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THE CHANGING
EPIGENETIC

LANDSCAPE IN

CANCER

Iterations in DNA

methylation patterns are

among the earliest and

most widespread genome

changes seen in cancer.!
Every type of cancer has its own signa-
ture pattern of methylation, known as
its methylome, which can be used to
identify the cancer type and the extent
of disease progression.”> Technological
advances in methylation sequencing
(methyl-seq) now allow researchers
to quickly investigate methylation in
regions of interest, making methylation
patterns exciting potential biomarkers
for cancer screening.

Consequences of Hypo-

and Hypermethylation

DNA methylation status can shed light
on disease pathology. For example,
broad hypomethylation of DNA asso-
ciates with transcriptional activity.
In tumors, hypomethylation destabilizes
the genome by de-repressing repetitive
sequences and increasing the likelihood
of detrimental mitotic recombination.’?
A particularly fascinating instance
of the effects of hypomethylation in
carcinogenesis is that of viral genome
reactivation. Cells repress expression
from integrated human papillomavirus
genomes via methylation, keeping
the viral genome in a latent state.
The process of demethylation that occurs
in cancer can de-repress the HPV
genome and trigger re-expression,
potentially driving cervical cancer
progression.”
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DNA hypermethylation also appears
in cancer,’® typically at CpG islands—
500-1000 base pair stretches of DNA
with a high frequency of cytosine-
guanine pairs. CpG islands occur mainly
in the first exon and promoter region of
human genes, and they tend to be unmet-
hylated and thereby transcriptionally
active in normal somatic cells.? In cancer,

(miRNAs). These 18-25 nucleotide non-
coding RNAs inhibit gene translation
by silencing or degrading messenger
RNA molecules.>6 miRNA expression is
broadly dysregulated in cancer, with an
overall downregulation observed in the
majority of tumors.” CpG hypermethyl-
ation occurs in some cases, including for
genes with key roles in tumor suppres-

“Technological advances in methylation sequencing
(methyl-seq) now allow researchers to quickly investigate
methylation in regions of interest, making methylation
patterns exciting potential biomarkers for cancer screening.”

however, hypermethylation of key pro-
moter regions promotes tumorigenesis
by silencing a variety of genes, including
those involved in tumor suppression and
DNA repair. This phenomenon was first
observed in retinoblastoma, a pediatric
cancer associated with very few genetic
mutations.* Retinoblastoma patients
showed dramatic hypermethylation in
the retinoblastoma tumor-suppressor
gene (RBI) promoter.” Hypermethylation
and repression of BRCAI, a gene import-
ant for double-strand break DNA repair,
occurs in breast and ovarian cancers.?

Focus on miRNA

A great deal of research has also focused
on the importance of cancer-associated
DNA methylation changes in microRNAs

sion. Hypermethylation of the miRNA
miR-124a in colon cancer de-represses
its target, cell division protein kinase 6
(CDK®6), an oncogene that phosphory-
lates and inactivates the tumor suppressor
Retinoblastoma (RB) protein.? Another
instance of this type of miRNA silencing
is found in bladder cancer, where the
hypermethylation of miRNA-127 drives
dysregulation of B-cell lymphoma 6
(BCL-6), an oncogenic factor.
Researchers are only now beginning
to understand the importance of dynamic
DNA methylation in cancer. Next-
generation technologies that enable
doctors and scientists to quickly and
accurately assess epigenetic modulations
in individual patients have the potential to
drive advances for earlier diagnosis, new
therapies, and personalized treatments.
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METHYLATION
SEQUENCING:

CONVERSION
AND CAPTURE

arly in cancer development,

DNA methylation changes

occur. These altered meth-

ylation patterns show up in

circulating cell-free DNA,
making them attractive potential bio-
markers for diagnosis and disease
monitoring.? Liquid biopsies allow
researchers and clinicians to analyze cells
or nucleic acids from tumors by sampling
blood or other bodily fluids. This non-
invasive approach reveals altered meth-
ylation patterns and can be repeated in
the same patient, circumventing bias
associated with a biopsy from a small
area of a heterogenous tumor.! However,
the amount of cell-free DNA in a typical
plasma sample is small, so accurate
analysis of these specimens presents
technical challenges.

“New enzymatic conversion
technologies solve many
of the technical problems
associated with traditional
bisulfite sequencing.”

METHYLATION SEQUENCING IN CANCER DETECTION

The Benefits of Enzymatic
Conversion
Researchers commonly perform DNA
methylation detection using bisulfite
sequencing. When they expose DNA to
bisulfite sodium, unmethylated cytosines
chemically convert to uracil, while meth-
ylated cytosines are protected from this
chemical modification. After conversion,
researchers amplify their samples using
PCR and sequence the amplicons with
next-generation sequencing technologies.
This method has a number of advantages,
including single base resolution and a
relatively straightforward library prepa-
ration method.? Nevertheless, bisulfite
treatment requires high temperatures
and a harsh pH that can damage DNA
by causing strand breaks and depyrim-
idination.? Unmethylated cytosines are
especially vulnerable to degradation in
this system, leading to lower coverage in
GC-rich areas. This is problematic given
that CpG island methylation is an area
of special interest for cancer researchers.?
New enzymatic conversion tech-
nologies solve many of the technical
problems associated with traditional
bisulfite sequencing. These technologies
swap out the bisulfite conversion step
for enzymes that modify unmethylated
cytosines. In one example of enzymatic
conversion, a TET enzyme first oxidizes
methylated cytosines (5-methylcytosine
and 5-hydroxymethylcytosine) to protect
them from deamination, which occurs
in the following step when an APOBEC
enzyme converts unmethylated, unpro-
tected cytosines to uracils.* This two-step
process yields a better quality, more

accurate readout.’ Enzymatic conversion
causes less DNA damage than bisulfite
sequencing because the reactions do
not require a harsh temperature or pH,
an advantage that is reflected in greater
library yields after a lower number of
cycles at the amplification step. Running
fewer PCR cycles during amplification
generates higher library complexity and
fewer duplicates during sequencing.®
Another important benefit of switching
to enzymatic conversion is the evenness
of genome coverage; the degradation of
GC-rich areas observed with bisulfite
conversion is eliminated, resulting in
uniform coverage across all DNA regions,
as well as detection of up to 15% more
methylated cytosines.®

Getting Specific with

Target Capture

Although scientists sometimes assess
methylation patterns across the entire
genome using whole-genome methyl-seq,
it saves time and money to perform
target enrichment. This strategy allows
greater depth of sequencing for areas of
interest by utilizing probes that hybrid-
ize with and isolate target sequences,
removing unwanted sequences in the
process.” With probe panels, researchers
can enrich their samples for related sets
of sequences such as oncogenes. In the
methyl-seq workflow, target enrichment
can be performed before conversion
when sample DNA is plentiful. Alterna-
tively, target enrichment after conversion
is preferred for low-input, sensitive assays
because the PCR step after conversion
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“Kits with custom target
capture libraries are built
using the latest oligo
synthesis technologies,
which produce highly
uniform panels that evenly
capture sequences. These
improvements lead to
fewer wasted reads and
improved read depth for
rare variants.”

METHYLATION SEQUENCING IN CANCER DETECTION

increases the yield of desired sequences.
However, carrying out target enrichment
after conversion presents additional
challenges for panel design because the
unique DNA sequences generated during
conversion must be considered. Because
unmethylated cytosines are sequenced as
thymines after conversion and PCR
amplification, some converted DNA
sequences become less complex and
therefore more difficult to capture, driving
high off-target rates. Fortunately, new
commercially available custom methyl-
ation panels have increased sensitivity
due to an innovative design that enables
them to capture all four potential types of
DNA at a target site following conversion:
methylated, unmethylated, sense, and

antisense. Finally, researchers can use
highly optimized, commercially available
methyl-seq workflows to cut down on
off-target capture and save time in the lab.
The custom target capture panels within
these wokflows are built using the latest
oligo synthesis technologies, which pro-
duce highly uniform panels that evenly
capture sequences. These improvements
lead to fewer wasted reads and improved
read depth for rare variants.

Taken together, these new technol-
ogies make it possible for scientists to
quickly and accurately assess the unique
methylomes of even trace amounts of
cell-free DNA across multiple patient
samples, representing a step forward for
cancer researchers.
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Methyl-seq for Cancer Detection

Aberrant DNA methylation occurs very
early during cancer progression; thus,
methylated sequences are promising
diagnostic biomarkers for early cancer
screening.

Tumor cells release DNA fragments into
the blood stream. Scientists collect
liquid biopsies from patients and analyze
the circulating tumor DNA (ctDNA)

for unusual methylation patterns via
methyl-seq experiments.

Scientists can use methyl-seq of ctDNA
for cancer screening, to understand the
prognosis of those with cancer, and to
find methylation signatures common

in various types of cancer to provide a
better treatment plan.

Bisulfite versus enzymatic

conversion

e Both convert unmethylated cytosines
to uracil.

e Bisulfite treatment degrades DNA,
especially unmethylated cytosines,
decreasing the sequencing sensitivity
in low-concentration samples.

e Enzymatic conversion does not
damage DNA and detects more CpG
sequences than bisulfite.

reference sequences
and identify methylation

e Researchers perform target capture
before or after conversion to enrich
for sequences of interest.

e Custom probe panels capture
methylated, unmethylated, sense,
and antisense strands.

e Specialized blocking reagents enhance
detection of methylated DNA and
reduce off-target capture events.




ovel techniques for detect-

ing and diagnosing cancer

are urgently needed in the

clinic. Conventional meth-

ods for cancer diagnosis,
many of which rely on biopsies or imaging,
are prone to sampling bias, have limited
resolution, or may expose patients to
ionizing radiation, which can enrich
the population of cancer stem cells.™?
Moreover, prompt detection is essential
for patients; starting therapy at an early
stage prior to metastasis increases the
chance of survival and likelihood of
successful treatment.?

Distinct cancer types have their own
reproducible methylation signatures.
These epigenetic modifications correlate
with tumor stage and type in many cases,
making them ideal biomarkers for early
detection and diagnosis, non-invasive
screening, and disease monitoring.? For
example, hypermethylation of several
known cancer-related genes can reliably,
sensitively, and specifically differen-
tiate cancerous from benign tissue in
prostate cancer.*

The Role of Methyl-Seq

While microarray and PCR-based methods
of methylation biomarker identification
have utility in the clinic, methylation
sequencing (methyl-seq) provides greater
coverage of the methylome, allowing
researchers to better appreciate global
methylation pattern changes in cancer
and discover new biomarkers.’ Performing
methyl-seq on liquid biopsies of biofluid

METHYLATION SEQUENCING IN CANCER DETECTION

TAKING METHYL-SEQ
TO THE CLINIC

samples containing circulating tumor
DNA (ctDNA), the DNA fragments
released from broken-down tumor cells,
provides a non-invasive option to detect
methylation patterns in the clinic.

Methyl-seq can be particularly useful
in pediatric cancers, which often have a
low rate of genetic mutations, but show
profound alterations in DNA methyla-
tion.”® In arecent publication, researchers
reported that by analyzing epigenetic
changes in ctDNA in the cerebrospinal
fluid, they detected medulloblastoma
onset and identified the cancer subtype.
They suggested that this technique could
be used to monitor treatment response
and disease recurrence.’

Precision Medicine Potential

Beyond early detection, epigenetic testing
holds great promise for precision medicine.
Cancer is heterogeneous, even at the level
of an individual tumor, which can dif-
fer both spatially and over time. Unfor-
tunately, most standard cancer care,
including surgery, chemotherapy and
radiation, does not account for this
heterogeneity. Screening patient-specific
methylomes is a key part of understand-
ing and categorizing cancer subtypes and
has already proved helpful for predicting
apatient’s response to treatment.? Breast
cancer patients with BRCAI mutations
are more sensitive to platinum-based
chemotherapy, while those with GSTPI1
methylation likely respond well to doxo-
rubicin treatment.”'® In glioblastoma,
patients with OS-methylguanine-DNA

methyltransferase (MGMT) promoter
hypermethylation have better responses
to alkylating neoplastic agents."

The Future of Cancer Therapy
In addition to yielding powerful informa-
tion about cancer onset, progression, and
treatment susceptibility, research into
epigentic markers harbored by distinct
cancers may allow researchers to develop
medicines targeting the cancer methy-
lome. Several of these therapies, known
as epidrugs, are already in use; multiple
DNA methylation inhibitors that trigger
re-activation of tumor suppressor genes
by reversing their hypermethylation have
been approved by the FDA.? These drugs
may prove doubly effective in combina-
tion with new immunotherapies. Cancer
cells evade the immune system by
epigenetically silencing the expression of
cell surface molecules that render them
vulnerable to immune targeting. De-
repression of tumor-associated antigens
with epidrugs may render cancer cells
and tumors susceptible to elimination
by the immune system. Indeed, combi-
nations of epidrugs and immunotherapies
for a variety of cancer types are currently
in clinical trials.?

As new methylation analysis tech-
nologies such as enzymatic methyl-seq
empower scientists to more deeply
understand epigenetic modifications
across cancer subtypes and stages,
patients will reap the benefits of early
diagnosis, individually tailored therapeu-
tics and cutting-edge epitherapies.
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