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7) ABSTRACT

Particular aspects confirm the existence of a CpG island
methylator phenotype (CIMP) in colorectal cancer, and pro-
vide novel validated DNA methylation markers associated
with CIMP. Additional aspects provide novel methods and
compositions for: determining CIMP status in colorectal can-
cers, determining the relationship between CIMP status and
other molecular features of the cancers (e.g., BRAF mutation,
KRAS mutation and MSI status); determining the relation-
ship between CIMP status and other variables (e.g., age, sex,
tumor location, family history, race, country of origin, tumor
characteristics (including, tumor type, tumor grade, invasive
margin characteristics, lvmphocyte infiltration characteris-
tics, direct spread, lymph node spread, venous spread and
type of residual adjacent polyp, if present)); and determining,
between subgroups defined by CIMP status and BRAF muta-
tions, effects of selected risk factors (e.g., body mass index,
smoking history, alcohol intake, dietary folate intake, folate
metabolic enzyme polymorphisms and history of hormonal
use).
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DNA METHYLATION MARKERS
ASSOCIATED WITH THE CPG ISLAND
METHYLATOR PHENOTYPE (CIMP) IN

HUMAN COLORECTAL CANCER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Provisional Patent Application Ser. No. 60/677,181,
filed 2 May 2005 and entitled “DNA METHYLATION
MARKERS ASSOCIATED WITH THE CpG ISLAND
METHYLATOR PHENOTYPE (CIMP) IN HUMAN COL-
ORECTAL CANCER,” which is incorporated herein by ref-
erence it its entirety.

STATEMENT REGARDING FEDERAL SUPPORT

[0002] This work was supported by a NIH grant ROl
CA075090, and the United States Government may have
certain rights in this invention.

FIELD OF THE INVENTION

[0003] Aspects of the present invention relate generally to
cancer and colorectal cancer, and more particularly to iden-
tification of, and diagnostic and/or prognostic use of novel
validated DNA methylation markers associated with the CpG
island methylator phenotype (CIMP) in colorectal cancer.
The present invention also relates to genomic DNA sequences
that exhibit altered expression patterns in disease states rela-
tive to normal. Particular embodiments provide, inter alia,
novel methods, nucleic acids, nucleic acid arrays and kits
useful for detecting, or for detecting and differentiating CIMP
and/or cell proliferative disorders. Preferably, the methods,
nucleic acids, nucleic acid arrays and kits for the detection
and diagnosis of cell proliferative disorders are used for the
diagnosis of CIMP, and in particular colorectal cancer.

SEQUENCE LISTING

[0004] A Sequence Listing, pursuant to 37 C.F.R. § 1.52(e)
(5), has been provided as part of this application on compact
disc (1 of 1) as a 6.02 MB text file, entitled “47675-189
Sequence Listing.txt” (“180__0001.txt”) and which is incor-
porated by reference herein in its entirety.

BACKGROUND

[0005] Cancer Epigenetics. Epigenetics refers to a switch
between phenotypic states that is not based upon a change in
genotype, such as a mutation, but is the result of a change in
gene activity without any accompanying alteration of the
DNA sequence. Simply put, this amounts to a stable change in
gene expression. In cancer epigenetics, the most commonly
observed situation is a change from a transcriptionally active
gene to an epigenetically ‘silenced’ state. Epigenetic alter-
ations are distinct from transitory changes in gene regulation,
in that they involve relatively extensive, stable changes in
chromatin structure, histone modification, associated protein
composition, and in many cases, altered distribution of
cytosine-5 DNA methylation at CpG dinucleotides in, for
example, the promoter region of the gene. Of all of these
molecular mechanisms, DNA methylation is the easiest to
measure in archival samples, because cytosine methylation is
retained in the genomic DNA throughout, for example, for-
malin-fixation, years of storage in paraffin blocks, and sub-
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sequent extraction from paraffin sections. Even heavily
degraded, crosslinked DNA can be subjected successfully to
DNA methylation analysis using, for example, bisulfite-
based technique (e.g., with PCR amplicons, as is the case for
the MethyLigh™ technology).

[0006] The main targets for epigenetic gene silencing in
cancer cells are promoter regions containing G:C- and CpG-
rich stretches of DNA, called ‘CpG islands.’ CpG islands are
G:C and CpG-rich stretches of DNA in the genome, often
located in the vicinity of genes, and generally unmethylated
in normal somatic tissues. Aberrant methylation of CpG
islands has, for example, been documented in both benign and
malignant human colorectal tumors and is associated with
gene silencing.

[0007] It is important to note, however, that not all epige-
netically silenced genes in cancer cells are tumor-suppressor
genes, and that many of the affected CpG islands are not even
located in promoter regions, and are not thought to affect gene
expression (e.g., they may be in promoter regions of genes
that are not expressed in either the normal or malignant cells
of an organ giving rise to a malignancy). Yet, the occurrence
of CpG island hypermethylation events is, in many cases,
cancer-specific, suggesting a scenario in which the overall
rate of CpG island hypermethylation during tumorigenesis
needs to be sufficiently high to acquire the necessary hits at
key loci, but at the same time perhaps affecting many other
loci which are essentially innocent bystanders.

[0008] CIMP in colorectal cancer; prior art uncertainty and
inconsistencies. A subset of colorectal tumors has been
described to have an unusually high number of hypermethy-
lated CpG islands, leading to the definition of a distinct phe-
notype, referred to as “CpG Island Methylator Phenotype”, or
“CIMP” (16, 21). Colorectal cancer has a lifetime incidence
of 1 in 20, and CIMP cancers account for at least 15% of this,
representing a large cohort of affected patients. Colorectal
cancer has been traditionally been considered to be a single
disease for the purposes of treatment, but recent evidence has
suggested that there are different outcomes in sub-groups
with distinct molecular features. Such CIMP+ colorectal
tumors have been reported to have distinct profiles of genetic
alterations, anatomic subsite, gender prevalence, histopatho-
logic characteristics and clinical behavior.

[0009] However, a clear understanding of the CIMP phe-
nomenon has been hampered by two complexities. First, the
intricacy of the relationship between CIMP and microsatellite
instability continues to result in different perspectives on the
issue (38, 77). Second, the concept that CIMP affects only a
subset of colorectal tumors and a subset of CpG islands, as
opposed to all CpG islands known to be susceptible to hyper-
methylation, is not universally embraced or appreciated (38),
and is further complicated by the fact that there are no firm
rules for recognizing which CpG islands belong to the CIMP
group. Aninitial panel of cancer-specifically methylated CpG
island markers (21) has not been applied consistently in the
literature, nor does it appear that all cancer-specifically
methylated genes are affected by CIMP. Nevertheless, it
seems clear that some CpG islands are more prone to cancer-
specific hypermethylation than others. Thus, a lack of stan-
dardization in the classification methods used to define CIMP
has resulted in varying and contradictory conclusions regard-
ing, or example, the association of CIMP with a family his-
tory of cancer, and even the very existence of CIMP as a
distinct subgroup of colorectal tumors. Not only has there
been some ambiguity as to which CpG islands belong to the
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CIMP subset, but there has also been a lack of a uniform
standard for applying this subset to the definition of CIMP
status. The existence of unique CIMP-related etiologic and
pathogenetic mechanisms can only be defined when this sub-
group can be clearly and accurately identified. There are
presently no clear guidelines for what constitutes CIMP-
associated versus non-CIMP-associated CpG islands.

[0010] Therefore, there is a pronounced need in the art to
further elucidate and understand the epidemiology and etiol-
ogy of DNA methylation alterations in human colorectal can-
cer, and to clarify the uncertainties regarding the existence of
CIMP and its classification. There is a pronounced need in the
art to not only unambiguously confirm the existence of CIMP
as a distinct subgroup of colorectal cancer, but also to estab-
lish an improved CIMP classification panel of methylation
markers. There is a pronounced need in the art to provide
compositions and methods for determining the relationship
between CIMP status and molecular, demographic, and his-
topathologic features, and environmental risk factors. There
is a pronounced in the art to understand the pathogenesis of
this colorectal cancer subset and its association with risk
factors so that we will be better placed to prevent its occur-
rence. There is a pronounced in the art to correctly identify
cases which will best respond to particular therapies.

SUMMARY OF THE INVENTION

[0011] Applicants, as described herein, have provided
definitive evidence for the existence of CIMP as a distinct trait
among colorectal adenocarcinomas. Additionally, applicants
have developed an improved method for the classification of
CIMP. Furthermore, applicants have found that CIMP undet-
lies almost all cases of sporadic MSI-H colorectal cancer and
tumors with mutation of the BRAF oncogene.

[0012] Therefore, aspects of the present invention confirm
the existence of a CpG island methylator phenotype (CIMP)
in colorectal cancer, and provide novel validated DNA
methylation markers associated with CIMP.

[0013] Additional aspects provide novel methods and com-
positions for determining CIMP status in colorectal cancers.
[0014] Particular aspects provide a panel of 14 CIMP
genomic (preferably, particular CpG islands thereof
described herein) markers corresponding to BCL2, BDNF,
CACNALG, CALCA, CRABP1, DLEC1, GATA3, HOXAI,
IGF2, KL, NEUROGI, NR3C1, RUNX3, SOCSI1 (Table 6),
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively) and a pre-
ferred sub panel of 5 genomic (preferably, particular CpG
islands thereof described herein) markers (CACNA1G, IGF2,
NEUROG1, RUNX3, and SOCS1), that provide, inter alia, an
excellent classifier for CIMP status.

[0015] Additional preferred aspects provide a panel of
three genomic and CpG island markers that identify KRAS
mutant, BRAF wildtype tumors (CDKN2A, CRABP1 and
NEUROGU1); that is that are positively associated with KRAS
mutation (after exclusion of BRAF mutant tumors, indicating
that a separate KRAS-associated CIMP subgrouping exists
with an overlapping set of methylation markers).

[0016] Further aspects provide novel methods and compo-
sitions for determining the relationship between CIMP status
and other molecular features of the cancers including, but not
limited to BRAF mutation, KRAS mutation and MSI status.
[0017] Additional aspects provide novel methods and com-
positions for determining the relationship between CIMP
status and other variables including, but not limited to age,
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sex, tumor location, family history, race, country of origin,
tumor characteristics (including, tumor type, tumor grade,
invasive margin characteristics, lymphocyte infiltration char-
acteristics, direct spread, lymph node spread, venous spread
and type of residual adjacent polyp, if present).

[0018] Yet additional aspects provide novel methods and
compositions for determining, between subgroups defined by
CIMP status and BRAF mutations, effects of selected risk
factors including, but not limited to body mass index, smok-
ing history, alcohol intake, dietary folate intake, folate meta-
bolic enzyme polymorphisms and history of hormonal use.
[0019] Further aspects of the present invention provide a
foundation for a population-based study of CIMP, by provid-
ing a novel panel of very carefully selected methylation mark-
ers representing the CIMP subgroup, and having utility to
classify CIMP.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows an identification of Type C methyla-
tion markers. MethyLight™ analysis was performed for 195
MethyLigh™ reactions on five CIMP+ and five CIMP-
tumors as described in Methods (Example 1). Prior CIMP
classification was performed as described in the Methods
section “Tissue Samples”. PMR values are indicated in color
with a PMR of 0 (very light blue), less than 5 (light yellow),
5-50 (dark yellow), and above 50 (dark red). Genes selected
for further evaluation are grouped at the bottom and sorted by
increasing mean PMR from top to bottom.

[0021] FIG. 2 shows identification of tumor clusters. Hier-
archical cluster analysis of DNA samples from 48 colorectal
tumor and matched normal mucosae and 92 methylation
markers, performed as described in Methods (Example 1).
Clustering of the cases was based on the tumor methylation
data shown in the upper heatmap (Panel A). The resulting
dendrogram of the cases is shown at the top, with tumors
containing KRAS mutation indicated by a red rectangle over-
laying the branch, while BRAF mutations are indicated by a
green rectangle, and MSI-H cases are designated with a blue
rectangle. Clustering of the methylation markers was per-
formed separately for the matched normal mucosal samples
(Panel B). DNA methylation quartiles are shown from very
light blue-white (lowest), through light vellow (next lowest),
dark yellow (third lowest) to dark red (highest methylation
quartile.

[0022] FIG. 3 shows independent testing of 14 methylation
markers. The best nine CIMP markers and best five Type C
markers were selected based on the data in FIG. 2 as described
in Methods (Example 1) and tested on an independent set of
consecutive 187 colorectal tumors. Panel A: Dichotomous
heatmap of the DNA methylation data, with tumors with
increasing frequency of DNA methylation sorted to the bot-
tom. Methylation markers are arranged alphabetically. Red
bars indicate PMR=10, whereas very light blue bars indicate
PMR<10. The optimal threshold for CIMP+ based on mini-
mizing the within group sum of squared errors was 7 or more
methylated markers out of 14. CIMP status defined as such is
indicated for each tumor in black (CIMP+) or gray (CIMP-)
to the right of the heatmap. Panel B: Histogram showing the
distribution of the numbers of tumors with different numbers
of methylated markers.

[0023] FIG. 4 shows comparison of CIMP panel perfor-
mance. The 187 tumors shown in FIG. 3 were screened
against two sets of CIMP markers as described in the Methods
(Example 1). The data are represented as in FIG. 3A. The
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alignment of each tumor is maintained across panels A, C, and
E. Panel A: Dichotomous heatmap representing DNA Methy-
lation data using a classic set of CIMP markers. Panel B:
Histogram of the methylation frequency distribution for the
set of classic CIMP markers. Panel C: Dichotomous heatmap
representing DNA Methylation data using a newly developed
set of CIMP markers. Panel D: Histogram of the methylation
frequency distribution for the new set of CIMP markers. For
both marker panels, a tumor was considered CIMP+ if at least
3 of 5 markers were methylated. CIMP status determined by
each panel is indicated to the right of each panel heatmap,
with light gray indicating CIMP- and black indicating
CIMP+. Panel E: Covariate status of each tumor is shown on
the right, with the presence of BRAF and KRAS mutations
indicated with blue bars and wild-type alleles indicated in
green. Microsatellite instability (MSI) status is indicated as
MSI-high (MSI-H) (blue bars), MSI-low (MSI-L) (very light
blue bars), and microsatellite stable (MSS) (green bars).
Cases consistent with Hereditary Non-Polyposis Colorectal
Cancer (HNPCC) are indicated by blue bars. Female and
proximal colonic location cases are indicated with blue bars,
while male and distal colonic location cases are indicated
with green bars. Panel F: Pie charts illustrating the relative
frequencies of BRAF and KRAS mutations and MSI status
categories for CIMP- (Top) and CIMP+ (Bottom) tumors are
shown on the lower right, with color codings as described
above.

[0024] FIG. 5 shows a final independent test of CIMP pan-
els. The classic and new CIMP panels were screened against
50 colorectal tumors obtained from the Mayo Clinic and
Foundation, Rochester, Minn. These tumors were selected to
include 40 MSS cases and 10 MSI-H, non-HNPCC cases to
most efficiently compare the associations of the two panels on
a modest number of tumors. Panel A: Dichotomous heatmap
representing DNA Methylation data using a classic set of
CIMP markers. Panel B: Histogram of the methylation fre-
quency distribution for the set of classic CIMP markers. Panel
C: Dichotomous heatmap representing DNA Methylation
data using a newly developed set of CIMP markers. Panel D:
Histogram of the methylation frequency distribution for the
new set of CIMP markers. For both marker panels, a tumor
was considered CIMP+ if at least 3 of 5 markers were methy-
lated. CIMP status determined by each panel, BRAF muta-
tion status, and MSI status is indicated to the right of each
panel heatmap, with black indicating CIMP+, BRAF mutant,
and MSI-H status and light gray marking CIMP-, BRAF
wildtype, and MSS status.

[0025] FIG. 6 shows, according to particular aspects,
methylation-specific PCR (MSP) of a New CIMP Panel on
CIMP+ and CIMP- colon tumor DNA samples. MSP reac-
tions specific for the methylated (M) and the unmethylated
(U) bisulfite-converted DNA sequences were designed for
each gene in the New CIMP Panel: (A) CACNALIG, (B)IGF2,
(C) NEUROG1, (D) RUNX3 and (E) SOCS1. Each MSP
reaction was evaluated on two CIMP+ and two CIMP-
bisulfite-converted colon tumor DNA samples using Ampli-
Taq Gold DNA polymerase (Applied Biosystems). Human
sperm DNA and human sperm DNA treated in vitro with the
M.SssI CpG methylase served as negative and positive
methylation controls, respectively, for each MSP reaction.
The PCR products were visualized by UV illumination after
electrophoresis on 3% agarose gels and ethidium bromide
staining. A 100 base pair molecular weight ladder was used to
assess the PCR product size. MSP reactions tend to be less
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specific, but more sensitive than MethyLight reactions, since
they lack the additional methylation specificity conferred by
the MethyLight probe. This difference may be particularly
noticeable for the less specific markers in our panel, such as
NEUROG! (highest percentage of methylated tumors in
FIGS. 4 and 5). One CIMP- tumor was methylated for the
NEUROG! marker, consistent with MethyLight™ results
obtained for this tumor. The threshold of three methylated
markers out of a panel of five markers for the definition of
CIMP-positive tumors was developed for the equivalent
MethyLight™ reactions. The optimal threshold may differ
when using the MSP versions of these markers. The MSP
primer and probe sequences are described in the table of MSP
primers on page 3.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Aspects of the present invention confirm the exist-
ence of a CpG island methylator phenotype (CIMP) in col-
orectal cancer, and provide novel validated DNA methylation
markers associated with CIMP.

[0027] Additional aspects provide novel methods and com-
positions for determining CIMP status in colorectal cancers.

[0028] CIMP is a relatively new subclassification with an
unknown underlying molecular defect. There is currently no
external gold standard for defining CIMP, against which
CIMP markers and panels can be compared and performance
evaluated. Particular aspects disclose and describe a careful
and methodical screen, starting with 195 different CpG
islands, through a stepwise selection process involving the
analysis of 245 different colorectal adenocarcinomas, and
employing a battery of different cluster analysis routines, all
of which identified the same subset of CIMP tumors, to arrive
at a panel of 14 preferred CIMP markers (BCL2, BDNF,
CACNALG, CALCA, CRABP1, DLEC1, GATA3, HOXA1,
IGF2, KL, NEUROGI, NR3C1, RUNX3, SOCS1) genomic
markers (preferably, particular CpG islands thereof described
herein) (TABLE 6), and a preferred sub panel of 5 markers
(CACNAA4G, IGF2, NEUROG1, RUNX3, and SOCS1) (pref-
erably, particular CpG islands thereof described herein), that
provide an excellent classifier for CIMP status.

[0029] Additional preferred aspects provide a panel of
three genomic markers (CDKN2A, CRABP! and NEU-
ROG1) (preferably, particular CpG islands thereof described
herein) that identify KRAS mutant, BRAF wildtype tumors.

[0030] Further aspects provide novel methods and compo-
sitions for determining the relationship between CIMP status
and other molecular features of the cancers including, but not
limited to BRAF mutation, KRAS mutation and MSI status.

[0031] Additional aspects provide novel methods and com-
positions for determining the relationship between CIMP
status and other variables including, but not limited to age,
sex, tumor location, family history, race, country of origin,
tumor characteristics (including, tumor type, tumor grade,
invasive margin characteristics, lymphocyte infiltration char-
acteristics, direct spread, lymph node spread, venous spread
and type of residual adjacent polyp, if present).

[0032] Yet additional aspects provide novel methods and
compositions for determining, between subgroups defined by
CIMP status and BRAF mutations, effects of selected risk
factors including, but not limited to body mass index, smok-
ing history, alcohol intake, dietary folate intake, folate meta-
bolic enzyme polymorphisms and history of hormonal use.
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TABLE 6
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List of 14 Preferred CIMP markers, along with representative amplicons
and respective associated coordinately-methylated CpG island sequences.

MethyLight MethyLight CpG CpG
Amplicon Amplicon Island Island
GenBank Start End Start End

HUGO Gene  Reaction Accession (GenBank  (GenBank  (GenBank  (GenBank
Nomenclature  Number  Reaction ID Number Numbering) Numbering) Numbering) Numbering)
BCL2 HB-140 BCL2-M1 AY220759 1221 1304 746 1876
BDNF HB-258 BDNEF-M2 AC103796 3794 3866 3351 4751
CACNALG HB-158 CACNAIG-M1  AC021491 48345 48411 47327 49295
CALCA HB-166 CALCA-M1 X15943 1706 1806 1614 2359
CRABP1 HB-197 CRABPI-M1 AC011270 122223 122142 122717 120620
DLEC1 HB-225 DLECI-M1 AP006309 19959 20088 19425 20529
GATA3 HB-327 GATA3-M1 AL390294 51880 51959 50613 54089
HOXAL1 HB-268 HOXA1-M2 AC004079 78220 78138 79793 77693
IGF2 HB-319 IGF2-M2 AC132217 108633 108720 106219 110017
KL HB-175 KL-M1 AB009667 2062 2189 1239 3185
NEUROGI1 HB-261 NEUROG1-M1  AC005738 75429 75342 76036 73946
NR3C1 HB-067  NR3C1-M1 AY436590 1786 1860 32 3034
RUNX3 HB-181 RUNX3-M1 AL023096 64762 64646 67973 63661
SOCS1 HB-042 SOCS1-M1 AC009121 108803 108888 107037 109517
[0033] Despite the lack of an external gold standard for 131-133). With the present new CIMP classification panel,

CIMP classification, a comparison of cross-panel misclassi-
fication errors and the associations with other molecular fea-
tures strongly indicates that the present novel panel outper-
forms a similar panel of five traditional markers derived from
the initial CIMP classification paper (21) (MLH1, CDKN2A
(p167%*4), MINT1, MINT2, and MINT31).

[0034] Applicants and others have reported a strong asso-
ciation between CIMP+ status in colorectal adenocarcinomas
and mutation of the BRAF proto-oncogene (40, 42, 127,

there is a remarkably strong association between CIMP+
status and BRAF mutation, with an odds ration of 203 (95%
confidence interval=41,995), and a P-value of 1.6x107*! (see
below).

[0035] In a particular study presented herein, 24 out of 26
mutant BRAF tumors were classified as CIMP+, while the
154 CIMP- tumors contained only two mutant BRAF
tumors, along with 152 BRAF wildtype tumors (see also
TABLE 4, Example 4).

TABLE 4

Distribution of covariates by New CIMP Panel.

CIMP+ CIMP-
OVERALL (3-5 loci) (0-2 loci)

VARIABLE N % N % N %  P-value
TOTAL 187 100% 33 18% 154 82%
SEX Male 103 55% 13 39% 90 58%

Female 84 45% 20 61% 64 42%  0.05
SUBSITE Proximal 57 33% 19 59% 38 27%

Distal 118 67% 13 41% 105 73%  0.0005

No Info 12
MSI MST-high 2 11% 12 36% 9 6%
STATUS MS-low 19 10% 4 12% 15 10%

MSS 147 79% 17 52% 130 84% 3.17°
HNPCC Yes 8 4% 0 0% 8 5%
STATUS No 179 96% 33 100% 146 95% (.35
MLH1 Yes 16 9% 13 39% 3 2%
METHYLATION No 171 91% 20 61% 151 98% 2.67°
BRAF Mutant 2 14% 24 73% 2 1%
MUTATION WT 161 86% 9 27% 152 99% 1.67%
KRAS Mutant 35 3% 3 10% 52 35%
MUTATION WT 123 69% 28 90% 95 65% .002

No Info 9
MEAN AGE (SD)* 65.5 68.6 64.8 0.13

(12.9) (12.7) (12.9)

P-values are for likelihood ratio tests from logistic regression with CIMP status as the outcome. For
the variable HNPCC we report the p-value from Fisher’s exact test.
*Four CIMP- subjects are missing age.
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[0036] Nevertheless, 9 out of 33 CIMP+ were wild-type for
BRAF, indicating that BRAF mutant tumors represent a large
subset of CIMP+ tumors, but that there are BRAF-indepen-
dent CIMP+ tumors as well. Therefore, BRAF mutation
appears to arise almost only in the context of CIMP+ status,
indicating that this epigenetic phenomenon dominates over
this particular genetic alteration in human colorectal cancer,
which is a different conclusion from that reached in the art
(see, e.g., 38).

[0037] Additionally, all 8 of the hereditary non-polyposis
colorectal cancer (HNPCC)-associated MSI+ tumors were
classified as CIMP-, while 12 out of 13 non-HNPCC MSI+
tumors were classified as CIMP+. On the other hand, 21 out of
33 of the CIMP+ tumors were MSI-low or MSS (see below).
Therefore, non-HNPCC MSI+ colorectal tumors are a subset
of CIMP+ tumors, but not the other way around, indicating
that sporadic MSI+ colorectal cancer is largely attributable to
the CIMP phenomenon. Thus, the present novel markers
enables a well-executed population-based studies of CIMP,
and a full etiologic understanding of MSI+ sporadic cancer.

[0038] Further aspects of the present invention, therefore,
provide a foundation for a population-based study of CIMP,
by providing a novel panel of very carefully selected methy-
lation markers representing the CIMP subgroup, and having
utility to classify CIMP.

DEFINITIONS

[0039] Theterm*“Observed/Expected Ratio” (“O/E Ratio™)
refers to the frequency of CpG dinucleotides within a particu-
lar DNA sequence, and corresponds to the [number of CpG
sites/(number of C basesxnumber of G bases)]/band length
for each fragment.

[0040] Theterm “CpGisland” refers to a contiguous region
of genomic DNA that satisfies the criteria of (1) having a
frequency of CpG dinucleotides corresponding to an
“Observed/Expected Ratio”>0.6, and (2) having a “GC Con-
tent”>0.5. CpG islands are typically, but not always, between
about 0.2 to about 1 KB, or to about 2 kb in length.

[0041] The term “methylation state” or “methylation sta-
tus” refers to the presence or absence of 5-methylcytosine
(“5-mCyt”) at one or a plurality of CpG dinucleotides within
a DNA sequence. Methylation states at one or more particular
CpG methylation sites (each having two CpG dinucleotide
sequences) within a DNA sequence include “unmethylated,”
“fully-methylated” and “hemi-methylated.”

[0042] The term “hemi-methylation” or *“hemimethyla-
tion” refers to the methylation state of'a double stranded DNA
wherein only one strand thereof is methylated.

[0043] Theterm ‘AUC’asusedherein is an abbreviation for
the area under a curve. In particular it refers to the area under
a Receiver Operating Characteristic (ROC) curve. The ROC
curveis aplotofthe true positive rate against the false positive
rate for the different possible cut points of a diagnostic test. It
shows the trade-off between sensitivity and specificity
depending on the selected cut point (any increase in sensitiv-
ity will be accompanied by a decrease in specificity). The area
under an ROC curve (AUC) is a measure for the accuracy of
a diagnostic test (the larger the area the better, optimum is 1,
arandom test would have a ROC curve lying on the diagonal
with an area of 0.5; for reference: J. P. Egan. Signal Detection
Theory and ROC Analysis, Academic Press, New York,
1975).

[0044] The term “hypermethylation” refers to the average
methylation state corresponding to an increased presence of
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5-mCyt at one or a plurality of CpG dinucleotides within a
DNA sequence of a test DNA sample, relative to the amount
of 5-mCyt found at corresponding CpG dinucleotides within
a normal control DNA sample.

[0045] The term “hypomethylation” refers to the average
methylation state corresponding to a decreased presence of
5-mCyt at one or a plurality of CpG dinucleotides within a
DNA sequence of a test DNA sample, relative to the amount
of 5-mCyt found at corresponding CpG dinucleotides within
a normal control DNA sample.

[0046] Theterm “microarray” refers broadly to both “DNA
microarrays,” and ‘DNA chip(s),” as recognized in the art,
encompasses all art-recognized solid supports, and encom-
passes all methods for affixing nucleic acid molecules thereto
or synthesis of nucleic acids thereon.

[0047] “Genetic parameters” are mutations and polymor-
phisms of genes and sequences further required for their
regulation. To be designated as mutations are, in particular,
insertions, deletions, point mutations, inversions and poly-
morphisms and, particularly preferred, SNPs (single nucle-
otide polymorphisms).

[0048] “Epigenetic parameters” are, in particular, cytosine
methylation. Further epigenetic parameters include, for
example, the acetylation of histones which, however, cannot
be directly analysed using the described method but which, in
turn, correlate with the DNA methylation.

[0049] Theterm “bisulfite reagent” refers to a reagent com-
prising bisulfite, disulfite, hydrogen sulfite or combinations
thereof, useful as disclosed herein to distinguish between
methylated and unmethylated CpG dinucleotide sequences.

[0050] Theterm “Methylation assay” refers to any assay for
determining the methylation state of one or more CpG
dinucleotide sequences within a sequence of DNA.

[0051] The term “MS.AP-PCR” (Methylation-Sensitive
Arbitrarily-Primed Polymerase Chain Reaction) refers to the
art-recognized technology that allows for a global scan of the
genome using CG-rich primers to focus on the regions most
likely to contain CpG dinucleotides, and described by Gonza-
lgo et al., Cancer Research 57:594-599, 1997.

[0052] The term “MethyLight™” refers to the art-recog-
nized fluorescence-based real-time PCR technique described
by Eads et al., Cancer Res. 59:2302-2306, 1999.

[0053] The term “HeavyMethyl™” assay, in the embodi-
ment thereof implemented herein, refers to an assay, wherein
methylation specific blocking probes (also referred to herein
as blockers) covering CpG positions between, or covered by
the amplification primers enable methylation-specific selec-
tive amplification of a nucleic acid sample.

[0054] The term “HeavyMethyl™ MethyLight™” assay,
in the embodiment thereof implemented herein, refers to a
HeavyMethyl™ MethyLight™ assay, which is a variation of
the MethyLight™ assay, wherein the MethyLight™ assay is
combined with methylation specific blocking probes cover-
ing CpG positions between the amplification primers.
[0055] The term “Ms-SNuPE” (Methylation-sensitive
Single Nucleotide Primer Extension) refers to the art-recog-
nized assay described by Gonzalgo & IJones, Nucleic Acids
Res. 25:2529-2531, 1997.

[0056] Theterm “MSP” (Methylation-specific PCR) refers
to the art-recognized methylation assay described by Herman
etal. Proc. Natl. Acad. Sci. USA 93:9821-9826, 1996, and by
U.S. Pat. No. 5,786,146.
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[0057] The term “COBRA” (Combined Bisulfite Restric-
tion Analysis) refers to the art-recognized methylation assay
described by Xiong & Laird, Nucleic Acids Res. 25:2532-
2534, 1997.

[0058] The term “MCA” (Methylated CpG Island Ampli-
fication) refers to the methylation assay described by Toyota
et al., Cancer Res. 59:2307-12, 1999, and in WO
00/26401A1.

[0059] The term “hybridisation” is to be understood as a
bond of an oligonucleotide to a complementary sequence
along the lines of the Watson-Crick base pairings in the
sample DNA, forming a duplex structure.

[0060] “Stringent hybridisation conditions,” as defined
herein, involve hybridising at 68° C. in 5xSSC/5xDenhardt’s
solution/1.0% SDS, and washing in 0.2xSSC/0.1% SDS at
room temperature, or involve the art-recognized equivalent
thereof (e.g., conditions in which a hybridisation is carried
outat 60° C. in 2.5xSSC buffer, followed by several washing
steps at 37° C. in a low buffer concentration, and remains
stable). Moderately stringent conditions, as defined herein,
involve including washing in 3xSSC at 42° C., or the art-
recognized equivalent thereof. The parameters of saltconcen-
tration and temperature can be varied to achieve the optimal
level of identity between the probe and the target nucleic acid.
Guidance regarding such conditions is available in the art, for
example, by Sambrook et al., 1989, Molecular Cloning, A
Laboratory Manual, Cold Spring Harbor Press, N.Y.; and
Ausubel et al. (eds.), 1995, Current Protocols in Molecular
Biology, (John Wiley & Sons, N.Y.) at Unit 2.10.

[0061] The terms “Methylation-specific restriction
enzymes” or “methylation-sensitive restriction enzymes”
shall be taken to mean an enzyme that selectively digests a
nucleic acid dependant on the methylation state of its recog-
nition site. In the case of such restriction enzymes which
specifically cut if the recognition site is not methylated or
hemimethylated, the cut will not take place, or with a signifi-
cantly reduced efficiency, if the recognition site is methy-
lated. In the case of such restriction enzymes which specifi-
cally cut if the recognition site is methylated, the cut will not
take place, or with a significantly reduced efficiency if the
recognition site is not methylated. Preferred are methylation-
specific restriction enzymes, the recognition sequence of
which contains a CG dinucleotide (for instance cgeg or
ccegge). Further preferred for some embodiments are restric-
tion enzymes that do not cut if the cytosine in this dinucle-
otide is methylated at the carbon atom C5.

[0062] “Non-methylation-specific restriction enzymes” or
“non-methylation-sensitive restriction enzymes” are restric-
tion enzymes that cut a nucleic acid sequence irrespective of
the methylation state with nearly identical efficiency. They
are also called “methylation-unspecific restriction enzymes.”

[0063] The term “gene” shall be taken to include all tran-
script variants thereof (e.g. the term “NEUROG1” shall
include for example its transcripts and any truncated tran-
script, etc) and all promoter and regulatory elements thereof.
Furthermore as a plurality of SNPs are known within said
gene the term shall be taken to include all sequence variants
thereof.

[0064] The term “pre-cancerous” or “pre-neoplastic” and
equivalents thereof shall be taken to mean any cellular pro-
liferative disorder which is undergoing malignant transfor-
mation. Examples of such conditions include, in the context
of colorectal cellular proliferative disorders, cellular prolif-
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erative disorders with a high degree of dysplasia and the
following classes of adenomas:

[0065] Level 1: penetration of malignant glands through
the muscularis mucosa into the submucosa, within the polyp
head;

[0066] Tevel 2: the same submucosal invasion, but present
at the junction of the head to the stalk;

[0067] Level 3: invasion of the stalk; and

[0068] Level 4: invasion of the stalk’s base at the connec-
tion to the colonic wall (this level corresponds to stage Dukes
A).

EXEMPLARY PREFERRED EMBODIMENTS

[0069] Inparticular aspects, the present invention provides
compositions and methods for at least one of: determining
and/or classifying CIMP status in colorectal cancers; identi-
fying KRAS mutant, BRAF wildtype tumors; determining
the relationship between CIMP status and other molecular
features of the cancers including, but not limited to BRAF
mutation, KRAS mutation and MSI status; determining the
relationship between CIMP status and other variables includ-
ing, but not limited to age, sex, tumor location, family history,
race, country of origin, tumor characteristics (including,
tumor type, tumor grade, invasive margin characteristics,
lymphocyte infiltration characteristics, direct spread, lymph
node spread, venous spread and type of residual adjacent
polyp, if present); determining, between subgroups defined
by CIMP status and BRAF mutations, effects of selected risk
factors including, but not limited to body mass index, smok-
ing history, alcohol intake, dietary folate intake, folate meta-
bolic enzyme polymorphisms and history of hormonal use;
and providing a foundation for a population-based study of
CIMP, by providing a novel panel of carefully selected
methylation markers representing the CIMP subgroup, and
having utility to classify CIMP.

[0070] Said methods comprising determining the methyla-
tion status or the expression levels of at least one gene or
genomic sequence selected from the group consisting of
BCL2, BDNF, CACNAI1G, CALCA, CRABP1, DLECI,
GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1, RUNX3,
SOCSI (Table 6); SEQ ID NOS:128-141, 114-127 and 100-
113 (respective genomic, CpG island and amplicons, respe-
tively) in a biological sample isolated from said subject
wherein underexpression and/or CpG methylation is indica-
tive of the presence or class of said disorder. Said markers
may be used forthe methods listed above, and for diagnosis of
neoplastic cellular proliferative disorders (cancer), including
early detection during the pre-cancerous stages of the disease,
and furthermore for the differentiation of neoplastic from
benign cellular proliferative disorders. In particular aspects,
the present invention discloses a method wherein a neoplastic
cell proliferative disorder is distinguished from a benign cell
proliferative disorder said method characterized in that
underexpression and/or the presence of CpG methylation is
indicative of the presence of a neoplastic cell proliferative
disorder or pre-neoplastic disorder and the absence thereof is
indicative of the presence of a benign cell proliferative disor-
der.

[0071] Themarkers of the present invention are particularly
efficient in detecting or distinguishing between colorectal cell
proliferative disorders, thereby providing improved means
for the early detection, classification and treatment of said
disorders.
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[0072] In addition to the embodiments above wherein the
methylation analysis of atleast one gene or genomic sequence
selected from the group consisting of BCL2, BDNF,
CACNAIG, CALCA, CRABP1, DLEC1, GATA3, HOXAI,
IGF2, KL, NEUROGI, NR3C1, RUNX3, SOCSI1 (Table 6);
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpGisland and amplicons, respetively) is analysed,
the invention presents further panels of genes comprising at
least one gene or genomic sequence selected from the group
consisting of BCL2, BDNF, CACNA1G. CALCA,CRABP1,
DLECI, GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1,
RUNX3, SOCSI (Table 6); SEQ ID NOS:128-141, 114-127
and 100-113 (respective genomic, CpG island and amplicons,
respetively) with novel utility for the detection of cancers, in
particular colorectal cancer.

[0073] Ina first further embodiment the present invention is
based upon the analysis of CpG methylaton status of at least
one gene or genomic sequence selected from the group con-
sisting of BCL2, BDNF, CACNAIG, CALCA, CRABPI,
DLECI1, GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1,
RUNX3, SOCSI (Table 6); SEQ ID NOS:128-141, 114-127
and 100-113 (respective genomic, CpG island and amplicons,
respetively).

[0074] Bisulfite modification of DNA is an art-recognized
tool used to assess CpG methylation status. 5-methylcytosine
is the most frequent covalent base modification in the DNA of
eukaryotic cells. It plays a role, for example, in the regulation
of the transcription, in genetic imprinting, and in tumorigen-
esis. Therefore, the identification of 5-methylcytosine as a
component of genetic information is of considerable interest.
However, 5-methylcytosine positions cannot be identified by
sequencing, because 5-methylcytosine has the same base
pairing behavior as cytosine. Moreover, the epigenetic infor-
mation carried by 5-methylcytosineis completely lost during,
e.g., PCR amplification.

[0075] The most frequently used method for analyzing
DNA for the presence of S-methylcytosine is based upon the
specific reaction of bisulfite with cytosine whereby, upon
subsequent alkaline hydrolysis, cytosine is converted to uracil
which corresponds to thymine in its base pairing behavior.
Significantly, however, S-methylcytosine remains unmodi-
fied under these conditions. Consequently, the original DNA
is converted in such a manner that methylcytosine, which
originally could not be distinguished from cytosine by its
hybridization behavior, can now be detected as the only
remaining cytosine using standard, art-recognized molecular
biological techniques, for example, by amplification and
hybridization, or by sequencing. All of these techniques are
based on differential base pairing properties, which can now
be fully exploited.

[0076] The prior art, in terms of sensitivity, is defined by a
method comprising enclosing the DNA to be analysed in an
agarose matrix, thereby preventing the diffusion and renatur-
ation of the DNA (bisulfite only reacts with single-stranded
DNA), and replacing all precipitation and purification steps
with fast dialysis (Olek A, et al., A modified and improved
method for bisulfite based cytosine methylation analysis,
Nucleic Acids Res. 24:5064-6, 1996). 1t is thus possible to
analyse individual cells for methylation status, illustrating the
utility and sensitivity of the method. An overview of art-
recognized methods for detecting 5-methylcytosine is pro-
vided by Rein, T., et al., Nucleic Acids Res., 26:2255, 1998.

[0077] The bisulfite technique, barring few exceptions
(e.g., Zeschnigk M, et al., Eur J Hum Genet. 5:94-98, 1997),
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is currently only used in research. In all instances, short,
specific fragments of a known gene are amplified subsequent
to a bisulfite treatment, and either completely sequenced
(Olek & Walter, Nat. Genet. 1997 17:275-6, 1997), subjected
to one or more primer extension reactions (Gonzalgo &
Jones, Nucleic Acids Res., 25:2529-31, 1997: WO 95/00669;
U.S. Pat. No. 6,251,594) to analyse individual cytosine posi-
tions, or treated by enzymatic digestion (Xiong & Laird,
Nucleic Acids Res., 25:2532-4, 1997). Detection by hybridi-
sation has also been described in the art (Olek et al.,, WO
99/28498). Additionally, use of the bisulfite technique for
methylation detection with respect to individual genes has
been described (Grigg & Clark, Bioessays, 16:431-6, 1994,
Zeschnigk M, et al., Hum Mol. Genet., 6:387-95, 1997, Feil
R, et al., Nucleic Acids Res., 22:695-, 1994; Martin V, et al.,
Gene, 157:261-4, 1995; WO 9746705 and WO 9515373).

[0078] The present invention provides for the use of the
bisulfite technique, in combination with one or more methy-
lation assays, for determination of the methylation status of
CpG dinucleotide sequences within at least one sequence
selected from the group consisting of SEQ ID NOS:128-141,
114-127 and 100-113 (respective genomic, CpG island and
amplicons, respetively). Genomic CpG dinucleotides can be
methylated or unmethylated (alternatively known as up- and
down-methylated respectively). However the methods of the
present invention are suitable for the analysis of biological
samples of a heterogeneous nature, e.g., a low concentration
of tumor cells within a background of blood or stool. Accord-
ingly, when analyzing the methylation status of a CpG posi-
tion within such a sample the person skilled in the art may use
a quantitative assay for determining the level (e.g., percent,
fraction, ratio, proportion or degree) of methylation at a par-
ticular CpG position as opposed to a methylation state.
Accordingly the term methylation status or methylation state
should also be taken to mean a value reflecting the degree of
methylation at a CpG position. Unless specifically stated the
terms “hypermethylated” or “upmethylated” shall be taken to
mean a methylation level above that of a specified cut-off
point, wherein said cut-off may be a value representing the
average or median methylation level for a given population,
or is preferably an optimized cut-off level. The “cut-off” is
also referred herein as a “threshold”. In the context of the
present invention the terms “methylated”, “hypermethylated”
or “upmethylated” shall be taken to include a methylation
level above the cut-off be zero (0) % (or equivalents thereof)
methylation for all CpG positions within and associated with
(e.g. in promoter or regulatory regions) the genes or genomic
sequence selected from the group consisting of BCL2, BDNF,
CACNALIG, CALCA, CRABPI1, DLEC1, GATA3, HOXAI,
IGF2, KL, NEUROG1, NR3C1, RUNX3, SOCS]1 (Table 6);
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively).

[0079] According to the present invention, determination
of the methylation status of CpG dinucleotide sequences
BCL2, BDNF, CACNA1G, CALCA, CRABP1, DLECI,
GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1, RUNX3,
SOCSI (Table 6); e.g., within SEQ ID NOS:128-141, 114-
127 and 100-113 (respective genomic, CpG island and ampli-
cons, respetively) has utility both in the diagnosis and char-
acterization of CIMP.

[0080] Methylation Assay Procedures. Various methyla-
tion assay procedures are known in the art, and can be used in
conjunction with the present invention. These assays allow
for determination of the methylation state of one or a plurality
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of CpG dinucleotides (e.g., CpG islands) within a DNA
sequence. Such assays involve, among other techniques,
DNA sequencing of bisulfite-treated DNA, PCR (for
sequence-specific amplification), Southern blot analysis, and
use of methylation-sensitive restriction enzymes.

[0081] For example, genomic sequencing has been simpli-
fied for analysis of DNA methylation patterns and 5-methyl-
cytosine distribution by using bisulfite treatment (Frommer et
al., Proc. Natl. Acad. Sci. USA 89:1827-1831, 1992). Addi-
tionally, restriction enzyme digestion of PCR products ampli-
fied from bisulfite-converted DNA is used, e.g., the method
described by Sadri & Hornsby (Nucl. Acids Res. 24:5058-
5059, 1996), or COBRA (Combined Bisulfite Restriction
Analysis) (Xiong & Laird, Nucleic Acids Res. 25:2532-2534,
1997).

[0082] COBRA. COBRA™ analysis is a quantitative
methylation assay useful for determining DNA methylation
levels at specific gene loci in small amounts of genomic DNA
(Xiong & Laird, Nucleic Acids Res. 25:2532-2534, 1997).
Briefly, restriction enzyme digestion is used to reveal methy-
lation-dependent sequence differences in PCR products of
sodium bisulfite-treated DNA. Methylation-dependent
sequence differences are first introduced into the genomic
DNA by standard bisulfite treatment according to the proce-
dure described by Frommer et al. (Proc. Natl. Acad. Sci. USA
89:1827-1831, 1992). PCR amplification of the bisulfite con-
verted DNA is then performed using primers specific for the
CpG islands of interest, followed by restriction endonuclease
digestion, gel electrophoresis, and detection using specific,
labeled hybridization probes. Methylation levels in the origi-
nal DNA sample are represented by the relative amounts of
digested and undigested PCR product in a linearly quantita-
tive fashion across a wide spectrum of DNA methylation
levels. In addition, this technique can be reliably applied to
DNA obtained from microdissected paraffin-embedded tis-
suie samples.

[0083] Typical reagents (e.g., as might be found in a typical
COBRA™-hased kit) for COBRA™ analysis may include,
but are not limited to: PCR primers for specific gene (or
bisulfite treated DNA sequence or CpG island); restriction
enzyme and appropriate buffer; gene-hybridization oligo-
nucleotide; control hybridization oligonucleotide; kinase
labeling kit for oligonucleotide probe; and labeled nucle-
otides. Additionally, bisulfite conversion reagents may
include: DNA denaturation buffer; sulfonation buffer; DNA
recovery reagents or kits (e.g., precipitation, ultrafiltration,
affinity column); desulfonation buffer; and DNA recovery
components.

[0084] Preferably, assays such as “MethyLigh™” (a fluo-
rescence-based real-time PCR technique) (Eads et al., Cancer
Res. 59:2302-2306, 1999), Ms-SNuPE™ (Methylation-sen-
sitive Single Nucleotide Primer Extension) reactions (Gonza-
1go & Jones, Nucleic Acids Res. 25:2529-2531, 1997), methy-
lation-specific PCR (“MSP”; Herman et al., Proc. Natl. Acad.
Sci. USA 93:9821-9826, 1996; U.S. Pat. No. 5,786,146), and
methylated CpG island amplification (“MCA”; Toyota et al.,
Cancer Res. 59:2307-12, 1999) are used alone or in combi-
nation with other of these methods.

[0085] The “HeavyMethyl™” assay, technique is a quanti-
tative method for assessing methylation differences based on
methylation specific amplification of bisulfite treated DNA.
Methylation specific blocking probes (also referred to herein
as blockers) covering CpG positions between, or covered by
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the amplification primers enable methylation-specific selec-
tive amplification of a nucleic acid sample.

[0086] The term “HeavyMethyl™ MethyLight™” assay,
in the embodiment thereof implemented herein, refers to a
HeavyMethyl™ Methy[ight™ assay, which is a variation of
the MethyLight™ assay, wherein the MethyLight™ assay is
combined with methylation specific blocking probes cover-
ing CpG positions between the amplification primers. The
HeavyMethyl™ assay may also be used in combination with
methylation specific amplification primers.

[0087] Typical reagents (e.g., as might be found in a typical
MethyLigh™-based kit) for HeavyMethyl™ analysis may
include, but are not limited to: PCR primers for specific genes
(or bisulfite treated DNA sequence or CpG island); blocking
oligonucleotides; optimized PCR buffers and deoxynucle-
otides; and Taq polymerase.

[0088] MSP. MSP (methylation-specific PCR) allows for
assessing the methylation status of virtually any group of
CpG sites within a CpG island, independent of the use of
methylation-sensitive restriction enzymes (Herman et al.
Proc. Natl. Acad. Sci. USA 93:9821-9826, 1996; U.S. Pat. No.
5,786.146). Briefly, DNA is modified by sodium bisulfite
converting all unmethylated, but not methylated cytosines to
uracil, and subsequently amplified with primers specific for
methylated versus unmethylated DNA. MSP requires only
small quantities of DNA, is sensitive to 0.1% methylated
alleles of a given CpG island locus, and can be performed on
DNA extracted from paraffin-embedded samples. Typical
reagents (e.g., as might be found in a typical MSP-based kit)
for MSP analysis may include, but are not limited to: methy-
lated and unmethylated PCR primers for specific gene (or
bisulfite treated DNA sequence or CpG island), optimized
PCR buffers and deoxynucleotides, and specific probes.
[0089] MethyLight™. The MethyLight™ assay is a high-
throughput quantitative methylation assay that utilizes fluo-
rescence-based real-time PCR (TagMan®) technology that
requires no further manipulations after the PCR step (Eads et
al., Cancer Res. 59:2302-2306, 1999). Briefly, the Meth-
yLight™ process begins with a mixed sample of genomic
DNA that is converted, in a sodium bisulfite reaction, to a
mixed pool of methylation-dependent sequence differences
according to standard procedures (the bisulfite process con-
verts unmethylated cytosine residues to uracil). Fluores-
cence-based PCR is then performed in a “biased” (with PCR
primers that overlap known CpG dinucleotides) reaction.
Sequence discrimination can occur both at the level of the
amplification process and at the level of the fluorescence
detection process.

[0090] The MethyLight™ assay may be used as a quanti-
tative test for methylation patterns in the genomic DNA
sample, wherein sequence discrimination occurs at the level
of probe hybridization. In this quantitative version, the PCR
reaction provides for a methylation specific amplification in
the presence of a fluorescent probe that overlaps a particular
putative methylation site. An unbiased control for the amount
of input DNA is provided by a reaction in which neither the
primers, nor the probe overlie any CpG dinucleotides. Alter-
natively, a qualitative test for genomic methylation is
achieved by probing of the biased PCR pool with either
control oligonucleotides that do not “cover” known methyla-
tion sites (a fluorescence-based version of the HeavyM-
ethyl™ and MSP techniques), or with oligonucleotides cov-
ering potential methylation sites.
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[0091] The MethyLight™ process can by used with any
suitable probes e.g. “TaqMan®”, Lightcycler® etc. . . . For
example, double-stranded genomic DNA is treated with
sodium bisulfite and subjected to one of two sets of PCR
reactions using TagMan® probes; e.g., with MSP primers
and/or HeavyMethy! blocker oligonucleotides and TagMan®
probe. The TagMan® probe is dual-labeled with fluorescent
“reporter” and “quencher” molecules, and is designed to be
specific for arelatively high GC content region so that it melts
outat about 110° C. higher temperature in the PCR cycle than
the forward or reverse primers. This allows the TagMan®
probe to remain fully hybridized during the PCR annealing/
extension step. As the Taq polymerase enzymatically synthe-
sizes a new strand during PCR, it will eventually reach the
annealed TagMan® probe. The Taq polymerase 5'to 3' endo-
nuclease activity will then displace the TagMan® probe by
digesting it to release the fluorescent reporter molecule for
quantitative detection of its now unquenched signal using a
real-time fluorescent detection system.

[0092] Typical reagents (e.g., as might be found in a typical
MethyLight™-based kit) for MethyLight™ analysis may
include, but are not limited to: PCR primers for specific gene
(or bisulfite treated DNA sequence or CpG island); TagMan®
or Lightcycler® probes; optimized PCR buffers and deoxy-
nucleotides; and Taq polymerase.

[0093] The QM™ (quantitative methylation) assay is an
alternative quantitative test for methylation patterns in
genomic DNA samples, wherein sequence discrimination
occurs at the level of probe hybridization. In this quantitative
version, the PCR reaction provides forunbiased amplification
in the presence of a fluorescent probe that overlaps a particu-
lar putative methylation site. An unbiased control for the
amount of input DNA is provided by a reaction in which
neither the primers, nor the probe overlie any CpG dinucle-
otides. Alternatively, a qualitative test for genomic methyla-
tion is achieved by probing of the biased PCR pool with either
control oligonucleotides that do not “cover” known methyla-
tion sites (a fluorescence-based version of the HeavyM-
ethyl™ and MSP techniques), or with oligonucleotides cov-
ering potential methylation sites.

[0094] The QM process can by used with any suitable
probes e.g. “TaqMan®”, Lightcycler® etc. . . . in the ampli-
fication process. For example, double-stranded genomic
DNA is treated with sodium bisulfite and subjected to unbi-
ased primers and the TagMan® probe. The TagMan® probe is
dual-labeled with fluorescent “reporter” and “quencher” mol-
ecules, and is designed to be specific for a relatively high GC
content region so that it melts out at about 10° C. higher
temperature in the PCR cycle than the forward or reverse
primers. This allows the TagMan® probe to remain fully
hybridized during the PCR annealing/extension step. As the
Taq polymerase enzymatically synthesizes a new strand dur-
ing PCR, it will eventually reach the annealed TagMan®
probe. The Taq polymerase 5' to 3' endonuclease activity will
then displace the TagMan® probe by digesting it to release
the fluorescent reporter molecule for quantitative detection of
its now unquenched signal using a real-time fluorescent
detection system. Typical reagents (e.g., as might be found in
a typical QM™-bhased kit) for QM™ analysis may include,
but are not limited to: PCR primers for specific gene (or
bisulfite treated DNA sequence or CpG island); TagMan® or
Lightcycler® probes; optimized PCR buffers and deoxy-
nucleotides; and Taq polymerase.
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[0095] Ms-SNuPE. The Ms-SNuPE™ technique is a quan-
titative method for assessing methylation differences at spe-
cific CpG sites based on bisulfite treatment of DNA, followed
by single-nucleotide primer extension (Gonzalgo & Jones,
Nucleic Acids Res. 25:2529-2531, 1997). Briefly, genomic
DNA is reacted with sodium bisulfite to convert unmethylated
cytosine to uracil while leaving 5-methylcytosine unchanged.
Amplification of the desired target sequence is then per-
formed using PCR primers specific for bisulfite-converted
DNA, and the resulting product is isolated and used as a
template for methylation analysis at the CpG site(s) of inter-
est. Small amounts of DNA can be analyzed (e.g., microdis-
sected pathology sections), and it avoids utilization of restric-
tion enzymes for determining the methylation status at CpG
sites.

[0096] Typical reagents (e.g., as might be found in a typical
Ms-SNuPE™-based kit) for Ms-SNuPE™ analysis may
include, but are not limited to: PCR primers for specific gene
(or bisulfite treated DNA sequence or CpG island); optimized
PCR buffers and deoxynucleotides; gel extraction kit; posi-
tive control primers; Ms-SNuPE™ primers for specific gene;
reaction buffer (for the Ms-SNuPE reaction); and labelled
nucleotides. Additionally, bisulfite conversion reagents may
include: DNA denaturation buffer; sulfonation buffer; DNA
recovery regents or kit (e.g., precipitation, ultrafiltration,
affinity column); desulfonation buffer; and DNA recovery
components.

The Genomic Sequence According to SEQ ID Nos:128-141,
114-127 and 100-113 (Respective Genomic, CpG Island and
Amplicons, Respetively), and Non-Naturally Occurring
Treated Variants Thereof According to SEQ ID NOS:170-
197, 226-253, 142-169 and 198-225, were Determined to
have Novel Utility for the Detection, Classification and/or
Treatment of CIMP, in Particular Colorectal Cell Proliferative
Disorders

[0097] In one embodiment the invention of the method
comprises the following steps: 1) contacting genomic DNA
(preferably isolated from body fluids) obtained from the sub-
ject with at least one reagent, or series of reagents that distin-
guishes between methylated and non-methylated CpG
dinucleotides within at least one gene or genomic sequence
selected from the group consisting of BCL2, BDNF,
CACNAIG, CALCA, CRABPI1, DLECI, GATA3, HOXAI,
IGF2, KL, NEUROGI, NR3C1, RUNX3, SOCSI1 (Table 6);
e.g., within SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively)
(including their promoter and regulatory regions); and ii)
detecting, or detecting and distinguishing CIMP or colon
proliferative disorders (e.g., afforded with a sensitivity of
greater than or equal to 80% and a specificity of greater than
or equal to 80%).

[0098] Preferably, the sensitivity is from about 75% to
about 96%, or from about 80% to about 90%, or from about
80% to about 85%. Preferably, the specificity is from about
75% to about 96%, or from about 80% to about 90%, or from
about 80% to about 85%.

[0099] Genomic DNA may be isolated by any means stan-
dard in the art, including the use of commercially available
kits. Briefly, wherein the DNA of interest is encapsulated in
by a cellular membrane the biological sample must be dis-
rupted and lysed by enzymatic, chemical or mechanical
means. The DNA solution may then be cleared of proteins and
other contaminants, e.g., by digestion with proteinase K. The
genomic DNA is then recovered from the solution. This may
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be carried out by means of a variety of methods including
salting out, organic extraction or binding of the DNA to a
solid phase support. The choice of method will be affected by
several factors including time, expense and required quantity
of DNA. All clinical sample types comprising neoplastic
matter or pre-neoplastic matter are suitable for us e in the
present method, preferred are cell lines, histological slides,
biopsies, paraffin-embedded tissue, body fluids, stool,
colonic effluent, urine, blood plasma, blood serum, whole
blood, isolated blood cells, cells isolated from the blood and
combinations thereof. Body fluids are the preferred source of
the DNA; particularly preferred are blood plasma, blood
serum, whole blood, isolated blood cells and cells isolated
from the blood.

[0100] The genomic DNA sample is then treated with at
least one reagent, or series of reagents that distinguishes
between methylated and non-methylated CpG dinucleotides
within at least one target region of the genomic DNA, wherein
the target region comprises, or hybridizes under stringent
conditions to a sequence of at least 16 contiguous nucleotides
of at least one sequence selected from the group consisting of
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively), wherein
said contiguous nucleotides comprise at least one CpG
dinucleotide sequence.

[0101] Itis particularly preferred that said reagent converts
cytosine bases which are unmethylated at the 5'-position to
uracil, thymine, or another base which is dissimilar to
cytosine in terms of hybridisation behaviour. However in an
alternative embodiment said reagent may be a methylation
sensitive restriction enzyme.

[0102] Wherein the genomic DNA sample is treated in such
a manner that cytosine bases which are unmethylated at the
S'-position are converted to uracil, thymine, or another base
which is dissimilar to cytosine in terms of hybridization
behavior It is preferred that this treatment is carried out with
bisulfite (hydrogen sulfite, disulfite) and subsequent alkaline
hydrolysis. Such a treatment results in the conversion of SEQ
IDNOS:128-141, 114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively) to SEQ ID NOS:170-
197 and 142-169, (respectively) wherein said CpG dinucle-
otides are methylated or SEQ ID NOS:226-253 and 198-225
wherein said CpG dinucleotides are unmethylated.

[0103] The treated DNA is then analysed in order to deter-
mine the methylation state of the target gene sequences (at
least one gene or genomic sequence selected from the group
consisting of BCL2, BDNF, CACNA1G, CALCA,CRABP1,
DLECI1, GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1,
RUNX3, SOCS1 (Table 6); e.g., within SEQ ID NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively) prior to the treatment). It is par-
ticularly preferred that the target region comprises, or hybrid-
izes under stringent conditions to at least 16 contiguous
nucleotides of at least one gene or genomic sequence selected
from the group consisting of BCL2, BDNF, CACNAIG,
CALCA, CRABP1, DLECI, GATA3, HOXAL, IGF2, KL,
NEUROG1, NR3C1, RUNX3, SOCSI (Table 6); e.g., within
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively). It is pre-
ferred that the sequence of said genes according to SEQ ID
NOS:128-141, 114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively) are analysed. The
method of analysis may be selected from those known in the
art, including those listed herein. Particularly preferred are
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MethyLigh™, MSP and the use of blocking oligonucleotides
(HeavyMethyl™) as described herein. It is further preferred
that any oligonucleotides used in such analysis (including
primers, blocking oligonucleotides and detection probes)
should be reverse complementary, identical, or hybridise
under stringent or highly stringent conditions to an at least
16-base-pair long segment of the base sequences of one or
more of SEQ ID NOS:170-197, 226-253, 142-169 and 198-
225 and sequences complementary thereto.

[0104] Aberrant methylation, more specifically hyperm-
ethylation of the genes or genomic sequence selected from the
group consisting of BCL2, BDNF, CACNAI1G, CALCA,
CRABPI1, DLEC1, GATA3, HOXAIl, IGF2, KL, NEU-
ROGI, NR3C1, RUNX3, SOCS]1 (Table 6); e.g., within SEQ
IDNOS:128-141,114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively) (including their pro-
moter and/or regulatory regions) is associated with the pres-
ence of CIMP, and is particularly prevalent in colorectal car-
cinomas. Accordingly, in certain embodiments, wherein a
biological sample presents within methylation as disclosed
herein, said sample should be determined as CIMP.

[0105] Analysis of one the genes or genomic sequence
selected from the group consisting of BCL2, BDNE,
CACNAILG, CALCA, CRABP1, DLEC1, GATA3, HOXAI,
IGF2, KL, NEUROGI, NR3C1, RUNX3, SOCS]1 (Table 6);
e.g., within SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively)
enables for the first time detecting, or detecting and distin-
guishing CIMP or colon cell proliferative disorders (e.g,
afforded with a sensitivity of greater than or equal to 80% and
a specificity of greater than or equal to 80%. Sensitivity is
calculated as: (detected neoplasia/all neoplasia; e.g., (de-
tected colon neoplasia/all colon neoplasia); and specificity is
calculated as (non-detected negatives/total negatives)).
[0106] Preferably, the sensitivity is from about 75% to
about 96%, or from about 80% to about 90%, or from about
80% to about 85%. Preferably, the specificity is from about
75% to about 96%, or from about 80% to about 90%, or from
about 80% to about 85%.

[0107] For certain embodiments, colon neoplasia is herein
defined as all colon malignancies and adenomas greater than
1 cm., or subsets thereof. Negatives can be defined as healthy
individuals.

[0108] In one embodiment the method discloses the use of
at least one gene or genomic sequence selected from the
group consisting of BCL2, BDNF, CACNAI1G, CALCA,
CRABPI1, DLEC1, GATA3, HOXAIl, IGF2, KL, NEU-
ROGI, NR3C1, RUNX3, SOCS]1 (Table 6); e.g., within SEQ
IDNOS:128-141,114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively) (or promoter and/or
regulatory regions thereof) as a marker for detection and
distinguishing of CIMP, etc. as described herein.

[0109] Said method may be enabled by means of any analy-
sis of the expression of an RNA transcribed therefrom or
polypeptide or protein translated from said RNA, preferably
by means of mRNA expression analysis or polypeptide
expression analysis. Accordingly the present invention also
provides diagnostic assays and methods, both quantitative
and qualitative for detecting the expression of at least one
gene or genomic sequence selected from the group consisting
of BCL2, BDNF, CACNAI1G, CALCA, CRABPI, DLECI,
GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1, RUNX3,
SOCSI (Table 6); e.g., within SEQ ID NOS:128-141, 114-
127 and 100-113 (respective genomic. CpG island and ampli-
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cons, respetively) in a subject and determining therefrom
upon the presence or absence of, e.g., CIMP, etc., in said
subject.

[0110] Aberrant expression of mRNA transcribed from the
genes or genomic sequences selected from the group consist-
ing of BCL2, BDNF, CACNAILG, CALCA, CRABPI,
DLECI1, GATA3, HOXA4, IGF2, KL, NEUROG1, NR3C1,
RUNZX3, SOCS1 (Table 6); e.g., within SEQ ID NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively) are associated with the presence
of CIMP, cancer in a subject. According to particular aspects
of the present invention, under expression (and/or presence
methylation) is associated with the presence of CIMP, colon
cancer, and vice versa over-expression (and/or absence of
methylation) is associated with the absence of CIMP, colon
cancer.

[0111] To detect the presence of mRNA encoding a gene or
genomic sequence, a sample is obtained from a patient. The
sample may be any suitable sample comprising cellular mat-
ter of the tumour. Suitable sample types include cell lines,
histological slides, biopsies, paraffin-embedded tissue, body
fluids, stool, colonic effluent, urine, blood plasma, blood
serum, whole blood, isolated blood cells, cells isolated from
the blood and all possible combinations thereof. It is preferred
that said sample types are stool or body fluids selected from
the group consisting colonic effluent, urine. blood plasma,
blood serum, whole blood, isolated blood cells, cells isolated
from the blood.

[0112] The sample may be treated to extract the RNA con-
tained therein. The resulting nucleic acid from the sample is
then analyzed. Many techniques are known in the state of the
art for determining absolute and relative levels of gene
expression, commonly used techniques suitable for use in the
present invention include in situ hybridisation (e.g., FISH),
Northern analysis, RNase protection assays (RPA), microar-
rays and PCR-based techniques, such as quantitative PCR
and differential display PCR or any other nucleic acid detec-
tion method.

[0113] Particularly preferred is the use of the reverse tran-
scription/polymerisation chain reaction technique (RT-PCR).
The method of RT-PCR is well known in the art (for example,
see Watson and Fleming, supra).

[0114] The RT-PCR method can be performed as follows.
Total cellular RNA is isolated by, for example, the standard
guanidium isothiocyanate method and the total RNA is
reverse transcribed. The reverse transcription method
involves synthesis of DNA on a template of RNA using a
reverse transcriptase enzyme and a 3' end oligonucleotide dT
primer and/or random hexamer primers. The cDNA thus pro-
duced is then amplified by means of PCR. (Belyavsky et al,
Nucl Acid Res 17:2919-2932, 1989; Krug and Berger, Meth-
ods in Enzymology, Academic Press, N.Y., Vol. 152, pp.
316-325, 1987 which are incorporated by reference). Further
preferred is the “Real-time” variant of RT-PCR, wherein the
PCR product is detected by means of hybridisation probes
(e.g. TagMan, Lightcycler, Molecular Beacons & Scorpion)
or SYBR green. The detected signal from the probes or SYBR
green is then quantitated either by reference to a standard
curve or by comparing the Ct values to that of a calibration
standard. Analysis of housekeeping genes is often used to
normalize the results.

[0115] InNorthernblotanalysis total or poly(A)+ mRNA is
run on a denaturing agarose gel and detected by hybridisation
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to a labelled probe in the dried gel itself or on a membrane.
The resulting signal is proportional to the amount of target
RNA in the RNA population.

[0116] Comparing the signals from two or more cell popu-
lations or tissues reveals relative differences in gene expres-
sion levels. Absolute quantitation can be performed by com-
paring the signal to a standard curve generated using known
amounts of an in vitro transcript corresponding to the target
RNA. Analysis of housekeeping genes, genes whose expres-
sion levels are expected to remain relatively constant regard-
less of conditions, is often used to normalize the results,
eliminating any apparent differences caused by unequal
transfer of RNA to the membrane or unequal loading of RNA
on the gel.

[0117] The first step in Northern analysis is isolating pure,
intact RNA from the cells or tissue of interest. Because North-
ern blots distinguish RNAs by size, sample integrity influ-
ences the degree to which a signal is localized in a single
band. Partially degraded RNA samples will result in the sig-
nal being smeared or distributed over several bands with an
overall loss in sensitivity and possibly an erroneous interpre-
tation of the data. In Northern blot analysis, DNA, RNA and
oligonucleotide probes can be used and these probes are
preferably labelled (e.g., radioactive labels, mass labels or
fluorescent labels). The size of the target RNA, not the probe,
will determine the size of the detected band, so methods such
as random-primed labelling, which generates probes of vari-
able lengths, are suitable for probe synthesis. The specific
activity of the probe will determine the level of sensitivity, so
it is preferred that probes with high specific activities, are
used.

[0118] InanRNase protection assay, the RNA target and an
RNA probe of a defined length are hybridised in solution.
Following hybridisation, the RNA is digested with RNases
specific for single-stranded nucleic acids to remove any unhy-
bridized, single-stranded target RNA and probe. The RNases
are inactivated, and the RNA is separated e.g. by denaturing
polyacrylamide gel electrophoresis. The amount of intact
RNA probe is proportional to the amount of target RNA in the
RNA population. RPA can be used for relative and absolute
quantitation of gene expression and also for mapping RNA
structure, such as intron/exon boundaries and transcription
start sites. The RNase protection assay is preferable to North-
ern blot analysis as it generally has a lower limit of detection.

[0119] The antisense RNA probes used in RPA are gener-
ated by in vitro transcription of a DNA template with a
defined endpoint and are typically in the range of 50-600
nucleotides. The use of RNA probes that include additional
sequences not homologous to the target RNA allows the
protected fragment to be distinguished from the full-length
probe. RNA probes are typically used instead of DNA probes
due to the ease of generating single-stranded RNA probes and
the reproducibility and reliability of RNA:RNA duplex diges-
tion with RNases (Ausubel et al. 2003), particularly preferred
are probes with high specific activities.

[0120] Particularly preferred is the use of microarrays. The
microarray analysis process can be divided into two main
parts. First is the immobilization of known gene sequerces
onto glass slides or other solid support followed by hybridi-
sation of the fluorescently labelled cDNA (comprising the
sequences to be interrogated) to the known genes immobi-
lized on the glass slide (or other solid phase). After hybridi-
sation, arrays are scanned using a fluorescent microarray
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scanner. Analysing the relative fluorescent intensity of differ-
ent genes provides a measure of the differences in gene
expression.

[0121] DNA arrays can be generated by immobilizing
presynthesized oligonucleotides onto prepared glass slides or
other solid surfaces. In this case, representative gene
sequences are manufactured and prepared using standard oli-
gonucleotide synthesis and purification methods. These syn-
thesized gene sequences are complementary to the RNA tran-
script(s) of the genes of interest (in this case the genes or
genomic sequences selected from the group consisting of
BCL2, BDNF, CACNAI1G, CALCA, CRABP1, DLECI,
GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1, RUNX3,
SOCSI (Table 6); e.g., within SEQ ID NOS:128-141, 114-
127 and 100-113 (respective genomic, CpG island and ampli-
cons, respetively) and tend to be shorter sequences in the
range 0f25-70 nucleotides. Alternatively, immobilized oligos
can be chemically synthesized in situ on the surface of the
slide. In situ oligonucleotide synthesis involves the consecu-
tive addition of the appropriate nucleotides to the spots on the
microarray; spots not receiving a nucleotide are protected
during each stage of the process using physical or virtual
masks. Preferably said synthesized nucleic acids are locked
nucleic acids.

[0122] Inexpression profiling microarray experiments, the
RNA templates used are representative of the transcription
profile of the cells or tissues under study. RNA is first isolated
from the cell populations or tissues to be compared. Fach
RNA sample is then used as a template to generate fluores-
cently labelled cDNA via a reverse transcription reaction.
Fluorescent labelling of the cDNA can be accomplished by
either direct labelling or indirect labelling methods. During
direct labelling, fluorescently modified nucleotides (e.g.,
Cy®3- or Cy®5-dCTP) are incorporated directly into the
cDNA during the reverse transcription. Alternatively, indirect
labelling can be achieved by incorporating aminoallyl-modi-
fied nucleotides during cDNA synthesis and then conjugating
an N-hydroxysuccinimide (NHS)-ester dye to the aminoallyl-
modified cDNA after the reverse transcription reaction is
complete. Alternatively, the probe may be unlabelled, but
may be detectable by specific binding with a ligand which is
labelled, either directly or indirectly. Suitable labels and
methods for labelling ligands (and probes) are known in the
art, and include, for example, radioactive labels which may be
incorporated by known methods (e.g., nick translation or
kinasing). Other suitable labels include but are not limited to
biotin, fluorescent groups, chemiluminescent groups (e.g.,
dioxetanes, particularly triggered dioxetanes), enzymes, anti-
bodies, and the like.

[0123] To perform differential gene expression analysis,
¢DNA generated from different RNA samples are labelled
with Cy®3. The resulting labelled ¢cDNA is purified to
remove unincorporated nucleotides, free dye and residual
RNA. Following purification, the labelled cDNA samples are
hybridised to the microarray. The stringency of hybridisation
is determined by a number of factors during hybridisation and
during the washing procedure, including temperature, ionic
strength, length of time and concentration of formamide.
These factors are outlined in, for example, Sambrook et al.
(Molecular Cloning: A Laboratory Manual, 2nd ed., 1989).
The microarray is scanned post-hybridisation using a fluo-
rescent microarray scanner. The fluorescent intensity of each
spot indicates the level of expression of the analysed gene;
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bright spots correspond to strongly expressed genes, while
dim spots indicate weak expression.

[0124] Once the images are obtained, the raw data must be
analysed. First, the background fluorescence must be sub-
tracted from the fluorescence of each spot. The data is then
normalized to a control sequence, such as exogenously added
nucleic acids (preferably RNA or DNA), or a housekeeping
gene panel to account for any non-specific hybridisation,
array imperfections or variability in the array set-up, cDNA
labelling, hybridisation or washing. Data normalization
allows the results of multiple arrays to be compared.

[0125] Another aspect of the invention relates to a kit for
use in diagnosis of cancer in a subject according to the meth-
ods of the present invention, said kit comprising: a means for
measuring the level of transcription of genes or genomic
sequences selected from the group consisting of BCL2,
BDNF, CACNA1G, CALCA, CRABP1, DLEC1, GATA3,
HOXAL, IGF2, KL, NEUROG1, NR3C1, RUNX3, SOCS1
(Table 6); e.g., within SEQ ID NOS:128-141, 114-127 and
100-113 (respective genomic, CpG island and amplicons,
respetively). In a preferred embodiment, the means for mea-
suring the level of transcription comprise oligonucleotides or
polynucleotides able to hybridise under stringent or moder-
ately stringent conditions to the transcription products of a
gene or genomic sequence selected from the group consisting
of BCL2, BDNF, CACNAI1G, CALCA, CRABPI, DLECI,
GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1, RUNX3,
SOCSI (Table 6); e.g., within SEQ ID NOS:128-141, 114-
127 and 100-113 (respective genomic. CpG island and ampli-
cons, respetively). Preferably said oligonucleotides or poly-
nucleotides are able to hybridise under stringent or
moderately stringent conditions to at least one of the tran-
scription products of a gene or genomic sequence selected
from the group consisting of BCL2, BDNF, CACNAIG,
CALCA, CRABP1, DLEC1, GATA3, HOXAL, IGF2, KL,
NEUROG!, NR3C1, RUNX3, SOCSI (Table 6); e.g., within
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively). In one
embodiment said oligonucleotides or polynucleotides com-
prise at least 9, 18 or 25 bases of a sequence complementary
to or hybridising to at least one sequence selected from the
group consisting of SEQ ID NOS:254, 256, 258, 260, 262,
264, 266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286,
288, 290, 292, 294, 296, 298, 300, 302, 304, 306, 308, 310,
312,314,316,318,320,322,324,326,328,330,332 and 334
and sequences complementary thereto.

[0126] In a most preferred embodiment, the level of tran-
scription is determined by techniques selected from the group
of Northern Blot analysis, reverse transcriptase PCR, real-
time PCR, RNAse protection, and microarray. In another
embodiment of the invention the kit further comprises means
for obtaining a biological sample of the patient. Preferredis a
kit, which further comprises a container which is most pref-
erably suitable for containing the means for measuring the
level of transcription and the biological sample of the patient,
and most preferably further comprises instructions for use
and interpretation of the kit results.

[0127] In a preferred embodiment the kit comprises (a) a
plurality of oligonucleotides or polynucleotides able to hybri-
dise under stringent or moderately stringent conditions to the
transcription products of at least one gene or genomic
sequence selected from the group consisting of BCL2, BDNF,
CACNALIG, CALCA, CRABPI1, DLEC1, GATA3, HOXAI,
1GF2, KL, NEUROG1, NR3C1, RUNX3, SOCS]1 (Table 6);
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e.g., within SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively);
(b) a container, preferably suitable for containing the oligo-
nucleotides or polynucleotides and a biological sample of the
patient comprising the transcription products wherein the
oligonucleotides or polynucleotides can hybridise under
stringent or moderately stringent conditions to the transcrip-
tion products, (c) means to detect the hybridisation of (b); and
optionally, (d) instructions for use and interpretation of the kit
results. It is further preferred that said oligonucleotides or
polynucleotides of (a) comprise in each case at least 9, 18 or
25 bases of a sequence complementary to or hybridising to at
least one sequence selected from the group consisting of SEQ
ID NOS:254, 256, 258, 260, 262, 264, 266, 268, 270, 272,
274, 276, 278, 280, 282, 284, 286, 288, 290, 292, 294, 296,
298, 300, 302, 304, 306, 308,310, 312, 314, 316, 318, 320,
322,324,326,328, 330,332 and 334 and sequences comple-
mentary thereto.

[0128] The kit may also contain other components such as
hybridisation buffer (where the oligonucleotides are to be
used as a probe) packaged in a separate container. Alterna-
tively, where the oligonucleotides are to be used to amplify a
target region, the kit may contain, packaged in separate con-
tainers, a polymerase and a reaction buffer optimised for
primer extension mediated by the polymerase, such as PCR.
Preferably said polymerase is a reverse transcriptase. It is
further preferred that said kit further contains an Rnase
reagent.

[0129] The present invention further provides for methods
for the detection of the presence of the polypeptide encoded
by said gene sequences in a sample obtained from a patient.

[0130] Aberrant levels of polypeptide expression of the
polypeptides encoded by the genes or genomic sequences
selected from the group consisting of BCL2, BDNE,
CACNAI1G, CALCA, CRABP1, DLEC1, GATA3, HOXA1,
IGF2, KL, NEUROGI, NR3C1, RUNX3, SOCS]1 (Table 6);
e.g., within SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively)
are associated with CIMP and/or the presence of colon can-
cer.

[0131] According to the present invention, under expres-
sion of said polypeptides is associated with the presence of
CIMP and/or the presence of colon cancer. It is particularly
preferred that said polypeptides are according to at least one
of the amino acid sequences provided in SEQ 1D NOS:255,
257, 259, 261, 263, 265, 267, 269, 271, 273, 275, 271, 279,
281, 283, 285, 287, 289, 291, 293, 295, 297, 299, 301, 303,
305, 307, 309, 311, 313, 315, 317, 319, 321, 323, 325, 327,
329, 331, 333 and 335 polypeptides transcribed from the
BCL2, BDNF, CACNAI1G, CALCA, CRABP1, DLECI,
GATA3, HOXAI, IGF2, KL, NEUROGI, NR3C1, RUNX3,
SOCS] (Table 6) genes).

[0132] Any method known in the art for detecting polypep-
tides can be used. Such methods include, but are not limited to
masss-spectrometry, immunodiffusion, immunoelectro-
phoresis, immunochemical methods, binder-ligand assays,
immunohistochemical  techniques, agglutination and
complement assays (e.g., see Basic and Clinical Immunol-
ogy, Sites and Terr, eds., Appleton & Lange, Norwalk, Conn.
pp 217-262, 1991 which is incorporated by reference). Pre-
ferred are binder-ligand immunoassay methods including
reacting antibodies with an epitope or epitopes and competi-
tively displacing a labelled polypeptide or derivative thereof.
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[0133] Certain embodiments of the present invention com-
prise the use of antibodies specific to the polypeptide encoded
by a gene or genomic sequence selected from the group
consisting of BCL.2, BDNF, CACNA1G, CALCA. CRABP1,
DLECI1, GATA3, HOXAI, IGF2, KL, NEUROG1, NR3C1,
RUNX3, SOCSI (Table 6); e.g., within SEQ ID NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively). It is particularly preferred that
said polypeptides are according to at least one of the amino
acid sequences provided in SEQ ID NOS:255, 257, 259, 261,
263, 265, 267, 269, 271, 273, 275, 277, 279, 281, 283, 285,
287, 289, 291, 293, 295, 297, 299, 301, 303, 305, 307, 309,
311,313,315,317,319,321,323,325,327,329,331,333 and
335.

[0134] Such antibodies are useful for CIMP and/or cancer
diagnosis. In certain embodiments production of monoclonal
or polyclonal antibodies can be induced by the use of an
epitope encoded by a polypeptide of SEQ ID NOS:2535, 257,
259, 261, 263, 265, 267, 269, 271, 273, 275, 277, 279, 281,
283, 285, 287, 289, 291, 293, 295, 297, 299, 301, 303, 305,
307, 309, 311, 313, 315, 317, 319, 321, 323, 325, 327, 329,
331, 333 and 335 as an antigene. Such antibodies may in turn
be used to detect expressed polypeptides as markers for CIMP
and/or cancer diagnosis. The levels of such polypeptides
present may be quantified by conventional methods. Anti-
body-polypeptide binding may be detected and quantified by
a variety of means known in the art, such as labelling with
fluorescent or radioactive ligands. The invention further com-
prises kits for performing the above-mentioned procedures,
wherein such kits contain antibodies specific for the investi-
gated polypeptides.

[0135] Numerous competitive and non-competitive
polypeptide binding immunoassays are well known in the art.
Antibodies employed in such assays may be unlabelled, for
example as used in agglutination tests, or labelled for use a
wide variety of assay methods. Labels that can be used
include radionuclides, enzymes, fluorescers, chemiluminesc-
ers, enzyme substrates or co-factors, enzyme inhibitors, par-
ticles, dyes and the like. Preferred assays include but are not
limited to radioimmunoassay (RIA), enzyme immunoassays,
e.g., enzyme-linked immunosorbent assay (ELISA), fluores-
cent immunoassays and the like. Polyclonal or monoclonal
antibodies or epitopes thereof can be made for use in immu-
noassays by any of a number of methods known in the art.
[0136] In an alternative embodiment of the method the
proteins may be detected by means of western blot analysis.
Said analysis is standard in the art, briefly proteins are sepa-
rated by means of electrophoresis, e.g., SDS-PAGE. The
separated proteins are then transferred to a suitable mem-
brane (or paper), e.g., nitrocellulose, retaining the spacial
separation achieved by electrophoresis. The membrane is
then incubated with a blocking agent to bind remaining sticky
places on the membrane, commonly used agents include
generic protein (e.g., milk protein). An antibody specific to
the protein of interest is then added, said antibody being
detectably labelled for example by dyes or enzymatic means
(e.g., alkaline phosphatase or horseradish peroxidase). The
location of the antibody on the membrane is then detected.
[0137] In an alternative embodiment of the method the
proteins may be detected by means of immunohistochemistry
(the use of antibodies to probe specific antigens in a sample).
Said analysis is standard in the art, wherein detection of
antigens in tissues is known as immunohistochemistry, while
detection in cultured cells is generally termed immunocy-
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tochemistry. Briefly, the primary antibody to be detected by
binding to its specific antigen. The antibody-antigen complex
is then bound by a secondary enzyme conjugated antibody. In
the presence of the necessary substrate and chromogen the
bound enzyme is detected according to coloured deposits at
the antibody-antigen binding sites. There is a wide range of
suitable sample types, antigen-antibody affinity, antibody
types, and detection enhancement methods. Thus optimal
conditions for immunohistochemical or immunocytochemi-
cal detection must be determined by the person skilled in the
art for each individual case.

[0138] Oneapproach for preparing antibodies to a polypep-
tide is the selection and preparation of an amino acid
sequence of all or part of the polypeptide, chemically synthe-
sising the amino acid sequence and injecting it into an appro-
priate animal, usually a rabbit or a mouse (Milstein and
Kohler Nature 256:495-497, 1975; Gulfre and Milstein,
Methods in Enzymology: Immunochemical Techniques
73:1-46, Langone and Banatis eds., Academic Press, 1981
which are incorporated by reference in its entirety). Methods
for preparation of the polypeptides or epitopes thereof
include, but are not limited to chemical synthesis, recombi-
nant DNA techniques or isolation from biological samples.

[0139] In the final step of the method the diagnosis of the
patient is determined, whereby under-expression (of at least
one gene or genomic sequence selected from the group con-
sisting of BCL2, BDNF, CACNA1G, CALCA, CRABPI,
DLEC1, GATA3, HOXAI, IGF2, KL, NEUROG1, NR3C1,
RUNX3, SOCS1 (Table 6); e.g., within SEQ ID NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively) is indicative of the presence of
CIMP and/or cancer. The term under-expression shall be
taken to mean expression at a detected level less than a pre-
determined cut off which may be selected from the group
consisting of the mean, median or an optimised threshold
value.

[0140] Another aspect of the invention provides a kit foruse
in diagnosis of CIMP and/or cancer in a subject according to
the methods of the present invention, comprising: a means for
detecting polypeptides at least one gene or genomic sequence
selected from the group consisting of BCL2, BDNE,
CACNAI1G, CALCA, CRABP1, DLEC1, GATA3, HOXA1,
IGF2, KL, NEUROGI, NR3C1, RUNX3, SOCS]1 (Table 6);
e.g., within SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively ).
Preferably the sequence of said polypeptides is as provided in
SEQ ID NOS:255, 257, 259, 261, 263, 265, 267, 269, 271,
273, 275,277, 279, 281, 283, 285, 287, 289, 291, 293, 295,
297, 299, 301, 303, 305, 307, 309, 311, 313, 315, 317, 319,
321, 323, 325, 327, 329, 331, 333 and 335. The means for
detecting the polypeptides comprise preferably antibodies,
antibody derivatives, or antibody fragments. The polypep-
tides are most preferably detected by means of Western Blot-
ting utilizing a labelled antibody. In another embodiment of
the invention the kit further comprising means for obtaining a
biological sample of the patient. Preferred is a kit, which
further comprises a container suitable for containing the
means for detecting the polypeptides in the biological sample
of the patient, and most preferably further comprises instruc-
tions for use and interpretation of the kit results. In a preferred
embodiment the kit comprises: (a) a means for detecting
polypeptides at least one gene or genomic sequence selected
from the group consisting of BCL2, BDNF, CACNAIG,
CALCA, CRABP1, DLECI, GATA3, HOXAI, IGF2, KL,
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NEUROGI, NR3C1, RUNX3, SOCSI (Table 6); e.g., within
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively); (b) a con-
tainer suitable for containing the said means and the biologi-
cal sample of the patient comprising the polypeptides
wherein the means can form complexes with the polypep-
tides; (c) a means to detect the complexes of (b); and option-
ally (d) instructions for use and interpretation of the kit
results. It is preferred that said means for detecting polypep-
tides of at least one gene or genomic sequence selected from
the group consisting of BCL2, BDNF, CACNA1G, CALCA,
CRABPI1, DLEC1, GATA3, HOXAIl, IGF2, KL, NEU-
ROGI, NR3C1, RUNX3, SOCS]1 (Table 6); e.g., within SEQ
IDNOS:128-141,114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively) are specific for at
least one of the polypeptide sequences selected from SEQ ID
NOS:255, 257, 259, 261, 263, 265, 267, 269, 271, 273, 275,
2717, 279, 281, 283, 285, 287, 289, 291, 293, 295, 297, 299,
301, 303, 305, 307, 309, 311, 313, 315, 317, 319, 321, 323,
325, 327, 329, 331, 333 and 335. The kit may also contain
other components such as buffers or solutions suitable for
blocking, washing or coating, packaged in a separate con-
tainer.

[0141] Particular embodiments of the present invention
provide a novel application of the analysis of methylation
levels and/or patterns within said sequences that enables a
precise detection, characterisation and/or treatment of CIMP
and/or colorectal cell proliferative disorders. Early detection
of CIMP is directly linked with disease prognosis, and the
disclosed method thereby enables the physician and patient to
make better and more informed treatment decisions.

Further Improvements

[0142] The present invention provides novel compositions
and uses as disclosed herein for genomic (e.g., CpG island)
markers corresponding to at least one of BCL2, BDNFE,
CACNALIG, CALCA, CRABPI1, DLEC1, GATA3, HOXAI,
IGF2, KL, NEUROG1, NR3C1, RUNX3, SOCSI (Table 6)
sequences corresponding to e.g., within SEQ ID NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively). Additional embodiments pro-
vide modified variants of e.g., within SEQ ID NOS:128-141,
114-127 and 100-113 (respective genomic, CpG island and
amplicons, respetively), as well as oligonucleotides and/or
PNA-oligomers for analysis of cytosine methylation patterns
within e.g., within SEQ ID NOS:128-141, 114-127 and 100-
113 (respective genomic, CpG island and amplicons, respe-
tively).

[0143] An objective of the invention comprises analysis of
the methylation state of one or more CpG dinucleotides
within at least one sequence selected form the group consist-
ing of e.g., within SEQ 1D NOS:128-141, 114-127 and 100-
113 (respective genomic, CpG island and amplicons, respe-
tively) and sequences complementary thereto.

[0144] The disclosed invention provides treated nucleic
acids, derived from genomic e.g., within SEQ 1D NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively), wherein the treatment is suitable
to convert at least one unmethylated cytosine base of the
genomic DNA sequence to uracil or another base that is
detectably dissimilar to cytosine in terms of hybridization.
The genomic sequences in question may comprise one, or
more consecutive methylated CpG positions. Said treatment
preferably comprises use of'a reagent selected from the group
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consisting of bisulfite, hydrogen sulfite, disulfite, and combi-
nations thereof. In a preferred embodiment of the invention,
the invention provides a non-naturally occurring modified
nucleic acid comprising a sequence of at least 16 contiguous
nucleotide bases in length of a sequence selected from the
group consisting of SEQ IDNOS:170-197,226-253,142-169
and 198-225. In further preferred embodiments of the inven-
tion said nucleic acid is at least 50, 100, 150, 200, 250 or 500
base pairs in length of a segment of the nucleic acid sequence
disclosed in SEQ ID NOS:170-197, 226-253, 142-169 and
198-225. Particularly preferred is a nucleic acid molecule that
is identical or complementary to all or a portion of the
sequences SEQ ID NOS:170-197, 226-253, 142-169 and
198-225butnot SEQIDNOS:128-141,114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively)
or other naturally occurring DNA.

[0145] It is preferred that said sequence comprises at least
one CpG, TpA or CpA dinucleotide and sequences comple-
mentary thereto. The sequences of SEQ ID NOS:170-197,
226-253, 142-169 and 198-225 provide non-naturally occur-
ring modified versions of the nucleic acid according to SEQ
IDNOS:128-141,114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively), wherein the modifi-
cation of each genomic sequence results in the synthesis of a
nucleic acid having a sequence that is unique and distinct
from said genomic sequence as follows. For each sense strand
genomic DNA, e.g., SEQ ID NO:1, four converted versions
are disclosed. A first version wherein “C” is converted to “T,”
but “CpG” remains “CpG” (i.e., corresponds to case where,
for the genomic sequence, all “C” residues of CpG dinucle-
otide sequences are methylated and are thus not converted); a
second version discloses the complement of the disclosed
genomic DNA sequence (i.e. antisense strand), wherein “C”
is converted to “T,” but “CpG” remains “CpG” (i.e., corre-
sponds to case where, for all “C” residues of CpG dinucle-
otide sequences are methylated and are thus not converted).
The ‘upmethylated’ converted sequences of SEQ ID NOS:
128-141, 114-127 and 100-113 (respective genomic, CpG
island and amplicons, respetively) correspond to SEQ ID
NOS:170-197 and 142-169. A third chemically converted
version of each genomic sequences is provided, wherein “C”
is converted to “T” for all “C” residues, including those of
“CpG” dinucleotide sequences (i.e., corresponds to case
where, for the genomic sequences, all “C” residues of CpG
dinucleotide sequences are unmethylated); a final chemically
converted version of each sequence, discloses the comple-
ment of the disclosed genomic DNA sequence (i.e. antisense
strand), wherein “C” is converted to “T” for all “C” residues,
including those of “CpG” dinucleotide sequences (i.e., cor-
responds to case where, for the complement (antisense
strand) of each genomic sequence, all “C” residues of CpG
dinucleotide sequences are unmethylated). The ‘downmethy-
lated” converted sequences of SEQ ID NOS:128-141, 114-
127 and 100-113 (respective genomic, CpG island and ampli-
cons, respetively) correspond to SEQ ID NOS:226-253 and
198-225.

[0146] Significantly, heretofore, the nucleic acid sequences
and molecules according SEQ ID NOS:170-197, 226-253,
142-169 and 198-225 were not implicated in or connected
with the detection, classification or treatment of cellular pro-
liferative disorders.

[0147] In an alternative preferred embodiment, the inven-
tion further provides oligonucleotides or oligomers suitable
for use in the methods of the invention for detecting the
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cytosine methylation state within genomic or treated (chemi-
cally modified) DNA, according to SEQ 1D NOS:128-141,
114-127 and 100-113 (respective genomic, CpG island and
amplicons, respetively), SEQ ID NOS:170-197, 226-253,
142-169 and 198-225. Said oligonucleotide or oligomer
nucleic acids provide novel diagnostic means. Said oligo-
nucleotide or oligomer comprising a nucleic acid sequence
having a length of at least nine (9) nucleotides which is
identical to, hybridizes, under moderately stringent or strin-
gent conditions (as defined herein above), to a treated nucleic
acid sequence according to SEQ ID NOS:170-197, 226-253,
142-169 and 198-225 and/or sequences complementary
thereto, or to a genomic sequence according to SEQ ID NOS:
128-141, 114-127 and 100-113 (respective genomic, CpG
island and amplicons, respetively) and/or sequences comple-
mentary thereto.

[0148] Thus, the present invention includes nucleic acid
molecules (e.g., oligonucleotides and peptide nucleic acid
(PNA) molecules (PNA-oligomers)) that hybridize under
moderately stringent and/or stringent hybridization condi-
tions to all or a portion of a sequence selected form the group
consisting SEQ ID NOS:128-141, 114-127 and 100-113 (re-
spective genomic, CpG island and amplicons, respetively),
SEQ ID NOS:170-197, 226-253, 142-169 and 198-225 or to
the complements thereof. Particularly preferred is a nucleic
acid molecule that hybridizes under moderately stringent
and/or stringent hybridization conditions to all or a portion of
the sequences SEQ ID NOS:170-197, 226-253, 142-169 and
198-225butnot SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively)
or other human genomic DNA.

[0149] The identical or hybridizing portion of the hybrid-
izing nucleic acids is typically at least 9, 16, 20, 25,30 or 35
nucleotides in length. However, longer molecules have inven-
tive utility, and are thus within the scope of the present inven-
tion.

[0150] Preferably, the hybridizing portion of the inventive
hybridizing nucleic acids is at least 95%, or at least 98%, or
100% identical to the sequence, or to a portion thereof of a
sequence selected from the group consisting of SEQ IDNOS:
128-141, 114-127 and 100-113 (respective genomic, CpG
island and amplicons, respetively), SEQ ID NOS:170-197,
226-253, 142-169 and 198-225, or to the complements
thereof.

[0151] Hybridizing nucleic acids of the type described
herein can be used, for example, as a primer (e.g., a PCR
primer), or a diagnostic and/or prognostic probe or primer.
Preferably, hybridization of the oligonucleotide probe to a
nucleic acid sample is performed under stringent conditions
and the probe is 100% identical to the target sequence.
Nucleic acid duplex or hybrid stability is expressed as the
melting temperature or Tm, which is the temperature at which
aprobe dissociates from a target DNA. This melting tempera-
ture is used to define the required stringency conditions.
[0152] For target sequences that are related and substan-
tially identical to the corresponding sequence of SEQ 1D
NOS:128-141, 114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively) (such as allelic vari-
ants and SNPs), rather than identical, it is useful to first
establish the lowest temperature at which only homologous
hybridization occurs with a particular concentration of salt
(e.g., SSC or SSPE). Then, assuming that 1% mismatching
results in a 1° C. decrease in the Tm, the temperature of the
final wash in the hybridization reaction is reduced accord-
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ingly (for example, if sequences having >95% identity with
the probe are sought, the final wash temperature is decreased
by 5° C.). In practice, the change in Tm can be between 0.5°
C. and 1.5° C. per 1% mismatch.

[0153] Examples of inventive oligonucleotides of length X
(in nucleotides), as indicated by polynucleotide positions
with reference to, e.g., (NEUROG1 CpG Island; SEQ 1D
NO:124, include those corresponding to sets (sense and anti-
sense sets) of consecutively overlapping oligonucleotides of
length X, where the oligonucleotides within each consecu-
tively overlapping set (corresponding to a given X value) are
defined as the finite set of Z oligonucleotides from nucleotide

positions:

[0154] nto (n+(X-1));

[0155] wheren=1,2,3,...(Y=(X-1));

[0156] whereY equals thelength (nucleotides or base pairs)

of SEQ ID NO:124 (2,091);

[0157] where X equals the common length (in nucleotides)
of each oligonucleotide in the set (e.g., X=20 for a set of
consecutively overlapping 20-mers); and

[0158] where the number (Z) of consecutively overlapping
oligomers of length X for a given SEQ ID NO of length Y is
equal to Y-(X-1).For example 7Z=2,091-19=2,072 for either
sense or antisense sets of SEQ ID NO:124, where X=20.
[0159] Preferably, the set is limited to those oligomers that
comprise at least one CpG, TpG or CpA dinucleotide.
[0160] Examples of inventive 20-mer oligonucleotides
include the following set of 2,072 oligomers (and the anti-
sense set complementary thereto), indicated by polynucle-
otide positions with reference to SEQ ID NO: 124:

[0161] 1-20,2-21,3-22,4-23,5-24, .. .and 2,072-2,091.
[0162] Preferably, the set is limited to those oligomers that
comprise at least one CpG, TpG or CpA dinucleotide.
[0163] Likewise, examples of inventive 25-mer oligonucle-
otides include the following set of 2,067 oligomers (and the
antisense set complementary thereto), indicated by poly-
nucleotide positions with reference to SEQ ID NO: 124:
[0164] 1-25,2-26,3-27,4-28,5-29, .. .and 2,067-2,091.
[0165] Preferably, the set is limited to those oligomers that
comprise at least one CpG, TpG or CpA dinucleotide.
[0166] The present invention encompasses, for each of
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively), SEQ ID
NOS:170-197, 226-253, 142-169 and 198-225 (sense and
antisense), multiple consecutively overlapping sets of oligo-
nucleotides or modified oligonucleotides of length X, where,
e.g., X=9,10, 17, 20, 22, 23, 25, 27, 30 or 35 nucleotides.
[0167] The oligonucleotides or oligomers according to the
present invention constitute effective tools useful to ascertain
genetic and epigenetic parameters of the genomic sequences
selected from the group consisting of SEQ ID NOS:128-141,
114-127 and 100-113 (respective genomic, CpG island and
amplicons, respetively). Preferred sets of such oligonucle-
otides or modified oligonucleotides of length X are those
consecutively overlapping sets of oligomers corresponding to
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively), SEQ ID
NOS:170-197, 226-253, 142-169 and 198-225 (and to the
complements thereof). Preferably, said oligomers comprise at
least one CpG, TpG or CpA dinucleotide.

[0168] Particularly preferred oligonucleotides or oligo-
mers according to the present invention are those in which the
cytosine of the CpG dinucleotide (or of the corresponding
converted TpG or CpA dinculeotide) sequences is within the
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middle third of the oligonucleotide; that is, where the oligo-
nucleotide is, for example, 13 bases in length, the CpG, TpG
or CpA dinucleotide is positioned within the fifth to ninth
nucleotide from the 5'-end.

[0169] The oligonucleotides of the invention can also be
modified by chemically linking the oligonucleotide to one or
more moieties or conjugates to enhance the activity, stability
or detection of the oligonucleotide. Such moieties or conju-
gates include chromophores, fluorophors, lipids such as cho-
lesterol, cholic acid, thioether, aliphatic chains, phospholip-
ids, polyamines, polyethylene glycol (PEG), palmityl
moieties, and others as disclosed in, for example, U.S. Pat.
Nos. 5,514,758, 5,565,552, 5,567,810, 5,574,142, 5,585,481,
5,587,371, 5,597,696 and 5,958,773. The probes may also
exist in the form of a PNA (peptide nucleic acid) which has
particularly preferred pairing properties. Thus, the oligo-
nucleotide may include other appended groups such as pep-
tides, and may include hybridization-triggered cleavage
agents (Krol et al., BioTechniques 6:958-976, 1988) or intet-
calating agents (Zon, Pharm. Res. 5:539-549, 1988). To this
end, the oligonucleotide may be conjugated to another mol-
ecule, e.g.. a chromophore, fluorophor, peptide, hybridiza-
tion-triggered cross-linking agent, transport agent, hybridiza-
tion-triggered cleavage agent, etc.

[0170] The oligonucleotide may also comprise at least one
art-recognized modified sugar and/or base moiety, or may
comprise a modified backbone or non-natural internucleoside
linkage.

[0171] Theoligonucleotides or oligomers according to par-
ticular embodiments of the present invention are typically
used in ‘sets,” which contain at least one oligomer for analysis
of each of the CpG dinucleotides of a genomic sequence
selected from the group consisting of SEQ ID NOS:128-141,
114-127 and 100-113 (respective genomic, CpG island and
amplicons, respetively) and sequences complementary
thereto, or to the corresponding CpG, TpG or CpA dinucle-
otide within a sequence of the treated nucleic acids according
to SEQIDNOS:170-197,226-253, 142-169 and 198-225 and
sequences complementary thereto. However, it is anticipated
that for economic or other factors it may be preferable to
analyse a limited selection of the CpG dinucleotides within
said sequences, and the content of the set of oligonucleotides
is altered accordingly.

[0172] Therefore, in particular embodiments, the present
invention provides a set of at least two (2) (oligonucleotides
and/or PNA-oligomers) useful for detecting the cytosine
methylation state in treated genomic DNA (SEQ ID NOS:
170-197, 226-253, 142-169 and 198-225), or in genomic
DNA (e.g., within SEQ ID NOS:128-141, 114-127 and 100-
113 (respective genomic, CpG island and amplicons, respe-
tively) and sequences complementary thereto). These probes
enable diagnosis, classification and/or therapy of genetic and
epigenetic parameters of liver and/or colorectal cell prolifera-
tive disorders. The set of oligomers may also be used for
detecting single nucleotide polymorphisms (SNPs) in treated
genomic DNA (SEQ 1D NOS:170-197, 226-253, 142-169
and 198-225), or in genomic DNA (e.g., within SEQ ID
NOS:128-141, 114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively) and sequences
complementary thereto).

[0173] In preferred embodiments, at least one, and more
preferably all members of a set of oligonucleotides is bound
to a solid phase.
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[0174] 1In further embodiments, the present invention pro-
vides a set of at least two (2) oligonucleotides that are used as
‘primer’ oligonucleotides for amplifying DNA sequences of
one of SEQ ID NOS:128-141, 114-127 and 100-113 (respec-
tive genomic, CpG island and amplicons, respetively), SEQ
ID NOS:170-197, 226-253, 142-169 and 198-225 and
sequences complementary thereto, or segments thereof.

[0175] Ttis anticipated that the oligonucleotides may con-
stitute all or part of an “array” or “DNA chip” (i.e., an arrange-
ment of different oligonucleotides and/or PNA-oligomers
bound to a solid phase). Such an array of different oligonucle-
otide- and/or PNA-oligomer sequences can be characterized,
for example, in that it is arranged on the solid phase in the
form of a rectangular or hexagonal lattice. The solid-phase
surface may be composed of silicon, glass, polystyrene, alu-
minium, steel, iron, copper, nickel, silver, or gold. Nitrocel-
lulose as well as plastics such as nylon, which can exist in the
form of pellets or also as resin matrices, may also be used. An
overview of the Prior Art in oligomer array manufacturing can
be gathered from a special edition of Nature Genetics (Nature
Genetics Supplement, Volume 21, January 1999, and from the
literature cited therein). Fluorescently labelled probes are
often used for the scanning of immobilized DNA arrays. The
simple attachment of Cy3 and Cy35 dyes to the 5'-OH of the
specific probe are particularly suitable for fluorescence
labels. The detection of the fluorescence of the hybridised
probes may be carried out, for example, via a confocal micro-
scope. Cy3 and Cy5 dyes, besides many others, are commer-
cially available.

[0176] It is also anticipated that the oligonucleotides, or
particular sequences thereof, may constitute all or part of an
“virtual array” wherein the oligonucleotides, or particular
sequences thereof, are used, for example, as ‘specifiers’ as
part of, or in combination with a diverse population of unique
labeled probes to analyze a complex mixture of analytes.
Such a method, for example is described in US 2003/0013091
(U.S. Ser. No. 09/898,743, published 16 Jan. 2003). In such
methods, enough labels are generated so that each nucleic
acid in the complex mixture (i.e., each analyte) can be
uniquely bound by a unique label and thus detected (each
label is directly counted, resulting in a digital read-out of each
molecular species in the mixture).

[0177] Itis particularly preferred that the oligomers accord-
ing to the invention are utilised for at least one of: determining
and/or classifying CIMP status in colorectal cancers; identi-
fying KRAS mutant, BRAF wildtype tumors; determining
the relationship between CIMP status and other molecular
features of the cancers including, but not limited to BRAF
mutation, KRAS mutation and MSI status; determining the
relationship between CIMP status and other variables includ-
ing, but not limited to age, sex, tumor location, family history,
race, country of origin, tumor characteristics (including,
tumor type, tumor grade, invasive margin characteristics,
lymphocyte infiltration characteristics, direct spread, lymph
node spread, venous spread and type of residual adjacent
polyp. if present); determining, between subgroups defined
by CIMP status and BRAF mutations, effects of selected risk
factors including, but not limited to body mass index, smok-
ing history, alcohol intake, dietary folate intake, folate meta-
bolic enzyme polymorphisms and history of hormonal use;
and providing a foundation for a population-based study of
CIMP, by providing a novel panel of carefully selected
methylation markers representing the CIMP subgroup, and
having utility to classify CIMP
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[0178] In particular aspects, this is enabled by use of said
sets for the detection or detection and differentiation of one or
more of the following classes of tissues: colorectal carci-
noma, colon adenoma, inflaimmatory colon tissue, grade 2
dysplasia colon adenomas less than 1 cm, grade 3 dysplasia
colon adenomas larger than 1 cm, normal colon tissue, non-
colon healthy tissue and non-colon cancer tissue.

[0179] Particularly preferred are those sets of oligomers
according to the Examples.

[0180] In the most preferred embodiment of the method,
CIMP status is determined or classified. This is achieved by
analysis of the methylation status of at least one target
sequence comprising at least one CpG position said sequence
comprising, or hybridizing under stringent conditions to at
least 16 contiguous nucleotides of a sequence selected from
the group consisting of SEQ 1D NOS:128-141, 114-127 and
100-113 (respective genomic, CpG island and amplicons,
respetively) and complements thereof. The present invention
further provides a method for ascertaining genetic and/or
epigenetic parameters of the genomic sequence according to
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively) within a
subject by analysing cytosine methylation and single nucle-
otide polymorphisms. Said method comprising contacting a
nucleic acid comprising e.g., within SEQ ID NOS:128-141,
114-127 and 100-113 (respective genomic, CpG island and
amplicons, respetively) in a biological sample obtained from
said subject with at least one reagent or a series of reagents,
wherein said reagent or series of reagents, distinguishes
between methylated and non-methylated CpG dinucleotides
within the target nucleic acid.

[0181] In apreferred embodiment, said method comprises
the following steps: In the first step, a sample of the tissue to
be analysed is obtained. The source may be any suitable
source, such as cell lines, histological slides, biopsies, paraf-
fin-embedded tissue, body fluids, stool, colonic effluent,
urine, blood plasma, blood serum, whole blood, isolated
blood cells, cells isolated from the blood and all possible
combinations thereof. It is preferred that said sources of DNA
are stool or body fluids selected from the group consisting
colonic effluent, urine, blood plasma, blood serum, whole
blood, isolated blood cells, cells isolated from the blood.
[0182] The genomic DNA is thenisolated from the sample.
Genomic DNA may be isolated by any means standard in the
art, including the use of commercially available kits. Briefly,
wherein the DNA of interest is encapsulated in by a cellular
membrane the biological sample must be disrupted and lysed
by enzymatic, chemical or mechanical means. The DNA
solution may then be cleared of proteins and other contami-
nants e.g. by digestion with proteinase K. The genomic DNA
is then recovered from the solution. This may be carried out
by means of a variety of methods including salting out,
organic extraction or binding of the DNA to a solid phase
support. The choice of method will be affected by several
factors including time, expense and required quantity of
DNA.

[0183] Wherein the sample DNA is not enclosed in a mem-
brane (e.g. circulating DNA from a blood sample) methods
standard in the art for the isolation and/or purification of DNA
may be employed. Such methods include the use of a protein
degenerating reagent e.g., chaotropic salt e.g. guanidine
hydrochloride or urea; or a detergent e.g. sodium dodecyl
sulphate (SDS), cyanogen bromide. Alternative methods
include but are not limited to ethanol precipitation or pro-
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panol precipitation, vacuum concentration amongst others by
means of a centrifuge. The person skilled in the art may also
make use of devices such as filter devices, e.g., ultrafiltration,
silica surfaces or membranes, magnetic particles, polystyrol
particles, polystyrol surfaces, positively charged surfaces,
and positively charged membranes, charged membranes,
charged surfaces, charged switch membranes, charged
switched surfaces.

[0184] Once the nucleic acids have been extracted, the
genomic double stranded DNA is used in the analysis.
[0185] Inthe second step of the method, the genomic DNA
sample is treated in such a manner that cytosine bases which
are unmethylated at the 5'-position are converted to uracil,
thymine, or another base which is dissimilar to cytosine in
terms of hybridisation behaviour. This will be understood as
‘pre-treatment’ or ‘treatment’ herein.

[0186] This is preferably achieved by means of treatment
with a bisulfite reagent. The term “bisulfite reagent” refers to
a reagent comprising bisulfite, disulfite, hydrogen sulfite or
combinations thereof, useful as disclosed herein to distin-
guish between methylated and unmethylated CpG dinucle-
otide sequences. Methods of said treatment are known in the
art (e.g., PCT/EP2004/011715, which is incorporated by ref-
erence in its entirety). It is preferred that the bisulfite treat-
ment is conducted in the presence of denaturing solvents such
as but not limited to n-alkylenglycol, particularly diethylene
glycol dimethyl ether (DME), or in the presence of dioxane or
dioxane derivatives. In a preferred embodiment the denatur-
ing solvents are used in concentrations between 1% and 35%
(v/v). Tt is also preferred that the bisulfite reaction is carried
out in the presence of scavengers such as but not limited to
chromane derivatives, e.g., 6-hydroxy-2, 5,7,8,-tetramethy]l-
chromane 2-carboxylic acid or trihydroxybenzoe acid and
derivates thereof, e.g., Gallic acid (see: PCT/EP2004/011715
which is incorporated by reference in its entirety). The
bisulfite conversion is preferably carried out at a reaction
temperature between 30° C. and 70° C., whereby the tem-
perature is increased to over 85° C. for short periods of times
during the reaction (see: PCI/EP2004/011715 which is
incorporated by reference in its entirety). The bisulfite treated
DNA is preferably purified priori to the quantification. This
may be conducted by any means known in the art, such as but
not limited to ultrafiltration, preferably carried out by means
of Microcon™ columns (manufactured by Millipore™). The
purification is carried out according to a modified manufac-
turer’s protocol (see: PCT/EP2004/011715 which is incorpo-
rated by reference in its entirety).

[0187] In the third step of the method, fragments of the
treated DNA are amplified, using sets of primer oligonucle-
otides according to the present invention, and an amplifica-
tion enzyme. The amplification of several DNA segments can
be carried out simultaneously in one and the same reaction
vessel. Typically, the amplification is carried out using a
polymerase chain reaction (PCR). Preferably said amplifi-
cates are 100 to 2,000 base pairs in length. The set of primer
oligonucleotides includes at least two oligonucleotides
whose sequences are each reverse complementary, identical,
or hybridise under stringent or highly stringent conditions to
an at least 16-base-pairlong segment of the base sequences of
oneof SEQIDNOS:170-197,226-253, 142-169 and 198-225
and sequences complementary thereto.

[0188] In an alternate embodiment of the method, the
methylation status of pre-selected CpG positions within at
least one nucleic acid sequences selected from the group
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consisting of SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively)
may be detected by use of methylation-specific primer oligo-
nucleotides. This technique (MSP) has been described in U.S.
Pat. No. 6,265,171 to Herman. The use of methylation status
specific primers for the amplification of bisulfite treated DNA
allows the differentiation between methylated and unmethy-
lated nucleic acids. MSP primets pairs contain at least one
primer which hybridises to a bisulfite treated CpG dinucle-
otide. Therefore, the sequence of said primers comprises at
least one CpG dinucleotide. MSP primers specific for non-
methylated DNA contain a “T” at the position of the C posi-
tion in the CpG. Preferably, therefore, the base sequence of
said primers is required to comprise a sequence having a
length of at least 9 nucleotides which hybridises to a treated
nucleic acid sequence according to one of SEQ ID NOS:170-
197, 226-253, 142-169 and 198-225 and sequences comple-
mentary thereto, wherein the base sequence of said oligomers
comprises at least one CpG dinucleotide. A further preferred
embodiment of the method comprises the use of blocker
oligonucleotides (the HeavyMethyl™ assay ). The use of such
blocker oligonucleotides has been described by Yu et al.,
BioTechniques 23:714-720, 1997. Blocking probe oligo-
nucleotides are hybridised to the bisulfite treated nucleic acid
concurrently with the PCR primers. PCR amplification of the
nucleic acid is terminated at the 5' position of the blocking
probe, such that amplification of a nucleic acid is suppressed
where the complementary sequence to the blocking probe is
present. The probes may be designed to hybridize to the
bisulfite treated nucleic acid in a methylation status specific
manner. For example, for detection of methylated nucleic
acids within a population of unmethylated nucleic acids, sup-
pression of the amplification of nucleic acids which are unm-
ethylated at the position in question would be carried out by
the use of blocking probes comprising a ‘CpA’ or ‘“TpA’ at the
position in question, as opposed to a ‘CpG’ if the suppression
of amplification of methylated nucleic acids is desired.

[0189] For PCR methods using blocker oligonucleotides,
efficient disruption of polymerase-mediated amplification
requires that blocker oligonucleotides not be elongated by the
polymerase. Preferably, this is achieved through the use of
blockers that are 3'-deoxyoligonucleotides, or oligonucle-
otides derivitized at the 3' position with other than a “free”
hydroxyl group. For example, 3'-O-acetyl oligonucleotides
are representative of a preferred class of blocker molecule.

[0190] Additionally, polymerase-mediated decomposition
of the blocker oligonucleotides should be precluded. Prefer-
ably, such preclusion comprises either use of a polymerase
lacking 5'-3' exonuclease activity, or use of modified blocker
oligonucleotides having, for example, thioate bridges at the
S'-terminii thereof that render the blocker molecule nuclease-
resistant. Particular applications may not require such 5'
modifications of the blocker. For example, if the blocker- and
primer-binding sites overlap, thereby precluding binding of
the primer (e.g., with excess blocker). degradation of the
blocker oligonucleotide will be substantially precluded. This
is because the polymerase will not extend the primer toward,
and through (in the 5'-3' direction) the blocker—a process that
normally results in degradation of the hybridized blocker
oligonucleotide.

[0191] A particularly preferred blocker/PCR embodiment,
for purposes of the present invention and as implemented
herein, comprises the use of peptide nucleic acid (PNA) oli-
gomers as blocking oligonucleotides. Such PNA blocker oli-
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gomers are ideally suited, because they are neither decom-
posed nor extended by the polymerase.

[0192] Preferably, therefore, the base sequence of said
blocking oligonucleotides is required to comprise a sequence
having a length of at least 9 nucleotides which hybridises to a
treated nucleic acid sequence according to one of SEQ 1D
NOS:170-197,226-253, 142-169 and 198-225 and sequernces
complementary thereto, wherein the base sequence of said
oligonucleotides comprises at least one CpG, TpG or CpA
dinucleotide.

[0193] The fragments obtained by means of the amplifica-
tion can carry a directly or indirectly detectable label. Pre-
ferred are labels in the form of fluorescence labels, radionu-
clides, or detachable molecule fragments having a typical
mass which can be detected in a mass spectrometer. Where
said labels are mass labels, it is preferred that the labelled
amplificates have a single positive or negative net charge,
allowing for better delectability in the mass spectrometer. The
detection may be carried out and visualized by means of, e.g.,
matrix assisted laser desorption/ionization mass spectrom-
etry (MALDI) or using electron spray mass spectrometry
(ESD).

[0194] Matrix Assisted Laser Desorption/Ionization Mass
Spectrometry (MALDI-TOF) is a very efficient development
for the analysis of biomolecules (Karas & Hillenkamp, Anal
Chem., 60:2299-301, 1988). An analyte is embedded in a
light-absorbing matrix. The matrix is evaporated by a short
laser pulse thus transporting the analyte molecule into the
vapor phase in an unfragmented manner. The analyte is ion-
ized by collisions with matrix molecules. An applied voltage
accelerates the ions into a field-free flight tube. Due to their
different masses, the ions are accelerated at different rates.
Smaller ions reach the detector sooner than bigger ones.
MALDI-TOF spectrometry is well suited to the analysis of
peptides and proteins. The analysis of nucleic acids is some-
what more difficult (Gut & Beck, Current Innovations and
Future Trends, 1:147-57, 1995). The sensitivity with respect
to nucleic acid analysis is approximately 100-times less than
for peptides, and decreases disproportionally with increasing
fragment size. Moreover, for nucleic acids having a multiply
negatively charged backbone, the ionization process via the
matrix is considerably less efficient. In MALDI-TOF spec-
trometry, the selection of the matrix plays an eminently
important role. For desorption of peptides, several very effi-
cient matrixes have been found which produce a very fine
crystallisation. There are now several responsive matrixes for
DNA, however, the difference in sensitivity between peptides
and nucleic acids has not been reduced. This difference in
sensitivity can be reduced, however, by chemically modify-
ing the DNA in such a manner that it becomes more similar to
a peptide. For example, phosphorothioate nucleic acids, in
which the usual phosphates of the backbone are substituted
with thiophosphates, can be converted into a charge-neutral
DNA using simple alkylation chemistry (Gut & Beck,
Nucleic Acids Res. 23: 1367-73, 1995). The coupling of a
charge tag to this modified DNA results in an increase in
MALDI-TOF sensitivity to the same level as that found for
peptides. A further advantage of charge tagging is the
increased stability of the analysis against impurities, which
makes the detection of unmodified substrates considerably
more difficult.
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[0195] 1In the fourth step of the method, the amplificates
obtained during the third step of the method are analysed in
order to ascertain the methylation status of the CpG dinucle-
otides prior to the treatment.

[0196] In embodiments where the amplificates were
obtained by means of MSP amplification, the presence or
absence of an amplificate is in itself indicative of the methy-
lation state of the CpG positions covered by the primer,
according to the base sequences of said primer.

[0197] Amplificates obtained by means of both standard
and methylation specific PCR may be further analysed by
means of based-based methods such as, but not limited to,
array technology and probe based technologies as well as by
means of techniques such as sequencing and template
directed extension.

[0198] In one embodiment of the method, the amplificates
synthesised in step three are subsequently hybridized to an
array or a set of oligonucleotides and/or PNA probes. In this
context, the hybridization takes place in the following man-
ner: the set of probes used during the hybridization is prefer-
ably composed of at least 2 oligonucleotides or PNA-oligo-
mers; in the process, the amplificates serve as probes which
hybridize to oligonucleotides previously bonded to a solid
phase; the non-hybridized fragments are subsequently
removed; said oligonucleotides contain at least one base
sequence having a length of at least 9 nucleotides which is
reverse complementary or identical to a segment of the base
sequences specified in the present Sequence Listing; and the
segment comprises at least one CpG, TpG or CpA dinucle-
otide. The hybridizing portion of the hybridizing nucleic
acids is typically at least 9, 15, 20, 25, 30 or 35 nucleotides in
length. However, longer molecules have inventive utility, and
are thus within the scope of the present invention.

[0199] In a preferred embodiment, said dinucleotide is
present in the central third of the oligomer. For example,
wherein the oligomer comprises one CpG dinucleotide, said
dinucleotide is preferably the fifth to ninth nucleotide from
the 5'-end of a 13-mer. One oligonucleotide exists for the
analysis of each CpG dinucleotide within a sequence selected
from the group consisting of SEQ ID NOS:128-141, 114-127
and 100-113 (respective genomic, CpG island and amplicons,
respetively), and the equivalent positions within SEQ ID
NOS:170-197, 226-253, 142-169 and 198-225.

[0200] Said oligonucleotides may also be present in the
form of peptide nucleic acids. The non-hybridised amplifi-
cates are then removed. The hybridised amplificates are then
detected. In this context, it is preferred that labels attached to
the amplificates are identifiable at each position of the solid
phase at which an oligonucleotide sequence is located.
[0201] In yet a further embodiment of the method, the
genomic methylation status of the CpG positions may be
ascertained by means of oligonucleotide probes (as detailed
above) that are hybridised to the bisulfite treated DNA con-
currently with the PCR amplification primers (wherein said
primers may either be methylation specific or standard).
[0202] A particularly preferred embodiment of this method
is the use of fluorescence-based Real Time Quantitative PCR
(Heid et al., Genome Res. 6:986-994, 1996; also see U.S. Pat.
No. 6,331,393) employing a dual-labelled fluorescent oligo-
nucleotide probe (TagMan™ PCR, using an ABI Prism 7700
Sequence Detection System, Perkin Elmer Applied Biosys-
tems, Foster City, Calif.). The TagMan™ PCR reaction
employs the use of a non-extendible interrogating oligonucle-
otide, called a TagMan™ probe, which, in preferred embodi-
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ments, is designed to hybridise to a CpG-rich sequence
located between the forward and reverse amplification prim-
ers. The TagMan™ probe further comprises a fluorescent
“reporter moiety” and a “quencher moiety” covalently bound
to linker moieties (e.g., phosphoramidites) attached to the
nucleotides of the TagMan™ oligonucleotide. For analysis of
methylation within nucleic acids subsequent to bisulfite treat-
ment, it is required that the probe be methylation specific, as
describedinU.S. Pat. No. 6,331,393, (hereby incorporated by
reference in its entirety) also known as the MethyLight™
assay. Variations on the TagMan™ detection methodology
that are also suitable for use with the described invention
include the use of dual-probe technology (Lightcycler™) or
fluorescent amplification primers (Sunrise™ technology).
Both these techniques may be adapted in a manner suitable
for use with bisulfite treated DNA, and moreover for methy-
lation analysis within CpG dinucleotides.

[0203] In a further preferred embodiment of the method,
the fourth step of the method comprises the use of template-
directed oligonucleotide extension, such as MS-SNuPE as
described by Gonzalgo & Jones, Nucleic Acids Res. 25:2529-
2531, 1997.

[0204] In yet a further embodiment of the method, the
fourth step of the method comprises sequencing and subse-
quent sequence analysis of the amplificate generated in the
third step of the method (Sanger F., et al., Proc Natl Acad Sci
USA 74:5463-5467, 1977).

Best Mode

[0205] In a preferred embodiment of the method, the
genomic nucleic acids are isolated and treated according to
the first three steps of the method outlined above, namely:
[0206] a) obtaining, from a subject, a biological sample
having subject genomic DNA;

[0207] b) extracting or otherwise isolating the genomic
DNA;
[0208] c) treating the genomic DNA of b), or a fragment

thereof, with one or more reagents to convert cytosine bases
that are unmethylated in the 5-position thereof to uracil or to
another base that is detectably dissimilar to cytosine in terms
of hybridization properties; and wherein

[0209] d) amplifying subsequent to treatment in c) is car-
ried out in a methylation specific manner, namely by use of
methylation specific primers or blocking oligonucleotides,
and further wherein

[0210] e) detecting of the amplificates is carried out by
means of a real-time detection probe, as described above.
[0211] Preferably, where the subsequent amplification of d)
is carried out by means of methylation specific primers, as
described above, said methylation specific primers comprise
a sequence having a length of at least 9 nucleotides which
hybridises to a treated nucleic acid sequence according to one
of SEQIDNOS:170-197,226-253,142-169 and 198-225 and
sequences complementary thereto, wherein the base
sequence of said oligomers comprise at least one CpG
dinucleotide.

[0212] Step e) of the method, namely the detection of the
specific amplificates indicative of the methylation status of
one or more CpG positions of at least one sequences of the
group comprising SEQ 1D NOS:128-141, 114-127 and 100-
113 is carried out by means of real-time detection methods as
described above.

[0213] Additional embodiments of the invention provide a
method for the analysis of the methylation status of genomic
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DNA according to the invention (e.g., within SEQ ID NOS:
128-141, 114-127 and 100-113 (respective genomic, CpG
island and amplicons, respetively), and complements thereof)
without the need for bisulfite conversion. Methods are known
in the art wherein a methylation sensitive restriction enzyme
reagent, or a series of restriction enzyme reagents comprising
methylation sensitive restriction enzyme reagents that distin-
guishes between methylated and non-methylated CpG
dinucleotides within a target region are utilized in determin-
ing methylation, for example but not limited to DMH.
[0214] Inthe first step of such additional embodiments, the
genomic DNA sample is isolated from tissue or cellular
sources. Genomic DNA may be isolated by any means stan-
dard in the art, including the use of commercially available
kits. Briefly, wherein the DNA of interest is encapsulated in
by a cellular membrane the biological sample must be dis-
rupted and lysed by enzymatic, chemical or mechanical
means. The DNA solution may then be cleared of proteins and
other contaminants, e.g., by digestion with proteinase K. The
genomic DNA is then recovered from the solution. This may
be carried out by means of a variety of methods including
salting out, organic extraction or binding of the DNA to a
solid phase support. The choice of method will be affected by
several factors including time, expense and required quantity
of DNA. All clinical sample types comprising neoplastic or
potentially neoplastic matter are suitable for use in the present
method, preferred are cell lines, histological slides, biopsies,
paraffin-embedded tissue, body fluids, stool, colonic effluent,
urine, blood plasma, blood serum, whole blood, isolated
blood cells, cells isolated from the blood and combinations
thereof. Body fluids are the preferred source of the DNA,
particularly preferred are blood plasma, blood serum, whole
blood, isolated blood cells and cells isolated from the blood.
[0215] Once the nucleic acids have been extracted, the
genomic double-stranded DNA is used in the analysis.
[0216] In a preferred embodiment, the DNA may be
cleaved prior to treatment with methylation sensitive restric-
tion enzymes. Such methods are known in the art and may
include both physical and enzymatic means. Particularly pre-
ferred is the use of one or a plurality of restriction enzymes
which are not methylation sensitive, and whose recognition
sites are AT rich and do not comprise CG dinucleotides. The
use of such enzymes enables the conservation of CpG islands
and CpG rich regions in the fragmented DNA. The non-
methylation-specific restriction enzymes are preferably
selected from the group consisting of Msel, Bfal, Csp6l,
Trull, Tvull, Tru9l, Tvu9l, Mael and Xspl. Particularly pre-
ferred is the use of two or three such enzymes. Particularly
preferred is the use of a combination of Msel, Bfal and Csp6l.
[0217] Thefragmented DNA may then be ligated to adaptor
oligonucleotides in order to facilitate subsequent enzymatic
amplification. The ligation of oligonucleotides to blunt and
sticky ended DNA fragments is known in the art, and is
carried out by means of dephosphorylation of the ends (e.g,,
using calf or shrimp alkaline phosphatase) and subsequent
ligation using ligase enzymes (e.g., T4 DNA ligase) in the
presence of dATPs. The adaptor oligonucleotides are typi-
cally at least 18 base pairs in length.

[0218] In the third step, the DNA (or fragments thereof) is
then digested with one or more methylation sensitive restric-
tion enzymes. The digestion is carried out such that hydroly-
sis of the DNA at the restriction site is informative of the
methylation status of a specific CpG dinucleotide of at least
one gene or genomic sequence selected from the group con-
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sisting of BCL2, BDNF, CACNAI1G, CALCA, CRABPI,
DLECI1, GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1,
RUNZX3, SOCS1 (Table 6); e.g., within SEQ ID NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively).

[0219] Preferably, the methylation-specific restriction
enzyme is selected from the group consisting of Bsi E1, Hga
1 HinPl, Hpy99I. Ava I, Bee Al, Bsa HI, Bisl, BstUI,
Bshl2361, Accll, BstFNI, McrBC, Glal, Mvnl, Hpall
(HaplI), Hapll, Acil, Smal, HinPII, HpyCH4IV, Eagl and
mixtures of two or more of the above enzymes. Preferred is a
mixture containing the restriction enzymes BstUI, Hpall,
HpyCHA4IV and HinP1L

[0220] In the fourth step, which is optional but a preferred
embodiment, the restriction fragments are amplified. This is
preferably carried out using a polymerase chain reaction, and
said amplificates may carry suitable detectable labels as dis-
cussed above, namely fluorophore labels, radionuclides and
mass labels. Particularly preferred is amplification by means
of an amplification enzyme and at least two primers compris-
ing, in each case a contiguous sequence at least 16 nucleotides
in length that is complementary to, or hybridizes under mod-
erately stringent or stringent conditions to a sequence
selected from the group consisting of SEQ ID NOS:128-141,
114-127 and 100-113 (respective genomic, CpG island and
amplicons, respetively), and complements thereof. Prefer-
ably said contiguous sequence is at least 16, 20 or 25 nucle-
otides in length. In an alternative embodiment said primers
may be complementary to any adaptors linked to the frag-
ments.

[0221] 1In the fifth step the amplificates are detected. The
detection may be by any means standard in the art, for
example, but not limited to, gel electrophoresis analysis,
hybridisation analysis, incorporation of detectable tags
within the PCR products, DNA array analysis, MALDI or ESI
analysis. Preferably said detection is carried out by hybridi-
sation to at least one nucleic acid or peptide nucleic acid
comprising in each case a contiguous sequence at least 16
nucleotides in length that is complementary to, or hybridizes
under moderately stringent or stringent conditions to a
sequence selected from the group consisting of SEQ IDNOS:
128-141, 114-127 and 100-113 (respective genomic, CpG
island and amplicons, respetively), and complements thereof.
Preferably said contiguous sequence is at least 16, 20 or 25
nucleotides in length.

[0222] Subsequent to the determination of the methylation
state or level of the genomic nucleic acids the presence,
absence or class of CIMP and/or cellular proliferative disor-
der (e.g., colon cancer) is deduced based upon the methyla-
tion state or level of at least one CpG dinucleotide sequence of
at least one sequence selected from the group consisting of
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively), or an aver-
age, or a value reflecting an average methylation state of a
plurality of CpG dinucleotide sequences of at least one
sequence selected from the group consisting of SEQ IDNOS:
128-141, 114-127 and 100-113 (respective genomic, CpG
island and amplicons, respetively) wherein methylation is
associated with CIMP and/or cellular proliferative disorder
(e.g., colon cancer). Wherein said methylation is determined
by quantitative means the cut-off point for determining said
the presence of methylation is preferably zero (i.e. wherein a
sample displays any degree of methylation it is determined as
having a methylated status at the analysed CpG position).
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Nonetheless, it is foreseen that the person skilled in the art
may wish to adjust said cut-off value in order to provide an
assay of a particularly preferred sensitivity or specificity.
Accordingly said cut-off value may be increased (thus
increasing the specificity), said cut off value may be within a
range selected form the group consisting of 0%-5%,
5%-10%, 10%-15%, 15%-20%., 20%-30% and 30%-50%.
Particularly preferred are the cut-offs 10%, 15%, 25%, and
30%.

[0223] Inanalternative embodiment of the method wherein
a panel of genes comprising BCL2, BDNF, CACNAIG,
CALCA, CRABP1, DLEC1, GATA3, HOXAL, IGF2, KL,
NEUROG1, NR3C1, RUNX3, SOCS1 (Table 6), subsequent
to the determination of the methylation state of the genomic
nucleic acids the presence, absence or subclass of CIMP
and/or colon proliferative disorders, in particular colorectal
cell proliferative disorder is deduced based upon the methy-
lation state of at least one CpG dinucleotide sequence of SEQ
IDNOS:128-141,114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively), or an average, or a
value reflecting an average methylation state of a plurality of
CpG dinucleotide sequences thereof wherein hypermethyla-
tion is associated with CIMP and/or colorectal cancer.
Diagnostic and Prognostic Assays for CIMP and/or Cellular
Proliferative Disorders

[0224] The present invention enables diagnosis of events
which are disadvantageous to patients or individuals in which
important genetic and/or epigenetic parameters within at least
one gene or genomic sequence selected from the group con-
sisting of BCL2, BDNF, CACNA1G, CALCA, CRABPI,
DLECI, GATA3, HOXAI, IGF2, KL, NEUROGI, NR3C1,
RUNX3, SOCSI (Table 6); e.g., within SEQ ID NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively) may be used as markers. Said
parameters obtained by means of the present invention may
be compared to another set of genetic and/or epigenetic
parameters, the differences serving as the basis for a diagno-
sis and/or prognosis of events which are disadvantageous to
patients or individuals.

[0225] More specifically the present invention enables the
screening of at-risk populations for the early detection of
cancers, most preferably CIMP and/or colorectal carcinomas.
Furthermore, in certain aspects, the present invention enables
the differentiation of neoplastic (e.g. malignant) from benign
(i.e. non-cancerous) cellular proliferative disorders. For
example, in certain embodiments, it enables the differentia-
tion of a colorectal carcinoma from small colon adenomas or
polyps. Neoplastic cellular proliferative disorders present
decreased methylation (i.e. decreased expression) within at
least one gene or genomic sequence selected from the group
consisting of BCL.2, BDNF, CACNA1G, CALCA, CRABP1,
DLECI1, GATA3, HOXAI, IGF2, KL, NEUROG1, NR3C1,
RUNX3, SOCSI (Table 6); e.g., within SEQ ID NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively), as opposed to said benign disor-
ders which do not.

[0226] Specifically, the present invention provides for diag-
nostic and classification CIMP and/or cancer assays based on
measurement of differential expression (preferably methyla-
tion) of one or more CpG dinucleotide sequences of at least
one sequence selected from the group consisting of SEQ ID
NOS:128-141, 114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively) that comprise such a
CpG dinucleotide sequence. Typically, such assays involve
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obtaining a sample from a subject, performing an assay to
measure the expression of at least one gene or genomic
sequence selected from the group consisting of BCL.2, BDNF,
CACNAIG, CALCA, CRABP1, DLEC1, GATA3, HOXAI,
IGF2, KL, NEUROGI, NR3C1, RUNX3, SOCSI1 (Table 6);
e.g., within SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively),
preferably by determining the methylation status of at least
one sequence selected from the group consisting of SEQ ID
NOS:128-141, 114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively), derived from the
sample, relative to a control sample, or a known standard and
making a diagnosis based thereon.

[0227] In particular preferred embodiments, inventive oli-
gomers are used to assess the CpG dinucleotide methylation
status, such as those based on SEQ ID NOS:128-141, 114-
127 and 100-113 (respective genomic, CpG island and ampli-
cons, respetively), SEQ ID NOS:170-197, 226-253, 142-169
and 198-225 or arrays thereof, as well as in kits based thereon
and useful for the diagnosis and/or classification of cellular
proliferative disorders.

Kits

[0228] Moreover, an additional aspect of the present inven-
tion is a kit comprising: a means for determining methylation
of at least one gene or genomic sequence selected from the
group consisting of BCL2, BDNF, CACNAIG, CALCA,
CRABPI1, DLECI1, GATA3, HOXAIl. IGF2, KL, NEU-
ROG1, NR3C1, RUNX3, SOCS]1 (Table 6); e.g., within SEQ
IDNOS:128-141,114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively). The means for deter-
mining methylation comprise preferably a bisulfite-contain-
ing reagent; one or a plurality of oligonucleotides consisting
whose sequences in each case are identical, are complemen-
tary, or hybridise under stringent or highly stringent condi-
tions to a 9 or more preferably 18 base long segment of a
sequence selected from SEQ ID NOS:170-197, 226-253,
142-169 and 198-225; and optionally instructions for carry-
ing out and evaluating the described method of methylation
analysis. In one embodiment the base sequence of said oli-
gonucleotides comprises at least one CpG, CpA or TpG
dinucleotide.

[0229] 1In a further embodiment, said kit may further com-
prise standard reagents for performing a CpG position-spe-
cific methylation analysis, wherein said analysis comprises
one or more of the following techniques: MS-SNuPE, MSP,
MethyLight™, HeavyMethyl, COBRA, and nucleic acid
sequencing. However, a kit along the lines of the present
invention can also contain only part of the aforementioned
components.

[0230] In a preferred embodiment the kit may comprise
additional bisulfite conversion reagents selected from the
group consisting: DNA denaturation buffer; sulfonation
buffer; DNA recovery reagents or kits (e.g., precipitation,
ultrafiltration, affinity column); desulfonation buffer; and
DNA recovery components.

[0231] In a further alternative embodiment, the kit may
contain, packaged in separate containers, a polymerase and a
reaction buffer optimised for primer extension mediated by
the polymerase, such as PCR. In another embodiment of the
invention the kit further comprising means for obtaining a
biological sample of the patient. Preferred is a kit, which
further comprises a container suitable for containing the
means for determining methylation of at least one gene or
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genomic sequence selected from the group consisting of
BCL2, BDNF, CACNAI1G, CALCA, CRABPI1, DLECI,
GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1, RUNX3,
SOCSI (Table 6); e.g., within SEQ ID NOS:128-141, 114-
127 and 100-113 (respective genomic, CpG island and ampli-
cons, respetively) in the biological sample of the patient, and
most preferably further comprises instructions for use and
interpretation of the kit results. In a preferred embodiment the
kit comprises: (a) a bisulfite reagent; (b) a container suitable
for containing the said bisulfite reagent and the biological
sample of the patient; (¢) at least one set of primer oligonucle-
otides containing two oligonucleotides whose sequences in
each case are identical, are complementary, or hybridise
under stringent or highly stringent conditions to a 9 or more
preferably 18 base long segment of a sequence selected from
SEQ ID NOS:170-197, 226-253, 142-169 and 198-225; and
optionally (d) instructions for use and interpretation of the kit
results. In an alternative preferred embodiment the kit com-
prises: (a) a bisulfite reagent; (b) a container suitable for
containing the said bisulfite reagent and the biological sample
of the patient; (c) at least one oligonucleotides and/or PNA-
oligomer having alength ofat least 9 or 16 nucleotides which
is identical to or hybridises to a pre-treated nucleic acid
sequence according to one of SEQ ID NOS:170-197, 226-
253, 142-169 and 198-225 and sequences complementary
thereto; and optionally (d) instructions for use and interpre-
tation of the kit results.

[0232] In an alternative embodiment the kit comprises: (a)
a bisulfite reagent; (b) a container suitable for containing the
said bisulfite reagent and the biological sample of the patient;
(c) at least one set of primer oligonucleotides containing two
oligonucleotides whose sequences in each case are identical,
are complementary, or hybridise under stringent or highly
stringent conditions to a 9 or more preferably 18 base long
segment of a sequence selected from SEQ 1D NOS:170-197,
226-253, 142-169 and 198-225; (d) at least one oligonucle-
otides and/or PNA-oligomer having a length of at least 9 or 16
nucleotides which is identical to or hybridises to a pre-treated
nucleic acid sequence according to one of SEQ ID NOS:170-
197, 226-253, 142-169 and 198-225 and sequences comple-
mentary thereto; and optionally (e) instructions for use and
interpretation of the kit results.

[0233] The kit may also contain other components such as
buffers or solutions suitable for blocking, washing or coating,
packaged in a separate container.

[0234] Typical reagents (e.g., as might be found in a typical
COBRA™-hased kit) for COBRA™ analysis may include,
but are not limited to: PCR primers for at least one gene or
genomic sequence selected from the group consisting of
BCL2, BDNF, CACNA1G, CALCA, CRABP1, DLECI,
GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1, RUNX3,
SOCSI (Table 6); e.g., within SEQ ID NOS:128-141, 114-
127 and 100-113 (respective genomic, CpG island and ampli-
cons, respetively); restriction enzyme and appropriate buffer;
gene-hybridization oligo; control hybridization oligo; kinase
labeling kit for oligo probe; and labeled nucleotides. Typical
reagents (e.g., as might be found in a typical MethyLight™-
based kit) for MethyLight™ analysis may include, but are not
limited to: PCR primers for the bisulfite converted sequence
of at least one gene or genomic sequence selected from the
group consisting of BCL2, BDNF, CACNAI1G, CALCA,
CRABP1, DLEC1, GATA3, HOXAIl, IGF2, KL, NEU-
ROGI, NR3C1, RUNX3, SOCS]1 (Table 6); e.g., within SEQ
IDNOS:128-141,114-127 and 100-113 (respective genomic,
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CpG island and amplicons, respetively); bisulfite specific
probes (e.g., TagMan™ or Lightcycler™); optimized PCR
buffers and deoxynucleotides; and Taq polymerase.

[0235] Typical reagents (e.g., as might be found in a typical
Ms-SNuPE™-based kit) for Ms-SNuPE™ analysis may
include, but are not limited to: PCR primers for specific gene
(or bisulfite treated DNA sequence or CpG island); optimized
PCR buffers and deoxynucleotides; gel extraction kit; posi-
tive control primers; Ms-SNuPE™ primers for the bisulfite
converted sequence of at least one gene or genomic sequence
selected from the group consisting of BCL2, BDNE,
CACNALG, CALCA, CRABP1, DLEC1, GATA3, HOXA1,
IGF2, KL, NEUROGI, NR3C1, RUNX3, SOCS1 (Table 6);
e.g., within SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively);
reaction buffer (for the Ms-SNuPE reaction); and labelled
nucleotides.

[0236] Typical reagents (e.g., as might be found in a typical
MSP-based kit) for MSP analysis may include, but are not
limited to: methylated and unmethylated PCR primers for the
bisulfite converted sequence of or genomic sequence selected
from the group consisting of BCL2, BDNF, CACNAIG,
CALCA, CRABPI, DLECI1, GATA3, HOXAL, IGF2, KL,
NEUROG1, NR3C1, RUNX3, SOCSI (Table 6); e.g., within
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively), optimized
PCR buffers and deoxynucleotides, and specific probes.
[0237] Moreover, an additional aspect of the present inven-
tion is an alternative kit comprising a means for determining
methylation of at least one gene or genomic sequence selected
from the group consisting of BCL2, BDNF, CACNAIG,
CALCA, CRABPI, DLECI1, GATA3, HOXAL, IGF2, KL,
NEUROGI, NR3C1, RUNX3, SOCSI (Table 6); e.g., within
SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively), wherein
said means comprise preferably at least one methylation spe-
cific restriction enzyme; one or a plurality of primer oligo-
nucleotides (preferably one or a plurality of primer pairs)
suitable for the amplification of a sequence comprising at
least one CpG dinucleotide of a sequence selected from SEQ
IDNOS:128-141,114-127 and 100-113 (respective genomic,
CpG island and amplicons, respetively); and optionally
instructions for carrying out and evaluating the described
method of methylation analysis. In one embodiment the base
sequence of said oligonucleotides are identical, are comple-
mentary, or hybridise under stringent or highly stringent con-
ditions to an at least 18 base long segment of a sequence
selected from SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively ).
[0238] Inafurther embodiment said kit may comprise one
or aplurality of oligonucleotide probes for the analysis of the
digest fragments, preferably said oligonucleotides are iden-
tical, are complementary, or hybridise under stringent or
highly stringent conditions to an at least 16 base long segment
of a sequence selected from SEQ ID NOS:128-141, 114-127
and 100-113 (respective genomic, CpG island and amplicons,
respetively).

[0239] In a preferred embodiment the kit may comprise
additional reagents selected from the group consisting: buffer
(e.g., restriction enzyme, PCR, storage or washing buffers);
DNA recovery reagents or kits (e.g., precipitation, ultrafiltra-
tion, affinity column) and DNA recovery components.
[0240] In a further alternative embodiment, the kit may
contain, packaged in separate containers, a polymerase and a
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reaction buffer optimised for primer extension mediated by
the polymerase, such as PCR. In another embodiment of the
invention the kit further comprising means for obtaining a
biological sample of the patient. In a preferred embodiment
the kit comprises: (a) a methylation sensitive restriction
enzyme reagent; (b) a container suitable for containing the
said reagent and the biological sample of the patient; (c) at
least one set of oligonucleotides one or a plurality of nucleic
acids or peptide nucleic acids which are identical, are comple-
mentary, or hybridise under stringent or highly stringent con-
ditions to an at least 9 base long segment of a sequence
selected from SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively);
and optionally (d) instructions for use and interpretation of
the kit results.

[0241] Inan alternative preferred embodiment the kit com-
prises: (a) a methylation sensitive restriction enzyme reagent;
(b) a container suitable for containing the said reagent and the
biological sample of the patient; (c) at least one set of primer
oligonucleotides suitable for the amplification of a sequence
comprising at least one CpG dinucleotide of a sequence
selected from SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively);
and optionally (d) instructions for use and interpretation of
the kit results.

[0242] In an alternative embodiment the kit comprises: (a)
amethylation sensitive restriction enzyme reagent; (b) a con-
tainer suitable for containing the said reagent and the biologi-
cal sample of the patient; (¢) at least one set of primer oligo-
nucleotides suitable for the amplification of a sequence
comprising at least one CpG dinucleotide of a sequence
selected from SEQ ID NOS:128-141, 114-127 and 100-113
(respective genomic, CpG island and amplicons, respetively);
(d) at least one set of oligonucleotides one or a plurality of
nucleic acids or peptide nucleic acids which are identical, are
complementary, or hybridise under stringent or highly strin-
gent conditions to an at least 9 base long segment of a
sequence selected from SEQ ID NOS:128-141, 114-127 and
100-113 (respective genomic, CpG island and amplicons,
respetively) and optionally (e) instructions for use and inter-
pretation of the kit results.

[0243] The kit may also contain other components such as
buffers or solutions suitable for blocking, washing or coating,
packaged in a separate container.

[0244] The invention further relates to a kit for use in pro-
viding a diagnosis of the presence of a cell proliferative dis-
order in a subject by means of methylation-sensitive restric-
tion enzyme analysis. Said kit comprises a container and a
DNA microarray component. Said DNA microarray compo-
nent being a surface upon which a plurality of oligonucle-
otides are immobilized at designated positions and wherein
the oligonucleotide comprises at least one CpG methylation
site. At least one of said oligonucleotides is specific for the at
least one gene or genomic sequence selected from the group
consisting of BCL.2, BDNF, CACNA1G, CALCA, CRABP1,
DLECI1, GATA3, HOXAL, 1GF2, KL, NEUROG1, NR3C1,
RUNX3, SOCSI (Table 6); e.g., within SEQ ID NOS:128-
141, 114-127 and 100-113 (respective genomic, CpG island
and amplicons, respetively) and comprises a sequence of at
least 15 base pairs in length but no more than 200 bp of a
sequence according to one of SEQIDNOS:128-141,114-127
and 100-113 (respective genomic, CpG island and amplicons,
respetively). Preferably said sequence is at least 15 base pairs
in length but no more than 80 bp of a sequence according to
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one of SEQ ID NOS:128-141, 114-127 and 100-113 (respec-
tive genomic, CpG island and amplicons, respetively). It is
further preferred that said sequence is at least 20 base pairs in
length but no more than 30 bp of a sequence according to one
of SEQ ID NOS:128-141, 114-127 and 100-113 (respective
genomic, CpG island and amplicons, respetively).

[0245] Said test kit preferably further comprises a restric-
tion enzyme component comprising one or a plurality of
methylation-sensitive restriction enzymes.

[0246] Ina further embodiment said test kit is further char-
acterized in thatit comprises at least one methylation-specific
restriction enzyme, and wherein the oligonucleotides com-
prise a restriction site of said at least one methylation specific
restriction enzymes.

[0247] The kit may further comprise one or several of the
following components, which are known in the art for DNA
enrichment: a protein component, said protein binding selec-
tively to methylated DNA; a triplex-forming nucleic acid
component, one or a plurality of linkers, optionally in a suit-
able solution; substances or solutions for performing a liga-
tion e.g. ligases, buffers; substances or solutions for perform-
ing a column chromatography; substances or solutions for
performing an immunology based enrichment (e.g. immuno-
precipitation); substances or solutions for performing a
nucleic acid amplification e.g. PCR; a dye or several dyes, if
applicable with a coupling reagent, if applicable in a solution;
substances or solutions for performing a hybridization; and/
or substances or solutions for performing a washing step.
[0248] The described invention further provides a compo-
sition of matter useful for detecting, differentiation and dis-
tinguishing between colon cell proliferative disorders. Said
composition comprising at least one nucleic acid 18 base
pairs in length of a segment of the nucleic acid sequence
disclosed in SEQ ID NOS:170-197, 226-253, 142-169 and
198-225, and one or more substances taken from the group
comprising: 1-5 mM Magnesium Chloride, 100-500 uM
dNTP, 0.5-5 units of taq polymerase, bovine serum albumen,
an oligomer in particular an oligonucleotide or peptide
nucleic acid (PNA)-oligomer, said oligomer comprising in
each case at least one base sequence having a length of at least
9 nucleotides which is complementary to, or hybridizes under
moderately stringent or stringent conditions to a pretreated
genomic DNA according to one of the SEQ ID NOS:170-197,
226-253, 142-169 and 198-225 and sequences complemen-
tary thereto. It is preferred that said composition of matter
comprises a buffer solution appropriate for the stabilization of
said nucleic acid in an aqueous solution and enabling poly-
merase based reactions within said solution. Suitable buffers
are known in the art and commercially available.

[0249] In further preferred embodiments of the invention
said at least one nucleic acid is at least 50, 100, 150, 200, 250
or 500 base pairs in length of a segment of the nucleic acid
sequence disclosed in SEQ ID NOS:170-197, 226-253, 142-
169 and 198-225.

[0250] While the present invention has been described with
specificity in accordance with certain of its preferred embodi-
ments, the following examples serve only to illustrate the
invention and are notintended to limit the invention within the
principles and scope of the broadest interpretations and
equivalent configurations thereof.

Example 1

Rationale, Samples and Methods for Studies of CpG
Island Methylator Phenotype in Human Colorectal
Cancer
[0251] Rationale. As reviewed above, a lack of uniform
standards and systematic marker development has created
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confusion and uncertainty in the field regarding the precise
classification of the CpG Island Methylator Phenotype
(CIMP).

[0252] Unsupervised two-dimensional cluster analysis of
DNA methylation data for large numbers of markers and large
numbers of tumor samples can be a useful tool to identify
such distinct correlated subsets of tumors and markers.
Although microarray-based methods for screening CpG
island hypermethylation have been developed, most are not
limited to Type C loci, and most are not readily applied to
large numbers of tumor samples, which is required to obtain
stable clusters.

[0253] Therefore, to resolve the controversy surrounding
the validity of a distinct CpG island methylator phenotype,
we explored the DNA methylation behavior of human col-
orectal tumors using automated real-time PCR-based Meth-
yLight™, which is capable of rapidly assessing the methyla-
tion status of more than 100 different CpG islands on more
than 100 different tissue samples. Specifically, an initial sys-
tematic evaluation of DNA methylation markers was con-
ducted by the present applicants to address the following
three issues:

[0254] First, and most importantly, a confirmation that
CIMP could be recognized as a distinct subgroup of colorec-
tal cancer was needed. Although the CIMP ftrait 1s widely
accepted in the scientific community, and has been reported
as a distinct entity by a very large number of independent
laboratories, a recently published influential report suggests
that CpG island hypermethylation frequency is a continuous
trait in human colorectal cancer, without a clearly defined
separate subgroup of tumors with frequent CpGisland hyper-
methylation (38). It was thus of interest to confirm whether
this report was due to the inclusion of a large number of CpG
islands that do not belong to the CIMP subset, or whether
there 1s indeed little justification for separating out a distinct
subset of colorectal cancers. To avoid bias either for or against
the existence of CIMP, applicants started a multi-step screen
with 195 unique MethyLight™ CpG island hypermethylation
assays available in applicants’ laboratory, and used both pre-
viously characterized CIMP+ and CIMP- tumors to select
cancer-specific methylation markers for further evaluation
(see below). Furthermore, applicants used a battery of cluster
analysis routines to evaluate whether CIMP tumors form a
distinct grouping, and used several different gene selection
algorithms, including gene filter, logistic regression, classifi-
cation and regression trees (CART) (140) and gene shaving
(141) to choose potential CIMP markers for further consid-
eration (see below).

[0255] Second, a CIMP analysis technology platform was
needed that could accommodate the difficult requirements of
a large-scale study, including i) compatibility with very lim-
ited amounts of formalin-fixed, paraffin-embedded tissue (a
single 5-um microscopic slide), ii) robust performance,
regardless of DNA quantity and quality (traditional gel-based
methylation-specific PCR (MSP) is DNA quality and quan-
tity-dependent), and iii) automatable analysis, to accommo-
date large numbers of specimens, while minimizing human
error, cross contamination, and post-PCR contamination (see
below).

[0256] Third, if CIMP could be verified, then the question
as to whether the existing classification panels of markers
were sufficient, or whether better panels could be developed
needed to be evaluated. Applicants perceived in advance that
the evaluation of classification panels would be particularly
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problematic without an external gold standard for CIMP clas-
sification. Therefore, a cross-panel misclassfication error rate
strategy was selected by applicants to best confront this chal-
lenge (see below).

[0257] These issues needed to be resolved to enable the
characterization of CIMP in a large-scale population-based
studies.

Materials and Methods

[0258] Colorectal Cancer Specimens. DNA samples were
drawn from the Walter Paulson Tumour Bank, a consecutive
series of over 800 colorectal cancer cases collected at the
Royal Brisbane and Womens Hospital between 1989 and
2004. Patients gave informed consent in writing to the use of
their bowel tissue forresearch. The study was approved by the
Royal Brisbane Hospital Human Research Ethics Commit-
tee, the Bancroft Centre Ethics Committee and the USC Insti-
tutional Review Board. Tumors were collected at surgery and
representative sections for research were removed by a
pathologist. DNA was extracted using a modification of the
salt precipitation technique of Miller et al.'®. The first screen
(FIG. 1) included five CIMP+ tumors, and five CIMP-
tumors, which had been previously assessed for their CIMP
status using a panel of four MINT loci (1, 2, 12 and 31) and
MLHI, analyzed by combined bisulfite restriction analysis
(COBRA) and three Type C genes (p14/ARF, CDKN2A
(p16), MGMT), analyzed by gel-based methylation specific
PCR (MSP)'*. CIMP+ tumors were defined as having
80-100% of the markers methylated, while the five CIMP-
tumors had an average of only 11% of markers methylated.
Other tumor characteristics were obtained by standard tech-
niques. KRAS (K-ras) mutation analysis at codons 12 and 13
was performed using direct automated sequencing of a frag-
ment containing codon 12 and 13 inexon 1 of the KRAS gene,
amplified using a touchdown PCR cycle and hotstart proto-
col. BRAF (B-raf) mutation analysis at codon 600 (V600E;
formerly V599E"®) was performed by a real-time PCR-based
allelic discrimination method, as described'®. Microsatellite
instability was determined as described'”. Eight cases of
MSI-H cancer showed features consistent with HNPCC
including young age of onset (average 44, range 31-53), fam-
ily history, lack of MSH2 expression by tumor immunohis-
tochemistry (n=4), and germline mutation of a mismatch
repair gene (n=4).

[0259] DNA Methylation Analysis Technology. Treatment
of genomic DNA with sodium bisulfite, followed by alkaline
treatment converts unmethylated cytosines to uracil, while
leaving methylated cytosine residues intact was used.
Sequence variants at a particular locus can subsequently be
analyzed by PCR amplification with primers designed to
anneal with bisulfite-converted DNA. The benefit of sodium-
bisulfite-based assays is that they require very small amounts
of DNA and consequently, are compatible with DNA
obtained from microdissected paraffin-embedded tissue
samples (8, 145-158). However, until the development of the
MethyLight™ assay (6-8, 20, 106), bisulfite-based DNA
methylation detection required gel electrophoresis and many
of the techniques also employed restriction enzyme diges-
tion, radiolabeled dNTPs, or hybridization probes. These
labor-intensive steps limited the use of these methods for
high-throughput analyses. More recently, sodium-bisulfite-
based microarray platforms have been developed. However,
these platforms still require separate PCR amplification of
each target locus to hybridize with the chip. With Meth-
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yLight™ technology, the methylation analysis is complete, as
soon as the PCR reaction is finished. With microarray-based
detection, the PCR amplificates need to be subsequently
hybridized to the microarray, the hybridization signal needs
to be captured, and then interpreted to yield DNA methylation
measurements. Therefore, compared to MethyLight™, the
current chip-based platforms are neither more cost-effective,
nor less labor-intensive. More importantly, however, Meth-
yLight™ is much better suited for the analysis of challenging
samples, such as formalin-fixed paraffin-embedded samples
with small amounts of highly degraded cross-linked DNA.
The average amplicon size for reactions developed in appli-
cants’ laboratory is about 80 bp, which is well below the
median amplifiable fragment size from formalin-fixed tis-
sues. The MethyLight™ technique has been cross-validated
with several other DNA methylation analysis techniques,
including COBRA and bisulfite genomic sequencing(6).
MethyLight™ is rapidly becoming the method of choice for
large-scale automated DNA methylation studies requiring
high sensitivity (8, 20, 98, 99, 106, 161-174), and has been
adopted by many other laboratories.

[0260] Therefore, genomic DNA was treated with sodium
bisulfite and subsequently analyzed by MethyLight™ as
described'®'®. A complete list of all MethyLight™ reactions
is provided in TABLE 1 (supplemental table 1). Meth-
yLight™ data are reported as a ratio between the value
derived from the real-time PCR standard curve plotted as log
(quantity) versus threshold C(t) value for the methylation
reaction and likewise for a methylation-independent control
reaction. However, since such a ratio is dimensionless, can
vary from gene to gene, and is affected by many experimental
parameters, such as primer and probe batches, it is useful to
normalize this ratio to the ratio obtained for a constant refer-
ence sample. M.Sssl-treated genomic DNA, frozen in ali-
quots, was used as a constant reference sample to determine
this ratio and to derive the standard curve®. Thus, the Percent
of Methylated Reference (“PMR”) can be defined as 100*
(METHYLATED REACTION/CONTROL REACTION)
sampte!(METHYLATED REACTION/CONTROL REAC-
TION) 3 ssor-References 10 which  “METHYLATED
REACTION” refers to the methylation measurement at a
particular locus and “CONTROL REACTION” refers to the
methylation-independent measurement using the control
reaction*®. Applicants have developed an improved normal-
ization control reaction based on dispersed Alu repeats'®. For
the data supplied in FIG. 1, COL2A1 was used as a normal-
ization control reaction®'. For the data in FIG. 2, the mean of
PMR values derived with COL2A1 and ALU was used. For
the data in FIGS. 3, 4 and 5, PMR values were derived
exclusively using the ALU normalization control reaction.
This ALU normalization reaction is methylation indepen-
dent'®, and not the methylation-dependent ALU reactions,
which we have also previously described'®. Applicants cur-
rently rely on the ALU normalization reaction, since it is less
prone to fluctuations caused by aneuploidy and copy number
changes affecting single-copy normalization reactions.

[0261] Selection of Type C Markers. Applicants screened
all 195 available MethylLight™ markers in the Laird labora-
tory to identify Type C markers in colorectal cancer. Most of
these markers had been developed for other purposes, includ-
ing studies of esophageal cancer, lung cancer, pancreatic can-
cer, ovarian cancer, brain cancer and neurodegenerative dis-
orders. Therefore, this starting collection is not likely to be
biased with respect to CIMP analysis. Applicants used five



US 2009/0053706 A1l

CIMP+ tumors, and five CIMP- tumors, which had been
previously assessed for their CIMP status as described above.
Applicants used three criteria to select Type C markers for
further evaluation. First, any marker for which the highest
PMR value among these 20 samples was less than 2 was
excluded. Second, any marker for which the mean PMR for
tumor samples was at least twice that of normal samples was
included. Third, any marker for which all normal samples had
a PMR<2 and for which all tumor samples had a PMR>2 was
included. Both the second and third criteria were applied
separately to both the CIMP+ tumors and CIMP- tumors as
well as to all ten cases collectively. A marker was included if
it passed at least one of the criteria in any of the three sample
comparisons (CIMP-, CIMP+, or both). Applicants applied
this relatively relaxed, inclusive marker filter primarily to
eliminate non-cancer-specifically methylated markers, not to
identify top marker candidates. This marker screen resulted in
a collection of 92 reactions that passed this first screen for
tumor-specificity. Among these 92 reactions were five methy-
lation markers (CDKN2A (p16), MLH1, MINTI1, MINT2,
and MINT31) that have been commonly used to define CIMP
status.

[0262] Cluster Analysis. For the hierarchical cluster analy-
sis shown in FIG. 2, applicants grouped the PMR values for
each marker into quartiles. Applicants used Manhattan dis-
tance and average linkage to perform the clustering’. Two
distinct clusters were identified. Applicants also performed
three other clustering routines (not shown). For the second
clustering routine, applicants defined loci with PMR values
above 10 as methylated and counted the number of methy-
lated loci for each tumor. The resulting index was clustered
using PAM (partitioning around medioids)’. The number of
clusters was selected by choosing the number that gave the
highest average silhouette width. This method selected two
clusters. The third method, the Gaussian mixture model®, was
fit using the top nine principal components of the log-trans-
formed data (In(PMR+1)). These nine principal components
explained 78% of the variability in the DNA methylation
data. Using the BIC curve 1o select the number of clusters,
applicants selected four. The final method, PAM, was also fit
to the log-transformed data. Again two clusters were sug-
gested by the average silhouette width. Using these four dif-
ferent algorithms applicants saw remarkable overlap in sub-
jects that fell into what applicants call our CIMP+ cluster. A
subset of six individuals was defined as CIMP+ by all four
clustering methods. Another seven individuals are identified
as CIMP+ by at least one method. The remaining 35 subjects
were classified as CIMP- by all methods. Scaling the data
before conducting the principal components analysis, or
before clustering with PAM, had little effect on the results.

[0263] CIMP Marker Selection. Applicants used the differ-
ent cluster routines described above to classify tumors as
either CIMP+ or CIMP-. This yielded similar but distinct
classifications of CIMP+ or CIMP-. Applicants then applied
three different marker selection algorithms (gene filter, clas-
sification and regression trees (CART)??, logistic regression)
to these classifications to identify those markers that best
identify CIMP. For each marker selection algorithm, appli-
cants ranked the importance of each marker for each defini-
tion of CIMP and selected the five markers for each algorithm
that ranked the highest across all definitions of CIMP. Appli-
cants also applied a fourth marker selection algorithm (gene
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shaving®) designed to select the markers that explain the
most variability in the data without knowledge of CIMP sta-
tus.

[0264] For the gene filter approach, applicants ranked the
individual markers based on their ability to predict CIMP+
using the Wilcoxon test. Multivariable models to predict
CIMP+ were created using CART and logistic regression. For
logistic regression, forward stepwise regression to was used
to select the five most significant markers for each outcome.
CART selected at most two markers before the CIMP+ group
was perfectly identified for each of the four gene cluster
algorithms. Fach of the first three approaches was fit to each
of the definitions of CIMP+. The markers were ranked in
terms of importance and those achieving the highest rank
across all CIMP definitions were selected. For gene shaving,
we shaved off 10% of the markers at each step. A total of 36
markers (39%) are identified as explaining the most variabil-
ity in the tumor samples. From this subset, applicants selected
the five markers that explained the most variability in the
samples.

[0265] The four CIMP marker selection algorithms
described above each generated five top CIMP marker can-
didates. The union of markers from the overlapping sets com-
prised a panel of 9 CIMP-predicting markers. Although the
five most popular traditional CIMP markers (CDKN2A
(pl16), MINT1, MINT2, MINT31, and MLH]1) all partici-
pated in the 92-marker cluster routines and marker selection
strategies, none of these five markers was selected as one of
the top five candidates in any of the marker selection algo-
rithms.

[0266] As an added precaution, in addition to the nine
CIMP-specific markers selected above, applicants also
included the five best Type-C markers among the CIMP-
specific markers, selected using a gene filter approach, since
the CIMP marker selection strategies described above were
driven by a relatively small number of CIMP+ tumors. Inap-
propriately retained markers would be expected to drop out at
subsequent screening steps. Using a PMR of 10 to define
positive methylation, applicants found the subset of markers
that had no methylation in adjacent normal tissue (N=31
markers, all PMR values <10). In this subset, applicants
ranked markers by the number of samples that showed posi-
tive methylation (PMR>10) in tumor tissue. Fourteen mark-
ers show more frequent methylation in tumor tissue than in
normal tissue (all p<0.008). Five of the fourteen markers are
markers that have been selected as CIMP-predicting
(CRABP1,NR3C1, BCL2, BDNF, CACNA1G). The remain-
ing nine are correlated with the selected markers. Applicants
selected the top five Type C markers that were not already
selected in a previous panel.

[0267] New CIMP Classification Panel. Applicants
dichotomized all PMR values at 10 to simplify panel assem-
bly and to allow for an easier translation of our panels to
gel-based MSP?*, which outputs only nominal data (methy-
lated or unmethylated) (FIG. 6). The dichotomization thresh-
old of PMR=10 was chosen as a point sufficiently above
background measurements of methylation, using the Meth-
yLight™ technique, possibly reflecting low rates of stochas-
tic hypermethylation, yet well below the much higher PMR
values generally obtained for hypermethylation observed for
most markers in colorectal tumors. This definition yields 85%
specificity in normal mucosa for the CIMP-specific markers
identified in the clustering analysis routines. Applicants
strove to identify as small a panel as possible that would
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accurately identify CIMP+ tumors, since this would provide
the most cost-effective screening method for CIMP status.
Based on the results obtained in FIG. 4, applicants considered
a panel of five markers to be sufficient to detect bimodal
methylation distribution among tumors, and to thus provide
reasonably accurate CIMP classification ability. Applicants
subsequently also tested larger panels of ten markers but
found very little gain in classification accuracy. To select the
best possible five-marker panel from the 14 markers shown in
FIG. 3, applicants evaluated all 2,002 possible five-marker
panels by measuring a panel’s ability to identify CIMP by its
bimodal appearance. Statistically, bimodal appearance is
measured by the proportion of total variability of our index
(0-5 methylated loci) explained by our classification rule (3-5
methylated loci —CIMP+, 0-2 methylated loci —CIMP-).
The larger the variance explained, the more bimodal the dis-
tribution. The threshold of three or more methylated loci for
defining CIMP+ tumors was established by minimizing the
within group sum of squared errors. Applicants also consid-
ered MethyLight™ reaction performance characteristics of
each individual marker. Among the most important reaction
characteristics is the real-time PCR threshold cycle (C(1)
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value) on a standardized sample of fully methylated DNA,
which is a measure of reaction sensitivity and efficiency. This
measure is of particular importance for the analysis of
samples containing borderline quantities of DNA. Applicants
also considered the delta C(t) value for methylated, versus
unmethylated human genomic reference DNA samples—a
measure of methylation specificity for the reaction. As a final
criterion, applicants also considered a bimodal distribution of
the PMR values for the individual markers—markers with a
large fraction of intermediate methylation measurements will
more likely cause misclassification than markers that are
more bimodal in their distribution of PMR values. One of the
criteria that was specifically not considered is the functional
consequence of the CpG island hypermethylation event.
Applicants hypothesize that CIMP represents an epigenetic
control defect and that many of the markers that may best
reflect this defect may be of no functional significance to
tumorigenesis. The five-marker panel that best satisfied all of
the criteria described above and retained a high ranking in
their ability to explain the percent of variance by the CIMP
definition consisted of CACNA1G, IGF2, NEUROGI,
RUNX3, and SOCS1 (TABLE 2 (supplemental table 2)).



Feb. 26, 2009

US 2009/0053706 A1l

28

FS80T-S8LOT

(a pue 5 ‘v sdnoxb

SUOT1eDOT] T |0mm—|00 ﬁOHUMUEOE&HnmEOU
uooTTduy DOLDDLIDDD LYY oL SSPNTAUT) Ppa3einu
‘8Z8T8N LOLDDLOYDD YIDIVYIVLD DDHILOILOYVD e€zb eIse3nsTbueTs]
IsqunN ueguen -WYA9 YYIYOIYDID YYYYOVDDIVY -zzbTT N N eTXe1y  6LT-9H ITH-WIY WLV
90TLS-SETLS
1UOT1BDOT] T -OHE - LYYY TPV ‘ead Ty ‘4T
uon TTduy DOLLIDIILID LYY artungns ‘xsTdwod
{TT6Y00DY DDODDLYYED ¥OODDLYDOY IYIOVYIDOOL €/¢ utejoxd gt
IDquNN ueguUeD -WZA2 YOYYYYLOOY YIODDDIDODL T-zehb N N po3eTsx UTIOY  98T-€H -dT0ddY dToduy
T-0Hd
(T002Z) -YYYDDD
8TIFE€-0TFE DYIDIYLIDD YZNIQD JO swexg
'T9 s9y IoDURD YYYIILOYDD ¥OILDLYVYYY LIOVIODOL Burtpesx s3jeuiLlTR YZNIaD
“Te 19 'Y D ‘sped -WYA9 DD LIDYYDID LLIDDDDDOY 1zde N X ‘A¥Y ¥Td 96T-dH T - AV /897
L998-TLS8 T-OHE-¥
1UOT1BDOT] YYIYLODLY (oseSsTP ISWTIUZTY
uooTTdwy IYYYYDIDOL JL¥D LYLD ‘II-urxau ssesjoxd)
‘SL9LBO DOYYYODI0D LYYV LLOVYY OYYYYYLYDD ursjoxd zosanosad
Isqun Uueguen -WYA2 LOODDOLODL DOIVYYDIVYY z tTthTz N N (¥¥) eaeq pToTAWY 99Z-€H gdTH-ddY dav
¥89v9-8T8F9 T-0Hd
:UOT3eDO] - LYYYDOVYL
uodTTduy DOYDILYVYIDL VIO (1 swAzus atedsi ¥NA
‘SLOSSETY DODDDIVYTD DIOYDIIYDD IV¥OILIDOOL zTh TeuoTiduNITITNW) a1
IsqunN ueguen -WYA9 LLOILLYDDOD YIDILLYLOD -z 1ThpT N N osesaTonu XEAY 060-9H - TXEdY TXEAY
(TooZ) T-OHA-VYL
8TIFE€-0TFE LYDDIDIDOY IYLVLLL
'T9 s9y IoDURD YYYDILODDD DODLOIYLID LYIODIDLOD TToosTsodATod
“Te 19 'Y D ‘sped -WYA9 DOIOIVLYLL DYYYYIIVED zzb-12bg N A sSnojewouspy  £€5T-dH dTH-DdY odY
T-OHE-Y¥
DLODYYDLY T Isquaw ‘ (JViL/dOKW)
(zooz) zoL9 ¥OOYYDODVYL o} oL g ATTwez-qns
-¥699 ‘Tz susboouo DOLLYLIODY DOIYDIIVED LIVIIDVIOY ‘s33esseo BuTputq-d T
“Te 18 "W USTTIyUA -WZA9 IOYIYLOYDD DHODDLOOODL T 12bL N X IY¥/TADd ‘TIAW TSO-9H -T9D9Y TIOEY
20INO0S WOUQOSUQW OUEOSW@M OUEOSW@M UoT3edOT] AZ\VV AZ\NVV S9SeTTY Elelele) arT AOHQM._” TeAY
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg ©10A0]L Isoue)d uoTioesy susn
S pue 0DNH
dWID ¥T
TeuocTaoeSx , AUBRTTAUISH TTe 3F© IASTT ~23asTdwod {1 STqed Axejusws1ddns)

T HTIAY.L



Feb. 26, 2009

US 2009/0053706 A1l

29

TI¥8v-S¥E8T T
‘UOT3IedOT] -OHE-YOOOY
uonTTduy YOVYDOOLYED LD atungns o1 eydre
‘T6FTZ0DY DODOYYILYYY DODDOLLID DY LLLODODDOL ‘quspusdep-sbeiToa dTIH
ISqUNN Juedquso -WZA9 VOOYYY2OLO LILODLLLLLL zzbLT X A ' TeuUURYD WNnTIoTeD 8TS-dH -DTYNDOYD DTYNDYD
€0LEB-LEIES
‘UoT3EDOT] T-0OHd
uodTTduy -DDDIOOY
‘ZITSEEIVY TYOYOID000 LLLVYLIOODD LODLOOVLL Josuo ATaes dTiH
ISqunN uegusp -WZd2 DYLILIODOD DODODOYLLOD £ zTbeT N N 'z Isoued 3sEIIq 9CT-9H -Z¥odd cYodd
(vooz)
888-T88 ‘€I ASId T-OHE-¥D
sI93IewoTy OYOOYLLDOD LLOVYL ToDH¥d ‘€9ANT
ToTwesptda I=nued LLLLODODOD IYYLLLLEED DOODYLLLOL ‘39suoc Alies dTiH
Te 1® "H ’'TbeTa WA DOIEYIDIDD IDLLODYDOED 1zbLT N N ‘T IsdurD I3sESDId S¥0-dH -TEo¥d A-foR=ic)
998¢€-F6LE
‘UoT3EDOT] T-OHA-¥D
uodTTduy DOV LOVYDOL LLD I03dDeI
‘96LEOTOY DODOYYLOOD DOLYLD LLLLLLLODL oTyodijoinau dTi
ISqunN uegusp -WZd2 DOLODIDDDD LODDDIVLOD €TdTT A X PSATISP uTeadq 8S<-9H -dINad ANag
(¥002) T-0OHd
£€18T-L0OBE “YOYLOLYY
‘y9 soy xsDOUED YOOOYVYOVYY
e 3 'K TYOODDOVYDOVY felolelelole \vavi-4 PDLODOLLYDD zewoydwiT /110 dTi
' ISIPUSAYUDSPTM WA ODOYYYLOYY DOLLIYLOOL € TzhstT X X ITs2-9 ‘Z-1°4d OFT-9dH -Zrod cr1od
L08%¥8-8€LF8
‘UoT3EDOT] T-OHE-DOLD
uooTTduy LODDOVYDOL LLOL
‘€9%200dY DOYYYDIDLY YYVYLLODOOY DO LLLOLLOY dTiH
ISqunN uegusp -WZd2 VIVDODOYDD LOLLLLLODD g€ eTdoT N N T UTXY LZZ-dH -TINIXY TNIXY
CT€69-22C69 TTADS TIMDS Tdud
‘UoT3EDOT] T-OHE-¥YL
uonTTduy Y LOOOYYEDO ‘polelaa £prd pur
‘605 ETOVY TOO0IDO¥DD YOO LOLDD LOYDOVYDD0 vzh eTseinsThueTs)y
ISqUNN HUEPFUSD SWYA9  VDIOQLIVYD  DLLLLIDDDIDY -zebe N N eTXely  08T-dH GTW-dLY _LY
soInosg Loousnbsag sousnbeg sousnbsg uoTieDOT] (N/X) (N/X) S9SeTTY spoD aIl (ST9eTTeAy
oBITO ISWTIJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTaoesy JI) sweN
sqoxd osIaAdYy pIeAIOA ©l0A0] Isoue) uoTaoesy susn
S pue ODNH
dWID ¥#T
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

30

PSSE-E€9F€E T-0Hd TNAAD ‘0TdYYD
1uoT3Ienoq - LODLOLD ‘TAYM ‘TIAS ‘TI4TO
uonTTdwy YOIIDLYDYD ‘tzdrdro f1zd ‘¥l
‘966587 YOIDLOIVYY DOHODLOLOD IYLODOLL IOATATYUT SSBUTY aTi
IsqunN ueguen -WYA9 DDOIVYYLYLL IODDLIDIDD z 1zdo N N juspuadep-uTIPAD 0€Z-€H -YTIRIAD YIIAD
9ZSTS-90%TS T-0OHd 6TLS ‘Tod0d
Hiélehgal-tolely] -YLODDD { {I90URD TRIO
uooTTduy DDIDLOIOVY JLOY urt psasTead) T-20d
‘89L890DY IYIYYYIVDD DOVDILYLLY LODIDLL ‘T ursjoxd a1
IsqunN ueguen -WYA9 LLLILLOYDDD LOVYYODIDD T v1dzT N N pealeInOSsSe-ZAA)  9TZT-9H -TdYZIa0 TdYZIaD
(7002)
888-288 ‘€T A9Id T-OHE-Y¥ HHAD ‘UTIsypesd-JL
sIayTewoTdg fo)-farelelelalels) L / (axesal) uTISyped
ToTweptda IsdUuRD DYYYYIODYY DD LYDIVEDD ODOLOLLLLD € ¥zb -H ‘€T UTISUPED T
Te 3 "H 'TbaT4a -WZA9 jo)-Akatetele)-Aire] DLIODILLYY -z vzbot N X JUTIsUpeD-H  SL0-9H - €THAD £THAD
€7L08-8%908
1UOT1EeDOT] T-OHE-¥
uodTTduy DIDITIDODD A4 T od&k3 ‘T utasyped
‘FTE660DY DOYDIVVLOY DOYYITIIYD DODLYILLOD /(TeTToyatds) =4t
IsqunN ueguen -WYA9 DOYLIDYILL DO LY IILODOY T-zz bot N N urIsypes -3  050-9H -THAD TH@
(z2002) T-OHI-D
TOLI9-¥699 DODDOLLID Y
‘Iz susboouc "TI® LYDDLODDOYD YYLIYDVYYVYD LYDDYDD aTi
1® W UYSTTIUH -WZA9 DDODLLLIDOL ODDLODDYDD e1dzT N X za urT~&D  0F0-9H - ZANDD ZTANDD
€6ZT-TTCZT T-0Hg
:UOTIEDO] -DODDDY HLB8ZSTTA ‘TTIDE
uooTTduy YYYIIDOLYD 00D ‘(T sTsojeuouspe
‘€69TTSAY DYYYYYIDOY ¥OHOIDD YIDDOYLODL proxAylexed a1
IsqunN ueguen -WYA9 YYYIIDIVYD OOLLIVYLOD €IbTT N N 1TAv¥dd) Td UTTa4AD 9%T-dH - TANDD TANDD
T-OHE-D
(TO0CZ) OYYYLYYID TOIYD ‘eydre
8TFE-0LHE YYOYYIYOYL foey-4 ‘spradsdArod psjersx
'T9 soy IoDUERD YYODOIILLIY DOLYYYLYL DLODDVYDLVYL T-sTd -uTuUoC3lINTED a1
“Te 39 'Y D ‘esped -WZA9 DOODDIDDLL OYVODLLLLO -z g1drT A A /UTUOaTOTR®D  99T-dH 0TIV ZOIYD
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0DNH
dWID ¥T
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

31

0ESLT-FEWLT T-dHd
:uoT3IeNO] ~ZOLODD
uonTTduy DOOODIDLOYY >
{0Z56000Y OYYYYLLLYD DOOYYYLDD DIVYYDLLLL 6zb aTK
ISqUNN Uuequen -WZA9 DOYYYYOIDOY DD I1HVDLODD -gzbe N N T-ulpneld 6S0-4H - TNATD TNATD
SPST9-THETO T
:UOTIeDO] -OHE-YOLLY
uooTTduy YYDILYIDLD o) 96L0TLTA {sSUTeWop
‘0LOLTTOY DOOYYDILID YDIVLOYYYY LODDDDLYL Butx pue pesyxioz T
IsqunN ueguen -WYA9 DDIDLOIDVY LILLOYDDDD £e pghzT N A Yats JuTodiyodsyd  06T-9H -¥AHD dAHD
96095-L0095 T-0Hd
:uoT3EeNO] -DODVED LOYY TYHAD ‘®HdD
uooTTdwy LYYDYODLYY YOOYYYILYD DOYLL ‘opTadeditod
{LZ88ETTIY DOLIDLODOL IOVYYYVLOY LOLOLYDOYL b eydre ‘ssucuioy Sgant
Isqun ueguan -WZA9 LIYYDYLOVY DLIIILLODD -ztbo N N urejoxdoodTn LezT-gH -TYDD oo
99TSE€-66TSE T-0Hd
:UOTIeDO] -DDDY
uodTTduy DIODYLIDID Io3pey
‘5685000Y DOOYYYYLID YIDYLYODD DLDOIDDLL ceb uoTadrInsuril xXoq T
IsqunN ueguen -WYA9 DODDIDLYYY DLIODIDYDL -Tebsg N N oswoy odA3 Tepned S6T-9H -TXaD TX@
(TO0CZ) T-0OHd
8TFE-0LHE -DOYIIOLLL dPANL ‘ZSIH ‘STd
‘T9 sod DLLODDLLOL ) fdz I03TgTyUT
Iooued "TE DYOVYDIVYLL DOYYLLODOY DD IDODLOYD oseury Juspusdep aTi
3° ¥ "D ‘sped RicEL DOILYYLYVYDD YOVDDYYDOY Tzde N N -utteAo/sTd €LT-9H -ZNRIaD gZNIa0
ZWAD ! TSIKW
(TooZ) T-0OHd feRINI f9Td {IPMNAD
8THE-0THE -DIDIDIVED LL fZIIAD ‘¥Z I03TATyUT
‘T9 s9Y IsOUBD DODOTDIDIOY LODLODYDD DOLIVDLLDD oseury 3juspusdsp =4t
‘T 38 Y "D ‘spedH -HYA9 DIDDOYYIVY DLLLIOVDODL 1zde X X -uTIPAD/97d  T80-€H - ZIRIaD YZIIaD
8€9LG-F9GLS T-OHA-L
:UOTIeDO] DODDODVYLD ZdId ‘¥OME ‘sdM fsMd
uonTTduy DLOYYYYYOD /(zdra “esd) Ot
{T6LETO0Y TYOLYYLOVY e alelelele] DY LLYYDODD IOATTYUT &seuTy gzi
IoquUNN ueguon -WZA9 IVYYDIIDILD DDDOYIDVYDOL s sTdrT N A quspusdep-UTIPAD  6ZTE-EH D TIRIAD DTNIAD
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
2q0Id 98IsoADY PIemsmIoq MUO\WO.H_ Isdue) UoTidoeSy U3
S pue 0DNH
dWID %1
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

32

(¥002)
888-788 ‘€T A2Id T-OHA-L g1do ‘YeDrID
sIsyIewoTd LODDIIYEED 4 ‘1 spradedAtod ‘g
Totweptda Iooued DYIYIDIDDD YOIOVYVYYVYOYY LIOYODDOV ATTwezgns ‘1T ATTweg dT
Te 3@ ‘H ‘1beta -HYA9 LIDYDODIYY DOLLIDDIDLD Tzdz N A '0GFd PwoIynrolkd  8LO-€H -TdTdAD TATdAD
T-0Hd
(zooz) -DOVYVD
20L9-%699 ‘TT DYLOYYDODY Yo {xo3densa
susbooduo " TE TOIDDIYDOVY ¥OILLOYOLD DOLOVYDYD snITACUSPE T
1® "W USTTIUH -HYA9 DODLOYYYLY DLIODIDOYL Z 1tbTZ N N pur sSnATA STIDPESXOD  $50-dH -4av®D AATHD
99TEV-9LOET
:uoT3IeNO] T-dud
uonTTdwy -¥DDD20D0D k4 k4 asdo ! (eseeqoad
{085890DY ¥OIDDLYLID YIDDDYIIDY DDIIIDOVYID TA3rzedse TewososAT) aTK
Isquny yueguen -WYA9 DDYYVYYLODL DODLIIDOVL s grdrT N N a ursdeyaed LPT-9H -dsio asio
(TooZ) T-0OHd
8THE-0THE -DIDYYDID ANNLD> ‘edd 88 ‘T ®iSq
‘T9 s9Y IsOUBD DLLIDODODD DOOOYYED LOVODLD o 4 ‘ (urejoxd pejeInoOsSsE T
‘T 38 Y "D ‘spedH -HYA9 DOLYLODODL DDDDOYYYDD -zzde N N -UTISUPED) UuTuSIe)  OLT-9H - TANNLD TENNLD
€TTTTT-THTIZTT I-d9v¥dD
‘uotienor]  T-OHE-YYLOD IddvED  dgvdED
uonTTdwy  YOYDOODDILLD L ‘gdgd ‘T ure3load
‘0LTTITOOY VYDDOYLVYDIDY DDDODIDYL DDDILIDLLDD Butputq pTo® aTi
Isquny yueguep RicEL DOYILDODLYL LILLYYVYDDL vzhsT A A SToUT3aT ARINTISD  L6T-9H -TdaYD TIIYED
06€Z-Z0€T T-DHI-1D
:UOTIEDO] DYLYYOIVYL
uooTTduy DIOLYYIYLYD YOIV LOVYL
‘LL8F004Y TYDIDITEDD IVYYYDIVOD IODDLILODY ¥Io ‘z eydte T
Isquny yueguso -HYA9 DYDLYYYLOD DOYLOVLODD T-zThL N A ‘I odA3 ‘usbBeTIod €6T-€H -ZYTIOD TITIOD
6TT-L¥ T-OHA-D
:UOTIeDO] DYDOYYLOVY
uon TTduy DILYYYDOIL v Tsuuey
{PTYLITIY TIDYYYLODD DYLOYLOOD TOLLOYDDY TIeTnIIs2eIIuT aTi
Isquny Yueguen NicEE] DD LLYDOD DLIDIDDODD TT-9edr N N SpPTIOTUD T90-dH -PDITD ¥OITO
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD art (STaeTTRAY
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0DNH
dWID %1

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

33

uooTTdwy YYDIIDITOED 20 {ZTARYLS ¢ LAYDHIY
{TY9STOOY DYDIVIIOVY DIOODIDLL IYOOVOLLOD g 1zd ‘g ‘T IopuEd Saani
Isquny Yueguen Qe DVYDDLOVODY DIVODVVLOV -zeds N A ISATT UT pPo3I®T®Q 8ICT-€H -To71a ™o1a
(¥002)
888-788 ‘€T
ADIJ SISIRWOTH T -0OH4A THIVY ‘€ SYTT-Svd
Totweptdd IsoURD -YYYODOVYY Burtpurq-d1o ‘ATTwes
Te 3@ "H '1beTg ut TOIYLYYEDD LL hral SYdIAd ‘ZAHON/I
IHJY S paqrinssp YYYYYDITODD OYDIDLIVIY LIDIVILLYY Isqowsw ‘ATTwel AT
A1snotasid -HYA9 LIIIVDDDDD DDIDOYYLODD Tedr N N susb BoTowoy sed €F0O-9H -ESYAIA £SYAIQ
¥ZEE0T-¥TTEOT
i UOT 3BDO] T-OHE-¥DD
uon TTduy LOYYDOYYOD eaQy LTT T
{¥850600¥ DODYYOVEOD DOYYDILD LODODY €Th ustioxd BurpuTtq ¥NA Saani
Isquny yueguen NicEE TIYDDLDODD LODYDOODDD -zIbTT N N oT3Teode-obeweq oTT-dH -T€aa Taaa
aIros-v ‘DTIMWNS
! (evTrsTASISD S
‘BoTowoy
€09%5-8TSFS T-0HG zosd) DT ATedsa
i UOT 3800 -1OYLODO0D YUTT-S80I0 ¥NA
uooTTduy DOYYVYLILLIY ha4 ‘ursjoxd sTwslae
f€8009€TY YOOLIVYDOD LY OYVYVDIOVY YILLLYDLO f09€TTLId utejoxd g
Isquny yueguso -HYA9 YEDOIDLYYYY DDDDIDVYDD €TdoT N N TenTisylodAy/SIHALIY €£T-9H -DTEATIOA DTAATOA
YYP8TT-98C8TT 1-0HE
{UOT 3EDO] -LOYDYYDY
uooTTdwy DOYVYIVYDOD DOVIVVVYLL
{SSTTTOOY DIVYVYYOOY OYVYOOVVYVY LDLOD sewoutaIed g
Isquny yueguso -9 DY IVYYYYDD DODODLLODD € 1zbsT N A Te109IOTOD UT PLalaTad  S8LT-9H -o0a ooa
(002) T-0OHE-D
9€T-T€Z '60T3I3IST DODOVYIODD I
Isoued CTE IS YYYIYIOYDD DILYLIDDY IOVILODOLL T sseury ursjoxd g
‘H'H ‘ISTINH -HYA9 TEDIDLOODL IDDIDDIODL T vebe N N peaeInosse-yiesd 9%0-dH - TAdYa TMdva
S08T-8TZLT T-0HG
iUOT3enOT  -¥DILILYLLOD ¥dad ‘TadA ‘TdAD
uon TTduy LLILLODDDLD LLLOLY ‘1T spradedAtod ‘g
{9T688TAY VYO LOOYEOD DODODTITOD DOIVYOVOVD ATtwezgns ‘.z ATTweg Saan
Isquny Yueguen NicEE] YYIVIVYEDDD VL IOVLYDDD T vibeT N A '0S¥d swoaynsolkd  €gT-€H -TELTEAD TELTAAD
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0D0H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

34

TSTYPT-SLTPPT T-0OHE
:uoT3ENO] -YYODDD
uooTTdwy DODYYDIVYY LYL oL otzodas99dzaa
‘0S6¥SETY DYYYYLLLOL LIODDDDYILD IODIVODDOD ‘g x03pRI TI®9-4 zgan
IoqunN uedusn - A9 WD LOYIYYOD LIVIVDOVID 9zboT N X ATxed ‘€IOD 62Z-9H -£49" €agx
800TTT-6€60TT T
:UOT3IEDO] -OHE - LOYYY
uooTTduy DIDDIYYYDDD o0 o]
‘0¥8200dY DYYTIOIVOY DODIIOVOVY DD ILODILLLLY zq xo3deoax g
IoqunNN uegusn -WZA9 YYYYDI LD LY YYODILOYYD €zbTT N A sutwedoq €52-9H -zadda zaQda
6ZPTIT-8GETTT T-0HAG
:uoT3EDOT] -YLOYYOD
uooTTdwy OYDIDIVYY DOYOL
‘€6€T60DY TYYYYDDOLD DY IV IODDOY DLLDD Taq zoadenox aTi
Isquny Yuegusn - A9 YYYLDOOOVL LIOODODODD T sebs N X sutuedod zgZ-€9H -Tauda TaQua
ZHAd
‘TTIZdHA ¢ (ZYDAO)
Z ISDuUurdD UBRTIBAO
ut xossoaddns
Iowuniy I3epTpued
LS0L6T-88696T ‘T oYTIT-BoTowoH
‘UoT 3eDo] 1-OHA-¥DD ‘eprsTASID S
uooTTdwy LIVDIVOILYD D ‘Z ureloxd
{LT90600Y DOVYLODODD DODIVIVYD LIVIVOVLOD STs9YIuAsoTd a0
ISquUNN uegued -WZ A9 DOYYDIIDOD DOYDYDDODOY € eTdLT N N epTweyadta 6%0-€9H -THAQ THAQ
(Z00Z) TOL9-¥699 T-OHE-¥
‘1z eusboduo " Ie OYVYDIYIDY LOW { TALYNG
19 ‘W ‘ULPTTIYA Ut DYV IVDIVYY IOYYYIDD ) ‘9T TIoqusw ‘D
LOH 8 PIJTINSDIP YIDYYIODDL YYIODYIOLD OILYIIDLLLL ATTweygns ‘BoTouwoy T
A1snoTasid -WZA9 YIVYYDYLOY DD IODDILLL eTbeT N N (ovdsH) reud 8F0-9H -STOOYNG STOLYNG
8800T-6566T T-0HG
:UOTIeDO] -DD0DILODL
uooTTdwy LOVILODOVL o0 IIVLDODLL
£160€900dY LOVYYILYVYL YIDDDLOLLIY IVIVOYVYLLL £ 1ed T rIoouen Tesbeydoss a1
ISqUNN uedusD -AZ A9 DLODITLLOD YIODDLLOOL -zzde A A pue Buni utr pe9isTeA  STT-€H -oE1da T0d71a
P8LSTT-60LSTT aypoud-zzT1d
:uot3lenor] T-DHLE-D0Y f{T-p11a f0ZTTTLOA
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
s pue 0DNH
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

35

9950ET-08F0CT

‘unsojuswbTd
rursporsx) g dnoab
uoTaequswsTduos

FuoT3EeDO] T-OHE-D0D ‘AousIoTIoP
uonTTdwy LOYEYVYOOYE DODLOLYL aTteds1 juspox
‘69LLSTIVY TIODODOYDD LOLODODLL IOOYIVYLYYY Butausws Tdwon-ss0ID dTIH
ISqUNN Juedquso -WZA9 LYODLODDDD VOVYLOODOYVYL zzbeT N itedsa UOTSTIOXH 60T -9dH -S00¥d SO0¥H
44X ‘Tavd ‘v dnoib
¥8TC-¢€TTC T-0OHd uoTiejusweTdwod
FUOT3EBDOT] -DOYYOYYID ‘AbusIDTIOP
uooTTdwy LOYILOOLIODD o atedsi juspox
18959LT LY LOYYOOYO DLILVYOVYYDO DODDILYLLD TT e1d putjuswsTdwon-s8010 dTRH
ISqunN uegusp -WY A2 LY IVYOLOOO LLYDDOVYOOL g eTdoT N Itedsx UOTSTOXH TTT-9H -voodd yoodd
(adx ‘aq wnsojuswbTd
rursporsax) gz dnoab
05GP -99T¥% T-OHI-¥ uoTiejususTdwod
FuoT3EDOT YOOVYOLLY ‘AousToTIop
uonTTdwy IYYYLYOLID LYVYY oo atedsi quspox
{60€2600Y DLODDIDOY ODYYIVIYID YIIIOLYDOY Butiusws Tdwon-s80I0 g
ISqunN uegusp -WY A2 DY YDOOYDO0 OOLLLLOYODD € ¢Ibb6T N Itedsa uoTIsIOXI SOT-9dH -Zo¥d co¥d
(soousnbes
osussTiue Burtddelisaso
(sepnTour) T dnoib
880CC-8LTCT T-0OHd uoTiejusue TdwoD
FUoT3EDOT] -DOYOODOVY ‘AousTIoTIOP
uonTTdwy LY LOLOVYYYY Yo aTtedsa juspox
‘96LEIN YLODOYYOOD LOOYYLYOOL DOLODVYY £ ¢€Tb ButjusweTdwon -s5010 dTi
IsqunN yuedquspo WA OYYYYOOOLO DOLOYDODDD -z €TkeT N xredsx uoTsToXH OTT-9H -Toodd Too¥d
NAN *Z-¥IH ‘19N
! (uetae ‘BoTowoy
CSEPV-LLTYD T-0OHd susboouo (q-gqIs-4)
fuoT3EDOT] - DOYVYVYDO TeITa eTWSINST
uodTTduy DDOYYLIOLD DYLLLYYLD STASeTqOIYIAID)
‘66 T6LODY DOLOOV LYY OYVYVYOD0D DYLDLLODD Ioadsosx xo3pEJT g1
ISqunN uegusp -WY A2 DLLOLOLOOD YYDVYDLOLOVY T-1ZhLT N yanoab tewrsptdd €€T-9H -Zddgydd cdgdg9d
(ToOZ) T-OHI-9DD
8TVE-0TVE YLOYOODOYY LLLOLOOLLY LOTTILTA f99L0WWIM ‘T dTi
‘T9 sy Ionued YOLODVYDODD LODIYILOD IOVIODLLDD uteojoxd BurioeaL3urt
T 1® 'Y D ‘sped WA DOOLOLY LD LY LVLVYLLOOD € tede N (utxogzel) VYIWIH CST-9H ~TdINZIHdd TdIYZIHdd
soInos Loousnbsag sousnbss sousnbss uoT1eo0O] (N/X) soseTIVY opoD al (s1delTeAY
oBTTO IoWTId ISWTIJ TPWOSOWOIYD (SISHIEH (oTIToads ubTssqg uoTaoEay] JI) swenN
sqoxd osIoAad pIesnIod vl0ho] uoTioEBSd susnH
s pue 090H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

36

uoo TTdwy DOLOOYLOLL YILYDOD oberadTynae)
‘Y TYETODVY DYEEYOODOY DO LOVYLOYY.L LYDOOLLYD (L uTsjoad uTrewop dTH
Isquny uedgusp ~WY¥d2 YICLYYYEOD DODLLOOLOL €z 1eby N N 0¥ -aM pur Xodq-4g TST-dH - LMXad LMXEA
80€€9-¥E€ZE9 T-0HL
fUOT1EedDOT “YIVYYYYY
uonTTduy YOVVYLLODOVY e TAYAY ‘€0-IDD ‘T
‘LL66SETY TOLODODIDD DOOYYLODLY VOLOOYLLLL IcaoeI PO1RIDOSSE aTi
Isquny fueguso -WZd2 TYVYODOVYED DOIDLLLLODD eedt N N (94S¥4ANL) sed ¥0€-9H -TAYd TAYA
(¥002)
888-788 ‘€T T1-0Hd
ADIg SISYIeWwoTd -DOOD2LD DYLOVD qId ‘ZYEAN
Totweptdg xopUER) DOYYOOOYI0 YYLYYDOLOY TEDOOOOILD f(e3sq Ad) ¢ dTI
Te 3® "H 'Tbeta -WZd2 YOO LDOOOOY LLLVYYDLLL byt N A zoadeoex usboxasd S9T-dH -cdsd cdsH
(00072) T -OHE-YDDY eId TYEEAN
920S-T20S DIODDOYDIOVED feydTy
‘09 s9Y IsDUED DOVYYYYLEDD YYLOLOYYED DLIYODOLL zoadeosy a1
“Te 19 "Y¥'D ‘sped -WZd2 DOOYIYDIOOD LLODLLOODD T°5¢hko N X usboiisd ¥9T-9H -TdsH TISH
¥so
TINDID C (TeoTsselo)
1 SwoIpuAs suAeipo)
‘£ (8o0yH) 8 dnoab
00ZTZ-880T<T T-OHI-D uoTiejusue TdwoD
FUOTERDO] VOOV LOOOY ‘AousToTIoP
uon T Tdwy YVYDOLYOVYL YEYOO0¥O o0 atedsa juspox
{9V SELODY DLOYOLLODD IVIVYYVLID OO LOVOVLLL Butquswe Tdwon-ssoI0 aTi
IsqunN yuedquspo -~-W¥d2 YOVDOYLYOL DOLOYYLLOD 1 zTPS N N rredsa uoTsToxE €TT-9H -800ud 8o0yd
9zAVA ‘€SO ‘ZNID
‘ (gagnd) 9 dnoib
STEVIT-06TFOT T-0OHd uoTiejusweTdwod
:uoT1EeDO] -DOVYILD ‘AbusToTIOP
uon TTduy YYLOODOYLY YYVYOOY DYDLL atedsa juspox
199€€LODY ODIYYLODDID IYYLOVLOLL DLIOODOYYY Butiusws Tdwon-ss0ID dTIH
Isquny fueguso -WZd2 DYDIDLITDD DY LOVYLOOY Ttbot N N Itedsx UOTSTOXH ¥PTIT-9H -902dd 9220dd
0DdX
{ZHDYEE ! ( (Swoapudls
sulkeypop) o dnoab
uoTiejuswaTduwos
soInosg Loousnbsag sousnbeg sousnbsg uoTieDOT] (N/X) (N/X) S9SeTTY spoD aIl (ST9eTTeAy
oBITO ISWTIJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTaoesy JI) sweN
sqoxd osIaAdYy pIeAIOA ©l0A0] Isoue) uoTaoesy susn
S pue ODNH
dWID ¥#T
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penutjuoo-T HIIVEL



Feb. 26, 2009

US 2009/0053706 A1l

37

uon TTduy LOVYLLOLOD Yiv¥ DLL Io3De3I
{6988000Y DDOIDIDODD VYILIOYLOD DOLOVOLLOD zTd orydoajoansu Saani
IoqUNN uegusD - A9 fofelalelorraso)ars IOLIOVIODD -1 e1ds N A poATISP TTS° TETID TCC-€9H -ANaD ANGD
8786 T-FPHLET OHd
:UOT3BDOT -YYYOODD
uodTTduy IVIIODIOOY LIDLLLL T1°vZ06LE9d
‘LTI966FTY LODIVLOODD YIDDODO0L DOVIODLLLL ‘g utejoxd g
IoqunN Yueguen -WZA9 ol asaloTo A 441 YOIOOVYLLOY c€e - €1boz N A Burputq ¥ivD 9Ze-€H -SYINVD SYLYD
0€£98T-LSS8T
i UOT 3BDO] T-OHE-D2DD
uooTTdwy IYYOLODDIY 20D 4
{S98T6900Y ¥OOOILYLOD YLOYYDOYIY LIOYYDLODD zzds ¥ utrejoxd g
IoqUNN YuedusD -WZA9 LYODLODDLL DIODIODLYD -1 gzds N A BuTputq ¥IVD €ZE-€H - PYIVD YYIVD
656TS-088TS OHE- DD
{UOT 3eD0r] LIVOLLYYOD
uodTTduy YIDDLOVYOOD SEESOON
{6706 €TV DOVVIVIVYY LLODOVVYL LIODIYYOOD ‘¥aH/€ ute3load AT
IoqunN Yueguen -WZA9 ohffelalelalelale) YODOILYLOL stdot A A Burputq ¥iVD LZE-€H - €YIVD EYIVD
TE60L-0G80L T-0HG
i UOT 3800 -YYOYLLLID
uon TTduy LOLIODDLOL o] (epy L9)
{S0¥L0O0DY DYYOYIDODD DOOYVYYYOVL YYYDYLOODD T eselAXoqiensp 2E4 1)
IoqunN Yueguen -WZA9 YIYDOILIOD DIIDDILYDD Tebz N A suTWeINTD 95T -€H -TaQyD Tavo
SSvYTV-TBETH T-0HE
FUOT 3eDO] -DOVLOVYYD
uonTTduy DOOYYOVYYY A4 z eydie ‘zo3densx ‘¥
{0905600Y YOI LODVYOOY DYVYIDIIYYY YODDDY pToe oTIAnqoutue zaani
I9qUNN Huedqusn -WZA9 YOILOLODVYY DOVOHDILODL zTdy N x -euwen  pSZ-9H - 2D ZTTAAYD
$ZLTITT-0S9TCT T-OHE-DD
i UOT 3800 DIDIVYLODY
uooTTduy YIVYLYYYDD eseyedy
{LSEL60DY DIOYYYLOVYD DOVDOY 29DL ‘devdd ‘peTIL gz
IoqunN Yueguen -WZA9 ha-Afoteletelelal] LIODDODIDD z v1de N A SUTPTASTH oTTbeid THO-€H -LIH4 LIHA
omxdd ‘vodD fLimad
{OTTES ‘TLOTTLTA {ODY
SPSETT-TTHPETT T-0HA ‘ (errydosoag
:uot3lenor] -YYLOODDL ‘BoTouoy
20INOS Loousnbsag sousnbsg sousnbsg uoTieDOT] (N/X) (N/X) S9SeTTY Elelele) aIl (ST9eTTeAy
oBITO ISWTIJ ISWTIJ TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoesy JI) sweN
sqoxd osISADY pIiemsrod vl0ko] Isoued uoTaoesy ousn
S pue 0D0H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

38

67T6S-0ST6S T-0OHE
:uoT3ENO] -YOLLOVOOY
uooTTdwy DDLYIYIVYY OYVYODL LYYDD
{080F%000¥ DYYVYOOYOOY YYYOVLOOOY DIOYILLLYD yTd ITXOH zgan
Isquni yueguso - A9 DIVYYDLVYL DILLIDLLLL -gtde N N {TTY XOd OSWOH 0LZ-9H -TTYXOH TTYXOH
€€6LF-0G8LY T-0HG
:UOT3IEDO] -DOIVLYYYY
uooTTduy DOYEDOLLOD o LIYLDD
‘080%000Y hcaleTololife)-arso] VYV LLOOYD YOVDOYLLOD vTd HTXOH g
Isquny yueguso -HYA9 DIYTIDYIOD DLYDLIYLOL -gTdL N N {0TY XOJ OSWOH  0LZ-9H -0 TYXOH OTYXOH
0ZT8L-BETBL T-0HAG
:uoT3EDOT] -YLLYYD
uooTTdwy TYODDOYEDL YOOLLL oLO
{6L0¥00DY YOODOYLOOL OYVYOVLIYYY DILODODOVYDD ATXOH azil
Isquny yueguesp RicEL] YIVODYYDDL YIIVLILLOLL sTde X X {TY xoq oswoH 89Z-dH - TYXOH TYXOH
(¥00Z) 6%-FF T-OHE-1OD
'ZZ0T TIPS pesy YYYYYDLODD YLLL D ‘I sselo ‘usbBTiue
AN uuy Te 39 TIYDLIDODD OYIODODLLL YYLODODIVL A3TTTgraedwonoasTy g
‘W "H "ISTINH -HYA9 DDYLIODLDD TLYIDDOOYD g 1zdo N N D-YIH STZ-9H -D-YTH D-Y¥TH
T-0OHE-D
(T002) DYLODLILOY
8TVE-OTFE DYOYYIDIOVL 6Z9L9Z
‘T9 s9y I®DUERD DLODLYIVED IVLODLYID DILODDDDVYL ‘T ISDUED UT a0
“Te 3° 'Y D ‘sped WY d2 fifelololo)asotol) LODDDDVLLD € eTdLT N A poieTiAyzeuwisdAy 89T -€H -IDIH TOIH
T-0HG
(T002) -YYYYLYLLD
8THE-0THE DYVYOIDILODY YD DIL €1SD ‘sAAvVA ‘TTId
‘T9 s9Y IsOUBD DODILIDVIY DIOYYYDOVD YIDYILLYDL eseiIajsuURIY g
“Te 3@ ¥ D ‘sped -WZA9 DYDOVLOVYY DD ILOIDDILD €IbTT N A S-suoTyleiInTo gLT-gH -TdLsD TdLsSD
LTLTTIT-SPOTTT T-0HG
:UOTIeDO] -DDLYLDOVY GZUYANN ¢ (€aN) €T
uon TTdwy DYLODYILLD e@3e3redse-q-TAUlsu-N
{9T6L00DY YYYDOYIDOY DY IVVYVYLOD IOVOILDODD ‘orTydoijouot g
ISquny Jueduso -HYA9 DODDDOIYLD YLILYDDODLO z1deT N A ‘xo3depea S3eWEINTD  0ST-€H -€ZNIUD dZNIAD
99880T-8SLBOT
1uoTIEDO] T-OHI-¥Y¥VYY
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
s pue 0DNH
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

39

uoo TTdwy “YOOYDO20D LYVYYLOVYL ol ‘gDad ¢ ONNLD
‘6TE60TOVY DODOOVYYIOVYY IYOOLLYLLL DOOLLOVYOLL ‘utrqotboxeld a1t
ISquUnNN Huequsp ~WY¥d2 LOODOLLOLD TIOOOTLEDD 1zbLT N A uoT3Lung €02 -9dH -dnr anr
6E99PT-69G99FT T-0HL asyas
{UOT3BDOT -DOVVYY ! (zoadeo®I ¥ -¥rIA
uonTTduy YOVVYLOODD Jo atungns p eydre
‘5650T00Y DODYYIVLID DOYYIOIDL DLODOVYL zeb ‘asvao usbTaur) dTiH
Isquny fueguso -WZd2 LYYYOOIOYEO DODOYODODL -1ebz N X v eydre ‘utabsiut TZe-9H -P¥OLI PYOLI
(¥002) T-OHE-¥ YPaSOI
08¥V-ZLYF "¥9 YYOLOOYELD ‘WYONAS ‘2rid ‘LTLS
88y Ispue)d DYOYYDILYL DY¥O DL fZI0EN YTOTISL ‘F
e 3® 'W YOODOLOYOY YEOYDIOLODO OYYLLOYLOD Isqusw ‘AT Twegasdns dTI
‘IS IPUSAUDSPTM “WYd2 DILYYYYLOVO YOOI LLLODD T eThTT N A utIngoTSounwuwr 690-dH -~vASOI 7ASOI
0ZL80T-€€980T
fUOT3EeDOT] T-OHLI-¥D
uonTTdwy DOIOYYDIDIDL D (¥ uTpswoilrwos)
‘LTTTETIOY DIDTLILIODD DYOODOVVYLL YLILOOLOLOD z 1030eI yYjmoab dTi
Isquny fueguso -WZd2 LYODLOVYOD DLLLODOOYD s gTdrT A X SYTT-UTINSUI :ZgadI 6TE-9H -Ta0T ¢aoI
LOFPT-S¥CT
‘UoT3EDOT] OANION-YL
uooTTdwy DOYODOVLYL DOYYLLLODOL YYDO000Y
‘06LSLEAY LYODDVVYOY YYVYLLLODLD LLVLLLLYLYE rUwen WTH
AsqunpN Huedquspo i - YYYLLLOOLL YLLOYOYYOL vibztT N N uodasjas3iur €Te-dH -“ONAT ONAT
T-OHA-Y vSao ‘zdd
(z00Z) YYOIOIVYDD {ToadenaI sNITAOUTYI
20L9-%699 ‘TIT DOV ILYYYYOY YYOE L uewny  (FSAD)
susbeouo "T® YIOYYDOIDLL IOV IYYVYOVY IYDLYDDTOD z e1d T STINOSTOW UOTSI[YpPE a1
1® "W ULTTIUH -WZd2 TOOOLOOODL DYDODYLLOD -geTdeT N N IeTNTISSISIUL 9L0-9H ~gTHYOI TWYOI
(¥00Z) 9€T-T€EZ T-OHA-¥D
‘60T 23971 DYLIVYIIVYL 2 AL oseusboipiysp
Isduey TR 318 TOO0020200 DYDLIOVILYOD DODOYOILLD pToxe3sAXoIpAy dTiH
‘W CH 'ISTINW -WZd2 DLLODYYOOL DYDLLODLYL Tzbg N N -e3IsdqLT 990-9H -¥94TASH ydLTASH
(¥00Z) €IBE-LOBE T-OHA -DOV¥ TSYJH
‘y9 seoy xedUED DODOOOYOVD YVYLOYYOLY DOLL {BoTowoy susboouo
e 3 'K OOV LLOLOVYD YYLOLLYYLY DOYVYLYLYVYOD TeITA PWODIES et dTi
' ISIPUSAYUDSPTM -~-W¥d2 YEYOYOOLOD OYDLYDODYD s gtdrtT N N KenxeH seI-eH-A P¥T-9H -SYJIH SYYH
soInosg Loousnbsag sousnbeg sousnbsg uoTieDOT] (N/X) (N/X) S9SeTTY spoD aIl (ST9eTTeAy
oBITO ISWTIJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTaoesy JI) sweN
sqoxd osIaAdYy pIeAIOA ©l0A0] Isoue) uoTaoesy susn
S pue ODNH
dWID ¥#T
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

40

L9665-T5869 T-OHA-D
FUOT 3BPO] DLOYYYLOD
uooTTdwy DYDOYLLODY YL 2oL
‘ZTT6YFAY YYLODDEIYD DDOYIVDIOD LODDYLOVOD zzh z ureo3oad uTewop aTi
Isquny yueguesp RicEL] YYOVLLYDDL IVLLIDLODL -12ke N N Burputq 5do-TAU3I=W  £80-9H -vadn vagKn
L99€FT-68GERT T-0HA
:UOTIEDO] ~YYYIILOD
uooTTduy IYYYLLLIOLD o) L Z ursjoad
{Z9V €600V DODOTIIVOD YYLODYIEDD DD IODIYDYY utewop BUTPUTY T
Isquny yueguso -HYA9 DIYLODLIOD IVOYDDIDDY TZhsT N N odo-TAUyasW zvT-gH -ZadK Zagn
LYSHZT-€9%FFT T-0Hd
:UOTIeDO] ~¥IDLODOYY TZE4
uon TTduy DIDLOVYYLL ‘Lgd T xosssaddns
{€£98520DY LODDOOVLLY DDYIDLLOLD DOYDDDY Towni satieind 1K
Isquny yueguen NicEE TELODIDODD IDLLDODDOD zzds N N ‘zoddrz suTeneT  00T-€H -TS1Z1 TSLZ1
9€EEFT-LETERT T-dHd
:uoT1EDOT -YYILODDDY
uonTTduy YILLYDOOYD k4 2L 98L0YYIA
‘6€689€TY YIVYLLYODD DOLDOYIDLD YOIOYLOODD ‘THHAT ‘TIDET T
Isquny yueguso -HYA9 YEDIDIOLYY OYLLIVODYD T-tedr N A ‘z urttydoxlel zoz-gH - ZNHA'T ZNHAT
69V T-8ESHT
‘uotienoT  T-OHE-YDODD
uooTTdwy YYYYLILODD fate)-4
{€£062TTODY DOLODYLODD LIDDOYLLOL DOYDIYLLLD zTh Juspusdep -dLyY T
Isquni Jueguen WY d2 DYYLIODYOD TIODDODOLD -z TThLT N N ‘¥YNd ‘III ©seBTT T60-€H -€DI1 €011
$L906-2L506 T-OHA-D
iuoTBDO] DLILLOYOYD (eTwaToxsasasToyoaadAiy
uonTTdwy DYV LODDOVYLD hi-4 LIOVYYOL TeTTTWeI) Ioadsoax
‘98P TTODY DODIYYVYOLY DYLYYYIIOY ODLIVYLLLL utejoxdodTT T
Isquny yueguso -HYA9 YYYDIIYOLL LIDDOIVLYD € ¢1deT N N KaTsusp #oT  6TZ-dH -¥ran Aq1al
68TZ-290¢
:UOTIeDO] T-OHA-L
uooTTdwy DOOYYYDOYD JLLOL
‘L99600dY DODYDOVYDD DYIDD YIOVLOODOL susb T
ISquny Jueduso -HYA9 DLOYDOIDOD LLLODLLLOY z1hbeT A A oyjord uewny SLT-€9H -4 ™
669T8-609T8
:uot3lenor] T-dH4g IIIdd ‘g9d
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0DNH
dWID %1

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

41

869TT-S6F%TT

FUOT 3EDOT] T-OHE-D
uon TTdwy DOLOLVVOOY D500L YOLODY 6TSWAY ‘8T-IFW :OfTT
{88€6SETY YOOOOLODDD DIOYYDOVY IODYIODOLD szboT - (eeTETARIED 5 aTi
Iaquny uegusn -WZA9 YOO LOVY LY YYDV IODYLL -vzhoT N N 8TLIN) 6TSWW LTT-€H -r16 TSHI 16 TSI
TTSOTT-TFHFOTT
:uoT3eDOT] T-0HA-¥Y
uodTTduy DOOLYIDOD
‘08L6F0TY DIDDDYYYDD eloTelol-a"4 IOVIDODODL € boTouoy g
IoqunN Yueguen -WZA9 TYODDIDTDD IODIVDLYDL € vZbvT N A (FToo "F) TINW 660-9H -€HIKH €HTH
(¥o02Z) T-OHE-D
888-788 ‘€T A®Id DOOYLLODOY TY00D ¢ (z °dA3
sIsIewoTryg RATAR A& A4 Avhs ) L stsodAToduou ‘Isoued
Totweptda Isoue)d LODYILODODD OYVYVLOOOL LIVODDVLYD uoton) (Froo F) St
Te 3° ‘H ‘1Beta -9 DODIDDLLOL DODYDYYODY e 1ede b3 A T BoTowoH T 3nW  OST-GH - THIR THTH
0£T0S-0900S sousnbes
ruoTaeDOT T-0OHI-YD STwoushb pueTsT
uonTTduy DOVIVYDODD 1LOVY odp ps3eTiyisw
‘{167 TTOOY LODODLODOY YOYOVYD YOVLILLYLL ATTeTIUSISIITP g
IoqunN Yueguen -WZA9 folelalelsaloo) o) DODOILODLD zzbLT A A Ispued UOToD  Z9T-9H -T€INIKR TEINIK
PTSYL-9EFTL eousnbes
Hiélehgal-tolely] T -0Hd SoTwouskb pueTsT
uonTTduy -¥DO2LOODD odp peieTAyisu
{8ETLOODY DYODDIVLLD DOYYODVY IODOLLLOD 1T ATTeTIUSISII TP a0
IoquNN uegusD -WZA9 YLODDOOIOL DODOLOVOLL -zede b3 A IopueD UOTOD  LB8T-€H -TINIW TINIR
sqex ut
STPEF-88CHE T-OHE-D (DTAS) DT NIHIONUI
TUOT1EeDOT DYYYIYYIVYD ‘opusnbess UHEOCO@
uonTTdwy DOYVYIIDVYL 221 2D pueTsT odd pojeTiyisw
‘¥LLITODY DODDLLOYID DOVYOYDILLD OYILOLLLLL ATTRTIUSISITP g
IoqunN Yueguen -WZA9 YYYLOLODOD IODYDLLODD vI-€Tbg A A Ispued UoToD  T9T-€9H -TINIKW TINIK
(zooz)
L6T-T6C 'TTA®Id
sI9IPWOTH T-OHA-¥Y
Totwsptdy DODIDYIOIY 324
Ieouey " TE 3I9 LYDOVYYODD OYVYDOVYVY IODYIOOLLD sserozsueIlTAYISW YNA Sgan
MY TUBWITA -WZA9 DODLIDLOYD DYDO LI LODD 9zboT N A -outuenBbTAYIBW-9-0 09T-€H - TIWOW IWDW
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0D0H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

42

S9S6L-LLVEL

fUOT3EDOT] T-OHE-DDL
uon TTduy LYITOLOEOD LLLD 21
‘T9V 920DV YYLODODODD YOLLLOD2OOD YIVLOLOLDD {II-UTSUOTUIOTTRISN dTiH
IsdqunN Juedgusd i b ) DILYYYOIDLL IODDLLLLODD cTbot N X ‘YZ UTSUOTUIOTTEISK 90Z-9H -¥ZLIKH YZIN
SC96T1-6%S6T T-0OHd
‘UoT3EDOT -YODOYL
uodTTduy YLOYYYLOOY LYLLLOD
‘197 9200V DOODLYDODD DOOEIDD LLLVLOLLLY oT dTH
ISqunN uegusp -WY A2 DLYYZLODOD DOOYYLLLDD £TboT N A UTSUOCTYIOTTEISH voZ-9H -DTLIK DTLIRN
PSC8T-SLTI8T T-0OHL
‘UOT3EDOT] - LOYOO0¥
uoo TTduy YOOLOOOLYY 20 DOY.L
‘6LLOOTOY YLOOYOYOOL LY LOOYLLOOD DLOLILYLLOL €8E€TOM ‘STIW ‘V¥T dTi
Isquny Juequsp s = DOILYLODOLO DOLLLLOLOD cThot N X UTSUOTUIOTTEISH S0Z-dH -¥TLKW YTLH
8ZZVE-FPFPTIFRE
‘UOT3EDOT T-0OHd
uodTTduy “¥OODOODOY LD
‘6059000¥ DLODILLIDD YYYLOODOY YLLODOLLOD dda1o ‘9 Borowoy dTRH
ISqunN uegusp -WY A2 TOOODIOYLD OLLLOLOYOD 9tdz N A (TToo "H) SINK ¥80-9H -9HSK 9HSKH
<eL89-059989 1-OHA-¥
‘UoT3EDOT DY LIODOLYY
uooTTdwy YIIOYYLYED
{89L0TODY LLLLOODOOD LLOOVYY YLLOOOL S BoTowoy a1t
IsqunyN Juegusp ~W¥d2 VDOLYOODO0 DOODDLOOLL € TTdo N N (rTo2 -F) SanW L60-dH -~SHSKH SHSKH
T-OHI-D
O00LT-0T69T DIOOYYYLOOVY
‘UOT3EDOT DOYYYYYOYL
uodTTduy YYVYILVYYOVY DOLOYOY
‘9026S€TVY YYOOVLOOYY DYEOD IYLLLLYOYD v bBoTouwoy dTRH
ISqunN uegusp -WY A2 DOODILYEDOD DOYLLLLYODD Tedt N N (TToo "H) SINK 960 -9H -YHSK THSKH
694986-¢8¥%86
‘UoT3EDOT T-0OHL-9DD TYO0D ¢ (T =dA3
uoo T Tduy DLLODYYIOY hva4 stsodAToduou ‘Isoued
{SLLELODY OYYTOYODI0 YOOVYYYOOOL DOOOYLOOVYD tzd uoron) g BoTowoy a1
ISqUNN HUEPFUSD SWYA?  IDDLVDOVYYY  DODLDVLLLL -zzdz N N (fToo "H) 53IMW  S60-GH -THSH ZHSH
snInog Loousnbsag sousnbeg sousnbsg UoT3eDOT (N/X) (N/X) S9OSeITY Elelete) ar (oT1deITeRAY
oBITO ISWT IJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTIDESY JI) swey
sqoxd EERCY N pIeniod ©l0A0] Isoue) uoTIDEDY susH
S pue 0D0H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

43

TSS8€-€9¥%¥8¢€ T-0Hd
fUOT3edOT] “YVYLYLYYD
uon TTduy DYETOODIDY LODLLLY JAAN ‘T
‘T6%.800Y YOOVYLYDODD DLLOLODY IODLLODYOY UOTIARTIUSISIITP a1
Isquny fueguso -WZd2 DOODIOYYDIY LY LODLLLOD zTbLT N X oTusboineN 09g-€H -Z2a0dNAN 2qodNAN
LS98L-9LSBL
‘UoT3EDOT] T-OHE-¥
uooTTduy YYDIVOEDD UYL T-dHE ~CYLEd ‘JOInsN
fEELETODY TOOVDI0200 OYYLOVILYD LYYOOD00L {T UOTIeTIUSISIITP dTiH
Isquny fueguso -WZd2 YYLLODODID DODLLLLLLD zebz N X oTusboiInsN 652-dH -TACINAN TAOYNAN
SL6-9288 T-0Hd
‘UOT3IedOT] - LODOOYYLOL
uodTTduy DOYYDODDLY
‘8S809KW YOOUYYYLEOD DILODDOOEDOD LIDDLLODD x21b dTi
ISqUNN Juedquso i b ) DLOVYYVYODY LLIODLOLOD -z1bz N N UTTOSTONN £LL0-9dH -TON TON
(T002) T-OHE-¥
8I¥E€-0TFE YYDOODO2LY
‘19 s9y LYLOVLOYOD
IsDuey T® DOYOYTIOLO DOLLLOD DODYLLOY €AXN ‘€ I01deI dTiH
1 'Y "D ‘spedH -WZd2 DOOYOYDIOOL LODODODOOYD v STdTT N X bututwrsisp oTUSbOARN PST-9H -TAOAK TAOAN
6V IVS-SLOFS
fUOT3edOT] T-0Hd
uon TTduy ~DOYDIOLLL YLD
‘0FS6SETY [oR-43lelere i 0] LOYYOOD000 DOYLLOYOOL T-zed HAN {BPoTowoy dTi
IsqunN Juedquso s b ) LOOVYLLYYYY IYODLODOOL - vedT N N (rTo2 -F) X2AnKW 880 -dH -HXILOKW HXALONW
(T00Z) T-0OHd
8I¥E€-0TFE -DOOOYVY (HAA¥N)
‘19 s9y DOLYYYYOLO YOOLLOVIY S8e31DoNPSI 33TOT
IsDuey T® DODYLYOLOL TOOIOLOL DOYYYLLLLOY -oxpAyeijsjsus TAyIoW dTiH
1® 'Y "D ‘sped -WZd2 LIOLYDLIODD DYDLOYLOOL g€ 9edr N N -0T’S 850 -9H -¥JHIK JAHIH
T¥786-L9T186 T-0OHd
fUOT3EDOT] “YLOYLOYY ( (PpTydoajzoansu)
uooTTduy PDOLOODIOOVYO YOVOD Io3oeI
f19%9200¥ LLDDDOVEVY YLLOYLLYY YODIOLYLLL AzoaTqryut yamoib) ¢ aTr
ISqUNN Uuegusn -WYA9 DD LODHIODD DDOYLLLLOD €TboT N X USTUOTUIOTT®ISH  LOZ-9H - €1K €1K
soInosg Loousnbsag sousnbeg sousnbsg uoTieDOT] (N/X) (N/X) S9SeTTY spoD aIl (ST9eTTeAy
oBITO ISWTIJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTaoesy JI) sweN
sqoxd osIaAdYy pIeAIOA ©l0A0] Isoue) uoTaoesy susn
S pue ODNH
dWID ¥#T
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

44

09SLST-68FLST T-0HE
P UOT 3eDOo] - IO ILLOYOD WZOd0 ‘WOdo ‘oXTT
EOU._anﬂEﬂ DOOYYLOOOL -STnoSTow UoTsS3ayper
{T€9LZ0DY YOO IOYYOVY IVDIVLIVYY DOILVLODD TToo/uteload zaani
I9qUNN Huedqusn -WZA9 DDDHIIVYDD DOVOILLLOD SzbTT N x Burputq protdo 60Z-9H -"THDA0 JSTHDAO
6€95L-659GL
i UOT 3BDO] T-OHE-¥DD
uooTTduy YIDYYIVYYD YLODD LLL
{0¥€0600Y DODIDDDODD DIIOVYIVVL YLIVYLDODY z 12bsT Z2-00 'z Idqusw ATTwez g
IoqunN Yueguen -WZA9 DYDOVYDIYID YL1DDDDDOY -1 1ghsT N N ‘UTeWOP IND SUQ  THT-€H -ZI0DANO ZI0DANO
vS8T-€TLT
{UOT 3EDO] T-OHE-Y
uon TTduy DODODIDYED
{THETETOV DVDIDYLYYD VIO DO LODD sseTAsonA1B ¥NA zgan
IoqUNN Yuegusn -WZA9 DOYYVYOIOID DODDHIOOOVL z 9zde N N sutuenbBoxo-8  L80-9H -1990 900
9L9VT-€95FCT
i UOT 3BDO] T-0OHE-D
uooTTduy DOYLYYDDD €SLOO ‘THIN ‘T ®YTT
f0095000¥ DIDLIDIDYDD haa-selelal] DYVYDODL -(III ®seaTPNUOPUS g
IoqunN Yueguen -WZA9 DIIIDDYDID DD LOIYDODD g€ eTdoT N N I7O2 "H) YIN 680-€H -TTHIN TTHIN
9LSGL-E0SL
i UOT 3BDO] T-OHE-DOY
uooTTdwy DODYIOVYVYD LIVODYD
{S8SSETOV o) foolseTololoNA DILIVIVVLOD DIVILLLYLO aTi
Iaquny juegusn -WZA9 DOODILLODD LILIIOOLLL eTdzT N N ¢ urydorjoinaN TSZ-9H -€4IN €4LN
T98T-98LT T D D T I9quSW
i UOT 3800 -OHE-DOOVD ‘D dnoab ‘g
uooTTduy DILIOVLOYYD D ATTweygns Iojdenax
‘06S9€FAY DOLYDODDID DODIDOY ARl RRaTe) 42274 TesToNN/I03densy g
IoqunN Yueguen -WZA9 YOOI LLOYYY DOVYDDLODD Tebs A A PTODPTIIONODNTD  L90-GH -TO €N TOEAN
6Z¥SL-THESL T-0HG
i UOT 3BDO] -YYYLYD
uooTrduy TEOODIODLD LYYOD i
{8E€LS00DY DYDIVYLEDD DLOYITIVYD LI IV IODOOL Teb VIV ¢ €QOdnaN T Saan
IoqunN uedueoD -WZA9 OV ILIVYIYDD IODDOVIDLOD -gghbs b3 A utusboineN T9Z-dH - TDOUAAN TOOUNAN
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0D0H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

45

S¥0€9-696CS
tuoTaBLO]

T-OHI-DD¥ID

uonTTduy DYYYYOVOOY DLV T107 ‘T
{S5L60TTY ¥ODDIDYLOY LLOIDDLYDD YYLYDLYYDL szb oYTT-2u=sb ruouspe T
ISqUNN Uuequen -WZA9 YYDOHOIVOILD 1ODDOYDDIY -vzbo N N orydiowoTsTd 66T-9H -TrIHY1d T19vY1d
POVLTIT-TOELTT SanI ‘sHY ‘DEINA
1UOT1BDOT] T-OHE-¥ {ZOHI ‘ZdIdIl ‘T
uonTTduy LODOYYDDD LL I03peI uoridriosueal
‘890LTODY DODLODIVOD DD LODYLIDD ififatantate] UTeWwoposwoy 2E4 1)
IsqunN ueguen -WYA9 DLODDLLOVL DILIODDLLOY Lz-52b% N X SYTT-poITed SET-9H -ZXLId ZXLId
(5002)
€TTT-6TTT ¥ T-0Hd
ADIJ IS IPWOTd ~¥DOODDDD €0€UN ‘¥Ud
ToTweptdd I2oURD  DIIDIIVEDVY b4 lelolele) DLIYIDDLD €zh !y zojdenay aTK
Te 32 "M ‘UOSpooM -WZA9 DILOHIDYYYOY DOYDIDDIDD -zzbrT N X suoxsisaboid 6%T-9H -¥od and
0TST8-TTHIS
1UOT1BDOT] T-OHE-D OVYL
uooTTduy DOJLDIDDIL OYYD IODLOYIOVL Tosanpaad
{6FETTODY DOYLODDOYY DYDLYYVYDDY LLLODLOVYY 243 ut reydsyusoid T
IsqunN ueguen -WYA9 ID LD LODYED IVIIVYLLODD -gzhbs N X /ANadd  €9T-€H -MNEd MNEd
8GLGTT-€99STT T
FUOTAEDOT] -OHE-YYYYD
uooTTdwy DYLIDTYDOD LYVYYL oL
‘€£899T0DY DYDODOVYED DOLDLLODDY LODDYDDLOD 8 SUSD uTeWOd POIATEd gzi
ISqunN uedgusn -WZA9 IV¥OLOLYDIDD LIOYLODLLD zThkz N N ‘g susp xodg psITed TTZ-9H -8X¥d exXvd
9879.T-0ZZ9LT
:UOTIEDO] T-OHE-¥
uooTTduy LYDDDIIDLD oD ZT11¥ddY ‘T Isqusul
‘9L0G9€TY DOYLTODIDD DIDYLOVYLD IOVODILL zTh ‘ATTwey (sserswArod T
IsqunN ueguen -WYA9 LLIDDLLOOL DOYDYDIDDD -z 1ThpT N N (ssoqra-dav)Ated #60-9H -zdyvd zddvd
STOLPT-LP69FT
1UOT1BDOT] T-OHA-YY d¥vd ‘1ddavy
uooTrduy DIDYYDIOOY 70dd ‘T ISqusw
‘voL6SETY TYYDIDLODD TIVODOTED ODVDDDYD zvb ATTwey sosexsuliod aTi
IoquUNN ueguon -WZA9 jeatelel-iatel-aras DDVYILLDDDD -1vbT N N (esoqra-day) ATod €60-€H -Tdyvd L,TddvVd
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD art (STaeTTRAY
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0DNH
dWID %1

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

46

v8T9T-96T9C T-0OHE
FUOT 3EDO] -YVYYYY
uooTTdwy DOYOIDILOLY DOLOVY vav ‘(v oFeseTp
‘TL80S0 YYYDOYYODD YIVYDOOYYY DDDIDOVLD [422) ISWTSYZTY) zgan
Isquni yueguso - A9 YYIDYLYDOD YIDLDDDOVYD -tebtT N N z UTTTuSsaId Z9Z-49H -ZNESd ZNASd
6€L9-€999 T-0HA-L
i UOT 3800 DYV IDVY
uooTTduy DIDLLLYDYY 2LOD D €ay¥ ‘(€ oseasTp
1265502AY OYYYOYVYODL YYYYLODOD DIIIVDVDVD ISWTSYZTY) g
Isquny yueguso -HYA9 DOVLIDIYIVY YODLOODI LD € vZbvT N N T UTTTUSES1d Z92-9H -INESd INISd
T655-TTSS T-0HAG
i UOT 3BDO] -YIVYYLOY
uooTTdwy LIOYYYYOOD o] LOL
‘Y6SESETY DIODOODDOY IODYYYLOOD IOVYILIOOLL T °oreISFEURIIOUTWE aTi
Isquny yueguesp RicEL] DODIOVIOOY IODIILIODDL 12ke N N sutassoydsoud Tez-9H -TIV¥Sd TI¥Sd
TIVINd ‘ESL ¢ (T
FTEBTT-TETSTT IsystnbBuTtaxs oTIToads
:uoT1EeDO] T-0Hd snssta) eydle
uodTTduy -DDDDDIDIY o)53) DL ‘1 odA3 ‘AxojeInbex
‘0TZT6LODY DOVDIIDLYD DDV LYYY IDDDIIOVID ‘jquspusdep-dWYD aIr
Isquny yueguso -HYA9 YOYIVYDIOY YIDLILYDDD ezbLT N N ‘sseury utejoad FIZ-€H -YTAIEd YTII A
TTZ8ET-9608ET EOTAN ‘ZTo¥vVdd ‘TDUV¥dd
fUOT3IEDOT] T-OHd-¥ {17 wxogosT ewuweb
COU._uHmF_ﬂ TYDOTO0D0D \.Hou.nﬂ@UmH preieaATIaDE
{26V T600Y DOVIOODODD OYDOVYD OLILLODL eaTaeasgTIoad aTi
Isquny yueguep RicEL DYYYOOD0DD IODDDILODD szde N N swosTIxoIad 090-9H -Duvdad Duvdd
SEVEZT-99€€2T T
i UOT 3800 -OHE-D0DOY aiod ¢ {(a¥ sTT)
uodTTduy LIVIVYDOLD I¥ arTungns ST3IATEIRD
f{9¥9€LODY DOVODDLODL IO LIVDDDDD 0DLYDD ‘T earsp ‘ (poiosaTp g
Isquny yueguso -HYA9 DOVYYLOLYD YODIDIYDDD € €Tb6T N N ¥NQ) oseiswAliod 6¢T-€H -1a10d 1Q10d
7860ST-8680GT ZrISKd
$UOT 3eDOo] T1-OHI-YO¥Y {(spTSTASISD °S)
uooTrduy YOODOIVEYY DOYLOD ¢ posesioul
{€L0S000Y DOLYDIVLID DOVYLYYYOD IVDDLOOD uotieboabes Saan
IoqunN uedueoD -WZA9 IVOVIVVLOD DILLLDDLODL zedL N N oT3oToW3Isod  860-dH -ZSHd ZSHd
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0D0H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

47

YY199-08029

:UoT3eDoT T-OHA YYD TOIL ‘T
uonTTduy LIOLLOVOLL o {(peonpur suUsj3oIRvZER])
‘€T0080DY DDITOODIDD DYYYOTYYIOVL YVYODOLY T 9zbg aopuodssa ‘zoadsosi dTi
IsdqunN Juequso i b ) DILOYYYIDD DODLOYDODD -1¢ szbe N A PIDE DTOUTIASY ZzZe€-dH - TSHAITA TSHIIYA
900T-TZ6 T
‘UoT3EDOT -OHE - LYDYD
uodTTduy DLOLLOODOL o} DLLY ZATEN ‘2g¥d ‘dvH
‘6¥895X OO LYYDOLD YIEDOYDO00 DOYDLLLOLL ‘eqaq ‘zoadsoax dTIH
ISqunN uegusp -WY A2 DY LOJLYVYDO DYDODLYLLL vzde N A PToE DTIOUT3ISI 9LT-9H -g9vy aAvd
86CC6-Y1LCC6 T-0HA
fUOT3edOT] “YYYLOOLO
uon TTduy LIYILOOYOYOD Y.L LL YETUHH ‘¥ BoTowoy
‘Z60000av¥ PDOOVYOOLOVYLL YLODODOOLD DOODIVYLODD (PBTSTASTISD °g) dTiH
IsdqunN uedqusd s b ) YIILOYYIOD OYYILYDOLYL z e1d6T N N €2Tavd TOT-dH -YeTavy YeIava
SC¥98-0€€S8 T-0OHd
‘UoT3EDOT -YYo0000
uodTTduy LY LYOOOVYY YOV ZECOTODH ‘SA¥YD ‘TSKHL
8806000V OYLOILIOLYD LOODIOOVE LD DOLOODOOY z 11d ‘osY burtureijuod dTH
ISqunN uegusp -WY A2 OYLVYYLODOY LLLVOVODLL -z1deT N A utewop Jdvo pPu®r JdAd 8¢Z-dH -da¥OAd dI¥OAd
T8C88-CTZ88 T-0OHA
‘UOT3EDOT] “YOLLYODOO DOLLAH ‘OLLd
uoo TTduy YYOYYLLOLY {NTEADES TALAL
‘Z¥B8T60DY YVYODOVYOLOVY LLYOOOL LODODOLY ‘T ButwIogsuexl dTIH
IsqunyN uegusp -~-W¥d2 DOOEOO200 LLLODLLOOD T sebs N N -xouny Axe3Tnatd €50 -9H -TOLLd TOLLA
(¥002Z) ZX0D ! (oseusbBAxooTnAd
888-788 ‘€1 A®Id T-0HA pue sseyluls
sIsyIrwoTg “YODOLLOL H/9 uTtpueibeisoxd)
ToTwspTdd  IDLLLLDIYLIY z eseyjuks
Iesdued YYOODIOLLL OYTTOO00 DYYVYLODDD € gzb spTxoaaducpus dTRH
Te 3 "H 'TbeTa -WY A2 DOOYDOLLYY LLOODVYEODD -z 92bT N N -utpuebeisoxd S90-9dH -Zsold <sSDLd
LYTT-090T T-OHA-¥ WYHHW ‘SZd ‘TOVIHK
fUOT1EDOT] LLOYOYLOY o NAH SIS0UED pPSOUERAPE
uooTTduy YOV LOOYEOD DOYYDIOLOYL 2oL sTdTaTnw ur PSI3EINW)
‘ZTEEFTAY DOOYYOIIOLL LOVVYVYYLOOVY DOYVYYYLOLLYD BoTowoy utsus3 dTi
IsqunyN uegusp -~-W¥d2 LOYY LY LYYO LLODOOLLLD € ezbotT N N pue sseieydsoud LST-9H -NHLd NH.Ld
snInog Loousnbsag sousnbeg sousnbsg UoT3eDOT (N/X) (N/X) S9OSeITY Elelete) ar (oT1deITeRAY
oBITO ISWT IJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTIDESY JI) swey
sqoxd EERCY N pIeniod ©l0A0] Isoue) uoTIDEDY susH
S pue 0D0H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

48

TTINY
TILY9-9%9F9 T ‘gvdgap ¢ (eusboouo
:uoT3eD0] -QHI-DODLY TTwe ‘T eTWSNST
uooTTdwy YIDOYLOODD DDOYY pToT2AW 21nne) T
1960€£Z0TY LOVYODYIDD DY LIYLLOLO IOLOOYODL Io01peI uoradriosueil dTIH
Isquny fueguso -WZd2 OYYOVYOOED DOIYODLLOD 9edt A X pe3jelsx-3uny T8T-9H - €XNNYT E€XNNT
9G90%C-8L6ET T-0OHd
‘UoT3EDOT] R AA e
uoo TTduy IYYYLLYYOD Y
876 7000V¥ DOLIOYYIIL DOYYOLYYEOD DOYLLLYDD (@ #T) €¥ urs3load dTiH
Isquny fueguso -WZd2 YOVDOLOLLL DLIYOODOOW zzdL N X uoTiedTTdsy ¥O0T-9H -€¥dd £Yda
6T6TL-SV8TL T-OHA-D
‘UOT3IedOT] DLIYLLLOD
uonTTduy LILOYOLODOOY A~
{LZT660TTIY LOLLOYDODD DLODLOIDED DOYLOYDLL (a4 zg) TY dTi
IsdqunN Juequso i b ) DO LYYLYLOD IYEOIDIDDL sedr N A utsi1oxd uotieoTTded €0T-9H -Z¥d¥ e dda
(¥002) T-OHE-¥
9€Z-T€Z '60Z239171 TYODIOYOEOD
Isduey TR 318 YILODOODO0¥ TEDIOVED DO LODOOVLY dTiH
‘W CH 'ISTINW -WZd2 DODOVYIVYY DYDDLLLLOD z1deT N N ¥NY TewosodqTy TLO-9H - TN TANI
TTISLET-E€CTPLET T-0OHd
‘UOT3EDOT] ~DOYLOLOY
uoo TTduy YYYYYOVYVYYY DOOYDO ol
‘YET 9T 0DV DOV LODODOVY YICLYYLYYO IO LLOVLLLY IeInirem ‘T ureo3loxd dTi
IsqunyN uegusp -~-W¥d2 ODOYLOYLYD YOODLLOODD czbg N X Butpurq Toutasy S8T-9H -Tdgy Tdgd
(To0Z) T-OHE -V
8I¥E€-0TFE DOJDLOYYYD o0 JUSO ! (PWODIBSOS1SO
'T9 s9y IoDURD DDODLOOYOL YYOOLOOD DYLLYDOLYL ButpntouTt) dTiH
“Te 19 'Y D ‘sped -WZd2 DODOVYVYLOY DODILLOVLL z vIbET N N T ewolseldqoutisy SHc-d9H -T94 T9d
(2T00Z) TOL9-¥699
‘Tz suskboouo
“Te 1® "KW YLSTIIYUXH T-0OHd ZEYad ‘TZdtHEY
UT YT1dASSYd “YO00D000 ‘YZHAON ‘T ATTwes
8% PSqTIoSSP YYOOILLOOD DOVYLYYOOOV LODLLOVODD uTtewop (9-4Y/Sanied) a1
Alsnotasid ~W¥d2 YOOLODOYOVY ODLLOVOLLY € Tzde N A UOTIeTOOoSsE 88y v¥0-9dH ~YTdA3SsSYd TASSVA
soInosg Loousnbsag sousnbeg sousnbsg uoTieDOT] (N/X) (N/X) S9SeTTY spoD aIl (ST9eTTeAy
oBITO ISWTIJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTaoesy JI) sweN
sqoxd osIaAdYy pIeAIOA ©l0A0] Isoue) uoTaoesy susn
S pue ODNH
dWID ¥#T
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

49

8763-8%88 T
:uoT3IeNO] -OHE-YYODL
uonTTduy DOYDDIEDLD
‘18067049 YIVDIDDLOL IOVYYYYIODD TYOVDOTDDD ewbIs €-€-%T aTK
Isquny yueguen -WYA9 DDYIVIDDIY LIODDYDOVD £ qedt N N {UTITIRIAS  BLT-4GH -NAS NAS
9ZHLB8-FTELS T-0Hd
:UOTIeDO] -YIIDOYY
uooTTduy LLLYYYYOYL o0 JLLOD £LZ60YYIN
{LEETTOTY DODEDOLODD YEIILIDLID YYYYOYDYDD f9)TT- (ssnow) BoTowoy T
Isquny yueguso -HYA9 DDOYYIDVIY OYIOVILOOD T z1bZz N A 9 PeieTSI SINZTSS  $8T-dH -r19ZHS T9ZdS
88LTS-60LTS T-0Hd
:uoT3EeNO] - LLLOLYY NIdSYH ‘§Id ‘S Isqueu
uon TTduy YODLI¥DYIDL TI0D LOYDD ‘(utungresc) g SpeTd
{9LT9E0DY DODOLYDDED YIDILOYLOD YOODYYLODY ‘10aTqTUUT Sseursijoxd aTK
Isquny yueguso -9 DOVYDOYYVYIY IVVDDYYYYD € 1zhst N N (sure®asio I0) SUTISS 80Z-gH  -SEANIJAIS SANIJAAS
TT608-52808 T-OHA-¥
:UOTIeDO] YIIIVYYYL
uooTTduy TOIYDIDODIY DIDLOY Zddgon ‘S0TAT ‘TNIH
‘HPTLTTIOY TIDDLOYEDD YOVIDDLYLD JLODD 193b ‘T-NIH ‘T Isqusu ‘¥g T
Isquny yueguso -HYA9 DOYYLOIVLD DOODYIOIDD -s¢bg N X ATTwe3y urqoibolsines v6T-9H -TYEEIDDS TYEEDDS
0%998-89598
:uoT3EDOT] T-OHA-¥D
uoo TTduy jelalelelol-ava-arse} T-sTnosTou
{659V LEODY LYYODOVDDY DDDYLOLOY LIDDDLLODL zoadepe Bututeijuod aTi
Isquny yueguep RicEL ¥OOVYDIODOY DLIDDOLLLD Tzds N X -€HS) ©3sq UIXSUTA $90-9H -T-KW¥DS T-W¥DS
0€G.6-6TFL6 T-0HA
:UOTIEDO] - LIDYYYDD
uooTTduy DOOYVYLYYYY DLYY DDDYDY
‘POTETSTY YIVDIDOYYY YOVYLILLOD OVYDLLLLYL 06L0YYIN ‘Burureiuon T
Isquny yueguso -HYA9 LIDDLOVODD LIOVOYVYODL ezbo N N urtewop £HS PU® WYS 02Z-dH -THSSYS-H THSYS
T-0Hd
(vo0Z) 9¢T - LIDIVYEED
-T€Z ‘60733971 DODOLYLLOL LIDLD LOD 6TNYD ‘TI00TS ‘T¥
Isoued “Te 319 LIDODLODLY DYDDOYLYYD DDDYIOVYLD utejoxd Burtputq aTi
‘W "H "ISTITH NicEE] YLIVOLYLDD DIOVYDLLLOL 1zhT N N wnotroTe” 00TS T90-4dH -TY00TS TY00TS
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0DNH
dWID %1

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

50

(T0o0T) TOL9-%¥699 T-0Hd
‘1z @usbooup "T® -~ LLOLLOOOD CHAVW
39 ‘W UPTTIUA UT DILOYLOLLDD ‘ (errydosoiq)
€HAYW s® PSJTIDSSP DOYLOOLODOL DOYIDDLOL IODDLLOLL gzbgtT € Botowoy ddaa dTi
Alsnotasid i b ) LIODDDDYVYLL LODOYYDLOD -zzbgT N N 1sutebe sisyaiow ‘AVKHS €50 -49H - €AYINS EAYNS
STVLT-8FELT
‘UoT3EDOT] T-OHE-YVYL ZHAYH
uoo TTduy DOLODVYDDD L LDD f (errydosorq)
‘6T E0TTOVY DLIODDLEDOD TOOODLLYDD YIVLLLLLOD z bBotowoy daa dTiH
ISqunN uegusp -WZd2 YYVYLLYODD TILODODOYDD T-12bsT N N 3sutebe sisyjow ’aYHS SLZ-9H -ZAYNS CAYNS
TVS9S8-L0¥S8 T-0HA
fUOT3edOT] “YY¥DOOY €IX ‘0T Isqusu
uon TTduy LOOOYLOVYYEY 2] ' (roaxodeueal ONIWI
08868270V YLOYODOD00 DOYYLOODD OOYLOLLYVYD surtoxd) 9 ATTwes dTiH
IsqunN Juedquso s b ) DOVYDOYEVYEL DY LYYDODOY ¢ Tzde N X ISTIERD S3NTOS 6L0-dH -0Z¥9011S 0ZTY¥9D11S
96CS¥-¥02S¥ T-0OHd
‘UoT3EDOT] -DOOWLOD
uooTTduy DIYOYYLLOD YOVLOD €dAYS
‘8€68SGETY YIVYO20000 LODODOYDOVY LOLODIVLLL ‘g urejoad pejelsx dTiH
Isquny fueguso -WZd2 DY LODOOVED DYIDLLLOOD T vzbot N X -PSTZZTII PSISIDSS ¢8<¢-49H -9dd4ds Sdd4s
9C99L-8FFOL T-0OHd
‘UOT3EDOT] ~LOOYYOLO
uoo TTduy LOYYOODOVYY ¥ -d44
‘Y €98TODY OYIDOVOVYEY YILOLDOOD DLLODDD etd ‘v ureojoxd pe3elox dTi
IsqunN yuedquspo -~-W¥d2 VO LOYYYDOD DOOOLLOLLD -yTdL N X -pSTzZZTI3 pSasIdsSg TeZ-dH -Pdy4gs Tdag4as
LETTL-9F%0TL T-0Hd
‘UoT3EDOT] -YOOYLYY
uooTTduy YILODOLLOLD DLYL LOVL §-4ds ‘TduVYS ‘Z-dud
‘€0L0OTODY LODDDOVEDD LOYYOOLLYY LOLLODOLOD ‘z urejoad pejelsx dTi
Isquny fueguso -WZd2 TOOOUYDOVYYY LOVYLLLLOOD € 1¢b¥ N X -PSTZZTII PSISIDSS 08Z-9H -2dd4s 2dd4as
COCT-CETT
‘UoT3EDOT] T-OHE-1L¥Y
uon TTduy PDOYYYYDO00 ol zdavs ‘T1-d¥4d
‘£E6EF0TOVY TYOOOYOLDOD DY LLOOLOVO YOOOYDOD T tTd ‘T ursjoxd pesjelex a1
ISsquUnN Huequsp ~W¥d2 DOOYTOOVYYY PDLLODLLYYD -z1ds N A -PSTIZZTII PS31SIDSS TOZ-dH -Td¥4gs Tdy4s
soInosg Loousnbsag sousnbeg sousnbsg uoTieDOT] (N/X) (N/X) S9SeTTY spoD aIl (ST9eTTeAy
oBITO ISWTIJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTaoesy JI) sweN
sqoxd osIaAdYy pIeAIOA ©l0A0] Isoue) uoTaoesy susn
S pue ODNH
dWID ¥#T
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

51

LBT9T-¥809C

:uoT3IeNO] T-dud 1847 ‘sod
uonTTduy -YYODDOY o000 1>} ! (pwoapuls sasybap
{PFSTTODY aJelelela’et-setale] IDDDIDDVLIL DIOOYIDDDL -zanad) TT 2SeUTY gzK
Isquny yueguen -WYA9 I¥LLDOLYODD DODOVVYLLYY £ e1deT N N PuUTUOSIYl/PUTISS €8T -GH -TTMLS TTALS
6LTZ-T60C
:UOTIeDO] T-OHA-YY T6LVLS ‘eai TI6
uooTTduy YYDILIDODD o k4 ‘T uotradransueil
‘0T9598AY YYIDDIYDOVY TYDIDITIED LIODOYYDDD Jo I0leATIOE pPUE T
Isquny yueguso -HYA9 DODYYYIVY LIVDOYLODD z zebz N N Isonpsueal TeubTls  €90-€H -TIYLS TIVLS
(¥002) 1-0OH™
888-788 ‘€T A®Idg -YoD000 TUSTD ‘€dIl ‘€YL
sIoxIeWOTd IYLOYDOVYL YL L ‘T-Iss ‘TI-s0ds
ToTwesptda I=nued DODOLLYYDY DODYILLOL LIVLDDDLOD ‘1 burTeubTts 2uTi03Ad T
Te 3 "H 'TbaTa -9 YODYYYDID LIOVDOLODD €T e€T1doT X X jo xossexddnsg zv0-9H -1S20S 18208
L9T9ST-TTO9ST T-0HG oseTAs0nATH
:UOTIeDO] -YYYILYYY ¥YNd TToeIn
uooTTduy DOYILYYDOY L TeuoT 3dUNJoUoU
‘H6LETODY TOIYYYDOIY YOVVYDIOLYY IV LLOODIDD € €Tb SATIDDTSE T
Isquny yueguso -HYA9 IODDOYIYDL DOYIVILYDD -11 ¢thzT N N pueils-sTPuTs 980-€H - TOOKHS TONKWS
TI9ELL-88TLL T-0Hd
:uoT3EDOT] -DOYDILYY 6HAYIH
uoo TTduy YOI LLLIDDD DYLLY ‘ (errydosoxq)
‘{90LBETTIY YYLODDLOVY TOVYYODID IDDLIDDLYL s 6 BoTouwoy dda aTi
Isquny yueguep RicEL YEDOYYYYDD LILLIOYYDODD -zThkeT N N 3sutebe sisyjow ‘QVHS STE€-9H - 6aYHS 6qYIHS
60€.5-90ZLG T-0HA
:UOTIEDO] -DIDDITEIL ZEHLTSH ‘ 9HAYH
uooTTduy YYIVYIDOVYL IOJIDLL DLILODOD ‘ (errydosoiq)
‘F9SETODY LIVILODVYY YIDIVYYYLIY OLLLIVLYDY [ a4 9 bPotowoy ddaa T
Isquny yueguso -HYA9 YOVLIDIOTDD LLLOYILOLY -g 1Thst N A 3sutebe sasyjow ‘'qVHS 8LT-€H - 9aYKHS 9AYHS
Z6H6TT-€THETT
:UOTIeDO] T-OHA-¥ ¥2da ¢ PHAYKH
uon TTduy LY¥YOIILOD I OLL ¢ (errydosoaq)
‘Lysevoay DODLODDOOD TOOODLOLLL LILLIYDDDY ¥ BoTowoy dda aTi
Isquny Yueguen NicEE] DOLLIOVYDD DYIDODLLLD T-12hbsT N N 3sutebe sasyjow 'qQUHS LLT-dH - PaAYHS YAYHS
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0DNH
dWID %1

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

52

(¥00Z) €IBE-LOBE T-0Hd
‘y9 s9Y xSDOUED ~LODOLOOYD LLOOL
e 3= ifelalelareteiare)-4 IOV LLLLODD DOOYLOOY TdSL dTi
W ISAPUSAUDSPTM s = LLOVOLLLLD TOOEIDOEDD sThsT N X ‘T uTpucdsoquoIll L¥Z-dH -TS9HL TSHHL
(To0Z) T-OHE -V
8I¥E€-0TFE TOOD2LLODD ZsdW ‘ (ed¥ os/oL) II
'T9 s9y IoDURD DYDOYYDIOVD LYDLODLOVYL DOYLLOVYLD 1o3denax ®3l®Q ‘I030®F dTiH
“Te 19 'Y D ‘sped -WZd2 DDDDDOVTED DODYDOODID zzde N N yanoib Burtwiojsuei] 9%¥Z-9H -Zdga0L TIdADL
S -1V
S§9¢88-L9788 T1-0Hd ‘(edveg ‘esEUTY SYTT
‘uoT3EDOT] -¥OO¥DOD -II ®dA3 (aoadeosx
uonTTduy DLOYYOVYYLL ¥ ulaTaone) I
{LTYTITIVY DDODDLYYYL YYYDIVYY DIOLLODLIY xoadeosx eleq ‘Ioldel aTi
I2qUNN ueguep -IZA9 olotelolol-ariotor 4 LLIDDDDOOY zzbe N N yamoxb Burtwriogeuerl 6T -dH - TAFIDL TIGADL
(¥002) T-0OHd
888-788 ‘€1 A®Id -YYYVYOVL TZSTZa ‘TEDL ‘ (UuTt
sIsIewoTyqg DYDILOVIYID 7 posssadxs sousnbss
ToTwsptds VIVVYLYYYY YYVYLOLYLYED ToLOD sTqrenpur-usboilss
Isoue) DODDDILOOD LOVLODLYYY LLIVLLODLO {IsoUeRD 18¥SIJ) dTiH
1e 3@ ‘H '1beta -WZd2 DOLVVYLLOOY DOYLLOODYYL € zezbTe N N T Xo3be3 TTIOISIL S¥T-9H -Td4.L TA4L
d.L2dv
€6090T-986S0T T-0OHd ‘zdv4lL ‘z-da¥ ¢ (eydre
:UOT 3EDOT] -DDYILLODD z utrejoad Burputrq
uonTTdwy LYLYDYYYYY o} OO IVODLYLL Ispueyus BurieaTioe)
{9888CTIY N arioteloirararsote) DOVLILLOYDY LLIVLOVYYL eydte z-dv aTi
Iaquny yueguep -IWEA9 YOOYYIVYODD LLIIVYLLDD vzdo N X Io3oeF uoTidrassuell FLe-9H -¥ZdVdL YZdYAL
(¥002Z)
888-288 ‘€T A9Id T-OHE -VYV¥Y
sIsrewotyg YLOOYIODID L ZLSH ‘TISOL ‘Sdl
Totweptdy I1sdUERD LODDLYYOOD YYYOOD LODVOVILYLD 1ML ‘eseadriosueil dTiH
1e 3@ ‘H '1beta -WZd2 DOODLYVYDD DOODOLLYDD €€ gT1dg N X SESISASI SSBRISWOTSL ¥L0-9H -LYHAL LIHL
€T909-62509 T-OHA-¥Y
‘UoT3EDOT] DOOYLOVVY.L
uooTTdwy YIDLLOYYLY o)
‘T98¥%SETIY DODOYYIO0DD VO LYDOOLYOD DLOLLLOLOD SseuTy gz
ISsquUnN Huequsp ~W¥d2 PDOYVYVYLYOVY DLILOOLODOVY zzbe N N sursoxla ueoTds T¥C-dH ~2AS RS
soInosg Loousnbsag sousnbeg sousnbsg uoTieDOT] (N/X) (N/X) S9SeTTY spoD aIl (ST9eTTeAy
oBITO ISWTIJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTaoesy JI) sweN
sqoxd osIaAdYy pIeAIOA ©l0A0] Isoue) uoTaoesy susn
S pue ODNH
dWID ¥#T
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penuTquUos-T HATIIV.L



N
(]
(] i
(@ uon T Tdwy YYYODII¥DD Aoosp ‘90T Ioquasu
ﬂu, {6S6L0TOVY DOV LYOYEDD DOYOOYDOO0 DODOLLLVY.L ted ‘ATTwezredns xoadsosx a1t
~ IoqUNN UEgUSD - WA IDYYLODDDL DDOYDYYDDD -zzds N A I03DEI STEOADOU Iownl 80€-GH -DOTASHANL OO0 TASUANL
1% z792ad
[, TOOZET-6T6TET T-0Hd TEMDTAL (ZA-TIVEL

i UOT3BDOT - YYIYYYYYD IYZAOTEL CAETIIN

uonTTdwy DOYYYYOVYED LY 19¥A fqOT ISqusw

{696L0TOY  DDOVYYLIDIY  DOILIVYYOD DLLLDODL Tzd ‘ATTwezziedns 1ojdensx gTH

IsquUnN Juedusp WA OOOLLLYDLD LODODOLLLL -zzds N N I030keI STSOIDSU JIoun,l L0€-dH -d0TASHANL d0TASHANL

€C6ES-LFBES

‘UoT3EDOT T-OHA-¥ 19200 ‘T-"TIVNL ‘zody
uon T Tdwy PDOLDOOLEIO DLY LY DOLLOO {Pdd ‘e0T ISqusw
‘T9800TDY OYO0DO0LLY IO LOOYVYLYY DOVYLOVYLLLY 'ATTweyxadns zojdensx a1t
Isquny uedgusp ~WY¥d2 [ellelolelol 4 4 (0] IODLLLLLOY Tzds N N I030E'3I STSOIDSU JIoWny 920€-9H -YOTASHANL YOTASYANL
6806FT-LTOGFT T-0Hd
fUOT1EedDOT -LDDLDD ZANAL ‘2 SUTeWop
uonTTduy LOODIOOVYDOD D SYTT-UTALIASTTTOT
‘PF92600V OOLLOVYLYL DOYYDIOVEDD LYODYYLOLD oMl pue SHIT-4Dd Y3ITH dTH
ISqunN uegusp -WY A2 YY.LOODOYYED DYDDYDOYDO € zebz N A utejoxd suUBIqWSWSUERIL] vLZ-9H - ZHIHNL CAJHNL
(v002Z) 888 T-OHY
-Z88 €T aA®Id -YOODO¥
(o] sIsrewotyg DOOOYYLLLL LOOYL YYLL T-4LL
e ToTwsptdd IsoUR) YLLLOODOLO LLOOOYLLLL VO LOOLYTOO ‘HO"E ‘¥IXIN ‘1T I1010EJ dTI
Te 3® "H 'Tbeta “WYd2 DLIDLLLLOL DYV LYVYEOO €TbyT N A uotadransueal pToxiylL €TC-9H -~TALIL TALIL
(TooZ) ads
STIFC-0TFE T -0HA ! (AxzoreuTweTJuTtopnasd
‘T9 =9y -YYDIDIDIID (2’ L ‘Aydoxasip snpung
AoDuey "T® DOLODOLOYY DOYLOOOY.LL IOLLOOYYLL Agsxog) € IO3TATUUT dTH
19 ‘¥ "D ‘spexr -9 YYYYODILDLD DOYDDOLOOD £ zibzz N % osepradedorreisw dWIL L9T-49H €-dWIL £AWIL

ZYTHN ‘ZddHL
‘TEYHL ZTYEddE
{(uetae ‘gz bBoTowoy

TEBECT-8SGLETT T-0OHd susfoouo (e-gis
FUoT3EDOT] “YLLOYDOOL -A) TEITA BTWSINST
uooTTduy YLOYDOYOLO LYYL STASeTqOIYIAIS)
{480TTODVY DOYVYIDLODD DOV LYDODY DODILODLVL ejaq ‘zoadeosx aTi
IsqunN yuedquspo WA YOOYLOLOOD LODLODLOOL € pzde N X suowIoy PTOIAYL L¥Z-dH -gyHL SY¥HL
soInos Loousnbsag sousnbss sousnbss uoT1eo0O] (N/X) (N/X) soseTIVY opoD al (s1delTeAY
oBTTO IoWTId ISWTIJ TPWOSOWOIYD (SISHIEH (oTIToads ubTssqg uoTaoEay] JI) swenN
sqoxd osIoAad pIesnIod vl0ho] Isoue) uoTioEBSd susnH
S pue ODNH
dHWID ¥T

TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penutjuoo-T HIIVEL

US 2009/0053706 A1l



Feb. 26, 2009

US 2009/0053706 A1l

54

(errydosorq)
(vooz) 9cz T -OHE-¥OOY (sworpuis
-T€Z2 ‘60Z2323971 YYLODD LYY oYY uszZloUD-9IYlIses ‘¢
Isoue) " Te 1S DOYDDIVEID DOYYIYDLYY LOOYYD A1KRanepulksoTeydsnoioe) T
‘W "H "ISTINH -HYA9 DOVYDDIVYY olalalelarelarAifa) z 1zdL N A BoTowoy 3sTml LPO-€H -TISIML TLSIML
OTTE0T-¥Z0E0T
i UOT 3800 T-OHE-DD
uooTTduy DYODIOVODL YOVLYYYY orttabi
fZTLOOTODY LOVDOYDOVY ¥OOLODLIODL YI1DDDODOYD ‘xo3dena1 SUOCWIOY g
Isquny yueguso -HYA9 YYYYDIVYOY Y11DDOVYDLL TebPT N A Buriernurils pTOoIAyL THT-€H -JqHSL PIHSL
850V -LLEE T-0HE
P UOT 3eDOo] -YYODYY
uonTTduy DODIOYLYYEOD
{0005€2AY YYDIILOOVYY IODDDIODY DIILIODLLD zaani
Isquny yueguen -WYA9 IODDILLIYOD VIDODHD LODD e oedr N x ¢.d uresoxd zownli ,L,LT-9H -£Ld1 €44
6%L99-L9999 OHE . €-D
i UOT 3800 YYYYOILYY
uooTTduy DOYDOYDOYL
{88€LBODY YYYDOILYYL DODDDIVVY DIIIVDDDD g
Isquny yueguso -HYA9 IDDDILYYDD OOIDLLDLLL T eTdLT N N £gd urejoxd zownl LIZT-9H -£5dL €941
(Z00Z) coL9
-v699 ‘It susboouo T-OHE-YLOOD €-0dY
“Te 3@ W UYL TTIUI LOYDOODLLD ‘gda ‘TTASYANI 'S¢
uT ZTASUINL se YYYYYOIO0DD YOOYDIOLOD YOVLDDDOYD Toquew ‘ArTwegiedns g
paqrIossp ATIswIog -WZA9 OYVIVODLOY DY IIVYDDDD z oedt N N zoadeosr ANI O080-9H  -STASHANI SZTASUANL
792a0 ! pEIIVAL
TE9STT-80GSTT ‘@aNOdlL ‘T¥ed ‘uTewop
i UOT 3800 T-0OHE-D yaesp peo3eounii yaiTsa
uodTTduy DOOYDIVYED Aoosp ‘POT Isqusw
‘T19800TOY DIDYDIIDOVL DOYDOYODD DODDLLLYL ‘ATTwezradns xo3denax g
Isquny yueguso -HYA9 fifeksifeTooTo A DODOYDYYDDD Tzds N N I030®J STSOIDSU IOUNIL 60t-dH -dOTASHANI  dOTASHANL
€920D ‘dIVAL
fLIT P EETIIVEL ¢ TIRA
92099T-¥06S9T T-0HA ‘utewop IETNTTS0EIAUT
:uot3lenor] -¥DOVYL ue 3NOYITA
20INOS Loousnbsag sousnbsg sousnbsg uoTieDOT] (N/X) (N/X) S9SeTTY Elelele) aIl (ST9eTTeAy
oBITO ISWTIJ ISWTIJ TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoesy JI) sweN
sqoxd osISADY pIiemsrod vl0ko] Isoued uoTaoesy ousn
s pue 0D0H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

55

TLL9T-80LOCT

1UOT3eDO] T-OHE-Y¥ TdX ‘2¥dx ‘¥ dnoab
uonTTduy DDOIDDDLD D uoTiejusweTduon
{TESSERIY YIVOOLODOD DOVIDDIOOY OOLLIDLLL ‘unsojuswbTd zaani
I9qUNN Huedqusn -WZA9 IYVDIYOYYD DILOVOHDIDD £ zzbs N N PWISPOIOK  ZOT-€H -¥dx Ydx
€2509-9%F09 T-0HG
i UOT 3BDO] -YYYODL
uooTTduy DILOIYYLOD DLL 1I1LLYDL
f€9L8000Y DIVOIDLLOY YLOLODDOVY IVIIDOVLLL dNDH ‘T g
IoqunN Yueguen -WZA9 IDLIDLYODD DOVIYDDIVD z €1deT N N utsjoxd BUTPUTY ¥dX STT-€H -zavx zavx
STL-TED
{UOT 3EDO] T-0HE
uonTTduy ~-YYYDO020D TrIHA fxoessxddne
{8€Z0T0AY DYVYDOOVYDD DODILIIDLL LIOVIDOVL szd Touny sworpuls zgan
IoqUNN Yuegusn -WZA9 YOVYYDOILD DODIDYDODD -9zde N N neput-ToddTH UoA  T6T-9H -TTHA THA
T-0HG
(vooz) 9¢€T -YYOOIYLOL
-T€Z ‘6023397 IYVIDODYLD YOVIVYYYD YIOD TITIN ‘¥oadensx
Ieooued " TE 3I° DILIODOYIDD DIVYILYLVL LIODDOVLLL jadsl (€@ utwedts AXOIPAUTP g
‘W "H "IS9TTINW -WZA9 DOVYDOLLODD DDLLIVIODY -z1bzT N N -§Z'T) d uTWelTA 890-€9H -Jaa Jan
T080TT-TELOTT
fUOT31EeDO] T -OHE-YYV¥D usT3oxd
EOU._uHmF—ﬂ YYYYOYYDOL @mﬂ._nﬂ SsejlonpsI
{T002TTIV DYYOVODODD DODOVOLODD DOVYLILLLDD o swoayno3lLd aTi
Iaquny juegusn -WZA9 YYYLYLYOOD DOLLIODDLL T eedr N N Touratnbran %zz-9H -HO0A HiOON
098F-S9LF T-OHA
i UOT 3800 -¥DODOVY
uooTTduy VYYD LYYOOD YYLOOYD TONA ‘Dan ‘ned
{LE€9LOODY YILIVYDO0D YYYLLLLYID YIDHLOODDD T vch oseThsoniA1H T
IoqunN Yueguen -WZA9 VOOYDIVIOY YODIVDLLLD -gzbzT N N YNQ-TTPeIn Z80-€H -DNA DNO
(TooZ) T-0OHd
8TVE-OTFE - 1DV LYD
‘T9 =8y DOVIVYVYOY LYOY
IopuEd T® DODYLYYOID IODDODOYYL IVDOVODVY Saan
3° 'Y D ‘oped -WZA9 VLOYVYYOLOL DOVILLODODD ze TTd8T N N eseyauls o3eTApTwAylL B8HFZ-€H -SHAL SWAL
anInos Loousnbsag sousnbsg sousnbsg UoT1e20T] (N/X) (N/X) S9SeTIVY opoD dI (STgeTITeay
oBITO IswTxd IswTxd TPWOSOWOIYD éSISYILN ¢OTIToads ubisag uoTaoeay JI) sweN
aqoid osI89A9Y pIemsIoqg vl0ko] Isoue)d uoTioesy susn
S pue 0D0H
dWID ¥T

TSuocT3peax , JIUPTTAUISW [[B FO IAST[ =23°9Tdwo)d

{1 oTgqe31 ArejusuwsTddns)

penuTquUos-T HATIIV.L



Feb. 26, 2009

US 2009/0053706 A1l

56

© (9002) 9¢£89-€£T89 OANIDH ¥OoL YILIOYLL
‘€€ £3Y SPIOY -200LOD OOYYLOOLOY LIVYLOLLLY
DTSISNN T® 39 YYLLOOYLOD YYLLOLYYLO IYLLLODLOY sousnbas jeadsx W¥o
‘0 g IebisquesTeM -WY A2 YYYLOYYLLY LY LODVYLLOD ¥/N ¥/N ¥/N NIy pesisdsasiul €Te-9H -N1Iv niv
T-0HA
-YYYLOL (Teatusbuoo ‘erseTdsip
(Y00T) €IBE-LOBE DOYIDDLYLD TessAydrdsorApuods
‘y9 soy xsDOUED OYLYYOOOYY LYLYY YYOOYOOV ‘STATAYIARODISO
e 3 'K LOLLYOLLOOD DOOYVYOYLYD YOOLOVVYY LY z eTh Krewrad)y T eydre aT1o
' ISIPUSAYUDSPTM -~-W¥d2 DOLYDYYODD LLYYOVYYLOL -TT etbzT Y/N ¥/N ‘1T =odAk3 ‘usbBetrTod LS50-dH -TEITOD TEZTOD
PSTFP-SF0OF DO ‘STTISD
{UOT3eD0O] T-DHI-9D Isiswey SssuTu
uon TTduy YYYYIOLOLD LLLL 1Tedox SATIDSTSP
‘6LOFET DDODILEEDD LLLOOYYEOOL DODYLOOYYD ButjusweTdwon dTH
Isquny yueguen -WZA9 LOVYVOIDID OYYIIDLLDD z ¢1beT N N xtedsx Aei-X Ze60-dH - TODUX TODAX
SC9T8-8CST8 T-0OHd
$UOT3EeDO] -LOYLLY o0dx ‘D dnoab
EOU‘_HA_”an—@ LYOOYYD00L SOﬂHMHE@E@HnmEOU
S6¥ €600V LLDODODOOY DOOLDODO OOOLLY.LL ‘unsojusubtd a1
IsqunyN Juegusp ~W¥d2 LLYYODOVYLO DODLOODOLD ¢ gzde N N BUISPOISK 00T -dH -2odX odx
snInog Loousnbsag sousnbeg sousnbsg UoT3eDOT (N/X) (N/X) S9OSeITY Elelete) ar (oT1deITeRAY
oBITO ISWT IJ ISWTIJ TPWOSOWOIYD (SISICN ¢OTIToads ubisag uoTIDESY JI) swey
sqoxd EERCY N pIeniod ©l0A0] Isoue) uoTIDEDY susH
S pue 0D0H
dWID ¥T
TsuocTipeax , JIUBTTAUISW [[B FO IST[ =239Tdwop (T =orgqed Axejususiddns)

penutjuoo-T HIIVEL



US 2009/0053706 A1l

Feb. 26, 2009

57

TABLE 2

(supplemental table 2).

markers that together form the new

New CIMP Classification Panel.
reactions are methylation-specific,

The first five
bisulfite conversion-specific
diagnostic panel used for CIMP

classification. Putative DNA methylation sites (CpGs indicated as
“CG” in the sequence) are indicated in bold in the oligonucleotide
sequences. The sixth reactions is a non-methylation-specific,
bisulfite-conversicn-specific normalization reactions used to
calculate PMR values.

HUGO
NAME RXN ID PURPOSE FORWARD PRIMER REVERSE PRIMER PROBE
CACNALG HB-158 CIMP Marker TTTTTTCGTTTCGCGTTTA CTCGAARCGACTTCGCCG — 6FAM-ARATAACGCCGAATCC
caT GACAACCGA-BHQ
16F2 HB-319 CIMP Marker GAGCGGTTTCGGTGTCETT CCAACTCGATTTARACCGAC 6FAM-CCCTCTACCGTCGCCA
a e ACCCGA-BHQ
NEUROGL HB-261 CIMP Marker CGTGTAGCGTTCGGGTATT CGATAATTACGAACACACTCC 6FAM-CEATAACGACCTCCCE
TGTA GBAT CGAACATARA-BHQ-1
RUNYX3  HB-181 CIMP Marker CGTTCGATGGTGGACGTGT GACGAACAACGTCTTATTACA 6FAM-CGCACGAACTCGCCTA
acec CGTAATCCG-BHQ- 1
SOCS1  HB-042 CIMP Marker GCGTCGAGTTCGTGGGTAT CCEAAACCATCTTCACGCTAR 6FAM-ACAATTCCGCTAACGA
TT CTATCGCGCA-BHQ- 1
ALU HB-313 NormalizationGGTTAGGTATAGTGGTTTA ATTAACTARACTAATCTTARR 6FAM-CCTACCTTAACCTCC
control TATTTGTAATTTTAGTA  CTCCTAACCTCA C-MGENFQ
Example 2 at least one of the two criteria in any of the three sample

Cancer-Specific DNA Methylation Markers were
Selected

[0268] The initial (original) definition of CIMP was based
on concordant methylation of Type C loci, and specifically
excluded markers that showed evidence of age-associated
methylation in normal tissues, referred to as “Type A loci'.
Therefore, applicants performed a first screen of all 195
unique MethyLight™ markers available in applicants’ labo-
ratory against ten colorectal normal-tumor pairs (TABLE 1;
under Methods above) to eliminate markers that did not show
evidence of tumor-associated methylation. To avoid bias
either for or against markers associated with CIMP, five
tumors previously characterized as CIMP+ (see Methods
above; “Tissue Samples”) were used, and five CIMP- tumors,
and only those markers that failed to show tumor-specific
methylation in either of the two groups of tumors (FIG. 1)
were eliminated. It is important to note that this initial filter
did not introduce a bias for or against CIMP. It merely elimi-
nated the 103 markers that would not be informative in sub-
sequent analyses since they are not tumor-specifically methy-
lated (see Methods above “Selection of Type C Markers” and
FIG. 1).

[0269] Threecriteria were used to select markers for further
evaluation. The excluded markers represent the 105 markers
shown at the top, while included markers refer to the lower 92
markers in FIG. 2. First, any marker, for which the highest
PMR value among these 20 samples was not at least 2 was
excluded. Second, any marker for which the mean PMR for
tumor samples was at least twice that of normal samples was
included. Third, any marker for which all normal samples had
aPMR<2, and for which all tumor samples had a PMR>2 was
included. Both the second and third criteria were applied
separately to both the CIMP+ tumors and CIMP- tumors, and
to all ten cases collectively. A marker was included if it passed

comparisons. This resulted in a collection of 92 reactions that
passed this first relaxed screen for tumor-specificity. Among
these 92 reactions were five methylation markers (CDKN2A
(p16), MLH1, MINT1, MINT2, and MINT31) that have been
commonly used to define CIMP status.

Example 3

CIMP-Specific DNA Methylation Markers were
Selected

[0270] Applicants next determined the methylation status
of the remaining 92 tumor-specific markers in 48 independent
colorectal cancer cases, and conducted a hierarchical two-
dimensional unsupervised clustering of the data in order to
assess if distinct subsets of methylation behavior among
groups of tumors would emerge (FIG. 2). A well-defined
subgroup of tumors is evident on the right-hand side of the
dendrogram. Other cluster analyses, such as an index of the
number of methylated loci, a Gaussian mixture model, and
partitioning around medioids (PAM)”* all yielded similar
results (see Methods). Although applicants argue above that
the initial screen that gave rise to the 92 markers used in this
cluster analysis was unbiased with respect to CIMP, appli-
cants sought additional evidence to support this contention by
repeating the initial screen in FIG. 1 using only CIMP-
tumors, and then repeating the cluster analysis using the
resulting 50 markers. This analysis identified the same clus-
ters as the entire subset of 92 markers. Therefore, tumor-
specific markers that were selected using only CIMP- tumors
were able to correctly resolve the distinct cluster, indicating
that the CIMP cluster is not an anomaly caused by a bias
introduced by the inclusion of CIMP+ tumors in the initial
filter. Since many of the classic CIMP markers, such as
CDKN2A (p16), MINT1, MINT2, MINT31, and MLH1'*
are more frequently methylated in the distinct subset of
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tumors on the right side of the dendrogram, applicants con-
clude that this cluster is similar to the CIMP+grouping origi-
nally identified on the basis of bimodal distribution of methy-
lation frequency by Toyota et al."2,

[0271] Itis interesting to note that a different subset of CpG
islands located near the center of the tumor heatmap in FIG.
2 appears to be more frequently methylated in tumor samples
that do not belong to the CIMP cluster, but nevertheless show
increased methylation in tumor samples compared to their
matched normal mucosal counterparts. Inclusion of such
markers in panels used to define CIMP could reduce the
classification power of the panel, and possibly even lead one
to conclude that CpG island hypermethylation is a continuous
trait in colorectal cancer and that CIMP does not exist as a
distinct feature®,

[0272] Since CIMP+ tumors form a distinct subgroup of
colorectal tumors, it will be important to accurately identify
these tumors without having to perform cluster analysis, so
that the etiology and clinical correlates of CIMP can be inves-
tigated. In order to select the best markers that could be used
to identify CIMP+ tumors, applicants used the cluster rou-
tines described above to classify tumors as either CIMP+ or
CIMP-. Applicants then applied four different selection algo-
rithms to these classifications to find the markers that best
identify CIMP for each algorithm (see Methods above “CIMP
Marker Selection”). This resulted in nine top CIMP- predict-
ing markers, which were selected for further study. Appli-
cants also retained the five best additional Type-C markers as

Feb. 26, 2009

these 14 markers, applicants evaluated all 2,002 possible
five-marker panels by determining each panel’s bimodality,
which is an intrinsic trait of each panel and does not rely on
prior CIMP definitions (see Methods above; “New CIMP
Classification Panel”). Applicants also considered the Meth-
yLight™ reaction performance characteristics of each indi-
vidual marker (see Methods above; “New CIMP Classifica-
tion Panel”), since the robustness of the assay can
significantly impact successful implementation in studies
using challenging paraffin-embedded, formalin-fixed tissues.
The five-marker panel that best satisfied the reaction perfor-
mance criteria, and retained a high ranking (86 percentile)
for bimodality among the 2,002 possible five-marker panels,
consisted of CACNA1G, IGF2 (a non-imprinted island at this
locus), NEUROG1, RUNX3, and SOCS1 (TABLE 2 (supple-
mental table 2) above).

[0274] Applicants used three methods to compare this new
candidate diagnostic panel to a classic CIMP panel consisting
of five traditional CIMP markers (CDKN2A (p16), MINT1,
MINT2, MINT31, and MLH1) (FIG. 4). First, applicants
determined that 99% of the 2,002 five-marker panel combi-
nations described above showed a better bimodal distribution
than the classic CIMP panel, whereas our new panel was
among the top 14% of panels. Second, applicants compared
the cross-panel classification error rates among various pan-
els compiled from the 14 markers analyzed in FIG. 3 plus the
five traditional CIMP markers that comprise the classic panel
shown in FIG. 4 (TABLE 3 (supplemental table 3) below).

TABLE 3
(supplemental table 3).
/i
Panel-14 Panel-14

Panel-19  (w/o Classic) (w/o New) Panel-9 Classic New
Panel-19 (19 CIMP Genes) 0 1.1 2.1 3.7 134 2.7
Panel-14 (w/o Classic) 1.1 0 2.1 3.7 144 2.7
Panel-14 (w/o New) 2.1 2.1 0 2.7 134 4.8
Panel-9 (w/o New & w/o Classic) 3.7 3.7 2.7 0 16.0 6.4
Classic Panel 134 144 134 16.0 0 15.0
New Panel 2.7 2.7 4.8 6.4 15.0 0

Cross-panel classification error rates among various CIMP classification panels, expressed as percent-
ages. For each panel, the threshold distinguishing CIMP+ from CIMP- samples was chesen by minimiz-
ing the within group sum of squared errors. For the panels of 5 markers, samples containing at least 3
methylated markers were considered CIMP+, 4 methylated markers for panels of 9, 7 methylated mark-
ers for panels of 14, and 9 methylated markers for the panel of 19. If all panels are capturing the same
information, then one would expect to find relatively low cross-panel classification error rates. The new
panel of five markers outperforms the panel of classic CIMP loci in every comparison. It even gives
lower classification error than the classic panel against a panel of 14 markers that includes the classic
panel, but excludes the new panel. This suggests that the new panel captures the group concordance bet-

ter than the classic panel.

a precaution, since the CIMP marker selection described
above was driven by a relatively small number of CIMP+
tumors.

Example 4
Assembly and Evaluation of CIMP Panels

[0273] To obtain further insight into the relative perfor-
mance of these 14 markers in the classification of CIMP+
tumors, applicants analyzed a third independent set of 187
tumors using these markers, and observed a strongly bimodal
distribution of tumors by number of methylated markers
(FIG. 3). To select the best possible five-marker panel from

[0275] The new panel of five markers outperformed the
panel of classic CIMP loci in every comparison. The third
strategy that applicants used to evaluate the performance of
panels was to compare their associations with characteristics
of colorectal cancer that have previously been reported to be
associated with CIMP+ status. It is assumed that if this asso-
ciation reflects an important underlying biological relation-
ship, then a superior CIMP classification would result in a
stronger association. The relationships between the methyla-
tion behavior of the two panels and BRAF mutation, KRAS
mutation, MSI status, HNPCC status, sex, and proximal
colonic location are represented graphically in FIG. 4, while
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the statistical analyses using the new CIMP panel classifica-
tion are summarized in TABLE 4.

TABLE 4
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[0280] Applicants find that microsatellite instability (MSI-
H), with the exception of one tumor, is fully explained by

Distribution of covariates by New CIMP Panel.

CIMP + CIMP-
OVERALL (3-5 loci) (0-2 loci)

VARIABLE N % N % N %  P-value
TOTAL 187 100% 33 18% 154 82%
SEX Male 103 55% 13 39% 90 58%

Female 84 45% 20 61% 64 42% 0,05
SUBSITE Proximal 57 33% 19 59% 38 27%

Distal 118 67% 13 41% 105 73%  0.0005

No Info 12
MSI MST-high 21 11% 12 36% 9 6%
STATUS MST-lew 19 10% 4 12% 13 10%

MSS 147 79% 17 52% 130 84% 3.1°°
HNPCC Yes 8 4% 0 0% 8 5%
STATUS No 179 96% 33 100% 146 95% 0.33
MLH1 Yes 16 9% 13 39% 3 2%
METHYLATION  No 171 91% 20 61% 151 98% 2.6
BRAF Mutant 26 14% 24 73% 2 1%
MUTATION WT 161 86% 9 27% 152 99% 1.672!
KRAS Mutant 55 31% 3 10% 52 35%
MUTATION WT 123 69% 28 90% 95 65%  .002

No Info 9
MEAN AGE (SD)* 65.5 68.6 64.8 0.13

(12.9) (12.7) (12.9)

*Four CIMP- subjects are missing age.

P-values are for likelihood ratio tests from logistic regression with CIMP status as the outcome. For

the variable HNPCC we report the p-value from Fisher’s exact test.

[0276] Of particular note is the extremely strong relation-
ship between CIMP and BRAF mutation (P=1.6x107?"). The
Odds Ratio for this association is 203 (95% CI 41, 995), a far
stronger association of CIMP and BRAF mutation than any
reported so far in the literature™”, and is a further indication of
the classification accuracy of applicants’ new five-marker
panel.

[0277] Applicants’ tight definition of CIMP appears to
exclude tumors with KRAS mutation, which has been
reported by others to be associated with CIMP**°. To inves-
tigate this further, applicants determined the KR AS mutation
status of the tumors clustered in FIG. 2. KRAS mutant tumors
are distributed across the dendrogram, but show some minor
clusters, which appear to be less homogeneous with respect to
their methylation profile than the major CIMP cluster (FIG.
2). Interestingly, in this analysis, all of the CIMP+ tumors,
with one exception, have either a BRAF or KRAS mutation.
[0278] To further investigate the association between
KRAS or BRAF mutation status and methylation behavior,
applicants investigated the individual associations of the 14
markers shown in FIG. 3, plus the five classic CIMP markers
TABLE 4 (supplemental table 4).

[0279] All 19 markers were signficantly associated with
BRAF mutation. Three markers (CDKN2A, CRABP1 and
NEUROG!) were positively associated with KRAS mutation
after exclusion of BRAF mutant tumors, indicating that a
separate KRAS-associated CIMP subgrouping exists with an
overlapping set of methylation markers. The biological sig-
nificance of the very tight association between the major
CIMP and BRAF mutation is not clear, but it is interesting to
note that transformation of fibroblasts by fos or ras oncogenes
involves upregulation of DNA methyltransferase DNMT1
expression and increased global DNA methylation'**2,

either a confirmed HNPCC association or CIMP+ associated
MLHI methylation (FIG. 4). Since MLH1 methylation-asso-
ciated microsatellite instability generally does not occur
among sporadic cases outside the context of CIMP, it appears
that the underlying basis for mismatch repair deficiency in
sporadic colorectal cancer is a broader epigenetic control
defect that affects MLLH1 in some but not all CIMP tumors.
Therefore, anaccurate classification of CIMP+ tumors will be
essential to understanding the etiology of sporadic MSI-H
colorectal tumors. CIMP and BRAF mutation are highly
associated with the serrated pathway of colorectal cancer
development®, and therefore an epigenetic regulatory defect
may be implicated in the genesis of serrated neoplasia. Dis-
secting the separate clinical and etiological features associ-
ated with mismatch repair deficiency, CIMP, proximal tumor
location, and BRAF mutation status will further elucidate this
mechanism.

[0281] Since the panel of tumors shown in FIGS. 3 and 4
contributed to the development of applicants’ new CIMP
diagnostic panel, we evaluated the new CIMP panel and the
classic panel on a fourth set of independent tumors (FIG. 5).
This analysis confirmed that the new panel outperforms the
classic panel and easily recognizes a distinct, heavily methy-
lated subset of colorectal tumors that encompasses almost all
BRAF mutant, and sporadic MSI-H colorectal tumors.
[0282] In summary, applicants have provided definitive
evidence for the existence of CIMP as a distinct trait among
colorectal adenocarcinomas. Additionally, applicants have
developed an improved method for the classification of CIMP
(See TABLE 5 for representative preferred markers). Further-
more, applicants have found that CIMP underlies almost all
cases of sporadic MSI-H colorectal cancer and tumors with
mutation of the BRAF oncogene.



US 2009/0053706 A1l

60

TABLE 4
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(supplemental table 4). Methylation frequency by KRAS and BRAF status.

KRAS-/  KRAS+ KRAS-/
Overall BRAF- BRAF-  Figher’s BRAF+ Fisher’s
(N=187) (N=98) (N=55) exact (N =25) exact Heterogeneity
Reaction N % N % N % testp* N % test p$ test p#
BCL2.M1B..HB.140. 34 18% 11 11% 3 5% 0381 18 72%  4.5E-09 5.6E-11
BDNF.M2B..HB.258. 32 17% 11 11% 7 13% 0798 13 52%  3.1E-05 4.4E-05
CACNA1G.MI1B..HB.158. 39 21% 11 11% 5 9% 0788 20 80%  5.2E-11 3.2E-12
CALCAMI1B.HB.166. 37 20% 10 10% 9 16% 0311 16 64%  9.7E-08 1.9E-07
CRABP1.M1B..HB.197. 62 33% 15 15% 21 38% 0.003 23 92% 6.7E-13 1.1E-12
IGF2.M2B..HB.319. 48 26% 14 14% 10 18% 0.644 22  88%  4.9E-12 3.7E-12
KLMIB..HB.175. 40 21% 11 11% 5 9% 0.788 21  84%  4.2E-12 2.5E-13
NR3C1.MI1B..HB.067. 37 20% 5 5% 6 11% 0204 25 100% 1.7E-21 7.8E-23
RUNX3.M1B..HB.181. 34 18% 3 3% 4 7% 0252 24 96%  34E-21 5.7E-23
GATA3.M1B..HB.327. 74 40% 26 27% 22 40% 0103 25 100%  3.0E-12 9.1E-12
HOXA1.M2B..HB.268. 69 37% 36 37% 15 27% 0285 15 60% = 4.2E-02 2.2E-02
NEUROGI1.M1B..HB.261. 66 35% 17 17% 22 40% 0.003 24  96% 1.5E-13 3.6E-13
SOCS1.MI1B..HB.042. 28 15% 11 11% 2 4% 0137 13 52%  3.1E-05 8.0E-07
DLEC1.MIB..HB.225. 28 15% 9 9% 3 5% 0539 14 56% 1.5E-06 1.9E-07
MINT31.M1B..HB.162. 82 4% 29 30% 24 44% 0.111 25 100%  2.0E-11 6.7E-11
MINT1.M1B..HB.161. 77 41% 41 42% 15 27% 0.082 17 68%  2.5E-02 2.9E-03
MINT2.M1B..HB.187. 141 75% 68 69% 43 78% 0264 24 96%  4.4E-03 1.1E-02
CDKN2A.M2B..HB.081. 55 29% 13 13% 20 36% 0.002 20 80%  3.1E-10 4.4E-10
MLH1.M2B..HB.150. 16 9% 3 3% 0 0% 0553 12 48% 1.2E-07 7.3E-10
*comparing proportion KRAS+/BRAF- to KRAS-/BRAF-
$comparing proportion KRAS-/BRAF+ to KRAS-/BRAF-
#using Fisher’s exact test
TABLE 5
Represgentative preferred markers.
HUGO
RXNNAME RXN ID PURPOSE FORWARD PRIMER REVERSE PRIMER PROBE
1 CACNA1G HB-158 CIMP Marker TTTTTTCGTTTCGCGTTTAGGT CTCGAAACGACTTCGCCG 6FAM-AAATAACGCCGAATCCGA
CAACCGA-BHOQ
2 IGF2 HB-319 CIMP Marker GAGCGGTTTCGGTGTCGTTA CCAACTCGATTTAAACCGACG 6FAM-CCCTCTACCGTCGCGAA
CCCGA-BHQ
3 NEUROGL HB-261 CIMP Marker CGTGTAGCGTTCGGGTATTTGT CGATAATTACGAACACACTCC  6FAM-CGATAACGACCTCC
A GAAT CGCGAACATAARA-BHQ-1
4 RUNX3 HB-181 CIMP Marker CGTTCGATGGTGGACGTGT GACGAACAACGTCTTATTACA  6FAM-CGCACGAACTCGCCTA
ACGC CGTAATCCG-BHQ-1
5 S0OCSs1 HB-042 CIMP Marker GCGTCGAGTTCGTGGGTATTT CCGAAACCATCTTCACGCTAZ  6FAM-ACAATTCCGCTAACGAC
TATCGCGCA-BHQ-1
6 ALU HB-313 Normalization GGTTAGGTATAGTGGTTTATAT ATTAACTAAACTAATCTTAAA  6FAM-CCTACCTTAACCTCCC-
Control TTGTAATTTTAGTA CTCCTAACCTCA MGBNFQ
7 COL2A1 HB-057 Normalization TCTAACAATTATAAACTCCAAC GGGAAGATGGGATAGAAGGGA  6FAM-CCTTCATTCTAACCCAA
Control CACCAA ATAT TACCTATCCCACCTCTAAA-
BHQ-1
8 COL2A1 HD-005 Bigulfite GAAGATGGGATAGAAGGGAAT CTCCAACCACCAAACCTTCAT 6FAM-GGCCCAATGCCTGTCCC
Convergion ACATCT T ACCT-BHQ-1

Control
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Example 5

Use of the Colon Cooperative Family Registry
(CFR) for a Population-Based Study of CIMP

[0283] Further aspects of the present invention provide a
foundation for a population-based study of CIMP, by provid-
ing a novel panel of very carefully selected methylation mark-
ers representing the CIMP subgroup, and having utility to
classify CIMP.

[0284] Specifically, as described herein above, particular
aspects of the present invention provide novel methods and
compositions for determining the relationship between CIMP
status and other molecular features of the cancers including,
but not limited to BRAF mutation, KRAS mutation and MSI
status.

[0285] Additional aspects provide novel methods and com-
positions for determining the relationship between CIMP
status and other variables including, but not limited to age,
sex, tumor location, family history, race, country of origin,
tumor characteristics (including, tumor type, tumor grade,
invasive margin characteristics, lymphocyte infiltration char-
acteristics, direct spread, lymph node spread, venous spread
and type of residual adjacent polyp, if present).

[0286] Yet additional aspects provide novel methods and
compositions for determining, between subgroups defined by
CIMP status and BRAF mutations, effects of selected risk
factors including, but not limited to body mass index, smok-
ing history, alcohol intake, dietary folate intake, folate meta-
bolic enzyme polymorphisms and history of hormonal use.

Overview of the Colon Cooperative Family Registry (CFR)

[0287] The Cooperative Family Registry for Colorectal
Cancer Studies, referred to herein (and as known in the art) as
the “Colon CFR”, is an NCl-supported consortium initiated
in 1997 through a competitive RFA. This consortium is dedi-
cated to the establishment of a comprehensive collaborative
infrastructure for interdisciplinary studies in the genetics and
genetic epidemiology of colorectal cancer. The cooperating
institutions are collecting epidemiological information and
laboratory specimens from families who represent the con-
tinuum of risk for CRC. Families are recruited through the
participating Registry sites, and as of July, 2002, the CFR
registry included data and biospecimens from approximately
7,773 probands plus selected close relatives, both affected
and unaffected, and, in some centers, additional unrelated
controls.

[0288] The CFR is an international consortium of six
research institutions and an Informatics Center. The partici-
pating centers are at the: Fred Hutchinson Cancer Research
Center, Seattle, Wash. (P.1.: John Potter); Mayo Clinic, Roch-
ester, Minn. (P.I.: Noralane Lindor); University of Southern
California, Los Angeles (P.I.: Robert Haile); University of
Queensland, Brisbane, Australia (P.I.: John Hopper); Cancer
Care Ontario, Ontario, Canada (P.I.: Steve Gallinger); and the
University of Hawaii Cancer Research Center, Honolulu, Hi.
(P1: Loic Le Marchand). The Informatics Center (IC) is
located at the University of California, Irvine (P.I.: Hoda
Anton Culver).

[0289] The six Registry centers use standardized instru-
ments and protocols to collect family history information,
epidemiological and clinical data, screening behavior, and
related biological specimens (blood samples and tumor
blocks), with a strong emphasis on quality control (QC) a and
privacy measures throughout the collection, processing, and
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storage of data and samples (see below for key components).
The CFR investigators have substantially enriched the
resource beyond the scope of the original RFA by obtaining
two collaborative supplements, one to characterize colorectal
tumors for microsatellite instability (MSI), and the other to
establish lymphoblastoid cell lines for particularly informa-
tive registry participants.

[0290] TheColon CFR also developed arelevant core ques-
tionnaire that is administered to all CFR participants, includ-
ing cases, controls, and affected and unaffected relatives. This
standardized instrument contains core questions asked by all
centers, covering established and suspected risk factors for
colorectal cancer, including medical history and medication
use, reproductive history (for female participants), family
history, physical activity, demographics, alcohol and tobacco
use, and limited dietary factors. Centers are allowed to cus-
tomize questions for local usage, in particular for different
language usage and brand names, and to add additional ques-
tions of interest. The method of administration of the ques-
tionnaire is allowed to vary by center and has been adminis-
tered by face-to-face interview, over the telephone using a
Computer-Assisted Telephone Interview (CATT), or by mail
for self-administration. Detailed question-by-question manu-
als for administration were developed for further standard-
ization.

[0291] In addition to the risk factor questionnaire, which
includes a section on consumption of selected food items, all
centers except FHCRC and Mayo also administered a
detailed food frequency questionnaire. Australia used a ver-
sion developed specifically for Australia. The other centers
used a well validated food frequency questionnaire (FFQ)
developed at the Cancer Research Center of Hawaii (CRCH)
(Stram, 2000). Expertise in dietary assessment has been a
strength of the Hawaii group for many years. The CRCH’s
Nutrition Support Shared Resource consists of faculty nutri-
tionists, dietitians and computer programmers and includes
an extensive food composition database to accommodate the
diets of several US ethnic groups. This database contains
more than 3,200 food items and more than 100 components
(nutrients and non-nutrients) and is continuously updated
with information from standard sources (such as the USDA),
other sources (such as international organizations), local reci-
pes, and special food analyses. This resource was used to
develop a food composition table for the CFR FFQ which is
the same as the one used in the Multiethnic Cohort Study.
[0292] The different sites of the CFR are collaborating on
creating a virtual data-analysis group to take advantage of the
expertise across the collaborating centers and to avoid dupli-
cation of effort. The group will develop data-analysis strate-
gies thatare suitable for the Colon CFR study population, will
divide development and analytic tasks according to specific
expertise, will oversee analysis for Colon CFR studies, and
will contribute to the final interpretation and write-up of
findings. The data analysis group includes Drs. Duncan Tho-
mas (USC consortium), Kim Siegmund (USC consortium,
and co-Investigator on this application), John Hopper (Aus-
tralasian CFR), and Li Hsu (FHCRC). Drs. Hopper and Tho-
mas serve as co-directors of this unit. They report on their
activities to the Epidemiology and Analysis Working Group.
[0293] The University of Melbourne Consortium (J. Hop-
per, Ph.D., P. 1) recruits clinic-based families from family
cancer clinics and population-based families from cancer
registries and electoral rolls. During Phase I (1997-2002) 250
clinic-based families were recruited in Brisbane, Melbourne,
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Adelaide, Sydney, and Perth, Australia, and in Auckland,
New Zealand. Clinic-based families included those with
HNPCC or HNPCC-like family histories. In addition, 627
population-based CRC cases selected from the Victorian
Cancer Registry in Melbourne, aged between 18 and 59 years
at diagnosis, and their first- and second-degree relatives have
been recruited. Also, 260 non-cancer population-based con-
trols selected through the electoral roll and their first- and
second-degree relatives have been recruited. Epidemiology/
family history questionnaires were completed on all respon-
dents by either in-person or telephone interview. Tumor
blocks and blood samples have been collected on approxi-
mately 800 cases. Blood samples were collected from
approximately 3,800 cases, controls and their relatives. There
were 1,351 population-based probands selected and eligible.
Of these, 141 were deceased and the physician refused per-
mission to contact 85, leaving 1,125 (83%) that they were
allowed to contact. Of these, they were unable to contact 174,
leaving 951 probands who were selected and eligible. Of
these 951, 324 (34%) refused and the remaining 627 (66%)
joined the CFR. There were 1545 siblings of these 627
probands. They had permission to contact 840. Only 2 of
these 840 refused to participate. Of the 705 siblings whom
they had no permission to contact, they have proxy question-
naires completed by a participating relative for 675.

[0294] University of Hawaii Cancer Research Center (P.I.:
Loic Le Marchand, U01 CA74806): The Hawaii CFR site has
focused on recruiting multi-case CRC families in the multi-
ethnic population of Hawaii. This approach was originally
selected in order to increase the study’s efficiency by enrich-
ing the sample for genetic risk factors. All new incident CRC
cases diagnosed in the state of Hawaii in 1997-2001 (n=1,
800) were screened through personal interview for family
history. Those with a positive history of CRC among first-
degree relatives were invited to participate in the CFR, along
with their first-degree relatives. In addition, 60 multi-case
families identified in a recently completed population-based,
case-control family study of CRC were invited to participate
in the Registry. These families were prospectively ascertained
through contact with all CRC incident cases under age 60
years diagnosed between 1987 and 1996 among Japanese,
Caucasian, Hawaiian and Chinese residents of Oahu (where
85% of the population of the state reside). Pedigrees have
been expanded to include second-degree relatives for some
large multiplex families. Epidemiology and family history
questionnaires were obtained from 950 participants. In addi-
tion, 155 tumor blocks and 767 blood samples were collected.
For probands, there were 2,245 selected and eligible cases. Of
these, they received permission to contact 1,988 (89%). Of
these 1988, they were unable to contact 41, leaving 1,947
cases. Of these 1,947 cases, 140 refused, 57 were deceased,
and they lost contact with 54, so 1,696 (87%) completed a
family history screening questionnaire. Of these 1,696, 1,397
were not eligible for the CFR by virtue of their family history
and 51 were not selected for further recruitment, leaving 248
eligible and selected for recruitment. Of these 248, 64
refused, 8 were deceased, and they lost contact with 1, leaving
175 (70%) who participated in the CFR. The total number of
siblings was 879, of whom 852 were eligible. Of these sib-
lings, 439 (52%) participated.

[0295] The Fred Hutchinson Cancer Research Center (J.
Potter, M. D., Ph.D., P. 1.) identifies colorectal cancer (CRC)
cases through the population-based Puget Sound SEER
(NCI) Program. During Phase I (1997-2002), all incident
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CRC cases diagnosed between the ages of 20 and 74 in three
Washington state counties and their first-degree relatives
were ascertained. Age and gender-matched population-based
controls were ascertained from two population lists-controls
under age 65 years were recruited through driver’s license

lists; controls 65-74 years were selected from Health Care
Finance Administration (HCFA, currently CMS) files.
[0296] Epidemiology/family history questionnaires were
completed on all respondents over the telephone using a
computer-assisted telephone interview (CATT) format.
Tumor blocks were collected on all cases and CRC-affected
family members (diagnosed less than 5 years prior to recruit-
ment). Blood samples were collected from all cases, all fam-
ily members in high-risk families, a sample of family mem-
bers in non-high-risk families, and a sample of controls.
During Phase I, 1,831 cases, 4,325 family members, and
1,531 population-based controls were enrolled. In addition,
1,570 tumor blocks and 2,713 blood samples were collected.
For probands, initially there were 2,959 eligible. Of these,
they received permission to contact 2, 733 (92%) Of these
2,733, they were unable to contact 22 and 364 were deter-
mined to be ineligible, leaving 2,347 selected and eligible. Of
these 2,347, 267 refused, 185 were deceased, and they lost
contact with 64, so 1,831 (78%) participated in the CFR.
There were 2,225 siblings who were eligible and selected. Of
these 2,225, 173 refused, 7 were deceased, and they lost
contact with 66, so 1,979 siblings (89%) participated in the
CFR.

[0297] The Mayo Clinic (N. M. Lindor, M.D., Principal
Investigator) recruited 479 probands from high or intermedi-
ate risk families from the population-based Minnesota Can-
cer Surveillance System (MCSS), selected from 4,471 inci-
dent cases diagnosed over a four-year period from 1997
through 2000. Cases were surveyed for family history and
high/intermediate risk families were defined as those with
two or more cases of CRC, those with known familial
adenomatous polyposis (FAP), those in which the proband
was diagnosed under the age of 50 years, and families report-
ing an hereditary non-polyposis colon cancer-like (HNPCC-
like) tumor spectrum. In addition, a random sampling of
respondents from the MCSS was conducted until 215 ran-
domly selected participants were identified and recruited. An
additional 245 high- or intermediate-risk families were also
accrued from two non-population-based sources: other Mayo
Clinic Rochester patients and the North Central Cancer Treat-
ment Group. Recruitment of high-risk families was extended
to parents, affected and unaffected siblings (up to four, aiming
for same sex, oldest sibs); if a parent was affected, aunts and
uncles on that side of the family were also invited to enroll.
Overall, 2,469 relatives of CRC probands were enrolled (pro-
vided informed consent, blood specimens, medical record
access, and completed the epidemiology risk factor question-
naire). Unaffected relatives of probands can serve as controls.
Spouses of individuals with cancer were also recruited as
another type of control. Tumor blocks from 633 CRC partici-
pants (probands and affected relatives) and 161non-CRC
were collected and tested for microsatellite instability and
immunohistochemistry for the main DNA mismatch repair
gene proteins. For the population-based probands, there were
initially 5,002 potentially eligible cases. Of these, the physi-
cian refused contact for 115 and 428 were deceased, so they
had permission to contact 4,459. Of these 4,459,748 refused,
83 were deceased, and they lost contact with 1,776, so 1,852
(42%) completed the screening questionnaire. Of these 1,852
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cases, 8 were deemed ineligible and 1,308 were not selected
for further recruitment, leaving 536 selected and eligible. Of
these 536 cases, 52 refused and 2 were deceased, so 482
(90%) participated in the CFR. They invited 844 siblings to
participate in the CFR. Of these 844, 572 (68%) agreed to
participate.

[0298] Cancer Care Ontario (S. Gallinger, M.D., P. 1.): The
Cancer Care Ontario site is a consortium that includes eight
Regional Cancer Centers covering the entire province of
Ontario. During Phase I, 8,818 incident CRC cases, diag-
nosed between 1997-2000, were identified from the popula-
tion-based Ontario Cancer Registry. Family histories were
obtained on 3,780 cases and stratified by risk (high-meets
Amsterdam criteria for HNPCC; intermediate=HNPCC-like
and/or other specific features such as young age, multiple
polyps; low=none of the above). Recruitment (at least one
core element) was successful for 70 high-risk families, 845
intermediate-risk families and 430 low-risk families (which is
a25% random sample of'this larger latter group). In addition,
2,679 first- and second-degree relatives of registered
probands were recruited, and 890 non-cancer, age and gen-
der-matched population controls using residential telephone
lists and 1,021 population controls using the Ontario ministry
of finance property assessment file for year 2000 were also
recruited. Blood samples have been obtained for 1,052
probands, 2,080 relatives, 1,289 controls, and 1,372 tumors
(mostly CRC specimens from probands) have been pro-
cessed. For probands, there were 8,726 eligible cases. Of
these, they received permission to contact 7,229 (83%). Of
these 7,229, 24 were deemed ineligible and they were unable
to contact 164, leaving 7,041 who were eligible and selected.
Of these 7,041 cases, 2,960 refused and 301 were deceased,
leaving 3,780 (54%) who completed the screening question-
naire. Of these 3,780 cases, 1 was ineligible and 1,929 were
not selected for further recruitment based on their family
history, leaving 1,850 selected and eligible. Of these 1,850
cases, 217 refused, 27 were deceased, and they lost contact
with 7, so 1,599 (86%) participated in the CFR. They invited
1565 siblings to join the CFR and 837 (53.5%) of these
siblings participated.

[0299] The University of Southern California Consortium
(R. Haile, DrPH., P. 1) includes the Universities of Southern
California, North Carolina, Colorado, Arizona, and Minne-
sota, Dartmouth Medical School, and the Cleveland Clinic.
From the population based cancer registries of all but the last
of these sub-centers, this group contacted 33% of CRC cases
diagnosed in Whites over a one and a half-year period. In
addition, sixty-six percent of CRC cases in African-Ameri-
can, Asian, and Hispanic families plus all CRC cases diag-
nosed under age 50 years over the preceding three years were
contacted. These cases were screened for a family history of
CRC. Sixteen percent of single-case families and all multiple-
case families were invited to participate in the CFR. A total of
633 families from these population-based sources were
recruited into the Registry. The majority (about 60%) are
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from multiple-case families and a substantial proportion are
from racial minorities. These are supplemented by 120
HNPCC (Amsterdam criteria positive), or HNPCC-like fami-
lies from the Cleveland Clinic. USC serves as the coordinat-
ing center and Dartmouth the data center for this consortium.
Unaffected relatives of probands are selected as controls. For
the population-based probands, there were initially 5,684
potentially eligible cases. The physician refused permission
to contact 103 cases, so they had permission to contact 5,581
(98%) of these cases. Of these 5,581, they were unable to
contact 191 and 656 were deemed ineligible, leaving 4,734
eligible for a screening questionnaire. Of these 4,734,413
refused, 927 were deceased, and they lost contact with 291, so
3,103 (66%) completed the family history screening ques-
tionnaire. Of these 3,103,105 were ineligible, and 1,943 were
not selected for further recruitment based on their family
history, leaving 1,055 selected and eligible. Of these 1,055
cases, 325 refused, 75 were deceased, and they lost contact
with 22, so 633 participated in the CFR. There were 746
siblings. Of these 746, 96 were excluded (deceased, cogni-
tively impaired, language barrier and other reasons). Of the
remaining 650, 247 refused and they lost contact with 14, so
389 (60%) siblings participated in the CFR.

[0300] Informatics Center (H. Anton-Culver, Ph.D., P.L).
The NCI has designated the University of California Irvine’s
Epidemiology Division as the Informatics Center to support
the CFR. The Informatics Center:

[0301] The CFR Informatics Center (IC) has designed
and maintained a secure, data processing, storage, and
retrieval system that contains the core Cancer Family
Registries data with the flexibility to integrate data gen-
erated through additional studies into the core schema
structure;

[0302] ThelC has provided guidelines for data standard-
ization, established methods for data transmission,
developed computerized validation checks, monitors
quality of data, and prepares data for reporting;

[0303] Provides statistical and study design support for
the CFR investigators and generates reports for special
requests and descriptive summary statistics;

[0304] Helps facilitate CFR-wide communication, coor-
dination, and administration;

[0305] Developed and maintains a secure web site to
provide relevant information to CFR members;

[0306] Developed web-based software tools allowing
CFR members to query database for family characteris-
tics, view pedigrees, download files, and create tables
and charts using data from the CFR database housed at
the IC; and

[0307] Developed web-based software to enter, process,
and tracking investigator applications to use CFR data
and includes automated notifications to management
when new applications are received, as well as notifica-
tions to applicants, SC and AC members and others
regarding the steps in the application process.

Grouping SEQ ID NOs
Forward/Reverse Primers (14 Select) 1-28
Forward/Reverse Primers (other genes) 29-67
Probes (14 Select) 68-81
Probes (other genes) 82-99
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-continued

Grouping SEQID NOs

Amplicons (14 Select) 100-113

CpG Islands (14 Select) 114-127

Genomic DNA (14 Select) 128-141

CpG Bisulfite Up (14 Select) 142-169

Genomic Bisulfite Up (14 Select) 170-197

CpG Bisulfite Down (14 Select) 198-225

Genomic Bisulfite Down (14 Select) 226-253

Gene Coding Sequences (14 Select) 254,256,258, 260, 262, 264, 266, 268, 270, 272,274,
276,278, 280, 282, 284, 286, 288,290, 292, 294, 296,
298,300, 302, 304, 306, 308, 310,312, 314, 316, 318,

Protein Sequences (14 Select)

"
Z

>

Z

"
Z

320,322, 324,326,328, 330,332, 334

55,257,259, 261, 263, 265, 267, 269, 271, 273, 275,
77,279,281, 283, 285, 287, 289, 201, 203, 295, 297
99,301,303, 305,307, 309, 311,313, 315, 317, 319

321,323,325,327,329, 331,333,335

Feb. 26, 2009

-continued
Gene Sequence Type SEQ ID NO Gene Sequence Type SEQ ID NO
BCL2 Forward Primer 1 PENK Forward Primer 51
BCL2 Reverse Primer 2 PENK Reverse Primer 52
BDNF Forward Primer 3 SCGB3A1 Forward Primer 53
BDNF Reverse Primer 4 SCGB3A1 Reverse Primer 54
CACNAIG Forward Primer 5 SFRP2 Forward Primer 55
CACNA1G Reverse Primer 6 SFRP2 Reverse Primer 56
CALCA Forward Primer 7 TFAP2A Forward Primer 57
CALCA Reverse Primer 8 TFAP2A Reverse Primer 58
CRABP1 Forward Primer 9 ALU Forward Primer 59
CRABP1 Reverse Primer 10 ALU Reverse Primer 60
DLEC1 Forward Primer 11 BRAF Primer 1 61
DLEC1 Reverse Primer 12 BRAF Primer 2 62
GATA3 Forward Primer 13 BRAF Primar 3 63
GATA3 Reverse Primer 14 COL2A1 Forward Primer 64
HOXALI Forward Primer 15 COL2A1 Reverse Primer 65
HOXALI Reverse Primer 16 COL2A1 (2) Forward Primer 66
IGF2 Forward Primer 17 COL2A1 (2) Reverse Primer 67
IGF2 Reverse Primer 18 BCL2 Probe 68
KL Forward Primer 19 BDNF Probe 69
KL Reverse Primer 20 CACNAIG Probe 70
NEUROG1 Forward Primer 21 CALCA Probe 71
NEUROG1 Reverse Primer 22 CRABP1 Probe 72
NR3C1 Forward Primer 23 DLEC1 Probe 73
NR3C1 Reverse Primer 24 GATA3 Probe 74
RUNX3 Forward Primer 25 HOXAL1 Probe 75
RUNX3 Reverse Primer 26 IGF2 Probe 76
SOCS1 Forward Primer 27 KL Probe 77
SOCS1 Reverse Primer 28 NEUROG1 Probe 78
CDH13 Forward Primer 29 NR3C1 Probe 79
CDH13 Reverse Primer 30 RUNX3 Probe 80
CDKN2A Forward Primer 31 SOCS1 Probe 81
CDKN2A Reverse Primer 32 CDH13 Probe 82
GATA4 Forward Primer 33 CDKN2A Probe 83
GATA4 Reverse Primer 34 GATA4 Probe 84
GDNF Forward Primer 35 GDNF Probe 85
GDNF Reverse Primer 36 1TGA4 Probe 86
ITGA4 Forward Primer 37 MINT1 Probe 87
ITGA4 Reverse Primer 38 MINT?2 Probe 88
MINT1 Forward Primer 39 MINT3 Probe 89
MINT1 Reverse Primer 40 MLH1 Probe 90
MINT2 Forward Primer 41 NEUROD2 Probe 91
MINT2 Reverse Primer 42 OPCML Probe 92
MINT31 Forward Primer 43 PENK Probe 93
MINT31 Reverse Primer 44 SCGB3A1 Probe 94
MLH1 Forward Primer 45 SFRP2 Probe 95
MLH1 Reverse Primer 46 TFAP2A Probe 96
NEUROD2 Forward Primer 47 ALU Probe 97
NEUROD2 Reverse Primer 48 COL2A1 Probe 98
OPCML Forward Primer 49 COL2A1 (2) Probe 99
OPCML Reverse Primer 50 BCL2 Amplicon 100
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65
-continued -continued
Gene Sequence Type SEQ ID NO Gene Sequence Type SEQ ID NO
BDNF Amplicon 101 CACNAIG Genomic Bisulphite Up Antisense 175
CACNAIG Amplicon 102 CALCA Genomic Bisulphite Up Sense 176
CALCA Amplicon 103 CALCA Genomic Bisulphite Up Antisense 177
CRABP1 Amplicon 104 CRABP1 Genomic Bisulphite Up Sense 178
DLEC1 Amplicon 105 CRABP1 Genomic Bisulphite Up Antisense 179
GATA3 Amplicon 106 DLEC1 Genomic Bisulphite Up Sense 180
HOXAL Amplicon 107 DLEC1 Genomic Bisulphite Up Antisense 181
IGF2 Amplicon 108 GATA3 Genomic Bisulphite Up Sense 182
KL Amplicon 109 GATA3 Genomic Bisulphite Up Antisense 183
NEUROG1 Amplicon 110 HOXAL Genomic Bisulphite Up Sense 184
NR3C1 Amplicon 111 HOXAL Genomic Bisulphite Up Antisense 185
RUNX3 Amplicon 112 IGF2 Genomic Bisulphite Up Sense 186
SOCS1 Amplicon 113 IGF2 Genomic Bisulphite Up Antisense 187
BCL2 CpG Island 114 KL Genomic Bisulphite Up Sense 188
BDNF CpG Island 115 KL Genomic Bisulphite Up Antisense 189
CACNAIG CpG Island 116 NEUROG1 Genomic Bisulphite Up Sense 190
CALCA CpG Island 117 NEUROG1 Genomic Bisulphite Up Antisense 191
CRABP1 CpG Island 118 NR3C1 Genomic Bisulphite Up Sense 192
DLEC1 CpG Island 119 NR3C1 Genomic Bisulphite Up Antisense 193
GATA3 CpG Island 120 RUNX3 Genomic Bisulphite Up Sense 194
HOXAL CpG Island 121 RUNX3 Genomic Bisulphite Up Antisense 195
IGF2 CpG Island 122 SOCS1 Genomic Bisulphite Up Sense 196
KL CpG Island 123 SOCS1 Genomic Bisulphite Up Antisense 197
NEUROG1 CpG Island 124 BCL2 CpG Island Bisulphite Down Sense 198
NR3C1 CpG Island 125 BCL2 CpG Island Bisulphite Down Antisense 199
RUNX3 CpG Island 126 BDNF CpG Island Bisulphite Down Sense 200
SOCS1 CpG Island 127 BDNF CpG Island Bisulphite Down Antisense 201
BCL2 Genomic DNA 128 CACNAIG CpG Island Bisulphite Down Sense 202
BDNF Genomic DNA 129 CACNAIG CpG Island Bisulphite Down Antisense 203
CACNAIG Genomic DNA 130 CALCA CpG Island Bisulphite Down Sense 207
CALCA Genomic DNA 131 CALCA CpG Island Bisulphite Down Antisense 205
CRABP1 Genomic DNA 132 CRABP1 CpG Island Bisulphite Down Sense 206
DLEC1 Genomic DNA 133 CRABP1 CpG Island Bisulphite Down Antisense 207
GATA3 Genomic DNA 134 DLEC1 CpG Island Bisulphite Down Sense 208
HOXAL Genomic DNA 135 DLEC1 CpG Island Bisulphite Down Antisense 209
IGF2 Genomic DNA 136 GATA3 CpG Island Bisulphite Down Sense 210
KL Genomic DNA 137 GATA3 CpG Island Bisulphite Down Antisense 211
NEUROG1 Genomic DNA 138 HOXA1 CpG Island Bisulphite Down Sense 212
NR3C1 Genomic DNA 139 HOXA1 CpG Island Bisulphite Down Antisense 213
RUNX3 Genomic DNA 140 IGF2 CpG Island Bisulphite Down Sense 214
SOCS1 Genomic DNA 141 IGF2 CpG Island Bisulphite Down Antisense 215
BCL2 CpG Island Bisulphite Up Sense 142 KL CpG Island Bisulphite Down Sense 216
BCL2 CpG Island Bisulphite Up Antisense 143 KL CpG Island Bisulphite Down Antisense 217
BDNF CpG Island Bisulphite Up Sense 144 NEUROG1 CpG Island Bisulphite Down Sense 218
BDNF CpG Island Bisulphite Up Antisense 145 NEUROG1 CpG Island Bisulphite Down Antisense 219
CACNAIG CpG Island Bisulphite Up Sense 146 NR3C1 CpG Island Bisulphite Down Sense 220
CACNAIG CpG Island Bisulphite Up Antisense 147 NR3C1 CpG Island Bisulphite Down Antisense 221
CALCA CpG Island Bisulphite Up Sense 148 RUNX3 CpG Island Bisulphite Down Sense 222
CALCA CpG Island Bisulphite Up Antisense 149 RUNX3 CpG Island Bisulphite Down Antisense 223
CRABP1 CpG Island Bisulphite Up Sense 150 SOCS1 CpG Island Bisulphite Down Sense 224
CRABP1 CpG Island Bisulphite Up Antisense 151 SOCS1 CpG Island Bisulphite Down Antisense 225
DLEC1 CpG Island Bisulphite Up Sense 152 BCL2 Genomic Bisulphite Down Sense 226
DLEC1 CpG Island Bisulphite Up Antisense 153 BCL2 Genomic Bisulphite Down Antisense 227
GATA3 CpG Island Bisulphite Up Sense 154 BDNF Genomic Bisulphite Down Sense 228
GATA3 CpG Island Bisulphite Up Antisense 155 BDNF Genomic Bisulphite Down Antisense 229
HOXAL1 CpG Island Bisulphite Up Sense 156 CACNAILG Genomic Bisulphite Down Sense 230
HOXAL CpG Island Bisulphite Up Antisense 157 CACNAIG Genomic Bisulphite Down Antisense 231
IGF2 CpG Island Bisulphite Up Sense 158 CALCA Genomic Bisulphite Down Sense 232
IGF2 CpG Island Bisulphite Up Antisense 159 CALCA Genomic Bisulphite Down Antisense 233
KL CpG Island Bisulphite Up Sense 160 CRABP1 Genomic Bisulphite Down Sense 234
KL CpG Island Bisulphite Up Antisense 161 CRABP1 Genomic Bisulphite Down Antisense 235
NEUROG1 CpG Island Bisulphite Up Sense 162 DLEC1 Genomic Bisulphite Down Sense 236
NEUROG1 CpG Island Bisulphite Up Antisense 163 DLEC1 Genomic Bisulphite Down Antisense 237
NR3C1 CpG Island Bisulphite Up Sense 164 GATA3 Genomic Bisulphite Down Sense 238
NR3C1 CpG Island Bisulphite Up Antisense 165 GATA3 Genomic Bisulphite Down Antisense 239
RUNX3 CpG Island Bisulphite Up Sense 166 HOXAL1 Genomic Bisulphite Down Sense 240
RUNX3 CpG Island Bisulphite Up Antisense 167 HOXAL1 Genomic Bisulphite Down Antisense 241
SOCS1 CpG Island Bisulphite Up Sense 168 IGF2 Genomic Bisulphite Down Sense 242
SOCS1 CpG Island Bisulphite Up Antisense 169 IGF2 Genomic Bisulphite Down Antisense 243
BCL2 Genomic Bisulphite Up Sense 170 KL Genomic Bisulphite Down Sense 244
BCL2 Genomic Bisulphite Up Antisense 171 KL Genomic Bisulphite Down Antisense 245
BDNF Genomic Bisulphite Up Sense 172 NEUROG! Genomic Bisulphite Down Sense 246
BDNF Genomic Bisulphite Up Antisense 173 NEUROG! Genomic Bisulphite Down Antisense 247
CACNAIG Genomic Bisulphite Up Sense 174 NR3C1 Genomic Bisulphite Down Sense 248
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66
-continued -continued
Gene Sequence Type SEQ ID NO Gene Sequence Type SEQ ID NO
NR3C1 Genomic Bisulphite Down Antisense 249 CACNAIG mRNA Sequence for alpha 1G subunit 284
RUNX3 Genomic Bisulphite Down Sense 250 (isoform 13)
RUNX3 Genomic Bisulphite Down Antisense 251 CACNAIG Protein Sequence for alpha 1G subunit 285
SOCS1 Genomic Bisulphite Down Sense 252 (isoform 13)
SOCS1 Genomic Bisulphite Down Antisense 253 CACNAIG mRNA Sequence for alpha 1G subunit 286
BCL2 Alpha isoform mRNA 254 (isoform 14)
BCL2 Alpha isoform protein 255 CACNAIG Protein Sequence for alpha 1G subunit 287
BCL2 Beta isoform mRNA 256 (isoform 14)
BCL2 Beta isoform protein 257 CACNAIG mRNA Sequence for alpha 1G subunit 288
BDNF mRNA 258 (isoform 15)
BDNF Protein 259 CACNAIG Protein Sequence for alpha 1G subunit 289
CACNAIG mRNA Sequence for alpha 1G subunit 260 (isoform 15)
(isoform 1) CALCA Transcript variant 1 mRNA 290
CACNAIG Protein sequence for alpha 1G subunit 261 CALCA Transcript variant 1 protein 291
(isoform 1) CALCA Transcript variant 2 mRNA 292
CACNAIG mRNA Sequence for alpha 1G subunit 262 CALCA Transcript variant 2 protein 293
(isoform 2) CALCA Transcript variant 3 mRNA 294
CACNAIG Protein Sequence for alpha 1G subunit 263 CALCA Transcript variant 3 protein 295
(isoform 2) CRABP1 mRNA 296
CACNAIG mRNA Sequence for alpha 1G subunit 264 CRABP1 protein 297
(isoform 3) DLEC1 Transcript variant DLEC1-N1 mRNA 298
CACNAIG Protein Sequence for alpha 1G subunit 265 DLEC1 Transcript variant DLEC1-N1 protein 299
(isoform 3) GATA3 Isoform | mRNA 300
CACNAIG mRNA Sequence for alpha 1G subunit 266 GATA3 Isoform 1 protein 301
(isoform 4) GATA3 Isoform 2 mRNA 302
CACNAIG Protein Sequence for alpha 1G subunit 267 GATA3 Isoform 2 protein 303
(isoform 4) HOXAL Transcript variant 1 mRNA 304
CACNAIG mRNA Sequence for alpha 1G subunit 268 HOXA1 Transcript variant 1 protein 305
(isoform 5) HOXA1 Transcript variant 2 mRNA 306
CACNAIG Protein Sequence for alpha 1G subunit 269 HOXAL Transcript variant 2 protein 307
(isoform 5) IGF2 mRNA 308
CACNAIG mRNA Sequence for alpha 1G subunit 270 IGF2 protein 309
(isoform 6) KL Transcript variant 1 mRNA 310
CACNAIG Protein Sequence for alpha 1G subunit 271 KL Transcript variant 1 protein 31
(isoform 6) KL Transcript variant 2 mRNA 312
CACNAIG mRNA Sequence for alpha 1G subunit 272 KL Transcript variant 2 protein 313
(isoform 7) NEUROGI mRNA 314
CACNAIG Protein Sequence for alpha 1G subunit 237 NEUROG1 protein 315
(isoform 7) NR3C1 Transcript variant 1 mRNA 316
CACNAIG mRNA Sequence for alpha 1G subunit 274 NR3C1 Transcript variant 1 protein 317
(isoform 8) NR3C1 Transcript variant 2 mRNA 318
CACNAIG Protein Sequence for alpha 1G subunit 275 NR3C1 Transcript variant 2 protein 319
(isoform 8) NR3C1 Transcript variant 3 mRNA 320
CACNAIG mRNA Sequence for alpha 1G subunit 276 NR3C1 Transcript variant 3 protein 321
(isoform 9) NR3C1 Transcript variant 4 mRNA 322
CACNAIG Protein Sequence for alpha 1G subunit 271 NR3C1 Transcript variant 4 protein 323
(isoform 9) NR3C1 Transcript variant 5 mRNA 324
CACNAIG mRNA Sequence for alpha 1G subunit 278 NR3C1 Transcript variant 5 protein 325
(isoform 10) NR3C1 Transcript variant 6 mRNA 326
CACNAIG Protein Sequence for alpha 1G subunit 279 NR3C1 Transcript variant 6 protein 327
(isoform 10) NR3C1 Transcript variant 7 mRNA 328
CACNAIG mRNA Sequence for alpha 1G subunit 280 NR3C1 Transcript variant 7 protein 329
(isoform 11) RUNX1 Isoform | mRNA 330
CACNAIG Protein Sequence for alpha 1G subunit 281 RUNX1 Isoform 1 protein 331
(isoform 11) RUNX1 Isoform 2 mRNA 332
CACNAIG mRNA Sequence for alpha 1G subunit 282 RUNX1 Isoform 2 protein 333
(isoform 12) SOCS1 mRNA 334
CACNAIG Protein Sequence for alpha 1G subunit 283 SOCS1 protein 335
(isoform 12)
AMPLICON TABLE
HUGO Gene Amplicon Amplicon Amplicon
Name Sequence Accession No. Location Length
BCL2 CCGCATCCCGGGACCCGGTC Widschwendter, M. et 672-755 82
GCCAGGACCTCGCCGCTGCA al Cancer Res 64, (in GenBank entry)
GACCCCGGCTGCCCCCGECGE 3807-3813 (2004) ;
CCGCCGCGGGGCCTGCGCTC GenBank Number
AGCC NM00633

(SEQ ID NO:100)
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HUGO Gene Zmplicon

Name

Sequence

Accession No.

Zmplicon
Location

Amplicon
Length

BDNF

CACNALG

CALCA

CRABP1

DLEC1

GATA3

HOXAl

IGF2

KL

NEUROG1

CGCACCGGGCTGGCTCCTCT
GTCCGGCCCGGGAGCCCGAG
GCGCTACGGGGTGCGCGGGA
CAGCGAGCGGGCG

(SEQ ID NO:101)

CTTCTTCGCTTCGCGCCCAG
GCTCCGGTTGCCGGATTCGG
CGCTACCTTCGGCGAAGCCG
CCCCGAG

(SEQ ID NO:102)

GTTCTGGAAGCATGAGGGTG
ACGCAACCCAGGGGCRAAGG
ACCCCTCCGCCCATTGGTTG
CTGTGCACTGGCGGAACTTT
CCCGACCCACAGCGGCGGGA
A

(SEQ ID NO:103)

TCGAAATTCTCGCTGCTGCG
CATCTTCCAGGTGCCGGCGA
AGTTGGGCATGGTGGCGGTG
GCGGCGGCGGCAGGTACGGA
CA

(SEQ ID NO:104)

TCGCTGCGCACCCAAGATAT
CTCGCACTTGCTCACCGGCG
TCTTCCGCAACTTGTACTCA
GCCGAGGTCATCGGCGACGA
AGTGAGCGCAAGCTTGATCA
AGGCCCGCGGCAGCGAGAAT
GAGCGCCACG

(SEQ ID NO:105)

TGCACCGGGACGGAATCGTC
CACCCGACCCGAATGAATTG
GCAGGAGCCGCGGCCACATT
TAAAGGGCCAGAGCGCGCGT
(SEQ ID NO:106)

CTGCCCACTAGGAAGCGGTC
GTCGCCGCCGCAACTGTTGG
CGCTGACCGCGCACGACTGG
AAAGTTGTAATCCTATGGTC
CGA

(SEQ ID NO:107)

GAGCGGCCCCGGTGCCGCCA
CCGCCTGTCCCCCTCCCGAG
GCCCGGGCTCGCGACGGCAG
AGGGCTCCGTCGGCCCAAAC
CGAGCTGG

(SEQ ID NO:108)

AGCCTGGCTCCCGCGCAGCA
TGCCCGCCAGCGCCCCGCCG
CGCCGCCCGLGGLeaeeaee
GCAGTCGCTGTCGCTGCTGC
TGGTGCTGCTGGGCCTGGGC
GGCCGCCGCCTGCGTGCGGA
GCCGGGCG

(SEQ ID NO:109)

CGTGCAGCGCCCGGGTATTT
GCATAATTTATGCTCGCGGG
AGGCCGCCATCGCCCCTCCC
CCAACCCGGAGTGTGCCCGT
AATTACCG

(SEQ ID NO:110)

GenBank Number
AC103796

GenBank Number
AC021491

GenBank Number
X15943

GenBank Number
AC011270

GenBank Number
AP006309

GenBank Number
AL390294

GenBank Number
AC004079

GenBank Number
AC132217

GenBank Number
AB009667

GenBank Number
AC005738

3794-3866

48345-48411

1706-1806

122142-122223

19959-20088

51880-51959

78138-78220

108633-108720

2062-2189

75342-75429

72

66

100

81

129

79

82

87

127

87
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AMPLICON TABLE-continued

HUGO Gene Zmplicon

Name Sequence Accession No.

Zmplicon
Location

Amplicon
Length

NR3C1 GGGTGGAAGGAGACGCCGCA GenBank Number
GCCGGAGCGGCCGAAGCAGC AY436590
TGGGACCGGGACGGGGCACG
CGCGCCCGGAAGCCC

(SEQ ID NO:111)

RUNX3 GACGGGCAGCGTCTTGTTGC GenBank Number
AGCGCCAGTGCGAGGGCAGC AL023096
ACGGAGCAGAGGAAGTTGGG
GCTGTCGGTGCGCACGAGCT
CGCCTGCGTGGTCCGCCAGC
ACGTCCACCATCGAGCG

(SEQ ID NO:112)

S0Cs1 CGAGCCCGTGGGCACCTTCC Fiegl, H.
TGGTGCGCGACAGCCGCCAG Epidemiol Biomarkers
CGGAACTGCTTTTTCGCCCT Prey 13,882-888
TAGCGTGDAGATGGCCTCGG  (2004) ; GenBank

(SEQ ID NO:113) Number DQ086801

et al Cancer

1786-1861 75

64646-64762 116

2808-2887 79

SEQUENCE LISTING

The patent application contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http:/seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20090053706A1).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

fee set forth in 37 CFR 1.19(b)(3).

1. A method for detecting and/or classifying CIMP and/or
a CIMP-related disorder or condition in a subject, compris-
ing: determining the expression level of at least one gene or
genomic sequence selected from the group consisting of
BCL2, BDNF, CACNAI1G, CALCA, CRABP1, DLECI,
GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1, RUNX3,
SOCS1 (including all transcript variants thereof), and SEQ
ID NOS:128-141, 114-127 and 100-113 in a biological
sample isolated from said subject wherein underexpression
and/or CpG methylation is indicative of the presence or class
of CIMP and/or of a CIMP-related disorder or condition.

2. The method of claim 1, wherein CIMP colorectal cancer
is distinguished from non-CIMP colorectal cancer, said
method characterized in that underexpression and/or the pres-
ence of CpG methylation is indicative of the presence of a
CIMP colorectal cancer and the absence or relative absence
thereofis indicative of the presence of a non-CIMP colorectal
cancer.

3. The method of claim 1, wherein the CIMP-related dis-
order or condition is a cell proliferative condition and/or
cancer.

4. The method of claim 3, wherein the CIMP-related cancer
is colorectal carcinoma.

5. The method of claim 1, wherein the expression level is
determined by detecting the presence, absence or level of
mRNA transcribed from said respective gene.

6. The method of claim 1, wherein the expression level is
determined by detecting the presence, absence or level of a
respective polypeptide encoded by said gene or sequence
thereof.

7. The method of claim 6, wherein said polypeptide is
detected by one or more means selected from the group com-
prising western blot analysis, chromatography, immunoas-
say, ELISA immunoassay, radioimmunoassay, antibody and
combinations thereof.

8. The method of claim 1, wherein said expression is deter-
mined by detecting the presence or absence of CpG methy-
lation within said gene, wherein the presence of methylation
indicates the presence of CIMP and/or of a CIMP-related
disorder or condition.

9. A method for detecting and/or classifying CIMP and/or
a CIMP-related disorder or condition in a subject, compris-
ing: contacting genomic DNA isolated from a biological
sample obtained from said subject with at least one reagent, or
series of reagents that distinguishes between methylated and
non-methylated CpG dinucleotides within at least one target
region of the genomic DNA, wherein the target region com-
prises, or hybridizes under stringent conditions to a sequence
of at least 16 contiguous nucleotides of at least one sequence
selected from the group consisting of SEQ ID NOS:128-141,
114-127 and 100-113 respectively, wherein said contiguous
nucleotides comprise at least one CpG dinucleotide
sequence, and whereby detecting and/or classifying CIMP
and/ora CIMP-related disorder or condition is, at least in part,
afforded.

10. A method for detecting and/or classifying CIMP and/or
a CIMP-related disorder or condition, comprising:

extracting or otherwise isolating genomic DNA from a
biological sample obtained from the subject;
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treating the genomic DNA of, or a fragment thereof, with
one or more reagents to convert cytosine bases that are
unmethylated in the 5-position thereof to uracil or to
another base that is detectably dissimilar to cytosine in
terms of hybridization properties;

contacting the treated genomic DNA, or the treated frag-
ment thereof, with an amplification enzyme and at least
one primer comprising, a contiguous sequence of at least
9 nucleotides that is complementary to, or hybridizes
under moderately stringent or stringent conditions to a
sequence selected from the group consisting of SEQ ID
NOS:170-197, 226-253, 142-169 and 198-225, and
complements thereof, wherein the treated genomic
DNA or the fragment thereof is either amplified to pro-
duce at least one amplificate, or is not amplified; and

determining, based on a presence or absence of, or on a
property of said amplificate, the methylation state or
level of at least one CpG dinucleotide of a sequence
selected from the group consisting SEQ ID NOS:128-
141, 114-127 and 100-113, or an average, or a value
reflecting an average methylation state or level of a
plurality of CpG dinucleotides of a sequence selected
from the groups consisting of SEQ ID NOS:128-141,
114-127 and 100-113, whereby at least one of detecting
and/or classifying CIMP and/or a CIMP-related disor-
der or condition is, at least in part, afforded.

11. The method of any one of claims 9 and 10, wherein
contacting or treating the genomic DNA, or the fragment
thereof, comprises use of a reagent selected from the group
comprising bisulfite, hydrogen sulfite, disulfite, and combi-
nations thereof.

12. The method of claim 10, wherein contacting or ampli-
fying comprises: use of at least one method selected from the
group comprising: use of a heat-resistant DNA polymerase as
the amplification enzyme; use of a polymerase lacking 5'-3'
exonuclease activity; use of a polymerase chain reaction
(PCR); and generation of an amplificate nucleic acid mol-
ecule carrying a detectable label.

13. The method of claim 1, wherein the biological sample
obtained from the subjectis selected from the group compris-
ing cell lines, histological slides, biopsies, paraffin-embedded
tissue, body fluids, stool, colonic effluent, urine, blood
plasma, blood serum, whole blood, isolated blood cells, cells
isolated from the blood, and combinations thereof.

14. The method of claim 10, further comprising, for deter-
mining, the use of at least one nucleic acid molecule or
peptide nucleic acid molecule comprising in each case a
contiguous sequence at least 9 nucleotides in length that is
complementary to, or hybridizes under moderately stringent
or stringent conditions to a sequence selected from the group
consisting of SEQ ID NOS:170-197, 226-253, 142-169 and
198-225, and complements thereof, wherein said nucleic acid
molecule or peptide nucleic acid molecule suppresses ampli-
fication of the nucleic acid to which it is hybridized.

15. The method of claim 10, wherein determining com-
prises hybridization of at least one nucleic acid molecule or
peptide nucleic acid molecule in each case comprising a
contiguous sequence at least 9 nucleotides in length that is
complementary to, or hybridizes under moderately stringent
or stringent conditions to a sequence selected from the group
consisting of SEQ ID NOS:170-197, 226-253, 142-169 and
198-225, and complements thereof.
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16. The method of claim 15, wherein at least one such
hybridizing nucleic acid molecule or peptide nucleic acid
molecule is bound to a solid phase.

17. The method of claim 15, further comprising extending
at least one such hybridized nucleic acid molecule by at least
one nucleotide base.

18. The method of claim 10, wherein determining in com-
prises sequencing of the amplificate.

19. The method of claim 10, wherein contacting or ampli-
fying comprises use of methylation-specific primers.

20. A method for detecting and/or classifying CIMP and/or
a CIMP-related disorder or condition, comprising:

extracting or otherwise isolating genomic DNA from a

biological sample obtained from a subject;

digesting the genomic DNA, or a fragment thereof, with

one or more methylation sensitive restriction enzymes;
contacting the DNA restriction enzyme digest with an
amplification enzyme and at least two primers suitable
for the amplification of a sequence comprising at least
one CpG dinucleotide of a sequence selected SEQ ID
NOS:128-141, 114-127 and 100-113; and
determining, based on a presence or absence of an amplifi-
cate the methylation state or level of at least one CpG
dinucleotide of a sequence selected from the group con-
sisting SEQ ID NOS:128-141, 114-127 and 100-113,
whereby at least one of detecting and classifying cellular
proliferative disorders is, at least in part, afforded.

21. The method of claim 20, wherein the presence or
absence of an amplificate is determined by means of hybrid-
ization to at least one nucleic acid or peptide nucleic acid
which is identical, complementary, or hybridizes under strin-
gent or highly stringent conditions to an at least 16 base long
contiguous segment of a sequence selected from the group
consisting of SEQ ID NOS:128-141, 114-127 and 100-113.

22. A treated nucleic acid derived from genomic SEQ 1D
NOS:128-141, 114-127 and 100-113, wherein the treatment
is suitable to convert at least one unmethylated cytosine base
of the genomic DNA sequence to uracil or another base that is
detectably dissimilar to cytosine in terms of hybridization.

23. A nucleic acid, comprising at least 16 contiguous
nucleotides of a treated genomic DNA sequence selected
from the group consisting of SEQ ID NOS:170-197,226-253,
142-169 and 198-225, and sequences complementary
thereto, wherein the treatment is suitable to convert at least
one unmethylated cytosine base of the genomic DNA
sequence to uracil or another base that is detectably dissimilar
to cytosine in terms of hybridization.

24. A nucleic acid, comprising at least 50 contiguous
nucleotides of a DNA sequence selected from the group con-
sisting of SEQ ID NOS:170-197, 226-253,142-169 and 198-
225, and sequences complementary thereto.

25. The nucleic acid of claim 22, wherein the contiguous
base sequence comprises at least one CpG, TpG or CpA
dinucleotide sequence.

26. A nucleic acid, comprising at least 16 contiguous
nucleotides of nucleic acid sequence selected from the group
consisting of SEQ ID NOS:128-141, 114-127 and 100-113,
SEQ 1D NOS:170-197, 226-253, 142-169 and 198-225 and
sequences complementary thereto as a diagnostic means.

27. A kit suitable for performing the method according to
claim 3 comprising a) a plurality of oligonucleotides or poly-
nucleotides able to hybridise under stringent or moderately
stringent conditions to the transcription products of at least
one gene or genomic sequence selected from the group con-
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sisting of BCL2, BDNF, CACNAI1G, CALCA, CRABPI,
DLECI1, GATA3, HOXAL, IGF2, KL, NEUROG1, NR3C1,
RUNX3, SOCS1 (including all transcript variants thereof),
and SEQ ID NOS:128-141, 114-127 and 100-113; (b) a con-
tainer suitable for containing the oligonucleotides or poly-
nucleotides and a biological sample of the patient comprising
the transcription products wherein the oligonucleotides or
polynucleotides can hybridise under stringent or moderately
stringent conditions to the transcription products, (¢) means
to detect the hybridisation of (b); and optionally, (d) instruc-
tions for use and interpretation of the kit results.

28. A kit suitable for performing the method according to
claim 6, comprising (a) a means for detecting polypeptides of
at least one gene or genomic sequence selected from the
group consisting of BCL2, BDNF, CACNA1G, CALCA,
CRABPI1, DLEC1, GATA3, HOXAIl, IGF2, KL, NEU-
ROG1, NR3C1, RUNX3, SOCS1 (including all transcript
variants thereof); (b) a container suitable for containing the
said means and the biological sample of the patient compris-
ing the polypeptides wherein the means can form complexes
with the polypeptides; (c) a means to detect the complexes of
(b).
29. A kit suitable for performing the method according to
claim 9, comprising (a) a bisulfite reagent; (b) a container
suitable for containing the said bisulfite reagent and the bio-
logical sample of the patient; (c) at least one set of oligonucle-
otides containing two oligonucleotides whose sequences in
each case are identical, are complementary, or hybridize
under stringent or highly stringent conditions to a 9 or more
preferably 18 base long segment of a sequence selected from
SEQ ID NOS:170-197, 226-253, 142-169 and 198-225.

30. A kit suitable for performing the method according to
claim 9, comprising (a) a methylation sensitive restriction
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enzyme reagent; (b) a container suitable for containing the
said reagent and the biological sample of the patient; (c) at
least one set of oligonucleotides one or a plurality of nucleic
acids or peptide nucleic acids which are identical, are comple-
mentary, or hybridize under stringent or highly stringent con-
ditions to an at least 9 base long segment of a sequence
selected from SEQ ID NOS:128-141, 114-127 and 100-113;
and optionally (d) instructions for use and interpretation of
the kit results.

31. (canceled)

32. The method of claim 1, wherein CIMP KRAS mutant,
BRAF wildtype tumors colorectal cancer is identified or dis-
tinguished, based on use of at least one marker selected from
the group consisting of CDKN2A, CRABP! and NEU-
ROGI).

33. The method of claim 1, wherein detecting and/or clas-
sifying CIMP and/or a CIMP-related disorder or condition in
a subject, comprises relating CIMP status to at least one
selected from the group consisting of age, sex, tumor loca-
tion, family history, race, country of origin, and tumor char-
acteristics including, tumor type, tumor grade, invasive mar-
gin characteristics, lymphocyte infiltration characteristics,
direct spread, lymph node spread, venous spread and type of
residual adjacent polyp, if present.

34. The method of claim 1, wherein detecting and/or clas-
sifying CIMP and/or a CIMP-related disorder or condition in
asubject, comprises determining, between subgroups defined
by CIMP status and BRAF mutations, effects of selected risk
factors including, but not limited to body mass index, smok-
ing history, alcohol intake, dietary folate intake, folate meta-
bolic enzyme polymorphisms and history of hormonal use.

* 0ok ok kK



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

BEAEHERBETHcpgSD FE(LKRE (CIMP ) HXEIDNARE(LIRIE

US20090053706A1 RF(REH) A 2
US11/913535 FER 2
FNAE L A

AN R

AN K

i
:
il

patsnap

009-02-26

006-05-02

BRAF KRAS MS!1 CIMP

FRIXRBA LAIRD PETER W

SIEGMUND KIMBERLY D

CAMPAN MIHAELA

WEISENBERG DANIEL J

LONG TIFFANY |
EBA LAIRD, PETER W.

SIEGMUND, KIMBERLY D.

CAMPAN, MIHAELA

WEISENBERG, DANIEL J.

LONG, TIFFANY .
IPCH %5 C12Q1/68 C12Q1/02 GO1N33/53 CO7H21/00
CPCH %S C12Q1/6886 C12Q2600/112 C12Q2600/158 C12Q2600/156 C12Q2600/154
£ 60/677181 2005-05-02 US
HAB A TF SOk US8110361
SNEBEEEE Espacenet  USPTO
BEGR) :
BEH RSB EHBTEEC)GH FELRE (CIMP) |, HiR4 SeeBed I.825% so3,f .5
SCIMPHXHFH L WIEMDNARE(LIRIE, SANAERERTHNS A;-E"-""-Eﬁgr C|§“§"‘ﬁ efE AR %i
ENAAY , AT  BELHERHETHCIMPRES , BECIMPRES == H LT ] gﬁ
BENEM S FHEZAHER (HIM , BRAFRE , KRASREFMSI = | - ‘ i . !lq =3
R ) BECIMPRE S R MMXR (FIm , 8, 13, B — == E | H §
LB, Rk, Wik, FEE , MESE (SERBXE  MEIR === == |  HEE B2
BRIV ST , KEARRDISE , B8, KBET 8, By == °= I p=izinll_=
MMAEMESEANRE  WREFE ) ) EACIMPRSMBRAFREE I i ,_ ; E?
XA 2 FBEFR R EENEN (HlE, AERR , RES , & crassic ew --i’—:“;;;L
EE, BAHREAR  HEBRANSSENRECERSE ). B ,& D,§ F il o e —

el s -— -

METHYLATED
Loct


https://share-analytics.zhihuiya.com/view/fc881677-e208-4b91-ad2e-09658f51d199
https://worldwide.espacenet.com/patent/search/family/037308704/publication/US2009053706A1?q=US2009053706A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090053706%22.PGNR.&OS=DN/20090053706&RS=DN/20090053706

