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OBJECTIVES: We recently identified a six-gene methylation-based biomarker panel suitable for early detection of colorectal
cancer (CRC). In this study, we compared the performance of this novel epi-panel with that of previously identified DNA
methylation markers in the same clinical tissue sample sets.
METHODS: Quantitative methylation-specific PCR was used to analyze the promoter region of SEPT9 and VIM in a total of 485
tissue samples, divided into test and validation sets. ITGA4, NTRK2, OSMR, and TUBG2 were also included in the analyses.
Receiver operating characteristic (ROC) curves were used to compare the performances of the individual biomarkers with that of
the novel epi-panel.
RESULTS: SEPT9 and VIM were methylated in 82 and 67% of CRCs (n¼ 169) and in 88 and 54% of the adenomas (n¼ 104). Only
3% of the normal mucosa samples (n¼ 107) were methylated for these genes, confirming that the methylation was highly cancer-
specific. Areas under the ROC curve (AUC), distinguishing CRCs from normal mucosa, were 0.94 for SEPT9 and 0.81 for VIM.
AUC values for separating adenomas from normal mucosa samples were 0.96 and 0.81 for the same genes. In comparison, the
novel epi-panel achieved an AUC of 0.98 (CRC) and 0.97 (adenomas). ITGA4, OSMR, NTRK2, and TUBG2 were methylated in 90,
78, 7, and 1% of the CRCs, and in 76, 77, 3, and 0% of the adenomas. Between 0 and 2% of the normal mucosa samples were
methylated for the same genes. ITGA4 and OSMR achieved an AUC of 0.96 and 0.92 (CRC vs. normal mucosa), and 0.93 and 0.92
(adenomas vs. normal mucosa).
CONCLUSIONS: We have confirmed the high performance of some of the previously identified DNA methylation markers.
Furthermore, we showed that a recently reported epi-panel performed better than the individual DNA methylation biomarkers
when analyzed in the same tissue samples. This observation was also true for VIM and SEPT9, which are included in
commercially available noninvasive tests for CRC. These results further underscore the value of combining a manageable
number of individual markers into a panel, which in addition to having a higher sensitivity and specificity might provide a more
profound robustness to a noninvasive test compared with single markers.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common
malignancies worldwide with an estimated incidence of 1.2
million cases leading to B600,000 deaths per year.1 As CRC
develops from premalignant lesions that can be removed
during endoscopy, early detection of the disease can
decrease the incidence and reduce CRC-related mortality.2

However, the invasive nature of this method underscores the
need for a noninvasive primary screening tool for early
detection of this disease. Cancer-specific DNA methylation
are common in a variety of cancer types3,4 and such
aberrations have been shown to also be present in body
fluids including stool and plasma from CRC patients.5,6

Furthermore, promoter DNA hypermethylation has been

shown to be an early event in colorectal tumorigenesis,
making methylation-based biomarkers relevant candidates
for detection of pre-malignant lesions.7

Several biomarkers have so far been reported to be highly
methylated in CRC;8–11 however, VIM and SEPT9 are the only
ones presently included in commercially available noninva-
sive tests.12 These genes are promising biomarkers for
detecting colorectal neoplasms in stool and blood, respec-
tively.5,6,13,14 ColoSure (Laboratory Corporation of America,
Burlington, NC, USA) is a single-marker stool DNA test for
detection of CRC-associated VIM methylation, and a sensi-
tivity range of 72–77% and a specificity range of 83–94% have
been reported.15 The Epi proColon blood test, with a recent
company-reported sensitivity of 68% and specificity of 80%, is
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based on detection of methylated SEPT9 in plasma from CRC
patients.16 In addition to these genes, several others have
been suggested as biomarkers for noninvasive detection of
CRC due to seemingly high performances, including ALX4,
GATA4, HLTF, MGMT, OSMR, TMEFF2 TPEF/HPP1, and
NEUROG1.8,17

We recently identified a panel of six promising biomarkers
for early detection of CRC and adenomas (CNRIP1, FBN1,
INA, MAL, SNCA, and SPG20; referred to as the ‘‘novel epi-
panel’’).11 The aim of this study was to compare the
performance of a number of previously reported methylated
genes in CRC with that of the novel epi-panel, using the same
clinical test and validation series. Our a priori hypothesis is
that a panel will outperform individual biomarkers with regard
to sensitivity, specificity, and areas under the receiver
operating characteristic (ROC) curve values.

METHODS

Selecting candidate genes for promoter methylation
analysis. SEPT9 and VIM were included in the study as they
are presently the only methylation markers used in commer-
cially available noninvasive tests for CRC.6,18 We were also
interested in analyzing some of the most highly methylated
CRC genes reported in the literature, recently reviewed in Kim
et al.8 From this gene list, we selected candidates that had
been analyzed using real-time quantitative methylation-spe-
cific PCR (qMSP) with resulting sensitivity and specificity
measurements in tissue samples of at least 80% and 90%,
respectively. The candidate genes that met these criteria
included ITGA4, NTRK2, OSMR, and TUBG28,19,20 and these
were subjected to quantitative DNA methylation analysis in the
Norwegian sample sets along with SEPT9 and VIM.

Cancer cell lines. In this study, 20 colon cancer cell lines
were included comprising 11 microsatellite stable cell lines
(MSS; ALA, Colo320, EB, FRI, HT29, IS1, IS2, IS3, LS1034,
SW480, and V9P) and 9 microsatellite unstable cell lines
(MSI; Co115, HCT15, HCT116, LoVo, LS174T, RKO, SW48,
TC7, and TC71). The commercially available cell lines have
recently been authenticated using the AmpFLSTR Identifiler
PCR Amplification Kit (Applied Biosystems, Foster City, CA,
USA) following manufacturer’s instructions. Their genotypes
are given in the Supplementary Table 1 online.

Tissue samples. The DNA from tissue samples analyzed in
this study was derived from fresh-frozen material and was
divided into a test and a validation set consisting of 485
tissue samples. Also included in the analyses were 20 colon
cancer cell lines. The test set comprised 64 CRC samples,
61 adenomas, and 51 normal colorectal mucosa samples.
The carcinomas were collected at seven hospitals in the
South-Eastern region of Norway in the time period 1987–
1989.21 The median patient age in the sample set was 71
(range 33–92), and consisted of 23 tumors with a MSI
phenotype and 41 with a MSS phenotype. The adenomas
were collected from a population-based sigmoidoscopy-
based screening study (Telemark, Norway22). Two were
MSI, whereas the remaining 59 were MSS. Median adenoma

size was 8 mm (range 5–50 mm), whereas median age at
adenoma removal was 67 years (range 62–72 years). The
normal samples were autopsy material derived from
deceased CRC-free individuals collected at the institute of
Forensic Medicine, University of Oslo, and median age was
55 years (range 22–86 years).

The validation set comprised 105 CRC samples with an
equal amount of matching normal mucosa samples collected
from the resection margins, 43 adenomas, and 56 normal
mucosa samples. The CRCs with corresponding normal
mucosa samples were collected in the time period 2005–
2007 by Department of Surgery at Aker hospital, Oslo
University Hospital. The median patient age at time of surgery
was 71 years (range 29–93): 22 of the tumors were MSI,
whereas the remaining 83 samples were MSS. The 43
adenomas were derived from a second sigmoidoscopy-based
screening study,23 and median adenoma size at time of
removal was 12 mm (range 7–40 mm) while median age was
58 years (range 50–64 years). The normal samples consisted
of rectal mucosal biopsies from individuals with a negative
sigmoidoscopy derived from the first screening study men-
tioned above.22 Median age was 67 years (range 63–72
years). The tissue sample set in this study include the majority
of the samples analyzed in a recent report from our lab where
the novel epi-panel for early detection or CRC and adenomas
was identified.11 However, six MSI tumor samples and eight
adenomas from the original sample test set were not included
here due to lack of sufficient amounts of DNA.

Ethics. All samples belong to approved research biobanks
registered at the Norwegian Institute of Public Health and
approvals are given by the Regional Ethics Committee and
National Data Inspectorate of Norway.

Bisulfite treatment. The DNA included in this study was
isolated using either a standard phenol/chloroform procedure
or a magnetic beads approach (the Maxwell 16 DNA
Purification kits; Promega, Madison, WI, USA and MagAt-
tract DNA Mini M48 kit; Qiagen, Valencia, CA, USA). DNA
was subjected to bisulfite conversion using the EpitTect
bisulfite kit from Qiagen (Qiagen). DNA (1.3 mg) was used as
input material, and the conversion procedure was performed
according to the manufacturer’s protocol. The MJ Mini
Personal Thermal Cycler from Bio-Rad (Bio-Rad, Hercules,
CA, USA) was used to perform the conversion, whereas the
Qiacube automated pipette system (Qiagen) was used to
perform the purification and elution of converted DNA.

Quantitative methylation-specific PCR. To generate com-
parative data for the genes analyzed in this study, we aimed
at using assays that were as overlapping as possible with the
original assays.6,8,18–20 However, primers and probes were
adjusted to fulfill the criteria for minor groove binder non-
fluorescent quencher qMSP assays set by the Primer Express
Software 3.0 (Applied Biosystems; Table 1). Primers were
purchased from Medprobe (Oslo, Norway) and 5-prime 6-FAM-
labeled probes were purchased from Applied Biosystems.

The qMSP reactions were carried out in triplicates in a 10-ml
volume including 1� Taqman Universal PCR Mastermix (No
AmpErase UNG, Applied Biosystems, Foster City, CA, USA),
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0.45 mM of forward and reverse primers, 0.1 mM probe, and
30 ng of bisulfite-treated DNA template. The PCR conditions
were as follows: one step at 95 1C for 10 min, 45 cycles at
95 1C for 15 s and finally 60 1C for 1 min using the 7900 HT
Fast Real-Time PCR machine (Applied Biosystems). The
PCR reactions were carried out in 384-well plates, and the
median value from the triplicates was used for data analysis.
Both test and validation sets were analyzed using the SDS 2.3
software (Applied Biosystems). In addition to patient samples,
each plate included a standard curve generated from a 1:5
dilution series (32.5–0.052 ng) using a commercially available
fully methylated positive DNA control (CpGenome Universal
Methylated DNA; Millipore Billerica, MA, USA), multiple water
blanks, positive controls (CpGenome Universal Methylated
DNA), unmodified DNA, as well as bisulfite-treated normal
blood as negative controls. To normalize for input level of DNA,
the ALU-C4 repetitive element was used as an internal refer-
ence24 and the resulting data output was calculated as percent
of methylated reference (PMR) values, where the median value
of GENE:ALU ratio for each sample was divided by the median
GENE:ALU ratio of the positive control and multiplied by 100. All
samples were censored after cycle 35 according to the protocol
from Applied Biosystems. To ensure high specificity, the highest
PMR value across the normal mucosa test set was used to set
an individual scoring threshold for each gene (ITGA4, 2; NTRK2,
0; OSMR, 10; SEPT9, 9; TUBG2, 0; and VIM, 2). All samples
with PMR values greater than the thresholds were scored as
positive for methylation. One normal mucosa sample had an
outlier PMR value (OSMR, 19.2), and was consequently
excluded when determining the threshold.

Cloning and DNA bisulfite sequencing. Owing to the
apparent discrepancy in methylation frequencies generated
in this study and the previously reported data for NTRK2, this
gene was subjected to promoter region bisulfite sequencing
in representative tissue samples (CRC, n¼ 4; adenomas,
n¼ 2; and normal mucosa n¼ 2) as well as in colon cancer
cell lines (n¼ 2). The analyzed CRCs comprised two MSI
and two MSS samples. Both subtypes included one sample
with medium/high PMR value and one with a low PMR value
from the NTRK2 qMSP analysis. The MSI cell line SW48 was
selected for analysis (high PMR value) along with the MSS
cell line LS1034 (low PMR value). Following the initial PCR
using bisulfite sequencing primers flanking the methylation
sites of interest, 4ml PCR product was used in TOPO TA
cloning system (Invitrogen, Carlsbad, CA, USA) according to
the instructions by the manufacturer. From each sample,
plasmid DNA was isolated from 12 individual colonies using
Qiaprep Spin Miniprep Kit (Qiagen) and the isolated DNA
was sequenced using M13 forward primer and T3 reverse
primer included in the TOPO TA Kit. The sequencing reaction
included dGTP BigDye Terminator v.3.0 Cycle Sequencing
Ready Reaction Kit (Applied Biosystems) and the oligonu-
cleotide fragments were separated by ABI PRISM 3730
Sequencer (Applied Biosystems). The BISMA program was
used for analysis of the resulting bisulfite sequencing data
using default filtering thresholds.25

The bisulfite sequencing primers were designed to amplify
regions with preferably none and maximum 1 CpG site in the
forward and reverse primers and to flank the area amplified byT
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the qMSP assay. The NTRK2 fragment (Refseq NM_006180)
covered bases � 365 to � 64 relative to the transcription start
site. All together 40 CpG sites, including the 17 included in the
original NTRK2 assay,20 were covered by the bisulfite
sequencing analysis (forward primer: 50-TTGCGGGTAGAT
TAGTGATTAT-30; reverse primer: 50-CATTTACAAACCT
TATCTAAAAA-TCC-30). The primers were designed using
the Methyl Primer Express 1.0 from Applied Biosystems.

Statistical Analyses. Statistical analyses were performed
using SPSS 16.0 (IBM Corporation, Armonk, NY, USA). Com-
parisons of categorical variables were carried out using w2 or
Fisher’s exact test, and findings were considered statistically
significant if the P-value was r0.05 (5%). Student t-test and
regression were used to analyze a potential association between
methylation status and patient age, whereas Mann–Whitney
U-test was used to analyze a potential association between
adenoma size and promoter hypermethylation. PMR values
were used to generate receiver operating characteristic curves.

RESULTS

Methylation frequencies of target genes in clinical test
and validation set. The selected biomarkers were analyzed
in clinical tissue samples. When comparing the methylation
frequencies with that of the novel epi-panel, the latter was
shown to outperform the previously identified DNA methylation
markers. These results are summarized in Table 2 and
illustrated in Figure 1. No statistical difference in methylation
frequencies was seen between the test and the validation sets.
For the normal mucosa samples, the validation set comprised
only rectum samples, which could introduce a possible bias.
However, also here, comparable methylation frequencies were
found between the test and validation series.

Associations between the methylated genes and known
genetic and clinicopathological features. The DNA
methylation status of the majority of the investigated gene
promoters in CRC was independent of MSI status, BRAF
mutation, tumor localization, tumor stage as well as gender
and age of the patients. Promoter methylation was more
frequent among MSI CRCs than seen among MSS samples
for VIM (91% vs. 58%; P¼ 3.2E� 5) and NTRK2 (22% vs.
1%; P¼ 6.0E� 7). Promoter hypermethylation of VIM and
NTRK2 was further associated with mutation in exon 15 of
the BRAF gene (P¼ 0.002 and P¼ 9.0E� 9). CRC methyla-
tion of VIM was additionally associated with proximal location
in the colon (P¼ 0.004), and with increased patient age
(mean age 72 years for patients with methylated tumors, and
66 years for patients with unmethylated tumors; P¼ 0.005;
logistic regression). Methylation of NTRK2 was slightly more
common among female than male patients (11% vs. 3%;
Fisher’s exact test P¼ 0.029). In adenomas, the methylation
status of the analyzed genes was independent of age, MSI
status, tumor location, gender, and adenoma size.

Comparing sensitivities and specificities of the pre-
viously identified DNA methylation markers with the
novel epi-panel. The methylation frequencies achieved for T
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the individual genes across the tumor test and validation set
were lower compared with the performance of the novel
panel for early detection of CRC.11 The panel, consisting of
the genes CNRIP1, FBN1, INA, MAL, SNCA, and SPG20,
had initially a combined sensitivity of 94% for CRC and 93%
for adenoma, with a specificity of 98%. Positive samples
were defined to be methylated in at least two out of these six
genes. Restricting the measurements to the samples
included in this study, where six MSI CRC and eight
adenoma samples were omitted due to shortage of DNA,
resulted in a sensitivity of 93% in CRC and 92% in adenoma,
and a combined specificity of 98%, which is significantly
higher than for VIM (CRC, P¼ 2.4E� 4; adenoma,
P¼ 0.013) and SEPT9 (CRC: P¼ 2.3E� 5; adenoma:
P¼ 3.3E� 12). Only ITGA4 achieved comparable specificity
and sensitivity measurements, although the methylation
frequency among the adenomas was significantly lower
(P¼ 4.9E� 4) than for the panel (Table 2). When combining
the six previously identified DNA methylation markers,
ITGA4, NTRK2, OSMR, TUBG2, SEPT9, and VIM, and
using the same scoring threshold as for the novel epi-panel
(two out of six positive genes to call a sample as
methylated), this panel achieved a sensitivity of 89% for
CRC and 84% for adenoma, with a specificity of 99%. The
resulting lower performance of this panel compared with that
of the novel epi-panel underscored that the choice of
markers to combine is important and not merely the
combinatorial approach itself.

The novel epi-panel outperformed VIM and SEPT9 in
tissue samples. As VIM and SEPT9 are currently the only
clinically available biomarkers for noninvasive diagnostic
use, we used ROC curves to compare the performance of
these biomarkers with that of the novel epi-panel, using data
generated from tissue samples. SEPT9 and VIM achieved an
area under the ROC curve of 0.94 and 0.81, respectively, for
discriminating CRCs from normal mucosa and 0.96 and 0.81
for discriminating adenomas from normal mucosa (Figure 2).

In comparison, the novel epi-panel achieved areas under the
ROC curve values of 0.98 and 0.97, respectively. Across the
test and validation sets, we showed that SEPT9 and VIM
were methylated in 82% and 67% of CRCs (n¼ 169) and in
88% and 54% of the adenomas (n¼ 104), respectively,
whereas 3% of the normal mucosa samples (n¼ 107) were
methylated for these genes.

Interestingly, a small number of CRC samples (7/169) were
unmethylated for all six genes included in the novel epi-panel.
Five of these samples (71%) were unmethylated for both
SEPT9 and VIM, whereas the remaining two samples (29%)
displayed promoter methylation of either VIM or SEPT9.
Among the CRC samples that were scored as unmethylated
for VIM (n¼ 52), 83% could be detected using the novel epi-
panel. Furthermore, 75% of the CRCs unmethylated in the
SEPT9 promoter (n¼ 28) were positive when adding this
information, underscoring that the novel epi-panel could
significantly improve the diagnostic sensitivity without com-
promising the specificity.

Bisulfite sequencing confirmed the promoter methyla-
tion status of NTRK2. Bisulfite sequencing following clon-
ing of selected cancer cell lines and tissue samples
confirmed the promoter methylation status of NTRK2 as
assessed by qMSP (Figure 3). As expected, samples with a
low PMR value displayed few methylated CpG sites from the
bisulfite sequencing analysis, whereas several of the clones
from samples with higher PMR values had methylated CpG
sites.

DISCUSSION

In this study, we have evaluated the performance of six
previously identified DNA methylation markers for CRC,
including VIM and SEPT9, in Norwegian clinical sample sets.
The results were compared with the performance of a novel
epi-panel consisting of CNRIP1, FBN1, INA, MAL, SNCA, and
SPG20.11 To achieve methylation frequencies that were

Figure 1 Promoter methylation status of the previously identified DNA methylation markers in normal and tumor tissue samples. The figure illustrates the methylation
status of the previously identified DNA methylation biomarkers across test and validation sets of colorectal carcinomas (n¼ 169), adenomas (n¼ 104), normal mucosa
samples from colorectal cancer (CRC)-free individuals (n¼ 107), and normal mucosa from CRC patients (n¼ 105). For comparison the methylation status of the novel
epi-panel for early detection of CRC is included.11 Green color indicates unmethylated sample, whereas red color indicates methylated sample.
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directly comparable, all analyses have been performed in the
same lab, using the same experimental procedures and the
same tissue sample sets. From analyses of 485 tissue
samples, we showed that the novel epi-panel had a
higher sensitivity and specificity than all the individual
biomarkers.6,18,20

The vast majority of the CRC samples analyzed in this study
were positive for the novel epi-panel including a substantial
number of tumors that were unmethylated for both VIM and
SEPT9. These results underscore the value of combining
several promising candidates into a robust panel for
CRC detection. A higher resulting area under the ROC curve
of the novel epi-panel compared with VIM and SEPT9
further supported this in tissue samples, and further indicated
that the panel has the potential to perform at least as
good, possibly even better than these single markers in a
noninvasive test.

A small number of CRC samples were unmethylated for all
six genes included in the novel epi-panel. Combining

methylation markers with genetic markers could in principle
further increase the fraction of detected tumors. Indeed, two of
the seven negative cancers had a mutation in the PTEN gene,
and one of these mutated cancers was additionally of the MSI
phenotype. The rest of the methylation negative cancers were
MSS and wild type for all the genetic CRC markers tested,
including BRAF, KRAS, PTEN, TP53, and PIK3CA (data not
shown).

We also analyzed the methylation frequencies of ITGA4,
OSMR, NTRK2, and TUBG2 in this study. For the two first
genes, we observed methylation frequencies that were
comparable with previously reported data.19,20 With a
sensitivity of 90% and a specificity of 99%, ITGA4 represents
one of the most promising biomarkers for CRC. Indeed,
methylation of this gene has already been evaluated in stool
specimens with a reported sensitivity of 69% and a specificity
of 79% for colorectal adenomas.19 Another study has reported
ITGA4 methylation in patients with CRC (37%) as well as in
individuals with adenoma (16%) and combining ITGA4 with
p16 and SFRP2 resulted in an increased sensitivity in the
same noninvasive material (70% in CRC and 72% in
adenoma, with a specificity of 97%).26

OSMR had slightly lower tumor methylation frequencies
than ITGA4 in this study. Several studies have previously
analyzed this gene in CRC samples resulting in a range of
methylation frequencies from 32 to 90%.20,27,28 Interestingly,
OSMR promoter hypermethylation has also been identified in
stool DNA from CRC patients.20

Surprisingly, for NTRK2 and TUBG2 the methylation
frequencies observed in this study were much lower than
what have been reported previously.20 A general source of
errors when comparing methylation frequencies between
various studies can be the choice of methodology and even
variations in primer and probe design within the same method.
Furthermore, the scoring threshold is also an important
source for deviating results between studies. In our analyses,
we chose to set individual scoring thresholds for each gene
based on the highest PMR value achieved among the normal
mucosa samples in the test set to ensure optimal specificities.
By lowering these threshold values, the sensitivity may be
increased, but at the expense of the specificity. In this qMSP-
based study, we aimed at including as many overlapping CpG
sites as possible from the original assays to generate
comparable data. With the exception of the NTRK2 forward
primer, where only one out of three CpG sites in the original
assay were included in the modified assay, all remaining CpG
sites for the primers and probes for this gene as well as for
TUBG2 were included in the qMSP assays used in this study.
Owing to the discrepant results, particularly for NTRK2, we
cloned and bisulfite sequenced parts of its promoter to
determine whether the observed differences were a conse-
quence of technical issues. The bisulfite sequencing data
confirmed that the NTRK2 promoter region indeed was rarely
methylated in both cell lines and CRC tissue samples,
indicating that the quantitative methylation data generated in
this study across a large set of Norwegian tissue samples
were valid. Ethnicity has previously been found to be
associated with differences in cancer incidence and mortality,
exemplified by African American men who have greater risk of
developing testicular germ cell tumors and prostate cancer

Figure 2 Receiver operating characteristic (ROC) curves for the novel epi-panel
and the previously identified DNA methylation markers. The area under the curve
conveys the accuracy of the biomarkers in distinguishing colorectal carcinoma (a) or
adenoma (b) from normal mucosa.
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compared with Caucasian men.29,30 In this study, we cannot
exclude that the observed discrepancy of NTRK2 and TUBG2
may be due to differences in the population of the included
patients. However, to the best of our knowledge, these genes
have previously only been analyzed in a relatively small
sample set,20 which may contribute to the discrepancy in the
results.

It should be noted that the evaluations and comparisons of
the biomarker performance have been done in tissue samples
and not in noninvasive material, such as stool or blood. A
handful studies have shown that methylation frequencies can
vary from tissue samples to noninvasive samples.5,20,31,32

This is exemplified by promoter hypermethylation of NDRG4
and VIM, which both have been shown to perform well in

tissue samples. When analyzed in fecal DNA samples, the
sensitivity of both biomarkers decreased, whereas the
specificity for NDRG4 methylation remained high.5,31 When
tested in noninvasive samples, we expect a decrease in the
performance also of the novel epi-panel. Although the data
presented here show that the panel outperforms individual
biomarkers in tissue-based samples, it remains to be seen if
this is the case also in noninvasive material.

Although our analyses have been based on the exact same
tissue sample sets the space in time between the analyses of
the novel epi-panel and the previously identified DNA
methylation markers may provide a potential bias. Preferably
all markers should have been investigated at the same time,
using the exact same bisulfate-treated DNA. Although we

Figure 3 Bisulfite sequencing of the NTRK2 promoter confirmed the methylation status as assessed by quantitative methylation-specific PCR (qMSP). The figure
illustrates the bisulfite sequencing results for the NTRK2 promoter in four colorectal cancer samples and two colon cancer cell lines. Rightmost column reflects the percent of
methylated reference (PMR) values for the same samples assessed by qMSP. Red square illustrates methylated CpG site, blue square represents unmethylated site, whereas
gray squares represent unknown or undetermined CpG sites.
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have used the same DNA stock for all analyses as well as the
same standardized experimental procedures, we cannot
exclude differences in results due to the time delay in the
experiments. However, we recently analyzed the novel epi-
panel in another independent clinical series of CRCs (n¼ 197)
and achieved a comparable and even slightly higher
sensitivity than previously reported (data not shown), which
shows that the previously established data are highly
reproducible.

So far, only a few epigenetic biomarkers with a diagnostic
potential have been identified and subsequently validated in
blood and/or stool samples from CRC patients. In addition to
the previously mentioned VIM and SEPT9, TFPI2 is a
promising candidate in stool from patients with stage I� III
CRC.32 This gene was not included in the previously
mentioned review Kim et al.8 and was consequently not
analyzed in this study. Interestingly, TFP12 methylation has
recently also been detected in serum, however, with a low
sensitivity (18%).33 Although blood-based detection of CRC
could be more cost effective as well as more accepted among
the general population, the high sensitivity observed in stool
compared with serum indicates that TFPI2 could potentially
be more useful in a stool-based test. Hypermethylation of
GATA4/5 has also been shown to have a high sensitivity and
specificity in stool DNA from patients with CRC.34 Combining
these with other promising biomarkers may give a robust
epigenetic panel with a high sensitivity and specificity for
noninvasive CRC detection.

In conclusion, using tissue samples the performance of a
novel epi-panel outperformed some of the most highly
methylated genes from the literature, including VIM and
SEPT9. This underscores the value of combining a manage-
able number of individually promising markers into a panel,
which at least on a tissue level can achieve more robustness
in addition to a high sensitivity and specificity. From this
comparison, we conclude that the novel epi-panel is highly
suitable for developing into a noninvasive test for early
detection of CRC.

CONFLICT OF INTEREST

Guarantor of the article: Guro E. Lind, Dr Philos.
Specific author contributions: GEL conceived and was
responsible for study design. DA, THA, and SAD carried out
the experimental analyses. DA and GEL carried out data
interpretation and statistical analyses and drafted the
manuscript. MB, ETE, GH, TOR, AN, and RAL contributed
with biobank material, molecular data, and patient data. RAL
contributed in designing the study and interpretation of
results. All authors have participated in manuscript
preparation and approved the final manuscript.
Financial support: This work was supported by grants from
the Norwegian Cancer Society (GEL: PR-2008–0163 and PR-
2009-0307: funding DA as PhD student; RAL: PR-2006-0442
funding SAD as a post doc), and grants from the Norwegian
Health Region South East (RAL: no. 2011024 ‘‘Genome
medicine of colorectal cancer’’, funding THÅ as post doc).
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WHAT IS CURRENT KNOWLEDGE?

| CRC has high incidence and mortality rate worldwide.

| Early detection of disease will improve patient survival.

| SEPT9 and VIM are the only DNA methylation-based
markers in commercially available tests for early detection.

WHAT IS NEW HERE?

| A recently developed epi-marker panel was shown to
perform better than known individual markers, including
VIM and SEPT9, assessed in the same clinical tissue
sample series.
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