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DNA Methylation Analysis of Human Tissue-Specific
Connexin Genes

Xiaoming Liu and Canxia Xu

Abstract

Connexins are the structural proteins of gap junctions and their functioning as tumor suppressors is well
known. Epigenetic modifications, such as methylation of connexin genes, play important roles in regulat-
ing gene expression. Over the past decade, several methods have been applied to characterize DNA
methylation-specific loci of connexin genes. This chapter describes analysis of selective connexin32 and
connexin43 gene DNA methylation in human gastric tissues using methylation-specific PCR, bisulfite-
specific PCR sequencing as well as MassArray techniques.
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1 Introduction

Gap junctions are cellular channels necessary to coordinate cell
function by allowing adjacent cells to directly share ions and mol-
ecules less than 1 kDa [1]. The connexin (Cx) family is a multigene
group of gap junction proteins. Gap junctional intercellular com-
munication (GJIC) directly potentiates cells to cooperate electri-
cally or metabolically. In both physiological and pathological
conditions, connexin functions are not always linked to their roles
in GJIC. For instance, the cytoplasmic carboxy tails of Cx32, also
known as gap junction protein f1 or GJB1, and Cx43, also called
gap junction protein al or GJAl, interact with the PDZ domain of
zona occludens protein 1, linking them to the cytoskeleton [2, 3].
Interaction of the Cx43 cytoplasmic carboxy tail with p-catenin
may influence Wnt signaling and can reside in the nucleus, result-
ing in inhibition of cell growth via interfering with key steps of cell
cycle regulation [4-6]. Reduced connexin expression and loss of
GJIC release initiated cells from growth control exerted by sur-
rounding normal cells and thus allow their clonal expansion,
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which can be considered as early events in cancer development.
Moreover, Cx26, Cx32, and Cx43 have been reported to act as
tumor suppressors in human renal cell carcinoma (RCC) and breast
cancer. Downregulation of connexin expression in precancerous
lesions or cancer tissues may occur at the transcriptional level, of
which a prominent mechanism is cancer-specific hypermethylation
of their gene promoters [7].

Connexins display high turnover rates with half-lives of 1.5-5 h
[8]. In the last few years, it has become clear that epigenetic pro-
cesses are essentially involved in connexin gene transcription. The
most extensively studied epigenetic mechanism is DNA methyla-
tion, which occurs almost exclusively at cytosine residues in CpG
dinucleotides [9]. Higher frequencies of CpG dinucleotides are
found in so-called CpG islands that comprise 1-2 % of the genome
[10]. CpG islands are typically present in gene promoter regions
and are generally unmethylated. It has been well documented that
methylation of CpG islands in connexin gene promoter regions is
associated with the transcriptional silencing [11, 12]. DNA hyper-
methylation contributes to oncogenesis by point mutation and
inactivation of tumor suppressor genes. Methylated connexin
genes are known to underlie various diseases and accumulation of
methylated CpG dinucleotides in connexin gene promoters is fre-
quently observed in neoplastic cells [3, 13, 14]. Not surprisingly,
the DNA demethylating agent 5-aza-2’-deoxycytidine suppresses
growth of RCC tumors in a xenograft model and breast cancer cell
lines by restoring Cx32 and Cx26 expression [5] as well as GJIC
[15], indicating the reversed tumorigenicity by re-introduction of
functional copies into cells lines using demethylation therapy.
Based on the predictable and therapeutic role of DNA methylation
in human disease, attention has been paid to this epigenetic modi-
fication in gene promoter regions as a gatekeeper of connexin
expression [16]. In the present chapter, three methods are
described for analyzing the methylation status of connexin CpG
islands in normal gastric mucosa as well as tissues in pathological
conditions, including non-atrophic gastritis, chronic atrophic gas-
tritis, intestinal metaplasia, dysplasia, and gastric carcinoma.

2 Materials

2.1 Genomic DNA
Extraction
from Tissues

1. Wizard® Genomic DNA purification kit (Promega, USA).
2. 15 mL centrifuge tubes.
3. Small homogenizer.

4. Liquid nitrogen for animal tissue grinding (eventually replacing
the small homogenizer).
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. Mortar and pestle for animal tissue grinding (eventually replacing

the small homogenizer).

. Isopropanol at room temperature.
. 70% ethanol at room temperature.
. Water bath at 65 °C.
. Water bath at 37 °C.

EpiTect Bisulfite kit (Qiagen, USA).
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. 10x PCR butffer (Qiagen, USA).
. 10 mM dNTPs (Amersham Pharmacia Biotech Products Inc.,

USA).

. 10 mM forward primer.

10 mM reverse primer.

. HotStarTaq DNA polymerase (Qiagen, USA).
. Bisulfite-treated genomic DNA.
. DNAse-free and RNAse-free water.

GelDoc XR system (Bio-Rad, USA).

. BigDye® XTerminator™ purification kit (Applied Biosystems,

USA): XTerminator solution and SAM™ solution.

. BigDye® Terminator v1.1 cycle sequencing kit (Applied

Biosystems, USA): M-13 tailed sequencing primers.

. QIAprep® Miniprep kits (Qiagen, USA).

4. QIAquick gel extraction kit (Qiagen, USA).

. MassARRAY® system (Sequenom Inc., USA).
. MassCLEAVE kit (Sequenom Inc., USA).

3 Methods

As such, three methods, namely methylation-specific PCR (MSP),

bisulfite-specific PCR (BSP) sequencing, and MassArray analysis,

were selected to detect Cx32 and Cx43 gene promoter methyla-

tion (Table 1). These three approaches are based on the same prin-
ciple of genomic DNA extraction and bisulfite-modified conversion
according to the steps as described below (Fig. 1).
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Table 1
Most common approaches for analyzing DNA methylation of selected gene sequences

Method Annotation

MSP Methylation-specific polymerase chain reaction

BSP Bisulfite sequencing polymerase chain reaction of clones
qPCR Subsequently after restriction

Bisulfite pyrosequencing

COBRA Combined bisulfite restriction analysis
Ms-SNuPE Methylation-sensitive single nucleotide primer extension
MethyLight Fluorescent-based real-time polymerase chain reaction

(TagMan®) in combination with bisulfite treatment

MassArray
Compare-MS Compare-methylation sequencing
AP-PCR Arbitrarily primed polymerase chain reaction
MSRE-PCR Methylation-sensitivity restriction enzymes combined
with polymerase chain reaction
PCR
T T T
Methyl/Unmethyl I"|'|C [L|l| “|’ﬁ
specific primer
e G G G
t e
1‘ Bisulfite
e e MG
S
/ ¢ ™S Microarray analysis
G m ' C 000000
00000
MALDI-TOF MS Electrochemical
detection

Fig. 1 Overview of DNA methylation detection techniques. (MALDI-TOF MS, matrix-assisted laser desorption/
ionization time-of-flight mass)



3.1 Genomic DNA
Extraction

from Human Gastric
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Conversion
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Conversion
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. Grind tissue in liquid nitrogen using a pre-chilled mortar and

pestle.

. Allow the liquid nitrogen to evaporate, add 10-20 mg fresh

tissue to 600 pL of chilled nuclei lysis solution in a 1.5 mL
microcentrifuge tube, and homogenize for 10 s (se¢ Note 1).

. Add 3 pL of RNase solution to the cell or animal tissue nuclei

lysate and mix. Incubate for 15-30 min at 37 °C and cool to
room temperature.

. Add 200 pL of protein precipitation solution, mix vigorously

at high speed for 20 s, and chill the sample on ice for 5 min.

. Centrifuge at 13,000-16,000 x4 for 4 min. The precipitated

protein will form a tight white pellet.

. Carefully transfer the supernatant containing DNA, leaving

the protein pellet behind, to a new tube and add 600 pL iso-
propanol (se¢ Note 2).

. Mix gently by inversion until the white thread-like strands of

DNA form a visible mass and centrifuge at 13,000-16,000 x g4

for 1 min.

. Carefully decant supernatant and add 600 pL 70% ethanol.

Gently invert the tube several times to wash the DNA and cen-
trifuge at 13,000-16,000 x g for 1 min.

. Carefully vacuum-aspirate the ethanol and air-dry the pellet for

15 min (see Note 3).

Redissolve the DNA in 100 pL. of DNA rehydration solution
overnight at 4 °C or for 1 h at 65 °C. Mix the solution periodi-
cally by gently tapping the tube.

Store the DNA at 2-8 °C.

Bisulfite reaction-based assays rely on the chemical conversion of
cytosine to uracil. Sodium bisulfite rapidly deaminates position 5
methylated cytosine (5mC) residues to uracil compared to the
slower deamination of 5mC to thymine [15, 16]. Bisulfite-based
techniques allow for the analysis of this non-CpG methylation,
while other techniques cannot, making this one of the major
advantages of using bisulfite reaction-based methods.

1.

Thaw DNA and dissolve the required number of aliquots of
bisulfite mix by adding 800 pLL RNase-free water to each aliquot.
Mix until completely dissolved, which may take up to 5 min.

. Prepare the bisulfite reactions in 200 pL PCR tubes up to a

total volume of 140 pL:

(a) 1 ngto2 pg DNA solution.

(b) RNase-free water to 20 pL total.
(c) 85 pL bisulfite mix.

(d) 35 pL DNA protect buffer.
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3.

4.

3.2.2 Clean-Up 1.

of Bisulfite-Converted DNA

10.

11.

3.3 Primer Design 1.

and Methylation
Positive Control
Preparation

Close the PCR tubes and mix the bisulfite reactions thor-
oughly. Store the tubes at room temperature (see Note 4).

Set a thermal cycler with the following bisulfite conversion
conditions: denaturation 5 min at 99 °C, incubation 25 min
at 60 °C, denaturation 5 min at 99 °C, incubation 85 min at
60 °C, denaturation 5 min at 99 °C, incubation 175 min at 60 °C
and hold up to overnight at 20 °C.

. Split each tube into three different tubes and start the PCR

program.

Briefly centrifuge the PCR tubes containing bisulfite reactions
and transfer the complete bisulfite reactions to new 1.5 mL
microcentrifuge tubes.

. Add 560 pL freshly prepared buffer BL containing 10 pg/mL

carrier RNA. Mix solution using a vortex and centrifuge briefly
(see Note 5).

. Place an EpiTect spin column and collection tube in a suitable

rack. Transfer the mixture into EpiTect spin columns.

. Centrifuge columns at 16,000 x g speed for 1 min. Discard the

flow-through and place the spin columns back in the collection
tubes.

. Add 500 pL buffer BW to the spin column and centrifuge at

16,000 x g for 1 min. Discard the flow-through and place spin
columns back into the collection tubes.

. Add 500 pL buffer BD (i.e., desulfonation buffer) to the

spin columns and incubate for 15 min at room temperature
(see Note 6).

. Centrifuge the columns at 16,000x 4 for 1 min. Discard the

flow-through and place the columns back into the collection
tubes.

. Add 500 pL buffer BW and centrifuge at 16,000 x g for 1 min.

Discard and replace the spin columns. Repeat this step.

. Place the spin columns into new 2 mL collection tubes and

centrifuge at 16,000 x g for 1 min to remove residual liquid.

Place the spin columns into clean 1.5 mL microcentrifuge
tubes. Add 20 pL buffer EB to the center of the membrane.
Elute purified DNA by centrifugation for 1 min at approxi-
mately 15,000 x 4.

Store the DNA at -20 °C (see Note 7).

The primers for detection of Cx32 and Cx43 gene promoter
methylation are designed with MethPrimer for MSP (see
Note 8) and BSP (see Note 9), and EpiDesigner for MassArray
analysis (Fig. 2) (Table 2).
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Fig. 2 Locations of primers for polymerase chain reaction for DNA methylation detection with amplicon of Cx32
and Cx43. Reprinted with permission from ref. 19

3.4 Gonnexin DNA
Methylation Analysis

3.4.1 Methylation-
Specific PCR

2.

Given that the connexin expression is negatively associated
with the gene methylation status, the primers for detection of
Cx32 and Cx43 expression designed with Primer5 are required
as a control for RT-PCR analysis, including the internal refer-
ence P-actin.

MSP is used to evaluate and quantify the connexin gene methyla-
tion status based on bisulfite reactivity. MSP uses two distinct
methylation-specific primer sets for the sequence of interest. An
unmethylated primer will only amplify sodium bisulfite-converted
unmethylated DNA, whereas a methylated primer is specific for
sodium bisulfite-treated methylated DNA [16].

1.

Following bisulfite modification of tissue DNA, unmethylated
and methylated reactions of MSP are carried out in a total vol-
ume of 25 pL containing 12.5 pL 2x EpiTect master mix, 2 pL
200 pM dNTPD, 0.5 pL 0.4 pM of forward or reverse primer,
and 10 pL. RNase-free water.

. Place the PCR tubes in the thermal cycler and start the cycling

program using the following conditions: 1 cycle at 95 °C for
10 min, 38 cycles at 94 °C for 15 s, annealing temperature for
30s,72 °C for 30 s, and 1 cycle at 72 °C for 10 min.

. Treat DNA of normal human peripheral blood lymphocytes

with SssI methyltransferase and subject to bisulfite modifica-
tion. This serves as the GC-sites methylation positive control
(see Note 10). Water can be used as a negative PCR control.
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Table 2

Cx32 and Cx43 primer sequences, amplified fragment size, and annealing temperature. Reprinted
with permission from ref. 19

Amplified Annealing
fragment temperature

Method Gene Primer sequence (5'-3’) size (bp) (°C)
Real-time  Cx32 F: ATGAACTGGACAGGTTTGTAC 302 56
RT-PCR R: ATGTGTTGCTGGTGCAGCCA
Cx43 F: TGCAGCAGTCTGCCTTTCGTTG 219 56
R: CCATCAGTTTGGGCAACCTTG
B-actin F: TGGACTTCGCAGCACAGCAGATGG 289 56
R: ATCTCCTTCTGCATCCTGTCG
MSP Cx32 (M) F: GGGGCGGGTGCGGCGAT 245 64
R: CTCCGCGCCTACGTCCC
Cx32 (U) F: GGGGTGGGTGTGGTGAT 245 64
R: CTCCACACCTACATCCCAA
Cx43 (M) F: AAATTGTAATATTTGGGTTTCAGCGC 156 58
R: AATAACGCCATCTCTACTCACCG
Cx43 (U) F:TTTTAAAATTGTAATATTTGGGTTTCAGTGT 161 56
R: AATAACACCATCTCTACTCACCACA
BSP Cx32 F: GGTTATTTTTTTGGTGGGGTTATG 313 58
R: ACCCAAACAAATCCCCTATAATCTC
Cx43 F: TGTTTTTTAAAATTGTAATATTTGGGTTTA 377 56
R: AAAAACAAACTCATCTAACCTTCCTATTC
MassArray Cx32 F: CAGTTTCAGCAGTTTTTGGGTTTTTTGG 484 60
R: TAACTCCCTATCCCCTAACTCCTTA
Cx43 E: ATGTTTTTGCAGGTTGGATCAGGAAAT 447 60

R: ACCAACAAATAAAAACAAAATTATTCC

3.4.2 Bisulfite-Specific
PCR Sequencing

4. Create an unmethylated DNA positive control by using the
methyltransferase inhibitor 5-aza-2-deoxycytidine (se¢ Note 11).
Water can be used as a negative PCR control.

5. Detect the PCR products by gel electrophoresis using 2 % aga-
rose gel (Fig. 3).

6. Calculate the methylation level according to the formula [M/
(M+U)x100%] using the gray values of methylation (M) and
unmethylation (U) bands.

BSP amplifies targets regardless of the gene methylation state of
the internal sequence and is considered the gold standard for this
type of analysis. One of the primers is fluorescently labeled at the
5’ end, so that the resulting amplicons can be identified by electro-
phoresis and subjected to sequencing [17]. It thus provides an
inherently more accurate assessment of the gene methylation state
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Fig. 3 Representative results for Cx32 and Cx43 gene promoters at different gastric carcinogenesis stages
using methylation-specific polymerase chain reaction. (a) Agarose gel electrophoresis of MSP bands. (h)
Quantified MSP bands (CAG chronic atrophic gastritis, DW diluted water as negative control, DYS dysplasia, GC
gastric cancer, IM intestinal metaplasia, M methylated, MP methylation positive control, NAG non-atrophic
gastritis, NGM normal gastric mucosa, U unmethylated, UP unmethylated positive control). Reprinted with
permission from ref. 19

compared to MSP that selects for presupposed fully methylated or
fully unmethylated complementary sequences.

1. The BSP PCR reaction mixture of 25 pL contains 2 pL
bisulfite-modified DNA template, 12.5 pl. TaKaRa Premix
Taq HS, 1 pL each 10 pmol /L forward or reverse primers, and
8.5 pL deionized distilled water.

2. The annealing temperature (Ta) is set using a gradient ther-
mal cycler (see Note 12): 1 cycle at 95 °C for 5 min, 35 cycles
at 94 °C for 1 min, the target Ta for 2.5 min, 72 °C for 1 min,
and 1 cycle at 72 °C for 5 min.
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3. Load a fraction of the PCR amplification onto a 1.5% agarose

gel with mass ladder, allow electrophoretic migration, and view
the products between 200 and 500 base pairs using standard
methods. If the amplified product is of the correct molecular
weight and free of nonspecific by-products, proceed to tradi-
tional cloning and sequencing as described in step 14. If not,
proceed to step 4.

. Follow the instructions in the QIAquick gel extraction kit to

extract and purify the PCR bands:

(a) Excise the DNA fragment from the agarose gel with a
clean sharp scalpel.

(b) Weigh the gel slice in a colorless tube and add 3 volumes
buffer QG to 1 volume gel.

(c) Incubate at 50 °C until the gel slice is completely dissolved
and mix the tube every 2-3 min to help dissolve. Check
that the color of the mixture is yellow without dissolved
agarose.

(d) Add 1 gel volume of isopropanol to the sample and mix.
¢)

(

(f) Apply the sample to the QIAquick column and centrifuge
for 1 min. Discard the flow-through and place the
QIAquick column back in the same collection tube to
bind DNA.

(g) Add 0.75 mL butffer PE to the QIAquick column and cen-
trifuge for 1 min. Discard the flow-through and centrifuge
the QIAquick column for an additional 1 min at 12,000 x 4.

Place a QIAquick spin column in a 2 mL collection tube.

(h) Place the QIAquick column into a new 1.5 mL microcen-
trifuge tube.

(i) Add 50 pL water to the center of the QIAquick membrane
and centrifuge the column for 1 min at 16,000 x 4 to elute
DNA.

. Set up ligation reactions for amplicon cloning by mixing 3 pL.

of PCR purified product, 1 pL plasmid, 1 pL. T4 ligase, and
2.5 pL reaction buffer. Mix the reactions by pipetting.
Incubate the reactions for 1 h at room temperature.

. Transform normal cells as follows:

(a) Carefully transfer 50 pL cell suspension into each prepared
tube.

(b) Gently flick the tubes to mix and place them on ice for
20 min.

(c) Heat-shock the cells for 45-50 s in a water bath at exactly
42 °C and do not shake.

(d) Immediately return the tubes to ice for 2 min.
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Add 950 pL. SOC medium at room temperature to the tubes
containing cells transformed with ligation reactions. Incubate
for 1.5 h at 37 °C with shaking at approximately 150 x 4.

. Plate 150 pL of each transformation culture onto LB/ampi-

cillin/IPTG/X-Gal plates. The cell pellets are obtained by
centrifugation at 8000 x4 for 1 min, resuspended in 150 pL
SOC medium. Incubate the plates overnight (i.e., 16-24 h) at
37 °C.

. Use Plasmid Miniprep to isolate the recombinant plasmid

DNA as instructed:

(a) Resuspend pelleted bacterial cells in 250 pL bufter P1 and
transfer to a microcentrifuge tube.

(b) Add 250 pL buffer P2 and gently invert the tube 4-6
times to mix.

(c) Add 350 pL buffer N3 and invert the tube immediately
but gently 4—6 times.

(d) Centrifuge for 10 min at 13,000xg in a table-top
microcentrifuge.

(e) Transfer supernatants to the QIAprep spin column by
decanting.

(f) Centrifuge for 60 s and discard the flow-through.

(g) Wash the Column by adding 0.75 mL buffer PE and cen-
trifuging for 60 s.

(h) Discard the flow-through and centrifuge for an additional
1 min to remove residual wash buffer.

(i) Place the column in a clean 1.5 mL microcentrifuge tube.

(j) Add 50 pL water to the center of QIAprep and spin col-
umn to elute DNA.

(k) Let stand for 1 min and centrifuge for 1 min.

For sequencing, use the purified recombinant plasmid DNA as
templates and perform a cycle sequencing reaction using the
BigDye Terminator V1.1 kit. For each reaction, mix 5 pL
DNA template, 1.5 pL reaction mix, 3 pl. 5x reaction buffer,
1.5 pL 10 pM T7 primer, and 4 pL sterile water. Mix briefly by
pipetting and amplify DNA using the following PCR condi-
tions: 1 cycle of denaturing at 1 min and 96 °C, 30 cycles of
10sat 96 °C, 5,50 s,4 min at 55 °C and 1 cycle of 4 °C for
10 min.

After cycle sequencing, clean up the reaction by centrifuging
the reaction plate and pipetting the SAM™ solution into each
well (i.e., 20 pL per well for a 96-well plate).

Aspirate XTerminator solution and add to each well using a
wide-bore pipette tip (i.e., 20 pL per well for a 96-well plate).
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Fig. 4 Screenshots of bisulfite polymerase chain reaction sequencing of Cx43 gene promoter CpG islands.
Blue curve indicates the peak of the sulfonated methylCpG site as C. Red curve demonstrates the sulfonated
non-methylated CpG site as T. Reprinted with permission from ref. 19

3.4.3 MassArray Analysis

13. Seal the plate using a clear adhesive film. Mix for 30 min and
centrifuge the reaction plate briefly.

14. Perform sequencing using the DNA analyzer. Fragment analy-
sis is applied to obtain the ratio of amplicons derived from
bisulfite-converted methylated and unmethylated connexin
DNA (Fig. 4).

This method is ideal for detection of gene methylation, for dis-
crimination between methylated and non-methylated samples, and
for quantitying the methylation levels of DNA. In essence, cleavage
products are generated for the reverse transcription reactions for
both U (T) and C in separate reactions. Each cleavage product
encloses either a CpG site, called a CpG unit, or an aggregate of
multiple CpG sites [18]. For both T and C reactions, the resulting
cleavage products have the same length and differ only in their
nucleotide composition. A distinct signal pair pattern results from
the methylated and non-methylated template DNA and is analyzed
by the matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry technique (MALDI-TOF) (Fig. 5).

1. Perform PCR amplification of DNA following bisulfite modi-
fication using MassArray primers. Each PCR is split into two
cleavage (i.e., T and C) reactions. The volume for single
reaction is as follows: 0.5 pL. 1x Hot Star buffer, 0.04 pL
200 pM dNTP mix, 0.04 pL 0.2 U/pL Hot Star Taq, 1 pL.
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Fig. 5 Schematic diagram of the MassArray system. The bisulfite treatment converts non-methylated cytosine
into uracil, thus generating methylation-dependent sequence changes in the genomic DNA template. PCR,
with T7-promoter tagged reverse primers, is used to amplify the template, while preserving the induced
sequence changes. These RNA products are processed by T-base-specific cleavage, yielding small RNA
fragments

200 nM forward primer, 1 pL. 200 nM reverse primer, and 1
pL. DNA template.

2. Seal the plates and cycle as follows: 94 °C for 15 min, 45 cycles
at 94 °C for 20 s, melting temperature of primer for 30 s, 72
°C for 1 min and 72 °C for 3 min.

3. Add 2 pL of shrimp alkaline phosphatase to each 5 pL. PCR
reaction to dephosphorylate unincorporated dNTPs from the
PCR. Incubate the plates for 20 min at 37 °C and then incu-
bate at 85 °C for 5 min.

4. Prepare transcription/RNase A cocktail for each cleavage reac-
tion (i.e., T and C). The 5 pL total condition per plate is com-
posed of 3.15 pL. RNase-free double distilled water. 0.89 pL
0.64x T7 Polymerase buffer, 0.24 pLL T/C cleavage mix, 0.22
pL 3.14 mM DTT, 0.44 pL 22 U T7 RNA and DNA
Polymerase, and 0.06 pL 0.09 mg/mL RNase A.

5. Add 5 pL transcription/RNase A cocktail and 2 pL of shrimp
alkaline phosphatase PCR sample into a new uncycled microti-

ter plate. Centrifuge the plates for 1 min and incubate the
plates at 37 °C for 3 h.
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Fig. 6 Representative results for analysis of DNA methylation of Cx32 and Cx43 gene promoters at different
gastric carcinogenesis stages by MassArray analysis. The validated length for Cx32 gene is 484 CpG sites
containing 18 CpG sites (15 detected). The validated length for Cx43 gene is 447 bp with a total of 12 CpG sites
(11 detected). This panel provides graphical representations of the CpG sites within the selected amplicon. The
color code refers to the degree of DNA methylation shown in the methylation panel in order to provide quick
and reliable comparison between samples and CpG sites. Reprinted with permission from ref. 19

6. Add 6 mg of clean resin to each well. Rotate for 10 min and

spin down for 5 min at 3200 x 4.

7. Add EpiTYPER reaction product and acquire spectra from the

two cleavage reactions. The molecular weight of each fragment
is determined by MALDI-TOF and the EpiTYPER software
generates a report that contains quantitative information for
each analyzed fragment (Fig. 6).

4 Notes

1. Alternatively, thawed tissue is introduced in the chilled nuclei

lysis solution and homogenized for 10 s using a small
homogenizer.

. Some supernatant may remain near the pellets in the original

tube containing the protein pellet. Leave this residual liquid in
the tube to avoid contaminating the DNA solution with the
precipitated protein.

. The DNA pellet is very loose at this time. Using either a

sequencing pipette tip or a drawn pipette is recommended to
avoid aspirating the pellet into the pipette.



10.

11.

12.
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. DNA protect buffer should turn from green to blue after addi-

tion to DNA bisulfite mix indicating sufficient mixing and
accurate pH.

. Carrier RNA is not necessary when using more than 100 ng

DNA.

. If there are precipitates in buftfer BD, avoid transferring them

to the spin column. Moreover, it is important to close the lid
of the column before incubation.

. To increase the yield of DNA in the eluate, transfer the spin

column to a new 1.5 mL microcentrifuge tube, add an addi-
tional 20 pL buffer EB to the center of the membrane, and
centrifuge for 1 min at 16,000 xg. Combine both eluates.

. The methylated primer set assumes the CpGs are fully methyl-

ated; thus the primer will have all four bases in the sequence.
The unmethylated primer set anneals to genomic DNA that is
not methylated in the same primer binding site, and therefore
will have T instead of C in the primer sequence. Design guide-
lines generally have a C or T near the 3’ end of the two primer
sets, respectively, where any mismatches will be discriminated
against by the polymerase.

. Design primers to the bisulfite-converted DNA sequence such

that each primer is 25-30 bases long, has a melting tempera-
ture of approximately 60 °C, and does not hybridize to any
CpG-cytosines.

It is important to test the primer sets with a control genomic
DNA with a known methylation status along with genomic
DNA with an unknown methylation status. The properly
designed methylated primer set will only amplify the control
methylated genomic DNA and not unmethylated genomic
DNA, and the unmethylated primer set will only be positive
for unmethylated genomic DNA.

It is recommended that DNA from peripheral blood is used as
a control for the unmethylated reaction.

Ensure that temperatures 1-5 °C below and 1-5 °C above the
Ta are tested in a gradient thermal cycler in order to determine
the temperature at which a single specific PCR product is
amplified. Using more cycles may be necessary if starting with
less than 1 pg of genomic DNA.
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