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Abstract: Objective To analyze their molecular characteristics of microsatellite instability (MSI) by sequencing colorectal cancer 
patients in Sichuan region. Methods Next Generation Sequencing (NGS) was used to test 14 239 colon cancer patients from 
2017 to 2022 in The Third People's Hospital of Chengdu for single nucleotide variation (SNV), Insertion-deletion (Indel), copy 
number variation (CNV), fusion, MSI, tumor mutational burden (TMB), and Epstein-Barr virus (EBV). The clinical and molecular 
characteristics of highly microsatellite unstable (MSI-H) patients (MSI-H group, n=1 018) and microsatellite stable (MSS) patients 
(MSS group, n=13 221) were compared. Results The incidence rate of MSI in colorectal cancer was 7.15%, and detection rate of 
MSI varied in terms of age at diagnosis, tumour location and sample type. TMB was significantly higher in patients with MSI-H 
than in patients with microsatellite stable (MSS) (92.8 mutations/Mb vs 12.7 mutations/Mb, P<0.05). EBV positivity in patients 
with colorectal cancer was 0.4%, but no patients with positive EBV were detected in MSI-H. ERBB2, and PIK3CA all had 
significantly higher mutation frequencies in the MSI-H group, however, the positive rates of APC (51.26% vs 70.76%, χ2=168.823, 
P<0.01), TP53(27.76% vs 69.54%, χ2=739.882, P<0.01) and NRAS (1.86% vs 3.98%, χ2=11.445, P<0.01) were higher in the MSS 
group. Furthermore, MSI-H patients had a higher proportion of carrying a mismatch repair (MMR) gene variant (P<0.05). 
Conclusion MSI-H and MSS types of colorectal cancer in Chinese population have different molecular characteristics and differ 
in TMB and EBV infections. 
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Colorectal cancer (CRC) is the third most common 

malignant tumor globally, and in China, it ranks second 
after lung cancer, with a mortality rate in fourth place [1]. 
Recent advances in molecular diagnostics have 
significantly improved the treatment of CRC, particularly 
in the realm of immunotherapy. The 2020 KEYNOTE-177 
study [2] established programmed cell death-1 (PD-1) 
inhibitors as the foundation for first-line treatment of 
mismatch repair deficient (dMMR)/microsatellite 
instability-high (MSI-H) advanced colorectal cancer, 
further increasing interest in MSI-H colorectal cancer. 
Microsatellite instability (MSI) was first reported in CRC 
in 1993, where microsatellites refer to short tandem repeat 
DNA sequences composed of up to six nucleotides in the 
human genome. When DNA mismatch repair (MMR) 
mechanisms are defective, errors in DNA insertion and 
deletion are not corrected, resulting in changes in the 
length of microsatellite repeats, which characterizes MSI 
[3]. The incidence of MSI in colorectal cancer varies 
between studies, with reports ranging from 6.3% to 20.3% 
[4-5]. 

In addition to MSI-H, other immunotherapy-related 
biomarkers include programmed cell death 1 ligand 1 (PD-
L1) and tumor mutational burden (TMB). Kim et al. [6] 
reported that in MSI-H colorectal cancer, PD-L1 positivity 
in tumor cells and immune cells was associated with 
sporadic high methylation subtypes and immune cell-rich 

subtypes, respectively. Trabucco et al. [7] also reported 
that MSI-H was usually accompanied by high TMB in 
solid tumors, though high TMB did not necessarily 
indicate MSI-H. Currently, data on the role of Epstein-Barr 
virus (EBV) in colorectal cancer are scarce and 
contradictory, making research into the relationship 
between EBV and MSI-H colorectal cancer necessary [8]. 

Previous studies have reported differences in gene 
mutations between microsatellite stable (MSS) and MSI-H 
colorectal cancer patients [4,7,9], but research on Chinese 
populations is limited and may be biased. MSI represents 
a unique mechanism of tumor development [3], and 
evidence regarding the molecular characteristics of MSI-H 
colorectal cancer in large Chinese cohorts, especially 
concerning MSI-H in relation to TMB and EBV, remains 
insufficient. This study therefore aimed to conduct a large-
scale exploratory analysis of such patients in China. 

 
1 Materials and methods 

 
1.1 General information 

 
Data were retrospectively collected from 14,247 

bowel cancer patients who underwent next generation 
sequencing (NGS) testing at the Third People's Hospital of 
Chengdu City, Sichuan Province, from 2017 to 2022. All 
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samples were processed by a certified clinical laboratory 
with Clinical Laboratory Improvement Amendments 
(CLIA), International Organization for Standardization 
(ISO), and College of American Pathologists (CAP) 
accreditation (Shanghai Siduedi Medical Laboratory). 
Written informed consent was obtained from all patients 
for sample testing, the use of NGS results, and clinical 
information (including age and sex). 
 
1.2 NGS detection method 

 
NGS was performed on tissue or plasma samples, 

targeting 500 or 100 MSI loci and the entire exome and 
partial intron of 733 tumor-related genes. All tissue 
specimens underwent quality control by pathologists to 
ensure a tumor cell content of ≥20%. Captured DNA 
libraries were uploaded to the NovaSeq 6000 platform 
(Illumina) for 100 bp paired-end sequencing. The average 
sequencing depth for tissue samples was ≥ 500x, for 
blood samples was ≥ 5000x, and for prognostic and 
resistance-related genes was ≥ 30,000x. The analysis 
included single nucleotide variant (SNV), small insertions 
and deletions (indels), copy number variation (CNV), gene 
fusions, MSI status, TMB, and EBV.  
 
1.3 TMB detection method 

 
TMB was defined as the number of synonymous and 

non-synonymous SNVs and indels in the coding regions of 
the examined areas, excluding driver mutations. All SNVs 
and indels in target gene coding regions were considered, 
including missense, silent, and translation-termination 
mutations, as well as in-frame and out-of-frame mutations. 
For blood samples, known germline single nucleotide 
polymorphisms (SNPs) with a population frequency ≥
0.015 in dbSNP, 1000 Genomes, and ESP6500 databases 
were excluded [10-11]. 
 
1.4 MSI detection method  
 

MSI status was calculated using internally developed 
R scripts [12]. This involved assessing the distribution of 
repeat lengths for each microsatellite locus in each sample. 
Coverage of 100 microsatellite loci in blood and 500 
microsatellite loci in tissue was analyzed. MSI score or 
bMSI was defined as the percentage of unstable loci. 
Tissue samples with an MSI score ≥0.4 were classified 
as MSI-H, otherwise microsatellite stable (MSS). Samples 
with a bMSI score ≥ 0.2 were classified as bMSI-H, 
otherwise bMSS. 
 
1.5 Statistical methods 

 
Data analysis was performed using SPSS 25.0. 

Continuous variables were expressed as median (minimum, 
maximum). Categorical and count variables were 
described with absolute values and percentages and 
compared using Pearson's χ2 test. All tests were two-sided, 

with P < 0.05 considered statistically significant.  
 

2 Results 
 
2.1 Comparison of clinical features between MSI-H 
and MSS colorectal cancer patients 
 

Data from 14,239 colorectal cancer patients were 
analyzed (Table 1). Colorectal cancer comprised 62.9% 
colon cancer and 37.1% rectal cancer. Among these, 7.15% 
were MSI-H. The incidence of MSI-H was significantly 
higher in colon cancer than in rectal cancer (P < 0.05). No 
significant gender differences were observed among MSI-
H patients (P = 0.099). The median age at diagnosis for 
MSI-H colorectal cancer patients was significantly 
younger than that for MSS patients (52 years vs 58 years, 
P < 0.05).  

MSI-H was most frequently detected in primary 
lesions, with lower detection rates in metastatic lesions. 
Additionally, TMB was assessed in 8,360 patients and 
EBV in 6,339 patients; the median TMB was 15.76 
mutations/Mb, with MSI-H patients showing significantly 
higher TMB compared to MSS patients (90.38 
mutations/Mb vs 11.46 mutations/Mb, P < 0.05).  

6,339 patients were tested for EBV (339 in the MSI-
H group and 6,000 in the MSS group), and 27 were found 
to be positive (0 positive in the MSI-H group and 27 in the 
MSS group), with an overall EBV positivity rate of 0.43%, 
and the difference in EBV positivity between the MSI-H 
group and the MSS group was not statistically significant 
(0.45% vs. 0, χ2 = 0.650, P=0.418). 

 
Tab.1 Characteristics of colorectal cancer patients with 

MSI/MSS status [case (%)] 
Features MSI-H 

(n=1018) 
MSS 

(n=13 221) χ2 value P value 

Tumor type   287.778 <0.001 
Colon cancer 892(87.62) 8060(60.96)   
Rectal cancer 126(12.38) 5161(39.04)   

Gender   2.728 0.099 
Male 601(59.04) 8151(61.65)   
Female 417(40.96) 5070(38.35)   

Age(year)a 52(19,92) 58(10,94)  <0.05 
Sample Type   76.791 <0.001 

Blood 82(8.06) 1831(13.85)   
Primary Focus 904(88.8) 10212(77.24)   
Metastatic Focus 32(3.14) 1178(8.91)   

 
2.2 Comparison of molecular characteristics 
between MSI-H and MSS colorectal cancer patients 

 
MSI-H and MSS colorectal cancers exhibited 

significant differences in gene mutations, as listed in 
Figure 1 for genes with a positivity rate greater than 10% 
and common driver genes. The most common mutated 
genes in colorectal cancer included APC (69.34%), TP53 
(66.49%), KRAS (49.88%), and PIK3CA (16.63%). Other 
genes included: BRAF (6.39%), NRAS (3.83%), GNAS 
(3.32%), ERBB2 (5.23%), BRCA2 (3.42%), and BRCA1 
(1.34%).  

The KRAS positivity rate in MSI-H groups was 
similar to that in MSS groups (P = 0.781). Compared to 
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MSS groups, the positivity rates for PIK3CA, BRAF, and 
ERBB2 were higher in MSI-H groups (P < 0.01), while the 
positivity rates for APC, TP53, and NRAS were lower (P < 
0.01). In addition, genes involved in DNA damage 
response (DDR) pathways, such as ARID1A, TGFBR2, 
BRCA2, ATR, and BRCA1, were more frequently altered in 
MSI-H colorectal cancer compared to MSS. Other 
mismatch repair (MMR) genes, such as MSH6, MLH1, 
MSH2, and PMS2, also had significantly higher mutation 
frequencies in MSI-H than MSS groups.  

Notably, at least 70.1% of MSI-H colorectal cancer 
patients harbored a mutation in an MMR gene 
(MSH6/MSH2/MLH1/PMS2) (70.1% vs. 2.2%, P < 0.05). 
Among germline mutations, MSI-H patients also had a 
significantly higher frequency of MMR gene mutations, 
including MSH, MLH1, MSH2, and PMS2 compared to 
MSS patients. Additionally, MLH1, MSH2, MSH6, and 
PMS2 mutations appeared to be mutually exclusive. See 
Table 2. 

 

 
Fig.1 Gene mutation frequency map of MSI-H/MSS 

colorectal cancer patients 
 

Tab. 2 Molecular characteristics of MSI-H and MSS colorectal 
cancer patients 

Gene MSI-H MSS χ2 value P value 
KRAS 50.27 49.86 0.071 0.789 
PIK3CA 41.63 14.67 496.806 <0.001 
BRAF 11.04 0.89 607.871 <0.001 
ERBB2 10.38 4.83 59.342 <0.001 
APC 51.26 70.76 168.823 <0.001 
TP53 27.76 69.54 739.882 <0.001 
NRAS 1.86 3.98 11.455 0.001 
DDR     
ARID1A 48.31 4.61 2532.852 <0.001 
TGFBR2 43.93 0.71 4825.888 <0.001 
BRCA2 28.63 1.44 2134.412 <0.001 
ATR 23.39 1.101 1787.246 <0.001 
BRCA1 8.31 0.8 406.913 <0.001 
MMR    

MSH6 37.27 0.97 3619.481 <0.001 
MLH1 20.77 0.31 2266.428 <0.001 
MSH2 15.74 0.58 1322.818 <0.001 
PMS2 8.09 0.32 655.498 <0.001 

MMR    
MSH6 11.90 0.30 1134.500 <0.001 
MLH1 22.00 0.20 2605.959 <0.001 
MSH2 17.00 0.10 2092.984 <0.001 
PMS2 5.30 0.30 360.614 <0.001 

 

2.3 The relationship between MSI-H and TMB in 
different sample types 

 
This study further analyzed the relationship between 

MSI-H and TMB in various sample types of colorectal 
cancer. For MSI-H, the median TMB values in primary 
tumors, metastases, and blood were 99.6, 97.5, and 97.5 
mutations/Mb, respectively (P = 0.468). In contrast, for 
MSS, the median TMB values in primary tumors, 
metastases, and blood were 12.3, 9.4, and 10.1 
mutations/Mb, respectively (P = 0.0207), with the TMB in 
primary tumors being higher than in metastases.  

Similarly, in MSI-H colorectal cancer, the TMB in 
primary tumors and metastases was significantly higher 
than in MSS (99.6 vs 12.3 mutations/Mb, P < 0.001; 97.5 
vs 9.4 mutations/Mb, P < 0.01), and the difference in TMB 
between MSI-H and MSS in blood was statistically 
significant (97.5 vs 10.1 mutations/Mb, P < 0.01). 
 
3 Discussion 
 

MSI-H colorectal cancer is a prominent group of 
patients receiving PD-1 antibody therapy. In most cases, 
the MSI phenotype is more common in colon cancer. The 
MSI-H incidence detected in this study was 7.15%, lower 
than the 15% reported in European and American 
populations [5], but similar to the 6.31% reported in East 
China [4] and consistent with the 7.6% dMMR incidence 
reported by Liang et al [13]. The median age at onset for 
MSI-H colorectal cancer patients was significantly 
younger than that of MSS patients (52 years vs 58 years, P 
< 0.05), which was consistent with previous reports in the 
Chinese population [4]. However, this study observed 
inconsistencies in the MSI-H incidence between primary 
tumors, blood, and metastases. Specifically, the incidence 
of MSI-H tumors in metastases was notably lower 
compared to primary tumors and blood. This had also been 
confirmed in previous studies and may be related to the 
better biological characteristics of MSI-H tumors [14]. 
Moreover, detection rates can vary across different regions, 
populations, sample types, and detection methods. Given 
the wide distribution of samples in this study, the observed 
MSI frequency may better reflect the overall 
characteristics of the Sichuan region. 

The mutation frequencies of other genes, such as 
KRAS (49.88%), BRAF (6.93%), and NRAS (3.83%), were 
consistent with previous reports from both Western and 
Eastern studies, which were 40%-50% [15], 5.4%-6.7% 
[16], and 3.8% [17], respectively. In MSI-H tumors, 
mutation rates for PIK3CA, BRAF, ERBB2, and DDR 
genes were significantly higher, whereas the mutation rates 
for APC, TP53, and NRAS were lower. Trabucco et al. [7] 
also reported that some gene mutations were significantly 
enriched in MSI-H or MSS tumors, and these variations 
were associated with pathway enrichment in MSI-H or 
MSS tumors. The analysis of RAS and BRAF mutations in 
this study showed that KRAS and BRAF p.V600E 
mutations seem to be mutually exclusive, which was 
consistent with previous reports [4], although mutations at 
other BRAF sites can coexist. The results of this study also 
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indicated that MSI-H patients were relatively younger 
compared to MSS patients, which can provide diagnostic 
reference for clinicians. 

MMR gene mutations lead to dMMR and 
subsequently to MSI [18]. In MSI-H colorectal cancer, 
70.1% of patients carry an MMR gene mutation, showing 
a high consistency between MSI-H and MMR gene 
mutations. Compared to the 59.7% reported by Salem et al. 
[19], the data from this study was higher. The frequencies 
of MSH6 (37.3%), MLH1 (20.8%), MSH2 (15.7%), and 
PMS2 (8.1%) were consistent with those reported by 
Salem et al. [19] (MSH6: 38.1%, MLH1: 22%, MSH2: 
14%, PMS2: 8%).  

Besides somatic mutations in MMR genes, germline 
alterations in MMR genes can lead to Lynch syndrome [18]. 
This study showed that 56.2% of MSI-H colorectal cancers 
had germline MMR gene mutations. Unlike systemic 
mutations, MLH1 and MSH2 germline mutations were 
more common than MSH6, and MLH3 germline mutations 
are less frequent. Although MMR genes can be detected by 
NGS, it is not yet possible to directly infer MMR protein 
expression/MSI status solely based on pathogenic 
mutations. In clinical practice, about 1%-10% of patients 
may have discrepancies between MMR and MSI test 
results [13, 19-20], primarily due to MMR staining 
heterogeneity [21], MMR gene missense mutations [22], 
and compensatory mechanisms in the MMR system [23]. 
For instance, besides 
MSH6/MSH2/MSH3/MLH1/MLH3/PMS2 genes, MSI can 
also be caused by other genes (POLE, POLD), so MMR 
gene negativity might still indicate MSI-H; some MMR 
protein deficiencies could be functionally compensated, 
thus MSS might still occur despite MMR mutations. 

TMB is an important independent biomarker for 
immunotherapy. Studies in solid tumors have found that 
TMB is highly correlated with the objective response rate 
(ORR) to anti-PD-1/PD-L1 therapy [24]. Recent research 
by Schrock et al. [25] found that 4.5% of patients were 
MSI-H, with a median TMB of 46.1 mutations/Mb in MSI-
H patients and 3.5 mutations/Mb in MSS patients. 
Kabbarah's et al. reported a median TMB of 52 
mutations/Mb in MSI-H patients and 6 mutations/Mb in 
MSS patients [26]. In contrast, the median TMB in MSI-H 
patients in this study was 80 mutations/Mb, while in MSS 
patients, it was 6.7 mutations/Mb. The MSI-H TMB data 
in this study were evidently higher, which may relate to 
differences in TMB algorithms and populations. The TMB 
values for MSI-H in primary tumors and metastases were 
higher than in MSS, but the trend was not significant in 
blood due to the smaller number of MSI-H blood samples. 
There was no significant difference in TMB values among 
different sample types in MSI-H tumors; however, in MSS 
tumors, TMB was higher in primary tumors than in 
metastases. Puccini et al. [14] reported that high TMB and 
MSI-H were more easily observed in primary tumors 
compared to distant metastases. Tumor heterogeneity may 
exist among different sample types, and blood TMB testing 
can overcome this issue, but whether blood TMB analysis 
is more advantageous than tissue TMB analysis still 
requires prospective trials for verification. 

EBV infection was associated with the development 
of various tumors, including nasopharyngeal carcinoma, 
gastric cancer, and lymphomas, but there was limited 
research on its role in colorectal cancer. Chen et al [27] 
reported that EBV was associated with the pathology and 
clinical progression of colorectal cancer and promoted its 
advancement. In various reported studies, the proportion of 
EBV-positive cases ranges widely (1.4%-46%: PCR and 
IHC) [8]. The data from this study showed an EBV 
positivity rate of 0.4%, which was much lower than 
reported figures. However, some studies have reported 
extremely low or undetectable EBV positivity in invasive 
colorectal cancer [28, 29]. Additionally, the relationship 
between EBV positivity and MSI-H seems to be mutually 
exclusive, suggesting that further exploration of the 
relationship between MSI-H colorectal cancer and EBV is 
warranted. 

This study compares MSI-H and MSS phenotypes in 
Chinese colorectal cancer patients using a large sample 
size. Compared to MSS, MSI-H tumors have distinct 
molecular features. DDR genes and MMR genes exhibit 
higher mutation frequencies in MSI-H, TMB-H is more 
common in MSI-H, and EBV prevalence is low in 
colorectal cancer. However, this study has some limitations, 
such as potential implicit selection bias due to its 
retrospective design. Currently, there is a lack of effective 
targeted therapies for most colorectal cancer genomic 
mutations, and understanding the molecular characteristics 
of MSI-H as a biomarker for immunotherapy will help 
guide more precise treatment for colorectal cancer in the 
future. 
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