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Abstract
Aim The aim of your study is to characterize serrated lesions according to their molecular patterns, specifically BRAF/KRAS 
mutation, methylation, and microsatellite statuses. We evaluated the molecular patterns of 163 serrated lesions, including 
37 microvesicular hyperplastic polyps, 73 sessile serrated adenomas/polyps (SSA/Ps), 31 traditional serrated adenomas, and 
22 SSA/Ps with cytological dysplasia/adenocarcinoma.
Methods Mutations in BRAF (V600E)/KRAS (exon 2) and microsatellite status [microsatellite stability (MSS) vs. MSI] 
were examined using a pyrosequencer and the PCR-based microsatellite method, respectively. DNA methylation status was 
classified as low (LME), intermediate (IME), or high methylation epigenotype (HME) according to a PCR-based two-step 
method. In addition, mucin and annexin A10 expression was examined. Finally, we performed a hierarchical clustering 
analysis of the BRAF/KRAS mutation, DNA methylation, and microsatellite statuses.
Results The molecular patterns observed in the serrated lesions could be divided into five subgroups: lesions characterized 
by (1) BRAF mutation, HME, and MSI; (2) BRAF mutation, HME, and MSS; (3) BRAF mutation, LME/IME, and MSS; (4) 
no BRAF/KRAS mutations, LME/IME, and MSS; and (5) KRAS mutation, LME/IME, and MSS. In addition, we demonstrated 
that these observed molecular patterns help identify the associations of the molecular patterns and markers (i.e., mucin and 
annexin A10) with the clinicopathological findings, including histological features and histological diagnosis.
Conclusions We suggest that the identified molecular patterns play an important role in the pathway of serrated lesion 
development.
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Introduction

Colorectal cancer (CRC) is a heterogeneous disease in terms 
of the genetic pathways involved [1, 2]. Although the ade-
noma–carcinoma sequence proposed by Vogelstein et al. [3] 
has long been considered the single pathway involved in pro-
gression to CRC, the serrated CRC pathway, starting from a 
hyperplastic polyp (HP), which develops into a sessile ser-
rated adenoma/polyp (SSA/P) and subsequently into a spe-
cific type of CRC characterized by microsatellite instability 
(MSI), has been proposed in Western countries [1, 2, 4]. In 
addition, traditional serrated adenoma (TSA) is considered 
an important serrated lesion that results from the serrated 
pathway [4]. A previous study showed two genetic path-
ways associated with TSA development: the classical and 
alterative pathways [4]. Although the former is characterized 
by a high frequency of BRAF mutation, a high CpG island 
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methylator phenotype (CIMP), and microsatellite stability 
(MSS), the latter is closely associated with a high frequency 
of KRAS mutation, low CIMP, and MSS [4]. Previously, it 
was believed that HP is a precursor lesion of SSA/P and 
TSA [1, 4]. Thus, according to the serrated pathway theory, 
HP develops into SSA/P or TSA, which then develops into 
CRC with MSI (major pathway) or MSS (minor pathway) 
[4–6]; the serrated pathway ultimately results in MSI-high 
CRC, which accounts for approximately 10% of all CRCs [1, 
4]. A recent study showed an alternative pathway in which 
CRC is derived from a serrated polyp, instead of traditional 
adenoma, as the precursor lesion [5, 6]. Although detailed 
molecular findings of the types of serrated lesions, including 
microvesicular hyperplastic polyp (MVHP), SSA/P, TSA, 
and SSA/P with cytological dysplasia/adenocarcinoma, 
have been evaluated extensively, the associations between 
serrated lesions and the molecular patterns characteristic 
of serrated lesions with respect to the BRAF/KRAS muta-
tion, methylation, and microsatellite statuses are not fully 
understood.

Previous studies have identified important markers closely 
associated with serrated lesions. For example, mucins [7, 8], 
in particular MUC5AC and MUC6, and annexin A10 [9, 10] 
are useful markers for differentiating serrated lesions from 
conventional adenomas. In addition, reduced expression of 
mismatch repair genes (MLH1 and PMS2) results in MSI-
high cancer [4, 5]. These findings suggest that expression 
of mucin and annexin A10 and low expression of mismatch 
repair genes play important roles in the development of ser-
rated lesions [7, 9].

In the present study, our aim was to identify the molecu-
lar patterns characteristic of serrated lesions based on the 
BRAF/KRAS mutation, methylation, and microsatellite sta-
tuses using hierarchical clustering analysis and to evaluate 
the associations of the molecular patterns identified from the 
clustering analysis with markers (mucin and annexin A10) 
related to the pathogenesis of serrated lesions.

Methods

Patients

Patients who underwent routine pathological diagnosis at 
Iwate Medical University Hospital and related hospitals 
between January 2011 and December 2016 were enrolled in 
this study. Tumor tissue sections were reviewed and diag-
nosed by a senior gastrointestinal pathologist blinded to the 
endoscopic findings. The patients’ characteristics, including 
sex, age, and the size, location, and macroscopic features of 
the lesions, were extracted from the pathology reports. In 
addition, the serrated lesions examined were further classi-
fied into two groups according to tumor location: left side 

of the colon, rectum, sigmoid colon and descending colon 
versus right side of the colon, transverse colon, ascend-
ing colon, and cecum. Finally, laterally spreading tumors 
(LSTs) are generally defined as superficial lesions ≥ 10 mm 
in diameter that typically extend laterally rather than verti-
cally along the colonic wall.

All patients and controls provided informed consent, and 
the study protocol was approved by the Clinical Research 
Ethics Committee of Iwate Medical University. All recruited 
patients provided written consent for use of their specimens.

Histological Criteria of the Serrated Lesions

The histological diagnosis of SSA/P was performed accord-
ing to the Japanese Society for Cancer of the Colon and Rec-
tum [11]. In brief, SSA/P was characterized histologically by 
architectural disturbances in the crypt bases, serrated crypt 
dilatation, and irregular and asymmetrical branching of ser-
rated crypts. At least two of these three histological find-
ings were required for the histological diagnosis of SSA/P; 
however, architectural disturbances in the crypt bases were 
considered the most important histological finding in the 
present study [11, 12]. The histological definition of a TSA 
is a lesion with a protuberant, villiform appearance, and 
villi lined with tall columnar cells with a narrow pencil-
like nucleus and eosinophilic cytoplasm (called dysplastic 
cells). Budding (so-called ectopic crypt foci) is considered 
the most important finding for the histological diagnosis of 
TSA [12–15]. MVHP is defined as a tumor exhibiting elon-
gated straight crypts with a narrow crypt base lined with 
columnar cells displaying varying degrees of serration and 
nuclear atypia, and the cytoplasm of these cells shows a 
microvesicular pattern [12].

All patients and controls provided informed consent, and 
the study protocol was approved by the Clinical Research 
Ethics Committee of the Iwate Medical University. All spec-
imens were obtained with written consent from the patients.

Immunohistochemistry

Immediately after excision, the specimens were fixed in 10% 
neutral buffered formalin, embedded in paraffin wax, cut into 
3-μm-thick paraffin sections, and stained with hematoxylin 
and eosin for routine pathological diagnosis. For immunohis-
tochemical staining, additional 3-μm-thick sections were cut 
from paraffin-embedded tissues and placed on poly-l-lysine-
coated glass slides. To evaluate the expression of mucins, 
annexin A10, and mismatch repair proteins, immunostain-
ing was performed using antibodies against MUC2 (Ccp58, 
Novocastra Laboratories, Newcastle, UK), MUC6 (CLH5, 
Novocastra Laboratories), MUC5AC (CLH2, Novocastra 
Laboratories), annexin A10 (NBP1-90156, Novus, Littele-
ton, CO, USA), CD10 (56C6, Novocastra Laboratories), 
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hMLH1 (clone G168-15; BD Biosciences, Bedford, MA, 
USA), and hPMS2 (clone C-20; Santa Cruz Biotechnology, 
Dallas, TX, USA).

Immunohistochemistry was performed using the DAKO 
Envision + system, consisting of dextran polymers con-
jugated with horseradish peroxidase (DAKO), USA. The 
specimens in citrate buffer (pH 6.0) were heated by micro-
wave at 750 W three times for 5 min each before incubating 
with the antibodies (H2500, Microwave Processor, Bio-Rad, 
USA), as described previously. Hematoxylin was used as the 
counterstain.

Evaluation of Mucins, CD10, and Annexin A10 
Expression

In this study, whereas cytoplasmic expression of MUC2, 
MUC5AC, and MUC6 was regarded as positive immu-
nostaining for these proteins, CD10 immunostaining was 
considered positive if its expression was found along the 
brush border of tumor cells. Immunostaining results were 
regarded as positive if > 10% of the tumor cells were stained 
and negative if < 10% were stained, in accordance with pre-
vious reports [9].

The presence of annexin A10 nuclear staining in > 5% of 
the tumor area in any tissue section was defined as positive 
expression of annexin A10, in accordance with a previous 
report [16].

DNA Extraction

Microdissection of formalin-fixed, paraffin-embedded tis-
sue was performed on hematoxylin-stained slides for both 
tumor and non-neoplastic mucosae. The tumor and non-
neoplastic mucosal components were microdissected sep-
arately. In brief, the tissue blocks were scratched at both 
lateral margin of tumor tissue for marking the surface of 
the object tissue. Subsequently, histological sections were 
removed from the histological block (up to 10 µm). We 
confirmed that the histological sections contained at least 
50% tumor tissue. Microdissected tissue was incubated at 
56 °C for 12–18 h in 50 µl buffer containing 0.5% Tween-
20 (Boehringer Mannheim, Mannheim, Germany), 20 µg 
proteinase K (Boehringer Mannheim), 50 mmol/l Trizma 
base, pH 8.9, and 2 mmol/l ethylenediaminetetraacetic acid. 
Proteinase K was inactivated by incubating the samples at 
100 °C for 10 min.

Analysis of MSI

PCR analysis of MSI was performed as described pre-
viously [17]. Five different loci were assessed for MSI, 
including all of those recommended by the Bethesda panel 
for colon cancer (BAT25, BAT26, D5S346, D2S123, and 

D17S250). A tumor was defined as MSI-positive when 
PCR amplification of a specific marker resulted in an 
abnormal-sized DNA band in the tumor sample compared 
with the normal sample. MSI-positive CRCs were used as 
controls in the study and were divided into two groups: 
those with high-level instability (i.e., MSI at ≥ 20% of loci) 
and those with low-level instability (i.e., MSI at < 20% of 
loci), as described previously. Low-level MSI was consid-
ered MSS in this study.

DNA Methylation Analysis

Pyrosequencing using the PyroMark Q24 system was per-
formed to assess the DNA methylation status of selected 
markers. Primer sequences were designed using PyroMark 
Assay Design 2.0 software (Qiagen, Hulsterweg, NLD). 
The levels of DNA methylation at six specific promot-
ers, originally described by Yagi et al., were quantified 
[18, 19]. Methylation at the promoters of three markers 
(RUNX3, MINT31, and LOX) was analyzed, and those 
with at least two of these markers methylated were defined 
as highly methylated epigenotype (HME) tumors. The 
remaining tumors were screened for methylation at the 
promoters of three other markers (NEUROG1, ELMO1, 
and THBD), and those with at least two of these mark-
ers methylated were defined as intermediate methylation 
epigenotype (IME) tumors. Tumors not classified as HME 
or IME were considered to have the low methylation epi-
genotype (LME).

Analysis of KRAS and BRAF Mutations

Mutations in the KRAS (exon 2) and BRAF (V600E) genes 
were examined using the PyroMark Q24 pyrosequencer, as 
described previously [20]. Each reaction contained 1 × PCR 
buffer, 1.5 mM  MgCl2, 0.2 mM each dNTP, 5 pmol forward 
primer, 5 pmol reverse primer (biotinylated), 0.8 U Hot-
StarTaq DNA polymerase (Qiagen), 10 ng template DNA, 
and  dH2O to a final volume of 25 μl. Cycling conditions 
were as follows: 95 °C for 15 min; 38 cycles of 95 °C for 
20 s, 53 °C for 30 s, and 72 °C for 20 s; and a final exten-
sion at 72 °C for 5 min, with holding at 8 °C. Following 
amplification, 10 μL biotinylated PCR products were immo-
bilized on streptavidin-coated Sepharose beads (streptavidin 
Sepharose high performance; GE Healthcare Bio-Sciences 
Corp., Piscataway, NJ, USA) and washed in 70% EtOH. 
The purified biotinylated PCR products were loaded into 
the PyroMark Q24 (Qiagen) using PyroMark Gold reagents 
(Qiagen) containing 0.3 μM of the sequencing primer and 
annealing buffer.
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Hierarchical Clustering Analysis

Hierarchical clustering analysis was performed to group 
all samples according to their mutation (BRAF/KRAS), 
methylation (LME, IME, or HME), and microsatellite 
(MSI or MSS) statuses, with the goal of achieving maxi-
mal homogeneity within each group and the greatest dif-
ferences among groups. The clustering algorithm used the 
standard method of centroid linkage clustering.

Statistical Analysis

Differences in the histological features, immunohisto-
chemical findings, and methylation status among the 
subgroups were analyzed using Chi-square tests in Stat 
Mate-III (Atom, Tokyo, Japan). If a significant statisti-
cal difference among the subgroups was identified, fur-
ther Chi-square tests between two specific groups were 
performed. Differences in the age distribution among the 
groups were evaluated using the Kruskal–Wallis H test in 
Stat Mate-III. A p value < 0.05 was considered to indicate 
significance.

Results

Global Features of the Serrated Lesions

A total of 163 individuals who met the inclusion criteria, 
including 37 with MVHPs, 31 with TSAs, 73 with sessile 
SSA/Ps, and 22 with SSA/Ps with cytological dysplasia/ade-
nocarcinoma, were enrolled from Iwate Medical University.

Significant differences were found in the sex ratio 
between those with MVHP and those with SSA/P with cyto-
logical dysplasia (p < 0.01) and in the median age between 
those with SSA/P and those with MVHP or TSA (p < 0.01). 
A significant difference in the median tumor size was also 
seen between the MVHP and SSA/P or SSA/P with cytologi-
cal dysplasia cases (p < 0.01) and between the MVHP and 
TSA cases (p < 0.05). The frequency of a right-sided tumor 
location was significantly higher in the MVHP (13/37) 
(p < 0.05), SSA/P (43/73) (p < 0.01), and SSA/P with cyto-
logical dysplasia (19/22) (p < 0.001) cases than in the TSA 
(8/31) cases. Finally, regarding macroscopic features, there 
were significant differences in the frequency of the pedun-
culated type between TSA (10/31) and MVHP (0/37) or 
SSA/P (2/73) cases (TSA > MVHP, p < 0.01; TSA > SSA/P, 
p < 0.001) and in the frequency of the LST type between 
SSA/P (24/73) and MVHP (1/37) or TSA (2/31) cases 
(SSA/P > MVHP, p < 0.01; SSA/P > TSA, p < 0.01)). These 
associations are depicted in Table 1.

Hierarchical Clustering Analysis of the Serrated 
Lesions

We performed hierarchical clustering analysis according 
to the mutation (BRAF/KRAS), DNA methylation (LME, 
IME, or HME), and MSI (MSI or MSS) statuses to evalu-
ate the genetic alterations in patients with serrated lesions. 
Five distinct subgroups were identified, as shown in Fig. 1. 
As a result, the serrated lesions examined were classified 
into five subgroups. Subgroup 1 (13 cases) was charac-
terized by frequent BRAF mutation, HME and MSI, and 
subgroup 2 (46 cases) by frequent BRAF mutation, HME 
and MSS. Frequent BRAF mutation, IME/LME and MSS, 
were characteristic of subgroup 3 (70 cases). Subgroup 4 
(13 cases) exhibited no BRAF/KRAS mutations, IME/LME 
and MSS, and subgroup 5 (21 cases) was characterized 
by KRAS mutation, IME/LME and MSS. Representative 
histological and immunohistochemical images are shown 
in Figs. 2 and 3.

Differences in the Clinicopathological Findings 
Among Subgroups

There were significantly more females in subgroup 2 (37/46) 
than in subgroups 3 (24/70), 4 (3/13), and 5 (8/21) (p < 0.05, 
p < 0.01, and p < 0.001, respectively) (Table 2). The median 
age was significantly different between subgroup 3 and sub-
group 1 or 2 (subgroup 3 < subgroups 1 and 2) (Table 2; 
p < 0.05). In addition, significant differences in the median 
tumor size and the frequency of a right-sided tumor among 
the subgroups (subgroup 1, 11/13; subgroup 2, 45/46; sub-
group 3, 21/70; subgroup 4, 5/13; subgroup 5, 1/21) were 
found (p < 0.05; p < 0.01; p < 0.001; Table 2).

SSA/P with cytological dysplasia/adenocarcinoma was 
the only lesion subtype associated with subgroup 1 (13/13). 
Most right-sided SSA/Ps were assigned to subgroup 2 
(37/43), while most left-sided SSA/Ps were assigned to 
subgroup 3 (24/30). TSA was associated primarily with 
subgroups 3 (16/31) and 5 (11/36). Although the major-
ity of MVHPs belonged to subgroup 3 (24/37), a few were 
assigned to the other subgroups (13/37).

Although crypt dilatation was commonly found in sub-
groups 1 (11/13), 2 (41/46) and 3 (44/70), it was infrequent 
in subgroup 4 (8/21). Crypt branching was frequently 
observed in subgroups 1 (13/13) and 2 (41/46) but was not 
observed in subgroup 4 (2/13). Crypt branching was also 
seen in one-third to one-half of the lesions in subgroups 3 
(44/70) and 5 (6/21). Finally, the frequency of crypt dila-
tation at the crypt base was significantly more frequent in 
subgroup 2 (40/46) than in all other subgroups (subgroup 1, 
0/13; subgroup 3, 6/70; subgroup 4, 0/13; subgroup 5, 0/21). 
These results are presented in Table 3.
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Expression of MUC2, MUC5AC, MUC6, CD10, Annexin 
A10, MLH1, and PMS2

MUC2 expression was frequently observed in each sub-
group (subgroup 1, 13/13; subgroup 2, 46/46; subgroup 
3, 69/70; subgroup 4, 13/13; subgroup 5, 21/21). There 
was a significant difference in the frequency of MUC5AC 
expression between subgroups 2 (40/46) and 5 (11/21) 
(p < 0.05). Expression of MUC6 was significantly higher 
in subgroups 1 (8/13) and 2 (27/46) compared with sub-
groups 3 (11/70), 4 (2/13), and 5 (2/21) (p < 0.05; p < 0.01; 
p < 0.001; Table 4). Although no CD10 expression was 
found in subgroup 1 (0/13), 2 (0/46), or 4 (0/13), it was 
observed, albeit infrequently, in subgroups 3 (1/70) and 
5 (1/21) (Table 4). Significant differences in the frequen-
cies of MLH1 and PMS2 expression between subgroup 
1 (MLH1, 1/13; PMS2, 2/13) and subgroups 2 (MLH1, 
41/46; PMS2, 41/46), 3 (MLH1, 69/70; PMS2, 69/70), 
4 (MLH1, 12/13; PMS2, 12/13), and 5 (MLH1, 21/21; 
PMS2, 21/21) were found (p < 0.001). Annexin A10 
expression was significantly higher in subgroup 2 (33/46) 
than in subgroup 3 (26/70) (p < 0.01).

Mutations of BRAF and KRAS Genes 
in the Subgroups

The frequency of BRAF mutation was significantly higher 
in subgroups 1 (13/13), 2 (46/46), and 3 (70/70) than in sub-
groups 4 (0/13) and 5 (0/21) (p < 0.001). On the other hand, 
the frequency of KRAS mutation was significantly higher 
in subgroup 5 (21/21) than in subgroups 1 (0/13), 2 (0/46), 
3 (1/70), and 4 (0/13) (p < 0.001). The results are shown in 
Table 4.

Analysis of DNA Methylation in the Subgroups

Whereas the frequency of LME was significantly higher in 
subgroups 3 (28/70), 4 (8/13), and 5 (14/21) compared with 
subgroups 1 (0/13) and 2 (0/46) (p < 0.01 or 0.001; Table 4), 
the frequency of HME was significantly higher in subgroups 
1 (13/13) and 2 (46/46) than in subgroups 3 (0/70), 4 (0/13), 
and 5 (1/21) (p < 0.001) (Table 4). In addition, although 
there were statistical differences in the frequencies of IME 
between subgroup 2 (0/46) and 3 (42/70), 4 (5/13), and 5 
(6/21) (p < 0.001), significant difference in the frequency 

Table 1  Clinicopathological findings in the serrated lesions

All serrated 

lesions 
MVHP SSA/P TSA

SSA/P with 

Dys./Ca
p -value 

Total (%) 163 37 73 31 22 

Man/woman 81/82 25/12 35/38 17/14 4/18 < 0.01 

Age 

(median range)
67.0 (25–89) 62.0 (30–81) 65.0 (30–89) 64.0 (25–83) 76.0 (59–88) < 0.01 

Size 

(mm; median, 

range) 

9.0 (4–43) 7.0 (4–13) 10.0 (4–43) 8.0 (4–22) 12.0 (6–31) < 0.001 

Locus 

Right (C, A, T) 83 (50.9) 13 (35.1) 43 (58.9) 8 (25.8) 19 (86.4) 
< 0.001 

Left (D, S, R) 80 (49.1) 24 (64.9) 30 (41.1) 23 (74.2) 3 (13.6) 

Macroscopic 

type 

Is 54 (33.1) 15 (40.5) 19 (26.0) 12 (38.7) 8 (36.4) 

< 0.001 

Isp 25 (15.3) 11 (29.7) 7 (9.6) 4 (12.9) 3 (13.6) 

Ip 13 (8.0) 0 2 (2.7) 10 (32.2) 1 (4.5) 

IIa 38 (23.3) 10 (27.0) 21 (28.8) 3 (14.3) 4 (18.1) 

LST 33 (20.2) 1 (2.7) 24 (32.9) 2 (6.5) 6 (27.3) 

****

**

**
*

***

**

***

**
**

***
*

***

**

**
**

***
*

***

**
*

***

**

***

*p < 0.05; **p < 0.01; ***p < 0.001
MVHP, hyperplastic polyp microvesicular variant; SSA/P, sessile serrated adenoma/ polyp; TSA, traditional serrated adenoma; C, cecum; A, 
ascending colon; T, transverse colon; D, descending colon; S, sigmoid colon; R, rectum; LST, laterally spreading tumor; Is, sessile elevated 
lesion; Isp, semi-pedunculated lesion; Ip, pedunculated lesion; IIa, superficial elevated lesion
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of IME between subgroup 2 (0/72) and 3 (42/70) was found 
(p < 0.01; Table 4).

MSI Frequency in the Subgroups

MSI was seen in subgroup 1 (13/13) only, and not in sub-
groups 2–5. There was a statistical difference in the fre-
quency of MSI between subgroup 1 and subgroups 2–5 
(p < 0.001; Table 4).

Discussion

The histological classification of serrated lesions proposed 
by WHO comprises four types: MVHP, TSA, SSA/P, and 
SSA/P with cytological dysplasia/adenocarcinoma [12]. 
These serrated lesions share common molecular findings 

including BRAF/KRAS mutations, a high genome-wide 
CIMP status, and MSI caused by silencing of MLH1/PMS2 
expression [1, 2, 4]. However, although many researchers 
have focused on differences in individual molecular markers 
that are closely associated with serrated lesions, including 
HPs, SSA/Ps, and TSAs, previous studies have not fully elu-
cidated the association between serrated lesions and molecu-
lar patterns (i.e., the combination of BRAF/KRAS mutation, 
methylation, and microsatellite statuses) using hierarchical 
clustering, which excludes subjectivity. We examined the 
associations of the molecular patterns obtained from the 
hierarchical clustering analysis with serrated lesion subtype 
and other biological findings (e.g., mucin and annexin A10 
expression) typical of serrated lesions.

Previous studies have shown that three distinct his-
tological findings, (1) crypt dilatation, (2) irregular and 
asymmetrical branching of the crypt, termed “abnormal 

Fig. 1  Hierarchical analysis of serrated lesions according to the 
BRAF/KRAS mutation, microsatellite, and methylation statuses. The 
vertical lines in Fig.  1 denote genetic alterations and the horizontal 
lines “relatedness” between samples. The serrated lesions examined 

were classified into five subgroups. The clinicopathological findings, 
histological findings, and expression of mucins, mismatch repair pro-
teins, and annexin A10 are indicated in the lower half of figure
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proliferation,” and (3) basal crypt dilatation and laterally 
spreading crypt bases, which can result in crypt bases that 
commonly resemble boots, anvils or Viking ships, are useful 
for differentiating SSA/P from other serrated lesions includ-
ing MVHP and TSA [4, 11, 12]. These three histological 
findings help determine the histological diagnosis of ser-
rated lesions in routine practice [4, 11, 12]. In particular, 
the findings of basal crypt dilatation and laterally spread-
ing crypt bases are reportedly important for differentiating 

SSA/P from other serrated lesions [11, 12] and can be used 
to divide SSA/P into two types: SSA/P with versus SSA/P 
without basal crypt dilatation and laterally spreading crypt 
bases. In the present study, basal crypt dilatation and later-
ally spreading crypt bases were found significantly more 
frequently in subgroup 2 than in the other subgroups. Fur-
thermore, they were the most useful findings for differentiat-
ing subgroup 2 serrated lesions, characterized by frequent 
BRAF mutation, HME and MSS, from the other subgroup 

Fig. 2  Histological and immunohistochemical staining of left-sided 
colon tissues. a HE staining. b Positive for MUC2 expression. c Posi-
tive for MUC5AC expression. d Negative for MUC2 expression. e 
Positive for MLH1 expression. f Negative for annexin A10 expres-

sion. g Staining for the BRAF mutation in codon 600 (GTG → GAG; 
20%). h Negative for KRAS expression. i Methylation panel, interme-
diate methylation epigenotype. j Microsatellite stability
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lesions. In addition, whereas most subgroup 2 tumors were 
right-sided SSA/Ps, subgroup 3 consisted of other serrated 
lesions, including MVHPs, TSAs, and left-sided SSA/Ps. 
Although there are common molecular alterations between 
right- and left-sided SSA/Ps, differences exist in terms of 
methylation status and annexin A10 expression.

Previous studies have shown that the mucin phenotype 
plays an important role in gastrointestinal carcinogenesis 
[21, 22], and gastric mucins are frequently found in ser-
rated lesions [7, 8]. In addition, gastric mucin expression is 

closely associated with the development of serrated lesions 
[7, 8]. However, the associations between mucin (as well as 
CD10) expression and the molecular patterns occurring in 
serrated lesions have not been well evaluated. In the present 
study, although the expression of MUC5AC was common 
in all subgroups, it was significantly more frequent in sub-
group 2 than in subgroup 5. In addition, high expression of 
MUC6 was frequently found in subgroups 1 and 2. These 
findings showed that, to an extent, MUC5AC expression 
contributes to the development of serrated lesions and that 

Fig. 3  a Histological and immunohistochemical staining of right-
sided colon tissues. b Positive for MUC2 expression. c Positive for 
MUC5AC expression. d Negative for MUC2 expression. e Posi-
tive for MLH1 expression. f Positive for annexin A10 expression. g 

Staining for the BRAF mutation in codon 600 (GTG → GAG; 34%). h 
Negative for KRAS expression. i Methylation panel, high methylation 
epigenotype. j Microsatellite stability
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the expression of MUC6 is closely associated with specific 
types of molecular alterations (subgroups 1 and 2).

Annexin A10 was suggested to be a candidate marker for 
the development of SSA/P in previous reports [9, 10, 23, 24]. 
Recent studies showed that immunohistochemical expres-
sion of annexin A10 is useful for differentiating SSA/P from 
other serrated lesions [23, 24]. In the present study, although 
the tumors in subgroup 2, characterized by a high BRAF 
mutation frequency and high methylation, showed frequent 
expression of annexin A10, this association did not reach 
statistical significance (except for a significant difference 
between subgroups 2 and 3). However, there were signifi-
cant differences in the frequency of Annexin A10 expres-
sion in SSA/Ps and TSAs compared with MVHPs (data 
not shown in the Results section; MVHP: 9/37 [24.3%]; 
SSA/P: 40/73 [54.8%]; TSA: 21/31 [67.7%]; SSA/P with 
cytological dysplasia/adenocarcinoma: 8/22 [36.4%]). This 
difference might explain the difference in methylation status 
between subgroups 2 (HME) and 3 (IME/LME). Therefore, 
we suggest that expression of annexin A10 is associated with 

methylation status, supported by previous reports that CRCs 
with Annexin A10 expression were associated with CpG 
island methylator phenotype [25, 26].

In the present study, we classified the molecular patterns 
of serrated lesions into five subgroups based on the BRAF/
KRAS mutation, methylation, and microsatellite statuses. 
Tumors in subgroup 1 were characterized by BRAF muta-
tion, high methylation, and MSI, and those in subgroup 2 
were closely associated with BRAF mutation, high meth-
ylation, and MSS. The MSI status of subgroup 1 was sup-
ported by the loss of expression of MLH1/PMS2, which 
were expressed only in subgroup 1. Tumors in subgroup 3 
were defined by BRAF mutation, intermediate/low methyla-
tion, and MSS. Tumors in subgroup 4 were associated with 
no BRAF/KRAS mutation, intermediate/low methylation, and 
MSS. Finally, tumors in subgroup 5 were characterized by 
KRAS mutation, intermediate/low methylation, and MSS. 
We suggest that serrated lesions can be classified into five 
subgroups according to their molecular patterns.

Table 2  Clinicopathological findings between each subgroup

Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4 Subgroup5 p-value
Total (%) 13 46 70 13 21

Man/woman 3/10 9/37 46/24 10/3 13/8 < 0.001

Age 76 (59–88) 71 (33–89) 62.5 (30–89) 62 (42–78) 68 (25–83) 0.004

Size 12 (6–24) 12 (4–43) 8 (4–22) 6 (4–14) 8 (4–21) < 0.001

Locus
Right (C, A, T) 11 (84.6) 45 (97.8) 21 (30.0) 5 (38.5) 1 (4.8) < 0.001
Left (D, S, R) 2 (15.4) 1 (2.2) 49 (70.0) 8 (61.5) 20 (95.2)

Macroscopic type
Is 6 (46.2) 11 (23.9) 21 (30.0) 8 (61.5) 8 (38.1)

< 0.001
Isp 2 (15.4) 1 (2.2) 18 (25.7) 3 (23.1) 1 (4.8)
Ip 1 (7.7) 1 (2.2) 7 (10.0) 0 4 (19.0)
IIa 2 (15.4) 11 (23.9) 18 (25.7) 1 (7.7) 6 (28.6)

LST 2 (15.4) 22 (47.8) 6 (8.6) 1 (7.7) 2 (9.5)

***

***

***

**

*

***

**

***

***
**

**

***
***

*
*

**

***

***
**

***

**
**
***

***
***

**
***

**

***

***
***
***

**

***
***

***

***

*
*

******

*p < 0.05; **p < 0.01; ***p < 0.001
C, cecum; A, ascending colon; T, transverse colon; D, descending colon; S, sigmoid colon; R, rectum; LST, laterally spreading tumor
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Although there are some limitations in the present study, 
a clinical benefit was shown by the present study despite 
the limitations. Although differences were found in clinical 
parameters such as sex, age, and the size and location of the 
lesions among the five subgroups in the present study, the 
clinical benefit of the current results may be unclear. Recent 
studies have shown that “SSA/P with cytological dysplasia” 
is very important lesion to identify carcinogenesis of SSA/P 
that is main precursor lesion of microsatellite instability-
high colorectal cancer. In the present study, “SSA/P with 
cytological dysplasia” was primarily assigned into subgroup 
1 that is characterized by BRAF mutation, CIMP and MSI. 

This suggests that such molecular pattern helps to clarify 
molecular distinction of “SSA/P with cytological dysplasia.”

In conclusion, we examined molecular alterations in 
serrated lesions, specifically the BRAF/KRAS mutation, 
methylation, and microsatellite statuses using hierarchical 
clustering, which excludes arbitrary analysis. The hierarchi-
cal clustering results indicated that serrated lesions can be 
classified into five subgroups: subgroup 1, characterized by 
BRAF mutation, HME and MSI; subgroup 2, characterized 
by BRAF mutation, HME and MSS; subgroup 3, charac-
terized by BRAF mutation, IME/LME and MSS; subgroup 
4, characterized by no BRAF/KRAS mutations, IME/LME 

Table 3  Pathological diagnosis and the histological findings between each subgroup

Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4 Subgroup 5 p-value
Total (%) 13 46 70 13 21

Pathological
diagnosis

MVHP 0 1 (2.2) 24 (34.3) 8 (61.5) 4 (19.0)

< 0.001

Rt. SSA/P 0 37 (80.4) 5 (7.1) 0 1 (4.8)

Lt SSA/P 0 1 (2.2) 24 (34.3) 0 5 (23.8)

TSA 0 0 16 (22.9) 4 (30.8) 11 (52.4)

SSA/P Dys/Cancer 13 (100) 7 (15.2) 1 (1.4) 1 (7.7) 0

Histological findings
dilatation 11 (84.6) 41 (89.1) 44 (62.9) 2 (15.4) 8 (38.1) < 0.001

***

***

*

***

***

***

*
*

*

**

***

***

*

***

***

***
*

***
*

*

****** ****** ***
*** ***

* *

***** ***** ***** **

*** ***
* ** * **

****** ****** *** ******

**

Brunching 13 (100) 44 (95.7) 30 (42.9) 0 6 (28.6) < 0.001

Ab. at crypt base 0 40 (87.0) 6 (8.6) 0 0 < 0.001

***
***

**

***
***

*

***

***

***
***

***
***

**
***
***

*

***
***

***

***

*p < 0.05; **p < 0.01; ***p < 0.001
MVHP, hyperplastic polyp microvesicular variant; SSA/P, sessile serrated adenoma/ polyp; TSA, traditional serrated adenoma; Ab, abnormality
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Table 4  Molecular findings between each subgroup

Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4 Subgroup 5 p - value

Total (%) 13 46 70 13 21

MUC2 13 (100) 46 (100) 69 (98.6) 13 (100) 21 (100) 0.86

MUC5AC 12 (92.3) 40 (87.0) 50 (71.4) 9 (69.2) 11 (52.4) 0.02

MUC6 8 (61.5) 27 (58.7) 11 (15.7) 2 (15.4) 2 (9.5) < 0.001

CD10 0 0 1 (1.4) 0 1 (4.8) 0.54

MLH1 1 (7.7) 41 (89.1) 69 (98.6) 12 (92.3) 21 (100) < 0.001

PMS2 2 (15.4) 41 (89.1) 69 (98.6) 12 (92.3) 21 (100) < 0.001

AnnexinA10 4 (30.8) 33 (71.7) 26 (37.1) 6 (46.2) 9 (42.9) < 0.01

*

**
*

***

*
**

***

***
***

***
***

***

***
***

***

**

***

***
***

***
***

*

*
****
*

***

***
***
***
***

***
***
***
***

**

***
*** ***

***
***

***

BRAF mutation 13 (100) 46 (100) 70 (100) 0 0 < 0.001

KRAS mutation 0 0 1 (1.4) 0 21 (100) < 0.001

DNA methylation

LME 0 0 28 (40.0) 8 (61.5) 14 (66.7)

< 0.001IME 0 0 42 (60.0) 5 (38.5) 6 (28.6)

HME 13 (100) 46 (100) 0 0 1 (4.8)

MSI 13 (100) 0 0 0 0 < 0.001

***
***
***
***

***

**
***

***
*** ***

***

***
***

***
***

***
***

***

**
***

**

***

***

***
******
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*********
*** *** ***
******

**
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and MSS; and subgroup 5, characterized by KRAS muta-
tion, IME/LME and MSS. In addition, these molecular pat-
terns identified may help determine the associations between 
the molecular alterations and clinicopathological findings, 
including tumor location, histological features, and histo-
logical diagnosis, associated with serrated lesions. We sug-
gest that these molecular patterns play an important role in 
serrated lesion pathways.
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