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Abstract

AIM: To investigate insulin-like growth factor 2 (IGF2)
differentially methylated region (DMR)0 hypomethyl-
ation in relation to clinicopathological and molecular
features in colorectal serrated lesions.

METHODS: To accurately analyze the association be-
tween the histological types and molecular features of
each type of serrated lesion, we consecutively collected
1386 formalin-fixed paraffin-embedded tissue speci-
mens that comprised all histological types [hyperplastic
polyps (HPs, n = 121), sessile serrated adenomas (SSAs,
n = 132), traditional serrated adenomas (TSAs, n =
111), non-serrated adenomas (77 = 195), and colorectal
cancers (CRCs, n = 827)]. We evaluated the methyla-
tion levels of /GF2 DMRO and long interspersed nucleo-
tide element-1 (LINE-1) in HPs (» = 115), SSAs (n =
120), SSAs with cytological dysplasia (7 = 10), TSAs (n
= 91), TSAs with high-grade dysplasia (HGD) (7 = 15),
non-serrated adenomas (7 = 80), non-serrated adeno-
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mas with HGD (n = 105), and CRCs (7 = 794). For the
accurate quantification of the relative methylation levels
(scale 0%-100%) of /GF2 DMRO and LINE-1, we used
bisulfite pyrosequencing method. Tumor specimens
were analyzed for microsatellite instability, KRAS (co-
dons 12 and 13), BRAF (V600E), and PIK3CA (exons 9
and 20) mutations; MLHI and MGMT methylation; and
IGF2 expression by immunohistochemistry.

RESULTS: The distribution of the /GF2 DMR0O methyla-
tion level in 351 serrated lesions and 185 non-serrated
adenomas (with or without HGD) was as follows: mean
61.7, median 62.5, SD 18.0, range 5.0-99.0, interquar-
tile range 49.5-74.4. The /GF2 DMRO methylation level
was divided into quartiles (Q1 = 74.5, Q2 62.6-74.4,
Q3 49.6-62.5, Q4 < 49.5) for further analysis. With re-
gard to the histological type, the /GF2 DMRO methyla-
tion levels of SSAs (mean £ SD, 73.1 £ 12.3) were sig-
nificantly higher than those of HPs (61.9 £ 20.5), TSAs
(61.6 £ 19.6), and non-serrated adenomas (59.0 %
15.8) (P < 0.0001). The /GF2 DMRO methylation level
was inversely correlated with the IGF2 expression level
(r = -0.21, P = 0.0051). /GF2 DMRO hypomethylation
was less frequently detected in SSAs compared with
HPs, TSAs, and non-serrated adenomas (P < 0.0001).
Multivariate logistic regression analysis also showed
that /GF2 DMRO hypomethylation was inversely associ-
ated with SSAs (P < 0.0001). The methylation levels of
IGF2 DMRO and LINE-1 in TSAs with HGD (50.2 + 18.7
and 55.7 £ 5.4, respectively) were significantly lower
than those in TSAs (61.6 £ 19.6 and 58.8 + 4.7, re-
spectively) (/GF2 DMRO, P = 0.038; LINE-1, 2 = 0.024).

CONCLUSION: /GF2 DMRO hypomethylation may be
an infrequent epigenetic alteration in the SSA pathway.
Hypomethylation of /GF2 DMRO and LINE-1 may play a
role in TSA pathway progression.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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bility; Serrated pathway

Core tip: The serrated pathway attracts considerable
attention as an alternative colorectal cancer (CRC) path-
way. We previously reported the association of insu/in-
like growth factor 2 (IGF2) differentially methylated
region (DMR)0 hypomethylation with prognosis and its
link to LINE-1 hypomethylation in CRC; however, there
have been no studies describing its role in the serrated
pathway. Therefore, we evaluated the methylation lev-
els of /GF2 DMRO and long interspersed nucleotide ele-
ment-1 (LINE-1) in 351 serrated lesions and 185 non-
serrated adenomas. Our results suggest that the /GF2
DMRO may be an infrequent epigenetic alteration in the
sessile serrated adenoma pathway. Moreover, we found
that the hypomethylation of /GF2 DMRO and LINE-1
may play an important role in the progression of tradi-
tional serrated adenoma.
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INTRODUCTION

The serrated neoplasia pathway has attracted consider-
able attention as an alternative pathway of colorectal
cancer (CRC) development, and serrated lesions exhibit
unique clinicopathological or molecular features' ™!, Ac-
cording to the World Health Organization (WHO) clas-
sification™] colorectal premalignant (or non-malignant)
neoplastic lesions with serrated morphology currently en-
compass three major categories: hyperplastic polyp (HP),
sessile serrated adenoma (SSA), and traditional serrated
adenoma (TSA).

SSA and TSA are premalignant lesions, but SSA is
the principal serrated precursor of CRCs!", In particular,
there are many clinicopathological and molecular similari-
ties between SSA and microsatellite instability (MSI)-high
CRC, for example, right-sided predilection, MI.H7 hy-
permethylation, and frequent BRAF mutation”>"""?#%,
Therefore, SSAs are hypothesized to develop in some
cases to MSI-high CRCs with BRAF mutation in the
prOXimal Colon[7,]5,17,25,2(),28,2()].

In contrast, TSAs are much less common than SSAs,
and thus, there are fewer data on their molecular pro-
file"**. TSAs typically do not show MI.H7 hypermethyl-
ation or develop to MSI-high CRCs, but they do common-
ly have MGMT hypermethylation[1 22 With regard to the
PIK3CA gene, a previous study reported that no mutation
was found in serrated lesions, and that mutations were
uncommonly, but exclusively, observed in non-serrated
adenomas (1.4%)"". Because some HPs do share mo-
lecular features with TSAs (e.g., KRAS mutation)™>*!]
it has been suggested that the TSA pathway (HP-TSA-
carcinoma sequence) may diverge from the SSA pathway
(HP-SSA-SSA with cytological dysplasia-carcinoma se-
quence) on the basis of KRAS »s BRAF mutations and/
ot MILHT7 vs MGMT hypermethylation within subsets
of HPs"™. However, a definite precursor of TSA has
not been established. In addition, the key carcinogenic
mechanism involved in this TSA pathway remains largely
unknown.

Loss of imprinting (LOI) of insulin-like growth fac-
tor 2 (IGF2) has been shown to be associated with an
increased tisk of CRCP*, suggesting that it may play
a role in colorectal carcinogenesis. The imprinting and
expression of IGF2 are controlled by CpG-rich regions
known as differentially methylated regions (DMRs)>*7,
In particular, IGF2 DMRO hypomethylation has been
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suggested as a surrogate-biomarker for IGF2 LOI™. Pre-
viously, we reported that IGI2 DMRO hypomethylation
in CRC was associated with poor prognosis and might be
linked to global DNA hypomethylation [long interspersed
nucleotide element-1 (LINE-1) hypomethylation]"”.
However, to date, there have been no studies describing
the role of IGFF2 DMRO hypomethylation in the early
stage of colorectal carcinogenesis.

To investigate the role of IGF2 DMRO hypomethyl-
ation in serrated lesions we examined IGF2 DMRO and
LINE-1 methylation levels as well as other molecular al-
terations using a large sample of 1330 colorectal tumors
(351 serrated lesions, 185 non-serrated adenomas, and
794 CRCs).

MATERIALS AND METHODS

Histopathological evaluation of tissue specimens of
colorectal serrated lesions

Histological findings related to all colorectal serrated le-
sion specimens were evaluated by a pathologist (Fujita M)
who was blinded to the clinical and molecular informa-
tion. Serrated lesions (HPs, SSAs, and TSAs) were clas-
sified on the basis of the current WHO criteria”, HPs
were further subdivided into microvesicular HPs and
goblet cell HPs.

SSAs ate characterized by the presence of a disorga-
nized and distorted crypt growth pattern that is usually
easily identifiable upon low-power microscopic examina-
tion. Crypts, particulatly at the basal portion of the polyp,
may appear architecturally distorted, dilated, and/or
branched, particularly in the horizontal plane, which leads
to the formation of boot, L, or anchor-shaped crypts.
The cytology is typically quite bland, but a minor degree
of nuclear atypia is allowable, particularly in the crypt
bases[15,25,2()]‘

To accurately analyze the association between the
histological types and molecular features of each type of
serrated lesion we consecutively collected more than 100
formalin-fixed paraffin-embedded (FFPE) tissue speci-
mens of each histological type (HP, SSA, and TSA). In
total, 364 tissue specimens of serrated lesions [121 HPs,
122 SSAs, 10 SSAs with cytological dysplasia, 96 TSAs,
and 15 TSAs with high-grade dysplasia (HGD)] from pa-
tients who underwent endoscopic resection or other sut-
gical treatment at Sapporo Medical University Hospital,
Keiyukai Sapporo Hospital or Teine-Keijinkai Hospital
between 2001 and 2012 were available for assessment. All
of HPs were microvesicular HPs.

The serrated lesions were classified by location: the
proximal colon (cecum, ascending and transverse colon),
distal colon (splenic flexure, descending, sigmoid colon)
and rectum. Informed consent was obtained from all
the patients before specimen collection. This study was
approved by the institutional review boards of the pat-
ticipating institutions. The term “prognostic marker” is
used throughout this article according to the REMARK
Guidelines™.
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Tissue specimens of CRC and non-serrated adenomas
FIFPE tissue specimens of 827 CRCs (stages I -IV), 85
non-serrated adenomas (Z.e., tubular or tubulovillous
adenomas), and 110 non-serrated adenomas with HGD
from patients who underwent surgical treatment or en-
doscopic resection at the above hospitals were also col-
lected. The criterion for diagnosing cancer was invasion
of malignant cells beyond the muscularis mucosa.

DNA extraction and pyrosequencing for KRAS, BRAF,
and PIK3CA and MSI analysis

Genomic DNA was extracted from the FFPE tissue spec-
imens of the colorectal tumors using a QIAamp DNA
FFPE Tissue Kit (Qiagen, Valencia, CA, United States).
PCR and targeted pyrosequencing were then performed
using the extracted genomic DNA to determine the pres-
ence of KRAS (codons 12 and 13), BRAF (I7600E) and
PIK3CA (exons 9 and 20) mutations™", MST analysis
was performed as previously described using 10 micro-
satellite markers' ., MSI-high was defined as instability in
= 30% of the markers and MSI-low/microsatellite stable
(MSS) as instability in < 30% of the markers'",

Sodium bisulfite treatment and pyrosequencing to
measure IGF2 DMRO0 and LINE-1 methylation levels
Bisulfite modification of genomic DNA was performed
using a BisulFlash™ DNA Modification Kit (Epigentek,
Brooklyn, NY, United States).

We measured the relative methylation level at the
IGF2 DMRO using a bisulfite-pyrosequencing assay as
previously described”. The amount of C relative to the
sum of the amounts of C and T at each CpG site was
calculated as percentage (scale 0%-100%). We calculated
the average of the first and second CpG sites in the IGF2
DMRO as the IGF2 DMRO methylation level. Likewise,
to accurately quantify the LINE-1 methylation levels we
utilized a pyrosequencing assay, as previously described'”.

Pyrosequencing to measure MGMT and MLH1 promoter
methylation

Pyrosequencing for MGMT and MILH7 methylation was
petrformed using the PyroMark kit (Qiagen). We used a
previously defined cut-off of = 8% methylated alleles
for MGMT and MI.HT hypermethylated tumors'’.

Immunohistochemistry for IGF2 expression

For IGF2 staining, we used anti-IGF2 antibody (Rabbit
polyclonal to IGF2; Abcam, Cambridge, MA, United
States) with a subsequent reaction performed using Tar-
get Retrieval Solution, Citrate pH 6 (Dako Cytomation,
Carpinteria, CA, United States). In each case, we recorded
cytoplasmic IGF2 expression as no expression, weak ex-
pression, moderate expression, or strong expression rela-
tive to normal colorectal epithelial cells. IGF2 expression
was visually interpreted by Nosho K, who was unaware
of the other data. For the agreement study of IGF2 ex-
pression, 128 randomly selected cases were examined by
a second pathologist (by Naito T), who was also unaware
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Figure 1 Distribution of IGF2 differentially methylated region 0 methylation levels in 351 serrated lesions. Hyperplastic polyp, sessile serrated adenoma (SSA),
SSA with cytological dysplasia, traditional serrated adenoma (TSA) and TSA with high-grade dysplasia (HGD) and 185 non-serrated adenomas (tubular adenoma,
tubular adenoma with HGD, tubulovillous adenoma and tubulovillous adenoma with HGD). DMR: Differentially methylated region; IGF2: Insulin-like growth factor 2.

of the other data. The concordance between the two
pathologists (P < 0.0001) was 0.84 (x = 0.69), indicating

substantial agreement.

Statistical analysis

JMP (version 10) software was used for all statistical anal-
yses (SAS Institute, Cary, NC, United States). All P values
were two-sided. Univariate analyses were performed to
investigate the clinicopathological and molecular chatrac-
teristics including IGF2 DMRO and LINE-1 hypomethyl-
ation, according to histological type, classified as serrated
lesion, non-serrated adenoma, and CRC. P values were
calculated by analysis of variance for age, tumor size, and
the methylation levels of IGF2 DMRO and LINE-1 and
by 12 or Fisher’s exact test for all other variables. A mul-
tivariate logistic regression analysis was employed to ex-
amine associations with IGF2 DMRO hypomethylation (as
an outcome variable), adjusting for potential confoundets.
The model initially included sex, age, tumor size, tumor
location, histological type, and the LINE-1 methylation
level, and MSI, BRAF, KRAS, and PIK3CA mutations.
In the CRC-specific survival analysis, the Kaplan-Meier
method and log-rank test were used to assess the survival
time distribution. The Spearman correlation coefficient
was used to assess the correlation of the IGF2 DMRO
methylation level and IGF2 expression.

RESULTS

The IGF2 DMR0 methylation level in serrated lesion and
non-serrated adenomas

We assessed 559 FFPE tissue specimens of serrated le-
sions and non-serrated adenomas in the IGF2 DMRO
methylation assay and obtained 536 (96%) valid results.
The distribution of the IGIF2 DMRO methylation level
in 351 serrated lesions and 185 non-serrated adenomas
(with or without HGD) was as follows: mean 61.7, me-
dian 62.5, SD 18.0, range 5.0-99.0, interquartile range
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49.5-74.4 (all on a 0-100 scale) (Figure 1). The IGF2
DMRO methylation level was divided into quartiles (Q1
= 74.5, Q2 62.6-74.4, Q3 49.6-62.5, Q4 < 49.5) for fur-
ther analysis.

We evaluated the IGF2 DMRO methylation level in
serrated lesions (HP, SSA, and TSA) and non-serrated
adenomas according to their histological type. The IGF2
DMRO methylation levels of SSAs (» = 120, mean + SD,
73.1 £ 12.3) were significantly higher than those of HPs
(n =115, 61.9 = 20.5, P < 0.0001), TSAs (» = 91, 61.6 £
19.6, P < 0.0001), and non-serrated adenomas (z = 80,
59.0 £ 15.8, P < 0.0001) (Figure 2).

IGF2 DMRO hypomethylation was associated with
larger tumor size in serrated lesions and non-serrated
adenomas (Table 1). With regard to the histological type,
IGF2 DMRO hypomethylation was less frequently detect-
ed in SSAs than in HPs, TSAs, and non-serrated adeno-
mas (P < 0.0001) (Table 1). Multivariate logistic regression
analysis also showed the IGI2 DMRO hypomethylation
was inversely associated with SSAs (P < 0.0001).

Association of IGF2 expression and IGF2 DMR0
methylation level in serrated lesions and non-serrated
adenomas

We examined IGF2 overexpression in 168 colorectal
serrated lesions and non-serrated adenomas. The IGF2

DMRO methylation level was inversely correlated with the
IGF2 expression level (»=-0.21, P = 0.0051).

IGF2 DMRO methylation level in colorectal cancer

A total of 827 paraffin-embedded CRCs (stages I -IV)
were subjected to an IGF2 DMRO methylation assay with
794 (96%) valid results. The distribution of the IGF2
DMRO methylation level in these 794 CRCs was as fol-
lows: mean 54.7, median 55.0, SD 13.7, range 7.5-98.0,
interquartile range 46.1-63.0 (all on a 0-100 scale). The
IGF2 DMRO methylation level was divided into quartiles
(Q1 = 63.0, Q2 55.0-62.9, Q3 46.1-54.9, Q4 < 406.0) for

August 7,2014 | Volume 20 | Issue 29 |



Naito T et a/. IGF2 DMR hypomethylation in serrated lesions

P < 0.0001
P < 0.0001 P < 0.0001
Il
100 L
g s
o
>
@
5 60 F
&
£
£ 40 -
o
(a4
=
[a)
N20 -
W
S

Hyperplastic polyp Sessile serrated Traditional serrated Non-serrated
(n = 115) adenoma adenoma adenoma (tubular or
(n =120) (n=91) tubulovillous adenoma)
(n = 80)

Figure 2 IGF2 differentially methylated region 0 methylation level according to histological type. Insulin-like growth factor 2 (IGF2) differentially methylated
region (DMR)0 methylation levels of sessile serrated adenoma (mean + SD; 73.1 + 12.3) were significantly higher compared with those of hyperplastic polyp (61.9 £
20.5, P < 0.0001), traditional serrated adenoma (61.6 + 19.6, P < 0.0001), and non-serrated adenoma (59.0 + 15.8, P < 0.0001). P-values were calculated by analysis
of variance.

Table 1 /GFZ2 differentially methylated region O hypomethylation in serrated lesions and non-serrated adenomas 7 (%)

Clinicopathological feature Total n 1GF2 DMRO methylation (quartile) P value
Q1 (=74.5) Q2 (62.6-74.4) Q3 (49.6-62.5) Q4 (< 49.5)
All cases 536 134 130 131 141
Sex
Male 326 (61) 78 (58) 80 (62) 92 (70) 76 (54) 0.041
Female 210 (39) 56 (42) 50 (38) 39 (30) 65 (46)
Age (mean * SD) 61.5+122 59.9+123 60.8 +12.0 63.1+11.6 62.3+13.0 0.150
Tumor size (mm) (mean + SD) 143 +11.4 99+4.0 13.4+74 147 +11.1 191+17.6 <0.0001
Tumor location
Rectum 70 (13) 11 (8.5) 14 (11) 18 (14) 27 (20) 0.061
Distal colon 161 (31) 35 (27) 43 (33) 37 (29) 46 (33)
Proximal colon 296 (56) 84 (65) 72 (56) 75 (58) 65 (47)
Histological type
Hyperplastic polyp (HP) 115 (21) 33 (25) 25 (19) 23 (18) 34 (24) < 0.0001
Sessile serrated adenoma (SSA) without 120 (22) 60 (45) 39 (30) 15 (11) 6 (4.3)
cytological dysplasia
SSA with cytological dysplasia 10 (1.9) 1(0.8) 3(23) 6 (4.6) 0(0)
Traditional serrated adenoma (TSA) without 91 (17) 22 (16) 21 (16) 23 (18) 25 (18)
high-grade dysplasia (HGD)
TSA with HGD 15 (2.8) 2 (15) 2 (1.5) 2 (1.5) 9(6.4)
Non-serrated adenoma (tubular or 80 (15) 11 (8.2) 17 (13) 32 (24) 20 (14)
tubulovillous adenoma) without HGD
Non-serrated adenoma with HGD 105 (20) 5(3.7) 23 (18) 30 (23) 47 (33)

Percentage indicates the proportion of patients of each histological type who met the criteria for a specific clinical or molecular feature. P values were cal-
culated by analysis of variance for age and tumor size and by 5> or Fisher’s exact test for all other variables. The P value for significance was adjusted by
Bonferroni correction to 0.010 (= 0.05/5).

further analysis. clinical outcome was assessed in CRC patients. During

the follow-up of 398 patients with metastatic CRC (stages
Colorectal cancer patient survival and IGF2 DMR0 IM-IV) who wete eligible for survival analysis, mortality
methylation level occurred in 134, including 118 deaths confirmed to be

The influence of the IGF2 DMRO methylation level on attributable to CRC. The median follow-up period for
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IGF2 DMRO methylation level and cancer-specific survival
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Figure 3 Kaplan-Meier survival curves for colorectal cancer according to the IGF2 differentially methylated region 0 and long interspersed nucleotide ele-
ment-1 methylation levels in metastatic colorectal cancers. A: Patients with Insulin-like growth factor 2 (IGF2) differentially methylated region (DMR)0 hypometh-
ylation had a slightly higher mortality rate than those with /GF2 DMRO hypermethylation, but this difference was not significant (log-rank test: P = 0.13); B: IGF2 DMR0O
hypomethylation (Q4 cases) was significantly associated with unfavorable cancer-specific survival (log-rank test: P = 0.038); C: Significantly higher mortality was
observed in patients with long interspersed nucleotide element-1 (LINE-1) hypomethylation compared with those with LINE-1 hypermethylation (log-rank test: P = 0.026);
D: LINE-1 hypomethylation (Q4 cases) was significantly associated with unfavorable cancer-specific survival (log-rank test: P = 0.0037).

censored patients was 3.3 years. Kaplan-Meier analysis
was performed using categorical variables (Q1, Q2, Q3,
and Q4). Slightly but insignificantly higher mortality was
observed in patients with /GF2 DMRO hypomethylation
compared with those without hypomethylation in terms
of cancer-specific survival (og-rank test: P = 0.13) (Figure
3A). In another Kaplan-Meier analysis, Q4 cases were
defined as the “hypomethylated group” and the Q1, Q2,
and Q3 cases were combined into a “non-hypomethylated
group”; the hypomethylated group (log-rank test: P =
0.038) was found to have significantly higher mortal-
ity (Figure 3B). Similar results were observed in terms
of overall survival (log-rank test: P = 0.040) (data not
shown).

LINE-1 methylation level and CRC patient survival

The LINE-1 methylation level in CRC was also divided
into quartiles (Q1 = 58.7, Q2 54.8-58.6, Q3 50.8-54.7,
and Q4 < 50.7). A significantly higher mortality rate was
observed among Q4 cases (log-rank test: P = 0.0037) in
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the Kaplan-Meier analysis (Figure 3C, D).

Association of histological type and IGF2 DMR0 and
LINE-1 methylation levels as well as other molecular
features of serrated lesions and non-serrated adenomas
Table 2 shows the clinicopathological and molecular fea-
tures of serrated lesions and non-serrated adenomas. No
significant difference was observed between SSAs (69.0
+ 10.8) with cytological dysplasia and SSAs without (73.1
+ 12.3) in IGF2 DMRO methylation levels (P = 0.32).
In contrast, MSI-high was more frequently (P < 0.0001)
found in SSAs with cytological dysplasia [40% (4/10)]
than in SSAs [0.8% (1/120)]. With regard to the LINE-1
methylation level, no significant difference was observed
between the methylation level and histological type in
serrated lesions and non-serrated adenomas (P = 0.59).
Mutations of BRAF, KRAS, and PIK3CA were de-
tected in 49%, 19%, and 0.9% of HPs, 87%, 2.5%, and 0%
of SSAs, 69%, 17%, and 0% of TSAs and 2.6%, 19%, and

1.3% of non-serrated adenomas, respectively (Table 2).

August 7,2014 | Volume 20 | Issue 29 |



Naito T et a/. IGF2 DMR hypomethylation in serrated lesions

Table 2 Clinical and molecular features of serrated lesions and non-serrated adenomas (tubular or tubulovillous adenoma) according

to histological type n (%)

Clinical or Total n Histological type P value
molecular feature Serrated lesion Non-serrated adenoma
HP SSA without SSA with TSA without high- Tubular adenoma  Tubulovillous
cytological cytological grade dysplasia without HGD  adenoma without
dysplasia dysplasia (HGD) HGD
All cases 416 115 120 91 77 3
Sex
Male 263 (63) 78 (68) 72 (60) 5 (50) 55 (60) 50 (65) 3 (100) 0.36
Female 153 (37) 37 (32) 48 (40) 5 (50) 36 (40) 27 (35) 0(0)
Age (mean + SD) 60.3+11.8 575+12.1 57.2+11.6 741147 60.9+12.3 66.6 +11.4 66.0 8.9 <0.0001
Tumor size (mm) 10.5+54 93+3.7 11.6 54 123+6.4 9.7+47 109+7.2 15.7 £13.2 0.0069
(mean + SD)
Tumor location
Rectum 42 (10) 15 (13) 0 (0) 0 (0) 16 (18) 10 (14) 1(33) <0.0001
Distal colon 127 (31) 44 (39) 17 (14) 1 (10) 39 (44) 25 (34) 1(33)
Proximal colon 239 (59) 54 (48) 103 (86) 9 (90) 34 (38) 38 (52) 1(33)
BRAF mutation
Wild-type 183 (44) 59 (51) 16 (13) 2 (20) 28 (31) 75 (97) 3 (100) <0.0001
Mutant 231 (55) 56 (49) 104 (87) 8 (80) 61 (69) 2(2.6) 0(0)
KRAS mutation
Wild-type 357 (87) 92 (81) 117 (98) 10 (100) 74 (83) 62 (81) 2 (67) <0.0001
Mutant 55 (13) 21 (19) 3(25) 0 (0) 15 (17) 15 (19) 1(33)
PIK3CA mutation
Wild-type 406 (99) 113 (99) 117 (100) 10 (100) 89 (100) 74 (99) 3 (100) 0.67
Mutant 2(0.5) 1(0.9) 0 (0) 0 (0) 0(0) 1(1.3) 0(0)
MSI status
MSS/MSI-low 408 (98) 113 (98) 119 (99) 6 (60) 90 (99) 77 (100) 3 (100) 0.0004
MSl-high 8 (1.9) 2(1.7) 1(0.8) 4 (40) 1(1.1) 0 (0) 0(0)
IGF2 DMRO 645+17.2 61.9+205 7311123 69.0 £10.8 61.6 £19.6 58.9+16.1 61.0+7.1 <0.0001
methylation level
(mean + SD)
LINE-1 58.7+50 58.6+3.4 58.1+54 58.3+8.4 58.8+4.7 59.4+6.0 609+14 0.59
methylation level
(mean * SD)

Percentage indicates the proportion of patients of each histological type who met the criteria for a specific clinical or molecular feature. P values were calcu-

lated by analysis of variance for age, tumor size, methylation levels of IGF2 DMRO and LINE-1 and by 4 or Fisher’s exact test for all other variables. The P

value for significance was adjusted by Bonferroni correction to 0.0050 (= 0.05/10). HGD: High-grade dysplasia; HP: Hyperplastic polyp; MSI: Microsatellite
instability; MSS: Microsatellite stable; SSA: Sessile serrated adenoma; TSA: Traditional serrated adenoma; IGF2: Insulin-like growth factor 2.

IGF2 DMRO0 and LINE-1 hypomethylation in TSAs and
non-serrated adenomas with high-grade dysplasia
Tables 3 and 4 show the clinicopathological and molecu-
lar features of the TSAs (with or without HGD), non-
serrated adenomas (with or without HGD), and CRCs
(stages I -IV). The IGF2 DMRO methylation levels in
TSAs with HGD (50.2 + 18.7) were significantly lower
than those in TSAs without (61.6 £ 19.6, P = 0.038)
(Table 3). With regard to LINE-1, the methylation levels
in TSAs with HGD (55.7 £ 5.4) were significantly lower
than those in TSAs without (58.8 + 4.7) (P = 0.024).

Similarly, the methylation levels of IGF2 DMRO (52.0
1 13.6) and LINE-1 (56.9 £ 5.5) in non-serrated adeno-
mas with HGD were significantly lower than those in
non-serrated adenomas without (59.0 + 15.8, P = 0.0016
and 59.5 £ 5.9, P = 0.0027, respectively) (Table 3).

DISCUSSION

In this study, we examined the IGF2 DMRO and LINE-1
methylation levels as well as other molecular alterations in
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351 serrated lesions, 185 non-serrated adenomas, and 794
CRCs. IGF2 DMRO hypomethylation was less frequently
detected in SSAs than in HPs, TSAs, and non-serrated
adenomas. We also found that IGF2 DMRO and LINE-1
hypomethylation in TSAs and non-serrated adenomas
with HGD were more frequently detected in TSAs and
non-serrated adenomas without HGD, suggesting that
hypomethylation may play an important role in the pro-
gression of these tumors.

In the current study, we confirmed that IGI2 DMRO
hypomethylation was associated with poor CRC progno-
sis, suggesting its oncogenic role and malignant poten-
tial. In addition, our data showed that the IGF2 DMRO
methylation level was inversely correlated with the IGF2
expression level. Therefore, our findings support the
validity of the quantitative DNA methylation assay (bi-
sulfite-pyrosequencing) for examining the IGF2 DMRO
methylation level.

HPs are classified into three subtypes, namely mi-
crovesicular HPs, goblet cell HPs, and mucin-poor HPs.
Microvesicular and goblet cell HPs are the most com-
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Table 3 Clinical and molecular features of sessile serrated adenomas with cytological dysplasia, traditional serrated adenomas, non-

serrated adenomas (tubular or tubulovillous adenoma), and colorectal carcinomas according to disease stage » (%)

Clinical or Histological type P value
molecular feature SSA with Colorectal adenoma Colorectal carcinoma
cz;cs:::;agsl;::l TSA without TSA with Non-serrated Non-serrat?d Stage 1 Stage II Stage I Stage IV
HGD HGD adenoma  adenoma with
without HGD HGD
All cases 10 91 15 80 105 171 217 292 114
Sex
Male 5 (50) 55 (60) 9 (60) 53 (66) 54 (51) 107 (63) 123 (57) 168 (58) 73 (64) 0.50
Female 5 (50) 36 (40) 6 (40) 27 (34) 51 (49) 64 (37) 94 (43) 124 (42) 41 (36)
Age (mean * SD) 741+47 609+123 627+136 66.6+11.2 66.3+10.5 651+11.0 674115 66.6+125 63.4+95 0.0016
Tumor size (mm) 123+64 9.7+47 12.8+4.3 11.0+74 293+173 263+15.8 53.1+235 505+£227 50.9+19.6 <0.0001
(mean + SD)
Tumor location
Rectum 0 (0) 16 (18) 5 (33) 11 (14) 23 (22) 65 (38) 73(34) 135 (46) 37(33)  <0.0001
Distal colon 1 (10) 39 (44) 7 (47) 26 (34) 27 (26) 44 (25) 64 (29) 59 (20) 42 (37)
Proximal colon 9 (90) 34 (38) 3 (20) 39 (51) 54 (52) 62 (36) 80 (37) 98 (34) 34 (30)
BRAF mutation
Wild-type 2 (20) 28 (31) 7 (47) 78 (98) 102 (98) 161 (95) 204 (94) 282 (97) 103 (95) < 0.0001
Mutant 8 (80) 61 (69) 8 (53) 2(2.5) 2(1.9) 9(5.3) 13 (6.0) 9 (3.0) 6 (5.5)
KRAS mutation
Wild-type 10 (100) 74 (83) 11 (73) 64 (80) 48 (46) 108 (64) 145 (69) 202 (70) 84 (74)  <0.0001
Mutant 0(0) 15 (17) 4(27) 16 (20) 57 (54) 62 (36) 66 (31) 88 (30) 29 (26)
PIK3CA mutation
Wild-type 10 (100) 89 (100) 14 (93) 77 (99) 99 (94) 161 (94)  194(89)  249(85)  103(90)  <0.0001
Mutant 0 (0) 0(0) 1(6.7) 1(1.3) 6 (5.7) 10(59)  23(11)  43(15) 11.(9.7)
MSI status
MSS/MSI-low 6 (60) 90 (99) 15 (100) 80 (100) 105 (100) 163(95)  198(91)  276(95)  110(9%6)  <0.0001
MSl-high 4 (40) 1(L1) 0 (0) 0 (0) 0 (0) 847 19(88)  16(5.5) 4(35)
IGF2 DMRO 69.0+10.8 61.6+19.6 502+18.7 59.0+15.8 520+13.6 55.7+15.8 53.4+133 555+129 531+129 <0.0001
methylation level
(mean + SD)
LINE-1 583 +8.4 58.8 +4.7 55.7+5.4 59.5+5.9 56.9+5.5 55.8+7.2 531+62 551+65 541+7.6 <0.0001
methylation level
(mean + SD)

Percentage indicates the proportion of patients of each histological type who met the criteria for a specific clinical or molecular feature. P values were calcu-
lated by analysis of variance for age, tumor size, methylation levels of IGF2 DMRO and LINE-1 and by 4 or Fisher’s exact test for all other variables. The P
value for significance was adjusted by Bonferroni correction to 0.0050 (= 0.05/10). HGD: High-grade dysplasia; HP: Hyperplastic polyp; MSI: Microsatellite
instability; MSS: Microsatellite stable; SSA: Sessile serrated adenoma; TSA: Traditional serrated adenoma; IGF2: Insulin-like growth factor 2.

. 44 .
mon, whereas mucin-poor HPs are rare™. Recent studies

have reported that microvesicular HPs may be a precur-
sor lesion of SSAs and that borderline lesions between
microvesicular HPs and SSAs can occur™”**. In the cur-
rent study, we found that the /GF2 DMRO methylation
levels of SSAs were significantly higher compared with
those of HPs (microvesicular HPs), TSAs, and non-set-
rated adenomas. Our data also showed that IGF2 DMRO
hypomethylation was less frequently detected in SSAs
compared with HPs, TSAs, and non-serrated adenomas.
Our current study had some limitations due to its
cross-sectional nature and the fact that unknown bias (7.,
selection bias) may confound the results. Nevertheless,
our multivariate regression analysis was adjusted for po-
tential confounders including age, tumor size, tumor lo-
cation, LINE-1 methylation level, and BRAF and KRAS
mutation. The results demonstrate that IGF2 DMRO
hypomethylation is inversely associated with SSAs. More-
ovet, out data have shown that the IGFF2 DMRO methyla-
tion levels of SSAs with cytological dysplasia were higher
than those of HPs, suggesting that HPs (microvesicular
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HPs) or SSAs with IGF2 DMRO hypomethylation may
tend not to progress to the typical SSA pathway [HP-
SSA-SSA with cytological dysplasia-carcinoma (MSI-high)
sequence| but to the alternate pathway. Thus, our finding
of differential patterns of IGF2 DMRO hypomethylation
in serrated lesions may be a clue for elucidating the dif-
ferentiation of serrated lesions.

In the current study, IGF2 DMRO hypomethylation
was found in TSAs and hypomethylation was more fre-
quently detected in TSAs with HGD when compared
with TSAs without HGD. These results may imply that
IGF2 DMRO hypomethylation can occur in the early
stage of the TSA pathway and that TSAs with IGF2
DMRO hypomethylation are precursor lesions that prog-
ress to TSAs with HGD or CRCs with hypomethylation.
In other words, TSAs without /IGF2 DMRO hypometh-
ylation may tend not to progress to TSAs with HGD.
Otherwise, TSAs without /IGF2 DMRO hypomethylation
may tend to rapidly develop to CRCs; therefore, they are
infrequently detected in the stage of TSA with HGD.
However, because the number of TSA with HGD sam-

August 7,2014 | Volume 20 | Issue 29 |



Naito T et a/. IGF2 DMR hypomethylation in serrated lesions

I 9 UL ", 0/49F-0/667 JO SA1eF vopwINW Ry 03 pasedwod € . 0/4GG 03 0,/ wosy Sudues Sy ST, UT saler uopeInu [y P130dar aAry SAIpmIs SnOIdd SV S, Ul BOWWOd
OS[E ST UORELINW LAY 30 JEYG Aq Aeamtped Sureusis SIH-SIHN-IVI-SVY 2 JO uoneanse oy T, s130dar snorassd amm 1U21SIsuod a3 SySS UL SUOREINW JEg JO Aduanboig
oy 01 Suneps wiep Mo 930319y ], KPANd2dsax ‘SYSS JO 0.8 PUE SIH JO %/,Gl UT P219919p 239M suoneInu JL3¢ Aprs 1uasimd oyp u * - (06001-0/609) SYSS Ut Aouanbaiy Sur
~SEDOUL (I PaIeINW ST [Py Yeud parsodax aaey sopmis snotasd *, SdH JO Lpolews oy ur syuaad Supeniur Ay 1sow o Loyp £ . SUOISS] paressds up fpyoads adfigns
© 21ENSUOWDP PUE SAISIXD A[[EMNW 278 SUOREINW FL3Y PUE JE Y |, UrHOdwr A[Surseardur Suruodaq st suOnesa)[e JEMIS[O0W JO SUIPUEISIOPUN ‘SaSEIdUT YD) J0F $1UaTe
pa1987e1 ApFemosowr Jo Lomea o se 93031y ], Adesoyy 701dodar 701083 PM0IS [ewuropide-nue Aq paasSie) suonenwr 01 suoxd Apemonied are LSofoydiowr parersas M sHYD
IA0IOI "\ SEUN 3O P YR JO uopTINW S1Ua500U0 YSnoIY) SUOISI] PAILIds PUE DY) Ul pasae Auowwod st emyred Furreudis SYH-NHN-IVI-SVY 2UL
“PWUOULDTED [P1D9F0[0 0 UOANJOAD 3 Ut 9703 Jueasodur ue sie[d 1eqy vonelypawradAy J F 7 01 anp [ 3oues ing [-gNTI'T 30 OYIN( ZI9] JO voneypour
-od&y 10u s1 a1 “ersedsAp [e2130[0140 I SYSS UT 1BYR 21EDIPUT BITP INQ) “INOWIM SYSS Ul Uk erse[dsAp 8013010140 tpim sYSS Ul pai1dalop Apuanbary arowr sem ySiy-SIN Apnas
WL 9 U - SYSS UT BISE[dSAP [e2150[0140 (1A SUOISI] 03 p1omIsar ST [[YELID ], St yons sauad ur uoneinw 10ex 1eadar pue [N 01 sped] [HIN J0j Sutures Jo sso|
lsgiope, PLUOUIDIED [£12230[0D 0 UOIss3503d JO 3ysi YSIY € 12 93¢ PuE SONIEWIOUE JPaU3 paremuunade ey eise[dsip [ed50[014 i sygg ey parzodar aaey sappmys snorad
‘SUONEDO] 983} JO uoneApawodiy oy Jo Aemiped ST, 9Up UT 9[0T o1 AJIIepd
01 PP 93¢ SISATEUE JOYIINJ FLIPUN SUTEWII WSTUBYIIW d[UIFOUDIED I} 9sneday SyS T, JO uorssardord oy ur suonerafe donouadids Jueizodwr oxe vonedpowodAy [-gNT T
pue vonelypowod iy GYINC ZID] Yroq et 18933ns $INSIF 38U T, 'SYSL, UT 9SO} UEY) 1oM0[ APULIGIUSIS 970M ([ PIM SYST, UL S[PAS] UoneAyiow [-N] oY 18y} punoy
os[e 9\ 2d41 [¥d130[0ISTY PUL [2A3] UORE[ARSW [-FNT 93 U92MIDq PIATISCO SeM IUIIIJFIP IULIYTUSIS OU “[9A3] UOnBAIow YN ZIO] Y SYIUN ‘SUOISI] PIIEIIIS U] 'STUOTS
=91 payeszas ur vopeidywodAy [-HNIT JO 9703 91 parsodas sey Apmis snoradid ou Faaamop *\ HYD vt sisoudord jood € i pareposse A[Suons stnq dqemea A[ySy st uon
-efipow [N Yeyr parsodar Asnorasad o (. BOREARDW YN(J [2qO[S JO IIEW 2eF0IINS  Se Papesds st uopeAyIow [-HNT JO [PA9] oy Dwouds uewny 343 JO (0.1
22) vopsod [enuelsqns € sMNSu0d BosodsueNoNDI [T 30 -HNIT 29 SV |, F29UEd 01 sPEaj yarym KIqeasut onuousd g pajerosse st voneidypowodly yN( 1eqorD
*SOIPMIS JUIpURdopuT 93MINY WOI UORLWIFUOD Joying axmbos sSurpuy o ‘(g1 = #) [rews sem sofd

"BUWIOUDPE PAJRLIIS [RUONIPRL], (S, [qRIS I[[PILSOIIIA 'SSIAl ‘AI[IqeIsur 91[[23eSOIIIA SN ‘eise[dsAp apes3-ySip :qoOH

YeaM 008 fo8 4 MO[-[SIN/SSIN Q] (+) PI'M PI'M PI'M cL wnjoay 1/69 ST
S1eIPOIN Sy 0’8y MOI-[SIN/SSIN ©) ©) PIIM PIIM PIIM 4" uo[0d prowsig N/TS i
Orersa-d)
31RISPOIN 0'8T L6y MO[-ISIN/SSIN Q] Q] V<DL PIIM PIIM 43 uo[0d SUIpudSY /99 1
eI M S8 0'€9 MO[-ISIN/SSIN (+) (+) PI'M (3009A d) V<1661 PI'M €L wnoay 1/0L 4}
SJeIdPOIN 0°£8 048 MO[-ISIN/SSIN (+) (+) PI'M (3009A d) V<1661 PI'M ST uo[od Surpuadsy /¢S 1L
Suong 0'6C 198 MO[-ISIN/SSIN Q] Q] PI'M (3009A d) V<1661 PI'M 0T wnoay N/19 0T
Suong 0ch €/8 MO[-ISIN/SSIN Q) (+) PI'M (3009A d) V<1661 PI'M 8T uo[od prowsig N/¥¢ 6
S1eIdPOIN STv 065 MO[-ISIN/SSIN Q) Q] PI'M (3009A d) V<1661 PI'M 6 uojod Jurpusdsa@  JN/09 8
uorssardxe oN 0Cs 488 MO[-ISIN/SSIN Q] Q] PI'M (3009A d) V<1661 PI'M 0T uo[od prowsig N/69 A
91eIdPOIN [ex0ig 1S MO[-[SIN/SSIN Q] Q] PI'M (H009A d) V<1661 PI'M 0T uo[od prowdig IN/8¥ 9
Suong Gt 0'8S MO[-[SIN/SSIN Q] Q] PI'M (3009A d) V<1661 PI'M 4} uo[od prowdig IN/S8 g
9jeIPOIN g9z 0'59 MOT-ISIN/SSIN Q] Q] PIIM PIIM (azrod) v<oged S wn3ay N/¥8 i
uorssardxe oN 0CL €'eg MO[-[SIN/SSIN Q] (+) PI'M PI'M (asrod) v<oged ST uo[od asIPASURLL, /9 €
Suong G'68 168 MO[-[SIN/SSIN Q] (+) PI'M PI'M (azrod) v<oged 0T uo[0d prowsdig 1/%8 4
YeaM 0z 8¢ MO[-[SIN/SSIN Q] Q] PI'M PI'M (azrod) v<oge» 8 wnoay IN/SL I
[9A3] uonejAyraw [ELET| uoneAyipw  uonejAydw uonenw
uoissaidxd Z4D| OdWd Z/D/  uonejkpauwr [-INIT smels [SW IHIWN AWNDW VO£NId uonenw Jyyg uopenw Sy () dzig uones>o| xas/a8y  "ON

eisejdsAp apeisS-ySiy Yyam sewioudpe pajeLias [euonipes) uadlyy Jo sainjeay Jejndajow pue [edisojoyredodiul) § d[qel

August 7,2014 | Volume 20 | Issue 29 |

10058

WJG | www.wjgnet.com

JBaishideng®



rent study, BRAF and KRAS mutations wete detected in
69% and 17% of TSAs, respectively. Thus, the wide varia-
tion in the relative proportion of BRAF »s KRAS muta-
tions in different studies reflects differences in histological
classification or small sample size.

In conclusion, we found that IGF2 DMRO hypometh-
ylation can occur in the early stage of any histological
types of serrated lesions; however, hypomethylation may
be an infrequent epigenetic alteration in SSAs. These re-
sults imply that IGF2 DMRO hypomethylation may be a
key epigenetic event that affects the progression of HPs.
Our data also suggest that the hypomethylation of IGF2
DMRO and LINE-1 may play an important role in the
progression of the TSA pathway.
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lational research, which has typically been performed with the dichotomous acterization of traditional serrated adenomas of the colon.
classification of SSAs. Am ] Clin Pathol 2012; 138: 356-366 [PMID: 22912351 DOI:
Terminology 10.1309/ AJCPVT7LCACRPZSK]

IGF2 DMR: IGF2 expression is controlled by CpG-rich regions known as IGF2 9  Mohammadi M, Kristensen MH, Nielsen H]J, Bonde JH,
DMRs in CRC. In particular, IGF2 DMRO hypomethylation has been suggested Holck S. Qualities of sessile serrated adenoma/polyp/le-
as a surrogate-biomarker for IGF2 loss of imprinting. LINE-1: Global DNA hy- sion and its borderline variant in the context of synchronous
pomethylation is associated with genomic instability, which leads to cancer. As colorectal carcinoma. | Clin Pathol 2012; 65: 924-927 [PMID:
the long interspersed nucleotide element-1 or L1 retrotransposon constitutes 22782936 DOI: 10.1136/jclinpath-2012-200803]

a substantial portion of the human genome, the level of LINE-1 methylation is 10 Rosty C, Buchanan DD, Walsh MD, Pearson SA, Pavluk E,
regarded as a surrogate marker of global DNA methylation. Serrated pathway: Walters R], Clendenning M, Spring KJ, Jenkins MA, Win
The serrated neoplasia pathway has attracted considerable attention as an AK, Hopper JL, Sweet K, Frankel WL, Aronson M, Gallinger
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alternative pathway of CRC development, and serrated lesions exhibit unique
clinicopathological or molecular features. Of the serrated lesions, SSAs are
hypothesized to develop in some cases to MSI-high CRCs with BRAF mutation

in the proximal colon.
Peer review

The authors investigated the hypomethylations of /GF2 DMRO and LINE-1; MSI;
and mutations of KRAS, BRAF, and PIK3CA in patients with serrated lesions
and non-serrated adenomas. The results demonstrated that IGF2 DMRO hy-
pomethylation can occur in the early stage of any histological types of serrated
lesions; however, hypomethylation may be an infrequent epigenetic alteration in
SSAs. The authors also revealed that the hypomethylation of IGF2 DMRO and
LINE-1 may play an important role in the progression of the TSA pathway. This
article may have a substantial impact on clinical and translational research in

the progression of serrated lesions related to malignant transformation.
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