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Purpose: To investigate the clinicopathological characteristics of stage I-III colorectal
cancer (CRC) patients with deficient mismatch repair (AMMR) protein.

Patients and Methods: A retrospective analysis of 61 patients with stage I-1II CRC con-
firmed by immunohistochemistry as AMMR after radical resection at Shenjing Hospital of China
Medical University from May 2017 to June 2019 was performed. A total of 183 stage I-III CRC
patients with proficient mismatch repair (p)MMR) protein from the same period were randomly
selected as a control group. The clinicopathological data of the two groups were investigated.
Results: There were significant differences between the two groups in age, sex, site of onset,
maximum diameter of tumor, T stage, tumor differentiation, and histological type (P < 0.05).
No significant difference was detected in nerve vessel invasion, cancer nodules, the N stage
or the TNM stage. In the dMMR group, 41 patients (66.13%) showed PMS2/MLH]1 deletion,
and the number of MSH2/MSH6 deletion is 21 patients (33.87%). Among them, 34 patients
(54.84%) had PMS2 and MLHI deficiency. In total, 16 patients (25.81%) had MSH2 and
MSHBG6 deficiency. A total of 5 patients (8.06%) showed simply PMS2 deletion and 5 patients
(8.06%) showed simply MSH6 deletion. In total, 2 patients (3.23%) showed concurrent loss
of PMS2, MLH1 and MSH2. No significant difference were found (P > 0.05) in the above
factors among dMMR CRC patients with different MMR proteins deletions.

Conclusion: Our results show that AIMMR status may be more likely exist in female and
younger (<55 years) patients with a greater tumor burden (>5cm), right colon, T4 stage
disease, poor differentiation and mucinous adenocarcinoma. Loss of PMS2 and MLHI is the
most common pattern of MMR protein expression deficiency, followed by concurrent
deletion of MSH2 and MSH6.

Keywords: deficient mismatch repair, clinicopathological characteristics, colorectal cancer,
microsatellite instability

Introduction
Colorectal cancer (CRC) is the third most common cancer in the world and has
the second highest mortality rate.' With economic development and changes in
dietary habits, the incidence of CRC remains high.? CRC is divided into two types:
sporadic CRC and genetic CRC. Abnormalities in multiple molecular pathways at
the cellular level may lead to the occurrence of CRC. The main causes include
chromosomal instability and microsatellite instability (MSI).?

Microsatellites are widely found in the genome and are prone to insertion or
deletion mutations during DNA replication; the main function of the DNA
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mismatch repair (MMR) system is to maintain the stability
of microsatellites.* When the DNA MMR system is abnor-
mal, errors in microsatellite sequences gradually accumu-
late during DNA replication, resulting in shortening or
amplification of the corresponding sequences, producing
MSL.> Approximately 10—15% of CRC is caused by MSI.
Hereditary CRCcaused by germline mutations in an MMR
gene is rare; it is known as Lynch syndrome and accounts
for approximately 2-5% of all CRCs. Most of the remain-
ing CRCs are sporadic MSI CRC, which occurs on the
basis of DNA MMR gene abnormalities, such as abnormal
methylation of the MLH1 promoter CpG island, resulting
in downstream gene inactivation.’

MSI is widely used in the clinical treatment of CRC
and has important value in prognostic stratification, guid-
ing adjuvant therapy, screening patients who may benefit
from immunotherapy, and screening Lynch patients.
Therefore, it is clinically necessary to screen CRC patients
with MMR defects (ie, AMMR or MSI). Research on the
expression of MMR in CRC and its relationship with
clinicopathological characteristics is also particularly
important.

Although genetic testing is the gold standard for
detecting MSI, the College of American Pathologists
(CAP) recommends screening for MSI by detecting the
expression of MMR proteins. Studies have shown that
the two methods are highly consistent,” and immunohis-
tochemistry is recommended as the screening method.
Studies have shown that AMMR CRC has the following
characteristics: the primary tumor is mostly located in
the right colon, the tumor stage is earlier, Crohn’s dis-
ease-like lymph node reaction is common, the tumor
cells are poorly differentiated, most of them are rich in
mucus and have signet ring-like changes, lymphocyte
infiltration in the surrounding tissues is abundant, and
BRAF activation mutations are common.® However,
there are relatively few studies on the correlation
between MSI and cancer nodules, and there are contro-
versial conclusions about the patients’ tumor size, sex,
age, vascular tumor thrombus and lymphatic metastasis.
In this study, we aimed to assess the correlation between
MMR status and the pathological features of CRC
patients, to analyze the types of MMR protein expres-
sion loss, and to determine whether there are differences
in the clinical pathological features among dMMR CRC
patients with different types of MMR protein loss.

Patients and Methods

Patients

This retrospective cross-sectional study was performed in
compliance with the Declaration of Helsinki. This study
was approved by the IRC (Institutional Review Committee)
of Shengjing Hospital of China Medical University. Due to
the retrospective nature of this study, informed consents from
patients were waived by the IRC. Patient data collected in
this study were maintained with confidentiality.

The clinical and pathological data of patients who
underwent radical surgery at Shengjing Hospital of China
Medical University from May 2017 to June 2019 were
collected; CRC was confirmed by pathology in each case
(Shengjing Hospital of China Medical University now
routinely tests MMR protein expression). dMMR CRC
cases (ie, one or more of the 4 MMR proteins MLHI,
MSH2, MSH6 and PMS2 were negative by immunohisto-
chemistry) were selected. pMMR CRC cases (ie, all 4
proteins were positive by immunohistochemistry) were
randomly selected as a control group during the same
time period. The number of cases in the control group
was 3 times that of the IMMR group.

The inclusion criteria were as follows: patients with (1)
clear pathological diagnosis; (2) complete clinical data;
and (3) pathological stage I-III.

The exclusion criteria were as follows: patients who (1)
had incomplete clinical data; (2) received clinical trials
related to treatment; (3) received adjuvant therapy before
surgery; or (4) had synchronous or metachronous carci-
noma. Finally, a total of 61 dMMR patients and 183
PMMR patients were included in our study according to
the inclusion and exclusion criteria.

The medical records, surgical records, pathological
results and other clinical data of the selected patients
were collected, and pathological staging was performed
according to the 8th edition of the AJCC Colorectal Tumor
Staging Manual. The patients’ number of hospitalizations,
sex, age, lesion location, maximum tumor diameter (patho-
logical tissue), detailed pathological stage, tumor grade
(degree of differentiation), histological type, neurovascular
invasion status, cancer nodule status and MMR protein
status were recorded.

Statistical Analysis

Measurement data that conformed to a normal distribution
are presented as x + s, and those that did not conform are
presented as the median (quartile interval). The #-test or
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Wilcoxon rank sum test was used to compare the differ-
ences between the means; the enumeration data were
expressed as rates; y> test or Fisher’s exact probability
method was used to compare the differences between the
rates. SPSS 23.0 was used for statistical analysis.

A P value <0.05 indicates statistical significance.

Results
Differences in Clinicopathological

Characteristics

Age and sex: The average patient age in the pMMR group
was 63.34 = 9.29 years, and the patients in the IMMR group
were slightly younger (60.07 + 13.17 years), but the differ-
ence was not statistically significant (P > 0.05, Figure 1).
The subgroup analysis showed that the proportion of
patients under 55 years old was 32.80% in the dMMR
group, significantly higher than the 15.8% in the pMMR
group, and the difference was statistically significant (P <
0.01, Table 1). The female proportion of the dIMMR group
was 54.1%, higher than the 38.3% in the pMMR group, and
the difference was statistically significant (P < 0.05,
Table 1). The ratio of men to women was 0.85:1 in the
dMMR group, while that in the pMMR group was 1.61:1.

Location of primary tumor: Of all CRCs, 63.9%
occurred in the right hemicolon in the dMMR group,
which was significantly higher than the 18.6% occurrence
in the pMMR group (P < 0.01, Table 1).

Maximum tumor diameter and T stage: The median
diameter and quartile interval of the maximum tumor
diameter were 6.0 (4.0; 7.0) cm in the IMMR group and
4.5 (3.5; 5.5) cm in the pMMR group, and the difference
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Figure | Age difference between the two groups.

was statistically significant (P < 0.01, Figure 2). Subgroup
analysis showed that 55.7% of the tumors in the dIMMR
group were larger than 5 cm, significantly higher than the
28.4% in the pMMR group (P < 0.01, Table 1). Regarding
the T stage, 62.3% of the patients in the IMMR group had
T4 tumors, which was significantly higher than the 21.9%
in the pMMR group (P < 0.01, Table 1).

TNM stage: In the dMMR group, the proportion of
patients with pathological stage II was 58.1%, which was
significantly higher than that of other stages. Further ana-
lysis showed that the proportion of stage II patients in the
dMMR group was slightly higher than that in the pMMR
group (51.4%), but there was no significant difference (P >
0.05, Table 1).

Differentiation degree and histological type: Patients
with poorly differentiated tumors accounted for 41.0% of
the dIMMR group and 10.9% of the pMMR group, and the
difference was statistically significant (P < 0.01, Table 1);
however, moderately differentiated tumors accounted for
the majority in both groups (50.8% in the dMMR group
and 82.5% in the pMMR group, see Table 1).
Histologically, the proportion of mucinous adenocarcino-
mas was 19.7% in the dMMR group and 7.1% in the
pMMR group, and the difference was statistically signifi-
cant (P < 0.05, Table 1). In addition, there were 2 cases of
medullary carcinoma in the dIMMR group and 2 cases of
undifferentiated adenocarcinoma and 1 case of signet-ring
cell carcinoma in the pMMR group. The histological types
of the two groups were mainly unspecified types of ade-
nocarcinoma, with proportions of 77.0% and 91.8%
(Table 1).

There was no significant difference between the two
groups in terms of the presence of nerve vessel invasion,
the presence of cancer nodules, or the N stage (P > 0.05,
Table 1).

Characteristics of Colorectal Cancer
with Missing Mismatch Protein

Expression

The clinicopathological data of IMMR CRC lacking different
MMR proteins were analyzed, and it was found that the
differences between the above factors were not statistically
significant, and the P values were all greater than 0.05
(Table 2). There was 1 patient who lacked the expression of
the other three MMR proteins except MSH6. This patient was
included in both the PMS2/MLH1 and MSH2/MSH6 sub-
groups in the statistical analysis. In the dIMMR group, there
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Table | Comparison of Clinicopathological Data Between dMMR and pMMR Colorectal Cancer

pMMR n=183 dMMR n=61 Total n=244 P value
Age
>55 154 (84.2%) 41 (67.2%) 195 0.004*
<55 29 (15.8%) 20 (32.8%) 49
Sex
Male 13 (61.7%) 28 (45.9%) 141 0.030*
Female 70 (38.3%) 33 (54.1%) 103
Location
Left 47 (25.7%) I (18.0%) 58 0.000*
Right 34 (18.6%) 39 (63.9%) 73
Rectum 102 (55.7%) I (18.0%) 113
Diameter
=5cm 131 (71.6%) 27 (44.3%) 158 0.000*
>5cm 52 (28.4%) 34 (55.7%) 86
Lymphovascular invasion
Absent 109 (59.6%) 42 (68.9%) 151 0.196
Present 74 (40.4%) 19 31.1%) 93
Extranodal extension
Absent 160 (87.4%) 57 (93.4%) 217 0.195
Present 23 (12.6%) 4 (6.6%) 27
T stage
TI-3 143 (78.1%) 23 (37.7%) 166 0.000%*
T4 40 (21.9%) 38 (62.3%) 78
N stage
NO 16 (63.4%) 44 (72.1%) 160 0.298
NI 47 (25.7%) 14 (23.0%) 6l
N2 20 (10.9%) 3 (4.9%) 23
TNM stage
| 23 (12.6%) 9 (14.8%) 32 0.501
I 94 (51.4%) 35 (57.4%) 129
11l 66 (36.1%) 17 (27.9%) 83
Tumor grade
| 12 (6.6%) 5 (8.2%) 17 0.000%*
I I51 (82.5%) 31 (50.8%) 182
11l 20 (10.9%) 25 (41.0%) 45
Tumor type
NOS 168 (91.8%) 47 (77.0%) 215 0.003*%, *
Medullary 0 (0.0%) 2 (3.3%) 2
Undifferentiated | (0.5%) 0 (0.0%) |
Signet ring | (0.5%) 0 (0.0%) |
Mucinous 13 (7.1%) 12 (19.7%) 25

Note: *Fisher’s exact test,*P<0.05.

were 41 patients with PMS2/MLH]1 deletions, accounting for ~ cases were simply missing PMS2, accounting for 8.06% of
66.13% of cases, and 21 with MSH2/MSH6 deletions, cases; 16 cases were missing MSH2 and MSH6, accounting
accounting for 33.87% of cases (Figure 3). Among them, 5  for 25.81% of cases; 5 cases were missing MSH6 alone,
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Figure 2 Difference in the maximum tumor diameter between the two groups.

accounting for 8.06% of cases; 34 cases were missing PMS2
and MLH1, accounting for 54.84% of cases; and only 2 cases
were only positive MSH6 expression, accounting for 3.23%
of cases (see Figure 4). No patients were missing MLH1
expression alone, missing MSH2 expression alone, or missing
all 4 MMR proteins.

Discussion

Mismatch Repair System

DNA MMR is one of the indirect repair mechanisms of
DNA damage. Its function is to recognize and repair the
loops generated on the double-stranded DNA due to muta-
tions such as base mismatch, insertion or deletion, thereby
maintaining the stability of the genome.” When DNA
damage occurs, an MSH heterodimer (MSH2-MSHS6,
also known as MutSa; MSH2-MSH3, also known as
MutSp) first binds to the mismatched DNA. MutSa recog-
nizes the mismatched sequence of 1-2 base pairs; MutSp
recognizes the mismatched sequence of more than 2 base
pairs and the insertion-deletion loop.'® After the mis-
matched DNA fragments are identified, MutSa/MutSp
recruits and binds to the MLH heterodimer (MLHI1-
PMS?2, also known as MutLa).!" When replication factor
C (RFC) localizes proliferating cell nuclear antigen
(PCNA), MutLa combines with proliferating cell nuclear
antigen to enable PMS2 to exert endonuclease activity.'?
With the participation of exonucleases, the wrong frag-
ments are excised, but there are also cases that do not rely
on exonucleases.'? Finally, the original DNA fragment that
had the error is resynthesized with the help of DNA poly-
merase & and DNA 1igase.14 DNA MMR gene expression

defects may lead to MSI, which is closely related to the
occurrence and development of CRC. Sporadic MSI CRC
is mostly caused by methylation of the MLH1 promoter."
Although the gold standard for identifying MSI pheno-
types is PCR amplification of microsatellite repeats, MSI
patients can also be identified based on histopathology and
immunohistochemistry results. The consistency between
the two methods is high, and immunohistochemistry is
more economically convenient.'® Immunohistochemistry
was used to detect the expression of MMR proteins
(MLH1, MSH2, MSH6, and PMS2) in CRC tissues.
Patients with negative expression of 1 or more negative
targets were suggested to be AIMMR, ie, with microsatellite
instability-high (MSI-H); those who had positive results
for all 4 proteins were labeled as pMMR, ie, with micro-
satellite instability-low (MSI-L) or microsatellite stability
(MS). At present, immunohistochemistry is widely used in
screening MSI CRC. When screening for MSI-H CRC,
care should be taken to exclude Lynch syndrome. BRAF-
V600E somatic mutations occur in approximately 40% of
patients with sporadic MSI-H CRC but are very rare in
Lynch syndrome.'” In addition to referring to the family
history of the patient, the use of immunohistochemistry to
determine the expression of the BRAF-V600E protein
helps to exclude sporadic MSI CRC;'® it can be further
combined with genetic testing to diagnose Lynch
syndrome.

Clinicopathological Characteristics of

Patients with dMMR
Our research shows that stage I-IIIl dAMMR CRC has the
following special clinicopathological characteristics:
younger onset, more common in women, more common
on the right side, greater tumor burden at diagnosis, more
common in stage T4, lower differentiation degree, and
a higher proportion of mucinous adenocarcinoma.
Multiple studies have confirmed that the onset age of
dMMR CRC is younger than that of pMMR CRC."® There
is currently controversy as to whether there is a sex dif-
ference. Some scholars have found that it is more common
in women,20 which is consistent with our results, but there
are also literatures showing that there is no significant
difference between men and women.?! In addition, we
found that the T stage of dIMMR CRC is late, and the
degree of tumor invasion is deep, consistent with the
conclusions of other scholars.”? Our research also showed

that compared with patients with pMMR CRC, dMMR
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Table 2 Correlation Analysis of Mismatch Repair Protein Deletion Types and Clinicopathological Characteristics

PMS2/MLHI(-) n=41 MSH2/MSH6 (-) n=21 Total n=62 P value
Age
>55 27(65.9%) 15(71.4%) 42 0.657
=55 14(34.1%) 6(28.6%) 20
Gender
Male 18(43.9%) 10(47.6%) 28 0.993
Female 23(56.1%) 11(52.4%) 34
Location
Left 8(19.5%) 4(19.0%) 12 0.639*
Right 27(65.9%) 12(57.1%) 39
Rectum 6(14.6%) 5(23.8%) I
Diameter
=5acm 19(46.3%) 8(38.1%) 27 0.535
>5 cm 22(53.7%) 13(61.9%) 35
Lymphovascular invasion
Absent 27(65.9%) 16(76.2%) 43 0.403
Present 14(34.1%) 5(23.8%) 19
Extranodal extension
Absent 37(90.2%) 20(95.2%) 57 0.849
Present 4(9.8%) 1(4.8%) 5
T stage
TI-3 16(39.0%) 7(33.3%) 23 0.872
T4 25(61.0%) 14(66.7%) 39
N stage
NO 27(65.9%) 17(81.0%) 44 0.584°
NI 11(26.8%) 3(14.3%) 14
N2 3(7.3%) 1(4.8%) 4
TNM stage
| 5(12.2%) 4(19.0%) 9 0.420*
I 22(53.7%) 13(61.9%) 35
n 14(34.1%) 4(19.0%) 18
Tumor grade
| 4(9.8%) 1(4.8%) 5 0.925%
I 20(48.8%) 11(52.4%) 31
11l 17(41.5%) 9(42.9%) 26
Tumor type
NOS 32(78.0%) 15(71.4%) 47 0.781*
Medullary 2(4.9%) 1(4.8%) 3
Mucinous 7(17.1%) 5(23.8%) 12

Note: *Fisher’s exact test.

patients had a larger maximum tumor diameter and
a higher percentage of tumors over 5 cm. It suggests that
the tumor volume of dMMR patients is larger at the time
of diagnosis, which is consistent with the literature
reports.”® In fact, in different stages of CRC, the incidence

of MSI differs significantly. The incidence of dMMR in
patients with stage II CRC is approximately 20%; the
incidence is 12% in patients at stage III and only 4% in

123

patients at stage III° Although in our results there is no

significant difference in tumor stage between dMMR and
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27 66.13%PMS2/MLH1(-)
33.87%MSH2/MSH6(-)

Figure 3 Proportion of different mismatch repair protein deletions.

w0 8.06%0nly PMS2(-)
25.81%MSH2 and MSH6(-)
2z 8.06%0Only MSH6(-)
54.84%PMS2 and MLH1(-)
w2 3.23%0nly MSH6(+)

Figure 4 Hierarchical analysis of types of mismatch repair protein deletions.

pPMMR patients, the proportion of stage II CRC is much
higher than that of stage I and III CRC among dMMR
patients. The neurovascular invasion, pathological stage,
and N stage of dAMMR patients were not different from
those of pMMR patients, which was consistent with the
published studies.**

In terms of histological types, many studies have
shown that there is a correlation between dMMR status
and tumor histological type and degree of differentiation.
In our study, dAMMR patients had a higher proportion of
colorectal mucinous adenocarcinoma and a lower degree
of tumor differentiation, consistent with the study of Kaur
et al.>> This suggests that the overall malignancy of
patients with dMMR is higher. However, some studies
have shown that in stage II patients, histological character-
istics have no clear correlation with MSL.?® Further con-
clusions still need to be confirmed by large sample studies.

At present, there are few studies on MSI and cancer
nodules. Our research found that the status of cancer
nodules is not related to the loss of MMR protein expres-
sion. Cancer nodules are independent risk factors that
indicate prognosis.”” However, there is currently contro-
versy about the survival difference between N1b and Nlc
patients. There is no final conclusion about the effect of
the number of cancer nodules on prognosis. Studies have

shown that the count of CDS8-positive T lymphocytes in
cancer nodules of patients with CRC is significantly higher
than that of tumor tissue,”® suggesting that changes in the
tumor microenvironment are important for the generation
of cancer nodules. The dMMR status has an important

effect on the tumor microenvironment,29

suggesting that
the generation of cancer nodules may be related to the
microsatellite status. Our research did not draw a positive
conclusion, which may be related to the stage of patients
included and the small sample size. The specific relation-
ship between the two and the mechanisms involved require

more research and exploration.

Type of Mismatch Repair Protein

Expression Loss

Among patients with negative MMR protein expression,
we found that MLH1 and PMS2 coexpression loss was the
most common, followed by concurrent deletion of MSH2
and MSH6. Among them, patients with PMS2 deletion
alone accounted for only 8.06%, and those with MSH6
deletion alone accounted for the same proportion. No
separate deletion of MLH1 and MSH2 was found. It is
suggested that the joint deletion of MLH1 and PMS2 as
well as that of MSH2 and MSH6 are more common and
that the single deletion is rare, consistent with the conclu-
sions of other scholars.*® However, there are also studies
showing that PMS2 deletion alone is not uncommon in
dMMR patients,”® which may be related to the different
stages of the patients included in the study. Further analy-
sis found no differences in the clinical data of CRC
patients with different types of MMR protein deletions,
which is consistent with the results of Gandhi et al.?® This
suggests that CRC patients with different types of dIMMR
proteins may have similar disease progression.

Application of Microsatellite Instability in

Colorectal Cancer

Prompt effect on prognosis: Our results show that compared
with pMMR CRC patients, AIMMR patients have a younger
onset age, more right side tumors, higher tumor burden, later
T stage, lower differentiation degree and a higher proportion
of mucinous adenocarcinoma. All of these factors are sug-
gestive of poor prognosis. However, clinical practice and
previous studies have shown that patients with early
dMMR CRC have a relatively better prognosis than pMMR
patients during the same period.*' In addition, studies have
shown that the tumor site is an independent prognostic factor
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for CRC; the prognosis of patients with right-sided colon
cancer is significantly worse than that of patients with left-
sided colon cancer and rectal cancer.>® Therefore, some
scholars suggest that MSI should be screened for patients
with right-sided colon cancer under the age of 60 to guide
treatment and prognosis stratification.”® For patients with
stage I-III CRC, MSI is a sign of good prognosis.** The
reason may be that MSI in patients with dMMR CRC leads to
frameshift mutations, in turn producing a large number of
related new antigens, which is more likely to trigger immune
responses than patients with pMMR,? and consequently
increases the probability of tumor cells being recognized by
the immune system. Although there are currently some
patients with stage IV MSI-H CRC who may benefit from
treatment with immune checkpoint inhibitors, MSI-H often
indicates a poor prognosis in patients with metastatic stage
IV CRC.* This may be because the overexpression of
immunosuppressive molecules counteracts the positive effect
of lymphocyte infiltration.>® Further stratification studies by
Goldstein et al found that BRAF-V600 mutations suggest
poor prognosis in patients with stage IV microsatellite
instable CRC,> suggesting that these patients may have
other molecular mechanism changes that affect prognosis.
The specific related mechanism needs further exploration.
Guidance on treatment options: At present, domestic
and foreign guidelines recommend adjuvant therapy for
patients with CRC above stage II. The recurrence rate of
patients with stage II MSI CRC is very low, so it is
difficult
Moreover, some scholars believe that patients with stage
IT and III MSI CRC cannot benefit from single-agent
fluorouracil adjuvant chemotherapy.>” Whether it is neces-

to judge the effect of adjuvant therapy.

sary for stage II MSI CRC patients to receive adjuvant
therapy requires more research evidence. Some research-
ers believe that these patients are more suitable for che-
motherapy regimens containing oxaliplatin,®® which can
be used as a reference in clinical practice. In recent years,
the application value of immune checkpoint inhibitors in
patients with metastatic advanced dMMR CRC has been
confirmed. The overall response rate (ORR) of first-line
immunotherapy in these patients is as high as 55%.*° This
plays an important role in improving the survival of
patients with stage IV MSI CRC.

Conclusion
Stage I-1IT MSI CRC has unique clinicopathological char-
acteristics. Compared to MSS types, it generally occurs at

a younger age and is more common in women. It is more
likely to occur on the right side, the tumor load is higher,
the T stage is later, the degree of differentiation is lower,
and there is a higher proportion of mucinous adenocarci-
noma. These features hint at the microsatellite status of
patients with stage I-III CRC.

The status of cancer nodules in patients with stage I-II1
CRC is not related to the lack of MMR protein expression.

There is no difference in the clinicopathological char-
acteristics of CRC patients with different types of MMR
protein deletions in stages I-III, suggesting that CRC
patients with different IMMR types may have a similar
disease progression process. MSI is widely used in clinical
practice. It is recommended that patients with stage II and
III CRC be screened for MSI to guide the selection of
treatment options and prognosis stratification.

To reveal the immune mechanism behind the special
clinicopathological characteristics of MSI CRC patients
and solve the immunotherapeutic problems encountered
in treatment, it is necessary to further explore the relation-
ship and interaction mechanism between MSI, infiltration
of lymphocytes around the tumor and the body’s immune
response.
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