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Is methylation analysis of SFRP2, TFPI2, NDRG4, and
BMP3 promoters suitable for colorectal cancer screening
in the Korean population?
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Background/Aims: Colorectal cancer (CRC) screening using stool DNA was recently found to yield good detection rates. A
multi-target stool DNA test (Cologuard®, Exact Sciences), including methylated genes has been recently approved by the U.S.
Food and Drug Administration. The aim of this study was to validate these aberrantly methylated genes as stool-based DNA
markers for detecting CRC and colorectal advanced adenoma (AA) in the Korean population. Methods: A single-center study
was conducted in 36 patients with AA; 35 patients with CRC; and 40 endoscopically diagnosed healthy controls using CRC
screening colonoscopy. The methylation status of the SFRP2, TFPI2, NDRG4, and BMP3 promoters was investigated blindly us-
ing bisulfate-modified stool DNA obtained from 111 participants. Methylation status was investigated by methylation-specific
polymerase chain reaction. Results: Methylated SFRP2, TFPI2, NDRG4, and BMP3 promoters were detected in 60.0%, 31.4%,
68.8%, and 40.0% of CRC samples and in 27.8%, 27.8%, 27.8%, and 33.3% of AA samples, respectively. The sensitivities obtained
using 4 markers to detect CRC and AA were 94.3% and 72.2%, respectively. The specificity was 55.0%. Conclusions: Our re-
sults demonstrate that the SFRP2, TFPI2, NDRG4, and BMP3 promoter methylation analysis of stool sample DNA showed high
sensitivity but low specificity for detecting CRC and AA. Because of the low specificity, 4 methylated markers might not be suf-
ficient for CRC screening in the Korean population. Further large-scale studies are required to validate the methylation of these
markers in the Asian population and to find new markers for the Asian population. (Intest Res 2017;15:495-501)
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In addition to traditional screening methods of CRC, in-

are increasing in Korea.” The prevention of CRC by screen-
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approach for CRC screening.’ Epigenetic alterations in CRC,
such as aberrant DNA methylation have been extensively
studied; thus, DNA methylation in exfoliated human gas-
trointestinal cells in stool may serve as a CRC biomarker.”’
A multitarget stool DNA test, including methylated genes,
has been recently approved by the U.S. Food and Drug Ad-
ministration (USFDA)." However, the results of the latest
study showed a higher rate of false-positive results," and few
validation studies have been conducted in Asia, including
Korea."”

In the present study, we aimed to investigate stool-based
methylated DNA markers for detecting CRC and precancer-
ous lesions in Korean patients, and selected 4 previously
identified promoters, including secreted frizzled-related
protein 2 (SFRP2), tissue factor pathway inhibitor 2 (TFPI2),
N-myc downstream-regulated gene 4 (NDRG4), and bone
morphogenetic protein 3 (BMP3).

METHODS
1. Patients

This study included 111 patients who underwent colonos-
copy for CRC screening at the Kangbuk Samsung Hospital
between August 2012 and March 2014. Of these, 36 and 35
patients were diagnosed with advanced adenoma (AA) and
CRC, respectively. A control group consisting of 40 endo-
scopically diagnosed healthy participants was also included
in the study. Exclusion criteria were prior colorectal resec-
tion, history of any cancer, clinically apparent polyposis syn-
drome or hereditary nonpolyposis colon cancer syndrome,
incomplete colonoscopic examination, and refusal of con-
sent. All participants provided written informed consent and
provided sufficient stool samples for DNA isolation using a
self-collection approach. This study was approved by the In-
stitutional Review Board of Kangbuk Samsung Hospital (IRB
No. 2013-01-135), South Korea.

2. Colonoscopy and Definitions

All polypoid lesions were removed during colonoscopy.
The size of each polyp was estimated using open-biopsy for-
ceps that were 7 mm in diameter. All retrieved polyps were
sent to the pathology laboratory for histologic evaluation. AA
refers to adenomas with diameter =10 mm or tubulovillous,
villous, or high-grade dysplasia. Patients with intramucosal
carcinomas or carcinomas in situ were designated as having
high-grade dysplasia. Cancer was defined as the invasion
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of malignant cells beyond the muscularis mucosa. If one
patient had more than 1 lesion, the most advanced lesion
was selected for further analysis. The left colon was defined
as the rectum, sigmoid, and descending colon, whereas the
right colon was defined as the transverse colon, ascending
colon, and cecum.

3. Stool DNA Extraction from Stool Samples and
Methylation-Specific PCR

Stool samples were collected the day before the colonos-
copy (first stool during bowel preparation). Pre-endoscopy
stool samples were stored in the patients household freez-
ers, and the patients were instructed to return the stool sam-
ples on the day of endoscopy for long-term storage at -70°C
in our laboratory.

Table 1. Primer Sequences, PCR Product Sizes, and Annealing
Temperatures Used in MSP Assays

PCR Annealing
product temperature
size (bp) (°0)

SFRP2
M S: GGGTCGGAGTTTTTCGGAGTTGCGC 138 62
A: CCGCTCTCTTCGCTAAATACGACTCG
U S: TITTGGGTTGGAGTITTTTGGAGTTGTGT 145 50
A: AACCCACTCTCTTCACTAAATACAACTCA
BMP3
M S: GTTTGGAGTTTAATTTTCGGTTTC 179 54
A: ATAACTTCGATCTCTCTCCCTACG
U S: GGTTTGGAGTITAATTTTTGGTTIT 178 54
A: AACTTCAATCTCTCTCCCTACACC
NDRG4
M S: TTTAGGTTCGGTATCGTTTCGC 110 61
A: CGAACTAAAAACGATACGCCG
U S: GATTAGTTTTAGGTTTGGTATTGTTTTGT 105 61
A: AAAACCAAACTAAAAACAATACACCA
TFPI2
M S: ATTTTTTAGGTTTCGTTTCGGC 118 57
A: GCCTAACGAAAAAAAATACGCG
U S: TTAGTTATTTTTTAGGTTTIGTTTIGGT 105 57
A: AAAAACACCTAACAAAAAAAAATACACA

MSP, methylation-specific PCR; SFRP2, secreted frizzled-related protein
2; M, methylated; S, sense; A, antisense; U, unmethylated; BMP3, bone
morphogenetic protein 3; NDRG4, N-myc downstream-regulated gene
4, TFPI2, tissue factor pathway inhibitor 2.
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Stool samples were randomly coded before processing
to ensure adequate blinding of the clinical information.
DNA was purified from feces (250-300 mg) using QIAamp
DNA stool mini kit (Qiagen, Hilden, Germany) based on
the manufacturer’s instructions. This kit is designed for the
preferential isolation and purification of DNA from human
colonocytes present in the feces. PCR was performed to am-
plify the human B-actin gene to determine the quality of the
isolated DNA. Human B-actin DNA was successfully ampli-
fied in all stool samples, confirming that our storage protocol
for the samples was appropriate.

Genomic DNA was chemically modified with sodium bi-
sulfite to convert all unmethylated cytosine residues to uracil
while leaving the methylated cytosine residues unaltered.
Methylation of the SFRP2, TFPI2, NDRG4, and BMP3 pro-
moters in the bisulfite-modified DNA was investigated using
methylation-specific PCR (MSP), aimed at either the methyl-
ated or the unmethylated alleles. Previously reported primer
sequences are listed in Table 1, and commercially available
methylated human genomic DNA (CpGenome Universal
Methylated DNA; Chemicon International Inc., Temecula,
CA, USA) was used as a positive control. The reagents with-
out the isolated DNA served as the negative control. The
thermocycler conditions were as follows: 95°C for 5 minutes,
40 to 45 cycles at 95°C for 30 seconds at a specific anneal-
ing temperature, and final extension at 72°C for 10 minutes.
All MSP assays were repeated at least twice to validate the
results. Subsequently, MSP products were separated by hori-
zontal gel electrophoresis in a 1.2% agarose gel, staining with
ethidium bromide, and visualization under UV transillumi-
nation using the Quantity One image analyzer system (Bio-
Rad, Hercules, CA, USA).

4. Statistical Analysis

Continuous variables were expressed as mean+SD, and
comparisons between groups were performed using one-
way ANOVA. Variables not normally distributed were
compared using Kruskal-Wallis test. Categorical variables
were expressed as percentages, and comparisons between
groups were performed using chi-square test. The sensitiv-
ity and specificity (including 95% CI) of the stool DNA assay
were calculated using a manual method. The sensitivity and
specificity were reported for each marker and combination
of the 4 markers, which was defined as at least 1 methylation
among the SFRP2, TFPI2, NDRG4, and BMP3 promoters. P-
values <0.05 were considered significant. All data analyses
were performed using SPSS version 18.0 (SPSS Inc., Chicago,
IL, USA).
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RESULTS
1. Patients

The stool samples were obtained from 40 endoscopically
diagnosed healthy controls, 36 patients with AA, and 35
patients with CRC. The mean age was 55.7 years in normal
patients, 63.2 years in patients with AA, and 60.6 years in pa-
tients with CRC, showing a statistically significant difference
(P=0.03). No significant differences were found between
sexes (Table 2).

2. Hypermethylation of SFRP2, TFPI2, NDRG4, and
BMP3 Promoters in Patients with CRC

MSP was performed in 35 patients with CRC (Fig. 1).
Methylation of the SFRP2, TFPI2, NDRG4, and BMP3 pro-
moters was detected in 21 (60.0%), 11 (31.4%), 24 (68.8%),
and 14 (40.0%) CRC samples, respectively. The sensitivity of
combination of the 4 markers for detecting CRC was 94.3%
(95% CI, 86.2-100.0) (Table 3).

In patients with CRC, the sensitivity using a combination
of the 4 markers in left-sided CRC was 95.7%, and this dif-
ference was not significant compared with the sensitivity
in right-sided CRC. The sensitivity of combination of the
4 markers in patients with stage I1I/IV CRC was 100%, but
the sensitivity did not vary significantly based on CRC stage
(Table 4).

3. Hypermethylation of SFRP2, TFPI2, NDRG4, and
BMP3 Promoters in Patients with AA

MSP was performed in 36 patients with AA. Methylation
of the SFRP2, TFPI2, NDRG4, and BMP3 promoters was de-
tected in 10 (27.8%), 10 (27.8%), 10 (27.8%), and 12 (33.3%)
of the AA samples, respectively. The sensitivity of combina-
tion of the 4 markers for detecting AA was 72.2% (95% CI,
43.0-77.0) (Table 3).

In patients with AA, the sensitivities of combination of

Table 2. Characteristics of the Patients Enrolled in the Study

Colorectal  Advanced
Normal  P-value
cancer adenoma
No. of patients 35 36 40 -
Male sex 25 (62.5) 223 (65.7) 25 (69.4) 0.81
Age (yr) 60.60+13.04 63.20+10.16 55.70+14.64  0.03

Values are presented as number (%) or mean+SD.

497



Soo-Kyung Park, et al. « Methylated genes for screening CRC

SFRP2 TEPI2 NDRG4  BMP3 SFRP2 TEPI2
C1 o o o Al o o
Cc2 o o o o A2 o
C3 o) A3 o)
C4 Ad
C5 o o o Ab o
C6 (e} o o A6 o)
C7 o o o AT
C8 o o o) A8 o
C9 o o) A9
C10 o o A10 o o
C11 ) o A1
C12 o o A12 o o
Ci18 o o o ) A13 o
C14 o o o Al4
CiB o o A15
C16 (e} ) A16
C17 o A17 o
C18 o o o A18
C19 o o A19
C20 o ) A20
C21 o ) A21
C22 ) A22 o
C23 (e} A23
C24 ) A24
C25 o o A25
C26 (e} A26 ) o
Ce7 o ) o o A27 )
C28 (e} A28 o
C29 ) o A29
C30 ) A30 o
C31 o o o A31
C32 o) A32 o
C33 o A33
C34 o) o A34
C35 A35
A36

INTESTINAL RESEARCH

NDRG4 — BMP3

o N1
N2 o o
o N3 o o
N4
N5
N6 o
N7
N8
N9
N10 [e) o
N11 )
N12 o
N13 o
N14
o N15 o o
N16
o N17
o N18 o
N19
N20
N21
N22
N23 )
N24
N25
N26
) N27
N28
N29
N30
o N31
o N32
N33
N34
N35 o)
N36
N37
N38 o o
N39 o)
N40 o)

SFRP2 TEPI2  NDRG4  BMP3

o
OO0 00O

O0O0O0

OO0OO0OO0OO0

Fig. 1. Results of the stool DNA methylation-specific PCR assay performed with samples obtained from patients with colorectal cancer (C) and ad-
vanced adenoma (A) and healthy controls (N). SFRP2, secreted frizzled-related protein 2; TFPI2, tissue factor pathway inhibitor 2; NDRG4, N-myc

downstream-regulated gene 4; BMP3, bone morphogenetic protein 3.

the 4 markers for detecting adenoma with >10 mm, villous
histology, and high-grade dysplasia were 74.3%, 74.1%, and
57.1%, respectively. No statistically significant association
was found between stool DNA hypermethylation and size,
histology, or dysplasia (Table 4).

4. Hypermethylation of SFRP2, TFPI2, NDRG4, and
BMP3 Promoters in Normal Patients

MSP was performed in 40 normal patients (Fig. 1). Meth-
ylation of the SFRP2, TFPI2, NDRG4, and BMP3 promoters
was detected in 5 (12.5%), 4 (10%), 8 (20%), and 6 (15%)
normal patients. Thus, their specificities were 87.5%, 90.0%,
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80.0%, and 85.0%, respectively. The specificity of combina-
tion of the 4 markers for detecting CRC or AA was 55.0%
(Table 3). When we compared the clinical characteristics in
patients with true negative (n=22) and false negative (n=10)
using combination of the 4 markers, no difference was found
in the proportion of male patients (60.0% vs. 72.7%, P=0.47)
and the mean age (57.1+13.7 years vs. 53.9+16.6 years,
P=067).

DISCUSSION

In this study, we investigated the feasibility of detect-
ing methylated stool DNA as a screening tool for CRC and

www.irjournal.org
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Table 3. Sensitivity and Specificity of Methylated Stool DNA among Subgroups

SFRP2 TFPI2 NDRG4 BMP3 Combination®

Colorectal cancer (n=35)

No. of positive results 21 11 24 14 33

Sensitivity (%) 60.0 31.4 68.8 40.0 94.3

95% Cl 43.0-77.0 15.0-48.0 52.0-85.0 23.0-57.0 86.2-100.0
Advanced adenoma (n=36)

No. of positive results 10 10 10 12 26

Sensitivity (%) 27.8 27.8 27.8 333 722

95% Cl 12.4-43.2 12.4-43.2 12.4-43.2 17.2-49.5 43.0-77.0
Normal (n=40)

No. of positive results 5 4 8 6 18

Specificity (%) 87.5 90.0 80.0 85.0 55.0

95% Cl 76.8-98.2 80.3-99.7 67.0-92.9 73.4-96.5 389-71.1

*Hypermethylation of 1 of the 4 promoters (SFRP2, TFPI2, NDRG4, and BMP3).

SFRP2, secreted frizzled-related protein 2; TFP/2, tissue factor pathway inhibitor 2; NDRG4, N-myc downstream-regulated gene 4; BMP3, bone

morphogenetic protein 3.

Table 4. Correlation between Clinicopathologic Findings and Sensitivity
of Methylated Stool DNA

No. MSP Sensitivity (%) P-value

Colorectal cancer 35
Location 099
Right 12 n 91.7
Left 23 22 95.7
Stage 0.23
I/l 17 15 88.2
/v 18 18 100.0
Advanced adenoma 36
Size (mm) 0.28
>10 35 26 74.3
<10 1 0 0
Histology 0.68
Villous 27 20 74.1
Tubular 9 6 66.7
Dysplasia 037
High grade 7 4 57.1
Low grade 29 22 759

*Hypermethylation of 1 of the 4 promoters (SFRP2, TFPI2, NDRG4, and
BMP3).

*Combination of 4 promoters (SFRP2, TFPI2, NDRG4, and BMP3).

MSP, methylation-specific PCR; SFRP2, secreted frizzled-related
protein 2; TFPI2, tissue factor pathway inhibitor 2; NDRG4, N-myc
downstream-regulated gene 4; BMP3, bone morphogenetic protein 3.

www.irjournal.org

precancerous lesions (AA). Using 4 methylation markers
(SFRP2, TFPI2, NDRG4, and BMP3), 94.3% of patients with
CRC and 72.2% of patients with AA showed methylated
DNA in their stool samples. However, the specificity of our
testing method was only 55.0%.

In analyzing different screening tests for CRC, the sensitiv-
ity, specificity, and particularly compliance must be consid-
ered. A screening test must not only be accurate, but also
be widely accessible to provide effective lesion detection at
a population level. To screen for CRC using stool samples,
FOBT is widely performed and is the only screening method
shown to reduce the mortality rate of CRC."” However, FOBT
has limitations, such as interference by dietary components,
low sensitivity, and the requirement of multiple samplings."
Assaying stool DNA for CRC screening has the advantages
of continuous marker release and production from the neo-
plasm with better sensitivity than FOBT."” Furthermore, the
detection accuracy of stool DNA testing is not affected by
the anatomic site of the target lesions'® and is not affected by
diet components.'” Therefore, the acceptance and compli-
ance for stool DNA testing are likely to be superior to those
of FOBT.

The feasibility of testing stool DNA to screen for CRC was
initially examined using mutation-based DNA, such as mu-
tant KRAS." Methylation-based testing, involving the use
of specific markers that are representative of an epigenetic
signature of neoplastic alterations has been recently exam-
ined." A Cologuard” (Exact Sciences, Madison, WI, USA),
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a multitarget stool DNA test, including molecular assays for
aberrantly methylated BMP3 and NDRG4 gene promoter
regions, has been recently approved by the USFDA."

In our study, we selected 4 methylation markers, SFRP2,
TFPI2, NDRG4, and BMP3, which are known to be involved
in CRC and were included in a recent multitarget stool DNA

test.>"!

SFRP2 is a tumor suppressor gene, and its protein
product contains domains similar to those in Wnt-receptor
frizzled proteins. Promoter hypermethylation induces epi-
genetic inactivation of SFRP2 by constitutive Wnt signaling,
which is observed in approximately 90% of CRC cases.'"*’
In previous studies, the sensitivity and specificity of a single
marker for SFRP2 in CRC patient stool samples were 63%
t0 94% and 91% to 96%, respectively." TFPI2 is a tumor
suppressor gene that may be predisposed to aberrant DNA
methylation in CRC carcinogenesis.”' In a previous study,
TFEPI2 methylation was detected in stool DNA from CRC pa-
tients with sensitivity and specificity of 76% and 79%, respec-
tively.”! NDRG4 is a tumor suppressor gene in CRC whose
expression is frequently inactivated by promoter methyla-
tion. In stool DNA, methylated NDRG4 showed a sensitivity
of 61% for detecting CRC, with a corresponding specificity
of 93%.” BMP3 is a transforming growth factor-p of cyto-
kine, and aberrant hypermethylation of this gene has been
reported to downregulate the expression of BMP3 in CRC.”
Although no studies have investigated methylated BMP3 in
stool as a single marker for CRC detection, multi-target stool
DNA assay to measure B-actin, mutant KRAS, methylated
BMP3, and NDRG4 showed 90% specificity, with 98% sensi-
tivity in patients with CRC."

In the present study, although the specificity for each
marker was as high as 80% to 90%, the specificity for the
combined 4 markers was as low as 55%. If we only included
2 markers (BMP3 and NDRG4) similar to the previous
study," specificity was increased to 70%. The reason for the
high false-positive rate might be related with field effect, as
we previously reported.”! However, although recently devel-
oped DNA panels include not only methylated promoters,
but also mutant KRAS and an immunochemical assay for
human hemoglobin," their specificity is lower than that for
fecal immunochemical test (FIT), resulting in more false-
positive results, more diagnostic colonoscopies, and more
associated adverse events per screening test.”’

This study had several strengths. We investigated methyl-
ated markers that were included in a multitarget stool DNA
test, which has been recently approved by the USFDA, in the
Asian population. In addition, the use of stool collected from
well-characterized patients undergoing colonoscopy for av-
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erage risk CRC screening in a blinded design, and specimens
were uniformly collected and analyzed.

The limitations of this study include a relatively small
number of specimens and age differences between groups.
Because a previous study demonstrated the effect of age on
methylation markers,” a large study should be performed to
examine the role of stool methylated DNA for CRC screening
related with age. Second, we did not perform FOBT or FIT
simultaneously. Third, because we collected the first stool
during bowel preparation, the fecal specimen might have
been contaminated with the bowel preparation solution,
and it might have affected the sensitivity of a single target.
Since a few stool DNA marker studies have been conducted
in Asia, large studies investigating stool DNA markers and
comparing sensitivity and specificity with FIT or FOBT in
Asian populations are needed.

In conclusion, the combination of 4 methylated markers
might not be sufficient for CRC screening in Korea because
of the low specificity. Further studies are needed to validate
the methylation of these markers in the Asian population.
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