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Abstract
The serrated neoplasia pathway of colorectal carcinogenesis is characterized by BRAF mutation and aberrant DNA methylation,
which have not been reported on Korean patients. The aim of this study was to investigate BRAF mutation and DNA methylation in
colorectal serrated polyps and the right colon.
Between 2005 and 2013, 146 colon polyps (47 tubular adenomas [TAs], 53 traditional serrated adenomas [TSAs], 17 sessile

serrated adenomas/polyps [SSAs], and 29 hyperplastic polyps in the proximal colon [PHPs]) were collected from patients. Paraffin-
embedded colon polyp tissue was used for DNA extraction. BRAF V600Emutation was identified through polymerase chain reaction
(PCR) and pyrosequencing assay. The methylation status of the long interspersed nucleotide element-1, insulin-like growth factor
binding protein 7 (IGFBP7), mutL homolog 1 (hMLH1), and CD133 genes were evaluated through disulfite conversion, PCR, and
pyrosequencing assay.
BRAF V600E mutation was found in 2.1% of TAs, 47.2% of TSAs, 41.2% of SSAs, and 20.7% of PHPs. TSA and SSA had higher

BRAF mutation rates than did TA (P<0.0001). TSA had higher BRAF mutation rates than did PHP (P=0.018). IGFBP7
hypermethylation was found in 17% of TAs, 37.7% of TSAs, 88.2% of SSAs, and 37.5% of PHPs. TSA and SSA had higher
hypermethylation of IGFBP7 than did TA (P=0.021 and P<0.0001, respectively). SSA had higher hypermethylation of IGFBP7 than
did PHP (P=0.002). hMLH1 hypermethylation was found in 2.1% of TAs, 5.7% of TSAs, 0% of SSAs, and 0% of PHPs. CD133
hypermethylation was found in 21.3% of TAs, 9.4% of TSAs, 35.3% of SSAs, and 17.4% of PHPs.
BRAF mutation and methylation in TSA and SSA are different from those in PHP in Koreans. These findings suggested that PHP

may have different molecular characteristics compared with other serrated polyps.

Abbreviations: CIMP = CpG island methylator phenotype, CRC = colorectal cancer, FFPE = formalin-fixed, paraffin-embedded,
IGFBP7 = insulin-like growth factor binding protein 7, LINE-1 = long interspersed nucleotide element-1, PCR = polymerase chain
reaction, PHP = hyperplastic polyp in the proximal colon, SSA = sessile serrated adenoma/polyp, TA = tubular adenoma, TSA =
traditional serrated adenoma, WHO = World Health Organization.
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1. Introduction

The worldwide incidence of colorectal cancer (CRC) consists of
about 1.2 million new cases per year; its mortality is relatively
high, with as many as 40% to 50% of CRC patients dying within
5 years of diagnosis.[1–3] Three pathways of CRC carcinogenesis
are as follows: the chromosomal instability pathway, mutator
pathway, and serrated neoplasia pathway.[4–6] The serrated
neoplasia pathway suggests that serrated polyps having saw-
toothed involution of the crypt epitheliummay develop into CRC
with gene promoter hypermethylation and microsatellite insta-
bility.[7,8] Thirty years ago, serrated lesions in the colorectum
were named hyperplastic polyps, and were considered to have no
malignant potential. However, serrated polyps have since been
revealed to be the precursors of approximately one-third of
CRCs.[9–11]

Recent studies have shown that the serrated neoplasia
pathway, characterized by BRAF mutation and CpG island
methylator phenotype (CIMP), with or without microsatellite
instability, is involved in CRC development from serrated polyps.
Currently, serrated lesions are classified into hyperplastic polyps,
sessile serrated adenoma/polyp with or without cytological
dysplasia, and traditional serrated adenoma, according to World

mailto:hyskim@yonsei.ac.kr
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000005592


[11]

Table 1

Primer sequences and conditions.

Gene locus Type Primer sequence 5’-3’ Annealing temperature, °C Length, bp

BRAF Forward GAAGACCTCACAGTAAAAATAG 51 122
Reverse ATAGCCTCAATTCTTACCATCC
Sequencing GATTTTGGTCTAGCTACA

GT/AGAAATCTCGA
LINE-1 Forward TTTTGAGTTAGGTGTGGGATATA 51 310

Reverse AAAATCAAAAAATTCCCTTTC
Sequencing AGTTAGGTGTGGGATATAGT

TTYGTGGTGYGTYGTT
IGFBP7 Forward AGGGTTYGGGGTAGGGGATTGGGGAT 60 208

Reverse AAAACCACACCCCRAAACRATAAAAACAC
Sequencing YGGGTGTTYGTTTATTTT

TYGAYGTTAGTAGGAGYGYGYGYG
hMLH1 Forward TTGGTATTTAAGTTGTTTAATTAATAGTTG 56 119

Reverse AAAATACCTTCAACCAATCACCTC
Sequencing AGTTATAGTTGAAGGAAGAA

YGTGAGTAYGAGGTATTGAGGTGATT
CD133 Forward GGAGTAGGGATATGGGGGTATAAA 55 163

Reverse AAACACCCCAATTCTCCATCT
Sequencing GGGATATGGGGGTATAAAG

YGAGGTTATTTTTTYGYGTTYGT

IGFBP7= insulin-like growth factor binding protein 7, LINE-1= long interspersed nucleotide element-1.
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Health Organization (WHO) criteria. The 3 types of serrated
lesions, individually or in combination, can be involved in the
serial transition from normal epithelium to polyps, and to
CRC.[1]

BRAF is amember of theRAF family of serine/threonine kinases
that mediates cellular responses to growth signals through the
RAS-RAF-mitogen-activated protein kinase pathway. BRAF
mutations play a role in the chromosomal instability pathway
of CRC and have recently been found in 5% to 15% of CRCs.[12]

Methylation of CpG islands within promoter regions of genes is a
normal mechanism of gene expression reduction. When a tumor-
suppressor gene is methylated, the reduced expression may cause
carcinogenesis. The extent of hypermethylation of promoter CpG
islands in neoplasms varies considerably.[11] The microsatellite
instability (MSI) pathway of CRC is characterized by the loss of
mismatch repair gene function, which leads to DNA replication
errors. Loss of mismatch repair usually occurs because of germline
mutation of 1 of 4 mismatch-repair genes (MSH2,MLH1,MSH6,
or PMS2). Recent studies have suggested that methylation of
insulin-like growth factor binding protein 7 (IGFBP7) is an
important alteration in the serrated neoplasia pathway and
correlates with MLH1 methylation, BRAF mutation, CIMP, and
MSI in CRC. However, the pathological and epigenetic features
of serrated polyps with methylated IGFBP7 are still largely
unknown.[13] Long interspersednucleotide element-1 (LINE-1) is a
global DNA methylation marker,[14] whose hypomethylation
predicts a poor outcome in several types of humanneoplasms, such
as colon, stomach, and ovarian cancer.[15,16] CD133 is a cancer
stem cell marker of CRC.[17]

The aim of this study was to investigate BRAF mutation and
DNAmethylation in serrated polyps of the colorectum inKoreans.
2. Materials and methods

2.1. Tissues

Colorectal polyps removed during colonoscopy in the Gastroin-
testinal Endoscopy Center, Wonju Severance Christian Hospital,
2

Wonju, Republic of Korea, from 2005 to 2013, were collected for
analysis. The colorectal polyps were classified into 4 groups:
tubular adenoma (TA), traditional serrated adenoma (TSA),
sessile serrated adenoma/polyp (SSA), and hyperplastic polyp in
the proximal colon (PHP), by an expert pathologist (MYC). All
polyps of TSA, SSA, and PHP were removed between 2005 and
2013, and stored as paraffin blocks. TA samples were selected
randomly from all TA polyps. In TSA, those of size greater than
10mm were selected. The polyps had been prepared as formalin-
fixed, paraffin-embedded (FFPE) tissue blocks. All tissues were
reviewed by an experienced pathologist (MYC). Ultimately, a
total of 146 colorectal polyps were included in this study,
including 53 cases of TSA, 47 cases of TA, 29 cases of PHP, and
17 cases of SSA. Of the 17 SSAs, 2 cases had low-grade dysplasia
and 15 cases had no cytological dysplasia. This study was
approved by the Institutional Ethics Committee of Yonsei
University, Wonju Severance Christian Hospital (CR312041),
Wonju, Republic of Korea.

2.2. DNA extraction and polymerase chain reaction
analysis
2.2.1. BRAF V600E mutation. The paraffin-embedded tissues
were prepared as 5-mm-thick histological sections, stained with
hematoxylin and eosin, and the pathologic foci were micro-
dissected using a surgical scalpel under microscopic guidance.
The microdissected tissues were deparaffinized with xylene, and
subjected to proteinase K digestion at 56°C for 1hour. Genomic
DNA was extracted from the deparaffinized tissues using the
QIAampDNA FFPE Tissue Kit and the DNeasy Blood and Tissue
Kit (Qiagen, Hilden, Germany). The primers for polymerase
chain reaction (PCR) of BRAF V600E mutation were as follows:
forward, 5’-GAAGACCTCACAGTAAAAATAG-3’ and reverse,
5’-ATAGCCTCAATTCTTACCATCC-3’ (Table 1).[18] The PCR
conditions included initial denaturation at 95°C for 10minutes,
followed by 45 cycles of denaturation at 95°C for 30seconds,
annealing at 51 to 60°C for 30seconds, and elongation at 72°C
for 30seconds. The reaction ended with a final extension at 72°C
for 5minutes. The PCR products were analyzed by electropho-



Table 2

Clinical features of all patients.

Parameter Number (n [%])

n 146
Age (mean±SD) 59.66±11.90 y
Sex (male:female) 86 (58.9%):60 (41.1%)
Pathology
TA 47 (32.2%)
TSA 53 (36.3%)
SSA 17 (11.6%)
PHP 29 (19.9%)

Location
Proximal 101 (69.2%)
Distal 45 (30.8%)

Size (mean±SD) 10.82±5.10mm
≥10mm 104 (71.2%)
<10mm 42 (28.8%)

BRAF mutation 39 (26.7%)
Methylation
LINE1 142/145 (97.9%)
IGFBP7 49/133 (36.8%)
hMLH1 4/146 (2.7%)
CD133 25/140 (17.9%)

IGFBP7= insulin-like growth factor binding protein 7, LINE-1= long interspersed nucleotide element-
1, PHP=hyperplastic polyp in the proximal colon, SSA= sessile serrated adenoma/polyp, TA=
tubular adenoma, TSA= traditional serrated adenoma.
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resis in a 2% agarose gel to confirm successful amplification of
PCR product.

2.2.2. Methylation of LINE-1, hMLH1, IGFBP7, and CD133.
The paraffin-embedded tissues were prepared as 5-mm-thick
histological sections, stained with hematoxylin and eosin, and the
pathologic foci were microdissected using a surgical scalpel under
microscopic guidance. The microdissected tissues were deparaffi-
nized with xylene, and subjected to proteinase K digestion at
56°C for 1hour. Genomic DNA was extracted from the
deparaffinized tissues using the QIAamp DNA FFPE Tissue
Kit and the DNeasy Blood and Tissue Kit (Qiagen, Hilden,
Germany), and treated with bisulfite using the EpiTect Bisulfite
Kit (Qiagen, Hilden, Germany) to convert unmethylated
cytosines to uracils according to the manufacturer’s protocols.
The primers for PCR of LINE-1, IGFBP7, mutL homolog 1
(hMLH1), and CD133 were as follows: LINE-1 forward (5’-
TTTTGAGTTAGGTGTGGGATATA-3’) and reverse (5’-biotin-
AAAATCAAAAAATTCCCTTTC-3’), IGFBP7 forward (5’-
AGGGTTYGGGGTAGGGGATTGGGGAT-3’) and reverse
(5’-biotin-AAAACCACACCCCYAAACYATAAAAACAC-3’),
hMLH1 forward (5’-TTGGTATTTAAGTTGTTTAATTAATA-
GTTG-3’) and reverse (5’-biotin-AAAATACCTTCAACCAAT-
CACCTC-3’), and CD133 forward (5’-GAGTAGGGATA-
TGGGGGTATAA-3’) and reverse (5’-biotin-AACACCC-
CAATTCTCCAT-3’) (Table 1). The PCR conditions included
initial denaturation at 95°C for 10minutes, followed by 45 cycles
of denaturation at 95°C for 30seconds, annealing at 51 to 60°C
for 30seconds, and elongation at 72°C for 30seconds. The
reaction ended with a final extension at 72°C for 5minutes. The
PCR products were analyzed by electrophoresis in a 2% agarose
gel to confirm successful amplification of PCR product.

2.3. Pyrosequencing assay

Pyrosequencing was carried out using the PSQ96MA system
(Biotage, Uppsala, Sweden), Pyro Q-CpG software (Biotage,
Uppsala, Sweden), and a PyroMark kit (Qiagen, Hilden,
Germany). PCR product was bound to Streptavidin-Sepharose
HP (GE Healthcare, Uppsala, Sweden), purified, washed,
denatured using a 0.2M NaOH solution, and washed again.
Strand separation and purification of the single-stranded
template were facilitated using the Vacuum Prep Tool (Biotage,
Uppsala, Sweden). The purified single-stranded template was
then added to the sequencing mixture containing annealing
buffer and the following sequencing primers: BRAF: 5’-
GATTTTGGTCTAGCTACA-3’, LINE-1: 5’-AGTTAGGTGT-
GGGATATAGT-3’, IGFBP7: YGGGTGTTYGTTTATTTT-3’,
hMLH1: 5’- AGTTATAGTTGAAGGAAGAA -3’, and CD133:
5’- GGGATATGGGGGTATAAAG -3’, as per published reports
(Table 1),[19–21] then incubated at 85°C for 2minutes, and
allowed to cool to room temperature. Pyrosequencing was
carried out in a PyroMark ID instrument (Biotage, Uppsala,
Sweden), and the data were analyzed using sequence analysis
software from the manufacturer. The amount of C relative to the
sum of the amounts of C and T at each CpG site was calculated as
a percentage. The average of the relative amounts of C in the CpG
sites was defined as the overall methylation level of each gene in
the colon polyps.

2.4. Definition

The proximal colon was defined as the cecum, ascending colon,
and transverse colon. The distal colon was defined as the
3

descending colon, sigmoid colon, and the rectum. For LINE-1, if
the percent of methylated reference (PMR) was ≥60, LINE-1 was
defined as hypermethylated, and if the PMR was <60, LINE-1
was defined as hypomethylated. For IGFBP7, PMR ≥20 was
defined as hypermethylated and PMR <20 was defined as
hypomethylated. For hMLH1 and CD133, PMR ≥10 was
defined as hypermethylated and PMR <10 was defined as
hypomethylated.

2.5. Statistical analysis

All statistical analyses were performed using PASW (version
20.0) (SPSS Inc., Chicago, IL). Differences between groups were
evaluated using 1-way analysis of variance (ANOVA) with
Scheffe, chi-square test, and Fisher exact tests. Statistical
significance tests were 2-tailed, and P<0.05 was considered
statistically significant.
3. Results

3.1. Baseline characteristics

A total of 146 polyps were derived from 146 patients with amean
age of 59.66±11.90 years (Table 2). They consisted of 86
(58.9%) males and 60 (41.1%) females. Of the 146 polyps, 101
(69.2%) polyps were located in the proximal colon and 45
(30.8%) polyps were located in the distal colon. The mean size of
the 146 polyps was 10.82±5.10mm, and 104 (71.2%) polyps
were ≥10mm in size, whereas 42 (28.8%) polyps were <10mm
in size. BRAF V600E mutation was found in 39 (26.7%) polyps.
The rates of hypermethylation in LINE-1, IGFBP7, hMLH1, and
CD133 were 97.9% (142/145), 36.8% (49/133), 2.7% (4/146),
and 17.9% (25/140), respectively.
3.2. Clinical features of the 4 types of colon polyps

Among the 4 groups, patients with PHP had the lowest mean age
(P=0.005) (Table 3). Among patients with TA, TSA, and SSA,
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Table 3

Clinical features, BRAF mutation, and hypermethylation of LINE-1, IGFBP7, hMLH1, and CD133 in the 4 types of colon polyps.

Variables TA TSA SSA PHP P

n 47 53 17 29
Age
Mean age, y 62.38±10.77 60.91±11.07 59.94±12.90 52.83±12.52 0.005
≥65, n (%) 21 (44.7%) 20 (37.7%) 6 (35.3%) 6 (20.7%) 0.209
<65, n (%) 26 (55.3%) 33 (62.3%) 11 (64.7%) 23 (79.3%)

Sex 0.029
Male, n (%) 33 (70.2%) 27 (50.9%) 6 (35.3%) 20 (69.0%)
Female, n (%) 14 (29.8%) 26 (49.1%) 11 (64.7%) 9 (31.0%)

Location <0.0001
Proximal colon, n (%) 35 (74.5%) 21 (39.6%) 16 (94.1%) 29 (100.0%)
Distal colon, n (%) 12 (25.5%) 32 (60.4%) 1 (5.9%) 0 (0.0%)

Size
Mean, mm 11.62±4.90 13.2±4.10 11.24±3.20 5.03±3.40
≥10, n (%) 36 (76.6%) 53 (100.0%) 13 (76.5%) 2 (6.9%) <0.0001
<10, n (%) 11 (23.4%) 0 (0.0%) 4 (23.5%) 27 (93.1%)

BRAF V600E mutation 1 (2.1%) 25 (47.2%) 7 (41.2%) 6 (20.7%) <0.0001
Hypermethylation
LINE-1, n (%) 46 (97.9%) 51 (96.2%) 16 (100.0%) 29 (100.0%) 0.634
IGFBP7, n (%) 8 (17.0%) 20 (37.7%) 15 (88.2%) 6 (37.5%) 0.000
CD133, n (%) 10 (21.3%) 5 (9.4%) 6 (35.3%) 4 (17.4%) 0.091
hMLH1, n (%) 1 (2.1%) 3 (5.7%) 0 (0.0%) 0 (0.0%) 0.383

IGFBP7= insulin-like growth factor binding protein 7, LINE-1= long interspersed nucleotide element-1, PHP=hyperplastic polyp in the proximal colon, SSA= sessile serrated adenoma/polyp, TA= tubular
adenoma, TSA= traditional serrated adenoma.
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there were no significant differences in mean age. Patients with
SSA had a lower percentage of male sex than did those with TA
(70.2%vs 35.5%; P=0.011). TA and SSAweremainly located in
the proximal colon (74.5% and 94.1%, respectively). TSA was
located in the distal colon more commonly than was TA (60.4%
vs 25.5%; P<0.0001). The mean polyp sizes were 11.62±4.90
mm in TA, 13.2±4.10mm in TSA, 11.24±3.20mm in SSA, and
5.03±3.40mm in PHP.
3.3. BRAF V600E mutation

Traditional serrated adenoma and SSA had higher rates of BRAF
V600E mutation than did TA (47.2% vs 2.1%; P<0.0001 and
41.2% vs 2.1%; P<0.0001, respectively) (Table 3). TSA had a
higher rate of BRAF V600E mutation than did PHP (47.2% vs
20.7%; P=0.018), but SSA was not significantly different in its
Table 4

Multivariable analysis for risk factors of TSA and SSA, as TA was the

TSA (vs TA)

Odds ratio 95% CI

Age (≥65 y) 1.651 0.491–5.545
Sex (male) 0.209 0.055–0.796
Location (distal colon) 16.351 3.963–67.473 <

BRAF mutation 86.313 7.573–983.727 <

Age (≥65 y) 0.994 0.369–2.677
Sex (male) 0.236 0.078–0.712
Location (distal colon) 10.558 3.305–33.725 <

Hypermethylation
LINE-1, n (%) 27.546 1.312–578.568
IGFBP7, n (%) 6.946 1.992–24.222
CD133, n (%) 0.315 0.085–1.167
hMLH1, n (%) 3.985 0.092–18.473

CI= confidence interval, IGFBP7= insulin-like growth factor binding protein 7, LINE-1= long interspersed n
polyp, TA= tubular adenoma, TSA= traditional serrated adenoma.

4

rate of BRAF V600E mutation from PHP (41.2% vs 20.7%;
P=0.136) (Table 3).
In multivariate analysis, BRAF V600E mutation was signifi-

cantly associated with TSA and SSA, with TA as the reference
(odds ratio [OR] 86.313, 95% confidence interval [CI]
7.573–983.727, P<0.0001; and OR 28.436, 95% CI
2.578–313.632, P=0.006) (Table 4). BRAF V600E mutation
was significantly associated with TSA, with PHP as the reference
(OR 3.739, 95%CI 1.263–11.069, P=0.017), but not associated
with SSA, with PHP as the reference (Table 5).
3.4. Hypermethylation of LINE-1, IGFBP7, hMLH1, and
CD133

In univariate analysis, TSA had a lower hypermethylation rate
of LINE-1 than did TA or SSA (P=0.008 and P<0.0001,
reference.

SSA (vs TA)

P Odds ratio 95% CI P

0.417 0.760 0.190–3.044 0.699
0.022 0.403 0.103–1.571 0.190
0.0001 0.134 0.008–2.360 0.170
0.0001 28.436 2.578–313.632 0.006
0.991 0.240 0.035–1.661 0.148
0.010 0.258 0.045–1.474 0.128
0.0001 0.126 0.006–2.465 0.172

0.033 — — —

0.002 52.977 6.272–447.489 <0.0001
0.084 1.275 0.177–9.183 0.809
0.295 — — —

ucleotide element-1, PHP=hyperplastic polyp in the proximal colon, SSA= sessile serrated adenoma/



Table 5

Multivariable analysis for risk factors of TSA and SSA, as PHP was the reference.

TSA (vs PHP) SSA (vs PHP)

Odds ratio 95% CI P Odds ratio 95% CI P

Age 2.500 0.822–7.605 0.106 1.667 0.398–6.987 0.485
Sex 0.489 0.179–1.334 0.162 0.276 0.075–1.021 0.054
BRAF mutation 3.739 1.263–11.069 0.017 2.401 0.596–9.672 0.218
Age 2.363 0.515–10.833 0.268 0.412 0.046–3.675 0.427
Sex 0.728 0.204–2.604 0.626 0.208 0.029–1.466 0.115
Hypermethylation
LINE1, n (%) — — — — — —

IGFBP7, n (%) 0.669 0.188–2.382 0.535 8.544 0.874–83-500 0.065
CD133, n (%) 0.765 0.066–8.835 0.830 5.899 0.408–85.275 0.193
hMLH1, n (%) — — — — — —

CI= confidence interval, IGFBP7= insulin-like growth factor binding protein 7, LINE-1= long interspersed nucleotide element-1, PHP=hyperplastic polyp in the proximal colon, SSA= sessile serrated adenoma/
polyp, TA= tubular adenoma, TSA= traditional serrated adenoma.
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respectively) (Table 3). PHP had a higher hypermethylation rate
of LINE-1 than did TSA (P<0.0001), but PHP did not vary from
SSA in its hypermethylation rate of LINE-1 (P=0.471). With
respect to the hypermethylation rate of IGFBP7, TSA and SSA
were higher than TA (P=0.021 and P<0.0001, respectively),
and SSA was higher than TSA (P<0.001). PHP had a lower rate
than did SSA (P=0.002). The hypermethylation rate of hMLH1
was very low in all 4 types. The hypermethylation rates of CD133
were not significantly different among the 4 types.
In multivariable analysis, TSA exhibited a significant associa-

tion with hypermethylation of LINE-1 (OR 27.546, 95% CI
1.312–578.568, P=0.033) and of IGFBP7 (OR 6.946, 95% CI
1.992–24.222, P=0.002), with TA as the reference (Table 4).
SSA was associated with hypermethylation of IGFBP7 (OR
52.977, 95% CI 6.272–447.489, P<0.0001), with TA as the
reference (Table 4). With TA as the reference, TSA and SSA were
not associated with hypermethylation of CD133 (Table 4).
4. Discussion

Our study showed that TSA and SSA had a higher rate of BRAF
V600E mutation than did TA, and TSA had a higher rate of
BRAF V600E mutation than did PHP.
BRAF V600E mutation is rare in tubular adenomas of the

colon, whereas BRAF V600E mutation is frequent in serrated
polyps.[22–25] The rate of BRAF mutation has been reported to be
62.1% to 90% in SSA, and 27% to 55% in TSA.[22–25] One
Chinese study reported a 14.3% BRAF V600E mutation rate in
SSA, which is a lower rate than in the Western population.[26]

One Korean study reported that BRAF V600E mutations are
found in 43.5% to 58.3% of TSAs.[27] In our study, the rates of
BRAF V600E mutation were 47.2% in TSA and 41.2% in SSA,
consistent with other studies. BRAF V600E mutation is an early
event in the serrated neoplasia pathway.[2] BRAF V600E
mutation has been suggested to be a specific marker of both
serrated polyps and the serrated neoplasia pathway.[23] Specifi-
cally, proximal serrated polyps with BRAFV600Emutation have
a high risk of progression to malignancy.[28] The mitogen-
activated protein kinase (MAPK) signaling pathway is generally
altered in CRC and precursor lesions by oncogenic mutation of
either the BRAF or KRAS genes. These mutations are mutually
exclusive and revealed a striking specificity for the serrated polyp
subtype.[29] In our study, TSA and SSA had significantly higher
rates of BRAF V600E mutation than did tubular adenoma. PHP
had more BRAF mutation than TSA. Although these findings did
5

not have clinical implication, those suggested that PHP maybe
have different molecular characteristics compared with serrated
polyps.
Insulin-like growth factor binding protein 7 is expressed in

various tissues, such as the lung, brain, prostate, and gastroin-
testinal tract. It is inactivated by DNA methylation in the human
colon, and has a potential tumor-suppressor role against
colorectal carcinogenesis.[30] Methylation of IGFBP7 may play
a key role in the serrated neoplasia pathway, and IGFBP7
methylation occurs during the course from serrated polyp to
cancer with MSI.[13] One study by Kaji et al[13] suggested that
methylation of IGFBP7 is associated with the formation of a saw-
tooth architecture, and that inactivation of IGFBP7 is an early
event in colorectal tumorigenesis. In our study, IGFBP7 was
highly methylated in SSA (88.2%) compared with that in TA
(17.0%), TSA (37.7%), or PHP (37.5%). An Australian study
reported that the rates of IGFBP7 methylation are 62.9% in SSA
and 32.1% in hyperplastic polyps.[28]

Long interspersed nucleotide element-1 is an indicator of
genome-wide DNA methylation level. Genome-wide DNA
hypomethylation plays an important role in genomic instability
and carcinogenesis.[14] LINE-1 methylation is inversely associat-
ed with MSI and CpG island methylator phenotype. LINE-1
hypomethylation is associated with poor prognosis in CRC.[31]

One Japanese study reported that TSA with high grade dysplasia
had high levels of methylation of LINE-1, and concluded that
hypomethylation of LINE-1 may have a potential role in TSA
pathway progression.[32] In our study, LINE1 was highly
methylated in TA (97.9%), TSA (96.2%), SSA (100.0%), and
PHP (100.0%).
Methylation of CD133 is rare in serrated lesions and

polyps.[33] In our study, methylation rates of CD133 were found
to be 35.3% in SSA and 9.4% in TSA.Methylation of CD133 is a
late alteration leading to dysplasia in CRCs.[33,34]

In our study, hMLH1 methylation rates were very low.
hMLH1 methylation is observed in the proximal colon and is
associated with BRAF mutation.[28] One study reported that
hMLH1 methylation was found in 7% of tubular adenomas and
7% of hyperplastic polyps.[33] Another study reported that the
dysplastic component of sessile serrated lesions had higher
methylation levels of hMLH1 than did the nondysplastic
component (12.94% vs 5.89%).[35] Methylation of hMLH1 is
a late alteration leading to dysplasia in CRCs.[33,34]

This study had several limitations. The study population was
collected from a single center, and did not represent the general
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Korean population. Thus selection bias cannot be excluded.
However, to the best of our knowledge, this is the first study to
investigate the molecular characteristics of TSA, SSA, and PHP in
Koreans. The sample size was not sufficient to fully conclude the
methylation status of serrated lesions. In addition, the tubular
adenomas were selected randomly, but not matched, and should
be matched by sex and age to SSA or TSA in future studies. CpG
island methylator phenotype analysis and microsatellite instabil-
ity was not examined because extracted DNA was not enough.
Instead, CD133 was used as a global DNA methylation marker.
In addition, CD133 is a marker of the cancer stem cell
population, and methylation of cancer stem cell-related Wnt
target genes including CD133 may reflect poor prognosis in
CRC.[36]

In conclusion, this study showed that BRAF V600E mutation
was more frequently found in TSA and SSA than in PHP. PHP
had different methylation profile compared with TSA and SSA.
These findings suggest that PHP may have different molecular
characteristics compared with serrated polyps, although their
clinical implication are uncertain.
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