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Abstract: In many countries, colorectal cancer is one of the common cancers. It has been confirmed that microsatellite
instability (MSI) is one of the most important molecular changes in colorectal cancer. As the recognized precursor lesions of
colorectal cancer, adenomas and some polyps also have MSI phenomenon. This article analyzes the MSI of colorectal cancer
and its closely related adenomas and polyps in domestic and foreign literature, and further discusses how to identify colorectal

cancer at an early stage and the impact of MSI on the prognosis and treatment of colorectal cancer.
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1. Introduction

In 2020, the incidence rate of colorectal cancer ranked third and mortality rate ranked second in 19.3 million
of the new cancer cases in the world [, According to the latest data collected by the National Cancer
Institute (NCI)’s Surveillance, Epidemiology and End Results (SEER) program, in 2020, the number of
newly diagnosed colorectal cancer in the United States will reach more than 100,000, including 104,610
cases of colon cancer and 43,340 cases of rectal cancer, and the death toll is expected to reach more than
50,000. Although most of the cases occur in people over 50 years old, 17,930 new cases (12%) will be
diagnosed in people under 50 years old [ in Australia, the United Kingdom, Germany and many other
countries, the number of patients under the age of 50 is also on the rise in varying degrees *l. This shows
that colorectal cancer is not only a threat to middle-aged people, its risk is also apparent in the younger
generations. Although the genetic mechanism of colorectal cancer is not very clear, it has been found that
adenoma is a recognized precursor lesion (adenoma cancer sequence) in colorectal cancer. This genetic
model was first proposed by Ferraron and Vogelstein. They believe that colorectal cancer develops from
adenoma through a series of genetic events, including gene mutation and loss of tumor suppressor genes [,
In addition to this type of precursor lesions, serrated polyps including proliferative polyps, sessile serrated
adenomas/polyps and traditional serrated adenomas also have the probability of transforming into
malignant tumors 1. Lynch’ syndrome caused by germline mutations in the mismatch repair gene (MMR)
is the most common genetic form of colorectal cancer. In addition, there are about 12 cases of sporadic
colorectal cancer with microsatellite instability (MSI) . In many studies and reports, there is a meta-
analysis on whether there is MSI in adenomas. It is found that MSI exists in varying degrees in colorectal
adenomas related to Lynch syndrome or in primary adenomas 1. Therefore, we will discuss MSlI, colorectal
adenomas, the MSI of Lynch syndrome and sporadic colorectal lesions, and the impact of MSI on the
prognosis and treatment of colorectal cancer were elaborated and analyzed.
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2. Microsatellite instability

2.1. Concept of microsatellite instability

Microsatellite is a kind of repetitive DNA sequence with variable size and length of 1-6 nucleotides, so it
is also called short tandem repeat, which widely exists in eukaryote genome. The function of DNA
mismatch repair system is to prevent wrong insertion, deletion and base mismatch in the process of DNA
replication and recombination. In the human genome, the repair function of MMR is highly conserved,
which makes the genetic information present integrity. In human body, MSH2, MSH3, MSH6 and MLH1,
MLH2, MLH3 are homologues of MutS and MutL as homodimers in prokaryotic MMR system,
respectively. When a mismatch is detected in eukaryotic genomes, MMR system works through these
dimers to recognize and repair the mismatch genes. If DNA mismatch repair genes (hMSH2, hMLH1,
hMSH3, hMLH3, hMSH6, hPMS1, hPMS2) have undergone mutation inactivation, microsatellite repeat
sequence changes, that is, MSI may be resulted 1. MSI can lead to the loss of accuracy of DNA replication
and DNA repair after replication. Compared with cells with stable MMR system, the mutation frequency
will increase by 100 to 700 times. MSI has been found in colorectal cancer, gastric cancer, endometrial
cancer and other cancers, in which MSI colorectal tumors appear in the form of sporadic cancer or Lynch
syndrome 1,

Most MSI cancers have high immunogenicity, and the insertion/deletion mutation in the protein-
coding region caused by MMR deficiency is considered as its potential mechanism. These mutations result
in a high load of novel FSP antigens, including multiple HLA class I and Il epitopes, and induce a significant
immune response in the host. The immunogenicity produced by the high mutation load formed by this new
antigen is the main reason why most MSI tumor patients respond better to the treatment of immune
checkpoint blockade [*%. However, there are still MSI tumor patients who have not shown the benefit from
immune checkpoint blockade. Therefore, certain experts speculate that this may be related to tumor immune
evasion, and the mechanism of tumor immune evasion is the most important. In addition to the common
mutation of B2-microglobulin (B2M), it has recently been found that the mutation of human leukocyte
antigen class | transactivator nlrc5 is also a potential immune escape mechanism [, Monitoring the typical
immune evasion phenomenon of MSI cancer can help us to further understand the mechanism of
immunotherapy resistance, and effectively predict the biomarkers of treatment response in patients with
MSI colorectal cancer so as to improve the prediction accuracy and reduce the cost.

2.2. Microsatellite instability detection method

At home and abroad, the MSI detection of sample genes is usually conducted through the MSI analysis of
fluorescent multiplex polymerase chain reaction (PCR) and the MMR protein analysis by
immunohistochemistry (IHC) methods. The mutation status of 5 standard sites (BAT25, BAT26) in
colorectal cancer tissues was detected. The expression of DNA mismatch repair genes (MLH1, MSH2,
MSH6 and PMS2) in colorectal cancer tissues was detected by IHC. Comparing the consistency of the two
methods, the coincidence rate of the two methods is more than 90%. It shows that performance of PCR and
IHC are highly consistent in detecting microsatellite status™?. There is a Bethesda for MSI detection/NCI
panel, including BAT25, BAT26, D2S123, D5S346 and D17S250. This kind of microsatellite panel has
become the gold standard for MSI detection, which has been reported for more than 20 years. If 30% or
more loci showed instability, and the tumor was classified as MSI - High (MSI-H). If 1% to 29% of the
markers were unstable, the tumor was classified as MSI — low (MSI-L). If no microsatellite markers showed
instability, the tumor was classified as microsatellite stable (MSS). The Bethesda/NCI panel mainly relies
on PCR and capillary electrophoresis fragment analysis for MSI detection [*31. In recent years, studies have
found that a method can simultaneously amplify six single nucleotide repeat markers (BAT25, BAT26,
BAT40, NR21, NR22, NR27) and a polymorphic dinucleotide marker (D3S1260) in a single reaction. It is
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reported that this panel has higher sensitivity, especially for MSH6 deficient tumors [*4l. In addition, the
next generation sequencing (NGS) detection method by comparing the repeat length distribution of
microsatellites has been added to the list of detection tools in recent years. The biggest advantage of NGS
with 97% consistency rate with the traditional detection method is that it can detect microsatellite signals
at a large number of microsatellite sites at the same time, and the accuracy is superior. The number of these
microsatellite sites can range from several to hundreds of thousands ™%, Although the NGS method is still
in its infancy, its prospect is worth looking forward to.

2. Microsatellite instability analysis of colorectal cancer and polyps associated with Lynch syndrome
2.1. Lynch syndrome

Lynch syndrome is a specific hereditary cancer syndrome, also known as hereditary nonpolyposis colorectal
cancer (HNPCC). Lynch syndrome is usually associated with germline mutations. The susceptibility of this
cancer is closely related to four key MMR genes (MLH1, MSH2, MSH6 and PMS2). Lynch syndrome may
significantly increase the incidence of colorectal cancer, endometrial cancer, ovarian cancer, urothelial
cancer, gastric cancer and other cancersél, and different MMR gene mutations may lead to different
incidence of different cancers. For example, a 2020 study found that pathogenic MLH1 and MSH2
mutations lead to high exo-dominant cancer syndrome, and have similar colorectal cancer, endometrial
cancer and other cancers. Among the carriers of MSH6 pathogenic mutation, the incidence of colorectal
cancer was lower, but the risk of endometrial cancer was higher [7]. This suggests that we should develop
different Lynch syndrome screening criteria for different MMR gene mutations. In families with known
germline mutations, adenoma cancer sequence appeared more quickly, with an estimated residence time of
35 months, while sporadic cancer was about 10 years 8], indicating the rapid progress of Lynch syndrome
patients. Therefore, it is particularly important to identify Lynch syndrome patients in the early stage. It is
best to accurately identify and diagnose the colorectal adenoma stage related to Lynch syndrome.
Traditionally, Amsterdam 11 or revised Bethesda clinical standards are used, but it has been proven that
such standards alone are insufficient in clinical practicel!®l. Therefore, we can consider appropriately
expanding the screening scope of Lynch syndrome. As Lynch syndrome can increase the prevalence and
lifetime risk of various cancers, timely diagnosis of Lynch syndrome is very important.

2.2. Lynch syndrome-related colorectal adenomas and polyps

For Lynch syndrome-related colorectal adenomas and polyps, a series of studies have been carried out in
many countries. For example, according to Masahiro Tanaka, 134 cases of colorectal adenomas in patients
with Lynch syndrome confirmed by gene were detected by IHC. It was found that more than 80% of the
samples had MMR defects 2%, These results indicate that most Lynch syndrome-associated adenomas have
potential germline gene mutations, which usually correspond to MMR protein defects. Yurgelun MB et al.
also detected microsatellite instability in 34 cases of colorectal polyps with MMR gene mutation from the
reproductive system, including proliferative polyps, sessile serrated polyps and adenomatous polyps.One
is MSI detection of BAT-25, NR-21, BAT-26, NR-24 and NR27, while another is to detect the expression
of MLH1, MSH2, MSH6 and PMS2 by IHC. The results showed that nearly half of the polyps detected by
PCR had MSI, 50% of the adenomatous polyps showed abnormal IHC results, the other two kinds of polyps
had low abnormal ratio, and there were larger (> 8 mm) adenomatous polyps were more likely to have
abnormal IHC results[?Y. Although the total sample size of this experiment is not large, it suggests that MSI
exists in adenomatous polyps of patients with family history or MMR protein expression loss in tumor
(mmr-d). In other similar studies, the proportion of MSI instability in adenomatous polyps is higher, even
as high as 70%. These studies have certain clinical significance for the early detection of Lynch syndrome-
related colorectal cancer in patients. A study found that MMR-deficient crypt lesions are a potential
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precursor of colorectal cancer in Lynch syndrome patients. Most of these lesions lack adenoma morphology,
mainly single recessive or less recessive, which may be the earliest lesions in the development of Lynch
syndrome-related colorectal tumors 22, Therefore, some people think that MMR deficiency may have
occurred before adenoma formation in Lynch syndrome-related colorectal tumorigenesis 2%, Some even
speculate that this study suggests that colorectal cancer in Lynch syndrome may not necessarily go through
the traditional adenoma stage ®*1, so more experiments are needed to further investigate the mechanism of
Lynch syndrome.

In addition, to optimize and improve the screening strategy of Lynch syndrome, we can optimize the
selection of polyp characteristics or patient’s age, family history, etc., for example, we can focus on young
adenoma patients with family history of cancer, or young adenoma patients with high-risk characteristics,
such as large volume, high atypical hyperplasia and malignant components, so that the evaluation of Lynch
syndrome may be more reasonable 21,

2.3. Characteristics of Lynch syndrome-related colorectal cancer

According to a number of studies, most Lynch syndrome-related MSI colorectal cancers are located in the
proximal colon, with poor differentiation, tend to be mucinous, and are rich in infiltrating lymphocytes, as
well as distant metastasis is rare ?°1. Although the average age of Lynch syndrome patients diagnosed with
colorectal cancer varies from country to country, the average age of Lynch syndrome patients is between
45 and 60 years old, which is slightly younger than that of sporadic cases (about 69 years old) 71, Recently,
other studies have found that routine diagnosis of colorectal cancer with MMR deficiency (dAMMR) can
effectively identify Lynch syndrome before 65 years old. However, in colorectal cancer patients aged 65 to
70 years old, due to the low prevalence of Lynch syndrome, routine detection of MMR is less effective in
screening the disease in this population %81,

We can see that the identification of MSI in pathological specimens is of great significance, not only
because MSI molecular detection is an important means of screening Is, but also because it helps distinguish
between microsatellite stable colorectal cancer and microsatellite unstable colorectal cancer, which is very
valuable for prognosis estimation and individualized treatment.

3. MSI of sporadic colorectal adenoma, polyp and carcinoma
3.1. Sporadic colorectal cancer
Although genetic susceptibility plays a key role in some cases of colorectal adenoma and cancer, most
colorectal diseases are non-hereditary sporadic lesions related to eating habits and obesity ?°1. In terms of
MSI of sporadic colorectal cancer, about 15 % of sporadic colorectal cancer patients had MSI. The common
gene change is MLH1 gene 5. Hypermethylation occurs in the CPG region, which will change the function
of the promoter and adversely affect the normal transcription and expression B%. In addition to the
investigation of family genetic history, foreign studies have found that the incidence of BRAF mutation in
sporadic colorectal cancer with MMR deficiency is high, and BRAF mutation is still a prognostic factor for
MSI-H cancer. Since BRAF mutation almost does not occur with Lynch syndrome, we can further detect
BRAF V600E mutation and MLH1 promoter hypermethylation so as to identify sporadic tumor or cancer
caused by Lynch syndrome %2, According to a recent study in China, in the MLH1-deficient colorectal
cancer of Chinese population, although BRAF pre-screening for Lynch syndrome is highly sensitive, BRAF
mutation is very rare. Therefore, BRAF detection and MLH1 promoter methylation detection will reduce
the effectiveness of excluding Lynch syndrome in Chinese colorectal cancer patients 21,

In the recent study on MSI of sporadic colorectal cancer, it was found that most of the patients with
right colon cancer (78.3%) were MSI-H, while most of the patients with left colon and rectum were
MSS/MSI-L (78.6% and 74.3% MSS/MSI-L, respectively) B4, which also showed that MSI-H colorectal
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cancer was mainly located in the right colon, which was consistent with the recent research results %1,
Sporadic colorectal cancer with dMMR is more likely to occur in women and older patients at the time of
diagnosis than colorectal cancer associated with Lynch syndrome [l Sporadic MSI cancer is more
common in poorly differentiated medullary carcinoma, and the positive expression rate of programmed
death ligand 1 (PD-L1) is also higher 71, This suggests that we may need to adopt different immunotherapy
methods for sporadic MSI cancer and Lynch syndrome-related colorectal cancer, so as to achieve better
therapeutic effect.

3.2. Sporadic colorectal adenomas and polyps

In addition to the well-known adenoma cancer sequence, there is another carcinogenic pathway of
colorectal cancer through serrated polyps 8. Therefore, certain experts thought that when studying the
MSI of sporadic colorectal cancer, the adenoma and polyp and other precursor lesions should also be taken
into account. In a recent study in Puerto Rico, after excluding patients with inflammatory bowel disease or
family history of inflammatory bowel disease, IHC method was used to study the deletion of mismatch
repair proteins in sporadic colon cancer and potentially large malignant adenomatous polyps. It was found
that the deletion of mismatch repair proteins such as MSH1 existed not only in colorectal cancer, but also
in primary colorectal cancer. There is a similar situation in primary adenoma . Since the sample size of
this study is relatively limited, it cannot be extended to all patients. However, it may suggest that we can
trace the MSI of sporadic colorectal cancer patients to the early stage of adenoma and polyp. In fact, as
early as 2010 or even earlier, some scholars believed that there was a close relationship between serrated
polyps and sporadic colorectal cancer. Goel et al. have put forward that serrated polyps are the precursor
of sporadic tumors with MSI 1%, There are also data showing that serrated polyps/adenomas are precursors
of colorectal cancer caused by MSI and may rapidly develop into malignant tumors [“!1. This suggests that
in sporadic colorectal diseases, the serrated polyps of MSI are likely to develop into cancer in the later stage.
It is suggested that surgeons should pay more attention to the evaluation and resection of serrated adenomas
of colon because they may be one of the markers for the development of MSI sporadic cancer in the future.

4. Prognostic and therapeutic value of MSI in colorectal cancer

According to several reports on the survival rate of colorectal cancer, the risk of death and recurrence in
patients with stage 11 MSI is lower than that in patients with MSS. However, some studies have found that
in patients with stage I11 colon cancer, the survival rate of patients with MSI is worse than that of patients
with MSS, and even the risk of invading nerves and lymphatic vessels is increased. For stage IV colorectal
cancer with MSI, it has been reported that the prognosis of H depends on the mode of metastasis. For
example, patients with peritoneal metastasis and MSI often have a good prognosis 1244, This shows that
the prognosis of MSI colorectal cancer may be different with different tumor stages. At present, MSI testing
is recommended for all patients with stage Il colorectal cancer, but the sensitivity of colorectal cancer
patients with MSI to adjuvant chemotherapy based on 5-FU is still controversial 45461, Some people even
think that it is unwise to use MSI testing results to evaluate whether patients should receive adjuvant
chemotherapy ®7. However, due to its highly up-regulated expression on various immune checkpoints,
programmed cell death protein-1 (PD-1) and cytotoxic T lymphocyte associated protein-4 are gradually
considered in the clinical setting. Among these therapeutic targets, CTLA-4 and PD-1 were found to be the
most reliable targets. Pembrolizumab, an anti-PD-1 monoclonal antibody, can be used as one of the first-
line treatment drugs for MSI-H/dMMR colorectal cancer, and it can also reduce the related adverse events
[48-501 ' MSI is a biomarker that responds to immune checkpoint inhibitors (ICPI). The response rate of
colorectal cancer to immunosuppressive agents is variable. Responders have a higher burden of new
antigens and a better response to immunotherapy than non-responders. This indicates that other predictive
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biomarkers are needed. Recent studies have found that the tumor mutation burden (TMB) may be MSI-H.
TMB is an important biomarker in colorectal cancer, which is independent of MSI and PD-1 ligand PD-L1.
When TMB is high, it will produce and present more peptide new antigens, and tumor cells are more likely
to be recognized as allogeneic, thus initiating T cell activation and cytotoxic killing process, as well as
increasing the response rate to immunotherapy P, It is found that MSI-H state is highly correlated with
high TMB 2],

5. Summary and prospect

Through a number of research results at home and abroad, we can draw the following conclusions: MSI is
not only widely distributed in colorectal cancer, but also in adenomas and polyps closely related to
colorectal cancer. According to the literature in recent years, it is found that serrated polyps are more likely
to have MSI than other types of polyps. This suggests that we can start from this angle and try to gradually
expand the scope of MSI screening. At present, there are few studies on MSI of various types of colorectal
polyps compared with colorectal cancer, which indicates that the analysis of MSI of colorectal cancer
precursor lesions is still not comprehensive, and thus, more investigations are still warranted in this field.
MSI can not only be used to screen patients with LS, but also be beneficial to the individualized treatment
of patients with various stages of colorectal cancer because of its unique pathological characteristics and
high response rate to immunotherapy. Due to the lack of comprehensive and systematic research on the
impact of MSI on the prognosis and treatment of colorectal cancer, it is necessary to conduct a more
comprehensive study involving a large sample in the future.
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