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Abstract

Colorectal Cancer (CRC) is the second leading cause of cancer-
related death worldwide, affecting both men and women. A genetic 
CRC characteristic is the presence of microsatellite instability (MSI). 
This instability could result from the inactivation of the Mismatch Re-
pair (MMR) system by either MMR gene mutations, or MMR gene 
promoter hypermethylation, mainly in the MLH1 gene promoter. 
Lynch Syndrome (LS), the most common form of hereditary colorec-
tal cancer, is caused by germline mutations in MMR genes. When a 
tumor has a high MSI, prior to the germline genetic study of Lynch 
Syndrome, a methylation study is recommended to rule out the diag-
nosis of sporadic colorectal cancer. The MLH1 gene promoter meth-
ylation status of sixty-three MSI colon tumors and ten normal colon 
tissues using different techniques was evaluated. DNA sequencing, 
Real-Time PCR-High Resolution Melting (PCR-HRM), methylation-
specific-PCR, Combined Bisulphite Restriction Analysis (COBRA) and 
Methylation Specific Multiplex Ligation-dependent Probe Amplifica-
tion (MS-MLPA) techniques were tested. The same ten MSI samples 
were found to be methylated using any of the four techniques. Since 
all the methods similarly evaluated the MLH1 methylation status, 
which one to choose would depend on the convenience and avail-
ability of each laboratory. After our evaluation based on the main 
advantages (short turnaround time, high throughput, sensitivity, and 
ease of performance), we concluded that PCR-HRM was the most 
convenient screening method for the MLH1 methylation study.
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Introduction

Colorectal Cancer (CRC) is the second leading cause of can-
cer-related death worldwide, affecting both men and women 
[1,2]. Several risk factors are associated with an increased risk 
for CRC, some are modifiable (e.g., obesity; diet; long-term 
smoking), others hereditary (e.g. Lynch Syndrome or familial 
adenomatous polyposis) [3].

CRC results from the progressive accumulation over time 
of morphological, genetic and epigenetic changes that lead to 
the transformation from normal colonic epithelial cells to co-
lon adenocarcinoma cells [4]. Some pathways can contribute to 
the carcinogenic process, e.g., Chromosomal Instability (CIN), 
microsatellite instability (MSI) or CpG island methylator phe-
notype (CIMP) [5]. CIN is the most common CRC pathway and 
consists of karyotypic abnormalities and an accumulation of a 
characteristic set of mutations in specific tumour suppressor 
genes and oncogenes [6]. MSI is a result of genetic instability 
in short nucleotide repeats that occurs spontaneously during 
DNA replication due to a defective DNA mismatch repair (MMR) 
system. Lynch Syndrome (LS), the most common form of heredi-
tary CRC (3-5%), is mainly due to germline mutations in MMR 
genes (MLH1, MSH2, MSH6, and PMS2) and more than 90% of 
tumours are MSI-High (MSI-H) [7,8]. The CIMP phenotype is 
due to gene promoter hypermethylation in CpG dinucleotide 
regions causing gene expression silencing. The bulk of MSI-H 
tumours are sporadic and only 15% have a hereditary origin.

10-15% of sporadic CRCs shows MSI-H being mainly due to 
epigenetic silencing of MLH1 gene [9]. The methylation of re-
gions C and D located in MLH1 gene promoter (figure 1) was 
correlated to the absence of protein expression [10,11].

A large number of DNA methylation profiling techniques 
have been described. Most are PCR-based techniques, such 
as methylation-specific-PCR (MS-PCR) [9], real-time-PCR [12], 
Combined Bisulphite Restriction Analysis (COBRA) [13] or Meth-
ylation Specific Multiplex Ligation-dependent Probe Amplifica-
tion (MS-MLPA) [14]. Bisulphite DNA sequencing method de-
veloped by Clark et al [15], is considered the gold standard for 
methylation analysis [16]. Most methods include a DNA modi-
fication treatment with sodium bisulphite before any further 
amplification round.

The aim of this study was to evaluate the performance of 
five methods (DNA sequencing, PCR-HRM, MS-PCR, COBRA and 
MS-MLPA) for the analysis of MLH1 gene promoter methylation 
in MSI-High CRC tumours.

Figure 1: MLH1 promoter diagram. Promoter region between nu-
cleotides –248 and –178 from the Transcription Start Site (TSS) is 
defined as the “C region” and contains 8 CpG sites.

Material and methods

Samples and DNA isolation

Tumors DNA from 63 colorectal cancer patients were includ-
ed. All tumors were classified as MSI-H by PCR using the Bethes-
da reference panel of microsatellites. Tumors were defined as 
MSI-H when at least two or more markers were positive [17]. 
When formalin-fixed paraffin-embedded (FFPE) tissue samples 
were analyzed (42 samples), one or two 5µm sections were 
treated with xylene and ethanol before a proteinase K diges-
tion, previous to the DNA purification using the QIAamp DNA 
FFPE Mini Kit (Qiagen, Valencia, CA, USA) following the manu-
facturer instructions (yield 10 to 40 ng/µL). 

For the 21 frozen tissues tumors (starting amount <10mg), 
the PureLink™ Genomic DNA (Invitrogen, Carlsbad, CA, USA) 
was used (yield 70 to 120 ng/µL). DNA concentration was quan-
tified using a NanoDrop 2000c spectrophotometer. A control 
group of 10 normal tissues was also analyzed.

This study was approved by the Institutional Bioethical 
Board. Study procedures were in accordance with the Helsinki 
Declaration of 1975, as revised in 2000. Informed consent was 
obtained from all individuals included in this study.

DNA bisulphite conversion

Bisulphite conversion was performed using the EZ DNA 
Methylation-Lightning Kit (Zymo Research, Irvine, CA, USA) fol-
lowing the manufacturer’s protocol.

The sodium bisulphite treatment consists of a two-step reac-
tion. First, the sulfonation at C-6 position of the cytosine pro-
duces a cytosine sulfonate that then became an uracil sulfonate 
by hydrolytic deamination. Finally, the removal of the sulfonate 
group, under alkaline conditions, leads to the conversion into 
uracil. If the CpG site is methylated, the methyl group at C-5 
position blocks the sulphonate cytosine formation. In short, af-
ter the sodium bisulphite treatment, unmethylated cytosines 
converted into uracil, while methylated cytosines remain intact.

DNA sequencing

The bisulphite-modified DNA was amplified using two rounds 
of PCR with nested primers (table 1). The first PCR round was 
done in 1X PCR buffer, 0.2 μM of each primer, 0.8 nM of dNTPs, 
1.5 mM of MgCl2, 1 μL of modified genomic DNA, and 0.3 U of 
Hot Start DNA polymerase (Promega) in a final volume of 10 μL. 
A second amplification with 1 uL of DNA obtained from the first 
round was carried out with the same reagents but with 2 mM of 
MgCl2 final concentration.

The thermal cycler program was set up as: 95oC for 5 min-
utes, 40 cycles of 95°C 30 sec, 52oC 30 sec, 72°C 30 sec, with a 
final extension for 5 min at 72°C. 

PCR products were purified from 2% agarose gels using a com-
mercial kit (QIAquick Gel Extraction Kit, Qiagen, Valencia, USA).

Purified fragments were sequenced using the BigDye® Ter-
minator v3.1 Cycle Sequencing Kits (Applied Biosystems) and 
the ABI 3730xl DNA Analyzer (Applied Biosystems Inc., USA). 
Sequences were analyzed using BioEdit software (www.mbio.
ncsu.edu/BioEdit/bioedit.html).
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Table 1: PCR primers list. Primers used in bisulphite DNA se-
quencing, PCR-HRM and COBRA assays.

Name Sequence Length (bp)

C- FE TAGGGTTAACGTTAGAAAGGTCGTAAGG

544C-RE ATAACATTAACTAACCGCTAAATAACTT

C-FI AAAGGTCGTAAGGGGAGAGGAGGAGTT

336C-RI AACTTACGCCATCCAACCCCACCCTTC

PCR-HRM

This technique was carried out in a Rotor Gene 6000 (Corbett 
Life Science, Qiagen, USA). The bisulphite-modified DNA was 
first amplified with primers C-FE and C-RE (Table 1). The second 
amplification round was set up with 0.7 μM of each primer [18], 
with 1 μL of DNA template obtained from the first round of PCR 
(544bp), in a master mix (Type IT HRM kit, Qiagen, Valencia, CA, 
USA). The optimized thermal cycling conditions included an ini-
tial hold at 95°C for 10 min, followed by 40 cycles of 95°C for 
10s, 55°C for 15 s and 72°C for 10 s. The subsequent HRM analy-
sis was performed with a continuous fluorescence acquisition 
mode from 73°C to 80°C at a ramp rate of 0.1°C/s.

MS-PCR

The bisulphite-modified DNA was amplified using prim-
ers specific for both methylated and unmethylated sequences 
[19]. Primers were designed with at least one CpG dinucleotide 
placed at the 3´ end to maximize the discrimination between 
both alleles. Fragments of 91bp or 102bp length were expected 
for the methylated or unmethylated alleles, respectively.

COBRA

After DNA amplification (see section 2.3) PCR products were 
digested with the BstUI restriction enzyme (New England Bio-
labs) that cleaves CGCG sites. Digested PCR products were ana-
lyzed on 6% polyacrylamide gels by silver nitrate staining.

MS-MLPA

The SALSA MS-MLPA Probemix ME011-C1 kit MMR genes 
(MRC-Holland, Amsterdam, The Netherlands) was performed 
as described by the manufacturer. 50-100 ng of genomic DNA 
was required. Fragments were analysed in an ABI 3500 System 
and the Coffalyser. Net software was used for data analysis. 

All experiments were conducted in duplicate.

Results

Four different methods were employed to evaluate the 
MLH1 promoter methylation status of DNA obtained from both 
FFPE and frozen tissues.

After the DNA sequencing, the electropherogram showed full 
conversion of cytosine into thymine or an unchanged cytosine 
pattern at CpG sites from normal or tumour samples, respec-
tively (Figure 2a). The PCR-HRM melting curves analysis showed 
different melting temperatures for methylated and unmethyl-
ated fragments, which allowed their discrimination (Figure 2b). 
Fragments that kept methylated cytosine, showed a greater 
melting temperature than unmethylated fragments in which 
cytosine was converted into thymine. The COBRA assay allowed 
fully differentiate DNA methylation since methylated fragments 
maintained the CGCG motif and were digested by BstUI enzyme 
(Figure 2c, lanes 4 and 5). MS-MLPA only amplified by PCR those 
fragments from methylated regions that could not be digested 

by the methylation-sensitive HhaI restriction enzyme (Figure 3). 
These last three methods were validated using methylated and 
non-methylated DNA samples, previously checked by DNA se-
quencing. 

We found that methylated samples showed the expected 
profile curve at the PCR-HRM output, agreed with the methyla-
tion profile in the COBRA assay, and showed the predicted frag-
ments in the MS-MLPA electropherograms.

These methods were performed successfully and harmo-
nized results were obtained. Unfortunately, non-conclusive re-
sults were obtained with the MS-PCR technique. 

In most cases (80%) biallelic methylation of MLH1 gene pro-
moter was found. The heterozygosity pattern found in some 
samples is surely due to the coexistence of tumoral and normal 
cells.

Figure 2: MLH1 promoter methylation analysis. (a) DNA sequence. 
A 40bp- long fragment of the region C is shown. NT: normal tissue. 
TS: tumour sample. Modified or intact CpG sites of region C are 
indicated with black boxes. (b) PCR-HRM. The melting temperature 
for methylated fragments (red box) is greater for the unmethylated 
fragments (black box). (c) COBRA. Lane 1: non-digested DNA, lanes 
2-5: digested DNA. MW: molecular-weight size marker. Unmethyl-
ated DNA digestion pattern (lanes 2-3) differs from the methylated 
one (lanes 4-5). Lanes 2 and 4: frozen tissue, lanes 3 and 5: FFPE 
samples.

Discussion

In this work, we evaluated the performance of DNA 
sequencing, PCR-HRM, COBRA, and MS-MLPA methods for the 
MLH1promoter methylation study of DNA samples obtained 
from both FFPE and frozen tissues. 

A strength of this work was to obtain good-quality DNA from 
FFPE blocks that can subsequently be modified by bisulphite 
and amplified. Otherwise, DNA degradation would have made 
amplification difficult after bisulphite treatment. 

The main advantage of DNA sequencing is that provides 
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information on the methylation status of each CpG sites. 
However, like all sequencing technologies, the whole process 
requires a laborious protocol and a DNA sequencer. In addition, 
further bioinformatics analysis must be performed, that lead to 
a longer turnaround time. 

COBRA is easily manipulated, only requires PCR reagents 
and equipment that can be found in any molecular biology 
laboratory.

Although MS-MLPA does not require sodium bisulphite 
treatment, a discrimination based on the methylation-sensitive 
HhaI enzyme is used. It involves multiple manipulation steps, 
a capillary electrophoresis device, and specific software for 
data analysis. Moreover, this assay evaluates the methylation 
profile of some other MMR genes, BRAFV600E among other 
gene variant analysis. The PCR-HRM assay can be implemented 
in resource-limited laboratories, and requires less laboratory 
working time than any of the techniques evaluated. Main 
advantages such as the absence of manual post-PCR treatment, 
a complete process in a closed-tube in a Real-Time thermal 
cycler, short turnaround time, high throughput, and quick 
analysis, make this assay, in our opinion, the most convenient 
screening method. 

Conclusion

CRC tumours with MLH1 promoter hypermethylation have 
almost certainly a sporadic origin and excludes LS. Therefore, to 
determine the MLH1 methylation profile, a reliable technique 
must be performed. PCR-HRM, COBRA, MS-MLPA and DNA se-
quencing methods evaluated similarly the MLH1 methylation 
status. Then, which of the technique to choose will depend on 
the equipment and reagent availability, turnaround time, num-
ber of samples to be analysed, as well as staff laboratory skills. 
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