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Abstract. The frequency of deficient mismatch repair (dMMR) 
or microsatellite instability‑high colorectal cancer (CRC) is 
estimated to be ~15% of all patients with CRC; however, the 
patients reported are limited to surgical cases, and the frequency 
of patients exhibiting stage 0 disease is not considered, despite 
the currently increasing use of endoscopic techniques to cure 
a number of these patients. In the present study, the DNA 
MMR status for stage 0 patients with CRC treated using 
endoscopic submucosal dissection or endoscopic mucosal 
resection was analyzed via immunohistochemical staining 
of four types of proteins, namely MutL homolog 1 (MLH1), 
MutS homolog 2 (MSH2), MSH6 and PMS1 homolog 2 MMR 
system component, in adenocarcinoma specimens. Notably, 
none of the endoscopically resected specimens exhibited 
dMMR among the 41 patients diagnosed with stage 0 CRC. 
Since tumors harboring dMMR progress more rapidly than 
tumors with chromosomal instability, the present results 
highlight the importance of tumor resection during very early 
phases that exist before the promoter region of MLH1 becomes 
hypermethylated, resulting in a loss of DNA MMR function.

Introduction

There are two forms of genomic instability that occur 
during colorectal cancer (CRC) progression: Chromosomal 

instability (CIN) and microsatellite instability (MSI) (1,2). It 
has been reported in 2008 that ~85% of all CRC cases world-
wide exhibit either numerical chromosomal alterations due to 
abnormal chromatid cohesion, an abnormality of the spindle 
assembly checkpoint or a structural abnormality; however, the 
definitive cause of CIN remains unknown (3‑6). By contrast, 
one of the mechanisms leading to a ‘mutator phenotype’, 
specifically MSI, occurs due to a loss of function in the DNA 
mismatch repair (MMR) system and the abrogation of DNA 
fidelity (7,8).

The DNA MMR system is comprised of two recognition 
complexes that detect DNA alterations (8). MutSα, a heterodimer 
of the MMR proteins MutS homolog 2 (MSH2) and MSH6, 
recognizes base‑base mismatches and insertion/deletion (I/D) 
loops of <2 nucleotides, while I/D loops of >2 nucleotides 
are recognized by MutSβ, an MSH2‑MSH3 heterodimer (8). 
Germline pathogenic variants in human MMR genes, including 
MSH2, MSH6, MutL homolog 1 (MLH1) and PMS1 homolog 2 
MMR system component (PMS2), or germline deletions of 
epithelial cell adhesion molecule (EPCAM), that induce the 
constitutional methylation of the MSH2 promoter leading to 
epigenetic silencing of MSH2, which is associated with Lynch 
syndrome, and the inactivation of the DNA MMR system by 
somatic pathogenic variants or the hypermethylation of human 
MLH1 can result in MSI‑high (MSI‑H) CRC (8). Therefore, 
MMR‑deficient tumors are typically identified using immuno-
histochemistry (IHC) to detect the loss of protein expression of 
≥1 MMR proteins (such as MLH1, MSH2, MSH6 and PMS2), 
and MSI testing can be used to identify MSI‑H, as the loss 
of functional mutations and/or silencing via hypermethylation 
of DNA MMR genes causes instability within microsatellite 
regions (8).

Colorectal tumors exhibiting deficient (d)MMR/MSI‑H 
possess certain unique characteristics; they tend to be located 
within the right colon, and their histopathological features 
are poorly differentiated with mucinous features and marked 
lymphocytic infiltration (9‑12). Several studies have reported 
that patients with stage II‑III CRC with proficient (p)MMR 
can benefit from fluorouracil (5‑FU) treatment; however, 
patients with tumors that have lost their DNA MMR function 
do not benefit, as 5‑FU incorporated in the DNA is typically 
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recognized by the DNA MMR system, leading to cytotox-
icity (13‑17).

A previous study has revealed that patients with stage 
IV CRC with dMMR/MSI‑H tumors benefit more strongly 
from programmed cell death‑1 (PD‑1) blockade than those 
with proficient pMMR or non‑MSI‑H tumors that retain 
DNA MMR function (18), as hypermutable dMMR/MSI‑H 
tumor cells produce various types of neoantigens and induce 
radical T helper 1 cytotoxic immune responses under PD‑1 
blockade (18,19). Therefore, understanding the frequency of 
patients with dMMR/MSI‑H CRC at each clinical stage is 
important for the selection of an appropriate treatment.

The frequency of patients with dMMR/MSI‑H CRC has 
been previously estimated to be ~15% by some groups in some 
western countries in the 2000s (20). However, recent data have 
revealed that among 2,439 surgically resected primary CRC 
cases in Japan, the frequency of patients with MSI‑H is 5.9% 
for stages 0‑I, 8.9% for stage II, 4.0% for stage III and 3.7% 
for stage IV (21), which is similar to the frequencies of patients 
with dMMR/MSI‑H reported in China (5.7% for stage I, 9.9% 
for stage II, 4.2% for stage III and 2.5% for stage IV) and South 
Korea (4.7% for stage I, 4.6% for stage II, 5.2% for stage III 
and not analyzed for stage IV) (22,23). While examining the 
aforementioned data, the following observations were made: 
i) All the patients in these reports were limited to surgical 
cases, and ii) the reports did not consider the frequency of 
patients with stage 0 disease, despite the fact that the number 
of patients who are being treated using endoscopic techniques 
is increasing (24). Additionally, to the best of our knowledge, 
the frequency of patients with dMMR/MSI‑H in stage 0 
lesions that can be endoscopically resected has not been 
previously reported. Therefore, little is known regarding the 
frequency of dMMR/MSI‑H among patients with early CRC 
who undergo endoscopic resection, despite knowing that DNA 
MMR deficiency occurs during colorectal tumor initiation or 
at a very early stage of tumor progression (8). Additionally, 
as the majority of sporadic dMMR tumors possess the BRAF 
V600E somatic pathogenic variant, which is an important 
marker of a poor prognosis in addition to MLH1 hypermethyl-
ation (8,20,22), it is important to characterize these parameters 
to allow for the implementation of optimal treatment strategies.

In the present study, IHC was used to evaluate the DNA 
MMR status of stage 0 colorectal tumors that were resected 
using endoscopic submucosal dissection (ESD) or endoscopic 
mucosal resection (EMR).

Patients and methods

Patients. From the 66 patients with colorectal neoplasia who 
underwent endoscopic resection using ESD (63 patients) or EMR 
(3 patients of adenoma) at the Hamamatsu University Hospital 
(Hamamatsu, Japan) between April 2015 and March 2020, 
the DNA MMR tumor status was evaluated using IHC in 
41 patients who had been pathologically diagnosed with stage 0 
colorectal adenocarcinoma according to pathologic tumor node 
metastasis staging of colorectal carcinoma (American Joint 
Committee on Cancer, 8th edition) (25) (Fig. 1). All patients 
provided written informed consent, and the present study was 
approved by the Institutional Review Board of the Hamamatsu 
University School of Medicine (approval no. 16‑084), which 

confirmed that the study was in accordance with the ethical 
guidelines of the Helsinki Declaration. The clinical char-
acteristics of the patients (age, sex, reason for undergoing 
colonoscopy, lifestyle, previous personal history and family 
history of CRC) are shown in Table I. Tumor location, size and 
shape, as well as pathological features, were recorded at the 
time of colonoscopy and are shown in Table II. Microscopic 
features were divided into five types: i) Tubular adenoma; 
ii) adenocarcinoma with tubular adenoma occupying ≤50% 
of the adenocarcinoma component; iii) adenocarcinoma with 
tubular adenoma occupying >50% of the adenocarcinoma 
component; iv) adenocarcinoma and v) sessile serrated 
adenoma/polyp (SSA/P). Tumors with microscopic features of 
types ii), iii) or iv) including a cancer component, were further 
examined using IHC to identify the status of DNA MMR 
expression.

Endoscopic surgery. Colorectal ESD was indicated for the 
following lesions requiring an endoscopic en bloc resec-
tion: i) Lesions for which an en bloc resection using a snare 
EMR would be difficult to apply, such as non‑granular 
laterally spreading tumors (LST‑NG), particularly LST‑NG 
pseudo‑depressed type tumors, lesions with a VI‑type pit 
pattern, carcinoma with shallow T1 submucosal (SM) inva-
sion, large depressed‑type tumors and large protruded‑type 
lesions suspected of being carcinomas; ii) mucosal tumors 
with submucosal fibrosis; iii) sporadic localized tumors in 
patients with chronic inflammation, such as ulcerative colitis; 
and iv) local residual or recurrent early carcinomas after endo-
scopic resection (24). EMR was performed in cases where 
ESD was initially scheduled but EMR was subsequently found 
to be preferable based on endoscopic observations made on 
the day of treatment. ESD was performed using an S‑O clip® 
(Zeon Medical Inc.), DualKnife™ (Olympus Corporation) 
or the Clutch Cutter® (Fujifilm Holdings Corporation). EMR 
was performed using the Captivator II (Boston Scientific 
Corporation). EMR and ESD were performed by board‑certi-
fied fellows of the Japan Gastroenterological Endoscopy 
Society working at the Hamamatsu University Hospital.

IHC staining. Tissues were collected under the supervision of an 
experienced pathologist. Staining for the expression of 4 MMR 
proteins (MLH1, MSH2, PMS2 and MSH6) was performed 
using 10% formalin‑fixed for 6‑48 h at room temperature, 
paraffin‑embedded blocks cut into 4‑µm thick serial sections. 
The slides were stained using an automated procedure. Briefly, 
the slides were dewaxed by heating at 55˚C for 30 min, followed 
by three 5‑min washes using xylene. Subsequently, the tissues 
were rehydrated using a series of 5‑min washes in 100, 95 
and 80% ethanol, and distilled water. Endogenous peroxidase 
activity was blocked by treatment with 3% hydrogen peroxide 
for 10 min at room temperature. Following incubation with 
Protein Block reagent [StartingBlock™ (TBS) Blocking 
Buffer; cat. no. 37542; Thermo Fisher Scientific Inc.] for 
5 min at room temperature and washing with TBS twice, the 
slides were incubated with the following mouse monoclonal 
antibodies: Anti‑MLH1 (clone G168‑728; 1:50; cat. no. 554073 
BD Biosciences), anti‑MSH2 (clone FE11; 1:10; cat. no. NA27; 
Merck KGaA), anti‑PMS2 (clone A16‑4; 1:50; cat. no. 556415; 
BD Biosciences) and anti‑MSH6 (clone 44/MSH6;1:20; 
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cat. no. 610918; BD Biosciences) for 30 min at room tempera-
ture, and then incubated with dextran polymer conjugated with 
goat anti‑mouse immunoglobulin G and horseradish peroxi-
dase (ChemMate Envision kit; Dako; Agilent Technologies, 
Inc.) for 30 min at room temperature. The antigen‑antibody 
complex was visualized using 3,3'‑diaminobenzidine tetra-
hydrochloride and was counterstained with hematoxylin for 
1 min at room temperature using an autostainer (Histostainer; 
Nichirei Biosciences Inc.). The slides were examined by a light 
microscope (magnifications, x100 and x400).

Evaluation of MMR status. The MMR status was evaluated as 
previously reported (26). Briefly, tumors were considered to be 
negative for MLH1, MSH2, PMS2 or MSH6 expression when 
there was a complete absence of nuclear staining in the tumor 
cells, while nuclear staining of normal colonic crypt epithelium 

adjacent to the tumor, lymphoid cells and stromal cells served 
as internal positive controls (Fig. 2A). Tumors lacking MLH1, 
MSH2, PMS2 or MSH6 expression were considered to possess 
a dMMR status. As MLH1 is required to stabilize PMS2, but 
PMS2 is not required to stabilize MLH1, tumors lacking both 
MLH1 and PMS2 expression exhibit a loss of MLH1 function-
ally, followed by PMS2 destabilization. When the loss of both 
MSH2 and MSH6 expression is detected, this indicates that 
MSH2 functional loss is followed by MSH6 degradation, as 
MSH2 is required to stabilize MSH6 (26). Tumors with main-
tained expression levels of MLH1, MSH2, PMS2 and MSH6 
were considered to possess a pMMR status. For all cases, the 
diagnoses were confirmed under the supervision of an experi-
enced pathologist.

Results

Confirmation of appropriate IHC staining for DNA MMR 
proteins in CRC. As shown in Fig. 2, a patient with a 
germline MLH1 pathogenic variant determined by direct 
sequencing possessed a tumor lacking both MLH1 and 

Table I. Clinical characteristics of patients (n=41).

Characteristics Values

Median age (range), years 71.2 (44‑84)
Sex, n (%)
  Male 27 (65.85)
  Female 14 (34.15)
Purpose of colonoscopy, n (%)
  Screening 3 (7.32)
  Anemia 1 (2.44)
  FOB 21 (51.22)
  CT/PET abnormality 2 (4.88)
  Post‑CRC operation 6 (14.63)
  Bloody stool 6 (14.63)
  Abnormal bowel movement 2 (4.88)
Cigarette smoking, n (%)
  Never 17 (41.46)
  Former 19 (46.34)
  Current 5 (12.20)
Alcohol intake, g/day, n (%)
  0 26 (63.41)
  0‑20 9 (21.95)
  21‑40 0 (0.00)
  ≥41 4 (9.76)
  Unknown 2 (4.88)
History of cancer, n (%)
  + 10 (24.39)
  ‑ 31 (75.61)
Family history, n (%)
  No family history 12 (29.27)
  FDR 16 (39.02)
  SDR 5 (12.20)
  Unknown 8 (19.51)

FOB, fecal occult blood; FDR, first‑degree relative; SDR, second‑degree 
relative; CRC, colorectal cancer; CT, computed tomography; PET, pos-
itron emission tomography.

Table II. Pathological features of patients (n=41).

Features n (%)

Location
  Cecum 4 (9.76)
  Ascending colon 7 (17.07)
  Transverse colon 2 (4.88)
  Descending colon 2 (4.88)
  Sigmoid colon 10 (24.39)
  Rectum 16 (39.02)
Side location
  Right 13 (31.71)
  Left 28 (68.29)
Morphology
  LST‑G (Homo) 6 (14.63)
  LST‑G (Mix) 8 (19.51)
  LST‑NG (Flat) 7 (17.07)
  LST‑NG (PD) 1 (2.44)
  Protruded type 18 (43.90)
  Superficial elevated type 1 (2.44)
Tumor size
  <10 mm 2 (4.88)
  10‑20 mm 13 (31.71)
  20‑30 mm 13 (31.71)
  >30 mm 12 (29.27)
  Piecemeal resection 1 (2.44)
Pathology
  Adenocarcinoma in adenoma 19 (46.34)
  Adenocarcinoma with adenoma 7 (17.07)
  Adenocarcinoma 15 (36.59)

LST‑G/NG, granular/non‑granular laterally spreading tumor; 
PD, pseudo‑depressed.
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PMS2 expression (Fig. 2B), and another patient with a tumor 
lacking MSH2 and MSH6 expression, and a suspected 
disruption of MSH2, possessed a germline MSH2 patho-
genic variant (Fig. 2C). A third patient with sporadic 
advanced  (Fig. 2D) and stage 0 CRC (Fig. 2E) without germ-
line pathogenic variants of the DNA MMR genes possessed a 
tumor exhibiting the expression of all four analyzed MMR. The 
present results indicated that the current IHC method functions 
appropriately, and IHC was subsequently performed on early 
stage CRC specimens resected using ESD or EMR (Fig. 2E).

DNA MMR system is not disrupted in very early stage CRC 
specimens resected using ESD. Prior to endoscopic resec-
tion, consent was obtained from 66 patients, including 3 who 
underwent EMR and 63 who underwent ESD. In one patient, 
the tumor was large and the operability was poor, ultimately 
requiring a piecemeal resection. Among the 66 patients, 
25 cases were histologically diagnosed as non‑adenocar-
cinoma (3 cases of SSA/P and 22 cases of adenoma) and 
41 cases as adenocarcinoma (Fig. 1). Among the 41 patients 
with adenocarcinoma, the number of patients with tumors in 
the left‑sided colorectum (descending colon, sigmoid colon 
and rectum) is higher compared with those with tumors in 
the right‑sided colon (cecum, ascending colon and transverse 
colon) (Table II), which is similar to previous reports (27‑30).

As tumor MSI testing and/or IHC staining of MMR proteins 
for screening of Lynch syndrome is currently performed 
for patients with CRC (31), IHC staining of MMR proteins 
was performed in the 41 cases diagnosed with colorectal 
adenocarcinoma. Notably, none of the 41 endoscopically 
resected specimens of early stage CRC exhibited a dMMR 
status (Fig. 1).

Discussion

Once dMMR occurs, affected tumors develop more rapidly 
compared with those tumors that progress via the CIN pathway; 
tumors possessing dMMR progress within 1‑3 years, while CIN 
tumors progress over decades (32). Therefore, the detection and 
resection of CRC at a very early stage is important for a complete 

treatment. Notably, the present study has revealed that DNA 
MMR function was not disrupted in stage 0 CRC. To the best 
of our knowledge, although the frequencies of tumor dMMR 
among patients with advanced‑stage CRC have been previously 
reported (21‑23), the MMR status of endoscopically resected, 
very early stage CRC has not been previously reported.

The first step for MSI/dMMR in sporadic CRC is epigen-
etic silencing of the MLH1 gene through the hypermethylation 
of both its promoters (33,34). Menigatti et al (35) reported that 
70% of the pre‑cancerous aberrant crypt foci (ACF) lesions 
are methylated at the promoter region of MLH1, suggesting 
that most ACF may have lost their ability to express the MLH1 
protein, and this occurs in early stage CRC. However, when the 
aforementioned data (35) were more carefully examined, the 
median methylation levels for the MLH1 gene were considered 
to be so low that the downregulation of MLH1 protein expres-
sion was likely limited to single cells or crypts, as noted by 
another study (36), in which it was further speculated that these 
alterations are very difficult to identify using IHC. Although 
there may be a time lag between MLH1 promoter methylation 
and the loss of MLH1 protein expression, the present results 
suggested that the resection of tumors prior to the loss of 
MLH1 expression may reduce the likelihood of recurrence, 
which was not shown in the present study; however, if the 
resected tumor is diagnosed as dMMR, careful surveillance 
will be required.

From the point of view of the occurrence of dMMR, 
patients with pre‑cancerous lesions, including patients with 
SSA/P with cytological dysplasia (SSAD), require careful 
surveillance after resection. Among the three main types 
of serrated lesions, namely hyperplastic polyps, traditional 
serrated adenoma (TSA) and SSA/P, TSA is reportedly associ-
ated with KRAS mutations and DNA methylation (37). During 
progression to SSA/P, a BRAF gene mutation is thought to 
occur first, followed by the expression of a CpG island meth-
ylator phenotype (38). It must be noted that previous clinical 
reports have demonstrated that MSI‑H/dMMR has not been 
identified in hyperplastic polyps, TSA or SSA/P, but has 
been reported in SSAD only (39,40). Additionally, SSAD is 
the only pre‑cancerous colorectal lesion in which MLH1 is 

Figure 1. Patients with colorectal cancer whose tissues were analyzed using IHC for DNA MMR proteins. The flow chart presents the cancer history of all the 
individuals whose tissues were analyzed using IHC for DNA MMR proteins between April 2015 and March 2020, and provides a delineation of the results. 
ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection; SSA/P, serrated adenoma/polyp; d/pMMR, deficient/proficient mismatch 
repair; IHC, immunohistochemistry.
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Figure 2. IHC staining of DNA MMR proteins in tissues from patients with colorectal cancer. (A) Tumors were considered negative for MLH1, MSH2, PMS2 or 
MSH6 expression when there was a complete absence of nuclear staining within the tumor cells, while positive staining was confirmed in normal epithelial cells 
and lymphocytes used as controls. Tumors lacking MLH1, MSH2, PMS2 or MSH6 expression were considered to possess a dMMR status, while tumors that 
maintained the expression of MLH1, MSH2, PMS2 and MSH6 were considered to exhibit a pMMR status. (B) A patient with a germline MLH1 pathogenic variant 
possessed a tumor lacking both MLH1 and PMS2 expression. (C) A patient with a tumor lacking MSH2 and MSH6 expression and a suspected disruption of 
MSH2 possessed a germline MSH2 pathogenic variant. A patient with (D) sporadic advanced and (E) endoscopically resected early stage CRC without a germline 
pathogenic variant in the DNA MMR genes presented a tumor that expressed all four analyzed MMR proteins. Scale bar, 50 µm. IHC, immunohistochemistry; 
H&E, hematoxylin and eosin; MMR, mismatch repair; MLH1, MutL homolog 1; MSH2/6, MutS homolog 2/6; PMS2, PMS1 homolog 2 MMR system component.
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methylated (41). Furthermore, the frequency of MSI is report-
edly low in Japan (9,42,43), and it is possible that no cases were 
observed in the present study as this was not measured.

The present study presents some limitations: i) IHC for 
DNA MMR was performed only for cancerous lesions and not 
pre‑cancerous lesions; ii) DNA was not extracted for a muta-
tion search; and iii) the methylation profile was not evaluated. 
These points require further investigation in future studies. 
However, to the best of our knowledge, the present study is the 
first to focus on the MMR status in endoscopic resection cases, 
and it may represent the first step towards the use of dMMR 
status evaluation to help select the appropriate treatment.

In conclusion, dMMR was evaluated in endoscopically 
resected early stage CRC specimens, and dMMR was not 
detected in any of the cases. Regarding the development and 
progression of CRC, the results of the present study suggested 
that changes in MMR may not be involved in early tumor 
development, and the current findings are important for future 
medical care and understanding the pathophysiology of CRC. 
Future molecular biology and molecular genetic studies should 
further clarify the present findings.
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