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DNA methylation biomarkers for early detection of cervical cancer

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority under Section 119(e) from U.S. Provisional Application
Serial No. 62/774,994, filed December 04, 2018, entitled “DNA METHYLATION
MARKERS FOR EARLY DETECTION OF CERVICAL CANCER?” the contents of

each which are incorporated herein by reference.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety.
Said ASCII copy, created on January 12, 2020, is named TPC53811 Seq List_ST25.txt
and is 36,864 bytes in size.

TECHNICAL FIELD

The present invention relates generally to DNA methylation signatures in human
DNA, particularly in the field of molecular diagnostics. More specifically, the present
invention is DNA methylation biomarkers in the form of a panel, individual as well as
combination of polygenic DNA methylation biomarkers for early detection as well as
screening of cervical cancer, and their use as a diagnostic kit for early and accurate

detection of cervical cancer.

BACKGROUND OF THE INVENTION
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Cancer has become a major killer of humans. Early detection of cancer can
significantly improve cure rates and reduce the horrific personal and financial cost to the
patients, their families and the health care system. At the same time, screening of healthy
individuals to assess for pre-cancerous stage biomarker expression and its alterations is
useful in a population-wide screening methodology and helpful in identifying risk-prone,
cancer susceptible, healthy individuals. Cervical cancer is no exception. Screening can
identify cancer at an early stage — before it can cause symptoms. If cervical cancer is
caught at its earliest stage, the chance of survival is about 93% and it goes down to 15%

for the latest stages https://www.cancer.org/cancer/cervical-cancer/detection-diagnosis-

staging/survival.html. Current screening methods include Pap smears, liquid based

cytology, HPV testing and visual inspection, however a robust highly accurate and
sensitive method for early detection of cervical cancer is lacking.

Biomarkers constitute one of the most important fields in cancer diagnosis.
Cancer biomarkers are especially useful for early detection or diagnosis of the disease.
Biomarkers can be used to screen patients, for classifying the different stages or grades of
cancers and to predict prognosis and resistance to therapy.

The well-established discovery of human papillomavirus (HPV) as the causative
agent of cervical neoplasia has revolutionized the prevention and management modalities
of this gynecological disease from a secondary (molecular HPV testing) standpoint (1).
Knowledge of the HPV genotype is indeed helpful in clinical prediction, as HPVs 16
and/or 18 types are associated with greater risks of lesion progression than other
carcinogenic types. However, persistent infection with carcinogenic HPV genotypes is
the necessary precursor and driver in cervical carcinogenesis. The latter represents a
stepwise progression from premalignant stages (cervical intraepithelial neoplasia, CIN) to
invasive cervical cancer. Low-grade CIN (CIN1) is eminently reversible whereas high-
grade CIN of grades 2 and 3 (i.e., CIN2 and CIN3, respectively) have a non-negligible
risk of progressing to invasion, i.e., cervical cancer. This is particularly true for CIN3.

Managing women with CIN pathologies in the clinic continues to pose a
significant dilemma for the gynecologists, as aggressive ablative or excisional treatment
may cause immediate complications or increase the risk of miscarriage or premature

delivery later in life, when the female patient decides to become pregnant. Recent
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evidence suggests that epigenetic changes in specific genes may mediate or predict
carcinogenic progression. A cancer early detection biomarker can categorically
differentiate rare cells with lesions at asymptomatic and precancerous stages due to
remarkable changes which include biochemical changes at the epigenetic levels. These
epigenetic changes as biomarkers are quite often produced in abnormally large numbers
in the cancerous tissues and often preclude manifestation of the disease itself. To identify
molecular changes setting-in much before the disease initiation and progression,
development of molecular biomarkers is extremely important. One such epigenetic
biomarkers, DNA methylation levels of certain CpG sites in viral and host genes were
shown to increase with the severity of the underlying cervical lesions (2—7).

Among the most-studied and targeted host genes with epigenetic changes
associated with cervical cancer and its precursors are cell adhesion molecule 1
(CADML1); death associated protein kinase 1 (DAPK1); myelin and lymphocyte, T cell
differentiation protein (MAL); paired box 1 (PAX1); telomerase reverse transcriptase
(TERT); erythrocyte membrane protein band 4.1-like 3 (EPB41L3), Ras association
domain family member 1 (RASSF1); SRY-box 1 (SOX1); cadherin 1 (CDH1); LIM
homeobox transcription factor 1 alpha (LMX); cyclin Al (CCNA1); family with
sequence similarity 19 member A4, C-C motif chemokine-like (FAM19A4); and retinoic
acid receptor beta (RARP)8. Single (9) methylation markers were investigated in addition
to those that included two (i.e., CADM1 and MAL(3,4,10); MAL and miR124-2 (11-14),
three (i.e., CADMI1, MAL, and miR124-2) (13,15), four (i.e., JAM3, EPB41L3, TERT,
and C130RF18) (16,17), and five (1.e., PAX1, DAPK1, RARp, WIF1, and SLIT2) (14)
marker panels as well as panels involving various combinations of SOX1, PAX1,
LMX1A and NKX6-1 markers to attain sufficiently high sensitivities for advanced
lesions (18).

However, only one previous study, using a genome-wide methylation approach
identified three methylation panels (JAM3/ANKRD18CP,
C130RF18/JAM3/ANKRD18CP, and JAM3/GFRA1/ANKRD18CP) with the highest
combined diagnostic accuracy for the detection of CIN2+ in cervical samples; and the
sensitivities were reported to be 72%, 74% and 73%, respectively, with corresponding

specificities of 79%, 76% and 77% (2). Accordingly, there is a need for improved
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methods of identification of DNA methylation biomarkers, panel of DNA methylation
biomarkers associated with early detection and risk prediction of cervical cancer as well
as kits based on such biomarkers for population-wide screening of apparently healthy
women for early detection and susceptibility for cervical cancer and for risk assessments
of women with pre-cancerous pathologies.

The present invention provides a solution to the problem associated with lack of
early detection markers of cervical cancer by using DNA methylation biomarkers as
singular, combination as well as panel-based biomarkers, since there lacks a single or
combined methylation marker that has the appropriate diagnostic performance for risk
prediction of cervical cancer at an early stage at present. The present invention discloses
a method for obtaining early biomarkers of progression of premalignant lesion to cervical
cancer that could be used for general screening in non-symptomatic as well as women

displaying the CIN1 to CIN3 pathologies.

OBJECTIVES OF THE INVENTION

The main objective of the present invention relates to biomarkers for early detection and
diagnosis of human cervical cancer.

Further objective of the present invention relates to an in vitro method disclosed herein
called “analysis of progressive DNA methylation alterations (APDMA)” that involves
steps of examining genome wide profiles of DNA methylation of specimens from women
with different CIN grade pathologies (CIN1 to CIN3) as compared to healthy control
specimens from women for obtaining CGIDs as DNA methylation biomarkers that
predict when combined, using a linear regression model disclosed here, cervical cancer
with >95% sensitivity and specificity in publicly available methylation profiles of
cervical cancer.

Another objective of the present invention relates to molecular biomarkers as indicators
of population-wide screening of women for early detection of cervical cancer as well as

for risk assessments of women with CIN1 to CIN3 pathologies.
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Yet another objective of the present invention relates to a chip/array useful for early
detection and diagnosis of cervical cancer.

Still another objective of the present invention is to provide a cheaper, accurate, robust,
highly sensitive and specific, and high throughput diagnostic kit for accurate early

diagnosis of human cervical cancer usable by any person skilled in the art.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides methods and materials useful to
examine DNA methylation alterations and relates to DNA methylation CGID biomarkers
for early detection and diagnosis of human cervical cancer, wherein the progression of
premalignant cervical lesions (cervical intraepithelial neoplasia, CIN grades 1 to 3)
correlates with increased frequency of DNA methylation at CG positions in the human
genome in the form of Illumina probe ID or DNA methylation number or CG identifiers
(CGIDs) which are obtained using the presently disclosed in vitro method of “analysis of
progressive DNA methylation alterations” (APDMA) as disclosed herein. As discussed in
detail below, typically these biomarkers are based on variables that lend themselves to
predicting risk of women with CIN1 to CIN3 pathologies as well as in population-wide
screens for developing cervical cancer, and in turn useful as early detection and diagnosis
biomarkers. The present disclosure provides that the said CGID biomarker positions are
almost uniformly methylated in cervical cancer and almost uniformly unmethylated in
normal cervical specimens. The present invention thus, discloses the said set of
“categorically” distinct DNA methylation profiles that create a binary differentiation
between cervical cancer and nonmalignant tissues in the form of DNA methylation at
these CGID sites, whereby these sites are only methylated in cervical cancer and fully
unmethylated in nonmalignant tissue. Moreover, as disclosed herein these biomarker sites
show an increasing frequency of DNA methylation with the progression of premalignant
cervical lesions going from CIN1 to CIN3. Thus, the present invention provides an early
detection and diagnosis in vitro method using targeted amplification of the said CGID

biomarkers and deep next generation bisulfite sequencing to detect even a few molecules
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of cervical cancer cells or even the cells from premalignant lesions on the trajectory to
becoming cervical cancer on the background of mostly normal cervical cell profile. The
present invention is thus useful for as yet inaccessible early detection of cervical cancer
cells on a high background of nonmalignant tissue particularly using cervical specimens
such as pap smears as an easy and user-friendly method of early detection usable by any
person of skill in the art.

An embodiment of the present invention relates to an in vitro method for
obtaining highly predictive sites for cervical cancer for early detection even at the
asymptomatic and premalignant stages called the “analysis of progressive DNA
methylation alterations (APDMA) method” using different sources of genome wide DNA
methylation data derived by next generation sequencing, including, MeDIP arrays,
MeDIP sequencing etc., obtained in the form of DNA methylation CGID biomarker
signatures. The present invention provides a combination of “categorical” CGID
biomarkers for detection of cervical cancer in a discovery set of genome wide data from
specimens of progressive premalignant lesions going from CIN1 to CIN3.

Previous analyses before the present invention using classic “case-control” design
and logistic regressions had revealed DNA methylation CGID biomarkers that detect
cancer at lower sensitivity and specificity. Thus, another embodiment of the present
invention relates to a computer-implemented method for obtaining candidate DNA
methylation biomarkers for early detection for cervical cancer diagnosis, termed the
APDMA method which reveals the earliest methylation profiles of cancer that are
primary and essential for the cancer state and are thus present in all cervical cancer
specimens tested in the disclosure herein.

An embodiment of the present invention discloses an in vitro method that
accurately detects cervical cancer by measuring DNA methylation in a polygenic set of
CGID biomarkers in hundreds of people concurrently, by sequential amplification with
target specific primers followed by barcoding primers and multiplexed sequencing in a
single next generation Miseq sequencing reaction, data extraction and quantification of
methylation.

An embodiment of the present invention discloses an in vitro method of

measurement of methylation of said DNA methylation CGID biomarkers using
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pyrosequencing assays or methylation specific PCR. The present invention discloses the
calculation of a polygenic weighted methylation score that predicts cervical cancer.

An embodiment of the present invention discloses a panel of DNA methylation
biomarkers for screening, diagnosis, early detection and prediction of cervical cancer in a
sample of DNA isolated from a specimen from a woman including women with no other
clinical evidence for cervical cancer from cervical specimens.

An embodiment of the present invention discloses a panel of DNA methylation
biomarkers in form of a chip for screening, diagnosis, early detection and prediction of
cervical cancer in a sample of DNA isolated from a specimen from a woman including
women with no other clinical evidence for cervical cancer from cervical specimens.

An embodiment of the present invention discloses an in vitro non-invasive
method using the panel of DNA methylation biomarkers for screening, diagnosis, early
detection and prediction of cervical cancer in a sample of DNA isolated from a specimen
from a woman including women with no other clinical evidence for cervical cancer from
cervical specimens.

An embodiment of the present invention discloses a use of the DNA methylation
biomarkers as disclosed herein for screening, diagnosis, early detection and prediction of
cervical cancer in a sample of DNA isolated from a specimen from a woman including
women with no other clinical evidence for cervical cancer from cervical specimens.

The present invention provides with robust DNA methylation biomarkers
identified using CGID positions in the human genome that provide a highly accurate,
specific and sensitive assessment of risk that can guide early intervention and treatment
of cervical cancer even in women at asymptomatic and precancerous stages. The present
invention provides an easy yet efficient method that could be used by any person skilled
in the art to detect cervical cancer. The present invention relates to the use of the
disclosed DNA methylation CGID biomarkers described herein for population-wide
screening of healthy women for cervical cancer as well as for monitoring and assessing
cancer risk in women with HPV infection and CIN premalignant lesions. The present
invention demonstrates the utility of the disclosed DNA methylation biomarkers in
detecting cervical cancer in CIN samples using a polygenic score based on the DNA

methylation measurement methods disclosed herein. The present invention also discloses
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the utility of the disclosed method for obtaining “polygenic” categorical DNA
methylation CGID biomarkers for cervical cancer using any method available to people
skilled in the art for genome wide bisulfite sequencing such as next generation bisulfite
sequencing, MeDip sequencing, ion torrent sequencing, Illumina 450 K arrays and Epic
microarrays etc., followed by the presently disclosed APDMA method as disclosed
herein, for discovering specific and sensitive markers useful for early and very early
detection of cervical cancer because of their categorical difference in DNA methylation
profile between healthy controls and cervical cancer specimens with a gradation of
increasing frequency when progressing from specimens from CIN1 to CIN3 precancerous
stages.

Other objects, features and advantages of the present invention will become
apparent to those skilled in the art from the following detailed description. It is to be
understood, however, that the detailed description and specific examples, while
indicating some embodiments of the present invention, are given by way of illustration
and not limitation. Many changes and modifications within the scope of the present
invention may be made without departing from the spirit thereof, and the invention

includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1. Roadmap for developing analysis of progressive DNA methylation
alterations (APDMA) method for obtaining the early detection DNA methylation
biomarkers. The roadmap depicts the analytical procedure for developing the APDMA
method based on the DNA methylation profile using Illumina assay probe identification
(CGID) which categorically differentiate the normal profile of cervical specimens from
the DNA methylation profile in the cervical cancer specimens for obtaining “categorical”
DNA methylation CGID biomarkers for early detection, diagnosis as well as screening
for cervical cancer. In step 1, DNA methylation measurements are obtained from cervical
specimens of premalignant lesions CIN1 to CIN3 stages compared to healthy control

specimens, said DNA methylation measurements are obtained either by performing
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Tllumina Beadchip 450K or 850K assay of DNA extracted from the specimens or by
performing DNA pyrosequencing of DNA extracted from sample or by mass
spectrometry based (Epityper™), or by PCR based methylation assays and targeted
amplification of a region spanning the target CGIDs disclosed here from bisulfite
converted DNA followed by barcoding in a second set of amplification and indexed
multiplexed sequencing on an Illumina next generation sequencer. In step 2, statistical
analysis method is performed on the DNA methylation measurements of step 1, wherein
the statistical analysis includes Receiver operating characteristics (ROC) assays,
hierarchical clustering analysis assays, or neural networ c k analysis. In step 3, the
presently developed and disclosed “analysis of progressive DNA methylation alterations”
(APDMA) method is performed to identify CGID positions whose methylation levels are
an early predictor or biomarker of cervical cancer. In step 4, the present disclosure further
narrows and shortlists the polygenic DNA methylation CGID combinations as a
biomarker set of 16 CGIDs. The method allows for obtaining “categorical” rather than
quantitative differences in methylation profiles between normal and cervical cancer cells
that in turn allows for early detection because of the characteristic switch in DNA
methylation profile at the select CGIDs that provide as the DNA methylation biomarkers
for early detection, diagnosis and screening for cervical cancer. These serve as a panel of
candidate CGID biomarkers for early detection of cervical cancer in women, particularly
those who are asymptomatic or with premalignant lesions.

FIGURE 2. Method to obtain sites whose frequency of methylation increases
progressively through premalignant CIN stages. DNA prepared from cervical specimens
from specimens from CIN1, CIN2, and CIN3 histology individuals; and non-transformed,
healthy controls was subjected to genome wide DNA methylation analysis on Illumina
Epic Arrays. The level of methylation of 7715 CGIDs correlated significantly (q>0.05)
with progression of premalignant CIN stages from CIN1 to CIN3. A. IGV browser view
of the difference in methylation of these sites from control cervical specimens across the
genome. Top track shows positions of chromosomes. Second track shows the position of
Refseq genes across the genome. The following tracks (ACIN1-Ctrl, ACIN2-Ctrl,
ACIN3-Ctrl) show the difference in average methylation between each of the CIN stages

and controls. Progressive hypermethylation through the stages is observed.
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FIGURE 3. Sites derived by the APDMA method are categorically different between
normal cervical specimens and cervical cancer. A. Heatmap showing that 79 top CGIDs
whose frequency of methylation increases during progression of cervical premalignant
phases detect cervical cancer using DNA methylation data from 270 patients
(GSE68339). The CGIDs exhibit a categorically different methylation profile between
cancer and normal cervix. They are totally unmethylated in normal tissue and heavily
methylated in cancer tissue. B. Average methylation for each of the groups normal,
premalignant stages and cervical cancer (CIN1 to CIN3) (blue refers to 0% methylation
and dark red refers to 100% methylation).

FIGURE 4. Specificity and specificity of a bi-genic DNA methylation score discovered
using the APDMA method for detecting cervical cancer DNA in an independent cohort.
A. Effect size calculation, penalized regression and multivariable linear regression short
listed a subset of two CGIDs and a linear regression equation for prediction of cervical
cancer was computed. B. A threshold for cancer detection was calculated by ROC. C.
Using this threshold, the sensitivity and specificity of this combined set of markers is 1
and the AUC is 1.

FIGURE 5. Cancer methylation scores in individual specimens from control CIN I to
CIN3 and cervical cancer patients. A. Methylation scores (cervical cancer prediction)
calculated using the equation presented in Figure 4A for each of the individual specimens
from controls, CIN1 to CIN3 and cervical cancer showing increase in methylation scores
in advanced premalignant lesions. B. Scatter plot showing average methylation score for
the control, premalignant and cancer groups.

FIGURE 6. Correlation between bi-genic methylation score and progression from control
through premalignant stages to cervical cancer. Cervical cancer samples are from
GSE68339 CIN1 to CIN3 are from the McGill cohort described in this application
(assigned Spearman rank: control: 0, CIN1 to CIN3: 1-3, cervical cancer: 4).

FIGURE 7. Validation of methylation marker for cervical cancer using DNA methylation
data from TCGA (n=312). Since data for cervical for only one CGIDs (cg13944175) was
available in TCGA, we calculated the methylation score for cervical cancer using a linear
regression equation with DNA methylation data for only CGID cg13944175. A Pearson

correlation was calculated between stage of progression to cancer and the methylation

10
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score (see statistics in A and correlation chart in B). CIN1 to CIN 3 are from the McGill
cohort described in this application. Assigned scales: Control: 0, CIN1 to CIN 3: 1-3,
Cervical cancer: 4.

FIGURE 8. Utility of the present invention: Prediction of cervical cancer in CIN1 to
CIN3 specimens. Not all CIN-1-3 patient develop cervical cancer though a higher
fraction of CIN3 patients than CIN1 patients do. The present invention tested whether the
methylation score developed in Figure 3 be used to identify individual patients who
exhibit a cervical cancer methylation score as a demonstration of the utility of the present
invention. A. The X axis lines up individual patients, groups are indicated by the lines
under the X axis. The Y axis indicates prediction of cancer (1) and no cancer call (0). B.
Number of individuals with cancer prediction in each group. Prediction of cancer

increases from CIN1 to CIN3 as expected.

DETAIL DESCRIPTIONS OF THE INVENTION

In the description of embodiments, reference may be made to the accompanying
figures which form a part hereof, and in which is shown by way of illustration a specific
embodiment in which the invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be made without departing
from the scope of the present invention. Many of the techniques and procedures described
or referenced herein are well understood and commonly employed by those skilled in the
art. Unless otherwise defined, all terms of art, notations and other scientific terms or
terminology used herein are intended to have the meanings commonly understood by
those of skill in the art to which this invention pertains. In some cases, terms with
commonly understood meanings are defined herein for clarity and/or for ready reference,
and the inclusion of such definitions herein should not necessarily be construed to
represent a substantial difference over what is generally understood in the art.

All illustrations of the drawings are for the purpose of describing selected
versions of the present invention and are not intended to limit the scope of the present

invention.
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All publications mentioned herein are incorporated herein by reference to disclose
and describe aspects, methods and/or materials in connection with the cited publications.

DNA methylation refers to chemical modifications of the DNA molecule.
Technological platforms such as the Illumina Infinium microarray or DNA sequencing-
based methods have been found to lead to highly robust and reproducible measurements
of the DNA methylation levels of a person. There are more than 28 million CpG loci in
the human genome. Consequently, certain loci are given unique identifiers such as those
found in the Illumina CpG loci database (see, e.g. Technical Note: Epigenetics, CpG Loci
Identification ILLUMINA Inc. 2010). These CG locus designation identifiers are used
herein.

Definitions:

As used herein, the term "CG" or "CpG" as used interchangeably refers to a di-
nucleotide sequence in DNA containing cytosine and guanosine bases. These di-
nucleotide sequences could become methylated in the DNA from humans as well as other
animals. The CGID reveals its position in the human genome as defined by the Illumina
450K manifest or Illumina EPIC manifest (the annotation of the CGs listed herein is
publicly available at
https://bioconductor.org/packages/release/data/annotation/html/INluminaHumanMethylati

on450k.db.html or

https://bioconductor.org/packages/release/data/annotation/html/IlluminaHumanMethylati

onEPICmanifest.html] and installed as an R package IlluminaHumanMethylation450k.db

(R package version 2.0.9.) or llluminaHumanMethylationEPICmanifest (R package
version 0.3.0).

As used herein, the term “beta-value” refers to computation of methylation level
at a CGID position derived by normalization and quantification of Illumina 450K or
EPIC arrays using the ratio of intensities between methylated and unmethylated probes
and the formula: beta value= methylated C intensity/(methylated C intensity +
unmethylated C intensity) between 0 and 1 with O being fully unmethylated and 1 being
fully methylated.

As used herein, the term "penalized regression" refers to a statistical method

aimed at identifying the smallest number of predictors required to predict an outcome out
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of a larger list of biomarkers as implemented for example in the R statistical package
“penalized” as described in Goeman, J. J., L1 penalized estimation in the Cox
proportional hazards model. Biometrical Journal 52(1), 70-84.

As used herein, the term "clustering” refers to the grouping of a set of objects in
such a way that objects in the same group (called a cluster) are more similar (in some
sense or another) to each other than to those in other groups (clusters).

As used herein, the term “Hierarchical clustering” refers to a statistical method
that builds a hierarchy of “clusters” based on how similar (close) or dissimilar (distant)
are the clusters from each other as described for example in Kaufman, L.; Rousseeuw,
P.J. (1990). Finding Groups in Data: An Introduction to Cluster Analysis (I ed.). New
York: John Wiley. ISBN 0-471-87876-6..

As used herein, the term "Receiver operating characteristics (ROC) assay" refers
to a statistical method that creates a graphical plot that illustrates the performance of a
predictor. The true positive rate of prediction is plotted against the false positive rate at
various threshold settings for the predictor (i.e. different % of methylation) as described
for example in Hanley, James A.; McNeil, Barbara J. (1982). "The Meaning and Use of
the Area under a Receiver Operating Characteristic (ROC) Curve". Radiology 143 (1):
29-36.

As used herein, the term "multivariable or polygenic linear regression” refers to a
statistical method that estimates the relationship between multiple “independent
variables” or “predictors” such as percentage of methylation in multiple CGIDs, and a
“dependent variable” such as cancer. This method determines the “weight” or coefficient
of each CGIDs in predicting the “outcome” (dependent variable such as cancer) when
several “independent variables” such as CGIDs are included in the model.

As used herein, the term “epigenetic” means relating to, being, or involving a
chemical modification of the DNA molecule. Epigenetic factors include the addition or
removal of a methyl group which results in changes of the DNA methylation levels.
Novel molecular biomarkers of early detection or diagnosis or prediction of cervical
cancer that observe methylation patterns in genomic DNA, such as those disclosed here
as CGID based biomarkers allow one to prognosticate cervical cancer risk and

susceptibility even at very early stages where the women are asymptomatic or at
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premalignant stages progressing from CIN1 to CIN3, and would be useful in the clinic, to
epidemiologists, medical professionals, and are the present disclosure is made such that it
be accessible and usable by any person skilled in the art. Exclusively clinical biomarkers
such as pap smears, histological identification have a long and successful history in
cervical cancer diagnosis however, they are marred by vast degrees of variability and
being incapable for use in early detection of cervical cancer. By contrast, molecular
biomarkers such as epigenetic markers in form of DNA methylation biomarkers have as
yet been rarely used.

As used herein, the term “DNA methylation biomarker” refers to a CpG position
that is potentially methylated. Methylation typically occurs in a CpG containing nucleic
acid. The CpG containing nucleic acid may be present in, e.g., in a CpG island, a CpG
doublet, a promoter, an intron, or an exon of gene. For instance, in the genetic regions
provided herein the potential methylation sites encompass the promoter/enhancer regions
of the indicated genes. Thus, the regions can begin upstream of a gene promoter and
extend downstream into the transcribed region.

The presently disclosed method posits that the frequency of cells that display a
cervical cancer DNA methylation profile increases with the progression from CINI to
CIN3 pathologies and that these methylation profiles are characteristic of earliest cervical
cancer. Second, since cells that convert to cancer are rare in early premalignancy, the
DNA methylation profile should be categorically different than the normal profile of
cervical cells so as to be detected on a background of mostly nonmalignant cells at the
earliest of stages. Third, these DNA methylation profiles should be present in all fully
developed cervical cancer specimens if they are primary and critical characteristic of
cervical cancer. Considering the aforementioned three prerequisites, the presently
disclosed an in vitro method termed “analysis of progressive DNA methylation
alterations (APDMA)” involves steps of examining genome wide profiles of DNA
methylation of specimens isolated and obtained from women with different CIN grade
pathologies (CIN1 to CIN3) compared with healthy, non-transformed, healthy control
cervical specimens after well-characterized HPV genotyping, using Infinium Methylation
EPIC arrays. The present invention discloses an in vitro method for obtaining Illumina

probe ID or DNA methylation number or CG identifiers (CGIDs) as DNA methylation
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biomarkers that predict when combined, using a linear regression model disclosed here,
cervical cancer with >95% sensitivity and specificity in publicly available methylation
profiles of cervical cancer. The present invention also provides a panel of DNA
methylation biomarkers for screening and early detection of cervical cancer, wherein the
panel comprises of CGIDs having sequences selected from the group consisting of SEQ
ID NO:1 to SEQ ID NO:79 as listed in Table 1 and combinations thereof such as the
shortlisted subsets of Table 1 sequences as listed in Table 2 and shorter subset of CGIDs
as listed in Table 3, respectively, as disclosed herein below. The present invention thus
provides with two CGIDs as minimally sufficient to detect cervical cancer in publicly
available DNA methylation data with sensitivity and specificity that approaches 1. The
present invention also discloses kits for in vitro measuring the DNA methylation
biomarkers as the DNA methylation levels of the disclosed CGIDs in DNA isolated from
cervical specimens to be used for population-wide screening of women for early
detection of cervical cancer as well as for risk assessments of women with CIN1 to CIN3
pathologies.

The invention disclosed herein has a number of embodiments. In an embodiment,
the present invention provides polygenic DNA methylation CGID biomarkers of cervical
cancer in cervical smears for early detection of cervical cancer, said polygenic DNA
methylation biomarkers panel is derived using “analysis of progressive DNA methylation
alterations (APDMA) method ” disclosed in the present invention on genome wide DNA
methylation derived by mapping methods, such as Illumina 450K or 850K arrays,
genome wide bisulfite sequencing using a variety of next generation sequencing
platforms, methylated DNA Immunoprecipitation (MeDIP) sequencing or hybridization
with oligonucleotide arrays.

In an embodiment, the present invention provides the method for obtaining DNA
methylation biomarkers for detecting cervical cancer, comprising the step of performing
statistical analysis and the “analysis of progressive DNA methylation alterations
(APDMA)” method disclosed in the present invention on DNA methylation
measurements obtained from cervical specimens of premalignant lesions CIN1 to CIN3.

In an embodiment, the presently disclosed method comprises of performing

statistical analysis and the “analysis of progressive DNA methylation alterations
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(APDMA)” method on DNA methylation measurements obtained from cervical
specimens, said DNA methylation measurements are obtained by performing Illumina
Beadchip 450K or 850K assay of the DNA extracted from the specimens. In another
embodiment, said DNA methylation measurements are obtained by performing DNA
pyrosequencing of DNA extracted from sample or by mass spectrometry based
(Epityper™), or by PCR based methylation assays and targeted amplification of a region
spanning the target CGIDs disclosed here from bisulfite converted DNA followed by
barcoding in a second set of amplification and indexed multiplexed sequencing on an
Ilumina next generation sequencer. In a further embodiment, said statistical analysis
includes Receiver operating characteristics (ROC) assays. In yet another embodiment,
said statistical analysis includes hierarchical clustering analysis assays. In an additional
embodiment, said statistical analysis includes neural network analysis.

In an embodiment of the present invention, it discloses an in-vitro method for
obtaining early predictors of cervical cancer, the method comprising the steps of: (a)
measuring DNA methylation from a cervical specimen sample, (b) performing statistical
analysis on the DNA methylation measurement obtained in step a, (c) determining DNA
methylation status of a multitude of independent genomic CG positions called CG
identifiers (CGIDs) by performing analysis of progressive DNA methylation alterations
(APDMA) of genome wide DNA methylation profiles obtained in step b, (d) classifying
CGIDs based on frequency of their DNA methylation correlating with cervical cancer
premalignant stage progression, (e) obtaining candidate CGIDs from classification in step
d to obtain early predictors of cervical cancer as DNA methylation biomarkers.

In another embodiment of the present invention, it discloses an in-vitro method
for obtaining early predictors of cervical cancer, the method comprising the steps of: (a)
measuring DNA methylation from a cervical specimen sample, (b) performing statistical
analysis on the DNA methylation measurement obtained in step a, (c) determining DNA
methylation status of a multitude of independent genomic CG positions called CG
identifiers (CGIDs) by performing analysis of progressive DNA methylation alterations
(APDMA) of genome wide DNA methylation profiles obtained in step b, (d) classifying
CGIDs based on frequency of their DNA methylation correlating with cervical cancer

premalignant stage progression, (e) obtaining candidate CGIDs from classification in step
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d to obtain early predictors of cervical cancer as DNA methylation biomarkers, wherein
said measuring DNA methylation is performed using methods comprising, Illumina 27K,
450K or 850K arrays, genome wide bisulfite sequencing on platforms including, HiSeq,
MiniSeq, MiSeq or NextSeq sequencers, torrent sequencing, methylated DNA
Immunoprecipitation (MeDIP) sequencing, hybridization with oligonucleotide arrays,
DNA pyrosequencing, mass spectrometry based (Epityper™) or PCR based methylation
assays.

In yet another embodiment of the present invention, it discloses an in-vitro
method for obtaining early predictors of cervical cancer, the method comprising the steps
of: (a) measuring DNA methylation from a cervical specimen sample, (b) performing
statistical analysis on the DNA methylation measurement obtained in step a, (c)
determining DNA methylation status of a multitude of independent genomic CG
positions called CG identifiers (CGIDs) by performing analysis of progressive DNA
methylation alterations (APDMA) of genome wide DNA methylation profiles obtained in
step b, (d) classifying CGIDs based on frequency of their DNA methylation correlating
with cervical cancer premalignant stage progression, (e) obtaining candidate CGIDs from
classification in step d to obtain early predictors of cervical cancer as DNA methylation
biomarkers, wherein said statistical analysis on the DNA methylation measurement
includes Pearson correlation, Receiver operating characteristics (ROC) assays, and
hierarchical clustering analysis.

In a further embodiment of the present invention, it discloses an in-vitro method
for obtaining early predictors of cervical cancer, the method comprising the steps of: (a)
measuring DNA methylation from a cervical specimen sample, (b) performing statistical
analysis on the DNA methylation measurement obtained in step a, (c) determining DNA
methylation status of a multitude of independent genomic CG positions called CG
identifiers (CGIDs) by performing analysis of progressive DNA methylation alterations
(APDMA) of genome wide DNA methylation profiles obtained in step b, (d) classifying
CGIDs based on frequency of their DNA methylation correlating with cervical cancer
premalignant stage progression, (e) obtaining candidate CGIDs from classification in step

d to obtain early predictors of cervical cancer as DNA methylation biomarkers, wherein
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said cervical cancer premalignant stage progression comprises cervical intraepithelial
neoplasia lesions at stages CIN1, CIN2 and CIN3.

In an alternate embodiment of the present invention, it discloses an in-vitro
method for obtaining early predictors of cervical cancer, the method comprising the steps
of: (a) measuring DNA methylation from a cervical specimen sample, (b) performing
statistical analysis on the DNA methylation measurement obtained in step a, (c)
determining DNA methylation status of a multitude of independent genomic CG
positions called CG identifiers (CGIDs) by performing analysis of progressive DNA
methylation alterations (APDMA) of genome wide DNA methylation profiles obtained in
step b, (d) classifying CGIDs based on frequency of their DNA methylation correlating
with cervical cancer premalignant stage progression, (e) obtaining candidate CGIDs from
classification in step d to obtain early predictors of cervical cancer as DNA methylation
biomarkers, wherein said CGIDs based on frequency of their DNA methylation
correlating with cervical cancer premalignant stage progression are selected from a group
of CGIDs as set forth in SEQ ID NO:1 to SEQ ID NO:79 and combinations thereof. In a
supplemental embodiment of the present invention, the 79 CGID sites are useful alone or
in combination as early predictors of cervical cancer are delineated as DNA methylation

biomarkers for early detection of cervical cancer.

Table 1: Selected 79 polynucleotides having CG Methylation Sites (CGIDs) useful in
embodiments of the present invention.

The sequences for the Illumina probe ID for the selected 79 CGIDs as used in
various embodiments herein are found in Table 1 that is included with this application,
and include cg08272731
(GAAGGAGGCTGCGCGCCAGCCCGCCCGCGGCGCCCGGGCTCAGGCGCCGTG
ACGGCTGCACGCGCTGCCCCGCACTCTGAGGGCCTTCATTAGCTCGCTCCCCG
CGCCGAGGCTGGGGCGGQG) as set forth in SEQ ID NO:1, cg19598567
(CCTCCCGCAGCTCATTGCAGCCCCGAGGAAATCACCGGGGGAGGGCTCGGG
AGTGCGGCGCGGCAGCCCCATAATTTCCAGGGCCCTTCTCCTACACTGACAC
GTAATTGTCAGATTGTTTT) as set forth in SEQ ID NO:2, cg13944175
(CCGCCGCGGGTTCCCAGGGCTGGTGGTAGTTGCCGTCCCACACGTACGTGGC
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GGGGTCCTCGTCAGCGAAGACCTCGCGGAACATGTCGACCATGTAGAGGTCC
TCGGCGCGGTTGCCATCC) as set forth in SEQ ID NO:3, cgl9717586
(GGGGAGGAATATTAGACTCGGAGGAGTCTGCGCGCTTTTCTCCTCCCCGCGC
CTCCCGGTCGCCGCGGGTTCACCGCTCAGTCCCCGCGCTCGCTCCGCACCCCA
CCCACTTCCTGTGCTCG) as set forth in SEQ ID NO:4, c¢g22721334
(CAGGCCGGTCCCAGCCGCCCGGAGCCCCAGTGCGCGATGGCGGCCGGCAAA
CTGCGCCTGCGCACTGGGCCTCACCGCGGACTACGACTCCCACAATGCCGCG
AGGCTGTGCCGCGCACCGQG) as set forth in SEQ ID NO:5, cg13985485
(GTGACGCGCGGCCGCAGCTGCCCGCGGGCGGAGCGCTCTCAGACCCCGGAG
CGCACACCGCGGGGCCATCGGTGCCATCGCGGATCTCCAGGCTCCTCATCAG
TCCGCCGGGGCCGCAGCAGQG) as set forth in SEQ ID NO:6, cg11358689
(GAGGAATATTAGACTCGGAGGAGTCTGCGCGCTTTTCTCCTCCCCGCGCCTC
CCGGTCGCCGCGGGTTCACCGCTCAGTCCCCGCGCTCGCTCCGCACCCCACCC
ACTTCCTGTGCTCGCCC) as set forth in SEQ ID NO:7, cg01944624
(ATCTACCGTCTCCAATCTCCATCTCCGAAGTTATGCCCACTTCCTCGAAGTTT
GGAGCCACGCGAACTACACTGCCCAGAAGGCGCCGCGCCGTGAGCCGCGAT
GCTTGGCCAATGAAAAGA) as set forth in SEQ ID NO:8, cg04864807
(GGGAGGGCTCGTGAGAGCCAATGAGAGCGCGGAAGGCGGCGAGCGAGCCA
ATGGACGCGGCGGTGGGGCAGGGGGCGGGGCCTGGGCGAGGCCGGGGGCGG
AATGGGCTGAGTGCCCTGTCT) as set forth in SEQ ID NO:9, cg13849378
(CGGCAAGCGGAGCAGCGAGGCAGGGTAGCTTCATCACACTCGCGGCGGATG
CGGATTCCGCGCCGCCCCGGCTCTAGCTGCTCAGGCGACCGCCACCCTCGCCT
CGCCGCCGCCCGTGCACA) as set forth in SEQ ID NO:10, cg19274890
(GCGGACGGCGGCTCCATCCGCGGCAATCACCGTAGTGCTTGTTTGTGGAAGC
CGAGCGTGCGTGCGCCGCGCGCGCACCCAGTCCAGCGCGGAGTGGGCGTCTA
CCCGAGGAGGGGTGTCTG) as set forth in SEQ ID NO:11, cg06783737
(TGGGGAATTAGCTCAGGCGGTGGAGCGCTCGCTTAGCTATGCGAGAGGTAG
CGAGATCGACGCCCGCATTCTCCAGTTTCTTGTCTGGTTTATGTCTCTTAGTTT
GTATTCCCCGTTGTTTC) as set forth in SEQ ID NO:12, cg19429281
(GAAGTCCCAGGGACCTGCGGAGCGCAGACATAACACAACACAGAGCAAAA
CTCACCGCTGCGGTGACTTTCACTCCACGCGATCCGCTTCCCGGTTTACGCTA
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AACTGGGCGCTCGGGACAG) as set forth in SEQ ID NO:13, cg00064733
(GGCTGCGGACGGCGGCTCCATCCGCGGCAATCACCGTAGTGCTTGTTTGTGG
AAGCCGAGCGTGCGTGCGCCGCGCGCGCACCCAGTCCAGCGCGGAGTGGGC
GTCTACCCGAGGAGGGGTG) as set forth in SEQ ID NO:14, ¢g25258740
(CCCCCGCCGGCCGCCGGCCGCGCTCCCCGCCTTCATTCTGTGATCTGCGGAT
TTGCCAGTCGCCAACCTCCGCGCCCAGAGTCACCATCGCGCAGGGTTGGGCA
AACCATGGAGCTCGGGGC) as set forth in SEQ ID NO:15, cg08087594
(AACTCCTGCACAAATCATTTCAAACGCGGTCGGCTTCTAATCGGGAAGTAAT
CTCAGTGACGCTGGCGGTGCAGAGAACCGAGTCTGGACGCACACACACAAA
CACACCGCGGGCCTCCGCA) as set forth in SEQ ID NO:16, cg17233763
(GTGTGCTCAGCCTCAGCGTGAGGGGCACCTGCTCGTCTGGGCTCACAGCGAA
GGCAGCCTCGCCGCGAGCTGCCGCTGCCGCTGCTGCCGCCACTGGTGTTGCC
GCTCTCAGGCGCCAGGCT) as set forth in SEQ ID NO:17, cgl11372636
(GCCGGGAGCCTGACGTCACCACGCCCTGCCTGTCAATCTGCAGCGCGCGCCG
CTCGCAGCCGCCTTTTCTGCCACCAACTGTATCTCTCACTCGCGGAGCCGGCA
CAGCGACAGGCGCCCCQG) as set forth in SEQ ID NO:18, cg01650149
(GCGGCGGCGGGCGGGGAGCCAGGCCCGAGCTGCGTTCTGCGCAGCCATTGG
TGGGCGCCGCGCTCTGCACTGAGCATGTTCGCGCCCCGCCGGCCCCTAGCCG
CAGCCGCAGCCGCAGCGAC) as set forth in SEQ ID NO:19, cgl17445666
(CAACCGGTTCCGCCGCGTTTGTGGGCTGGTAGCCCGGAATACATTTCCCAGA
GGCCTTCGCGGCCGACGTGCTTCGCGCAGGAACGCAGCCGCCTCCCGACTGG
AGGACGCGGTAGCGGAGC) as set forth in SEQ ID NO:20, cg24415208
(GCTGCCCGTGGTCAAACTGGAGTCGCTGAAGCGCTGGAACGAAGAGCGGGG
CCTCTGGTGCGAGAAGGGGGTGCAGGTGCTGCTGACGACGGTGGGCGCCTTC
GCCGCCTTCGGCCTCATGA) as set forth in SEQ ID NO:21, ¢g24221648
(CTTCCCGGCTCCCCGCGGTGCGCACCCGCTGGCCACTCTGCGCACGCGCGCC
GGGTGCCCCGGCCTAAGGCCGTTGACCTCGGGTTCTCCCCGGCACAGTCGAA
TCCACGCCAGGGCCCTCA) as set forth in SEQ ID NO:22, cg09017434
(GCGGGGGAGGTTGCGGGGGAGGCTCGGCGTCCCCGCTCTCCGCCCCGCGAC
ACCGACTGCCGCCGTGGCCGCCCTCAAAGCTCATGGTTGTGCCGCCGCCGCC
CTCCTGCCGGCCCGGCTGQG) as set forth in SEQ ID NO:23, cg15814717
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(TGTACTACTTCCTCTGCCACCTGGCCTTGGTAGACGCGGGCTTCACTACTAGC
GTGGTGCCGCCGCTGCTGGCCAACCTGCGCGGACCAGCGCTCTGGCTGCCGC
GCAGCCACTGCACGGCCQ) as set forth in SEQ ID NO:24, cg23619365
(AAAAAAAAAAAAAAGCAATGAGCCGCAAGCCTTGGACTCGCAGAGCTGCCG
GTGCCCGTCCGAGAGCCCCACCAGCGCGGCTCACGCCTCAGTCTCGCCGCCC
CAAGGTGGGATCCGACGCC) as set forth in SEQ ID NO:25, cg20457275
(CGAGAGGGCCCGGTCCAGCAGCCTCTGGGGCCCAGTGCGCAGGGCACTGCG
GGCCGATTGCGCCCCGGGGCCAGGAGGCGCCGAGAAAGCAAAAGCAAAAGC
CGGCGGCGGGTGGAGGTCAA) as set forth in SEQ ID NO:26, c¢g22305167
(CGGCCGCAGTGTGCCGCCCGCTGCGCTATGCGGGGCTCGTCTCCCCGCGCCT
ATGTCGCACGCTGGCCAGCGCCTCCTGGCTAAGCGGCCTCACCAACTCGGTT
GCGCAAACCGCGCTCCTG) as set forth in SEQ ID NO:27, cg16664405
(CCTGGCGCGACCGCCAGCAGCACCCAGCGCGGGGCCGGGAGCTGCTGGGGG
CCCAGGCTCCGCTCTCCCCACCGCTCTGCACCGCTGCCGGCTGCGGACAGAC
CCGATGCGCCACCACCACQC) as set forth in SEQ ID NO:28, cg16585333
(CCGGAGCGCGCTGCTGCCCTCTACCGGTCATCCGTGCGGCCGGACACCGTGT
CAGGCCCGCGAGGAGGGCTCTGCCGCAGTCCCGGGGAACAGCACCCAGCAG
CGCCACTGGGAGAGGAAAQC) as set forth in SEQ ID NO:29, cg05057720
(AGTCCAGAGCGGCGCTGTGCAGCTGGAAGGGCGCGCGATAGCTCAAGTTAG
AGGCGGCCCCGGGGCGCGGCGCAGGACACAAGACCTCAAACTGGTACTTGC
ACAGGTAGCCGTTGGCGCGC) as set forth in SEQ ID NO:30, cg03419058
(GGCGGTGCGAGCTCCCCGCCTGCGGGACGCACGGAGACCGCGGTCAGCGCG
CCGCCTGGCCGGCCCAGCGCGCCCAGCCCGCGCCCAGCCCCGTCCACTCCCG
TCCAGCCCCGCCGCCCGGC) as set forth in SEQ ID NO:31, cg02473540
(CGGTAGAGTTTCCAACACGAAAGCCCGTGTGGTCGCGCCGGGAGCTCACGG
CGTTCCAAGCGGCACTTATCCCGCGTTGATGCCCAGGCACCCCGCGCGCCCT
GTTTCACCAGGCCCAGTCA) as set forth in SEQ ID NO:32, cg01758512
(CCAGCGGCAGTAGCTGTAGCAGCTTCAGCGAAGCCGGAGATGGGCAGAGAG
CGCGCGCGGCGCAGCAGCTCCAGATTCACTGCTCTCCCCTGCAGCTCCCCGC
GCCCCCGCCGCTGTCGCTG) as set forth in SEQ ID NO:33, cg18897632
(GTGTTCTCTGCGGCGGGCCGCGTCCCCGCTGAGCCTCGCGGTGACAGCCGCC
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TTTGGCAGCGAGCGCTCGGGGCACTTCTATCCCCGCCTCTCAAAGGGTGGGG
ACAGCCGTTTCCAGATTT) as set forth in SEQ ID NO:34, cg09568464
(CGGCCGCGCCCCCGGCAGCCCAGGGCGCGCTTCCACCACGGTACCGGTGGA
TTCGCCGTGCGCAGCCGGAAGATGGCGCAGACGCACAAAGCACACCGATGCT
GCGCCATGATAGGGCCGGC) as set forth in SEQ ID NO:35, cg15811515
(TCTCGCGGCGCAGGCGGCGGCGGCAGAGGTGGGGTCGCGCAGCGGAGGCAG
CTCGAGCTTCGGGATGCGCGCTCGCTTCTTGGGCTCCTCGCTCGATCTTACTG
CCCCCTTTTTTCTCTCCC) as set forth in SEQ ID NO:36, cg00884040
(TCCTCCAGCCAGAGTCGGTGGGACTGGCTGCGCTGCCCTGAAGTGGTTCTCC
AAGCAGCGCGGAGGGTGGCGGACGGCGGACGGAGCCCAGGGGCCGCGTCGG
GTGGGGAAACCCGAACTCQG) as set forth in SEQ ID NO:37, cg21632158
(TGCGCATCGCTGGCTCTGGGTTCCGCCGAATGCGTCCTCCTGGCGGTGATGG
CTCTGGACCGCGCGGCCGCAGTGTGCCGCCCGCTGCGCTATGCGGGGCTCGT
CTCCCCGCGCCTATGTCG) as set forth in SEQ ID NO:38, cg18343957
(AGGGGAGCTGCGAGGCGAAGTGTTCTTCAGGGAAGCGGGCTCGAGTCTCCG
CAGCTGCGGCGGCGGCGGCGGCGCGCTGGGCCGGCGGCGGGCGCGGGCAGG
GGGCCGGGGGTGCCGCGCGQE) as set forth in SEQ ID NO:39, cg23883696
(CCTCCACCCCCGGGGGGTTCCTGCGCACTGAAAGACCGTTCTCCGGCAGGTT
TTGGGATCCGGCGACGGCTGACCGCGCGCCGCCCCCACGCCCGGTTCCACGA
TGCTGCAATACAGAAAGT) as set forth in SEQ ID NO:40, cg24403845
(AGAGAGGGGTCCCAGAACGAAGGTGGCGGCACGAGCTCTGCGCTGGCGGCT
GTGGGGGGCCGGCGCTCAGGACCCCAACTCCATCCAAGTTGCGCCGCGGTGG
GGGCGGGCGGAGGCGGCGC) as set forth in SEQ ID NO:41, cg20405017
(AATCTCCCCTCGGGCTCGACGGATGTGCGCCCCAGATGTGCTGACACATGTC
CGATGCCTCGCTGCCTTGGAGGTCTCCCCGCTCGCGTGTCTCTTCTCTTCGCA
CCAGCGGCGGAAACCGQ) as set forth in SEQ ID NO:42, cg21678377
(GCTCCGCTTCTCCGGGTTTTAGCGGAAGCCTGCGGGGGGCGGGGTAACCGCG
GAAGCCGGCGGCCGTGGGCGCGCGGGTTGGGGGCTCTCGCGCCGCTCCGGGC
TCTCCCCCCCCCCGGCTG) as set forth in SEQ ID NO:43, cg03753331
(CGCGCTCCGCTTCTCCGGGTTTTAGCGGAAGCCTGCGGGGGGCGGGGTAACC
GCGGAAGCCGGCGGCCGTGGGCGCGCGGGTTGGGGGCTCTCGCGCCGCTCCG
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GGCTCTCCCCCCCCCCGQ) as set forth in SEQ ID NO:44, cg16587616
(GCGAGGGATCTCTGTGCGTCCTCACTGGCCCATGCACCCAGCACCTGCGACT
CCCGCCGTCGGGCTGCGTGGCCCCGCGCCCACACCTGCCCGTCCCTTCCGTCG
TCCCTCGCTCGCGCAGA) as set forth in SEQ ID NO:45, cg25730685
(GGGGAGGTGTGGGGAGCGGAAGGCCGCAGGAGCATCTTTGCGGAGAAAGTA
CTTTGGCTGCGGCGGGCGCAGGGCGGGCCGGCTAGCCCCGCGCCCCACCTGT
TCTGTGCGTCGCGCTCGCC) as set forth in SEQ ID NO:46, cg20019985
(TAGGGCTGGAAACCCGCCGCCACAGCGGGCTAGAGGTCGTCCCCGCCCGCA
ACATATGCGCGAAGGAAAGTGCTACGAACGTCAAATGGCCGCCCCCCGCCGA
CGCCATCTGCTCTGCGAAGQ) as set forth in SEQ ID NO:47, cg03730428
(CGCCCGCAACATATGCGCGAAGGAAAGTGCTACGAACGTCAAATGGCCGCC
CCCCGCCGACGCCATCTGCTCTGCGAAGCAGAAACGGCGGCAGCTGCGCGCC
CAGTCCCTCCGCCCGCGCC) as set forth in SEQ ID NO:48, cg18384778
(CCCCCTGTTCAAGGTCTGTCACCGTAGGGGGCGGGGGGGCGCGTGGAGCCG
CTGGGGGTTCGGCCCACCCCGCGAACCGAGCTCCCGGCCCTGTGCGCCCTCA
GCTCTGCCGCGGGCGTTGAG) as set forth in SEQ ID NO:49, cg22010052
(GCTGTGGCCGCAGCTGAGGCCCGACGAGCTTCCGGCCGGGTCTTTGCCCTTC
ACTGGCCGCGTGAACATCACGGTGCGCTGCACGGTGGCCACCTCTCGACTGC
TGCTGCATAGCCTCTTCC) as set forth in SEQ ID NO:50, cg19688250
(GTGTGCGTGTGCGTGTGCTCAGCCTCAGCGTGAGGGGCACCTGCTCGTCTGG
GCTCACAGCGAAGGCAGCCTCGCCGCGAGCTGCCGCTGCCGCTGCTGCCGCC
ACTGGTGTTGCCGCTCTC) as set forth in SEQ ID NO:51, cg04701034
(TGGGGCAGCGGCGTTGCAGGAGATGAGCTCAGCGCAAAGGGAACCCCGCAG
CGGCGAGTGCGGCTGCTGGCCTGCGCGCTGTGGCCCCAACAGGCTGGCAGGG
CGCGGGCGGGTGGCGGGQGT) as set forth in SEQ ID NO:52, cg20505704
(AGAGTCGGTGGGACTGGCTGCGCTGCCCTGAAGTGGTTCTCCAAGCAGCGCG
GAGGGTGGCGGACGGCGGACGGAGCCCAGGGGCCGCGTCGGGTGGGGAAAC
CCGAACTCGCGGAGGGGAA) as set forth in SEQ ID NO:53, cg15124215
(AAAGCCCTGGCAGGTAAAGAGAGGACCCGCGCAGGCTGGGAGCTCCCACTC
CTCCTCCAGCGTCACGCTCGCCCTCCGCCGCTGCCTCGCGTCCGGGTCTGTTT
ATATAGCGTCTGGAGGCC) as set forth in SEQ ID NO:54, cg07143083
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(CTGGCCAAGTGCCGGCCCATCGCGGTGCGCAGCGGAGACGCCTTCCACGAG
ATCCGGCCGCGCGCCGAGGTGGCCAACCTCAGCGCGCACAGCGCCAGCCCCA
TCCAGGATGCGGTCCTGAA) as set forth in SEQ ID NO:55, cg00688962
(GGCGCCGGCAGCTTCGCGCCGGCGGCTGGAAGCGGGCGGGCTGCACGGGCG
GCTCGAGTGCGGGGACCCCAGCCCCTCGCCCTCGTGAGCGCCGCCCCTGCCA
CCTGCTGCCAAGTCACCGG) as set forth in SEQ ID NO:56, cg00027083
(CCCCGGCCGCGCCGGGCGCGGGGCTCGGGATTCGGGAGACCGCGCGGCGCC
GAAGCCACGCGTCAGCCCCACTGTCCCGCGCGCCTCGCCCCAGGCCTCGGGC
TCTTCCTCCGCACCTCGTA) as set forth in SEQ ID NO:57, cg08305436
(ACGCGGGGACTGGAAAGGGCGCCTGGGTGGGAAGAGGCGCTGGCGGGTGAT
CGTCCCCACCGGGCCAGTCCCCGGGATCTGCTGCCGCCCCTCTCCGAAATTCA
CAGCCAGAGCGGGCGCAC) as set forth in SEQ ID NO:58, cg1463883
(TCTGAGAAGTGTCCTCCTCGCTCTCTTATAAAAACAGGACTTGTTGCCGAGG
TCAGCGCGCGCATCGAGTGTGCCAGGCGTGTGCGTGGTTTCTGCTGTGTCATT
GCTTTCACGGAAGGTGG) as set forth in SEQ ID NO:59, cg09907509
(GCGCCCAGACTGCGCGCCGCGCCGCTGCGCCCAACATTCCCGAGGACGGCTT
CGCGGGCGCGTATCGTCCAGACCGGAGCACCGCCCCACCGCTAGCGCAGGAG
ACCTGCCGGGGAAGTCGC) as set forth in SEQ ID NO:60, cg20707222
(AAAGGCCGTACTCTGCCCCCCGCGGGACCCAGGTCCCCGCCTGCTGCAGAGC
GCACTCTGCGCACGTCGAGCCGCGAAAGGTTCACAGAAGAAAACAAGAGAA
AGAAGTAGCAGGCACTGAG) as set forth in SEQ ID NO:61, cg17056618
(GGAATCCATTCTTTTAAGCCAGGGTTTAAAACTCTTCAAGCAAGTCATCTGC
AAAGGTACCGCTTCTACCATTTTAAAGATAGGATTATGTTCCCTAGGACAACT
GGATGAGCCCTAGGAAC) as set forth in SEQ ID NO:62, cg1 8058689
(GAGGAGCGCGCCGCTGCCTCTGGCGGGCTTTCGGCTTGAGGGGCAAGGTGA
AGAGCGCACCGGCCGTGGGGTTTACCGAGCTGGATTTGTATGTTGCACCATG
CCTTCTTGGATCGGGGCTG) as set forth in SEQ ID NO:63, ¢g22620221
(CCCTGTGCGTGCCGCCGCGCTGTTGCTCGCAGTGTGCTGGCGCCGAGCTCGG
TGGACACGCGCGCAGTCAGAGCTGCCTCTCGCCCTCGCTAGCTGGGCTCGCA
GCCTCTTCCTCCCTCCCT) as set forth in SEQ ID NO:64, cg02547394
(CTCTTTGGCAAGTGGTTTGTGCATCAGGAGAAACTTTCCACCTGCGAGCCGA
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ACCGGCGCCGAGTGCGTGTGTTTCTGCCTTTTTTTGTTGTCGTTGCCTCCACCC
CTCCCCATTCTTCTCT) as set forth in SEQ ID NO:65, cg09469566
(TGGCTGCCAGAGCGAGTGAGGGGCGCAGAGGCGGCAGAGAGCGGAGAGCC
CCGGTGTCTCCGCGAGGGCGGCGGCGGCCAGCAGACGGCGATCGAGGCGCG
CGCCACGGCACGGCCAGCGCA) as set forth in SEQ ID NO:66, cg26609631
(AAGCGCGTGGAGAGCCGAAAGGTGCGGTGGGCGCAGAGGGCGGGCTGGCT
GCGGGGCGACCGCGCGCCGGGGCCATGCCGCGCTCCTTCCTGGTGGACTCGC
TAGTGCTGCGCGAGGCGGGC) as set forth in SEQ ID NO:67, cg10132208
(GGGGTCGCCATGACCGAGTGGCCCAGGCCCGAGCGAAGCCCGCGCGCGGTG
AGTCCGCCGCGGCCCATCCGTCCCTCCGCCCGCCAGAGCGTCCATCGGGACG
CCCACCCGGGAGGGTCTCG) as set forth in SEQ ID NO:68, cg06000994
(CCGAGCGCTGCCCCCGCCGGCCCGCGGCTGCCAGCCGGCCCTGCCCGCGLCC
GGGCCCCGCGAGCGGCCGCACTTCACCTTACGGAGGGGAGATAATGAGATCA
ATTAGAGGCGCCGTCACC) as set forth in SEQ ID NO:69, cg10182317
(GGCAACCCTGACTCGGACCGCTCGGGAGAGCCCCAGGAGAGGCCAGCGCCG
CGCAGCAGCCGCCCCGCTGCGCCCACCTCCCCGGCTGCTCCCGGAGGGCTCA
CAAAGGCGGTGGCCGCCCQ) as set forth in SEQ ID NO:70, cg14222229
(GCGGGCGGCAGCCGCAAGCGAGGAATCCAGCGCAGGGAAAGTAGCCCCAG
TGGGGCCCGGCGCGTCAGCCCCACTCGCGTGGCAAAACTTGCGGGGGCCCCC
GCGTGCCGCGCCTCAGCCCA) as set forth in SEQ ID NO:71, c¢g04596005
(TCCTCGCCGTCGGGGTCCTCCTCCTCTGCCGACGAGTTGTCACTGGGCGAGG
CGTAGCTGCGCTCTACGCCGCGGAGGGGCGGCCTCTTGGAGGCGGGGACCGG
GTACTCCCGCTGCAGCCC) as set forth in SEQ ID NO:72, cg11592503
(GCTGCTCGCGCTCCGCCGCCCGGGAGATGCTTCCTCGCGCGGCGCAGCGCTG
AGGCCGTGCGTGCGCCCCGGCTGCGCTGCGCGCTCCCCACATACACAAGCTC
TCCATGTGAGCTGACAGG) as set forth in SEQ ID NO:73, cg05008595
(CTTCTCTTGAAAAGGAGGAGAATCAACACTGGGCTCACAACTCATCAGAGCT
GAGTCATACGTACATCAGCAGGACCTACGTGGGAACCAAATAGCAAACTCAA
ATTGGGAAATTTGAGGAA) as set forth in SEQ ID NO:74, cg04999026
(CCGAGAGCCCCGCCTGCAGGCGGTGTAGATACATGTAGATACTGTAGATACT
GTAGATACCGCCCCGGCGCCGACTTGATAAACGGTTTCGCCTCTTTTGGAAGC
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CGCCTGCGTGTCCATTT) as set forth in SEQ ID NO:75, cg04546413
(TGAGGAGTGAGGAGGCAGAAAGGACCGAGAACAAGGGGACCCGGTTCCATT
TCTGGACCCCGTCCGCAGGCTGCTCGCCCGACTTGGGGTCGCTCTGCCCCGGA
CGATCAGGACAGCTGCGT) as set forth in SEQ ID NO:76, cg27254667
(CAAATCTATATGAAGGATCGAATTGCATTGAACTAGCAAACACACACACAC
ACACGCACACGCAAAAACTGATGAAAGCTGAACAAGGTCTGTAGTCTAGTCA
ACAGTACTGCACTATGTGA) as set forth in SEQ ID NO:77, cg18902440
(ACAGTCTCTCGCCTCAAAGATCTCCGCCATTAGTGGTAGCCATTTAAGAAAA
CAGAATTACGATGAATAATGATTTGAAGCCAAAAAGTCAAAATATCTTATTT
CGCAACTGTAATTGCTGQG) as set forth in SEQ ID NO:78, and cg01315092
(CCACACAGGCCTCTCCCTCGGTGCGGTAGCGAGGGTTGCGGGCCCAAACGC
CCGCGCCCACGGAGGCGCCTGCGACGACTAGAAGCTTCCACAGCCATATGGG
GGCAAAGACGGCCCAGTAG) as set forth in SEQ ID NO:79. The said biomarkers
were shortlisted as progressively methylated CGIDs with an average increase in
methylation of 10% or decrease of more than 10% during transition from CIN1 to CIN3
stages and with a background methylation in normal cells (less than 10%) using the
assumptions of the APDMA method as disclosed herein. The Illumina method takes
advantage of sequences flanking a CG locus to generate a unique CG locus cluster ID

with a similar strategy as NCBI’s refSNP IDs (rs#) in dbSNP.

SENQOID Probe Probe with CpG marked
GAAGGAGGCTGCGCGCCAGCCCGCCCGCGGLGCCC
SEQ ID cg08272731 GGGCTCAGGCGCCGTGACGGCTGCAICGICGCTGCCC
NO:1 CGCACTCTGAGGGCCTTCATTAGCTCGCTCCCCGCG
CCGAGGCTGGGGCGGG
CCTCCCGCAGCTCATTGCAGCCCCGAGGAAATCACC
SEQ ID 219598567 GGGGGAGGGCTCGGGAGTGCGGCGICG]GCAGCCCC
NO:2 ATAATTTCCAGGGCCCTTCTCCTACACTGACACGTA
ATTGTCAGATTGTTTT
CCGCCGCGGGTTCCCAGGGCTGGTGGTAGTTGCCGT
SEQ ID cg13944175 CCCACACGTACGTGGCGGGGTCCT[CG]TCAGCGAAG
NO:3 ACCTCGCGGAACATGTCGACCATGTAGAGGTCCTCG
GCGCGGTTGCCATCC
GGGGAGGAATATTAGACTCGGAGGAGTCTGCGCGCT
SEQ ID cg19717586 TTTCTCCTCCCCGCGCCTCCCGGT[CG]CCGCGGGTTC
NO:4 ACCGCTCAGTCCCCGCGCTCGCTCCGCACCCCACCC
ACTTCCTGTGCTCG
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CAGGCCGGTCCCAGCCGCCCGGAGCCCCAGTGCGCG

SEQ ID 22721334 ATGGCGGCCGGCAAACTGCGCCTG[CG]JCACTGGGCC
NO:5 & TCACCGCGGACTACGACTCCCACAATGCCGCGAGGC
TGTGCCGCGCACCGG
GTGACGCGCGGCCGCAGCTGCCCGCGGGCGGAGCG
SEQ ID cg13985485 CTCTCAGACCCCGGAGCGCACACCGICG]GGGCCATC
NO:6 GGTGCCATCGCGGATCTCCAGGCTCCTCATCAGTCC
GCCGGGGCCGCAGCAG
GAGGAATATTAGACTCGGAGGAGTCTGCGCGCTTTT
SEQ ID cal 1358689 CTCCTCCCCGCGCCTCCCGGTCGC[CGICGGGTTCACC
NO:7 & GCTCAGTCCCCGCGCTCGCTCCGCACCCCACCCACTT
CCTGTGCTCGCCC
ATCTACCGTCTCCAATCTCCATCTCCGAAGTTATGCC
SEQ ID c01944624 CACTTCCTCGAAGTTTGGAGCCA[CG]JCGAACTACAC
NO:8 TGCCCAGAAGGCGCCGCGCCGTGAGCCGCGATGCTT
GGCCAATGAAAAGA
GGGAGGGCTCGTGAGAGCCAATGAGAGCGCGGAAG
SEQ ID 04864807 GCGGCGAGCGAGCCAATGGACGCGG[CG]IGTGGGGC
NO:9 g AGGGGGCGGGGCCTGGGCGAGGCCGGGGGCGGAAT
GGGCTGAGTGCCCTGTCT
CGGCAAGCGGAGCAGCGAGGCAGGGTAGCTTCATC
SEQ ID 13849378 ACACTCGCGGCGGATGCGGATTCCGI[CG]CCGCCCCG
NO:10 & GCTCTAGCTGCTCAGGCGACCGCCACCCTCGCCTCG
CCGCCGCCCGTGCACA
GCGGACGGCGGCTCCATCCGCGGCAATCACCGTAGT
SEQ ID 19274890 GCTTGTTTGTGGAAGCCGAGCGTG[CG]TGCGCCGCG
NO:11 & CGCGCACCCAGTCCAGCGCGGAGTGGGCGTCTACCC
GAGGAGGGGTGTCTG
TGGGGAATTAGCTCAGGCGGTGGAGCGCTCGCTTAG
SEQ ID 06783737 CTATGCGAGAGGTAGCGAGATCGA[CG]CCCGCATTC
NO:12 & TCCAGTTTCTTGTCTGGTTTATGTCTCTTAGTTTGTAT
TCCCCGTTGTTTC
GAAGTCCCAGGGACCTGCGGAGCGCAGACATAACA
SEQ ID 19429281 CAACACAGAGCAAAACTCACCGCTG[CG]GTGACTTT
NO:13 3 CACTCCACGCGATCCGCTTCCCGGTTTACGCTAAACT
GGGCGCTCGGGACAG
GGCTGCGGACGGCGGCTCCATCCGCGGCAATCACCG
SEQ ID 000064733 TAGTGCTTGTTTGTGGAAGCCGAG[CG]JTGCGTGCGC
NO:14 & CGCGCGCGCACCCAGTCCAGCGCGGAGTGGGCGTCT
ACCCGAGGAGGGGTG
CCCCCGLCCGGCCGCCGGCCGCGCTCCCCGCCTTCAT
SEQ ID 25258740 TCTGTGATCTGCGGATTTGCCAGT[CG]JCCAACCTCCG
NO:15 & CGCCCAGAGTCACCATCGCGCAGGGTTGGGCAAACC
ATGGAGCTCGGGGC
SEQ ID AACTCCTGCACAAATCATTTCAAACGCGGTCGGCTT

NO:16

208087594

CTAATCGGGAAGTAATCTCAGTGA[CG]CTGGCGGTG
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CAGAGAACCGAGTCTGGACGCACACACACAAACAC
ACCGCGGGCCTCCGCA

SEQ ID

GTGTGCTCAGCCTCAGCGTGAGGGGCACCTGCTCGT
CTGGGCTCACAGCGAAGGCAGCCT[CG]JCCGCGAGCT

NO:17 | 817233763 | GG CTGCCGCTGCTGCCGCCACTGGTGTTGCCGCT
CTCAGGCGCCAGGCT
GCCGGGAGCCTGACGTCACCACGCCCTGCCTGTCAA

SEQID | . 11375636 | TCTOCAGCGCGCGCCGCTCGCAGCICGICCTITTCTGE

NO:18 CACCAACTGTATCTCTCACTCGCGGAGCCGGCACAG
CGACAGGCGCCCCG
GCGGCGGCGGGCGGGGAGCCAGGCCCGAGCTGCGT

SEQID | _ 01650149 | ICTOCGCAGCCATTGGTGGGCGCCGICGICTCTGCAC

NO:19 TGAGCATGTTCGCGCCCCGCCGGCCCCTAGCCGCAG
CCGCAGCCGCAGCGAC
CAACCGGTTCCGCCGCGTTTGTGGGCTGGTAGCCCG

SEQID | 17445666 | CAATACATTTCCCAGAGGCCTTCGICGIGCCGACGTG

NO:20 CTTCGCGCAGGAACGCAGCCGCCTCCCGACTGGAGG
ACGCGGTAGCGGAGC
GCTGCCCGTGGTCAAACTGGAGTCGCTGAAGCGCTG

SEQID | . 14415208 | AACCAAGAGCGGGGCCTCTGGTGICGIAGAAGGGG

NO:21 GTGCAGGTGCTGCTGACGACGGTGGGCGCCTTCGCC
GCCTTCGGCCTCATGA
CTTCCCGGCTCCCCGCGGTGCGCACCCGCTGGCCAC

SEQID | 4701645 | TCTGCOCACGCGCGCCGGGTGCCCICRIGCCTAAGGE

NO:22 CGTTGACCTCGGGTTCTCCCCGGCACAGTCGAATCC
ACGCCAGGGCCCTCA
GCGGGGGAGGTTGCGGGGGAGGCTCGGCGTCCCCG

SEQID | _ 00017434 | CTCTCCGCCCCGCGACACCGACTGCICGICCGTGGCC

NO:23 7434 | GCCCTCAAAGCTCATGGTTGTGCCGCCGCCGCCCTC
CTGCCGGCCCGGCTGG
TGTACTACTTCCTCTGCCACCTGGCCTTGGTAGACGC

SEQID | _ 5514717 | CGGCTTCACTACTAGCGTGGTGCICGICCGCTGCTGG

NO:24 CCAACCTGCGCGGACCAGCGCTCTGGCTGCCGCGCA
GCCACTGCACGGCC
AAAAAAAAAAAAAAGCAATGAGCCGCAAGCCTTGG

SEQID | - o | ACTCGCAGAGCTGCCGGTGCCCGTCICGIAGAGCCCC

NO:25 | 8 ACCAGCGCGGCTCACGCCTCAGTCTCGCCGCCCCAA
GGTGGGATCCGACGCC
CGAGAGGGCCCGGTCCAGCAGCCTCTGGGGCCCAGT

SEQID | _ 10457275 | SCCGCAGGGCACTGCGGGCCGATTGICGICCCCGGEGC

NO:26 CAGGAGGCGCCGAGAAAGCAAAAGCAAAAGCCGGC
GGCGGGTGGAGGTCAA
CGGCCGCAGTGTGCCGCCCGCTGCGCTATGCGGGGC

SEQID | 2o | TCGTCTCCCCGCGCCTATGTCGCAICGICTGGCCAGE

NO:27 | 8 GCCTCCTGGCTAAGCGGCCTCACCAACTCGGTTGCG

CAAACCGCGCTCCTG
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CCTGGCGCGACCGCCAGCAGCACCCAGCGCGGGGC

SEQ ID e 16664405 CGGGAGCTGCTGGGGGCCCAGGCTCICGICTCTCCCC
NO:28 & ACCGCTCTGCACCGCTGCCGGCTGCGGACAGACCCG
ATGCGCCACCACCACC
CCGGAGCGCGCTGCTGCCCTCTACCGGTCATCCGTG
SEQ ID cg16585333 CGGCCGGACACCGTGTCAGGCCCG[CGJAGGAGGGC
NO:29 TCTGCCGCAGTCCCGGGGAACAGCACCCAGCAGCGC
CACTGGGAGAGGAAAC
AGTCCAGAGCGGCGCTGTGCAGCTGGAAGGGCGCG
SEQ ID 05057720 CGATAGCTCAAGTTAGAGGCGGCCC[CG]GGGCGCG
NO:30 £ GCGCAGGACACAAGACCTCAAACTGGTACTTGCACA
GGTAGCCGTTGGCGCGC
GGCGGTGCGAGCTCCCCGCCTGCGGGACGCACGGA
SEQ ID cg03419058 GACCGCGGTCAGCGCGCCGCCTGGC[CG]GCCCAGCG
NO:31 CGCCCAGCCCGCGCCCAGCCCCGTCCACTCCCGTCC
AGCCCCGCCGCCCGGC
CGGTAGAGTTTCCAACACGAAAGCCCGTGTGGTCGC
SEQ ID 02473540 GCCGGGAGCTCACGGCGTTCCAAG[CG]JGCACTTATC
NO:32 & CCGCGTTGATGCCCAGGCACCCCGCGCGCCCTGTTT
CACCAGGCCCAGTCA
CCAGCGGCAGTAGCTGTAGCAGCTTCAGCGAAGCCG
SEQ ID 01758512 GAGATGGGCAGAGAGCGCGCGCGG[CGJCAGCAGCT
NO:33 & CCAGATTCACTGCTCTCCCCTGCAGCTCCCCGCGCCC
CCGCCGCTGTCGCTG
GTGTTCTCTGCGGCGGGCCGCGTCCCCGCTGAGCCT
SEQ ID 18897632 CGCGGTGACAGCCGCCTTTGGCAG[CGJAGCGCTCGG
NO:34 & GGCACTTCTATCCCCGCCTCTCAAAGGGTGGGGACA
GCCGTTTCCAGATTT
CGGCCGCGCCCCCGGCAGCCCAGGGCGCGCTTCCAC
SEQ ID 09568464 CACGGTACCGGTGGATTCGCCGTG[CGJCAGCCGGAA
NO:35 & GATGGCGCAGACGCACAAAGCACACCGATGCTGCG
CCATGATAGGGCCGGC
TCTCGCGGCGCAGGCGGCGGCGGCAGAGGTGGGGT
SEQ ID cal5811515 CGCGCAGCGGAGGCAGCTCGAGCTT[CG]GGATGCGC
NO:36 3 GCTCGCTTCTTGGGCTCCTCGCTCGATCTTACTGCCC
CCTTTTTTCTCTCCC
TCCTCCAGCCAGAGTCGGTGGGACTGGCTGCGCTGC
SEQ ID 00884040 CCTGAAGTGGTTCTCCAAGCAGCG[CGJGAGGGTGGC
NO:37 & GGACGGCGGACGGAGCCCAGGGGCCGCGTCGGGTG
GGGAAACCCGAACTCG
TGCGCATCGCTGGCTCTGGGTTCCGCCGAATGCGTC
SEQ ID 21632158 CTCCTGGCGGTGATGGCTCTGGAC[CG]CGCGGCCGC
NO:38 & AGTGTGCCGCCCGCTGCGCTATGCGGGGCTCGTCTC
CCCGCGCCTATGTCG
SEQ ID cg18343957 AGGGGAGCTGCGAGGCGAAGTGTTCTTCAGGGAAG
NO:39 "7 | CGGGCTCGAGTCTCCGCAGCTGCGGICGIGCGGCGGC
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GGCGCGCTGGGCCGGCGGCGGGCGCGGGCAGGGGG
CCGGGGGTGCCGCGCGG

SEQ ID

CCTCCACCCCCGGGGGGTTCCTGCGCACTGAAAGAC
CGTTCTCCGGCAGGTTTTGGGATC[CG]GCGACGGCT

NOw40 | S8F3883696 | () CCGCGCGCCGCCCCCACGCCCGGTTCCACGATGE
TGCAATACAGAAAGT
AGAGAGGGGTCCCAGAACGAAGGTGGCGGCACGAG

SEQID | . 14403845 | CTCTGCOCTGGCOGCTGTGGGGGGCICGIGCGCTCAG

NO:41 GACCCCAACTCCATCCAAGTTGCGCCGCGGTGGGGG
CGGGCGGAGGCGGCGC
AATCTCCCCTCGGGCTCGACGGATGTGCGCCCCAGA

SEQID | . 10405017 | TOTOCTGACACATGTCCGATGCCTICGICTGCCTTGG

NO:42 AGGTCTCCCCGCTCGCGTGTCTCTTCTCTTCGCACCA
GCGGCGGAAACCGC
GCTCCGCTTCTCCGGGTTTTAGCGGAAGCCTGCGGG

SEQID | _ 1678377 | CGGCOGGGTAACCGCGGAAGCCGGICGIGCCGTGGG

NO:43 CGCGCGGATTGGGGGCTCTCGCGCCGCTCCGGGCTC
TCCCCCCCCCCGGCTG
CGCGCTCCGCTTCTCCGGGTTTTAGCGGAAGCCTGC

SEQID | _ 01753331 | GGGGGGCGGGGTAACCGCGGAAGCICGIGCGGCCGT

NO:44 GGGCGCGCGGGTTGGGGGCTCTCGCGCCGCTCCGGG
CTCTCCCCCCCCCCGG
GCGAGGGATCTCTGTGCGTCCTCACTGGCCCATGCA

SEQID | . 657616 | CCCAGCACCTGCGACTCCCGCCGTICGIGGCTGCGTG

NO:45 GCCCCGCGCCCACACCTGCCCGTCCCTTCCGTCGTCC
CTCGCTCGCGCAGA
GGGGAGGTGTGGGGAGCGGAAGGCCGCAGGAGCAT

SEQID | _ 15730685 | CTTTOCGGAGAAAGTACTTTGGCTGICGIGCGGGCGE

NO:46 30685 | A GGGCGGGCCGGCTAGCCCCGCGCCCCACCTGTTCT
GTGCGTCGCGCTCGCC
TAGGGCTGGAAACCCGCCGCCACAGCGGGCTAGAG

SEQID | . 10010085 | STCGTCCCCGCCCGCAACATATGCGICGIAAGGAAAG

NO:47 TGCTACGAACGTCAAATGGCCGCCCCCCGCCGACGC
CATCTGCTCTGCGAAG
CGCCCGCAACATATGCGCGAAGGAAAGTGCTACGA

SEQID | oo | ACGTCAAATGGCCGCCCCCCGCCGAICGICCATCTGE

NO:48 | 8 TCTGCGAAGCAGAAACGGCGGCAGCTGCGCGCCCA
GTCCCTCCGCCCGCGCC
CCCCCTGTTCAAGGTCTGTCACCGTAGGGGGCGGGG

SEQID | __¢354775 | CGGCOCGTGGAGCCGCTGGGGGTTICGIGCCCACCCC

NO:49 GCGAACCGAGCTCCCGGCCCTGTGCGCCCTCAGCTC
TGCCGCGGGCGTTGG
GCTGTGGCCGCAGCTGAGGCCCGACGAGCTTCCGGE

SEQID | o0 00sy | CGGGTCTTTGCCCTTCACTGGCCGICGITGAACATCA

NO:50 | °8 CGGTGCGCTGCACGGTGGCCACCTCTCGACTGCTGC

TGCATAGCCTCTTCC
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GTGTGCGTGTGCGTGTGCTCAGCCTCAGCGTGAGGG

SEQ ID 19688250 GCACCTGCTCGTCTGGGCTCACAG[CGJAAGGCAGCC
NO:51 & TCGCCGCGAGCTGCCGCTGCCGCTGCTGCCGCCACT
GGTGTTGCCGCTCTC
TGGGGCAGCGGCGTTGCAGGAGATGAGCTCAGCGC
SEQ ID cg04701034 AAAGGGAACCCCGCAGCGGCGAGTGICG]GCTGCTG
NO:52 GCCTGCGCGCTGTGGCCCCAACAGGCTGGCAGGGCG
CGGGCGGGTGGCGGGGT
AGAGTCGGTGGGACTGGCTGCGCTGCCCTGAAGTGG
SEQ ID 220505704 TTCTCCAAGCAGCGCGGAGGGTGG[CG]GACGGCGG
NO:53 & ACGGAGCCCAGGGGCCGCGTCGGGTGGGGAAACCC
GAACTCGCGGAGGGGAA
AAAGCCCTGGCAGGTAAAGAGAGGACCCGCGCAGG
SEQ ID cg15124215 CTGGGAGCTCCCACTCCTCCTCCAG[CGJTCACGCTC
NO:54 GCCCTCCGCCGCTGCCTCGCGTCCGGGTCTGTTTATA
TAGCGTCTGGAGGCC
CTGGCCAAGTGCCGGCCCATCGCGGTGCGCAGCGGA
SEQ ID ce07143083 GACGCCTTCCACGAGATCCGGCCG[CG]JCGCCGAGGT
NO:55 & GGCCAACCTCAGCGCGCACAGCGCCAGCCCCATCCA
GGATGCGGTCCTGAA
GGCGCCGGCAGCTTCGCGCCGGCGGCTGGAAGCGG
SEQ ID 00688962 GCGGGCTGCACGGGCGGCTCGAGTG[CG]GGGACCC
NO:56 & CAGCCCCTCGCCCTCGTGAGCGCCGCCCCTGCCACC
TGCTGCCAAGTCACCGG
CCCCGGCCGCGCCGGGCGCGGGGCTCGGGATTCGGG
SEQ ID 200027083 AGACCGCGCGGCGCCGAAGCCACGICG]TCAGCCCC
NO:57 & ACTGTCCCGCGCGCCTCGCCCCAGGCCTCGGGCTCT
TCCTCCGCACCTCGTA
ACGCGGGGACTGGAAAGGGCGCCTGGGTGGGAAGA
SEQ ID 208305436 GGCGCTGGCGGGTGATCGTCCCCAC[CG]GGCCAGTC
NO:58 & CCCGGGATCTGCTGCCGCCCCTCTCCGAAATTCACA
GCCAGAGCGGGCGCAC
TCTGAGAAGTGTCCTCCTCGCTCTCTTATAAAAACA
SEQ ID cal4638883 GGACTTGTTGCCGAGGTCAGCGCGI[CG]JCATCGAGTG
NO:59 3 TGCCAGGCGTGTGCGTGGTTTCTGCTGTGTCATTGCT
TTCACGGAAGGTGG
GCGCCCAGACTGCGCGCCGCGCCGCTGCGCCCAACA
SEQ ID 209907509 TTCCCGAGGACGGCTTCGCGGGCG[CG]TATCGTCCA
NO:60 & GACCGGAGCACCGCCCCACCGCTAGCGCAGGAGAC
CTGCCGGGGAAGTCGC
AAAGGCCGTACTCTGCCCCCCGCGGGACCCAGGTCC
SEQ ID 20707222 CCGCCTGCTGCAGAGCGCACTCTGICG]JCACGTCGAG
NO:61 & CCGCGAAAGGTTCACAGAAGAAAACAAGAGAAAGA
AGTAGCAGGCACTGAG
SEQ ID cg17056618 GGAATCCATTCTTTTAAGCCAGGGTTTAAAACTCTTC
NO:62 AAGCAAGTCATCTGCAAAGGTAC[CGJCTTCTACCAT
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TTTAAAGATAGGATTATGTTCCCTAGGACAACTGGA
TGAGCCCTAGGAAC

SEQ ID

GAGGAGCGCGCCGCTGCCTCTGGCGGGCTTTCGGCT
TGAGGGGCAAGGTGAAGAGCGCACICG]GCCGTGGG

NO:63 | CEIBUS868Y | o ) CCGAGCTGGATTTGTATGTTGCACCATGCCTT
CTTGGATCGGGGCTG
CCCTGTGCGTGCCGCCGCGCTGTIGCTCGCAGTGTG

SEQID | 1620221 | CTGGCOCCOAGCTCGGTGGACACGICGICGCAGTCAG

NO:64 AGCTGCCTCTCGCCCTCGCTAGCTGGGCTCGCAGCC
TCTTCCTCCCTCCCT
CTCTTTGGCAAGTGGTTTGTGCATCAGGAGAAACTT

SEQID | . 0547304 | TCCACCTGCGAGCCGAACCGGCGCICGIAGTGCGTGT

NO:65 GTTTCTGCCTTTTTTTGTTGTCGTTGCCTCCACCCCTC
CCCATTCTTCTCT
TGGCTGCCAGAGCGAGTGAGGGGCGCAGAGGCGGT

SEQID | . 00460566 | AGAGAGCGGAGAGCCCCGGTGTCTCICGICGAGGGC

NO:66 GGCGGCGGCCAGCAGACGGCGATCGAGGCGCGCGC
CACGGCACGGCCAGCGCA
AAGCGCGTGGAGAGCCGAAAGGTGCGGTGGGCGCA

SEQID | 1063 | GAGGGCGGGCTGGCTGCGGGGCGACICGICGCGCCG

NO:67 | € GGGCCATGCCGCGCTCCTTCCTGGTGGACTCGCTAG
TGCTGCGCGAGGCGGGC
GGGGTCGCCATGACCGAGTGGCCCAGGCCCGAGCG

SEQID | 10132208 | AAGCCCGCGCGCGGTGAGTCCGCCGICGIGCCCATCC

NO:68 GTCCCTCCGCCCGCCAGAGCGTCCATCGGGACGCCC
ACCCGGGAGGGTCTCG
CCGAGCGCTGCCCCCGCCGGCCCGCGGCTGCCAGCC

SEQID | _ ocon004 | SOCCCTGCCCGCGCCCGOGCCCCOICGIAGCGGCCGE

NO:69 ACTTCACCTTACGGAGGGGAGATAATGAGATCAATT
AGAGGCGCCGTCACC
GGCAACCCTGACTCGGACCGCTCGGGAGAGCCCCAG

SEQID | 10182317 | GAGAGGCCAGCGCCGCGCAGCAGCICGICCCCGTG

NO:70 CGCCCACCTCCCCGGCTGCTCCCGGAGGGCTCACAA
AGGCGGTGGCCGCCCG
GCGGGCGGCAGCCGCAAGCGAGGAATCCAGCGCAG

SEQ ID GGAAAGTAGCCCCAGTGGGGCCCGGICGICGTCAGC

NO:71 | S814222229 | (- ACTCGCGTGGCAAAACTTGCGGGGGCCCCCGCG
TGCCGCGCCTCAGCCCA
TCCTCGCCGTCGGGGTCCTCCTCCTCTGCCGACGAGT

SEQID | . 04506005 | TOTCACTGGGCGAGGCGTAGCTGICGICTCTACGCCG

NO:72 CGGAGGGGCGGCCTCTTGGAGGCGGGGACCGGGTA
CTCCCGCTGCAGCCC
GCTGCTCGCGCTCCGCCGCCCGGGAGATGCTTCCTC

SEQID | _ 11509503 | GCGCOGCGCAGCGCTGAGGCCGTCICGITGCOCCCCG

NO:73 GCTGCGCTGCGCGCTCCCCACATACACAAGCTCTCC

ATGTGAGCTGACAGG
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CTTCTCTTGAAAAGGAGGAGAATCAACACTGGGCTC

SEQ ID ACAACTCATCAGAGCTGAGTCATA[CGITACATCAGC

NO:74 | C805008595 | )\ GG ACCTACGTGGGAACCAAATAGCAAACTCAAATT
GGGAAATTTGAGGAA

CCGAGAGCCCCGCCTGCAGGCGGTGTAGATACATGT

SEQID | . 04000026 | AGATACTGTAGATACTGTAGATACICGICCCCGGCGC

NO:75 CGACTTGATAAACGGTTTCGCCTCTTTTGGAAGCCG
CCTGCGTGTCCATTT

TGAGGAGTGAGGAGGCAGAAAGGACCGAGAACAAG

SEQID | 011415 | GGGACCCGGTTCCATTTCTGGACCCICGITCCGCAGG

NO:76 | 8 CTGCTCGCCCGACTTGGGGTCGCTCTGCCCCGGACG
ATCAGGACAGCTGCGT

CAAATCTATATGAAGGATCGAATTGCATTGAACTAG

SEQID | _ 1154667 | CAAACACACACACACACACGCACAICGICAAAAACT

NO:77 GATGAAAGCTGAACAAGGTCTGTAGTCTAGTCAACA
GTACTGCACTATGTGA

ACAGTCTCTCGCCTCAAAGATCTCCGCCATTAGTGG

SEQID | __ co0uu0 | TAGCCATTTAAGAAAACAGAATTA[CGIATGAATAAT

NO:78 | 8 GATTTGAAGCCAAAAAGTCAAAATATCTTATTTCGC
AACTGTAATTGCTGG

CCACACAGGCCTCTCCCTCGGTGCGGTAGCGAGGGT

SEQID | _ 01+ s0y | TGCGGGCCCAAACGCCCGCGCCCAICGIGAGGCGCCT

NO:79 | °8 GCGACGACTAGAAGCTTCCACAGCCATATGGGGGCA
AAGACGGCCCAGTAG

In an embodiment of the present invention, it discloses a panel of DNA
methylation biomarkers for screening and early detection of cervical cancer, wherein the
panel comprises of CGIDs derived by the APDMA method having sequences selected
from the group consisting of SEQ ID NO:1 to SEQ ID NO:79 and combinations thereof,
and optionally said panel is used in combination with other biomarkers as early predictors
of cervical cancer.

In an embodiment of the present invention, the polygenic DNA methylation
biomarkers are a combination of CGIDs in the list below in Table 2 or a short subset of
this list such as the example listed below in Table 3 for early detection of cervical cancer
and risk of cervical cancer in women with CIN1 to CIN3 precancerous lesions.

Thus, in an additional embodiment of the present invention, it discloses an in-
vitro method for obtaining early predictors of cervical cancer, the method comprising the
steps of: (a) measuring DNA methylation from a cervical specimen sample, (b)

performing statistical analysis on the DNA methylation measurement obtained in step a,
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(c) determining DNA methylation status of a multitude of independent genomic CG
positions called CG identifiers (CGIDs) by performing analysis of progressive DNA
methylation alterations (APDMA) of genome wide DNA methylation profiles obtained in
step b, (d) classifying CGIDs based on frequency of their DNA methylation correlating
with cervical cancer premalignant stage progression, (e) obtaining candidate CGIDs from
classification in step d to obtain early predictors of cervical cancer as DNA methylation
biomarkers, wherein said candidate CGIDs as the early predictors of cervical cancer as
DNA methylation biomarkers, wherein the CGIDs are selected from a group as set forth
in SEQ ID NO:3
(CCGCCGCGGGTTCCCAGGGCTGGTGGTAGTTGCCGTCCCACACGTACGTGGC
GGGGTCCTCGTCAGCGAAGACCTCGCGGAACATGTCGACCATGTAGAGGTCC
TCGGCGCGGTTGCCATCC), SEQ NO:4
(GGGGAGGAATATTAGACTCGGAGGAGTCTGCGCGCTTTTCTCCTCCCCGCGC
CTCCCGGTCGCCGCGGGTTCACCGCTCAGTCCCCGCGCTCGCTCCGCACCCCA
CCCACTTCCTGTGCTCG), SEQ ID NO:7
(GAGGAATATTAGACTCGGAGGAGTCTGCGCGCTTTTCTCCTCCCCGCGCCTC
CCGGTCGCCGCGGGTTCACCGCTCAGTCCCCGCGCTCGCTCCGCACCCCACCC
ACTTCCTGTGCTCGCCC), SEQ ID NO:17
(GTGTGCTCAGCCTCAGCGTGAGGGGCACCTGCTCGTCTGGGCTCACAGCGAA
GGCAGCCTCGCCGCGAGCTGCCGCTGCCGCTGCTGCCGCCACTGGTGTTGCC
GCTCTCAGGCGCCAGGCT), SEQ ID NO:19
(GCGGCGGCGGGCGGGGAGCCAGGCCCGAGCTGCGTTCTGCGCAGCCATTGG
TGGGCGCCGCGCTCTGCACTGAGCATGTTCGCGCCCCGCCGGCCCCTAGCCG
CAGCCGCAGCCGCAGCGAC), SEQ ID NO:31
(GGCGGTGCGAGCTCCCCGCCTGCGGGACGCACGGAGACCGCGGTCAGCGCG
CCGCCTGGCCGGCCCAGCGCGCCCAGCCCGCGCCCAGCCCCGTCCACTCCCG
TCCAGCCCCGCCGCCCGGCO), SEQ ID NO:34
(GTGTTCTCTGCGGCGGGCCGCGTCCCCGCTGAGCCTCGCGGTGACAGCCGCC
TTTGGCAGCGAGCGCTCGGGGCACTTCTATCCCCGCCTCTCAAAGGGTGGGG
ACAGCCGTTTCCAGATTT), SEQ ID NO:39
(AGGGGAGCTGCGAGGCGAAGTGTTCTTCAGGGAAGCGGGCTCGAGTCTCCG
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CAGCTGCGGCGGCGGCGGCGGCGCGCTGGGCCGGCGGCGGGCGCGGGCAGG
GGGCCGGGGGTGCCGCGCAGG), SEQ ID NO:42
(AATCTCCCCTCGGGCTCGACGGATGTGCGCCCCAGATGTGCTGACACATGTC
CGATGCCTCGCTGCCTTGGAGGTCTCCCCGCTCGCGTGTCTCTTCTCTTCGCA
CCAGCGGCGGAAACCGC), SEQ ID NO:43
(GCTCCGCTTCTCCGGGTTTTAGCGGAAGCCTGCGGGGGGCGGGGTAACCGCG
GAAGCCGGCGGCCGTGGGCGCGCGGGTTGGGGGCTCTCGCGCCGCTCCGGGC
TCTCCCCCCCCCCGGCTG), SEQ ID NO:49
(CCCCCTGTTCAAGGTCTGTCACCGTAGGGGGCGGGGGGGCGCGTGGAGCCG
CTGGGGGTTCGGCCCACCCCGCGAACCGAGCTCCCGGCCCTGTGCGCCCTCA
GCTCTGCCGCGGGCGTTGG), SEQ ID NO:56
(GGCGCCGGCAGCTTCGCGCCGGCGGCTGGAAGCGGGCGGGCTGCACGGGCG
GCTCGAGTGCGGGGACCCCAGCCCCTCGCCCTCGTGAGCGCCGCCCCTGCCA
CCTGCTGCCAAGTCACCGG), SEQ ID NO:57
(CCCCGGCCGLCGCCGGGCGCGGGGCTCGGGATTCGGGAGACCGCGCGGLCGCC
GAAGCCACGCGTCAGCCCCACTGTCCCGCGCGCCTCGCCCCAGGCCTCGGGC
TCTTCCTCCGCACCTCGTA), SEQ ID NO:58
(ACGCGGGGACTGGAAAGGGCGCCTGGGTGGGAAGAGGCGCTGGCGGGTGAT
CGTCCCCACCGGGCCAGTCCCCGGGATCTGCTGCCGCCCCTCTCCGAAATTCA
CAGCCAGAGCGGGCGCAQ), SEQ ID NO:65
(CTCTTTGGCAAGTGGTTTGTGCATCAGGAGAAACTTTCCACCTGCGAGCCGA
ACCGGCGCCGAGTGCGTGTGTTTCTGCCTTTTTTTGTTGTCGTTGCCTCCACCC
CTCCCCATTCTTCTCT), and SEQ ID NO:70
(GGCAACCCTGACTCGGACCGCTCGGGAGAGCCCCAGGAGAGGCCAGCGCCG
CGCAGCAGCCGCCCCGCTGCGCCCACCTCCCCGGCTGCTCCCGGAGGGCTCA
CAAAGGCGGTGGCCGCCCQA).

Table 2: Selected subset of Polynucleotides from Table 1 having CpG Methylation
Sites useful in embodiments of the present invention.
The 16 CGID biomarkers discussed herein are found in Table 2 that is included

with this application. These 16 shortlisted DNA methylation biomarkers were
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hypermethylated between CIN3 and CIN1 and control, with highest effect size (Cohen

D>1.3) between CIN3 and control and highest Spearman correlation with progression of

CIN phasesr > 0.4.

SEI\?OID Probe Probe with CpG marked
SEQID | cgl3944175 | CCGCCGCGGGTTCCCAGGGCTGGTGGTAGTTGCCG
NO:3 TCCCACACGTACGTGGCGGGGTCCT[CG]TCAGCGA
AGACCTCGCGGAACATGTCGACCATGTAGAGGTCC
TCGGCGCGGTTGCCATCC
SEQID | cgl9717586 | GGGGAGGAATATTAGACTCGGAGGAGTCTGCGCGC
NO:4 TTTTCTCCTCCCCGCGCCTCCCGGT[CGICCGCGGGT
TCACCGCTCAGTCCCCGCGCTCGCTCCGCACCCCAC
CCACTTCCTGTGCTCG
SEQID | cgl1358689 | GAGGAATATTAGACTCGGAGGAGTCTGCGCGCTTT
NO:7 TCTCCTCCCCGCGCCTCCCGGTCGC[CG]CGGGTTCA
CCGCTCAGTCCCCGCGCTCGCTCCGCACCCCACCCA
CTTCCTGTGCTCGCCC
SEQID | cgl17233763 | GTGTGCTCAGCCTCAGCGTGAGGGGCACCTGCTCG
NO:17 TCTGGGCTCACAGCGAAGGCAGCCT[CG]CCGCGAG
CTGCCGCTGCCGCTGCTGCCGCCACTGGTGTTGCCG
CTCTCAGGCGCCAGGCT
SEQID | cg01650149 | GCGGCGGCGGGCGGGGAGCCAGGCCCGAGCTGCG
NO:19 TTCTGCGCAGCCATTGGTGGGCGCCG[CG]CTCTGCA
CTGAGCATGTTCGCGCCCCGCCGGCCCCTAGCCGC
AGCCGCAGCCGCAGCGAC
SEQID | cg03419058 | GGCGGTGCGAGCTCCCCGCCTGCGGGACGCACGGA
NO:31 GACCGCGGTCAGCGCGCCGCCTGGC[CG]GCCCAGC
GCGCCCAGCCCGCGCCCAGCCCCGTCCACTCCCGT
CCAGCCCCGCCGCCCGGC
SEQID | cgl8897632 | GTGTTCTCTGCGGCGGGCCGCGTCCCCGCTGAGCCT
NO:34 CGCGGTGACAGCCGCCTTTGGCAG[CGJAGCGCTCG
GGGCACTTCTATCCCCGCCTCTCAAAGGGTGGGGA
CAGCCGTTTCCAGATTT
SEQID | cgl8343957 | AGGGGAGCTGCGAGGCGAAGTGTTCTTCAGGGAAG
NO:39 CGGGCTCGAGTCTCCGCAGCTGCGG[CG]GCGGCGG
CGGCGCGCTGGGCCGGCGGCGGGCGCGGGCAGGG
GGCCGGGGGTGCCGCGCGG
SEQID | cg20405017 | AATCTCCCCTCGGGCTCGACGGATGTGCGCCCCAG
NO:42 ATGTGCTGACACATGTCCGATGCCT[CG]JCTGCCTTG
GAGGTCTCCCCGCTCGCGTGTCTCTTCTCTTCGCAC
CAGCGGCGGAAACCGC
SEQID | cg21678377 | GCTCCGCTTCTCCGGGTTTTAGCGGAAGCCTGCGGG
NO:43 GGGCGGGGTAACCGCGGAAGCCGGI[CG]GCCGTGG

GCGCGCGGGTTGGGGGCTCTCGCGCCGCTCCGGGC
TCTCCCCCCCCCCGGCTG
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SEQID | cgl18384778 | CCCCCTGTTCAAGGTCTGTCACCGTAGGGGGCGGG

NO:49 GGGGCGCGTGGAGCCGCTGGGGGTT[CG]GCCCACC
CCGCGAACCGAGCTCCCGGCCCTGTGCGCCCTCAG
CTCTGCCGCGGGCGTTGG

SEQID | cg00688962 | GGCGCCGGCAGCTTCGCGCCGGCGGCTGGAAGCGG

NO:56 GCGGGCTGCACGGGCGGCTCGAGTG[CG]GGGACCC
CAGCCCCTCGCCCTCGTGAGCGCCGCCCCTGCCACC
TGCTGCCAAGTCACCGG

SEQID | cg00027083 | CCCCGGCCGCGCCGGGCGCGGGGCTCGGGATTCGG

NO:57 GAGACCGCGCGGCGCCGAAGCCACGICG]TCAGCCC
CACTGTCCCGCGCGCCTCGCCCCAGGCCTCGGGCTC
TTCCTCCGCACCTCGTA

SEQID | cg08305436 | ACGCGGGGACTGGAAAGGGCGCCTGGGTGGGAAG

NO:58 AGGCGCTGGCGGGTGATCGTCCCCACICG]GGCCAG
TCCCCGGGATCTGCTGCCGCCCCTCTCCGAAATTCA
CAGCCAGAGCGGGCGCAC

SEQID | cg02547394 | CTCTTTGGCAAGTGGTTTGTGCATCAGGAGAAACTT

NO:65 TCCACCTGCGAGCCGAACCGGCGCICGJAGTGCGTG
TGTTTCTGCCTTTTTTTGTTGTCGTTGCCTCCACCCC
TCCCCATTCTTCTCT

SEQID | cgl0182317 | GGCAACCCTGACTCGGACCGCTCGGGAGAGCCCCA

NO:70 GGAGAGGCCAGCGCCGCGCAGCAGCICG]CCCCGCT
GCGCCCACCTCCCCGGCTGCTCCCGGAGGGCTCAC
AAAGGCGGTGGCCGCCCG

In an embodiment of the present invention, it discloses a combination of DNA
methylation biomarkers for screening and early detection of cervical cancer, said
combination comprises of CGIDs derived using the APDMA method, for detecting
cervical cancer by measuring DNA methylation levels of said CGIDs in DNA originating
from cervical specimens and deriving a “cervical cancer methylation predictor” using
linear regression equations and Receiver operating characteristics (ROC) assays, wherein
the CGIDs are selected from a group as set forth in SEQ ID NO:3, SEQ NO:4, SEQ ID
NO:7, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:31, SEQ ID NO:34, SEQ ID NO:39,
SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:49, SEQ ID NO:56, SEQ ID NO:57, SEQ
ID NO:58, SEQ ID NO:65, SEQ ID NO:70 and combinations thereof.

Table 3: Selected subset of Polynucleotides from Table 2 having CpG Methylation

Sites Useful in embodiments of the Invention.
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The 2 CGID biomarkers, namely cg13944175 as set forth in SEQ ID NO:3
(CCGCCGCGGGTTCCCAGGGCTGGTGGTAGTTGCCGTCCCACACGTACGTGGC
GGGGTCCTCGTCAGCGAAGACCTCGCGGAACATGTCGACCATGTAGAGGTCC
TCGGCGCGGTTGCCATCC) and cg03419058 as set forth in SEQ ID NO:31
(GGCGGTGCGAGCTCCCCGCCTGCGGGACGCACGGAGACCGCGGTCAGCGCG
CCGCCTGGCCGGCCCAGCGCGCCCAGCCCGCGCCCAGCCCCGTCCACTCCCG
TCCAGCCCCGCCGCCCGGCQ) as discussed herein are found in Table 3 that is included
with this application. The subset in Table 3 represents the minimal number of CGID
biomarkers that differentiate CIN3 premalignant lesions from control identified using a
penalized regression which reduced the number of CGIDs to 5, followed by a
multivariable linear regression with these 5 CGIDs as independent variables and CIN3
state as dependent variable. A linear regression equation composed of weighted
methylation levels of these two sites was highly significant for prediction of CIN3

(p<5x10-1).

SENQOID Probe Probe with CpG marked

SEQ ID cgl13944175 | CCGCCGCGGGTTCCCAGGGCTGGTGGTAGTTGCCG

NO:3 TCCCACACGTACGTGGCGGGGTCCT[CG]TCAGCGA
AGACCTCGCGGAACATGTCGACCATGTAGAGGTCC
TCGGCGCGGTTGCCATCC

SEQ ID cg03419058 | GGCGGTGCGAGCTCCCCGCCTGCGGGACGCACGGA

NO:31 GACCGCGGTCAGCGCGCCGCCTGGC[CG]GCCCAGC
GCGCCCAGCCCGCGCCCAGCCCCGTCCACTCCCGT
CCAGCCCCGCCGCCCGGC

In an embodiment of the present invention, it discloses a combination of DNA
methylation biomarkers for screening and early detection of cervical cancer, said
combination comprises of CGIDs derived using the APDMA method, for detecting
cervical cancer by measuring DNA methylation levels of said CGIDs in DNA originating
from cervical specimens and deriving a “cervical cancer methylation predictor” using
linear regression equations and Receiver operating characteristics (ROC) assays, wherein

the said CGIDs are as set forth in SEQ ID NO:3, and SEQ ID NO:31.
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In an embodiment, the present invention provides a kit and a process for detecting
cervical cancer, comprising means and reagents for detecting DNA methylation
measurements of a panel of polygenic DNA methylation biomarkers for cervical cancer.

In an embodiment, the present invention provides a kit for detecting cervical
cancer comprising means and reagents for DNA methylation measurements of the CGID
biomarkers of Table 1 and combinations thereof.

In an embodiment, the present invention provides a kit for detecting cervical
cancer, comprising means and reagents for DNA methylation measurements of CGIDs
and deriving a DNA methylation predictor of cervical cancer and an instruction manual,
wherein the CGIDs are as set forth in SEQ ID NO:1 to SEQ ID NO:79 and combinations
thereof.

In an embodiment, the present invention provides a kit comprised of a panel of
CGIDs in the form of a chip for detecting cervical cancer, wherein the panel of CGIDs
are as set forth in SEQ ID NO:1 to SEQ ID NO:79 and combinations thereof.

In an embodiment, the present invention provides a kit using of CGID biomarkers
disclosed in the present invention.

In an embodiment, the present invention provides a kit using DNA
pyrosequencing methylation assays for predicting cervical cancer by measuring DNA
methylation of CGIDs, wherein the CGIDs are as set forth in SEQ ID NO:1 to SEQ ID
NO:79 and combinations thereof.

In an embodiment, the present invention provides a kit using DNA
pyrosequencing methylation assays for predicting cervical cancer using CGID
biomarkers listed above, for example using the below disclosed primers and standard
conditions of pyrosequencing reactions recommended by the manufacturer (Pyromark,
Qiagen):

For cg03419058:

Forward (biotinylated) primer as set forth in SEQ ID NO:80 with a polynucleotide
sequence of GGTTTTTGGGTAGGAAGGATAGTAG.

Reverse primer as set forth in SEQ ID NO:81 with a polynucleotide sequence of
AAACAAATCTAACCCCTAAAAAAAC
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Pyrosequencing primer as set forth in SEQ ID NO:82 with a polynucleotide sequence of
CAAACTAAACACACTAAACC

For cg13944175:

Forward primer as set forth in SEQ ID NO:83 with a polynucleotide sequence of
GGGTTTTTAGGGTTGGTGGTA

Reverse (biotinylated) primer as set forth in SEQ ID NO:84 with a polynucleotide
sequence of TCCTCATAATAATAAATAACAACC

Pyrosequencing primer as set forth in SEQ ID NO:85 with a polynucleotide sequence of
TATGTATGTGGTGGGGTT

In an embodiment, the present invention provides a kit using DNA
pyrosequencing methylation assays for predicting cervical cancer by measuring DNA
methylation of CGIDs combinations, wherein the forward, biotinylated primer is as set
forth in SEQ ID NO: 80, the reverse primer is as set forth in SEQ ID NO:81, and the
pyrosequencing primer is as set forth in SEQ ID NO:82.

In an embodiment, the present invention provides a kit using DNA
pyrosequencing methylation assays for predicting cervical cancer by measuring DNA
methylation of CGIDs combinations, wherein the forward, biotinylated primer is as set
forth in SEQ ID NO: 83, the reverse primer is as set forth in SEQ ID NO: 84, and the
pyrosequencing primer is as set forth in SEQ ID NO: 85.

In an embodiment, the present invention provides a kit using polygenic
multiplexed amplicon bisulfite sequencing DNA methylation assay for predicting
cervical cancer in cervical specimens’ DNA by using CGID biomarkers listed above. For
example, using the below disclosed primers and standard conditions that involve bisulfite
conversion, sequential amplification with target specific primers (PCR 1) followed by
barcoding primers (PCR 2) and multiplexed sequencing in a single next generation Miseq
sequencer (Illumina), demultiplexing using Illumina software, data extraction and
quantification of methylation using standard methods for methylation analysis such as
Methylkit, followed by calculation of the weighted DNA methylation score and
prediction of cancer.

The first PCR is performed as follows:
For CGID cg03419058:
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Forward primer as set forth in SEQ ID NO:80 with a polynucleotide sequence of 5’
GGTTTTTGGGTAGGAAGGATAGTAG 3’

Reverse primer as set forth in SEQ ID NO:81 with a polynucleotide sequence of 5’
AAACAAATCTAACCCCTAAAAAAAC 3

For CGID cg13944175:

Forward primer as set forth in SEQ ID NO:83 with a polynucleotide sequence of 5’
GGGTTTTTAGGGTTGGTGGTA 3’

Reverse primer as set forth in SEQ ID NO:84 with a polynucleotide sequence of 5’
TCCTCATAATAATAAATAACAACC 3

To barcode (index) the samples, the present invention used a second PCR reaction with
the following primers:

Forward primer as set forth in SEQ ID NO:86 with a polynucleotide sequence of 5’
AATgATACggCgACCACCgAgATCTACACTCTTTCCCTACACZAC 3°

Barcoding (reverse) primer as set forth in SEQ ID NO:87 with a polynucleotide sequence
of 5 CAAgCAgAAgACggCATACgAgATAGTCATCGgTgACTggAgTTCAgACgTg 3°
(where the red bases are the index; and 1200 variations of this index are used)

In an embodiment, the present invention provides a kit using multiplexed
targeted-amplification bisulfite sequencing methylation assays on a next generation
sequencer for detecting cervical cancer by measuring the DNA methylation levels of
CGIDs combinations, wherein the CGIDs are as set forth in SEQ ID NO:1 to SEQ ID
NO:79 and combinations thereof.

In another embodiment, the present invention provides a kit using multiplexed
targeted-amplification bisulfite sequencing methylation assays on a next generation
sequencer for detecting cervical cancer by measuring the DNA methylation levels of
CGIDs combinations, wherein the CGID as set forth in SEQ ID NO:3 has primers as set
forth in SEQ ID NO:88 with a polynucleotide sequence of 5’
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNGGGTTTTTAGGGTTG
GTGGTA 3’ for the forward primer and SEQ ID NO:89 with a polynucleotide sequence
of 5
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTCCTCATAATAATAAATAA
CAACC 3’ for the reverse primer.
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In another embodiment, the present invention provides a kit using multiplexed
targeted-amplification bisulfite sequencing methylation assays on a next generation
sequencer for detecting cervical cancer by measuring the DNA methylation levels of
CGIDs combinations, wherein the CGID as set forth in SEQ ID NO:31 has primers as set
forth in SEQ ID NO:90 with a polynucleotide sequence of 5’
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNGGTAGGTTTTTGGGT
AGGAAGGATAGTAG 3’ for the forward primer and SEQ ID NO:91 with a
polynucleotide sequence of 5’
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAAACAAATCTAACCCCTAA
AAAAAC 3’ for the reverse primer.

In an embodiment, the present invention provides a use of Receiver operating
characteristics (ROC) assays for detecting cancer by defining a threshold value between
cervical cancer and normal cervix using weighted DNA methylation measurements of
CGID biomarkers in Table 1 and combinations thereof or a subset of these CGIDs such
as in Table 2 and combinations thereof, as an example. Samples above the threshold are
to be classified as cancer.

In an embodiment, the present invention provides a use of hierarchical Clustering
analysis assays for predicting cancer with use in obtaining cancer positive early detection
by using measurements of methylation of CGID biomarkers listed in Table 1 and
combinations thereof.

In an embodiment, the present invention provides a kit using mass spectrometry
based (Epityper™) or PCR based methylation assays of DNA extracted from sample for
detecting cancer by measuring the DNA methylation levels of CGIDs combinations as set
forth in a panel of DNA methylation biomarkers for screening and early detection of
cervical cancer, wherein the panel comprises of CGIDs derived by the APDMA method
having sequences selected from the group consisting of SEQ ID NO:1 to SEQ ID NO:79
and combinations thereof, and optionally said panel is used in combination with other
biomarkers as early predictors of cervical cancer.

In an embodiment, the present invention provides a use of multivariable linear
regression equation or neural network analysis for calculating a methylation score

predicting cervical cancer by using measurements of DNA methylation CGIDs
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combinations as set forth in a panel of DNA methylation biomarkers for screening and
early detection of cervical cancer, wherein the panel comprises of CGIDs derived by the
APDMA method having sequences selected from the group consisting of SEQ ID NO:1
to SEQ ID NO:79 and combinations thereof, and optionally said panel is used in
combination with other biomarkers as early predictors of cervical cancer.

In an embodiment, the present invention provides a use of multivariable linear
regression equation or neural network analysis for calculating a methylation score
predicting cervical cancer by using measurements of DNA methylation CGIDs
combinations as set forth in a combination of DNA methylation biomarkers for screening
and early detection of cervical cancer, said combination comprises of CGIDs derived
using the APDMA method, for detecting cervical cancer by measuring DNA methylation
levels of said CGIDs in DNA originating from cervical specimens and deriving a
“cervical cancer methylation predictor” using linear regression equations and Receiver
operating characteristics (ROC) assays, wherein the CGIDs are selected from a group as
set forth in SEQ ID NO:3, SEQ NO:4, SEQ ID NO:7, SEQ ID NO:17, SEQ ID NO:19,
SEQ ID NO:31, SEQ ID NO:34, SEQ ID NO:39, SEQ ID NO:42, SEQ ID NO:43, SEQ
ID NO:49, SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:65, SEQ ID
NO:70 and combinations thereof.

In an alternate embodiment, the present invention provides a use of multivariable
linear regression equation or neural network analysis for calculating a methylation score
predicting cervical cancer by using measurements of DNA methylation CGIDs
combinations as set forth in a combination of DNA methylation biomarkers , wherein
said CGIDs are as set forth in SEQ ID NO:3, and SEQ ID NO:31.

In an embodiment, the present invention provides a use of Receiver operating
characteristics (ROC) assays to define a “methylation score” threshold differentiating
cervical cancer from noncancer cervical tissue by using measurements of DNA
methylation combinations as set forth in a panel of DNA methylation biomarkers for
screening and early detection of cervical cancer, wherein the panel comprises of CGIDs
derived by the APDMA method having sequences selected from the group consisting of
SEQ ID NO:1 to SEQ ID NO:79 and combinations thereof, and optionally said panel is

used in combination with other biomarkers as early predictors of cervical cancer.
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In an embodiment, the present invention provides a use of Receiver operating
characteristics (ROC) assays to define a “methylation score” threshold differentiating
cervical cancer from noncancer cervical tissue by using measurements of DNA
methylation combinations as set forth in a combination of DNA methylation biomarkers
for screening and early detection of cervical cancer, said combination comprises of
CGIDs derived using the APDMA method, for detecting cervical cancer by measuring
DNA methylation levels of said CGIDs in DNA originating from cervical specimens and
deriving a “cervical cancer methylation predictor” using linear regression equations and
Receiver operating characteristics (ROC) assays, wherein the CGIDs are selected from a
group as set forth in SEQ ID NO:3, SEQ NO:4, SEQ ID NO:7, SEQ ID NO:17, SEQ ID
NO:19, SEQ ID NO:31, SEQ ID NO:34, SEQ ID NO:39, SEQ ID NO:42, SEQ ID
NO:43, SEQ ID NO:49, SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID
NO:65, SEQ ID NO:70 and combinations thereof.

In an alternate embodiment, the present invention provides a use of Receiver
operating characteristics (ROC) assays to define a “methylation score” threshold
differentiating cervical cancer from noncancer cervical tissue by using measurements of
DNA methylation combinations as set forth in a combination of DNA methylation
biomarkers, wherein said CGIDs are as set forth in SEQ ID NO:3, and SEQ ID NO:31.

In an embodiment, the present invention provides a computer-implemented
method for obtaining candidate DNA methylation biomarkers for early detection for
cervical cancer diagnosis, the method comprising: providing genome wide DNA
methylation data of a multitude of independent genomic CG positions, CGIDs of human
genome; processing the genome wide DNA methylation data by normalization and
deriving normalized DNA methylation beta values; computing Spearman correlation with
the normalized DNA methylation beta values between stages of progression of
premalignancy, and untransformed cervical cells; obtaining candidate CGIDs with an
analysis of progressive DNA methylation alterations (APDMA) to obtain candidate DNA

methylation biomarkers for early detection for cervical cancer diagnosis.

EXAMPLES
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The following examples are given by way of illustration of the present invention and

therefore should not be construed to limit the scope of the present invention.

Example 1: Analysis of progressive DNA methylation alterations (APDMA) method for
identifying and obtaining CG positions (CGIDs) whose methylation level is an early
predictor of cervical cancer.

The present invention addresses one of the outstanding challenges in cervical
cancer screening which is finding robust biomarkers that provide a highly accurate and
sensitive assessment of risk that can guide early intervention and treatment. Common
approaches have been using a case-control logistic regression on genome wide DNA
methylation data to identify sites that are either more of less methylated in cancer cells
versus controls. However, it is well known that many statistically significant DNA
methylation alterations in cancer detected by these methods are heterogenous and many
evolve late in the progression of cancer and therefore of very limited value in early
detection, since they are diluted when the frequency of cancer cells in a specimen is low.
Moreover, quantitative differences in methylation profiles rather than categorical
differences could be erased in a mixture of normal and cancer cells. As is well
understood, DNA methylation is a binary property, which means that a given cell is either
methylated or not at a specific CG position in the genome.

In this example, the present invention relates to selected methylated CGIDs as
fundamental characteristic of cervical cancer that are almost uniformly methylated across
cervical cancer specimens, but are never methylated in normal tissue and despite being
categorical for cervical cancer, they emerge very early in the premalignant stages in a
milieu of normal cells and progressively increase in frequency from CIN1 to CIN3 stages
advancing towards cervical cancer. Methylated CGIDs that are categorically different
between normal and cancer tissues have been found to be detected even when cancer
cells were found in low frequency in a specimen by deep sequencing of bisulfite
converted DNA which provides single DNA molecule resolution. The frequency of
molecules with a methylated CGID represents the fraction of cancer cells in the sample.

Methylation measurements of such CGIDs by other methods would also determine the
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incidence of cancer cells in the specimen and is useful as DNA methylation biomarkers
for risk and prediction of cervical cancer in the sample.

It is clinically known that a fraction of CIN premalignant lesions develop into
cervical cancer, thus they offer a particularly unique window for detecting early DNA
methylation alterations in cancer. Predicting early who is going to develop cervical
cancer is of utmost clinical significance. The present invention provides a method to
obtain such early detection DNA methylation biomarkers characterized by following
technical features: first, methylated CGIDs that were categorically characteristic of early
cancer cells were uniformly unmethylated in normal cervical tissue; second, these CGIDs
were infrequently methylated in early premalignant specimens; third, the frequency of
these primary methylated CGIDs should increase with progression of the premalignant
stages from CIN1 to CIN3 as predicted by the increased risk of cervical cancer in women
with CIN3 lesions; and fourth, since methylation of these CGIDs is a primary
characteristic of cervical cancer, these CGIDs should be uniformly abundant in cervical
cancer specimens. In this example, specific CGIDs whose methylation increases with
progression of CIN stages from CIN1 to CIN3, were found to be ubiquitously methylated
in cervical cancer specimens, while they were found to be uniformly unmethylated in
normal tissue as delineated herein. Thus, the presently disclosed method of the present
invention provides a panel of candidate CGID biomarkers for early detection of cervical
cancer in women, particularly those with premalignant lesions.

The following steps of the progressive DNA methylation alterations (APDMA)
method were performed to delineate CGID biomarkers whose state of methylation detects

early cervical cancer as summarized in Figure 1.

Cervical specimens

The present invention used cervical specimens collected from women referred for
colposcopic examination in a McGill University affiliated hospital because of an
abnormal cervical cancer screening result or for initial treatment of a cervical lesion (19).
Briefly, 643 women aged 16-70 years were enrolled between June 2015 and April 2016.
Specimens were tested for the presence of HPV DNA of carcinogenic types with the

Roche cobas® 4800 HPV Test which detects HPV1 and HPV 18 separately, and 12 other
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high-risk types (HPVs 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) as a pooled
result. Cytology was classified according to the Bethesda classification as NILM:
Negative for Intraepithelial Lesion or Malignancy; ASC-US: Atypical Squamous Cells-
of Undetermined Significance; ASC-H Atypical Squamous Cells- cannot exclude HSIL;
LSIL: Low Squamous Intraepithelial Lesion; HSIL: High Squamous Intraepithelial
Lesion; AGC: Atypical Glandular Cells; and cancer (20). Cervical abnormalities were
biopsied and histological results were graded by senior McGill pathologists as normal,
CIN1, CIN2, CIN3, or invasive cancer. The study received ethical approval by
institutional review boards at McGill University and the Jewish General Hospital. Study
participants provided written informed consent.

The sample set comprised 186 randomly selected, physician-collected specimens
of women. Of these specimens, 50 were CIN1, 40 CIN2, and 42 CIN3 compared to 54

specimens with a normal biopsy result.

DNA extraction and genome wide methylation analysis

DNA was extracted from original exfoliated cervical cell specimens, suspended in
liquid-based cytology PreservCyt solution (PreservCyt, Hologic Inc., Mississauga).
Extracted DNA using Qiagen DNA extraction kit was subjected to bisulphite treatment
and hybridization to Illumina Epic arrays using standard procedures described by the
manufacturer at the Genome Quebec Innovation center in Montreal. Epic arrays provide
an excellent coverage of the human promoter and enhancer repertoire, representing all

known regions regulating transcription (21).

Normalization and deriving normalized DNA methylation values (beta) for all samples
Samples were randomized with respect to slide and position on arrays and all
samples were hybridized and scanned concurrently to mitigate batch effects as
recommended by McGill Genome Quebec innovation center according to Illumina
Infinium HD technology user guide. Illumina arrays hybridizations and scanning were
performed by the McGill Genome Quebec Innovation center according to the
manufacturer guidelines. Illumina arrays were analyzed using the ChAMP Bioconductor

package in R by Morris et al., 2014 (25). IDAT files were used as input in the
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champ.load function using minfi quality control and normalization options. Raw data
were filtered for probes with a detection value of £>0.01in at least one sample. The
present method filtered out probes on the X or Y chromosome to mitigate sex effects and
probes with SNPs as identified in Marzouka et al., 2015 (24), as well as probes that align
to multiple locations as identified in Marzouka et al., 2015 (24). Batch effects were
analyzed on the non-normalized data using the function champ.svd. Five out of the first 6
principal components were associated with group and batch (slides). Intra-array
normalization to adjust the data for bias introduced by the Infinium type 2 probe design
was performed using beta-mixture quantile normalization (BMIQ) with function
champ.norm(norm="BMIQ") (25). Then the batch effects were corrected after BMIQ

normalization using champ.runcombat function.

Discovery of CGIDs whose frequency of methylation correlates with CIN progression
The present method then used the beta-values of the batch corrected normalized
data to compute Spearman correlation between CIN stages (with stage codes 0 for non-
transformed, healthy control cervical cells and 1-3 for CIN stages from CIN1 to CIN3)
using the spearman corr function in R and correcting for multiple testing using the
method “fdr” of Benjamini Hochberg (adjusted P value (Q) of <0.05). Methylation levels
of 7715 CGIDs significantly correlated (q>0.05) with progression of premalignant CIN
stages from 1 to 3 (refer to FIGURE 2). Most of the sites were hypermethylated as
premalignant lesions progressed from normal to CIN1 to CIN3 stages, while a small

fraction was hypomethylated (refer to FIGURE 2).

Shortlisting of candidate CGIDs

To identify CGID positions that address the assumptions of the APDMA method
79 progressively methylated CGIDs were shortlisted with average increase in methylation
of 10% or decrease of more than 10% during transition from CIN1 to CIN3 and
background methylation in normal cells (less than 10%) (refer to Table 1 herein above).
The present method then tested whether these CGIDs uniformly identify cervical cancer
in publicly available Illumina 450K genome wide DNA methylation data from 270
cervical cancer specimens (refer to GSE68339). Based on the tested CGID DNA
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methylation, the present method then generated a heatmap with these 79 CGIDs whose
frequency of methylation increased during progression of cervical premalignant phases
that were obtained by the presently disclosed APDMA method. The said heatmap
revealed that these 79 CGIDs exhibit a categorically different DNA methylation profile
between cervical cancer and normal cervix. The clear majority of sites were totally
unmethylated in normal tissue and heavily methylated in cancer tissue while a small
number of sites were methylated in normal tissue and unmethylated in cervical cancer
(refer to Figure 3). Thus, the present method relates to these hypermethylated CGIDs as
preferred biomarkers since even a low frequency of methylation is clearly detectable on a

background of totally unmethylated molecules.

Example 2: Discovery of a polygenic DNA methylation biomarker set for early detection
of cervical cancer.

The present disclosure further shortlists 16 CGIDs from the list obtained and
disclosed in the first example and in Table 1, where the said 16 CGIDs were
hypermethylated between CIN3 and CIN1 and control, had the highest effect size (Cohen
D>1.3) between CIN3 and control and highest Spearman correlation with progression of
CIN phases r > 0.4. (refer to Table 2 herein above).

Next, in order to obtain the minimal number of CGIDs required for differentiating
CIN3 premalignant lesions from control, the present method performed a penalized
regression which reduced the number of CGIDs to 5. The present method then performed
a multivariable linear regression with these 5 CGIDs as independent variables and CIN3
state as the dependent variable. Two CGIDs remained significant (refer to Table 3 herein
above). A linear regression equation composed of weighted methylation levels of these

two sites was highly significant for prediction of CIN3 (p<5x10-1%).

Example 3: Utility of bi-genic DNA methylation markers for detecting cervical cancer.
Next, the present disclosure first validated the bigenic DNA methylation marker

(cg03419058; cg13944175) on the publicly available data base of cervical cancer 450K

DNA methylation (refer to GSE68339). A bivariable linear regression model with

cervical cancer as the dependent variable and the level of methylation of the two CGIDs
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(cg03419058; cg13944175) as independent variables was observed to be highly
significant (p<2.2x10"'® F=8703, R=0.9873). ROCs for the methylation scores
(calculated using the linear regression equation as disclosed in Figure 4A) were compared
by calculating their area under the curve (AUC) (refer to Figure 4B). The sensitivity and
specificity of the bigenic methylation score for discriminating cervical cancer from
normal cervical tissue was observed to be 1 (refer to Figure 4C).

Thus, the above disclosed DNA methylation biomarkers and the calculated
methylation score are useful for screening and early detection of cervical cancer in
women at risk as well as the general healthy population of women using cervical

specimens collected at routine gynecological checkup pap smears.

Example 4: Utility of bi-genic DNA methylation biomarkers for measuring cervical
cancer methylation scores in individual specimens from healthy controls, CIN1 to CIN3
and cervical cancer patients.

Methylation scores (cervical cancer prediction) were calculated using the equation
presented in Figure 4A for each of the individual specimens from controls, CIN1 to CIN3
(from the McGill cohort described herein above in Example 1) and cervical cancer (refer
to GSE68339) (refer to Figure SA), (for mean values for the different groups, refer to
Figure 5B). The results illustrate increase in methylation scores in advanced premalignant
lesions as anticipated from the clinical observation of increased risk for cervical cancer
with progression of CIN stages. Methylation scores could be used for screening of

women with CIN lesions for risk of cervical cancer.

Example 5: Spearman correlation of methylation score and progression of premalignant
cervical cancer to cervical cancer.

A Spearman correlation analysis was performed between methylation scores of
cervical specimens from healthy, premalignant stages CIN1 to CIN3 and cervical cancer
(Control, n=54; CIN1, n=50; CIN2, n=40; CIN3, n=42; Cervical Cancer, n=270). The
results illustrate highly significant correlation (p< 2.2x10°'® and r=0.88) between
methylation score of bi-genic marker and progression from premalignancy to malignancy

(refer to Figure 6).
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Example 6: Validation of methylation biomarker (cg13944175) for detecting cervical
cancer.

Since data for only one CGID biomarker was available in TCGA cervical cancer
data, the present disclosure calculated the methylation score for cervical cancer using a
linear regression equation with DNA methylation data for only said CGID, cg13944175.
A Spearman correlation was calculated between stage of progression to cancer and the
methylation score (refer to statistics in Figure 7A and correlation chart in Figure 7B). In
this disclosure, CIN1 to CIN3 are from the McGill cohort as have already been described
in this application in Example 1 and the assignment of the score is based on the assigned

Scale: Control: 0, CIN1-3: 1-3, respectively, and cervical cancer: 4.

Example 7. Utility of bi-genic methylation biomarker for detecting cervical cancer in
premalignant cervical specimens.

The bi-genic methylation biomarker was used to predict which of the CIN1 to
CIN3 samples will progress to cervical cancer. Methylation scores were calculated for
each specimen based on the methylation values for the two CG sites obtained from epic
Arrays data. Using the threshold for cancer computed from comparisons of cervical
cancer and healthy cervical specimens (refer to Figure 3) a prediction was made for each
of the samples (refer to Figure 8 A). The fraction of specimens that were predicted to
become cancerous increased from a few in CIN1 specimens to 60% of the CIN3

specimens as expected (refer to Figure 8B).

Although the invention has been explained in relation to its preferred
embodiment, it is to be understood that many other possible modifications and variations

can be made without departing from the spirit and scope of the invention.

ADVANTAGES
These novel DNA methylation biomarkers could be developed as a diagnostic kit
for early and accurate diagnosis of human cervical cancer. They are direct indicators of

cellular changes during the initiation and development of cervical cancer and present a
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fundamental characteristic of cervical cancer that are almost uniformly methylated across
cervical cancer specimens, but are never methylated in normal tissue and progressively
increase in frequency from CIN1 to CIN3 premalignant stages. These biomarkers
complement pathology for accurate early detection of cervical cancer in CIN lesions as
well as serve as early detection and as a risk prediction biomarker in asymptomatic
women. These biomarkers provided a utility angle to the already existing epigenetic,
DNA methylation markers which play a major role in gene regulation, usable in form of
CGIDs as a tool of diagnosis. These biomarkers could provide a fast, cheaper, accurate,
robust and high throughput diagnostic kit for accurate, early and as yet unfeasible

diagnosis of human cervical cancer at as yet inaccessible premalignant stages.
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What is claimed is:

1.

An in-vitro method for obtaining early predictors of cervical cancer, the method
comprising the steps of: (a) measuring DNA methylation from a cervical
specimen sample, (b) performing statistical analysis on the DNA methylation
measurement obtained in step a, (c) determining DNA methylation status of a
multitude of independent genomic CG positions called CG identifiers (CGIDs) by
performing analysis of progressive DNA methylation alterations (APDMA) of
genome wide DNA methylation profiles obtained in step b, (d) classifying CGIDs
based on frequency of their DNA methylation correlating with cervical cancer
premalignant stage progression, (e) obtaining candidate CGIDs from
classification in step d to obtain early predictors of cervical cancer as DNA

methylation biomarkers.

The method according to claim 1, said measuring DNA methylation is performed
using methods comprising, Illumina 27K, 450K or 850K arrays, genome wide
bisulfite sequencing on platforms including, HiSeq, MiniSeq, MiSeq or NextSeq
sequencers, torrent sequencing, methylated DNA Immunoprecipitation (MeDIP)
sequencing, hybridization with oligonucleotide arrays, DNA pyrosequencing,

mass spectrometry based (Epityper™) or PCR based methylation assays.

The method according to claim 1, said statistical analysis on the DNA
methylation measurement includes Pearson correlation, Receiver operating

characteristics (ROC) assays, and hierarchical clustering analysis.

The method according to claim 1, said cervical cancer premalignant stage
progression comprises cervical intraepithelial neoplasia lesions at stages CIN1,

CIN2 and CIN3.

The method according to claim 1, said CGIDs based on frequency of their DNA
methylation correlating with cervical cancer premalignant stage progression are
selected from a group of CGIDs as set forth in SEQ ID NO:1 to SEQ ID NO:79

and combinations thereof.
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6.

10.

The method according to claim 1, said candidate CGIDs as the early predictors of
cervical cancer as DNA methylation biomarkers, wherein the CGIDs are selected
from a group as set forth in SEQ ID NO:3, SEQ NO:4, SEQ ID NO:7, SEQ ID
NO:17, SEQ ID NO:19, SEQ ID NO:31, SEQ ID NO: 34, SEQ ID NO:39, SEQ
ID NO:42, SEQ ID NO:43, SEQ ID NO:49, SEQ ID NO:56, SEQ ID NO:57,
SEQ ID NO:58, SEQ ID NO:65, SEQ ID NO:70 and combinations thereof.

A panel of DNA methylation biomarkers for screening and early detection of
cervical cancer, wherein the panel comprises of CGIDs derived by the APDMA
method having sequences selected from the group consisting of SEQ ID NO:1 to
SEQ ID NO:79 and combinations thereof, and optionally said panel is used in

combination with other biomarkers as early predictors of cervical cancer.

A combination of DNA methylation biomarkers for screening and early detection
of cervical cancer, said combination comprises of CGIDs derived using the
APDMA method, for detecting cervical cancer by measuring DNA methylation
levels of said CGIDs in DNA originating from cervical specimens and deriving a
“cervical cancer methylation predictor” using linear regression equations and
Receiver operating characteristics (ROC) assays, wherein the CGIDs are selected
from a group as set forth in SEQ ID NO:3, SEQ NO:4, SEQ ID NO:7, SEQ ID
NO:17, SEQ ID NO:19, SEQ ID NO:31, SEQ ID NO:34, SEQ ID NO:39, SEQ
ID NO:42, SEQ ID NO:43, SEQ ID NO:49, SEQ ID NO:56, SEQ ID NO:57,
SEQ ID NO:58, SEQ ID NO:65, SEQ ID NO:70 and combinations thereof.

The combination of DNA methylation biomarkers according to claim 9, wherein

said CGIDs are as set forth in SEQ ID NO:3, and SEQ ID NO:31.

A kit for detecting cervical cancer, comprising means and reagents for DNA
methylation measurements of CGIDs and deriving a DNA methylation predictor
of cervical cancer and an instruction manual, wherein the CGIDs are as set forth

in SEQ ID NO:1 to SEQ ID NO:79 and combinations thereof.
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11.

12.

13.

14.

15.

16.

17.

A kit comprised of a panel of CGIDs in the form of a chip for detecting cervical
cancer, wherein the panel of CGIDs are as set forth in SEQ ID NO:1 to SEQ ID

NO:79 and combinations thereof.

A kit using DNA pyrosequencing methylation method for predicting cervical
cancer by measuring DNA methylation of CGIDs, wherein the CGIDs are as set
forth in SEQ ID NO:1 to SEQ ID NO:79 and combinations thereof.

A kit using DNA pyrosequencing methylation assays for predicting cervical
cancer by measuring DNA methylation of CGIDs combinations, wherein the
forward, biotinylated primer is as set forth in SEQ ID NO:80, the reverse primer
is as set forth in SEQ ID NO:81, and the pyrosequencing primer is as set forth in
SEQ ID NO:82.

A kit using DNA pyrosequencing methylation assays for predicting cervical
cancer by measuring DNA methylation of CGIDs combinations, wherein the
forward, biotinylated primer is as set forth in SEQ ID NO:83, the reverse primer
is as set forth in SEQ ID NO:84, and the pyrosequencing primer is as set forth in
SEQ ID NO:85.

A kit using multiplexed targeted-amplification bisulfite sequencing methylation
assays on a next generation sequencer for detecting cervical cancer by measuring
the DNA methylation levels of CGIDs combinations, wherein the CGIDs are as
set forth in SEQ ID NO:1 to SEQ ID NO:79.

A kit using multiplexed targeted-amplification bisulfite sequencing methylation
assays according to claim 16, wherein the CGID as set forth in SEQ ID NO:3 has
primers as set forth in SEQ ID NO:88 for the forward primer and SEQ ID NO:89

for the reverse primer.

A kit using multiplexed targeted-amplification bisulfite sequencing methylation

assays according to claim 16, wherein the CGID as set forth in SEQ ID NO:31
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18.

19.

20.

21.

has primers as set forth in SEQ ID NO:90 for the forward primer and SEQ ID

NO:91 for the reverse primer.

A kit using mass spectrometry based (Epityper™) or PCR based methylation
assays of DNA extracted from sample for detecting cancer by measuring the DNA

methylation levels of CGIDs combinations according to claim 7.

A use of multivariable linear regression equation or neural network analysis for
calculating a methylation score predicting cervical cancer by using measurements
of DNA methylation CGIDs combinations according to any one of the claims 7 to

9.

A use of Receiver operating characteristics (ROC) assays to define a “methylation
score” threshold differentiating cervical cancer from noncancer cervical tissue by
using measurements of DNA methylation combinations according to any one of

the claims 7 to 9.

A computer-implemented method for obtaining candidate DNA methylation
biomarkers for early detection for cervical cancer diagnosis, the method
comprising: providing genome wide DNA methylation data of a multitude of
independent genomic CG positions, CGIDs of human genome; processing the
genome wide DNA methylation data by normalization and deriving normalized
DNA methylation beta values; computing Spearman correlation with the
normalized DNA methylation beta values between stages of progression of
premalignancy, and untransformed cervical cells; obtaining candidate CGIDs with
an analysis of progressive DNA methylation alterations (APDMA) to obtain
candidate DNA methylation biomarkers for early detection for cervical cancer

diagnosis.
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