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Abstract We aimed to test the applicability of formalin-fixed
and paraffin-embedded (FFPE) tissue samples for gene spe-
cific DNA methylation analysis after using two commercially
available DNA isolation kits. Genomic DNA was isolated
from 5 colorectal adenocarcinomas and 5 normal adjacent
tissues from Brecent^, collected within 6 months, and “ar-
chived”, collected more than 5 years ago, FFPE tissues using
either High Pure FFPET DNA Isolation kit or QIAamp DNA
FFPE Tissue kit. DNA methylation analysis of MAL, SFRP1
and SFRP2 genes, known to be hypermethylated in CRC, was
performed using methylation-sensitive high resolution melt-
ing (MS-HRM) analysis and sequencing. QIAamp (Q) meth-
od resulted in slightly higher recovery in archived (HP: 1.22±
3.18μg DNA; Q: 3.00±4.04μg DNA) and significantly
(p<0.05) higher recovery in recent samples compared to
High Pure method (HP) (HP: 4.10±2.91μg DNA; Q: 11.51

±7.50μg DNA). Both OD260/280 and OD260/230 ratios
were lower, but still high in the High Pure isolated archived
and recent samples compared to those isolated with QIAamp.
Identical DNA methylation patterns were detected for all 3
genes tested byMS-HRMwith both isolation kits in the recent
group. However, despite of higher DNA recovery in QIAamp
slightly more reproducible methylation results were obtained
from High Pure isolated archived samples. Sequencing con-
firmed DNA hypermethylation in CRCs. In conclusion, repro-
ducible DNA methylation patterns were obtained from recent
samples using both isolation kits. However, long term storage
may affect the reliability of the results leading to moderate
differences between the efficiency of isolation kits.

Keywords DNAmethylation . Colorectal cancer . Genomic
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Introduction

Themajority of surgically removed tissue samples are routine-
ly processed to formalin-fixed, paraffin-embedded (FFPE)
specimens and used for pathological and molecular diagnosis.
This tissue specimen preservation is cost-effective compared
to snap-frozen tissue collection and several established molec-
ular biology tests are already optimized for FFPE starting
material [1–4]. However, the presence of cross-linked and
highly degraded nucleic acids – the characteristics of these
samples that are influenced by variable storage conditions,
e.g., temperature, light and oxygen exposure adversely affect-
ing nucleic acid integrity [5] - render the molecular analysis of
these samples challenging [6, 7]. Furthermore, in FFPE sam-
ples older than 5 years, the abovementioned disadvantages
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can be more pronounced due to the longer storage time, which
can be a limitation to retrospective studies. Colorectal cancer
(CRC) is the third most common malignancy worldwide with
approximately 1.2 million new cases worldwide and 600.000
deaths annually [8]. It is well known that this heterogeneous
disease can evolve through at least four molecular pathways
[9]. On the basis of known genetic alterations the complex
process of carcinogenesis still can not be fully explained, thus
analysis of disease-associated epigenetic alterations can pro-
vide further insight to colorectal tumorigenesis. DNAmethyl-
ation is one of the most studied epigenetic regulatory mecha-
nisms. Hypermethylation of numerous genes leads to de-
creased expression that can contribute to CRC formation, in-
cluding secreted frizzled-related protein 1 (SFRP1) [10], se-
creted frizzled-related protein 2 (SFRP2) [11–13] and T-cell
differentiat ion protein (MAL) [14], known to be
hypermethylated in benign and malignant colorectal tu-
mors when compared to healthy colonic tissue controls.
Of the molecular biology methods used for DNA meth-
ylation analysis, methylation-sensitive high resolution
melting (MS-HRM) analysis is a cost-effective and
widely used technique [15]. For the comprehensive
screening of DNA methylation alterations of genes po-
tentially involved in colorectal cancer development and
progression we aimed to study the reliability of DNA
isolation techniques from FFPE tissues with different
storage time.

Here we tested two genomic DNA isolation methods
using archived (>5 years) and recent (<6 months) FFPE
tissue samples and two commercially available kits. To
validate the downstream applicability of isolated DNA
samples, DNA methylation analysis for SFRP1, SFRP2
and MAL genes was performed using MS-HRM analysis
and GS Junior sequencing.

Materials and Methods

Patients and Sample Collection

Surgically removed colorectal cancer (CRC, UICC stage
II-III) (n=10) and corresponding normal adjacent tissue
(NAT) (n=10) specimens were collected and fixed in
buffered formalin and embedded in paraffin. Two
groups of FFPE blocks were selected on the basis of
storage time: archived samples older than 5 years (5
CRC, 5 NAT) and recent samples collected within
6 months (5 CRC, 5 NAT). The study was approved
by the Semmelwe i s Unive r s i ty Reg iona l and
Institutional Committee of Science and Research Ethics
(ETT TUKEB 23970/2011) and written informed con-
sent was provided by all patients.

Genomic DNA Isolation

Serial sections (10 μm) were cut from FFPE blocks and
dewaxing was performed with incubation in xylene for 2×
10 min and in absolute ethanol for 2×10 min. DNAwas iso-
lated from four consecutive sections from each sample using
High Pure FFPET DNA Isolation Kit (Product ID:
06650767001, Roche Applied Science, Penzberg, Germany)
and from four sections using QIAamp DNA FFPE Tissue Kit
(Product ID: 56404, Qiagen GmbH, Hilden, Germany) ac-
cording to the manufacturers’ instructions, with the following
modifications. Proteinase K digestion at 56°Cwas extended to
2 h with shaking at 600 rpm for archived FFPE samples in the
Roche protocol and for both archived and recent samples in
the Qiagen protocol. Elution volumes were 100 μl for recent
samples and 50 μl for archived samples.

Quantitative and Qualitative Analysis of the Isolated DNA
Samples

Concentrations and purity ratios of isolated nucleic acid sam-
ples were measured with NanoDrop 1000 spectrophotometer
(Thermo Fisher Scientific Inc., Waltham, MA, USA).
Fluorometric analysis was performed in order to measure
DNA and RNA content in the isolates using Qubit 1.0 fluo-
rometer (Invitrogen, Carlsbad, USA) using Qubit dsDNA HS
Assay or RNA HS Assay, respectively.

Bisulfite-Specific PCR (BS-PCR)
and Methylation-Sensitive High-Resolution Melting
Analysis (MS-HRM)

Bisulfite conversion was performed using EZ DNA
Methylation™ Kit (Zymo Research, Irvine, CA, USA) ac-
cording to the manufacturer’s instructions. Input DNA was
1 μg from both recent and archived FFPE samples or 100 ng
DNA from archived samples with low concentration based on
OD260 measurements. Concentration of bisulfite converted
samples was estimated by ‘ssDNA’NanoDropmeasurements.
Bisulfite-specific PCR primers were designed with PyroMark
Assay Designer software (Qiagen) to amplify bisulfite-
converted DNA (bcDNA) without discriminating between
methylated and non-methylated sequences (Table 1). BS-
PCR reactions were performed using AmpliTaq Gold 360
Master Mix (Life Technologies, Carlsbad, USA),

primers at 0.2 μM final concentrations, 1.5 mM final concen-
tration of MgCl2 for SFRP2 and 2 mM MgCl2 for MAL and
SFRP1 assays, 20–40 ng bcDNA sample in 15 μl final vol-
ume. Real-time PCR amplification was carried out with the

System: 95°C for 10 min, then 95°C for 30 s, 60°C with 0,4°C
decreasement/cycle for 30 s, 72°C for 30 s for 10 touchdown
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LightCycler® 480 ResoLight Dye (Roche Applied Science),

following thermocycling conditions on the LightCycler® 480



cycles, followed by amplification at 95°C for 30 s, 53°C for
30 s, and 72°C for 30 s in 40 cycles. HRM analysis began with
denaturation at 95°C for 1 min, cool down to 40°C, and hold
for 1 min, then continuous warm up to 95°C with 20 acquisi-
tion/°C rate during melting curve fluorescence acquisition. A
derivative curve-based line diagram of dF/dT called melting
peak diagram is a common way to present results of HRM
analyses. As melting peak diagrams are difficult to interpret
for many samples, data were also visualized on heat maps
representing height values of melting peak curves on a color
scale (red: high, green: low intensity of fluorescent signal) for
each sample (columns) at different temperatures (rows) [16].
In order to calibrate our MS-HRM assays, in vitro fully meth-

DNA, Qiagen) were mixed in different ratios and used as
methylation control samples (0%, 10%, 25%, 50%, 75%,
100%) for MS-HRM). Average methylation levels of all ana-
lyzed samples were estimated by two experts independently
by visually comparing melting peak curves with those of stan-
dard samples.

GS Junior Sequencing

BS-PCR products from two normal and two recent FFPE
CRC samples isolated with High Pure method (N2, N4, T2,
T4) were analyzed by GS Junior sequencing according to the
manufacturer ’s protocols (454 Sequencing System
Guideleines for Amplicon Experimental Desing and
Amplicon Library Preparation Method Manuals). Fragment
End Repair was performed using GS FLX Titanium Rapid
Library Preparation Kit. Rapid Library Molecular Identifier
(RL MID) Adaptor Ligation was carried out using GS FLX
Titanium Rapid Library Preparation Kit. Equimolar mixing of
the libraries was performed with different MID adaptors for
the individual samples. EmPCR amplification was performed
using the Lib-L emPCR Kit (Roche) with 0.5 DNA
molecule:bead ratio. Bead enrichment and sequencing were
performed using GS Junior Titanium Sequencing Kit accord-
ing to the Sequencing Method Manual. The reads were
matched to template sequences using the Smith-Waterman
algorithm with Gotoh’s improvement [17, 18] as implemented
in the JAligner software package. As due to the characteristic
of 454 sequencing technology bisulfite-sequencing PCR

products with homopolymer stretches can result in sequencing
errors [19], the number of nucleotides in homopolymers was
often miscounted, resulting in gaps or insertions in the se-
quenced reads. For statistical analysis reads with at least
80% of the maximum alignment score were retained, then
the actual nucleotides at the potential methylation sites were
summarized.

Comparison of MS-HRM Results With TCGA Data

DNA methylation alterations of MAL, SFRP1 and SFRP2
were also analyzed on dataset downloaded from The Cancer
Genome Atlas (TCGA) [20] as a confirmatory analysis on
independent samples. HumanMethylation450k BeadChip da-
ta were downloaded from the website and beta values of
cg22403344 probe (MAL), cg04255616 probe (SFRP1) and
cg25185173 probe (SFRP2) were retrieved belonging to
matched healthy colonic and colorectal tumor samples avail-
able (n=38). TCGA data and our results were visualized to-
gether on box plots.

Results

Quantity and Quality of the Isolated Genomic DNA

Nucleic Acid Recovery Based on Spectrophotometry (OD260)
Measurements

In both archived and recent FFPE groups, normal samples
had lower amounts of isolated nucleic acid than tumor
samples, although it was only due to the relatively smaller
tissue area processed (mean area: 9.6x107 μm2 for normal
samples and 3.5x108 μm2 for tumors). Regarding the
yield of nucleic acid isolation, the two methods performed
similarly from archived samples (median yield±SD; High
Pure method: 1.22±3.18 μg DNA; QIAamp method: 3.00
±4.04 μg DNA), while the QIAamp method yielded sig-
nificantly higher amounts of nucleic acid from recent
samples (median yield±SD; High Pure method: 4.10±
2.91 μg DNA; QIAamp method: 11.51±7.50 μg DNA)
(Fig. 1). Besides the significantly higher OD260/280 ra-
tios in eluates from the QIAamp method, OD260/230

Table 1 Analyzed markers, primer sequences, genomic location of amplicons and amplicon lengths

Gene Symbol Primer sequence/forward (F) and reverse (R)/ Amplicon location Amplicon length

MAL F: TGGTGAAGATAGAGAAGTTATTGGGTAGG
R: AAAACCCCCAAACCACTAAACTC

Chr 2: 95691438–95691598 160 bp

SFRP1 F: GGAAAGAGATAAGGGGAGAAAAAGAA
R: ATTTCATAAATTTACAAATATAATCCAAACTCC

Chr 8: 41167194–41167333 139 bp

SFRP2 F: GGTTAAGATAGGTTTAATTGATTATTGGGGAATAG
R: TAAACACCCAATATCCCATCCCT

Chr 4: 154712515–154712634 119 bp
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ratios were also significantly higher than those from the
High Pure method from both archived and recent DNA
samples (data not shown).

Nucleic Acid Recovery Based on Fluorometric Measurements

According to fluorometric measurements, QIAamp
method recovered more DNA from recent samples than
did the High Pure method, but not from archived sam-
ples. Importantly, RNA content was relatively high in
QIAamp samples, while minimal amount of RNA could
be detected in the High Pure samples.

DNA Methylation Analysis

Bisulfite Converted DNA Yield After Bisulfite Treatment

High Pure isolated samples were found to have significantly
higher amount of output DNA after bisulfite conversion com-
pared to the QIAamp method in the majority of tumor sam-
ples. It should be noted that the amount of input DNA for
bisulfite conversion was likely lower in case of QIAamp sam-
ples. The input DNA amount was calculated on the basis of
OD260 spectrophotometry measurements, that could be influ-
enced and overestimated by the possible high RNA content in
case of QIAamp isolated samples. According to the melting
peak analysis, all three primer pairs (MAL, SFRP1, SFRP2)
were found to reliably estimate methylation percentages of the
standard samples.

DNA Methylation Levels of the Selected Genes

MS-HRM reactions from all recent samples were successful
and could be evaluated, while in case of archived samples the
number of reactions with no reliable melting curve were sig-
nificantly higher in QIAamp samples, than those of High Pure
ones suggesting the better reproducibility of MS-HRM after

High Pure DNA isolation (Fig. 2). The average variance of
estimated methylation levels of the four technical parallels
was higher in QIAamp samples, and this difference was sig-
nificant in case of SFRP1 primer pairs (Fig. 2b). Regarding
MS-HRM confidence, the most typical difference between the
archived and recent FFPE samples was the frequent overesti-
mation of methylation levels in archived samples. This was
particularly confusing in case of normal samples, where
unmethylated results were expected on the basis of lit-
erature data and TCGA data (Fig. 5). Matched tumor
and normal samples were also compared, providing in-
formation on methylation changes in individual cases. In
this regard the same results were obtained from recent
samples using either of the isolation methods (Fig. 3a).
Only two marginal differences were found in case of
sample T5, where higher degree of hypermethylation
was established for MAL after QIAamp isolation and
the same for SFRP1 after High Pure isolation. Despite
of the harmony between MS-HRM results of QIAamp
and High Pure isolated recent samples, substantial dis-
crepancies were found in case of archived ones. For
example, contradictory results were found for all three
examined genes in sample T3, where hyper- or hypo-
methylation was observed with one method, while no
change in methylation was detected in samples isolated
with the other method (Fig. 3b). The ratio of archived
samples having concordant MS-HRM results with both
DNA isolation methods was 3/5 for MAL, 3/5 for
SFRP1, and 4/5 for SFRP2.

GS Junior Sequencing

According to the results of sequencing experiments, pro-
moters of MAL , SFRP1 and SFRP2 genes were
hypermethylated in cancer samples compared to normal sam-
ples (Fig. 4), which is in accordance with MS-HRM results
and also with literature data.

Fig 1 Nucleic acid recovery from archived and recent FFPE samples based on spectrophotometry (OD260) measurements
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DNA Methylation Alterations on the Basis of TCGA Data

On the basis of beta values of the probes belonging to the three
analyzed genes from an independent TCGA dataset signifi-
cant DNA hypermethylation was observed in all three ana-
lyzed gene promoters in colorectal tumors compared to their
matched normal tissue samples (p<0.05). Similarly, DNA
hypermethylation could be detected in our study although on

different extent in the archived and recent FFPE samples after
the different isolation methods (Fig. 5).

Discussion

Analysis of epigenetic gene regulation processes such as
DNA methylation can facilitate the understanding of

Fig 2 The average variance of estimated promoter methylation levels in four technical parallels (a) and the ratios of failed MS-HRM measurements
using MAL, SFRP1 and SFRP2 specific BS-PCR primer pairs in recent and archived FFPE samples (b)

Fig 3 Heat maps of MS-HRM analyses of MAL, SFRP1 and SFRP2
promoter methylation levels in archived FFPE (a) and recent FFPE (b)
samples. Heat maps represent intensities in fluorescent signals
corresponding to melting peaks plotted against the applied temperature

range. Intensity values on the color scale were as follows (red: high
intensity, black: intermediate intensity, green: low intensity) for each
sample (columns) at different temperatures (rows)

DNA methylation analysis of recent and archived FFPE samples 1153



colorectal cancer carcinogenesis. The results of the in-
creasing number of such examinations largely depend
on the accuracy and reliability of the applied methods.
In the present comparative study archived and recent
FFPE colon tissue samples were isolated with two

different commercially available DNA isolation kits
and used for DNA methylation analysis of three colo-
rectal cancer associated genes (SFRP1, SFRP2 and
MAL). The QIAamp method resulted in a slightly higher
nucleic acid yield from archived and a significantly
higher nucleic acid output from recent FFPE samples
compared to the High Pure method. Both methods
yielded similar DNA content from archived FFPE sam-
ples, while more DNA could be obtained from recent
FFPE samples when using the QIAamp method. Besides
genomic DNA, a remarkable quantity of RNA was pres-
ent in the isolated samples using either of the two
methods. In parallel, a higher RNA content was found
in QIAamp isolates from both archived and recent FFPE
samples. As it could also be expected from literature
data [5], the difference in RNA quantity compared to
the High Pure method was lower in archived FFPE
sample group probably caused by the extended RNA
degradation due to the longer storage time.

The OD260/280 ratio was found to be higher in
QIAamp samples, that can be caused by the higher
RNA quantity in QIAamp isolated samples, as RNA
has a higher 260/280 ratio due to its uracil content
and indicates that the eluates are free of protein
contamination.

Fig 4 Results of amplicon sequencing performed with GS Junior next
generation sequencer. The heatmap shows the methylation status of CpG
sites (columns) covered by the amplicons of MAL, SFRP1 and SFRP2
specific BS-PCR assays. Color scale: white: unmethylated, red:
methylated

Fig 5 Comparison of the MS-HRM results of FFPE samples with
methylation data from The Cancer Genome Atlas database (TCGA).
MS-HRM results (a, c, e) of recent- and archived FFPE samples,
together with beta values of the corresponding genomic regions
estimated by 450 BeadChip array (b, d and f) were visualized on box

plots. Probe IDs of HumanMethylation450k bead array presented:
cg22403344 (MAL), cg04255616 (SFRP1) and cg25185173 (SFRP2).
N: normal sample; T: tumor sample; Qiagen: samples isolated with
QIAamp method; Roche: samples isolated with High Pure method
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High Pure isolated samples were found to have
higher recovery after bisulfite conversion compared to
the QIAamp method. This difference could be caused
by the overestimated, and in reality relatively lower
DNA input to the bisulfite conversion reaction in
QIAamp isolated samples due to their higher RNA
content.

In general, MS-HRM results of archived FFPE sam-
ples were found to be less reliable than those of recent
FFPE samples. While all reactions of recent FFPE sam-
ples were evaluable after either of the two isolation
methods, in case of archived samples the ratio of suc-
cessful reactions was 97.5–100% and 75–90%, with
High Pure and QIAamp isolations, respectively.
Moreover, the deviation of estimated DNA methylation
level values of technical parallel reactions was signifi-
cantly higher in the archived group. Although MS-HRM
results suggest a better performance of the High Pure
isolated samples, it is important to note that the rela-
tively lower DNA input applied for the bisulfite conver-
sion from QIAamp samples could negatively affect their
MS-HRM performance.

In the recent FFPE group all normal samples were
unmethylated at each gene promoter region tested, which is
in harmony with literature and TCGA data. However, ar-
chived normal samples were often found to be methylated
by MS-HRM. Thus, we hypothesized that the main bias of
MS-HRM with archived FFPE samples is the overestimation
of methylation levels, and the high deviation of parallel reac-
tions. The ratio of samples with conflicting methylation results
after QIAamp and High Pure isolation can reflect the uncer-
tainty of MS-HRM results in archived FFPE samples. In this
regard, approximately 80% of our archived MS-HRM result
could be considered to be reliable. Among the analyzed tumor
samples two were found to be hypermethylated at all three
gene promoters tested by MS-HRM, which could be con-
firmed by next generation sequencing as well.

In summary, hypermethylation of MAL, SFRP1, and
SFRP2 gene promoters were reliably detected after
using both FFPE DNA isolation methods, suggesting
that consistent MS-HRM methylation data can be
achieved from FFPE samples. However, archived
(>5 years) samples showed high deviation in parallel
tests, indicating the need for more parallel reactions
and careful data evaluation in this sample group. The
two commercially available DNA isolation kits for
FFPE tissue slightly differ regarding the recovery and
purity ratios, which can influence the performance of
downstream DNA methylation analysis. The QIAamp
kit with its higher yield can be more suitably used for
recently fixed, recent FFPE tissue samples, while the
High Pure kit showed more reliable results in archived
FFPE tissues.
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