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Abstract

AIM: To clarify differences in mucin phenotype, prolif-
erative activity and oncogenetic alteration among sub-
types of colorectal laterally spreading tumor (LST).

METHODS: LSTs, defined as superficial elevated lesions
greater than 10 mm in diameter with a low vertical axis,
were macroscopically classified into two subtypes: (1) a
granular type (Gr-LST) composed of superficially spread-
ing aggregates of nodules forming a flat-based lesion
with a granulonodular and uneven surface; and (2) a
non-granular type (NGr-LST) with a flat smooth surface
and an absence of granulonodular formation. A total of
69 LSTs, comprising 36 Gr-LSTs and 33 NGr-LSTs, were
immunohistochemically stained with MUC2, MUC5AC,
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MUC6, CD10 (markers of gastrointestinal cell lineage),
p53, B-catenin and Ki-67 antibodies, and examined for
alteration in exon 1 of v-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS) and exon 15 of v-raf murine
sarcoma viral oncogene homologue B1 (BRAF) by poly-
merase chain reaction followed by direct sequencing.

RESULTS: Histologically, 15 Gr-LST samples were ad-
enomas with low-grade dysplasia (LGD), 12 were high-
grade dysplasia (HGD) and 9 were adenocarcinomas
invading the submucosa (INV), while 12 NGr-LSTs
demonstrated LGD, 14 HGD and 7 INV. In the proximal
colon, MUC5AC expression was significantly higher in
the Gr-type than the NGr-type. MUC6 was expressed
only in NGr-LST. MUC2 or CD10 did not differ. P53 ex-
pression demonstrated a significant stepwise increment
in progression through LGD-HGD-INV with both types
of LST. Nuclear pB-catenin expression was significantly
higher in the NGr-type. Ki-67 expression was signifi-
cantly higher in the Gr-type in the lower one third zone
of the tumor. In proximal, but not distal colon tumors,
the incidence of KRAS provided mutation was signifi-
cantly higher in the Gr-type harboring a specific muta-
tional pattern (G12V). BRAF mutations (V600E) were
detected only in two Gr-LSTs.

CONCLUSION: The two subtypes of LST, especially
in the proximal colon, have differing phenotypes of
gastrointestinal cell lineage, proliferation and activa-
tion of Wnt/p-catenin or RAS/RAF/extracellular signal-
regulated kinase signaling.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is considered to arise from an
adenoma precursor, and a model for genetic alterations in
the adenoma-carcinoma sequence has been proposed ",
In this model, an adenomatous polyposis coli (APC) gene
mutation occurs at the eatliest stage, followed by a v-Ki-
ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS)
mutation, as well as a change in p53. Along this sequence,
the Wnt/APC/B-catenin and RAS/RAF/extracellular
signal-regulated kinase (ERK) signaling pathways also
play important roles””. Previous studies have primarily
considered protruded adenomatous polyps as the most
likely precursor of CRC"?. However, recent advances
have led to changes in the diagnosis of early colorectal
tumors, which can now be morphologically divided into
three groups: classical protruded tumors, depressed tu-
mors, and laterally spreading tumors (LSTs) 5 The latter
two are possible candidates for alternative pathways of
colorectal tumorigenesis. LSTs are considered to be less
invasive, as neoplastic cells tend to spread along the sur-
face of the lumen, and are usually categorized into two
subtypes: granular type (Gr-LST) and flat- or non-gran-
ular type (NGr-LST); NGr-LSTs were more often associ-
ated with submucosal invasion compared to Gr-LSTs™,
An ecarlier report demonstrated unique cell kinetics in
LSTs!", Subsequent studies also evaluated alteration of
APCM™ or [S—cateninm'ls] for Wnt/APC/B-catenin, mu-
tation of KRAS""">"*'“" ¢ v_raf murine sarcoma viral
oncogene homologue B1 (BRAF)“Z’M’W] for RAS/RAF/
ERK and mutation of phosphoinositide-3-kinase (PI3K)
catalytic-ou polypeptide“z’191 for the PI3K/AKT signaling
pathway in LSTs. In addition, promoter methylation of
CpG islands including its methylator phenotype (CIMP)
in association with other genetic alterations has been
shown to make important contributions to LST devel-
opment[14’18].

In an eatlier study, de novo appearance of gastric mucin
genes MUC5AC and MUCOG, which are present in sur-
face foveolar cells and mucous neck cells of the oxyntic
mucosa and antral-type glands in the stomach™, was
shown in colonic adenomas®. Altered expression of
MUC2 as an intestinal apomucin known to be expressed
in goblet cells*”, and CD10 expressed on the brush bor-
ders of intestinal epithelial cells™, occurred during pro-
gression of adenoma to early adenocarcinoma state”™ ™.
While considerable effort has been made to identify
gene mutations and alteration of gastrointestinal phe-
notypes in conventional colorectal tumors, less attention
has been paid to LSTs. Therefore, in the present study,
we focused on differences in expression of MUC2, MU-
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C5AC, MUCG6 and CD10, p53 alteration, nuclear translo-
cation of B-catenin, cell proliferation, and KRAS/BRAF
mutations in morphologically different LST subtypes.

MATERIALS AND METHODS

Patients and materials

LSTs are defined as superficial elevated lesions greater
than 10 mm in diameter with a low vertical axis® " and
are macroscopically classified into two subtypes: (1) Gr-
LSTs composed of supetficially spreading aggregates
of nodules forming flat based lesions with a granulo-
nodular and uneven surface (Figure 1A and C); and (2)
NGr-LSTs with flat smooth surfaces and an absence of
granulonodular formation (Figure 1B and D).

The material for out study was a series of 69 LSTs
(from 69 patients) resected endoscopically or surgically
at Jundendo University Hospital (Tokyo, Japan) between
May 2008 and July 2011. Patients with familial polypo-
sis coli, hereditary non-polyposis colorectal carcinoma,
multiple colorectal carcinomas, or inflammatory bowel
disease were not included in the analysis. Proximal LSTs
were classified as tumors proximal to the splenic flexure
and the remaining tumors were defined as distal. Resect-
ed specimens were fixed in 15% formalin and processed
for embedding in paraffin wax according to routine
procedures and then sections were cut and stained with
hematoxylin and eosin (H and E). This study was ap-
proved by the Institutional Review Boatrd and the ethical
committee of our hospital.

Pathological review

All slides stained with H and E were reviewed by two ex-
perienced gastrointestinal pathologists (Mitomi H, Yao T)
independently. According to the Wotld Health Organiza-
tion classification””| adenoma was classified as tubular, tu-
bulovillous or villous type with low grade dysplasia (LGD)
or high grade dysplasia (HGD). Intramucosal carcinoma
and carcinoma iz situ were included in adenoma with
HGD. Adenocatrcinoma invading submucosa (INV) was
classified as well, moderately or pootly differentiated. The
subjects were classified according to the most advanced
lesion identified. Interobsetver vatiation was resolved by
reevaluation and discussion to reach consensus.

Immunohistochemistry

Briefly, 4 um thick tissue serial sections were dewaxed
in xylene and rehydrated, then endogenous peroxidase
activity was blocked by incubation in 3% hydrogen per-
oxidase. For heat-induced antigen retrieval, sections were
transferred to citrate buffer (10 mmol/L, pH 6.0) and
heated at 100 C in a water bath. The primary antibod-
ies employed were MUC2 (Ccp58, 1:100 dilution; Leica
Biosystems/Novocastra Laboratories, Newcastle Upon
Tyne, UK), MUC5AC (CLH2, 1:100 dilution; Novocastra
Laboratories), MUCG6 (CLHS5, 1:100 dilution; Novocastra
Laboratories), CD10 (56C6, 1:100 dilution; Novocastra
Laboratorties), p53 (PAb 1801, 1:100; Leica Biosystems/
Novocastra Laboratories), B-catenin (14/Beta-Catenin,
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dilution 1:100, BD Biosciences, San Diego, CA), and
Ki-67 (MIB-1, 1:100; DAKO, Glostrup, Denmark), with
incubation for 120 min at room temperature. Immunos-
taining was performed using the streptavidin-biotin-per-
oxidase complex method using a Histofine SAB-PO Kit
(Nichirei Corp., Tokyo, Japan). The chromogen was 3,3’

-diaminobenzidine and the sections were counterstained

lightly with Mayer’s hematoxylin to facilitate recognition
of structures.

Assessment of immunostaining

Distinct cytoplasmic staining for MUC2, MUC5AC, MUCG6
and apical staining for CD10 were considered positive,
as was nuclear staining for p53 and Ki-67, regardless of
the staining intensity. Expression of P-catenin, which
generally showed an inverse relationship between mem-
branous and nuclear (with cytoplasmic) reactivity, was
evaluated only with respect to nuclear localization in this
study. Immunostaining for all markers was evaluated by
two of the authors (Mitomi H, Nakae K) independently,
without prior knowledge of clinicopathological data.
Discrepancies were resolved by re-evaluation to reach
consensus.

Immunoreactive scores (IRSs) for MUC2, MUC5AC,
MUCG6 and CD10 were classified into five grades: 0 points,
positive cells < 5% of tumor area; 1 point, 5%-24%; 2
points, 25%-49%; 3 points, 50%-74%; 4 points, = 75%.
IRSs for p53 and nuclear J-catenin were also classified
into five grades: 0 points, positive nuclei < 5% of tumor
cells; 1 point, 5%-24%; 2 points, 25%-49%; 3 points,
50%-74%; 4 points, = 75%. For topological evaluation
of the Ki-67 labeling index (LI; %), tumor glands in the
lamina propria were separated into three equal zones
(upper, middle and lower thirds), and the number of im-
munoreactive nuclei per approximately 300 tumor cells
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Figure 1 Macroscopic appearance (chromo-
scopic image) of laterally spreading tumors.
(A) Granular type (Gr-LST) and (B) flat- or non-
granular type (NGr-LST). Whole mount view of
cut sections of LSTs stained with hematoxylin
and eosin: (C) A Gr-LST showing tubulovillous
structures with nodular surfaces and (D) an
NGr-LST consisting of small tubular glands with
flat surfaces. LSTs: Laterally spreading tumors.

were counted in each zone (for a total of approximately

1000 cells in whole glands).

Mutation analysis of KRAS and BRAF

Mutation analysis for KRAS and BRAF were performed
using genomic DNA derived from formalin-fixed paraf-
fin-embedded tissue of 29 Gr-LSTs (10 LGD, 10 HGD
and 9 INV) and 27 NGr-LSTs (10 LGD, 10 HGD and 7
INV). Mutations were examined in exon 1 of KRAS and
exon 15 of BRAF by polymerase chain reaction followed
by direct sequencing. The primer sequences in this study
were as previously described™.

Statistical analysis

All statistical analysis were carried out using StatView
for Windows Version 5.0 (SAS Institute Inc., Cary, NC,
United States). IRSs and LI are presented as mean £ SD.
Continuous data wete compared with the Mann-Whitney
U test. Categorical analysis of variables was performed
using either the /1/2 test (with Yates’ correction) or the
Fisher’s exact test, as appropriate. Correlations among
expression levels of the encoded proteins were assessed
with the Spearman’s rank correlation coefficient. A P
value < 0.05 was considered statistically significant, with
classification into two grades: P < 0.05 and P < 0.01.

RESULTS

Clinicopathological characteristics of LST

The clinicopathological characteristics of the Gr-LSTs
(15 LGD, 12 HGD, 9 INV) and NGrt-LSTs (12 LGD, 14
HGD, 7 INV) are shown in Table 1. Gr-LSTs were lo-
cated equally in proximal and distal colons, whereas NGt-
LSTs were more frequently found in the distal colon, but
without reaching statistical significance. Gr-LSTs were

October 21,2012 | Volume 18 | Issue 39 |



Nakae K et a/. MUC/B-catenin/RAS-RAF and colorectal LST

Variable Gr-type (m = 36) NGr-type (n = 33)
Age (yr) 68.5 +10.9 (34-88) 69.0 +10.3 (44-85)
Sex

Male 21 23

Female 15 10
Location

Proximal colon 18 12

Distal colon 18 21

Size of tumor (mm) 353+17.9 (12-80)°  23.0+9.1 (10-50)°

Histology
LGD 15 12
Tubular type 11 11
Tubulovillous type 4 1
HGD 12 14
Tubular type* 0 13
Tubulovillous type® 12 1
INV 9 7
Well differentiated type 7 7
Others 2 0

Age and size of tumor are represented as mean * SD (range); Gr-type:
Granular type of laterally spreading tumor; NGr-type: Flat- or non-granu-
lar type of laterally spreading tumor; LGD: Adenoma with low grade dys-
plasia; HGD: Adenoma with high grade dysplasia; INV: Adenocarcinoma
invading submucosa; INV-others: Mixed well and moderately differentiat-
ed type (n = 1) and mixed well and poorly differentiated adenocarcinoma (1
=1); *'P < 0.01, Gr-type vs NGr-type, tubular type vs tubulovillous type.

significantly larger than NGr-LSTs. Histologically, 12 out
of 13 (92%) tubulovillous adenomas with HGD were Gt-
LSTs, whereas all of the 13 tubular adenomas with HGD
were NGr-LSTs. All NGr-INVs and 7 out of 9 (78%) Gr-
INVs were well differentiated adenocarcinomas. The two
other Gr-INVs were an adenocarcinoma coexisting with
well and moderately differentiated histology, and a mixed
well and pootly differentiated type adenocarcinoma.

IRSs of MUC2, MUC5AC, MUC6, CD10, p53 and nuclear
B-catenin in LSTs

For the MUC2 IRS (Figure 2A-C), significant stepwise
decrement was evident in progression through LGD -
HGD-INV in Gt- and NGr-LSTs. For the MUC5AC
IRS (Figure 2D-F), the Gr-type value was significantly
higher than that of the NGr-type, in the proximal colon.
MUCG6 was expressed only in NGr-LSTs (Figure 2G-I).
A low extent of CD10 expression was detected in HGD
and INV, but not LGD of both Gr- and NGt-LSTs
(Figure 2J-L).

For the p53 IRS (Figure 3A), a stepwise increment
in progression was noted through LGD to INV in Gr-
and NGr-LSTs, which was statistically significant. For
the nuclear §-catenin IRS (Figure 3B), the NGr-type
value was significantly higher than the Gr-type. A similar
trend for p53 and nuclear B-catenin IRSs was observed
in proximal and distal LSTs (data not shown). For the
Ki-67 LI (%) in the lower zone (Figure 3C), the Gr-type
value was significantly higher than that of the NGr-type.
A similar trend without statistical significance was found
in the upper and middle zones (data not shown).
Representative H and E features and expression of
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MUC2, MUC5AC, MUCG6, CD10, p53 and B-catenin are il-
lustrated in Figure 4.

Correlations among IRSs for the encoded proteins

Data for correlations among IRS are given in Table 2.
Significant inverse relationships were found between p53
and MUC2 or MUCS5AC. In addition, inverse associa-
tions were shown between nuclear -catenin and MUC2
in NGr-LSTs, or MUC5AC in Gr-LSTs. Reciprocally, in-
verse associations were noted between Ki-67 and MUC2
in Gt-LSTs, or MUC5AC in NGr-LSTs.

KRAS and BRAF mutations

The results for KRAS and BRAF mutations analyzed
are shown in Table 3. In proximal colon lesions, the
incidence of KRAS mutations was significantly higher
in Gt-LSTs (69%) than in NGt-LSTs (6%; P < 0.001).
BRAF mutations were only detected in distal Gr-LSTs.
In Gr-LSTs, 7 out of 29 (24%) tumors showed muta-
tions from wild-type GGC (glycine) to GAC (aspartic
acid) in codon 13 of the KRAS gene, and 5 (17%) tu-
mors harbored mutations from GGT (glycine) to GTT
(valine) in codon 12. In NGt-LSTs, 2 out of 27 (7%)
tumors had mutations from GGC (glycine) to GAC
(aspartic acid) in codon 13 of the KRAS gene. BRAF
mutations were GTG (valine) to GAG (glutamic acid)
in codon 600. A schematic representation of KRAS and
BRAF mutational patterns is shown in Figure 5.

Association of KRAS or BRAF mutations with
clinicopathological parameters and IRSs of the encoded
proteins

Since there were only two cases of NGr-LST harbored
mutations of KRAS, and neither had BRAF mutations,
we analyzed only Gt-LSTs with respect to the relation-
ship of KRAS or BRAF mutations with clinicopatho-
logical parameters (age, sex, location, size of tumor, and
dysplastic grade) and IRSs of the encoded proteins. No
significant link was observed with clinicopathological pa-
rameters. The MUC5AC IRS was significantly higher in
mutated Gr-LSTs compared to non-mutated tumors (1.2
+ 1.3 s 0.2 £ 0.6, P < 0.05). No significant differences
were found in other IRSs (data not shown).

DISCUSSION

Only a few reports are available on the phenotypic ex-
pression of gastrointestinal cell lineage with immunohis-
tochemistry of MUC2, MUC5AC, MUCG6 and CD10 in
relation to colorectal adenoma-carcinoma sequencelzuéj.
In proximal colon lesions, MUC5AC expression was sig-
nificantly higher in Gr-LSTs than NGr-LSTs. Expression
of MUC5AC or HGM was increased in adenoma with vil-
lous histology or polypoid growthm’%’zsl. Enhanced MUCG6
immunoreactivity was reported to be exhibited in large
adenomas™. In the current study, MUCG was expressed
only in NGr-LSTs, suggesting it as a marker of a mor-
phologically distinct tumor. The molecular mechanisms
responsible for the aberrant expression of gastric mucin,
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Figure 2 Immunoreactive scores for MUC2, MUC5AC, MUC6 and CD10 in all (A, D, G, J), proximal (B, E, H, K) and distal (C, F, I, L) laterally spreading tumors.
Gr, Gr-LST (black bar); NGr, NGr-LST (white bar). IRS: Immunoreactive score; LGD: Adenoma with low grade dysplasia; HGD: Adenoma with high grade dysplasia; INV:
Adenocarcinoma invading into submucosa; LSTs: laterally spreading tumors; Gr: Granular; NGr: Non-granular. Data are mean # SD; ®% &%k ™25 u%3p < 0 05 MUC2:
all NGr-HGD vs NGr-INV; proximal colon NGr-LGD vs NGr-HGD or NGr-INV; Gr-LGD vs Gr-HGD; distal colon Gr-LGD vs Gr-INV; NGr-HGD vs NGr-INV; MUC5AC: all
Gr-LGD vs Gr-INV; distal colon NGr-INV vs NGr-HGD or NGr-LGD; MUCB: proximal colon NGr-INV vs NGr-LGD or NGr-HGD; CD10: all NGr-LGD vs NGr-HGD; proximal
colon NGr-LGD vs NGr-HGD; > "' "P'p < 0,01, MUC2: all Gr-LGD vs Gr-HGD or Gr-INV; NGr-LGD vs NGr-INV; proximal colon Gr-LGD vs Gr-INV; distal colon Gr-
LGD vs Gr-HGD; MUC5AC: all Gr-LGD vs NGr-LGD; Gr-LGD vs Gr-HGD; proximal colon Gr-type vs NGr-type; Gr-LGD vs NGr-LGD; Gr-LGD vs Gr-INV.

(49

Boishidonge  WIG | www.wijgnet.com 5555 October 21,2012 | Volume 18 | Issue 39 |



Nakae K et a/. MUC/B-catenin/RAS-RAF and colorectal LST

1T 1
A . ——a ' Bao C % -
: [ I e
1.8 h J 80
4.0 - c | @
16 -
35+ 0 g 70
% 14 L g
300 < & 60
2 g 12 - P
m 25+ " S 50
2 $10+ c
L 2 ~ 40
20 5§08 | g
151 Sos m 30
1or 04 $ 20
e
0.5+ 02 | 10
0.0 0.0 0
Gr NGr Gr NGr Gr NGr Gr NGr Gr NGr Gr NGr Gr NGr Gr NGr Gr NGr Gr NGr Gr NGr Gr NGr
LGD HGD INV L[GD HGD INV LGD HGD INV

Figure 3 Immunoreactive scores for p53 (A) and nuclear B-catenin (B), and labeling indices for Ki-67 in the lower zone (C) in all laterally spreading tumors.
Gr, Gr-LST (black bar); NGr, NGr-LST (white bar); LSTs: laterally spreading tumors. Data are mean + SD; **°P < 0.05, p53: Gr-HGD vs Gr-INV; nuclear B-catenin:
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or Gr-INV: Gr-LGD vs NGr-LGD; Ki-67, Gr-LGD vs NGr-INV. IRSs: Immunoreactive scores; LGD: Adenoma with low grade dysplasia; HGD: Adenoma with high grade
dysplasia; INV: Adenocarcinoma invading into submucosa; Gr: Granular; NGr: Non-granular; LI: Labeling indice.

MUC5AC MUcsé CD10 p53 Nuclear p-catenin Ki-67
Gr-type NGr-type Gr-type NGr-type Gr-type NGr-type Gr-type NGr-type Gr-type NGr-type Gr-type
MuUC2 0.550° 0.486° NS NS -0.417° NS -0.549° -0.450" NS 0.413* -0.397°
MUC5AC Blank NS NS NS NS -0.430° -0.368" -0.334° NS NS
MUC6 Blank Blank NS NS NS NS NS NS NS
CD10 Blank Blank Blank NS NS NS NS NS
p53 Blank Blank Blank Blank NS NS 0.514"
Nuclear B-catenin Blank Blank Blank Blank Blank NS

Gr-type: Granular type of laterally spreading tumor; NGr-type: Flat- or non-granular type of laterally spreading tumor; Data indicates rho value examined
by Spearman’s correlation coefficient; NS: Not significant. °P < 0.05; °P < 0.01.

LSTs harbored p53 mutations, whereas 7 out of 24 (29%)

Gr-1.8Ts were positive!”. We have shown that no signifi-

cant differences in p53 expression, along with an inverse

Type of tumors Number (%) of mutated samples relation of p53 to MUC2 or MUCS5AC expression in two
All Proximal colon types of LSTs. An experimental study identified MUC2
n KRAS BRAF »n KRAS expression as increased along with induction of wild-
Gr-type 29 15 (52)° 20) 13 9 (69)° type p53 in carcinoma cell lines 7z vitro, and potential
LGD 10 6 (60) 0 (0) 7 6 (86)* p53-binding sites in the MUC2 promoter, which contrib-
HGD 10 6 (60)" 1(10) 3 2(67) utes to stimulation of promoter activityiz[)]. P53 overex-
NV o 3 (332 tay 3 ! (33() pression as an indirect sign of loss of functional p53 by
NGr-type 27 2(7) 00 18 1(6) ; o ; :
b T 1(10) 00) s 1(13)° its mutation is possibly related to the down-regulation of
HGD 10 0(0)° 0(0) 8 0(0) MUC2 expression in colorectal LST. A detailed study on
INV 7 1(14) 0 (0) 2 0 (0) the relation of p53 to the altered mucin expression ap-
Total 56 17 (30) 204) 30 10 (33) pears warranted.

We have documented high nuclear (3-catenin expres-
sion in NGr-LSTs in line with a previous studym. In
an analysis of LSTs, no mutation of [-catenin exon 3
was found, while LOH at 5q (APC locus) was more fre-

Gr-type: Granular type of laterally spreading tumor; NGr-type: Flat- or
non-granular type of laterally spreading tumor; LGD: Adenoma with low
grade dysplasia; HGD: Adenoma with high grade dysplasia; INV: Adeno-
carcinoma invading submucosa; KRAS: v-Ki-ras2 Kirsten rat sarcoma viral

. . 12
oncogene homolog; BRAF: v-raf murine sarcoma viral oncogene homo- quently detected in NGr-LSTs than in GI—LSTS[ ]. To
logue B1. *“°P < 0.05, All and proximal colon: Gr-type vs NGr-type; Gr- date, there is only one case report of NGr-LST harboz-

) . . b . . . . .. . . 13
LGD: proximal vs distal colon; ” “P < 0.01, all and proximal colon: Gr-HGD ing interstitial deletion of B—catemn exon 31 ]_ Nuclear

vs NGr-HGD; proximal colon: Gr-type vs NGr-type. accumulation of -catenin has been observed in tumors

with mutations in the B-catenin or APC gene, Taken

MUCS5AC and MUCG6 in colotrectal tumots are still unclear together, the available data suggest that activation of
and may be due to changes in transcriptional regulation. Wnt/APC/B-catenin signaling in NGt-LSTs is due pri-
It was previously reported that none of the four NGr- marily to alterations in the APC gene. Furthermore, in-

(4 9
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B-catenin

MUC5AC MUC6 CD10

Gr-INV

NGr-INV

Figure 4 Histology and immunohistochemistry of laterally spreading tumors. Immunoreactive scores (IRSs) for Gr-LGD: MUC2, 4 points; MUC5AC, 2 points;
MUC8, 0 points; CD10, 0 points; p53, 0 points; nuclear -catenin, 0 points. IRSs for NGr-LGD: MUC2, 3 points; MUC5AC, 1 points; MUCG, 0 points, CD10, 0 points;
p53, 0 points; nuclear B-catenin, 1 points. IRSs for Gr-HGD: MUC2, 1 points; MUC5AC, 1 points; MUCB, 0 points, CD10, 1 points; p53, 1 points; nuclear -catenin, 1
points. IRSs for NGr-HGD: MUC2, 2 points; MUC5AC, 1 points; MUCB, 1 points, CD10, 1 points; p53, 1 points; nuclear B-catenin, 2 points. IRSs for Gr-INV: MUC2, 1
points; MUC5AC, 1 points; MUCB, 0 points, CD10, 1 points; p53, 4 points; nuclear B-catenin, 1 points. IRSs for NGr-INV: MUC2, 1 points; MUC5AC, 0 points; MUCB,
2 points, CD10, 2 points; p53, 2 points; nuclear B-catenin, 2 points (H and E, x80; immunoperoxidase: MUC2, MUC5AC and MUC6, x100; CD10 and p53, x120;
B-catenin, x300); LGD: Adenoma with low grade dysplasia; HGD: Adenoma with high grade dysplasia; INV: Adenocarcinoma invading into submucosa; Gr: Granular;

NGr: Non-granular.

verse associations were shown between nuclear -catenin
and MUC2 or MUC5AC in LSTs. Experimental studies
have demonstrated that abrogation of MUC2 in tumorts
of the rat colon is related to nuclear B-catenin localiza-
tion and its mutation””"!, Interaction of mucin core pro-
tein with Wnt/APC/B-catenin signaling may have some
role in the progression of LSTs.

Ki-67, considered to be a reliable indicator for ac-
curately assessing growth fraction, is increased with a
shift in the proliferative zone toward the upper compart-
ment in LSTs"". In the current study of Ki-67, a similar
upward shift was detected in Gr- and NGr-LSTs. Fur-
thermore, higher proliferation in the lower compartment
was more apparent in Gr-LSTs, which may explain the
morphologic variation in LSTs. We also found an inverse
association between tumor cell proliferation (Ki-67) and
MUC2 in LST. This is in line with the fact that decreased
in vivo expression of MUC2 is related to colon carcino-
genesis, accompanied by increased cell proliferation®™”,

We have shown that, in proximal colon, the inci-
dence of KRAS mutation was significantly higher in
Gr-LST (69%) than NGr-LST (6%), with a relatively
frequent and specific pattern in Gr-type for G12V, as it
was for G12C in another report"”. Previously reported

(49

T
JBaishideng®

WIJG | www.wjgnet.com

incidences of KRAS mutation were 21%-83% in Gr-
LST and 17%-26% in NGr-LST"*'"™" In the current
study, BRAF mutations (V600E) were only detected in
two Gr-LSTs. Gr-LSTs, particularly those located in the
proximal colon, exhibited frequent KRAS mutations and
high CIMP"®, BRAF mutations are often characteristic
of CIMP-high/microsatellite instability-high colorectal
cancer'”, and are infrequent in LST"*"™*". These facts
suggest that proximal Gr-LST is a possible candidate for
eatly lesions of CIMP-high/microsatellite stable cancer.
Furthermore, MUC5AC expression was significantly
higher in KRAS mutated Gt-LSTs than in non-mutated
tumors. Aberrant MUC5AC expression is thought to be
related to KRAS mutations in experimental colon car-
cinogenesis”. In vitro, upregulation of MUC5AC may
occut through concomitant activation of the EGFR/
RAS/RAF/ERK signaling pathway and Sp1 binding
to the gene promoter”™. We therefore hypothesize that
ERK signal activation induced by mutated RAS in rela-
tion to aberrant gastric mucin expression may play in a
role in the development and progression of Gr-LSTs in
the proximal colon.

In conclusion, as summarized schematically in Figure
6, the two subtypes of LST have differing mucin pheno-
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Figure 5 v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog and v-raf
murine sarcoma viral oncogene homologue B1 mutational patterns in
laterally spreading tumors. D: Aspartic acid; E: Glutamic acid; G: Glycine;
S: Serine; V: Valine; Black box: Mutated case; White box: Non-mutated case;
LGD: Adenoma with low grade dysplasia; HGD: Adenoma with high grade dys-
plasia; INV: Adenocarcinoma invading into submucosa; Gr: Granular; NGr: Non-
granular; KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog; BRAF:
v-raf murine sarcoma viral oncogene homologue B1.

typic expression, proliferative activity, and activation of
Wnt/B-catenin or RAS/RAF/ERK signaling in progres-

sion from adenomas through to invasive carcinomas.
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COMMENTS

Background

Laterally spreading tumors (LSTs) in the colorectum are usually categorized

(49

Boishidengs  WIG | www.wjgnet.com

Muc2

MUC5AC

p53

Nuclear B-catenin

Cell proliferation (Ki-67)
in the lower zone

> | | > -

?
4
?
?
4

— = - > —>

KRAS mutation +/- +/- +/-

Figure 6 Alterations of expression of mucin core protein, p53 and B-catenin,
cell proliferation and v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog
mutations in malignant transformation of laterally spreading tumors. Large
arrow: Marked upregulation; Medium arrow: Moderate upregulation; Small ar-
row: Mild upregulation; ++: Frequently mutated; +: Infrequently mutated; -: Not
mutated; LGD: Adenoma with low grade dysplasia; HGD: Adenoma with high
grade dysplasia; INV: Adenocarcinoma invading into submucosa; KRAS: v-Ki-ras2
Kirsten rat sarcoma viral oncogene homolog; Gr: Granular; NGr: Non-granular.

into two subtypes: granular (Gr-LST) and flat- or non-granular types (NGr-LST).
While considerable effort has been made to identify gene mutations and altera-
tion of gastrointestinal phenotypes in conventional colorectal tumors, less atten-
tion has been paid to LSTs.

Research frontiers

The authors focused on differences in expression of MUC2, MUC5AC, MUC6 and
CD10, p53 alteration, nuclear translocation of B-catenin, cell proliferation, and v-Ki-
ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS)/v-raf murine sarcoma
viral oncogene homologue B1 mutations in morphologically different LST subtypes.

Innovations and breakthroughs

The authors showed that the two types of LSTs have different phenotypes, par-
ticularly with respect to MUC5AC (expression greater in Gr- vs NGr- types) and
MUCS (only expressed in NGr-type). They showed a higher nuclear B-catenin ex-
pression in NGr-type, and Ki-67 was much more prevalent in the Gr-type. Finally,
the incidence of KRAS mutations was much more frequent in Gr-LST.
Applications

The subtypes of LSTs may be different candidates for alternative pathways of
colorectal tumorigenesis. The results of the study represent a further impact on
research in colorectal carcinogenesis.

Peer review

This is a good descriptive study in which the authors clarify differences in mucin
phenotype, proliferative activity and oncogenetic alteration among subtypes of
LST. The results are interesting and suggest that they are different candidates
for alternative pathways of colorectal carcinogenesis.
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