will amplify the compound-converted tem 
plate sequence if C bases in CpG dinucleotides within the 
C6Orf150 DNA are methylated. 
(0075. The term “methylation-indifferent PCR”or “methy 
lation-insensitive PCR herein refers to a polymerase chain 
reaction in which amplification of the compound-converted 
template sequence is performed. Sets of primers are designed 
for use. Each set of primers comprises a forward primer and 
a reverse primer and will amplify the compound-converted 
template sequence irrespective of whether C bases in CpG 
dinucleotides within the C6Orf150 DNA are methylated or 
not methylated. 
0076. As used herein, the term “nucleic acid refers to 
polynucleotides such as deoxyribonucleic acid (DNA), and, 
where appropriate, ribonucleic acid (RNA). The term should 
also be understood to include, as equivalents, analogs of 
either RNA or DNA made from nucleotide analogs, and, as 
applicable to the embodiment being described, single 
Stranded (Such as sense or antisense) and double-stranded 
polynucleotides. 
(0077. “Operably linked” when describing the relationship 
between two DNA regions simply means that they are func 
tionally related to each other. For example, a promoter or 
other transcriptional regulatory sequence is operably linked 
to a coding sequence if it controls the transcription of the 
coding sequence. 
0078. The term 'or' is used herein to mean, and is used 
interchangeably with, the term “and/or, unless context 
clearly indicates otherwise. 
(0079. The terms “proteins” and “polypeptides” are used 
interchangeably herein. 
0080. A “sample includes any material that is obtained or 
prepared for detection of a molecular marker or a change in a 
molecular marker Such as for example the methylation state, 
or any material that is contacted with a detection reagent or 
detection device for the purpose of detecting a molecular 
marker or a change in the molecular marker. 
I0081. A “subject' is any organism of interest, generally a 
mammalian Subject, Such as a mouse, and preferably a human 
Subject. 
I0082. As used herein, the term “specifically hybridizes' 
refers to the ability of a nucleic acid probe?primer of the 
invention to hybridize to at least 12, 15, 20, 25, 30,35, 40, 45, 
50 or 100 consecutive nucleotides of a target sequence, or a 
sequence complementary thereto, or naturally occurring 
mutants thereof, such that it has less than 15%, preferably less 
than 10%, and more preferably less than 5% background 
hybridization to a cellular nucleic acid (e.g., mRNA or 
genomic DNA) other than the target gene. A variety of hybrid 
ization conditions may be used to detect specific hybridiza 
tion, and the Stringency is determined primarily by the wash 
stage of the hybridization assay. Generally high temperatures 
and low salt concentrations give high Stringency, while low 
temperatures and high salt concentrations give low strin 
gency. Low Stringency hybridization is achieved by washing 
in, for example, about 2.0xSSC at 50°C., and high stringency 
is achieved with about 0.2xSSC at 50° C. Further descriptions 
of stringency are provided below. 
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0083. As applied to polypeptides, the term “substantial 
sequence identity” means that two peptide sequences, when 
optimally aligned such as by the programs GAP or BESTFIT 
using default gap, share at least 90 percent sequence identity, 
preferably at least 95 percent sequence identity, more prefer 
ably at least 99 percent sequence identity or more. Preferably, 
residue positions which are not identical differ by conserva 
tive amino acid substitutions. For example, the substitution of 
amino acids having similar chemical properties such as 
charge or polarity is not likely to effect the properties of a 
protein. Examples include glutamine for asparagine or 
glutamic acid for aspartic acid. 
0084 As used herein, the term “transgene' means a 
nucleic acid sequence (encoding, e.g., a C6Orf150 polypep 
tide), which is partly or entirely heterologous (i.e., foreign) to 
the transgenic animal or cell into which it is introduced, or, is 
homologous to an endogenous gene of the transgenic animal 
or cell into which it is introduced, but which is designed to be 
inserted, or is inserted, into the animals genome in Such a 
way as to alter the genome of the cell into which it is inserted 
(e.g., it is inserted at a location which differs from that of the 
natural gene or its insertion results in a knockout). A 
C6Orf150 transgene can include one or more transcriptional 
regulatory sequences and any other nucleic acid, such as 
introns, that may be necessary for optimal expression of a 
selected nucleic acid. A C6Orf150 transgene can include a 
C6Orf150 nucleotide sequence (e.g., SEQID NO: 1) or frag 
ments thereof. 

II. Overview 

0085. In certain aspects, the invention relates to methods 
for determining whether a patient is likely or unlikely to have 
a colon neoplasia. A colon neoplasia is any cancerous or 
precancerous growth located in, or derived from, the colon. 
The colon is a portion of the intestinal tract that is roughly 
three feet in length, stretching from the end of the small 
intestine to the rectum. Viewed in cross section, the colon 
consists of four distinguishable layers arranged in concentric 
rings Surrounding an interior space, termed the lumen, 
through which digested materials pass. Moving outward from 
the lumen, the layers are termed the mucosa, the Submucosa, 
the muscularis propria and the Subserosa. The mucosa 
includes the epithelial layer (cells adjacent to the lumen), the 
basement membrane, the lamina propria and the muscularis 
mucosae. In general, the “wall of the colon is intended to 
refer to the submucosa and the layers outside of the submu 
cosa. The “lining is the mucosa. 
I0086 Precancerous colon neoplasias are referred to as 
adenomas or adenomatous polyps. Adenomas are typically 
Small mushroom-like orwart-like growths on the lining of the 
colon and do not invade into the wall of the colon. Adenomas 
may be visualized through a device Such as a colonoscope or 
flexible sigmoidoscope. Several studies have shown that 
patients who undergo screening for and removal of adenomas 
have a decreased rate of mortality from colon cancer. For this 
and other reasons, it is generally accepted that adenomas are 
an obligate precursor for the vast majority of colon cancers. 
0087. When a colon neoplasia invades into the basement 
membrane of the colon, it is considered a colon cancer, as the 
term "colon cancer is used herein. In describing colon can 
cers, this specification will generally follow the so-called 
“Dukes' colon cancer staging system. The characteristics that 
describe a cancer are generally of greater significance than the 
particular term used to describe a recognizable stage. The 
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most widely used staging systems generally use at least one of 
the following characteristics for staging: the extent of tumor 
penetration into the colon wall, with greater penetration gen 
erally correlating with a more dangerous tumor; the extent of 
invasion of the tumor through the colon wall and into other 
neighboring tissues, with greater invasion generally correlat 
ing with a more dangerous tumor; the extent of invasion of the 
tumor into the regional lymph nodes, with greater invasion 
generally correlating with a more dangerous tumor, and the 
extent of metastatic invasion into more distant tissues, such as 
the liver, with greater metastatic invasion generally correlat 
ing with a more dangerous disease state. 
0088 “Dukes A and “Dukes B colon cancers are neo 
plasias that have invaded into the wall of the colon but have 
not spread into other tissues. Dukes A colon cancers are 
cancers that have not invaded beyond the Submucosa. Dukes 
B colon cancers are subdivided into two groups: Dukes B1 
and Dukes B2. "Dukes B1 colon cancers are neoplasias that 
have invaded up to but not through the muscularis propria. 
Dukes B2 colon cancers are cancers that have breached com 
pletely through the muscularis propria. Over a five year 
period, patients with Dukes A cancer who receive Surgical 
treatment (i.e. removal of the affected tissue) have a greater 
than 90% survival rate. Over the same period, patients with 
Dukes B1 and Dukes B2 cancer receiving surgical treatment 
have a survival rate of about 85% and 75%, respectively. 
Dukes A, B1 and B2 cancers are also referred to as T1, T2 and 
T3-T4 cancers, respectively. 
0089 “Dukes C colon cancers are cancers that have 
spread to the regional lymph nodes, such as the lymph nodes 
of the gut. Patients with Dukes C cancer who receive surgical 
treatment alone have a 35% survival rate over a five year 
period, but this survival rate is increased to 60% in patients 
that receive chemotherapy. 
0090 “Dukes D' colon cancers are cancers that have 
metastasized to other organs. The liver is the most common 
organ in which metastatic colon cancer is found. Patients with 
Dukes D coloncancer have a survival rate of less than 5% over 
a five year period, regardless of the treatment regimen. 
0091. In general, colon neoplasia develops through one of 
at least three different pathways, termed chromosomal insta 
bility, microsatellite instability, and the CpG island methyla 
torphenotype (CIMP). Although there is some overlap, these 
pathways tend to present somewhat different biological 
behavior. By understanding the pathway of tumor develop 
ment, the target genes involved, and the mechanisms under 
lying the genetic instability, it is possible to implement strat 
egies to detect and treat the different types of colon 
neoplasias. 
0092. This application is based, at least in part, on the 
recognition that certain target genes may be silenced or inac 
tivated by the differential methylation of CpG islands in the 5' 
flanking or promoter regions of the target gene. CpG islands 
are clusters of cytosine-guanosine residues in a DNA 
sequence, which are prominently represented in the 5-flank 
ing region or promoter region of about half the genes in our 
genome. In particular, this application is based, at least in 
part, on the recognition that differential methylation of the 
C6Orf150 nucleotide sequence may be indicative of colon 
neoplasia. In one aspect, this application discloses that the 
C6Orf150 gene can be a common target for methylation and 
epigenetic gene silencing in cancer cells (e.g., a colon neo 
plasia), and may function as a candidate tumor suppressor 
gene. 
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0093. In certain aspects, the present invention describes 
CpG methylation in the region covering the first coding exon 
of the C6Orf150 gene as a diagnostic biomarker of human 
colorectal cancer. In related embodiments, disclosed herein is 
the use of assays for detecting aberrant methylation of the 
C6Orf150 gene. Also disclosed herein is the bisulfite con 
Verted sequence of the methylated form, as well as the unm 
ethylated form of the C6Orf150 gene. In another embodiment 
disclosed herein are sets of primers for methylation specific 
PCR assays to detect the methylated status of this gene. In a 
preferred embodiment, this invention describes a subregion 
(the C6Orf150 differentially methylated region: “DMR) that 
is highly methylated in a Subset of colon cancers, and is much 
less methylated in normal colon tissues. In a related embodi 
ment, this invention describes a further subregion (the 
“MSP8' target region) that is highly methylated in a subset of 
colon cancers, and is not detectably or rarely methylated in 
normal colon tissues. 
0094. The present invention also describes PCR primers 
and a methylation specific PCR assay for detecting aberrant 
methylation of the C6Orf150 gene. Aberrant methylation of 
the C6Orf150 differentially methylated region (DMR), and/ 
or of the MSP8 target region, may be used as a biomarker to 
detect the presence of colon neoplasias, including colon can 
cers. The method of detection includes testing for the pres 
ence of DNA demonstrating methylation of the C6Orf150 
DMR and/or the MSP8 target region that may be detectable in 
human tissues, or that may be shed from the tumor and be 
detectable in human body fluids. As described herein, human 
body fluids include but are not limited to blood, blood frac 
tions, stool, and urine. 
0095 Detection of DNA with methylation in the 
C6Orf150 DMR and/or the MSP-8 target region may be used 
for detecting the presence of colon neoplasia, including colon 
cancers. Detection of any increase or decrease in DNA 
methylation within the C6Orf150 DMR and/or the MSP-8 
target region may be used for monitoring of individuals with 
colon cancers. Decreases in levels of methylation in the 
C6Orf150 DMR and/or the MSP-8 target region would indi 
cate a response to a therapeutic intervention, whereas 
increases in levels of methylation in the C6Orf150 DMR 
and/or the MSP-8 target region would indicate progression or 
recurrence of disease. 
0096. Further, tests for aberrant methylation of C6Orf150 
may be combined in a panel with tests for other colon cancer 
biomarkers (e.g., vimentin, SLC5A8, HLTF, p 16, and 
hMLH1), particularly with tests for aberrant vimentin gene 
methylation, so as to provide increased sensitivity for detec 
tion of colon neoplasia. The utility of Vimentin as a colon 
cancer biomarker is disclosed in U.S. Pat. No. 7,485,420. 
0097. Aberrant methylation of C6Orf150 is associated 
with decreased expression of C6Orf150 mRNA. Accordingly, 
decreased expression of C6Orf150 mRNA or protein may 
also be employed as a diagnostic biomarker of colon cancers. 
Colon cancer cells that demonstrate methylation of C6Orf150 
and/or reduced expression of C6Orf150 may be used to assay 
for Substances or compounds that can reactivate expression of 
C6Orf150 in colon cancer cells. 

0098. As noted above, early detection of colon neoplasia, 
coupled with appropriate intervention, is important for 
increasing patient Survival rates. Present systems for screen 
ing for colon neoplasia are deficient for a variety of reasons, 
including a lack of specificity and/or sensitivity (e.g., Fecal 
Occult Blood Test, flexible sigmoidoscopy), or a high cost 
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and intensive use of medical resources (e.g., colonoscopy). 
Alternative systems for detection of colon neoplasia would be 
useful in a wide range of other clinical circumstances as well. 
For example, patients who receive Surgical and/or pharma 
ceutical therapy for colon cancer may experience a relapse. It 
would be advantageous to have an alternative system for 
determining whether Such patients have a recurrent or 
relapsed colon neoplasia. As a further example, an alternative 
diagnostic system would facilitate monitoring an increase, 
decrease or persistence of colon neoplasia in a patient known 
to have a colon neoplasia. A patient undergoing chemo 
therapy may be monitored to assess the effectiveness of the 
therapy. 

III. C6Orf150 Nucleic Acids, Polypeptides, and 
Antibodies 

0099. The present invention is based, at least in part, on the 
observation that C6Orf150 nucleotide sequences are differ 
entially methylated in certain C6Orf150-associated neopla 
sia, such as colon neoplasia. In one aspect, the application 
discloses C6Orf150 nucleotide sequences having certain 
regions that are differentially methylated in C6Orf150-asso 
ciated neoplasia, for example, SEQID NOs: 1-18 and frag 
ments thereof. Accordingly, in one embodiment, the applica 
tion provides isolated or recombinant nucleotide sequences 
that are at least 80%, 85%, 90%, 95%, 97%, 98%, 99% or 
100% identical to the differentially methylated nucleic acid 
sequences, wherein detection of methylation in any one of 
said differentially methylated nucleic acid sequences would 
be indicative of a C6Orf150-associated neoplasia such as 
colon neoplasia. One of ordinary skill in the art will appreci 
ate that C6Orf150 nucleic acid sequences complementary to 
SEQID NOs: 1-18, and variants thereof, are also within the 
Scope of this invention. Such variant nucleotide sequences 
include sequences that differ by one or more nucleotide sub 
stitutions, additions or deletions, such as allelic variants. 
0100. In yet other embodiments, C6Orf150 nucleotide 
sequences also include nucleotide sequences that will hybrid 
ize under highly stringent conditions to the nucleotide 
sequences designated in SEQ ID NO: 1-18, or fragments 
thereof. As discussed above, one of ordinary skill in the art 
will understand readily that appropriate stringency conditions 
which promote DNA hybridization can be varied. One of 
ordinary skill in the art will understand readily that appropri 
ate stringency conditions which promote DNA hybridization 
can be varied. For example, one could perform the hybridiza 
tion at 6.0x sodium chloride/sodium citrate (SSC) at about 
45° C., followed by a wash of 2.0xSSC at 50° C. For example, 
the salt concentration in the wash step can be selected from a 
low stringency of about 2.0xSSC at 50° C. to a high strin 
gency of about 0.2xSSC at 50°C. In addition, the temperature 
in the wash step can be increased from low stringency con 
ditions at room temperature, about 22°C., to high Stringency 
conditions at about 65° C. Both temperature and salt may be 
varied, or temperature or salt concentration may be held con 
stant while the other variable is changed. In one embodiment, 
the invention provides nucleic acids which hybridize under 
low stringency conditions of 6xSSC at room temperature 
followed by a wash at 2xSSC at room temperature. 
0101. In yet another aspect, the application provides the 
methylated forms of nucleotide sequence of SEQID NO: 1,7, 
13 or fragments thereof, wherein the cytosine bases of the 
CpG islands present in said sequences are methylated. In 
other words, the C6Orf150 nucleotide sequences may be 



US 2014/0113290 A1 

either in the methylated status (e.g., as seen in C6Orf150 
associated neoplasias) or in the unmethylated status (e.g., as 
seen in normal cells). In further embodiments, the C6Orf150 
nucleotide sequences of the invention can be isolated, recom 
binant, and/or fused with a heterologous nucleotide sequence, 
or in a DNA library. 
0102. In addition to the differentially methylated 
C6Orf150 nucleotide sequences, constitutively methylated 
nucleotide sequences are also present in the C6Orf150 
sequence. Since constitutively methylated C6Orf150 nucle 
otide sequences are methylated in both normal cells and can 
cer cells, a person skilled in the art would appreciate the 
significance of detecting the differentially methylated 
C6Orf150 nucleotide sequences as provided herein. 
0103) In certain embodiments, the present invention pro 
vides bisulfite-converted C6Orf150 template DNA 
sequences, for example, SEQID NOS: 2-3, 5-6, 8-9, 11-12, 
14-15, 17-18, and fragments thereof. Such bisulfite-con 
verted C6Orf150 template DNA can be used for detecting the 
methylation status, for example, by an MSP reaction or by 
direct sequencing. These bisulfite-converted C6Orf150 
sequences are also of use for designing primers for MS-PCR 
reactions that specifically detect methylated or unmethylated 
C6Orf150 templates following bisulfite conversion. In yet 
other embodiments, the bisulfite-converted C6Orf150 nucle 
otide sequences of the invention also include nucleotide 
sequences that will hybridize under highly stringent condi 
tions to any nucleotide sequence selected from SEQID NOs: 
2-3, 5-6, 8-9, 11-12, 14-15, 17-18, or complements thereof. 
0104. In further aspects, the application provides methods 
for producing such bisulfite-converted nucleotide sequences, 
for example, the application provides methods for treating a 
nucleotide sequence with a bisulfite agent such that the unm 
ethylated cytosine bases are converted to a different nucle 
otide base such as a uracil. 
0105. In yet other aspects, the application provides oligo 
nucleotide primers for amplifying a region within the 
C6Orf150 nucleic acid sequence of any one of SEQID NOs: 
19-138, as shown in Table 2. In certain aspects, a pair of the 
oligonucleotide primers can be used in a detection assay, Such 
as the HpaII assay. In certain aspects, primers used in an MSP 
reaction can specifically distinguish between methylated and 
non-methylated C6Orf150 DNA, for example, SEQID NOs: 
19-138. 

0106 The primers of the invention have sufficient length 
and appropriate sequence so as to provide specific initiation 
of amplification of C6Orf150 nucleic acids. Primers of the 
invention are designed to be “substantially complementary 
to each strand of the C6Orf150 nucleic acid sequence to be 
amplified. While exemplary primers are provided in SEQID 
NOs: 19-138, it is understood that any primer that hybridizes 
with the bisulfite-converted C6Orf150 sequence of SEQ ID 
NO: 1, 7, or 13 are included within the scope of this invention 
and is useful in the method of the invention for detecting 
methylated nucleic acid, as described. Similarly, it is under 
stood that any primers that would serve to amplify a methy 
lation sensitive restriction site or sites within the differentially 
methylated region of SEQ ID NO: 1, 7, or 13 are included 
within the scope of this invention and is useful in the method 
of the invention for detecting nucleic methylated nucleic acid, 
as described. 
0107 The oligonucleotide primers of the invention may be 
prepared by using any suitable method, Such as conventional 
phosphotriester and phosphodiester methods or automated 
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embodiments thereof. In one such automated embodiment, 
diethylphosphoramidites are used as starting materials and 
may be synthesized as described by Beaucage, et al. (Tetra 
hedron Letters, 22:1859-1862, 1981). One method for syn 
thesizing oligonucleotides on a modified solid Support is 
described in U.S. Pat. No. 4,458,066. 
0108. The various Sequence Identification Numbers that 
have been used in this application are summarized below in 
Table 1. 

TABLE 1 

Sequence Identification Numbers of C6Orf150 template 
seqences disclosed in this application. 

SEQ 
ID NO: Description 

1 minus strand of chr6: 74,215,720-74,219,719, UCSC Genome 
Browser on Human March 2006 Assembly (hg18), listed 5' to 3': 
corresponds to the sense strand relative to C6orf150 mRNA 
Sequence 

2 minus strand of chr6: 74,215,720-74,219,719, UCSC Genome 
Browser on Human March 2006 Assembly (hg18), fully CpG 
methylated minus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 1 

3 minus strand of chr6: 74,215,720-74,219,719, UCSC Genome 
Browser on Human March 2006 Assembly (hg18), completely 
unmethylated minus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 1 

4 plus strand of chrö: 74,215,720-74,219,719, UCSC Genome 
Browser on Human March 2006 Assembly (hg18), listed 5' to 3': 
corresponds to the ANTIsense strand relative to céorf150 mRNA 
sequence (antisense relatvie to SEQID NO: 1) 

5 plus strand of chrö: 74,215,720-74,219,719, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); fully CpG 
methylated plus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 4 

6 plus strand of chrö: 74,215,720-74,219,719, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); completely 
UNmethylated plus strand after bisulfate conversion, listed 
5' to 3' of SEQID NO: 4 

7 minus strand of chr6: 74,217,783-74,218,842, UCSC Genome 
Browser on Human March 2006 Assembly (hg18) listed 5' to 3': 
corresponds to the sense strand relative to céorf150 mRNA 
sequence; denoted herein as subregion of coorf150 that is 
a “differentially methylated region' (DMR) 

8 minus strand of chr6: 74,217,783-74,218,842, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); fully CpG 
methylated minus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 7 

9 minus strand of chr6: 74,217,783-74,218,842, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); completely 
unmethylated minus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 7 

10 plus strand of chró: 74,217,783-74,218,842, UCSC Genome 
Browser on Human March 2006 Assembly (hg18), listed 5' to 3': 
corresponds to the ANTIsense strand relative to céorf150 mRNA 
sequence(antisense relative to SEQID NO: 7); denoted herein 
as Subregion of coorf150 that is a “differentially methylated 
region' (DMR) 

11 plus strand of chró: 74,217,783-74,218,842, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); fully CpG 
methylated plus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 10 

12 plus strand of chró: 74,217,783-74,218,842, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); completely 
UNmethylated plus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 10 

13 minus strand of chr6: 74,218,391-74,218,520, UCSC Genome 
Browser on Human March 2006 Assembly (hg18), listed 5' to 3': 
corresponds to the sense strand relative to coorf150 mRNA 
sequence; denoted herein as subregion of coorf150 that is 
a differentially methylated region (MSP8) 

14 minus strand of chr6: 74,218,391-74,218,520, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); fully CpG 

H 
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TABLE 1-continued 

Sequence Identification Numbers of C6OrflSO template 
Seqences disclosed in this application. 

SEQ 
ID NO: Description 

methylated minus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 13 
minus strand of chr6: 74,218,391-74,218,520, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); completely 
unmethylated minus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 13 
plus strand of chrö: 74,218,391-74,218,520, UCSC Genome 
Browser on Human March 2006 Assembly (hg18) listed 
5' to 3': corresponds to the ANTIsense strand relative to 
c6orf150 mRNA sequence (antisense relative to SEQID NO: 
3); denoted herein as Subregion of coorf150 that is a 

differentially methylated region (MSP8) 
plus strand of chr6: 74,218,391-74,218,520, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); fully CpG 
methylated plus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 16 
plus strand of chrö: 74,218,391-74,218,520, UCSC Genome 
Browser on Human March 2006 Assembly (hg18); completely 
UNmethylated plus strand after bisulfate conversion, listed 
5' to 3', of SEQID NO: 16 

15 

16 

17 

18 

0109. In certain other aspects, the invention relates to 
C6Orf150 nucleic acids that encode the C6Orf150 polypep 
tide and variants thereof. Variant include sequences that differ 
by one or more nucleotide substitutions, additions or dele 
tions, such as allelic variants; and will, therefore, include 
coding sequences that differ from the nucleotide sequence of 
the coding sequence e.g., due to the degeneracy of the genetic 
code. In certain embodiments, variant nucleic acids will also 
include sequences that will hybridize under highly stringent 
conditions to a nucleotide sequence encoding the C6Orf150 
polypeptide. 
0110. Isolated C6Orf150 nucleic acids which differ from 
the nucleic acids encoding SEQID NO: 1 due to degeneracy 
in the genetic code are also within the scope of the invention. 
For example, a number of amino acids are designated by more 
than one triplet. Codons that specify the same amino acid, or 
synonyms (for example, CAU and CAC are synonyms for 
histidine) may result in “silent mutations which do not affect 
the amino acid sequence of the protein. However, it is 
expected that DNA sequence polymorphisms that do lead to 
changes in the amino acid sequences of the Subject proteins 
will exist among mammalian cells. One skilled in the art will 
appreciate that these variations in one or more nucleotides (up 
to about 3-5% of the nucleotides) of the nucleic acids encod 
ing a particular protein may exist among individuals of a 
given species due to natural allelic variation. Any and all Such 
nucleotide variations and resulting amino acid polymor 
phisms are within the scope of this invention. 
0111. In certain embodiments, the recombinant C6Orf150 
nucleic acid may be operably linked to one or more regulatory 
nucleotide sequences in an expression construct. Regulatory 
nucleotide sequences will generally be appropriate for a host 
cell used for expression. Numerous types of appropriate 
expression vectors and Suitable regulatory sequences are 
known in the art for a variety of host cells. Typically, said one 
or more regulatory nucleotide sequences may include, but are 
not limited to, promoter sequences, leader or signal 
sequences, ribosomal binding sites, transcriptional start and 
termination sequences, translational start and termination 
sequences, and enhancer or activator sequences. Constitutive 
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or inducible promoters as known in the art are contemplated 
by the invention. The promoters may be either naturally 
occurring promoters, or hybrid promoters that combine ele 
ments of more than one promoter. An expression construct 
may be present in a cell on an episome, such as a plasmid, or 
the expression construct may be inserted in a chromosome. In 
a preferred embodiment, the expression vector contains a 
selectable marker gene to allow the selection of transformed 
host cells. Selectable marker genes are well known in the art 
and will vary with the host cell used. 
0112. In certain aspects, the invention relates to C6Orf150 
polypeptide described herein, and variant polypeptides 
thereof. In certain embodiments, variant polypeptides have an 
amino acid sequence that is at least 75% identical to the 
predicted amino acid sequence (hypothetical protein 
LOC115004, NCBI Reference Sequence: NP 612450.2). In 
other embodiments, the variant polypeptide has an amino 
acid sequence at least 80%, 85%, 90%, 95%,97%.98%, 99% 
or 100% identical to the predicted amino acid sequence. 
0113. In certain aspects, variant C6Orf150 polypeptides 
are agonists or antagonists of the C6Orf150 polypeptide. 
Variants of these polypeptides may have a hyperactive or 
constitutive activity, or, alternatively, act to prevent the tumor 
suppressor activity of C6Orf150. For example, a truncated 
form lacking one or more domain may have a dominant 
negative effect. 
0114. In certain aspects, isolated peptidyl portions of the 
C6Orf150 polypeptide can be obtained by screening polypep 
tides recombinantly produced from the corresponding frag 
ment of the nucleic acid encoding the polypeptide. In addi 
tion, fragments can be chemically synthesized using 
techniques known in the art such as conventional Merrifield 
solid phase f-Moc or t-Boc chemistry. The fragments can be 
produced (recombinantly or by chemical synthesis) and 
tested to identify those peptidyl fragments which can function 
as either agonists or antagonists of the tumor suppressor 
function of C6Orf150. 

0.115. In certain aspects, variant C6Orf150 polypeptides 
comprise one or more fusion domains. Well known examples 
of Such fusion domains include, for example, polyhistidine, 
Glu-Glu, glutathione S transferase (GST), thioredoxin, pro 
tein A, protein G, and an immunoglobulin heavy chain con 
stant region (Fc), maltose binding protein (MBP), which are 
particularly useful for isolation of the fusion polypeptide by 
affinity chromatography. For the purpose of affinity purifica 
tion, relevant matrices for affinity chromatography, Such as 
glutathione-, amylase-, and nickel- or cobalt-conjugated res 
ins are used. Many of such matrices are available in “kit 
form, such as the Pharmacia GST purification system and the 
QIAexpressTM system (Qiagen) useful with (HIS) fusion 
partners. Another fusion domain well known in the art is 
green fluorescent protein (GFP). This fusion partner serves as 
a fluorescent “tag” which allows the fusion polypeptide of the 
invention to be identified by fluorescence microscopy or by 
flow cytometry. The GFP tag is useful when assessing sub 
cellular localization of the fusion C6Orf150 polypeptide. The 
GFP tag is also useful for isolating cells which express the 
fusion C6Orf150 polypeptide by flow cytometric methods 
such as a fluorescence activated cell sorting (FACS). Fusion 
domains also include “epitope tags, which are usually short 
peptide sequences for which a specific antibody is available. 
Well-known epitope tags for which specific monoclonal anti 
bodies are readily available include FLAG, influenza virus 
haemagglutinin (HA), and c-myc tags. In some cases, the 
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fusion domains have a protease cleavage site, such as for 
Factor Xa or Thrombin, which allow the relevant protease to 
partially digest the fusion C6Orf150 polypeptide and thereby 
liberate the recombinant polypeptide therefrom. The liber 
ated polypeptide can then be isolated from the fusion partner 
by Subsequent chromatographic separation. 
0116. Another aspect of the invention pertains to an iso 
lated antibody specifically immunoreactive with an epitope of 
a C6Orf150 polypeptide. For example, by using immunogens 
derived from a C6Orf150 polypeptide (e.g., based on its 
cDNA sequences), anti-protein/anti-peptide antisera or 
monoclonal antibodies can be made by standard protocols 
(see, for example, Antibodies: A Laboratory Manual ed. by 
Harlow and Lane (Cold Spring Harbor Press: 1988)). A mam 
mal. Such as a mouse, a hamster or rabbit can be immunized 
with an immunogenic form of the C6Orf150 peptide. Tech 
niques for conferring immunogenicity on a protein or peptide 
include conjugation to carriers or other techniques well 
known in the art. An immunogenic portion of a polypeptide 
can be administered in the presence of adjuvant. The progress 
of immunization can be monitored by detection of antibody 
titers in plasma or serum. Standard ELISA or other immu 
noassays can be used with the immunogenas antigento assess 
the levels of antibodies. 
0117. In certain embodiment, antibodies of the invention 
may be useful as diagnostic or therapeutic agents for detect 
ing or treating C6Orf150-associated diseases. 
0118. The term “antibody' as used herein is intended to 
include fragments thereof which are also specifically reactive 
with one of the C6Orf150 polypeptide. Antibodies can be 
fragmented using conventional techniques and the fragments 
screened for utility in the same manner as described above for 
whole antibodies. For example, F(ab) fragments can be gen 
erated by treating antibody with pepsin. The resulting F(ab). 
fragments can be treated to reduce disulfide bridges to pro 
duce Fab fragments. The antibody of the invention is further 
intended to include bispecific, single-chain, and chimeric and 
humanized molecules having affinity for the C6Orf150 pro 
tein. In preferred embodiments, the antibody further com 
prises a label attached thereto and able to be detected, (e.g., 
the label can be a radioisotope, fluorescent compound, 
enzyme or enzyme co-factor). 

IV. Assays and Drug Screening Methodologies 
0119. In certain aspects, the application provides assays 
and methods using the C6Orf150 nucleotide sequences as 
molecular markers that distinguish between healthy cells and 
C6Orf150-associated diseased cells. For example, in one 
embodiment, the application provides methods and assays 
using the C6Orf150 nucleotide sequences as markers that 
distinguish between healthy cells and colon neoplasia cells. 
In one aspect, a molecular marker of the invention is a differ 
entially methylated C6Orf150 nucleotide sequence. In 
another aspect, another marker provided herein is the 
C6Orf150 gene expression product. 
0120 In certain embodiments, the invention provides 
assays for detecting differentially methylated C6Orf150 
nucleotide sequences. Such as the differential methylation 
patterns seen in the Differentially Methylated Region 
(“DMR'; SEQ ID NO: 7), as well as its subset region dis 
closed hereinas MSP-8 domain (SEQID NO: 13 and, further, 
any fragment thereof. By way of example, in certain embodi 
ments such a fragment includes at least one site of methyla 
tion (i.e., C) that can be assayed for methylation, and is of a 
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length that is amenable to MS-PCR and/or digestion by a 
methylation-specific restriction enzyme to produce a detect 
able signal. In other embodiments, the fragment includes at 
least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 sites of methylation. Thus, 
a differentially methylated C6Orf150 nucleotide sequence or 
any fragment thereof, in its methylated State, can be a 
C6Orf150-associated neoplasia-specific modification that 
serves as a target for detection using various methods 
described herein and the methods that are well within the 
purview of the skilled artisan in view of the teachings of this 
application. 
I0121. In certain aspects, such methods for detecting 
methylated C6Orf150 nucleotide sequences are based on 
treatment of C6Orf150 genomic DNA with a chemical com 
pound which converts non-methylated C, but not methylated 
C (i.e., 5 mC), to a different nucleotide base. One such com 
pound is sodium bisulfite, which converts C, but not 5 mC, to 
U. Methods for bisulfite treatment of DNA are known in the 
art (Herman, et al., 1996, Proc Natl AcadSci USA, 93:9821 
6; Herman and Baylin, 1998, Current Protocols in Human 
Genetics, N. E. A. Dracopoli, ed., John Wiley & Sons, 2:10. 
6.1-10.6.10; U.S. Pat. No. 5,786,146). To illustrate, when a 
DNA molecule that contains unmethylated C nucleotides is 
treated with sodium bisulfite to become a compound-con 
verted DNA, the sequence of that DNA is changed (C->U). 
Detection of the U in the converted nucleotide sequence is 
indicative of an unmethylated C. 
0.122 The different nucleotide base (e.g., U) present in 
compound-converted nucleotide sequences can Subsequently 
be detected in a variety of ways. In a preferred embodiment, 
the present invention provides a method of detecting U in 
compound-converted C6Orf150 DNA sequences by using 
“methylation sensitive PCR (MSP) (see, e.g., Herman, et al., 
1996, Proc. Natl. Acad. Sci. USA, 93:9821-9826; U.S. Pat. 
No. 6,265,171; U.S. Pat. No. 6,017,704; U.S. Pat. No. 6,200, 
756). In MSP, one set of primers (i.e., comprising a forward 
and a reverse primer) amplifies the compound-converted tem 
plate sequence if C bases in CpG dinucleotides within the 
C6Orf150 DNA are methylated. This set of primers is called 
“methylation-specific primers.” Another set of primers 
amplifies the compound-converted template sequence if C 
bases in CpG dinucleotides within the C6Orf150 5' flanking 
sequence are not methylated. This set of primers is called 
“unmethylation-specific'. In addition, primers may be 
designed that will amplify the compound-converted template 
sequence irrespective of whether C bases in CpG dinucle 
otides within the C6Orf1505" flanking sequence are or are not 
methylated. Such primers are termed “methylation-indiffer 
ent 

I0123. In MS-PCR, the reactions use the compound-con 
verted DNA from a sample in a subject. In assays for 
C6Orf150 methylated DNA, methylation-specific primers 
are used. In the case where C within CpG dinucleotides of the 
target sequence of the DNA are methylated, the methylation 
specific primers will amplify the compound-converted tem 
plate sequence in the presence of a polymerase and an MSP 
product will be produced. If C within CpG dinucleotides of 
the target sequence of the DNA is not methylated, the methy 
lation-specific primers will not amplify the compound-con 
Verted template sequence in the presence of a polymerase and 
an MSP product will not be produced. 
0.124. It is often also useful to run a control reaction for the 
detection of unmethylated C6Orf150 DNA. The reaction uses 
the compound-converted DNA from a sample in a subject and 
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unmethylation-specific primers are used. In the case where C 
within CpG dinucleotides of the target sequence of the DNA 
are unmethylated, the unmethylation specific primers will 
amplify the compound-converted template sequence in the 
presence of a polymerase and an MSP product will be pro 
duced. If C within CpG dinucleotides of the target sequence 
of the DNA is methylated, the unmethylation-specific prim 
ers will not amplify the compound-converted template 
sequence in the presence of a polymerase and an MSP product 
will not be produced. Note that a biologic sample will often 
contain a mixture of both neoplastic cells that give rise to a 
signal with methylation specific primers, and normal cellular 
elements that give rise to a signal with unmethylation-specific 
primers. The unmethylation specific signal is often of use as 
a control reaction, but does not in this instance imply the 
absence of colon neoplasia as indicated by the positive signal 
derived from reactions using the methylation specific prim 
CS. 

0125 Primers for an MSP reaction are typically derived 
from the compound-converted C6Orf150 template sequence. 
Herein, “derived from' means that the sequences of the prim 
ers are chosen Such that the primers amplify the compound 
converted template sequence in an MSP reaction. Each 
primer comprises a single-stranded DNA fragment which is 
at least 8 nucleotides in length. Preferably, each primer com 
prises a single-stranded DNA fragment which is at least 10, 
11, 12, 13, or 14 nucleotides in length. In certain embodi 
ments, the primers are less than 50 nucleotides in length, more 
preferably from 15 to 35 nucleotides in length. Because the 
compound-converted C6Orf150 template sequence can be 
either the Watson strand or the Crick strand of the double 
stranded DNA that is treated with sodium bisulfite, the 
sequences of the primers is dependent upon whether the Wat 
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Son or Crick compound-converted template sequence is cho 
sen to be amplified in the MSP. Either the Watson or Crick 
Strand can be chosen to be amplified. 
0.126 The compound-converted C6Orf150 template 
sequence, and therefore the product of the MSP reaction, can 
be between 20 to 3000 nucleotides in length, preferably 
between 50 to 500 nucleotides in length, more preferably 
between 80 to 150 nucleotides in length. Preferably, the 
methylation-specific primers result in an MSP product of a 
different length than the MSP product produced by the unm 
ethylation-specific primers. 
I0127. By way of example, provided below are exemplary 
MSP primers (primer sets MSP1-MSP61). Summarized in 
Table 2A are primer pairs for methylation specific PCR 
(MSP) reactions MSP1 through MSP61 that interrogate the 
C6Orf150 differentially methylated domain (SEQID NO: 7 
and its complementary strand SEQID NO: 10) for methyla 
tion. All of the MSP reactions are designed to amplify the 
bisulfite converted sequences from fully methylated seg 
ments that span SEQID NO: 7 (i.e., SEQIDNO:8). The MSP 
reactions are comprised of MSP primers whose sequences are 
provided as SEQID NO: 19 through SEQID NO: 138. The 
coordinate of the 5' end of each primer relative to SEQID NO: 
1, and its methylated form SEQ ID NO: 2 is also shown 
(numbers corresponding to 4000 bp fragment). SEQID NO: 
31 and 32, respectively, provide the sequences of the forward 
and reverse primers for reaction MSP-8. Below, odd sequence 
numbers correspond to the forward primers for each MSP 
pair, and the even sequence numbers correspond to the 
reverse primers for each MSP pair. In general, new MSP 
reactions may be created by pairing of a forward primer from 
the list of forward primers with a reverse primer from the list 
of reverse primers. 

TABL E 2A 

C6Orf150 MSP primer sets. 

Position of 
5' end 

SEQ relative to 
ID Primer SEO ID 
NO : Set Primer Name Primer Sequence NOs: 18.2 

19 SP1 1 c6-95.8FM TTTGGGGTTTTTTTTCGGGTCGT 958 

2O 39 c6-1186R GAAACGCCCCTAACATTCCGTACGA 86 

21 SP2 2 c6-112 OF TGTAGAGAGTTTTCGAGGTCGG 2O 

22 39 c6-1186R GAAACGCCCCTAACATTCCGTACGA 86 

23 SP3 2 c6-112 OF TGTAGAGAGTTTTCGAGGTCGG 2O 

24 38 c6 -123 OR ACAAAACGACCTCGAAAACAACCGA 23 O 

25 SPS 3 c6 - 1141F GAGTTATTGTTTTTAAGGTTTTCGTACGG 41 

26 38 c6 -123 OR ACAAAACGACCTCGAAAACAACCGA 23 O 

27 SP6 3 c6 - 1141F GAGTTATTGTTTTTAAGGTTTTCGTACGG 41 

28 37c6-1329R CCCCAATTACGCGAACGAACGA 329 

29 SP7 4 c6 - 1166F ACGGAATGTTAGGGGCGTTTCG 66 

3O 37c6-1329R CCCCAATTACGCGAACGAACGA 329 

31 SP8 5 c6 - 12 OOF GAGTTTTCGGTTGTTTTCGAGGTCGT 2 OO 

32 37c6-1329R CCCCAATTACGCGAACGAACGA 329 
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For MSP-8 (primer SEQ ID NOs: 31 and 32), Table 2B 
provides the coordinates of the 3' end of each primer relative 
to SEQ ID NO: 7 (and the bisulfite converted product of its 
methylated form, SEQ ID NO: 8), and also provides the 
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unmethylated templates may be interrogated by sequencing 
(“bisulfite sequencing), by restriction enzyme methods such 
as COBRA, and by digital PCR techniques such as BEAM 
ing, as well as by other assays. 

TABLE 3 

Methylation insensitive primers. 

SEQ 
ID PCR 

NO: fragment Strand 

39 c6 SS 

4 O 

41 c10 SS 

42 

43 c18 AS 

44 

45 c22 AS 

46 

genomic coordinates of the 5' and 3' end of each primer 
relative to the hg18 build of chromosome 6. 

TABLE 2B 

5' end of the primer 3' end of the primer 

numbers 
corresponding 

to UCSC genomic 

numbers 
corresponding 

to UCSC genomic 
numbers 
COe 

numbers 
CO 

sponding sequence Human sponding sequence Human 
SEQ to 4000 bp March 2006 to 4000 bp March 2006 

ID NO: fragment Assembly (hg18) fragment Assembly (hg18) 

31 1200 74,218,520 1225 74,218,495 
32 1329 74,218,391 1308 74,218,412 

0128. Additionally, provided herein (Table 3, below) are 
primer pairs that will amplify fragments from the bisulfite 
converted differentially methylated region templates derived 
from both methylated and unmethylated forms of the domain. 
That is, reactions C6 (primers corresponding to SEQID NO: 
139 and 140) and C10 (primers corresponding to SEQID NO: 
141 and 142) will amplify corresponding fragments from the 
bisulfite converted form of SEQID NO: 7 (the sense strand) 
that derives from both the methylated (SEQ ID NO: 8) and 
unmethylated form (SEQID NO: 9) of SEQID NO: 7. Simi 
larly, reactions C18 (primers corresponding to SEQID NO: 
143 and 144) and C22 (primers corresponding to SEQID NO: 
145 and 146) will amplify corresponding fragments from the 
bisulfite converted form of SEQ ID NO: 10 (the anti-sense 
strand) that derives from both methylated (SEQID NO: 11) 
and unmethylated (SEQIDNO: 12) forms of SEQID NO: 10. 
In some instances, as indicated by the nucleotide code, the 
primers are degenerate to enable the primers to hybridize to 
either a potential methylated or a potential unmethylated 
cytosine residue. Primers with these properties may be used 
to amplify fragments whose origin from methylated versus 

Primer 5' 
end location 

Primer (in 4 kb SS 
ale Primer seq. strand seq) 

F3 (old) GGATTGTTTGGAGAGTTAGAAAT 857 

R3 (new) ACTCCAACCCCTCTACCCCAAA 1413 

F4 (new) TTGGGGYAGAGGGGTTGGAGTT 1394 

r1 old TCAATACCRATTAATTATCTA 1958 

AS F4 (new) CRAACCCTAAAACRTACCCAA 15 O1. 

AS R2 (old) AAATTYGATATATGTYGGTTTGT 1958 

AS F2 (old) TCCRAAACCRAAACCACTA 1090 

AS R5 (new) TTTTYGTAYGAGAATGGGGGT 15 61 

0129. A variety of methods can be used to determine if an 
MSP product has been produced in a reaction assay. One way 
to determine if an MSP product has been produced in the 
reaction is to analyze a portion of the reaction by agarose gel 
electrophoresis. For example, a horizontal agarose gel of 
from 0.6 to 2.0% agarose is made and a portion of the MSP 
reaction mixture is electrophoresed through the agarose gel. 
After electrophoresis, the agarose gel is stained with ethidium 
bromide. MSP products are visible when the gel is viewed 
during illumination with ultraviolet light. By comparison to 
standardized size markers, it is determined if the MSP prod 
uct is of the correct expected size. 
0.130. Other methods can be used to determine whether a 
product is made in an MSP reaction. One such method is 
called “real-time PCR. Real-time PCR utilizes a thermal 
cycler (i.e., an instrument that provides the temperature 
changes necessary for the PCR reaction to occur) that incor 
porates a fluorimeter (i.e. an instrument that measures fluo 
rescence). The real-time PCR reaction mixture also contains 
a reagent whose incorporation into a product can be quanti 
fied and whose quantification is indicative of copy number of 
that sequence in the template. One Such reagent is a fluores 
cent dye, called SYBR Green I (Molecular Probes, Inc.: 
Eugene, Oreg.) that preferentially binds double-stranded 
DNA and whose fluorescence is greatly enhanced by binding 
of double-stranded DNA. When a PCR reaction is performed 
in the presence of SYBR Green I, resulting DNA products 
bind SYBR Green I and fluorescence. The fluorescence is 
detected and quantified by the fluorimeter. Such technique is 
particularly useful for quantification of the amount of the 
product in the PCR reaction. Additionally, the product from 
the PCR reaction may be quantitated in “real-time PCR by 
the use of a variety of probes that hybridize to the product 
including TaqMan probes and molecular beacons. Quantita 
tion may be on an absolute basis, or may be relative to a 
constitutively methylated DNA standard, or may be relative 
to an unmethylated DNA standard. In one instance the ratio of 
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methylated C6Orf150 derived product to unmethylated 
derived C6Orf150 product may be constructed. 
0131 Methods for detecting methylation of the C6Orf150 
DNA in this invention are not limited to MSP, and may cover 
any assay for detecting DNA methylation. Another example 
method for detecting methylation of the C6Orf150 DNA is by 
using “methylation-sensitive' restriction endonucleases, the 
methods and examples of which are disclosed in U.S. Pat. No. 
7,485.420, incorporated herein in its entirety. Such methods 
comprise treating the genomic DNA isolated from a subject 
with a methylation-sensitive restriction endonuclease and 
then using the restriction endonuclease-treated DNA as a 
template in a PCR reaction. Herein, methylation-sensitive 
restriction endonucleases recognize and cleave a specific 
sequence within the DNA if C bases within the recognition 
sequence are not methylated. If C bases within the recogni 
tion sequence of the restriction endonuclease are methylated, 
the DNA will not be cleaved. Examples of such methylation 
sensitive restriction endonucleases include, but are not lim 
ited to HpaII, SmaI, SacII, Eagl, MspI, BstUI, and BssHII. In 
this technique, a recognition sequence for a methylation 
sensitive restriction endonuclease is located within the tem 
plate DNA, at a position between the forward and reverse 
primers used for the PCR reaction. In the case that a C base 
within the methylation-sensitive restriction endonuclease 
recognition sequence is not methylated, the endonuclease 
will cleave the DNA template and a PCR product will not be 
formed when the DNA is used as a template in the PCR 
reaction. In the case that a C base within the methylation 
sensitive restriction endonuclease recognition sequence is 
methylated, the endonuclease will not cleave the DNA tem 
plate and a PCR product will be formed when the DNA is used 
as a template in the PCR reaction. Therefore, methylation of 
C bases can be determined by the absence or presence of a 
PCR product (Kane, et al., 1997, Cancer Res, 57:808-11). No 
Sodium bisulfite is used in this technique. 
0.132. Yet another exemplary method for detecting methy 
lation of the C6Orf150 DNA is called the modified MSP. 
which method utilizes primers that are designed and chosen 
such that products of the MSP reaction are susceptible to 
digestion by restriction endonucleases, depending upon 
whether the compound-converted template sequence con 
tains CpG dinucleotides or UpG dinucleotides. 
0.133 Yet other methods for detecting methylation of the 
C6Orf150 DNA include the MS-SnuPE methods. This 
method uses compound-converted C6Orf150 DNA as a tem 
plate in a primer extension reaction wherein the primers used 
produce a product, dependent upon whether the compound 
converted template contains CpG dinucleotides or UpG 
dinucleotides (see e.g., Gonzalgo, et al., 1997, Nucleic Acids 
Res., 25:2529-31). 
0134. Another exemplary method for detecting methyla 
tion of the C6Orf150 DNA is called COBRA (i.e., combined 
bisulfite restriction analysis). This method has been routinely 
used for DNA methylation detection and is well known in the 
art (see, e.g., Xiong, et al., 1997, Nucleic Acids Res, 25:2532 
4). 
0135) In certain embodiments, the invention provides 
methods that involve directly sequencing the product result 
ing from an MSP reaction to determine if the compound 
converted C6Orf150 template sequence contains CpG 
dinucleotides or UpG dinucleotides. Molecular biology tech 
niques such as directly sequencing a PCR product are well 
known in the art. 

Apr. 24, 2014 

0.136. In alternative embodiments, the skilled artisan will 
appreciate that the present invention is based in part, on the 
recognition that C6Orf150 may function as a tumor suppres 
sor gene. Accordingly, in certain aspects, the invention pro 
vides assays for detecting molecular markers that distinguish 
between healthy cells and C6Orf150-associated diseases 
cells, such as colon neoplasia cells. As described above, one 
of the molecular markers of the present application includes 
methylated C6Orf150 nucleotide sequences. Thus, in one 
embodiment, assaying for the methylation status of the 
C6Orf150 nucleotide sequence can be monitored for detect 
ing a C6Orf150-silencing associated disease. 
0.137 This application further provides another molecular 
marker: the C6Orf150 gene expression transcript or the gene 
product. Thus, in another embodiment, expression of the 
C6Orf150 nucleic acid or protein can be monitored for detect 
ing a C6Orfl 30-silencing associated disease such as a colon 
neoplasia. 
0.138. In certain embodiments, the invention provides 
detection methods by assaying the above-mentioned 
C6Orf150 molecular markers so as to determine whether a 
patient has or does not have a disease condition. Further, Such 
a disease condition may be characterized by decreased 
expression of C6Orf150 nucleic acid or protein described 
herein. In certain embodiments, the invention provides meth 
ods for determining whetherapatient is or is not likely to have 
a C6Orf150-associated disease by detecting the expression of 
the C6Orf150 nucleotide sequences. In further embodiments, 
the invention provides methods for determining whether the 
patient is having a relapse or determining whether a patients 
cancer is responding to treatment. 
0.139. In other embodiments, the application provides 
method for detecting colon neoplasia. In certain embodi 
ments, the present invention provides methods for detecting a 
colon neoplasia that is associated with silencing of C6Orf150 
gene. Such methods comprise assaying for the presence or 
absence of a methylated C6Orf150 nucleotide sequence in a 
sample obtained from a Subject. In other aspects, the inven 
tion relates to methods for determining whether a patient is 
likely or unlikely to have a colon cancer. In further aspects, 
the invention relates to methods for monitoring colon neopla 
sia in a subject. 
0140. In certain embodiments, the invention provides 
assays for detecting C6Orf150 protein or nucleic acid tran 
script described herein. In certain embodiments, a method of 
the invention comprises providing a biological sample and 
probing the biological sample for the C6Orf150 expression 
which include protein or nucleic acid transcript of the 
C6Orf150. Information regarding the C6Orf150 expression 
status, and optionally the quantitative level of the C6Orf150 
expression, may then be used to draw inferences about the 
nature of the biological sample and, if the biological sample 
was obtained from a subject, the health state of the subject. 
0.141. In certain embodiments, a method of the invention 
comprises detecting the presence of C6Orf150 protein in a 
sample. Optionally, the method involves obtaining a quanti 
tative measure of the C6Orf150 protein in the sample. In view 
of this specification, one of skill in the art will recognize a 
wide range oftechniques that may be employed to detect and 
optionally quantitate the presence of a protein. In preferred 
embodiments, C60rf150 protein is detected with an antibody. 
In many embodiments, an antibody-based detection assay 
involves bringing the sample and the antibody into contact so 
that the antibody has an opportunity to bind to proteins having 
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the corresponding epitope. In many embodiments, an anti 
body-based detection assay also typically involves a system 
for detecting the presence of antibody-epitope complexes, 
thereby achieving a detection of the presence of the proteins 
having the corresponding epitope. Antibodies may be used in 
a variety of detection techniques, including enzyme-linked 
immunosorbent assays (ELISAS), immunoprecipitations, 
Western blots. Antibody-independent techniques for identi 
fying a protein may also be employed. For example, mass 
spectroscopy, particularly coupled with liquid chromatogra 
phy, permits detection and quantification of large numbers of 
proteins in a sample. Two-dimensional gel electrophoresis 
may also be used to identify proteins, and may be coupled 
with mass spectroscopy or other detection techniques, such as 
N-terminal protein sequencing. RNA aptamers with specific 
binding for the protein of interest may also be generated and 
used as a detection reagent. 
0142 Samples should generally be prepared in a manner 
that is consistent with the detection system to be employed. 
For example, a sample to be used in a protein detection system 
should generally be prepared in the absence of proteases. 
Likewise, a sample to be used in a nucleic acid detection 
system should generally be prepared in the absence of 
nucleases. In many instances, a sample for use in an antibody 
based detection system will not be subjected to substantial 
preparatory steps. For example, urine may be used directly, as 
may saliva and blood, although blood will, in certain pre 
ferred embodiments, be separated into fractions such as 
plasma and serum. 
0143. In certain embodiments, a method of the invention 
comprises detecting the presence of a C6Orf150-expressed 
nucleic acid, Such as an mRNA, in a sample. Optionally, the 
method involves obtaining a quantitative measure of the 
C6Orf150-expressed nucleic acid in the sample. In view of 
this specification, one of skill in the art will recognize a wide 
range of techniques that may be employed to detect and 
optionally quantitate the presence of a nucleic acid. Nucleic 
acid detection systems generally involve preparing a purified 
nucleic acid fraction of a sample, and Subjecting the sample to 
a direct detection assay or an amplification process followed 
by a detection assay. Amplification may be achieved, for 
example, by polymerase chain reaction (PCR), reverse tran 
scriptase (RT) and coupled RT-PCR. Detection of a nucleic 
acid is generally accomplished by probing the purified 
nucleic acid fraction with a probe that hybridizes to the 
nucleic acid of interest, and in many instances, detection 
involves an amplification as well. Northern blots, dot blots, 
microarrays, quantitative PCR, and quantitative RT-PCR are 
all well known methods for detecting a nucleic acid in a 
sample. 
0144. In certain embodiments, the invention provides 
nucleic acid probes that bind specifically to a C6Orf150 
nucleic acid. Such probes may be labeled with, for example, 
a fluorescent moiety, a radionuclide, an enzyme oran affinity 
tag such as a biotin moiety. For example, the TaqMan(R) sys 
tem employs nucleic acid probes that are labeled in Such a 
way that the fluorescent signal is quenched when the probe is 
free in solution and bright when the probe is incorporated into 
a larger nucleic acid. 
0145 Immunoscintigraphy using monoclonal antibodies 
directed at the C6Orf150 marker may be used to detect and/or 
diagnose a cancer. For example, monoclonal antibodies 
against the C6Orf150 marker labeled with Technetium, 
'''Indium, 'Iodine-may be effectively used for such imag 
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ing. As will be evident to the skilled artisan, the amount of 
radioisotope to be administered is dependent upon the radio 
isotope. Those having ordinary skill in the art can readily 
formulate the amount of the imaging agent to be administered 
based upon the specific activity and energy of a given radio 
nuclide used as the active moiety. Typically 0.1-100 millicu 
ries per dose of imaging agent, preferably 1-10 millicuries, 
most often 2-5 millicuries are administered. Thus, composi 
tions according to the present invention useful as imaging 
agents comprising a targeting moiety conjugated to a radio 
active moiety comprise 0.1-100 millicuries, in some embodi 
ments preferably 1-10 millicuries, in some embodiments 
preferably 2-5 millicuries, in some embodiments more pref 
erably 1-5 millicuries. 
0146 In certain embodiments, the present invention pro 
vides drug screening assays for identifying test compounds 
which potentiate the tumor suppressor function of the 
C6Orf150 gene. In one aspect, the assays detect test com 
pounds which potentiate the expression level of the 
C6Orf150. In another aspect, the assays detect test com 
pounds which inhibit the methylation of the C6Orf150 nucle 
otide sequences. In certain embodiments, drug screening 
assays can be generated which detect test compounds on the 
basis of their ability to interfere with stability or function of 
the C6Orf150 polypeptide. Alternatively, simple binding 
assays can be used to detect compounds that inhibit or poten 
tiate the interaction between the C6Orf150 polypeptide and 
its interacting protein or the binding of the C6Orf150 
polypeptide to a target DNA. 
0147 A variety of assay formats may be used and, in light 
of the present disclosure, those not expressly described herein 
will nevertheless be considered to be within the purview of 
ordinary skill in the art. Assay formats can approximate Such 
conditions as C6Orf150 expression level, methylation status 
of C6Orfl30 sequence, tumor Suppressing activity, interme 
diate filament formation activity, and may be generated in 
many different forms. In many embodiments, the invention 
provides assays including both cell-free systems and cell 
based assays which utilize intact cells. 
0148 Compounds to be tested can be produced, for 
example, by bacteria, yeast or other organisms (e.g., natural 
products), produced chemically (e.g., Small molecules, 
including peptidomimetics), or produced recombinantly. The 
efficacy of the compound can be assessed by generating dose 
response curves from data obtained using various concentra 
tions of the test compound. Moreover, a control assay can also 
be performed to provide a baseline for comparison. In the 
control assay, the formation of complexes is quantitated in the 
absence of the test compound. 
0149. In many drug screening programs which test librar 
ies of compounds and natural extracts, high throughput 
assays are desirable in order to maximize the number of 
compounds Surveyed in a given period of time. Assays of the 
present invention which are performed in cell-free systems, 
such as may be developed with purified or semi-purified 
proteins or with lysates, are often preferred as “primary 
screens in that they can be generated to permit rapid devel 
opment and relatively easy detection of an alteration in a 
molecular target which is mediated by a test compound. 
Moreover, the effects of cellular toxicity and/or bioavailabil 
ity of the test compound can be generally ignored in the in 
vitro system, the assay instead being focused primarily on the 
effect of the drug on the molecular target as may be manifest 
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in an alteration of binding affinity with other proteins or 
changes in enzymatic properties of the molecular target. 
0150. In certain embodiments, test compounds identified 
from these assays may be used in a therapeutic method for 
treating a C6Orf150-associated proliferative disease. 
0151. Still another aspect of the application provides 
transgenic non-human animals which express a heterologous 
C6Orf150 gene, or which have had one or more genomic 
C6Orf150 gene(s) disrupted in at least one of the tissue or 
cell-types of the animal. For instance, transgenic mice that are 
disrupted at their C6Orf150 gene locus can be generated. 
0152. In another aspect, the application provides an ani 
mal model for a C6Orf150-associated proliferative disease, 
which has a mis-expressed C6Orf150 allele. For example, a 
mouse can be bred that has a C6Orf150 allele deleted, or in 
which all or part of one or more C6Orf150 exons are deleted. 
Such a mouse model can then be used to study disorders 
arising from mis-expression of the C6Orf150 gene. 
0153. Accordingly, the present application discloses 
transgenic animals which are comprised of cells (of that ani 
mal) containing a C6Orf150 transgene and which preferably 
(though optionally) express an exogenous C6Orf150 protein 
in one or more cells in the animal. The C6Orf150 transgene 
can encode the wild-type form of the protein, or can encode 
homologs thereof, including both agonists and antagonists, as 
well as antisense constructs. The C6Orf150 transgene can 
include a C6Orf150 nucleotide sequence (e.g., SEQID NO: 
1) or fragments thereof. In preferred embodiments, the 
expression of the transgene is restricted to specific subsets of 
cells, tissues or developmental stages utilizing, for example, 
cis-acting sequences that control expression in the desired 
pattern. 
0154 Genetic techniques which allow for the expression 
of transgenes can be regulated via site-specific genetic 
manipulation in vivo are known to those skilled in the art. For 
instance, genetic systems are available which allow for the 
regulated expression of a recombinase that catalyzes the 
genetic recombination a target sequence. As used herein, the 
phrase “target sequence” refers to a nucleotide sequence that 
is genetically recombined by a recombinase. The target 
sequence is flanked by recombinase recognition sequences 
and is generally either excised or inverted in cells expressing 
recombinase activity. Recombinase catalyzed recombination 
events can be designed Such that recombination of the target 
sequence results in either the activation or repression of 
expression of the C6Orf150 polypeptides. For example, exci 
sion of a target sequence which interferes with the expression 
of a recombinant C6Orf150 gene can be designed to activate 
expression of that gene. This interference with expression of 
the protein can result from a variety of mechanisms, such as 
spatial separation of the C6Orf150 gene from the promoter 
element or an internal stop codon. Moreover, the transgene 
can be made wherein the coding sequence of the gene is 
flanked recombinase recognition sequences and is initially 
transfected into cells in a 3’to 5' orientation with respect to the 
promoter element. In Such an instance, inversion of the target 
sequence will reorient the Subject gene by placing the 5' end 
of the coding sequence in an orientation with respect to the 
promoter element which allow for promoter driven transcrip 
tional activation. 

0.155. In an illustrative embodiment, either the cre/loxP 
recombinase system of bacteriophage P1 (Lakso et al., (1992) 
Proc. Natl. Acad. Sci. USA 89:6232-6236; Orban et al., 
(1992) Proc. Natl. Acad. Sci. USA 89:6861-6865) or the FLP 
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recombinase system of Saccharomyces cerevisiae 
(O'Gorman et al., (1991) Science 251:1351-1355; PCT pub 
lication WO92/15694) can be used to generate in vivo site 
specific genetic recombination systems. Cre recombinase 
catalyzes the site-specific recombination of an intervening 
target sequence located between loXP sequences. loXP 
sequences are 34 base pair nucleotide repeat sequences to 
which the Cre recombinase binds and are required for Cre 
recombinase mediated genetic recombination. The orienta 
tion of loxP sequences determines whether the intervening 
target sequence is excised or inverted when Cre recombinase 
is present (Abremski et al., (1984).J. Biol. Chem. 259:1509 
1514); catalyzing the excision of the target sequence when the 
loXP sequences are oriented as direct repeats and catalyzes 
inversion of the target sequence when loXP sequences are 
oriented as inverted repeats. 

V. Subjects and Samples 

0156. In certain aspects, the invention relates to a subject 
suspected of having or has a C6Orf150-associated disease 
Such as colon neoplasia. Alternatively, a subject may be 
undergoing routine screening and may not necessarily be 
suspected of having such a C6Orf150-associated disease or 
condition. In a preferred embodiment, the Subject is a human 
subject, and the C6Orf150 associated disease is colon neo 
plasia. 
0157 Assaying for C6Orf150 markers discussed above in 
a sample from subjects not known to have a colon neoplasia 
can aid in diagnosis of Such a colon neoplasia in the Subject. 
To illustrate, detecting the methylation status of the 
C6Orf150 nucleotide sequence by MSP can be used by itself, 
or in combination with other various assays, to improve the 
sensitivity and/or specificity for detecting a colon neoplasia. 
Preferably, such detection is made at an early stage in the 
development of cancer, so that treatment is more likely to be 
effective. 

0158. In addition to diagnosis, assaying of a C6Orf150 
marker in a sample from a subject not known to have colon 
neoplasia, can be prognostic for the Subject (i.e., indicating 
the probable course of the disease). To illustrate, subjects 
having a predisposition to develop colon neoplasia may pos 
sess methylated C6Orf150 nucleotide sequences. Assaying of 
C6Orf150 markers in a sample from subjects can also be used 
to select a particular therapy or therapies which are particu 
larly effective against the colon neoplasia in the Subject, or to 
exclude therapies that are not likely to be effective. 
0159 Assaying of C6Orf150 markers in samples from 
Subjects that are known to have, or to have had, a cancer 
associated with silencing of the C6Orf150 gene is also useful. 
For example, the present methods can be used to identify 
whether therapy is effective or not for certain subjects. One or 
more samples are taken from the same Subject prior to and 
following therapy, and assayed for the C6Orf150 markers. A 
finding that the C6Orf150 marker is present in the sample 
taken prior to therapy and absent (or at a lower level) after 
therapy would indicate that the therapy is effective and need 
not be altered. In those cases where the C6Orf150 marker is 
present in the sample taken before therapy and in the sample 
taken after therapy, it may be desirable to alter the therapy to 
increase the likelihood that the cancer will be eradicated in the 
subject. Thus, the present method may obviate the need to 
perform more invasive procedures which are used to deter 
mine a patient's response to therapy. 
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0160 Cancers frequently recur following therapy in 
patients with advanced cancers. In this and other instances, 
the assays of the invention are useful for monitoring over time 
the status of a cancer associated with silencing of the 
C6Orf150 gene. For subjects in which a cancer is progressing, 
a C6Orf150 marker may be absent from some or all samples 
when the first sample is taken and then appear in one or more 
samples when the second sample is taken. For Subjects in 
which cancer is regressing, a C6Orf150 marker may be 
present in one or a number of samples when the first sample 
is taken and then be absent in Some or all of these samples 
when the second sample is taken. 
0161 Samples for use with the methods described herein 
may be essentially any biological material of interest. For 
example, a sample may be a bodily fluid sample from a 
Subject, a tissue sample from a subject, a Solid or semi-solid 
sample from a Subject, a primary cell culture or tissue culture 
of materials derived from a subject, cells from a cell line, or 
medium or other extracellular material from a cell or tissue 
culture, or a Xenograft (meaning a sample of a cancer from a 
first Subject, e.g., a human, that has been cultured in a second 
Subject, e.g., an immuno-compromised mouse). The term 
'sample' as used herein is intended to encompass both a 
biological material obtained directly from a subject (which 
may be described as the primary sample) as well as any 
manipulated forms orportions of a primary sample. A sample 
may also be obtained by contacting a biological material with 
an exogenous liquid, resulting in the production of a lavage 
liquid containing some portion of the contacted biological 
material. Furthermore, the term “sample' is intended to 
encompass the primary sample after it has been mixed with 
one or more additive, Such as preservatives, chelators, anti 
clotting factors, etc. 
0162. In certain embodiments, a bodily fluid sample is a 
blood sample. In this case, the term "sample' is intended to 
encompass not only the blood as obtained directly from the 
patient but also fractions of the blood, such as plasma, serum, 
cell fractions (e.g., platelets, erythrocytes, and lymphocytes), 
protein preparations, nucleic acid preparations, etc. In certain 
embodiments, a bodily fluid sample is a urine sample or a 
colonic effluent sample. In certain embodiments, a bodily 
fluid sample is a stool sample. 
0163 A subject is preferably a human subject, but it is 
expected that the molecular markers disclosed herein, and 
particularly their homologs from other animals, are of similar 
utility in other animals. In certain embodiments, it may be 
possible to detect a C6Orf150 marker directly in an organism 
without obtaining a separate portion of biological material. In 
Such instances, the term 'sample is intended to encompass 
that portion of biological material that is contacted with a 
reagent or device involved in the detection process. 
0164. In certain embodiments, DNA which is used as the 
template in an MSP reaction is obtained from a bodily fluid 
sample. Examples of preferred bodily fluids are blood, serum, 
plasma, a blood-derived fraction, stool, colonic effluent or 
urine. Other body fluids can also be used. Because they can be 
easily obtained from a subject and can be used to screen for 
multiple diseases, blood or blood-derived fractions are espe 
cially useful. For example, it has been shown that DNA alter 
ations in colorectal cancer patients can be detected in the 
blood of subjects (Hibi, et al., 1998, Cancer Res, 58:1405-7). 
Blood-derived fractions can comprise blood, serum, plasma, 
or other fractions. For example, a cellular fraction can be 
prepared as a “buffy coat' (i.e., leukocyte-enriched blood 
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portion) by centrifuging 5 ml of whole blood for 10 minat 800 
times gravity at room temperature. Redblood cells sediment 
most rapidly and are present as the bottom-most fraction in 
the centrifuge tube. The buffy coat is present as a thin creamy 
white colored layer on top of the red blood cells. The plasma 
portion of the blood forms a layer above the buffy coat. 
Fractions from blood can also be isolated in a variety of other 
ways. One method is by taking a fraction or fractions from a 
gradient used in centrifugation to enrich for a specific size or 
density of cells. 
0.165 DNA is then isolated from samples from the bodily 
fluids. Procedures for isolation of DNA from such samples 
are well known to those skilled in the art. Commonly, such 
DNA isolation procedures comprise lysis of any cells present 
in the samples using detergents, for example. After cell lysis, 
proteins are commonly removed from the DNA using various 
proteases. RNA is removed using RNase. The DNA is then 
commonly extracted with phenol, precipitated in alcohol and 
dissolved in an aqueous solution. 

VI. Therapeutic Methods for C6Orf150-Associated 
Diseases 

0166 Yet another aspect of this application pertains to 
methods of treating a C6Orf150-associated proliferative dis 
ease which arises from reduced expression or over-expres 
sion of the C6Orf150 gene in cells. Such C6Orf150-associ 
ated proliferative diseases (for example, a colon neoplasia) 
can result from a wide variety of pathological cell prolifera 
tive conditions. In certain embodiments, treatment of a 
C6Orf150-associated proliferative disorder includes modula 
tion of the C6Orf150 gene expression or C6Orf150 activity. 
The term “modulate” envisions the suppression of expression 
of C6Orf150 when it is over-expressed, or augmentation of 
C6Orf150 expression when it is under-expressed. 
0167. In an embodiment, the present invention provides a 
therapeutic method by using a C6Orf150 gene construct as a 
part of a gene therapy protocol. Such as to reconstitute the 
function of a C6Orf150 protein in a cell in which the 
C6Orf150 protein is mis-expressed or non-expressed. To 
illustrate, cell types which exhibit pathological or abnormal 
growth presumably depend at least in part on a function of a 
C6Orf150 protein. For example, gene therapy constructs 
encoding the C6Orf150 protein can be utilized in a colon 
neoplasia that is associated with silencing of the C6Orf150 
gene. 
0.168. In certain embodiments, the invention provides 
therapeutic methods using agents which induce re-expression 
of C6Orf150. Loss of C6Orf150 gene expression in a 
C6Orf150-associated diseased cell may be due at least in part 
to methylation of the C6Orf150 nucleotide sequence, methy 
lation Suppressive agents such as 5-deoxyazacytidine or 
5-azacytidine can be introduced into the diseased cells. Other 
similar agents will be known to those of skill in the art. In a 
preferred embodiment, the C6Orf150-associated disease is 
colon neoplasia associated with increased methylation of 
C6Orf150 nucleotide sequences. 
0169. In certain embodiments, the invention provides 
therapeutic methods using a nucleic acid approach, for 
example, antisense nucleic acid, ribozymes or triplex agents, 
to block transcription or translation of a specific C6Orf150 
mRNA, either by masking that mRNA with an antisense 
nucleic acid or triplex agent or by cleaving it with a ribozyme. 
Such disorders include neurodegenerative diseases, for 
example. Antisense nucleic acids are DNA or RNA molecules 
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that are complementary to at least a portion of a specific 
mRNA molecule (Weintraub, Scientific American, 262:40, 
1990). In the cell, the antisense nucleic acids hybridize to the 
corresponding mRNA, forming a double-stranded molecule. 
The antisense nucleic acids interfere with the translation of 
the mRNA, since the cell will not translate an mRNA that is 
double-stranded. Antisense oligomers of about 15 nucle 
otides are preferred, since they are easily synthesized and are 
less likely to cause problems than larger molecules when 
introduced into a target C6Orf150 over-producing cell. Use of 
an oligonucleotide to stall transcription is known as the tri 
plex strategy since the oligomer winds around double-helical 
DNA, forming a three-strand helix. Therefore, these triplex 
compounds can be designed to recognize a unique site on a 
chosen gene (Maher, et al., Antisense Res. and Dev., 1(3):227, 
1991; Helene, C., Anticancer Drug Design, 6(6):569, 1991). 
Ribozymes are RNA molecules possessing the ability to spe 
cifically cleave other single-stranded RNA in a manner analo 
gous to DNA restriction endonucleases. Through the modifi 
cation of nucleotide sequences which encode these RNAs, it 
is possible to engineer molecules that recognize specific 
nucleotide sequences in an RNA molecule and cleave it 
(Cech, J. Amer: Med. Assn., 260:3030, 1988). 
0170 The present invention also provides genetherapy for 
the treatment of proliferative or immunologic disorders 
which are mediated by C6Orf150 protein. Such therapy 
would achieve its therapeutic effect by introduction of the 
C6Orf150 antisense polynucleotide into cells having the pro 
liferative disorder. Alternatively, it may be desirable to intro 
duce polynucleotides encoding full-length C6Orf150 into 
diseased cells. 

(0171 Delivery of antisense C6Orf150 polynucleotide or 
the C6Orf150 gene can be achieved using a recombinant 
expression vector Such as a chimeric virus or a colloidal 
dispersion system. Especially preferred for therapeutic deliv 
ery of antisense sequences is the use of targeted liposomes. 
Various viral vectors which can be utilized for genetherapy as 
taught herein include adenovirus, herpes virus, vaccinia, or, 
preferably, an RNA virus such as a retrovirus. Preferably, the 
retroviral vector is a derivative of a murine or avian retrovirus. 
Examples of retroviral vectors in which a single foreign gene 
can be inserted include, but are not limited to: Moloney 
murine leukemia virus (MoMul V), Harvey murine sarcoma 
virus (HaMuSV), murine mammary tumor virus (MuMTV), 
and Rous SarcomaVirus (RSV). Preferably, when the subject 
is a human, a vector Such as the gibbon ape leukemia virus 
(Gal. V) is utilized. A number of additional retroviral vectors 
can incorporate multiple genes. All of these vectors can trans 
fer or incorporate a gene for a selectable marker so that 
transduced cells can be identified and generated. By inserting 
a C6Orf150 sequence of interest into the viral vector, along 
with another gene which encodes the ligand for a receptor on 
a specific target cell, for example, the vector is target-specific. 
Retroviral vectors can be made target-specific by attaching, 
for example, a Sugar, a glycolipid or a protein. Preferred 
targeting is accomplished by using an antibody to target the 
retroviral vector. Those skilled in the art will know of, or can 
readily ascertain without undue experimentation, specific 
polynucleotide sequences which can be inserted into the ret 
roviral genome or attached to a viral envelope to allow target 
specific delivery of the retroviral vector containing antisense 
C6Orf150 polynucleotide or the C6Orf150 gene. 
0172. The invention also relates to a medicament or phar 
maceutical composition comprising a C6Orf150 5' flanking 
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polynucleotide or a C6Orf150 5' flanking polynucleotide 
operably linked to the C6Orf150 structural gene, respectively, 
in a pharmaceutically acceptable excipient or medium 
wherein the medicament is used for therapy of C6Orf150 
associated cell proliferative disorders, such as a colon neo 
plasia. 

EXEMPLIFICATION 

0173 The invention now being generally described, it will 
be more readily understood by reference to the following 
examples, which are included merely for purposes of illus 
tration of certain aspects and embodiments of the present 
invention, and are not intended to limit the invention. 

Example 1 

C6Orf150 is Methylated and Silenced in Colon 
Cancer Cell Lines 

(0174. The methylation status of the C6Orf150 locus was 
interrogated using the technique of MCA (Methylation CpG 
Island Amplification) coupled to CpG island microarray (Es 
tecio MR, et al., High-throughput methylation profiling by 
MCA coupled to CpG island microarray. Genome Res 2007, 
17(10): 1529-36; Shen L, et al., Genome-wide profiling of 
DNA methylation reveals a class of normally methylated 
CpG island promoters. PLoS Genet 2007, 3(10):2023-36). In 
this technique, methylated genomic regions are recognized 
by resistance to digestion with the methylation sensitive 
restriction enzyme SmaI. SmaI digestion resistant fragments 
from tumors and SmaI resistant fragments from normal con 
trol are differentially labeled with different fluorescent dyes, 
and are then compared by co-hybridization to microarrays. 
Table 5 below shows the results of this analysis for the 
C6Orf150 locus. Numbers in Table 5 represent log 2 of the 
ratio of (methylated signal from colon cancer cell line 
samples) versus (normal control DNA) in hybridizing to each 
of the probes (shown below in Table 4, and depicted in FIG.3 
by double-headed arrows) of the C6Orf150 locus on the Agi 
lent CpG island microarray. Data is shown from 4 C6Orf150 
probes tiled on the array, 3 of which are distinct, and one of 
which is in duplicate. (One additional duplicated probe from 
this region gave no hybridization signal). The conditions 1-4 
listed in Table 5 are as follows: 

TABLE 4 

Probe sequence used in assay of Table 5 

Con 
di 
tion Probe sequence 

1 CAAGCAGCTCACCTTCACGTGCTCATAGTAGCTCCCGGTGTTCAG 

2 CAAGCAGCTCACCTTCACGTGCTCATAGTAGCTCCCGGTGTTCAG 

3. GGTCCACAACCCCTTTCACCATCCCCGCCGCCGTGGAGATATCAT 

4 ATCCCTCCGTACGAGAATGGGGGCCGAGACCGGCAGGCCGGGGCT 

The data clearly define a group of colon cancer cell line 
samples that in this assay show enriched methylation at the 
C6Orf150 locus compared to normal control, by virtue of 
strong positive hybridization signals. The first 27 cells lines in 
Table 5 (V235 through V847) all represent colon cancer cell 
lines known to be methylated for a reference marker (desig 
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nated M samples); whereas, the last 6 cell lines in Table 5 
(V863 through V.9M) represent colon cancer cell lines that 
were known to not be methylated for a reference marker 
(designated U cell lines). As shown in Table 5, the average 
C6Orf150 region methylation signal for the cell lines that did 
not show methylation for a reference marker (Average of U) 
well exceeds that of the cell lines that did show methylation in 
other reference biomarkers (Average of M) for each of the 
probes. 

TABLE 5 

for a representative subset of methylation specific PCR 
assays. Samples interrogated include normal colon tissues 
from patients who do not have colon cancer (Non-CancerNs), 
colon cancer tumors that are unmethylated in other reference 
colon cancer biomarkers (“UM'), colon cancer tumors that 
are ambiguous for methylation in other reference colon can 
cer biomarkers ("?”), and colon cancers that have been shown 
to be methylated in other biomarkers (“Methylated in other 
biomarkers'). As shown on FIG. 5, it is obvious that these 

MCA Analysis for the C6OrflSO locus 

CELL LINE 

V235 V411 V429 W432 V6 V5 

Condition 1 S.766295 S.937654 5.066688 S.263061 -0.51745 -0.72898 
Condition 2 S.478463 S.631196 4.77O736 4.957526 -0.813O2 -0.13029 
Condition 3 2.474973 2.544094 2.341SS1 2.184434 -0.32751 O.S38152 
Condition 4 2.58766 3.034341 2.1894.49 2.259841 -1.01713 -1.54631 

V8 V389 V425 V451 V410 V576 

Condition 1 O.O26643 -0.15852 -1.12158 3.429936 6.82.7376 -0.02293 
Condition 2 -0.30533 -0.68344 -0.7317 3.479221 6.353291 -0.30606 
Condition 3 -0.48588 O.O77664 -0.27649 1793.429 4.388959 -0.38912 
Condition 4 -0.964.81 -1.21589 -1.39714 O.80971 3.53O222 -1.18912 

V1 OM V456 V784 V503 V478 V400 

Condition 1 -0.41009 6.076171. 4.195319 5.917341 S3882S2 O.S63.192 
Condition 2 -0.18417 S.S31691 3.631.191 5.724736 S.421879 O.S5942S 
Condition 3 -0.45653 2.96003S 1.51722 3.01.1266 3.121367 -0.11412 
Condition 4 -1.19828 2.33O2S1 O.88.0579 2.879468 2.26257 -0.97252 

V241 V481 V531 V441 V670 V855 

Condition 1 5.398955 6.189827 2.713127 -0.33179 S.828247 -0.03739 
Condition 2 5.399818 S.988393 2.564101 -0.11476 S.3797O1 -0.02754 
Condition 3 3.137583 3.6O4857 0.76O726 -0.13463 3.476779 -0.028.09 
Condition 4 2.586142 3.06056 O.20981 -127902 3.518182 -1.14534 

W866 V838 V847 Avg. of M W863 V489 

Condition 1 -0.41603 1.0628S9 O.22446S 2.67 6.575967 7.33746 
Condition 2 -0.15461 O.888O79 0.090925 2.53 6.247086 6.9581.65 
Condition 3 -0.15046 O.372386 -0.2S331 1.32 4.2557 3.876392 
Condition 4 -1.14175 -0.897.09 -0.95453 O.64 4.18O82 3.911 198 

V9p V2O6 V457 W9M Avg. of U 

Condition 1 6.9462O6 6.473107 6.581 S63 S.O66088 6.5 
Condition 2 6.655866 6.257684 6.357O64 4.943O32 6.24 
Condition 3 3.651807 3.880467 4.OS2O71 2.325461 3.67 
Condition 4 3.761348 3427567 3.74945 2.4384.04 3.58 

Further, as illustrated in FIG. 1, samples with increased levels 
of C6Orf150 methylation (>1 on the log 2 scale) show mark 
edly reduced levels of C6Orf150 transcript expression. FIG. 1 
shows data on expression of C6Orf150 transcript as measured 
on Affymetrix Human Exon 1.0 STArrays (Y-axis) for colon 
cancer cell line samples plotted against log 2 of the MCA 
methylation values for these samples measured on the Agilent 
CpG island microarrays (X-axis). 

Example 2 

Methylation Across the C6Orf150 DMR Domain as 
Assayed by MSP 

(0175. The DMR across C6Orf150 was assayed for the 
presence of methylation by methylation specific PCR (MSP) 

MSP assays detect much more methylation within the 
C6Orf150 differentially methylated domain in cancers than 
in normal tissues. Of particular interest are MSP reactions 
MSP8, MSP10, and MSP23. These reactions do not detect 
any methylation within normal colon tissues, but do detect 
methylation in a Subset of colon cancers, including colon 
cancers that do not show methylation for other colon cancer 
biomarkers. A representative MSP reaction condition is illus 
trated in FIG. 6 for MSP8. FIG. 7 shows the positions of 
primers for MSP-8, MSP-10, and MSP-23 referenced to the 
schematic of the C6Orf150 locus (the designations are the 
same as figure legend for FIG.3). Additionally, FIG. 8 shows 
the positions of primers for C6Orf150 reactions MSP8, 
MSP10 and MSP23 referenced to the results of bisulfite 
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sequencing of the C6Orf150 differentially methylated 
domain (as shown on FIG. 3). 

Example 3 

Methylation at the MSP8 Target Region is Sensitive 
and Specific to Colon Cancer 

0176). As shown in FIG. 9, colon cancer samples with 
positive MSP8 assays for C6Orf150 methylation turn positive 
by at least as early as PCR cycle 31. In contrast, normal colon 
samples remain negative in the assay for as late as at least 
PCR cycle number 46. FIG. 10 shows assay of 90 cycles of 
nested PCR for MSP8 (done by repeat PCR for 45 cycles of an 
aliquot taken from an initial 45 cycle PCR reaction). 90 cycles 
of nested PCR for MSP8 turns only 1 normal colon sample 
positive. Therefore, methylation at the MSP8 target region is 
essentially undetectable in the great majority of normal colon 
tissues. 
0177 FIG. 11 summarizes the results of C6Orf150 MSP8 
testing of a panel of colon cancer cell lines used in the initial 
array study, and a panel of normal mucosa from 13 individu 
als without cancer (non-cancer normals), plus a validation set 
of 154 colon cancer tumor tissues of known Dukes clinical 
stage and colon cancer Xenografts, plus normal colon mucosa 
from 16 individuals with colon cancer. 27% of cancer 
samples in the validation set tested positive for the MSP8 
reaction, including 26% of the early stage Dukes B samples. 
None of the 16 normal colon tissues tested positive. Addition 
ally, 41% of the cell lines initially used for C6OrflS0 discov 
ery by MCA also tested positive by MSP8. 
(0178 FIG. 12 shows MSP8 assay of serial dilutions of 
colon cancer sample DNAs into control normal DNA. Dilu 
tions were done in a tube with 20 ng of total DNA. MSP8 is 
able to detect between 78-313 picogram of total colon cancer 
genomic DNA diluted in up to 264 fold excess of normal 
DNA. 
(0179 FIG. 13A shows expression of C6Orf150 in colon 
cancer cell line samples as assayed on the Affymetrix human 
all exon microarray. Color coded boxes indicate samples that 
are methylated in the C6Orf150 MSP8 assay (red) versus 
those that are not (green) by MSP8 assay. It is evident that 
methylated Samples in general demonstrate lower levels of 
C6Orf150 expression than unmethylated samples. FIG. 13B 
displays on a scatter plot the data on C6Orf150 expression in 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 154 

<21 Os SEQ ID NO 1 
&211s LENGTH: 4 OOO 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 
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samples methylated at C6Orf150 (as assayed by MSP8) ver 
sus those that are not methylated. 

INCORPORATION BY REFERENCE 

0180 All publications and patents mentioned herein are 
hereby incorporated by reference in their entirety as if each 
individual publication or patent was specifically and indi 
vidually indicated to be incorporated by reference. In case of 
conflict, the present application, including any definitions 
herein, will control. 

EQUIVALENTS 

0181. While specific embodiments of the subject inven 
tion have been discussed, the above specification is illustra 
tive and not restrictive. Many variations of the invention will 
become apparent to those skilled in the art upon review of this 
specification and the claims below. The full scope of the 
invention should be determined by reference to the claims, 
along with their full scope of equivalents, and the specifica 
tion, along with Such variations. 

SEQUENCE INFORMATION 
0182. In the following sequences, where applicable, DNA 
bases are denoted as follows according to IUPAC nomencla 
ture for incompletely specified bases in nucleic acid 
sequences (see also http://www.chem.qmul.ac.uk/iubmb/ 
misc/naseq.html). All sequences are indicated 5' to 3', unless 
noted otherwise. 

Bases Symbol 

Guanine, adenine, thymine, cytosine G, A, T, C 
Purine (adenine or guanine) R 
Pyrimidine (thymine or cytosine) Y 
Adenine or thymine W 
Guanine or cytosine S 
Adenine or cytosine M 
Guanine or thymine K 
Adenine or thymine or cytosine H 
Guanine or cytosine or thymine B 
Guanine or adenine or cytosine V 

agattgcgcc cc cctaactic aalaccaaaat taaatttaaa aaaactitt.ca cittgaaagag 60 

aaaagtttct ctdtcaatgt ttttgttttgttttgttttgttttgttgatg gact citttitt 12O 

Ctgttgcc.ca ggctggagtg cagtggcgcg at ct cqgctic actgcaacct Ctgcct cocg 18O 

ggttcaa.gca gttct ctgtc. tcggcct coc gagtagatgg gact acaggc gccaccalagc 24 O 

ccggctaatt ttttgtattt ttagtagaga C9gggtttca cc atgttggc Caggaaggto 3 OO 
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- Continued 

ttaa.gcgatt tttttgttitt agttttittga gtagatggga ttataagtat gagtttittat 3 OOO 

tittggittaat tttgtattitt tagtagagac giggitttittitt tatgttggitt aggttggittt 3 O 6 O 

agaattitt cq attittaggtg atttgttagt tittagtttitt taaagtgttg ggattatagg 312 O 

cgtgagttat tatatt cqgt tttitttttitt tttittttittt tttittttittt tttitttttitt 318O 

atttittttgt tittitttittitt tttittitttitt tttittittittt tttittittittt tttittittitat 324 O 

tttgttttitt tttitttittitt tttitttttitt tttittttittt tatggagtt ttattitttgt 33 OO 

tgtttaggitt gtagtgtagt ggtgttattt aggtttcgtt gtaattitt.cg gtttittaggit 3360 

ttaa.gcgatt ttt twdttitt agttttittaa at agtaggga ttataggtgt ttgtttittat 342O 

titt.cggittaa tittatgtatt tttagtagag acggggttitt attatgttgg ttaggttggit 3480 

titcgaattitt gattittagat gatttatttgttt cqgttitt tittaagtgtt gggattatag 354 O 

gtttgagtta cqg tatttag tittagattgt gttittgagta tatttittitt taattaatta 36OO 

atttatttitt tag tattaga tatgtttittg attgagtatg atttitt atta totaagtatt 366 O 

aatttagttt aattattgta tatggcgggt ttaaaggaaa aagaaagtta ttagttagaa 372 O 

ttagagaata agatatttag aagatagttt ttatttagaa ttattttgttg tdtgtgttgttg 378 O 

tgtgttgttgttg ttgttgttgtt tagatagag titt tattttgttatttaggit tdgagtgtag 384 O 

tgg.cgcgatt toggtttatt gtaagttttgtttattgggit titat attatt ttitttgttitt 3900 

agttttittaa gtagttggga ttatagg.cgt. tcgittatt at gtttagttaa ttitttgtatt 396 O 

tittagtagag acggggttitt atcgtgttag ttaggttggit 4 OOO 

<210s, SEQ ID NO 3 
&211s LENGTH: 4 OOO 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 3 

agattgttgtt tttittaattit aaattaaaat taaatttaaa aaaatttitta tittgaaagag 6 O 

aaaagtttitt ttgttaatgt ttttgttttgttttgttttgttttgttgatg gatttitttitt 12 O 

ttgttgttta ggttggagtg tagtggtgtg attittggittt attgtaattt ttgtttitttg 18O 

ggtttalagta gtttitttgtt ttggttttitt gagtagatgg gattataggit gtt attalagt 24 O 

ttggittaatt ttttgt attt ttagtagaga tiggggttitta t tatgttggit taggalaggtt 3OO 

ttgatgttitt ggttttgttga tttgtttgtt ttggttttitt aaattgttga gattataggit 360 

gtgagttatt atgtttggitt ttttittttitt ttittgagata gagttttgtt ttgttgttta 42O 

ggttggagtg aagtgg tatgttt tagttta ttgtaattitt trtttitttgg gtttalagtga 48O 

tttitt tagtt ttagttttitt gag tagttgg gattataggit gtttgttatt atgtttagtt 54 O 

aatatttgta ttttittagta gagatggggt tttittttgtt ttgttggitta ggttggttitt 6OO 

gaatttittga titt taggtga tttgtttatt ttggttttitt agattgttgg gattataggit 660 

gtgagttagt gtgtttaggit aatatatata tatatatata tittaattata agaaagatta 72 O 

ggttttgttg ggttgtttag gttggittitta aatttittgag tittaagtgat ttgtttgttt 78O 

tggttttittg gatgttgagg ttataggtgt gagittattgt gtttggittitt attittattitt 84 O 

tttalagatag ggg tatggat ttittggaga gttagaaatt ttgagattitt totagttitta 9 OO 

ggaaaggttg tdgttagttt ttttgttggta tiggtgtggt titt tagtgat tttittagttt 96.O 

ggggtttittt tttgggttgt agattitttgt gtgtttgtta gtagt gtttg gtttittaata 1 O2O 
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<210s, SEQ ID NO 6 
&211s LENGTH: 4 OOO 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 6 

attagtttgg ttaatatggit gaaattttgt ttitt attaaa aatataaaaa ttagttgggit 6 O 

atggtggtgg gtgtttgtag titt tagtt at ttgggaggitt gagg taggag aatggtgttga 12 O 

atttagtagg tagggitttgt agtgagttga gattgttgtta ttgtattitta gtttgggtga 18O 

tagagtgaga titttgttitta aatatatata tatatatata tatatatata tataaagtgg 24 O 

ttittgaatgg agattgttitt ttgaatgttt tdttttittaa ttittaattag taattitttitt 3OO 

tttitttittgg atttgttata tatagtaatt gaattgaatt gat atttata taataagaat 360 

tatgtttaat tagagatata tittgatgttgaaaagtaaat tagttaatta aaaagaatta 42O 

tgtttalagat at agtttggg ttgggtgttg tdgtttalagt ttgtaattitt agt atttagg 48O 

gaggttgagg taggtggatt atttgaggitt agagtttgag attagtttgg ttaatatggit 54 O 

gaaattttgt ttt tattaala aatatataaa ttagttggga gtggggg tag gtatttgtaa 6OO 

tttttgtt at ttggalaggtt galagt Wggag aattgtttga atttggaagt tdgaggttgt 660 

agtgaaattit agatgg tatt attgt attat agtttgggta ataagagtga aattitt atta 72 O 

aaaaaagaag aaagaagaaa gaaaagaaag aaagaataaa ataaagagag agaga.gaga.g 78O 

aggalaga.gag gagggagga aaa.gagaga.g. atagagagat aga.gagalaga galagaga aga 84 O 

gaaaaaagaa gagaaaagaa gttgggtgtg gtggtttatgtttgtaattt tag tattittg 9 OO 

ggaggttgag gttggtagat tatttgaggit togagttitt agattagttt gattaatatg 96.O 

gagaaagttt gtttitt atta aaaatataaa attagttagg gtggaggittt atgtttgtaa O2O 

ttitt attt at ttaggaggitt gagataggag aattgtttga atttgggagg tdgaggttga O8O 

ggtgagttga gattgttgtta ttgtattitta gtttggg taa talaga.gtgaa attttgttitt 14 O 

aaaaaaaaaa aaaagaaaga aagaaagaaa aagaaaaaga aataaattitt ttgttgggta 2OO 

agaaatatgt tittagttagg aatttgttitt taaatttitta atttatatag gaatgattaa 26 O 

tgatttaatt atttataagt aaatggagitt gtgtaatata tatgttgaag taattatatg 32O 

gaatgtgt at ttagaaagtg ttt tag tatt td taggagat atttittattt gtttgtttaa 38O 

tatt at attg taagttttitt atgattitttgtgtaagaaat tdggataga tiggttgggtg 44 O 

tgg tagtt Sa titttgta at tittagtattt tagaggttg agatgagtga attalagaggt SOO 

taggagattig agattattitt ggittaatatg gtgaaatatt gtttitt atta aaaatataaa 560 

aaaaattagt tdgtatggt ggtgggtgtt ttagttitta gtt atttggg aagttgaggt 62O 

aggagaatgg ttgaatttg ggaggtggag tttgtag ta gttgagatag tittattgta 68O 

ttittagtttgggggatgtag tagattttgttittaaaaaa aaaaaaaaag aaaagaaaag 74 O 

aaaaaagaaa aaaaagaaat tdggittaga tigggatagta ggagaggggg tagggaggaa 8OO 

gagggggaga gaaattgaag atttittttitt titatggagta agaggtttitt tittataggaa 86 O 

aaagtt tatg toggaatttitt aatagattat tittaaattat ttaagttaat atttgatttg 92 O 

ggattittagg tittatatt at taaat attgt tttgttatgg aaatttgata tatgttggitt 98 O 

tgitatgaatgaatttatata tittgaattitt tttgggagta gtgttittgaa attagttagt 2O4. O 

aattag tatt ggttggttgt ttgattgttg gatgtgtaga tigaataaatgaatggitttgt 21OO 
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<210s, SEQ ID NO 17 
&211s LENGTH: 130 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 17 

ttittagttgc gcggacgggc ggtttitttitt gggtgttcgg ggcgtttittt ttttgtcggg 6 O 

attt cattt Cttggcgggg togaatttitt ttkttittagg tagggcggitt toggggg tag 12 O 

tcggagattic 

<210s, SEQ ID NO 18 
&211s LENGTH: 130 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 18 

13 O 

ttittagttgt gtggatgggt ggtttitttitt gggtgtttgg ggtgtttittt ttttgttggg 6 O 

attittgattt tttggtgggg ttgaatttitt ttkttittagg tagggtggitt ttggggg tag 12 O 

ttggagattt 

<210s, SEQ ID NO 19 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 19 

tittggggttt tttitt.cgggit cqt 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 2O 

gaaacgcc cc taa catt.ccg tacga 

<210s, SEQ ID NO 21 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 21 

tgtagaga.gt titt Cagg to gg 

<210s, SEQ ID NO 22 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 22 

13 O 

Synthetic 

23 

Synthetic 

25 

Synthetic 

22 

Synthetic 
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gaaacgcc cc taa catt.ccg tacga 

<210s, SEQ ID NO 23 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 23 

tgtagaga.gt titt Cagg to gg 

<210s, SEQ ID NO 24 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 24 

acaaaacgac ct cqaaaa.ca accqa 

<210s, SEQ ID NO 25 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 25 

gagittattgt ttittaaggitt titcgitacgg 

<210s, SEQ ID NO 26 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 26 

acaaaacgac ct cqaaaa.ca accqa 

<210s, SEQ ID NO 27 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 27 

gagittattgt ttittaaggitt titcgitacgg 

<210s, SEQ ID NO 28 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

25 

Synthetic 

22 

Synthetic 

25 

Synthetic 

29 

Synthetic 

25 

Synthetic 

29 

Synthetic 
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<4 OOs, SEQUENCE: 28 

CCC caattac gcgaacgaac ga 

<210s, SEQ ID NO 29 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 29 

acggaatgtt aggggcgttt C9 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 30 

CCC caattac gcgaacgaac ga 

<210s, SEQ ID NO 31 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 31 

gagtttitcgg ttgtttitcga ggit cqt 

<210s, SEQ ID NO 32 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 32 

CCC caattac gcgaacgaac ga 

<210s, SEQ ID NO 33 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 33 

gattitcggta gaaaaagagc gtttcgg 

<210s, SEQ ID NO 34 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

22 

Synthetic 

22 

Synthetic 

22 

Synthetic 

26 

Synthetic 

22 

Synthetic 

27 

Synthetic 
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<4 OOs, SEQUENCE: 34 

CCC caattac gcgaacgaac ga 

<210s, SEQ ID NO 35 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 35 

acggaatgtt aggggcgttt C9 

<210s, SEQ ID NO 36 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 36 

caaacgacta cqtatic ctaa acgc.gct 

<210s, SEQ ID NO 37 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 37 

gagtttitcgg ttgtttitcga ggit cqt 

<210s, SEQ ID NO 38 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 38 

caaacgacta cqtatic ctaa acgc.gct 

<210s, SEQ ID NO 39 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 39 

gattitcggta gaaaaagagc gtttcgg 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

22 

Synthetic 

22 

Synthetic 

27 

Synthetic 

26 

Synthetic 

27 

Synthetic 

27 

Synthetic 

Apr. 24, 2014 



US 2014/0113290 A1 
43 

- Continued 

primer 

SEQUENCE: 4 O 

caaacgacta cqtatic ctaa acgc.gct 27 

SEQ ID NO 41 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

SEQUENCE: 41 

aggagagg to gttcgttcgc gt 22 

SEQ ID NO 42 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
prlmer 

SEQUENCE: 42 

caaacgacta cqtatic ctaa acgc.gct 27 

OOO 

OOO 

OOO 

OOO 

OOO 

OOO 

SEQ ID NO 43 

SEQUENCE: 43 

SEQ ID NO 44 

SEQUENCE: 44 

SEO ID NO 45 

SEQUENCE: 45 

SEQ ID NO 46 

SEQUENCE: 46 

SEO ID NO 47 

SEQUENCE: 47 

SEQ ID NO 48 

SEQUENCE: 48 

SEQ ID NO 49 
LENGTH: 26 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 49 

gagtttitcgg ttgtttitcga ggit cqt 

<210s, SEQ ID NO 50 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 50 

aaacgctaat aacgtcaaac gactacgt. 

<210s, SEQ ID NO 51 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 51 

gattitcggta gaaaaagagc gtttcgg 

<210s, SEQ ID NO 52 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 52 

aaacgctaat aacgtcaaac gactacgt. 

<210s, SEQ ID NO 53 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 53 

aggagagg to gttcgttcgc gt 

<210s, SEQ ID NO 54 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 54 

aaacgctaat aacgtcaaac gactacgt. 

<210s, SEQ ID NO 55 

Synthetic 

26 

Synthetic 

28 

Synthetic 

27 

Synthetic 

28 

Synthetic 

22 

Synthetic 

28 
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&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 55 

aggagagg to gttcgttcgc gt 

<210s, SEQ ID NO 56 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 56 

acgt.cccalaa acccgaacga ga 

<210s, SEQ ID NO 57 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 57 

tagcgc.gttt aggatacgta gtcgt. 

<210s, SEQ ID NO 58 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 58 

acgt.cccalaa acccgaacga ga 

<210s, SEQ ID NO 59 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 59 

tttittgcggit togggagt cq g 

<210s, SEQ ID NO 60 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 60 

acgt.cccalaa acccgaacga ga 

Synthetic 

22 

Synthetic 

22 

Synthetic 

25 

Synthetic 

22 

Synthetic 

21 

Synthetic 

22 
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<210s, SEQ ID NO 61 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 61 

tagcgc.gttt aggatacgta gtcgt. 

<210s, SEQ ID NO 62 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 62 

taaaaaccoga aaccacaaa ccga 

<210s, SEQ ID NO 63 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 63 

tttittgcggit togggagt cq g 

<210s, SEQ ID NO 64 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 64 

taaaaaccoga aaccacaaa ccga 

<210s, SEQ ID NO 65 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 65 

gtcgittagag ggg.cgc.gc.gt 

<210s, SEQ ID NO 66 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 66 

taaaaaccoga aaccacaaa ccga 

Synthetic 

25 

Synthetic 

24 

Synthetic 

21 

Synthetic 

24 

Synthetic 

Synthetic 

24 
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SEO ID NO 67 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 67 

tagcgc.gttt aggatacgta gtcgt. 

SEQ ID NO 68 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 68 

acgc.cgcatc cct cog tacg a 

SEO ID NO 69 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 69 

tttittgcggit togggagt cq g 

SEO ID NO 7 O 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 7 O 

acgc.cgcatc cct cog tacg a 

SEO ID NO 71 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 71 

gtcgittagag ggg.cgc.gc.gt 

SEO ID NO 72 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 72 

acgc.cgcatc cct cog tacg a 

Synthetic 

25 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

Synthetic 

21 
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<210s, SEQ ID NO 73 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 73 

ttacgaagtt aagatt ct cq titcgg 

<210s, SEQ ID NO 74 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 74 

acgc.cgcatc cct cog tacg a 

<210s, SEQ ID NO 75 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 75 

tttittgcggit togggagt cq g 

<210s, SEQ ID NO 76 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 76 

c caaaaccogc ccgaaactitc ga 

<210s, SEQ ID NO 77 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 77 

gtcgittagag ggg.cgc.gc.gt 

<210s, SEQ ID NO 78 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 78 
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c caaaaccogc ccgaaactitc ga 

<210s, SEQ ID NO 79 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 79 

ttacgaagtt aagatt ct cq titcgg 

<210s, SEQ ID NO 8O 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 80 

c caaaaccogc ccgaaactitc ga 

<210s, SEQ ID NO 81 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 81 

ggacgtgttt agtttcggitt titcgg 

<210s, SEQ ID NO 82 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 82 

c caaaaccogc ccgaaactitc ga 

<210s, SEQ ID NO 83 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 83 

gtcgittagag ggg.cgc.gc.gt 

<210s, SEQ ID NO 84 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 84 

22 

Synthetic 

25 

Synthetic 

22 

Synthetic 

26 

Synthetic 

22 

Synthetic 

Synthetic 

Apr. 24, 2014 



US 2014/0113290 A1 
50 

- Continued 

cc.gc.cgtaaa aatat catcg cqa 

<210s, SEQ ID NO 85 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 85 

ttacgaagtt aagatt ct cq titcgg 

<210s, SEQ ID NO 86 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 86 

cc.gc.cgtaaa aatat catcg cqa 

<210s, SEQ ID NO 87 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 87 

ggacgtgttt agtttcggitt titcgg 

<210s, SEQ ID NO 88 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 88 

cc.gc.cgtaaa aatat catcg cqa 

<210s, SEQ ID NO 89 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 89 

gtcggittt cq gtttittattt togtacgg 

<210s, SEQ ID NO 90 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 
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<4 OOs, SEQUENCE: 90 

cc.gc.cgtaaa aatat catcg cqa 

<210s, SEQ ID NO 91 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 91 

titcgtacgga gggatgcggc gt 

<210s, SEQ ID NO 92 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 92 

cc.gc.cgtaaa aatat catcg cqa 

<210s, SEQ ID NO 93 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 93 

gtcgittagag ggg.cgc.gc.gt 

<210s, SEQ ID NO 94 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 94 

caccatcc cc gcc.gc.cgt. 

<210s, SEQ ID NO 95 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 95 

ttacgaagtt aagatt ct cq titcgg 

<210s, SEQ ID NO 96 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 
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<4 OOs, SEQUENCE: 96 

caccatcc cc gcc.gc.cgt. 

<210s, SEQ ID NO 97 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 97 

ggacgtgttt agtttcggitt titcgg 

<210s, SEQ ID NO 98 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 98 

caccatcc cc gcc.gc.cgt. 

<210s, SEQ ID NO 99 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 99 

gtcggittt cq gtttittattt togtacgg 

<210s, SEQ ID NO 100 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 1.OO 

caccatcc cc gcc.gc.cgt. 

<210s, SEQ ID NO 101 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 101 

titcgtacgga gggatgcggc gt 

<210s, SEQ ID NO 102 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
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primer 

SEQUENCE: 1 O2 

caccatcc cc gcc.gc.cgt. 

SEQ ID NO 103 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 103 

gggtttcaa gtttcgggcg g 

SEQ ID NO 104 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 104 

caccatcc cc gcc.gc.cgt. 

SEO ID NO 105 
LENGTH: 26 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 105 

ggacgtgttt agtttcggitt titcgg 

SEQ ID NO 106 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 106 

accc.gacgcc tictaaacg.cg a 

SEO ID NO 107 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 107 

gtcggittt cq gtttittattt togtacgg 

SEQ ID NO 108 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
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OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 108 

accc.gacgcc tictaaacg.cg a 

SEQ ID NO 109 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 109 

titcgtacgga gggatgcggc gt 

SEQ ID NO 110 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 110 

accc.gacgcc tictaaacg.cg a 

SEQ ID NO 111 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 111 

gggtttcaa gtttcgggcg g 

SEQ ID NO 112 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 112 

accc.gacgcc tictaaacg.cg a 

SEQ ID NO 113 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 113 

gggtttcaa gtttcgggcg g 

SEQ ID NO 114 
LENGTH: 25 

TYPE: DNA 

ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 114 

cgaaaaac C9 aacaacgaala Ctcga 

<210s, SEQ ID NO 115 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 115 

gtttagattg aagtgcgatt togcgt. 

<210s, SEQ ID NO 116 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 116 

cgaaaaac C9 aacaacgaala Ctcga 

<210s, SEQ ID NO 117 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 117 

attt cqcgtt tagaggcgt.c gg 

<210s, SEQ ID NO 118 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 118 

cgaaaaac C9 aacaacgaala Ctcga 

<210s, SEQ ID NO 119 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 119 

gtttagattg aagtgcgatt togcgt. 

<210s, SEQ ID NO 120 
&211s LENGTH: 25 
&212s. TYPE: DNA 

Synthetic 

25 

Synthetic 

26 

Synthetic 

25 

Synthetic 

22 

Synthetic 

25 

Synthetic 

26 

Apr. 24, 2014 



US 2014/0113290 A1 
56 

- Continued 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 12O 

cgaattacga aaaaccgaac aacga 

SEQ ID NO 121 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 121 

attt cqcgtt tagaggcgt.c gg 

SEQ ID NO 122 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 122 

cgaattacga aaaaccgaac aacga 

SEQ ID NO 123 
LENGTH: 26 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 123 

gtttagattg aagtgcgatt togcgt. 

SEQ ID NO 124 
LENGTH: 31 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 124 

citt.ccgaaaa aaaataaaaa acgcgacccg a 

SEQ ID NO 125 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 125 

attt cqcgtt tagaggcgt.c gg 

SEQ ID NO 126 
LENGTH: 31 
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TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 126 

citt.ccgaaaa aaaataaaaa acgcgacccg a 

SEO ID NO 127 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 127 

gagttgtttg gcgtttitt to gtcga 

SEQ ID NO 128 
LENGTH: 31 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 128 

citt.ccgaaaa aaaataaaaa acgcgacccg a 

SEQ ID NO 129 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 129 

attt cqcgtt tagaggcgt.c gg 

SEQ ID NO 130 
LENGTH: 32 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 13 O 

atatataaat aaataaacga acgattitatic git 

SEQ ID NO 131 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 131 

gagttgtttg gcgtttitt to gtcga 

SEQ ID NO 132 
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&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 132 

atatataaat aaataaacga acgattitatic git 

<210s, SEQ ID NO 133 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 133 

tttitt.cgt.cg agttitcgttg titcgg 

<210s, SEQ ID NO 134 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 134 

atatataaat aaataaacga acgattitatic git 

<210s, SEQ ID NO 135 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 135 

titt.cgttgtt cqgtttitt cq taatt cqt 

<210s, SEQ ID NO 136 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 136 

atatataaat aaataaacga acgattitatic git 

<210s, SEQ ID NO 137 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 137 

cg tagtttitt atttittitt cq ggit cqcgt. 
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<210s, SEQ ID NO 138 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 138 

atatataaat aaataaacga acgattitatic git 

<210s, SEQ ID NO 139 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 139 

ggattgtttg gagagttaga aat 

<210s, SEQ ID NO 140 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 140 

actic Caac Co. CtctaCCC ca aa 

<210s, SEQ ID NO 141 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 141 

ttggggyaga giggttggag tt 

<210s, SEQ ID NO 142 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 142 

toaataccra ttaattat Ct a 

<210s, SEQ ID NO 143 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 143 

Craaccotaa alacrtaccca a 
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<210s, SEQ ID NO 144 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 144 

aaattygata tatgtyggtt tdt 

<210s, SEQ ID NO 145 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 145 

to Craaac Cr aaaccacta 

<210s, SEQ ID NO 146 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 146 

titttygtayg agaatggggg t 

<210s, SEQ ID NO 147 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
6xHis tag 

<4 OOs, SEQUENCE: 147 

His His His His His His 
1. 5 

<210s, SEQ ID NO 148 
&211s LENGTH: 45 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
probe 

<4 OOs, SEQUENCE: 148 

caag cagotc acctitcacgt gct catagta gct cocqgtg titcag 

<210s, SEQ ID NO 149 
&211s LENGTH: 45 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
probe 

<4 OOs, SEQUENCE: 149 
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ggtc. cacaac ccctitt cacc atc.ccc.gc.cg ccgtggagat at cat 

SEO ID NO 150 
LENGTH: 45 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
probe 

SEQUENCE: 150 

atcc ct cogt acgagaatgg gggcc.gagac C9gcaggc.cg gggct 

SEQ ID NO 151 
LENGTH: 23 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 151 

ggattgcctg gagagttaga aac 

SEQ ID NO 152 
LENGTH: 21 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 152 

Cagacaacca accgg tactg a 

SEO ID NO 153 
LENGTH: 26 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 153 

gagt ct cogg Ctgc.ccc.cga ggcc.gc 

SEQ ID NO 154 
LENGTH: 22 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 154 

cc.gc.ccgt.cc gcgcaactgg gg 
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1-29. (canceled) 
30. A method for detecting colon cancer, comprising: 
a) obtaining a sample from a patient; and 
b) assaying said sample for the presence of methylation of 

nucleotide sequences within at least two genes selected 
from: C6Orf150, SLC5A8, HLTF, p16, and hMLH1; 

wherein methylation of nucleotide sequences within any of 
the genes is indicative of colon cancer. 

31. The method of claim 30, wherein the sample is a bodily 
fluid selected from the group consisting of blood, serum, 
plasma, a blood-derived fraction, stool, urine, and a colonic 
effluent. 

32. The method of claim 31, wherein the bodily fluid is 
obtained from a subject Suspected of having or is known to 
have colon cancer. 

33-53. (canceled) 


