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Abstract: There are two accurate formulas corresponding to absolute and relative methods that
were widely used for quantitative DNA methylation level. In the absolute method, DNA
methylation is examined by two sets of MSP primers, one is specific for the methylated state and
the other for the unmethylated state of the target. In the relative method, DNA methylation is
examined by two sets of primers, one is MSP, specific for the methylated state, and the other is
MIP, for the measurement of input DNA levels to normalize the signal for each methylation
reaction. Both these methods, subjected to quantitative measurement of the LINE-1 methylation
level in breast cancer samples, indicating LINE-1 hypermethylation in tumour tissue samples as
compared with adjacent tissue samples. The methylated LINE-1 amount is enormous but the
unmethylated one is scant, consequently leading to greater measurement variance compared with
the comparative quantification.Thus, the relative quantification, may be a more convenient method

for quantitatively measuring the LINE-1 methylation level.
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1. Introduction

Real-time quantitative PCR (qPCR) is a
powerful tool to quantify gene expression
including absolute and relative expression
levels [1]. The absolute quantification requires
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standard curves to determine the input copy
number of the transcript of the target while the
relative quantification requires a calibrator to
determine the fold change in target expression
relative to that in the calibrator.

The DNA methylation at deoxycytidine
nucleotides distributed in CpG is well known as
an epigenetic regulation mechanism for
genomic function. Aberrant DNA methylation,
contributing to cancer development, have
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focused extensively on the identification of
DNA methylation biomarkers for diagnosing
cancer [2]. Actually, DNA methylation at target
sequences was routinely analyzed by methods
based on the PCR approach [3]. The majority of
the PCR-based methods use DNA templates
that have been treated with sodium bisulfite.
This chemical converts unmethylated cytosine,
but not methylated cytosine, to uracil residues
that are subsequently converted to thymines
after the first round of PCR [4]. Specific
primers were designed on the basis of
sequences after bisulfite conversion, thus
distinguishing the methylated from
unmethylated templates [5].

There are two accurate formulas
corresponding to absolute and relative methods
were widely used for quantitative DNA
methylation  level. The first formula
corresponding to absolute method, is defined as
the ratio between methylated molecules (M)
and the sum of methylated and unmethylated
molecules (M+Un) [5]. The methylated and
unmethylated molecules were calculated based
on the standard curves performed on serial
dilutions with known copy number of the
linearised recombinant plasmids containing
methylated and unmethylated sequences,
respectively [5]. It is worth noting that the
unmethylated target is low GC content due to
conversion of unmethylated C into T and that
poor binding of SYBR to low GC content
sequences can result in an undetectable
fluorescence signal regardless of the presence
of excessive amplicons [6, 7]. The second
formula is the classical AACT approach, the
comparative CT method using a calibrator
reference [8]. The AACT method, commonly
used for gene expression analysis, shows the
relative difference of DNA methylation level
between the target sequences and a reference
sequence in the sample compared with a
calibrator sample [3]. It was first adapted to
guantitative methylation-specific PCR (gMSP)
using two primer sets: i) The methylation-
independent-specific PCR (MIP) primer set,
represented as the reference, amplifies the total
bisulfite- converted product; and ii) The

methylation-dependent specific PCR (MSP)
primer set amplifies the methylated target [8].
The AACT method has been now widely used
for evaluating the efficiency of bisulfite
conversion of commercial bisulfite conversion
kits and validating methylation-based markers
used for clinical diagnosis of cancer.

The AACT method requires a calibrator
sample with a known number of the methylated
target specifically recognised by the MSP
primer set, and a reference sequence
specifically recognised by the MIP primer set.
The reference that designed from the same or
unrelated targets [9]. The calibrator could be
achieved by using serial dilutions with known
concentrations of a recombinant plasmid
containing the methylated and reference
sequences [9].

The Long Interspersed Element-1 (LINE-1),
the only autonomous and active retrotransposon
element occupies 17% of the human genome
and its altered methylation level is considered a
hallmark of cancer [2, 10]. In this study, we
quantitatively measured DNA methylation level
of the LINE-1 in breast cancer, using both the
absolute and comparative quantification. We
found that LINE-1 methylation level calculated
with the absolute methods showed greater
measurement variance compared with the
comparative quantification. Given its feasibility
and popularity, the AACT method was easily
performed to quantification of DNA methylation
of repetitive sequences in human genome.

2. Experimental

2.1. Sample Collection

Tumour  tissue samples and their
corresponding pair-matched adjacent normal
tissue samples from 35 primary breast cancer
patients were collected at the 175 Hospital
(Ho Chi Minh City) during 2023 year. Informed
consent was obtained from healthy participants
and patients in written form, and all collection
methods were performed in accordance with the
relevant guidelines and regulations by the Ethics
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Committee of the Vietnam Academy of Science
and Technology (01-2023/NCHG-HDDD).

2.2. DNA Isolation and Bisulfite Conversion

DNAs were extracted from tissues using the
DNeasy Blood & Tissue Kit (Qiagen). After
DNA quantification using the Qubit4
Fluorometer (Thermo Fisher Scientific), a
concentration of 0.5 ng of genomic DNA was
subjected to bisulfite conversion using EZ DNA
Methylation-Gold TM kit (Zymo Research).
The bisulfite converts unmethylated
cytosine, but not methylated cytosine, to uracil
residues [4].

2.3. Construction of a Calibrator

A calibrator sample with the LINE-1
methylation level is defined by using serial
dilutions concentrations of a recombinant
plasmid containing the methylated LINE-1
sequences specifically recognised by the MSP
primer set and the bisulfite-converted LINE-1
reference specifically recognised by the MIP
primer set [11, 12]. A serial dilution of the
linearized recombinant plasmids pLINE-Ref
and pLINE-Me respectively containing the
bisulfite-converted LINE-1 and the methylated
LINE-1 sequences were mixed with used as a
calibrator for measurement of the LINE-1
methylation level [11, 12].

2.4, Quantitative Real-Time
Specific PCR Reaction (QMSP)

gMSP is carried out in 20 pl per reaction
using one pl of bisulfite converted DNA as
template and SsoAdvanced Universal SYBR
Green Supermix (Biorad). Real-time PCR
assays were duplexed for each of the 3
reactions: (1) and (2) using the MSP primers to
guantify methylated LINE-1 (LINE-Me) and
unmethylated LINE-1 (LINE-Un), and (3) using
the MIP primers to quantify bisulfite converted
LINE-1 (LINE-Ref), respectively. Water with
no DNA template was included in each PCR
reaction as a control for contamination. The
primer sequences have been described
previously [11, 12]. All gPCR reactions were

Methylation

performed using the 7500 Real-time PCR
instrument (Applied Biosystems, CA).

2.5. Methylation Level Calculation

The alsolute quantification using gPCR
with the primers specific to methylated-CpG
and unmethylated-CpG in the LINE-1
sequences. The LINE-1 methylation level was
defined as the ratio between the methylated
LINE-1 molecules and the sum of the
methylated LINE-1 and unmethylated LINE-1
molecules [3]. These molecules were calculated
based on standard curve performed on serial
dilutions from 10° to 10 copies of the linearized
recombinant plasmid pLINE-Me and pLINE-
Un. To calculate the LINE-1 methylation level
with the AACT approach as relative
quantification, a calibrator sample with a
defined methylation level of 10% was obtained
by mixing linearized plasmids pLINE-Me and
pLINE-Ref with 10 ng of genomic DNA
extracted from lymphocytes of healthy donors.
The relative amount of the methylated LINE-1
level was calculated for each sample as
following [8]:

AACTSample =
ACTSample—ACTCalibrator, ACTSample
CTSample (Methylated LINE-1
CTSample/Ref-LINE-1;

ACTCalibrator =
CTCalibrator/MethylatedLINE-1-
CTCalibrator/Ref- LINE-1.

AACTs were measured in duplicate.
Methylation Sample = Methylation Calibrator
(10%) x 2AACTS*™  Samples were excluded
from the study when two replicates of the
guantification methylation assay showed CT
value > 34.

2.6. Statistical Analysis

In all box plots, methylated and
unmethylated LINE-1 were expressed as
medians with interquartile values. Comparisons
between 2 groups on a quantitative value were
assessed using the student t-test when normality
was met, otherwise by the
Wilcoxon test. For all statistical analyses, a
p-value < 0.05 was considered as significant.
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All analyses were performed with the STATA
program version 12 (https://www.stata.com/)
and GraphpadPrism program version 9
(https://www.graphpad.com/ scientific-
software/prism/).

3. Results and Discussion

3.1. Standard Curves used for the Absolute and
Relative Quantifications

A serial dilution of the linearized
recombinant plasmids pLINE-Me, pLINE-Un
and pLINE-Ref, respectively containing the
methylated LINE-1 sequence, the unmethylated
LINE-1 sequence, and the reference LINE-1
sequence, from 10° to 10 copies, were used as
as templates in gPCR with the MIP and MSP
primer sets (Figure 1). The CT values have a
strong linear relationship with the DNA input
for both primer sets (R*>>0.99). There was a
statistically  insignificant  difference  in
amplification efficiency (E value) with 96.07%
for the LINE-1 reference amplicons and 101.3%
for the methylated LINE-1 amplicons
(Figure 1A, B). The difference in CT values of
both the LINE-1 reference and the methylated
LINE-1 sequences was then plotted against the
logarithm of the template input amount, with
the slope of the fitted line to be -0.1113, thus
demonstrating the Livak formula suitable for
the relative quantification of the methylated
LINE-1 (Figure 1C). samples were identical to
the input Taken together, these results indicate
the designed MIP and MSP primer sets ensure
accurate  measurement of the LINE-1
methylation levels using the Livak formula.

Standard curves with the CT values plotted
against the known concentrations  of
recombinant plasmids containing the
methylated LINE-1 (LINE-Me) (A), the
unmethylated LINE-1 sequences (LINE-Un)
(B), and the reference Ref (LINE-Ref) (C). The
amplification efficiency (E value) and the
coefficient of correlation (R? value) were shown
in each standard curve. The data were fitted
using least-squares linear regression analysis
(N = 6-16). Validation of the relative method

for the quantification of LINE-1 methylation.
The AACT method can be used for the MIP
primers since the amplification efficiencies of
both the methylated LINE-1 (101.307 %) and
Reference (96.607%) amplicons are similar
with the slope of the fitted line to be -0.1113
(D). The data were fitted using least-squares
linear regression analysis (N = 3-16).

Standard curve of LINE - Me sequence Standard curve of LINE - Un sequence

R'=0.0077
(%) =88.115%

R =0.9932
E(%) = 101.307%

&

2 8 8 8

40-
30-
20-

0-

1 T T T 1 T T T T .
o 2 4 L] 8 o 2 4 L] 8
Copy number of PLINE - Me {Log10) Copy number of pLINE - Un (Log10)

C D

Standard curve of LINE - Ref sequence

R? = 0,9860
E(%) = 96.807%

5 » ™~ ) g bt

o z 4 H 3
Copy number of targets (Log10}
Equation ¥ =0.1113'X - 1.602
R? 02542

T T T T 1
0 H 4 ] 8
Copy number pLINE - Ref (Log10)

Figure 1. Generating a standard curve
to assess absolute and relative quantification
of the LINE-1 methylation.

3.2. Absolute and Relative Quantifications of
the LINE-1 Methylation Level

Based on the standard curves (Figure 1A, B),
the methylated and unmethylated LINE-1
molecules in breast tumour and adjacent tissue
samples were absolutely guantified as the ratio
between the methylated LINE-1 molecules and
the sum of the methylated LINE-1 and
unmethylated LINE-1 molecules. Results
showed that LINE-1 is hypermethylated in
tumour tissue samples when compared with
adjacent tissue samples (Figure 2A). On the
other hand, based on the relative Livak formula,
the relatively calculated LINE-1 methylation
level in tumour and adjacent tissue samples was
presented in Figure 2B.

Based on the standard curves (Figure 1A, B),
the methylated and unmethylated LINE-1
molecules in breast tumour (BC) and adjacent
tissue (AD) samples were quantified using the
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absolute formula. Results showed that LINE-1
is hypermethylated in breast tumour tissue
samples when compared with adjacent tissue
samples (A). Based on the validation of
amplification efficiency (Figure 1D), the LINE-1
methylation level in breast tumour (BC) and
adjacent tissue (AD) samples was calculated
based on the Livak formula (B). The result
showed that LINE-1 is hypermethylated in
breast tumour tissue samples when compared
with adjacent tissue samples. The Wilcoxon
matched-pairs signed rank test was used in
statistical analysis.
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Figure 2. Absolute (A) and relative (B)
quantifications of the LINE-1 methylation.

Both absolute and relative methods can be
used to quantify DNA methylation level. In the
absolute method, DNA methylation is
examined by two sets of MSP primers, one is
specific for the methylated state and the other
for the unmethylated state of the target. The
LINE-1 sequences were heavily methylated but
scantily unmethylated, consequently leading to
greater measurement variance of the low GC
content due to conversion of unmethylated C
into T (Figure 2A). In the relative method,
DNA methylation is examined by two sets of
primers, one is MSP, specific for the
methylated state, and the other is MIP, for the
measurement of input DNA levels to normalize
the signal for each methylation reaction. The
MIP primers can be used not only for a specific
target but also for different targets. For
example, the MIP primers derived from either

the single copy gene ACTB or the repetitive Alu
have been used for the analysis of the
methylation status of different specific genes as
well as the repetitive Alu, LINE-1 and Sat2
elements [13-15]. A further advantage is that
the MIP primers could be derived from the
same or unrelated locus with the MSP primers
while both the methylated and unmethylated
MSP primer sets should be designed from the
same region [5]. Moreover, it is worth noting
that the low GC content of the unmethylated
target, due to conversion of unmethylated C
into T, and that poor binding of SYBR to low
GC content sequences can result in an
undetectable fluorescence signal regardless of
the presence of excessive amplicons [6, 7]. In
addition, the inefficient amplification of the
unmethylated sequences has been reported by
Wojdacz et al.,, [16], Ji et al., [17], and
Sestakova et al., [18]. In our study, the LINE-1
methylation level calculated with the absolute
method showed greater measurement variance
compared with the comparative quantification.
Our result revealed that LINE-1 was
hypermethylated in breast cancer; consistent
with previous reports on an increase in LINE-1
methylation level in patients with age-related
macular  degeneration (AMD), multiple
sclerosis (MS), and high-grade cervical
intraepithelial  neoplasia  (CIN2+)  when
compared with healthy controls [19, 20]; thus,
supporting to its  repressor role in
carcinogenesis [21].

4. Conclusion

Regarding all the reasonable evidence
presented above, the relative quantification,
using the MIP and the MSP primers, may be a
more convenient method for quantitatively
measuring the LINE-1 methylation level.
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