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Purpose: Exploring the expression and prognosis of mismatch repair proteins and PD-L1 in colorectal cancer.
Patients and Methods: A total of 272 patients with surgically resected CRC were enrolled in the study from January 2018 to May 2022 at 
Nanjing Drum Tower Hospital (The Affiliated Hospital of Nanjing University Medical School). Surgically resected samples were collected 
from patients along with general, clinicopathological, and imaging data for each patient. Immunohistochemistry (IHC) was used to detect 
expression of MSH2, MSH6, MLH1, and PMS2 proteins in tumor tissue. X-squared (X2) testing was performed to investigate the 
correlation between expression of MMR proteins and PD-L1 in CRC tumor tissues and clinicopathological characteristics. Correlation 
analysis was also used to compare the deletion of four MMR proteins in CRC tumor tissues. A survival curve and Log rank test were used to 
investigate the relationship between the expression of MMR proteins and PD-L1 with regard to CRC patient prognosis and survival.
Results: MMR protein expression deletion was correlated with tumor location, the degree of tissue differentiation, and TNM stage 
(P<0.05). PD-L1 expression was correlated with TNM stage (P<0.05). Correlation analysis of deletion of MMR protein isoform 
expression found that PMS2 deletion was significantly correlated with MLH1 deletion (P<0.05). Similarly, MSH2 deletion was 
significantly correlated with MSH6 deletion (P<0.05). PMS2 deletion was also found to be correlated with PD-L1 expression 
(P<0.05). Progression-free survival was found to be significantly longer in mismatch repair-proficient (pMMR) patients compared 
with mismatch repair-deficient (dMMR) patients.
Conclusion: Deletion of MMR proteins and expression of PD-L1 are closely related to clinicopathological characteristics and overall 
prognosis of CRC patients. This suggests the relevance of MMR and PD-L1 as potential biomarkers for treatment of CRC patients.
Keywords: MMR, pathological features, survival analysis, IHC

Introduction
There has been significant progress in cancer care over the last several decades. This progress has allowed scholars to make 
significant breakthroughs in understanding the tumor immune response. As a result, the application of immunotherapy and 
immune checkpoint inhibitors (ICPIs) has rapidly become a viable direction in cancer treatment for patients in the clinic.1,2 

Germani et al recently demonstrated that patients with colorectal cancer who express high levels of microsatellite instability 
(MSI-H)/mismatch repair-deficient (dMMR) (dMMR-MSI-H CRC) in metastatic colorectal cancer (mCRC) have better 
outcomes with PD-L1 inhibitors.3,4 Several prospective clinical trials of ICPIs for chemotherapy-resistant dMMR-MSI-H 
CRC have demonstrated a high disease control rate (DCR) as well as progression-free survival (PFS); however, only 15% of 
patients were found to have MSI-H/dMMR pathology and subsequently benefit from a single treatment of PD-1 inhibitors. 
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This suggests a high degree of intertumoral heterogeneity (ITH).2,3,5–7 In addition, outcomes of patients with CRC treated 
with adjuvant chemotherapy (ACT) were found to be highly variable. Recent studies have shown that patients with dMMR/ 
MSI-H are better treated with chemotherapy than those containing mismatch repair-proficient (pMMR),8–10 however, 
a recent study by Ribic et al suggested that MSS (pMMR) patients are more likely to benefit when treated with ACT.11 

The purpose of this paper is to summarize pathological and clinical data of CRC patients and analyze the correlation between 
MMR, PD-L1, clinicopathological characteristics, and therapeutic efficacy.

Materials and Methods
General Data
A retrospective descriptive analysis of 272 patients with CRC who visited Nanjing Drum Tower Hospital (The Affiliated 
Hospital of Nanjing University Medical School) from January 2018 to May 2022, all patients received standardized 
treatment regimens for CRC recommended by NCCN guidelines after surgery, briefly, patients with stage II CRC require 
four cycles of post-operative adjuvant regimens of XELOX, patients with stage III CRC require six to eight cycles of 
post-operative adjuvant regimens of XELOX, and patients with stage IV CRC receive cetuximab-targeted therapy in 
combination with FOLFOX intravenous chemotherapy if genetic testing shows wild-type RAS and BRAF and the lesion 
is located in the left hemicolectomy, otherwise they receive bevacizumab-targeted therapy in combination with FOLFOX 
intravenous chemotherapy. All patients were diagnosed pathologically and did not undergo chemotherapy or related 
treatment before surgery. All clinicopathological cancer tissues were collected.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) all patients met the criteria for diagnosis of colorectal cancer; (2) all patients underwent radical 
surgery for colorectal cancer, confirmed by pathological examination. (3) None of the patients had previously undergone 
radiotherapy, chemotherapy, targeted immunotherapy or other related treatments before surgery. Exclusion criteria: (1) 
A history of disease that could affect tumor progression or important organs; (2) Incomplete clinical data.

Detection Method
Immunohistochemistry (IHC) Staining of MMR Proteins
We performed IHC analysis of 2μm the formalin-fixed, paraffin-embedded (FFPE) tumor tissues with MLH1 antibody 
(1:200, clone number ES05, Dako, Denmark), PMS2 antibody (1:200, clone number EP51, Dako, Denmark), MSH2 
antibody (1:200, clone number FE11, Dako, Denmark) and MSH6 antibody (1:200, clone number Pu29, Dako, 
Denmark), according to the manufacturer’s instructions. For each test, phosphate buffer was used as a negative control 
and slice of clearly positive specimen was used as a positive control. The operation steps are performed strictly according 
to the kit instructions.

IHC Staining of PD-L1 Protein
Tissue was wax blocked, dewaxed, hydrated, antigen repaired and blocked using peroxidase. Primary antibody for PD-L1 
(Dako, Denmark, monoclonal mouse anti-human, clone number 22C3, working solution dilution 1:500) was added to the 
tissue and the rest of the procedure was performed as described above. Staining was performed via Dako autostainer Link 
48 IHC. Negative and positive controls were set up as described above for each test.

Interpretation of Results
Routinely, IHC-stained sections are interpreted under double-blind conditions.

dMMR Judgment Criteria
Background of the positive control group was used as internal control. The appearance of brownish-yellow granular 
staining in the nuclei of tumor cells was recorded as a positive test, while the absence of staining was recorded as negative 
(Figure 1). The absence of expression of 1 MMR protein was recorded as dMMR, with expression of all 4 proteins 
considered to be pMMR.
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PD-L1 Judgment Criteria
PD-L1 staining results were determined using the combined positive score (CPS), which is the ratio of tumor cells 
containing membrane staining, as well as lymphocytes and macrophages with direct cytosolic staining associated with 
tumor cells. The surviving tumor cells are then multiplied by 100. PD-L1 positivity is defined as CPS ≥ 10, while PD-L1 
negativity is defined as CPS <10 (Figure 2).12–15

Patient Follow-Up
Patients were tracked via telephone and outpatient review from the time they were discharged from the hospital post- 
surgery. Patients were checked once every 3 months within 2 years post-surgery, and once every 6 months after 2 years 
post-surgery. The endpoint of this study was June 20, 2022.

Statistical Methods
SPSS 22.0 statistical software was used for data analysis. Qualitative data (%) was analyzed via χ2 test, with correlation 
analysis of dichotomous data performed via column correlation χ2 test where column correlation coefficients were 
calculated. Kaplan–Meier plots were used to plot survival curves. Survival curve analysis was performed via Log rank 
test. (P value <0.05) was considered statistically significant.

Figure 1 Expression of MSH2, MSH6, MLH1 and PMS2 proteins in CRC resection samples (IHC, ×400). 
Notes: (A–D) show negative expression levels of MSH2, MSH6, MLH1, and PMS2, respectively; (E–H) show positive expression levels of MSH2, MSH6, MLH1, and PMS2, 
respectively.

Figure 2 PD-L1 expression in CRC resection samples (IHC, ×400). 
Notes: (A and B) show negative and positive expression of PD-L1, respectively.
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Results
General Data
Among 272 CRC patients, 178 were male and 94 were female. Eighty-two patients had tumors in the left colon, whereas 
149 patients had tumors in the ascending colon and 41 patients contained tumors in the rectum. Two hundred and seventeen 
tumors were ≤5 cm in diameter and 55 were >5 cm. Ninety-six tumors showed signs of nerve invasion, while 176 did not. 
Seventy tumors showed metastatic vascular invasion, while 202 were not shown to be invading the vasculature. One 
hundred and eighteen of the 272 tumors were associated with lymph node metastasis while 154 tumors were not. The 
pathological types of CRC recorded include: 269 cases of colorectal adenocarcinoma and 3 cases of mucinous adenocarci-
noma of the colorectum, which were highly differentiated in 14 cases, moderately differentiated in 194 cases, and poorly 
differentiated in 64 cases. One hundred and seventeen CRC patients had TNM stages I or II, and 155 CRC patients had 
TNM stages III or IV. Fifteen CRC patients had dMMR and 257 CRC patients had pMMR. One hundred and forty-two 
patients were PD-L1 positive, and 130 patients were PD-L1 negative.

Relationship Between the Expression of MMR and PD-L1 and the Clinicopathological 
Features of CRC Primary Lesions
As shown in Table 1, expression deficiency in MMR proteins was significantly correlated with tumor location, TNM 
stage, and the degree of differentiation (P<0.05). The rate of dMMR was higher in patients with colon cancer located on 
the left side of the colon than that of patients with cancer in the ascending colon or rectum. The rate of dMMR was higher 
in patients with poor differentiation compared to patients with moderate differentiation and high differentiation. The rate 
of dMMR was found to be higher in patients with stage III and IV cancer than in patients with stage I and II cancer. In 
contrast, PD-L1 positivity was only associated with TNM stage (P<0.05). The rate of PD-L1 positivity was higher in 
stage III and IV cancer patients than in stage I and II cancer patients (P=0.045).

Table 1 Chi-Square Test Between the Expression of MMR and PD-L1 and Clinicopathological Features of CRC 
Primary Lesions

Pathological Parameters MMR X2 P-value PD-L1 Positive X2 P-value

pMMR dMMR

Age
<60 94 9 3.305 0.069 53 0.037 0.847

≥60 163 6 89

Gender
Male 167 11 0.437 0.508 94 0.075 0.784

Female 90 4 48

Tumor Location
Left 74 8 5.568 0.048* 21 1.877 0.405

Right 145 4 83

Rectum 38 3 38
Tumor diameter (cm)

≤5 206 11 0.409 0.523 29 0.008 0.931

>5 51 4 113
Nerve Violation

No 164 12 1.626 0.202 87 1.538 0.215

Yes 93 3 55
Vascular invasion

No 190 12 0.273 0.601 106 0.023 0.880

Yes 67 3 36

(Continued)
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Relevance of MMR Protein Isoform Expression Deficiency
We show in Table 2 and Table 3 that CRC patients show a correlation between the deletion of MLH1 and PMS2 protein 
expression (X2=188.245, P<0.05, column correlation coefficient C = 0.640). Deletion of MSH2 expression was also 
found to correlate with deletion of MSH6 expression (X2=120.426, P<0.05, column correlation coefficient C = 0.554).

Correlation of MMR Protein Expression with PD-L1 Expression
As described in Table 2 and Table 3, we detected 7 cases of MLH1 negative expression, 5 cases of MSH2 negative expression, 
4 cases of MSH6 negative expression, and 10 cases of PMS2 negative expression amongst 272 patients. One hundred and 
forty-two cases of positive PD-L1 expression and 130 cases of negative PD-L1 expression were found among all 272 patients. 
Positive PD-L1 expression was found to be significantly correlated with the absence of PMS2 expression (P<0.05) (Table 4).

Table 2 Chi-Square Test Between MLH1 Expression 
and PMS2 Expression

MLH1 PMS2 X2 P-value

- +

- 7 0
+ 3 262 188.245 <0.05

Total 10 262

Abbreviation: X2, X-squared.

Table 1 (Continued). 

Pathological Parameters MMR X2 P-value PD-L1 Positive X2 P-value

pMMR dMMR

Lymph node metastasis

No 143 11 1.806 0.179 84 0.779 0.348
Yes 114 4 58

Type of pathology

Adenocarcinoma 255 14 4.505 0.157 142 3.313 0.108
Mucinous adenocarcinoma 2 1 0

Degree of differentiation

High 14 0 6.460 0.027* 36 0.554 0.780
Medium 187 7 7

Low 56 8 99

TNM Staging
I+II 114 3 7.241 0.007* 74 4.005 0.045*

III+IV 143 12 98

Abbreviations: X2, X-squared; *Statistically significant P-values (P < 0.05).

Table 3 Chi-Square Test Between MSH2 Expression 
and MSH6 Expression

MSH2 MSH6 X2 P-value

- +

- 3 2

+ 1 266 120.426 <0.05

Total 4 268

Abbreviation: X2, X-squared.
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Survival Analysis
As shown in Figure 3, the follow-up period for this study lasted 16–42 months post-surgery. At the end of the study, 222 
patients were progression-free, and 50 patients were found to progress or succumb to disease. Progression-free survival 
(PFS) was 12.75–24 months in patients with dMMR and 18–44 months in patients with pMMR. The difference in 
survival curves between the two groups was statistically significant (Log rank = 4.118, P=0.042).

Discussion
Colorectal cancer (CRC) is one of the most common malignancies of the gastrointestinal tract. It is the third highest 
occurring cancer worldwide and the second leading cause of cancer-related death.16,17 As the etiology and mechanics of 
CRC have been investigated, scientists have concluded that genetic variants leading to the development of CRC are a key 
part of the mechanism driving this disease, such as the deletion of MMR protein expression.18 The main MMR proteins 
related to CRC include: MLH1, MSH2, MSH6, and PMS2, which are translated from a set of mismatch repair genes 
(MLH1, MSH2, MSH6, and PMS2). The role of these genes is to correct mismatched DNA base pairs in real time and 
restore the normal nucleotide sequence to ensure proper duplication of DNA content into the daughter cell.19,20

Table 4 Chi-Square Test Between MMR Protein Expression and 
PD-L1 Expression

MMR Protein PD-L1 Statistical Quantities P-value

- +

MLH1
- 1 6 3.233 0.123

+ 129 136

MSH2
- 1 4 1.577 0.373

+ 129 138

MSH6
- 1 3 0.845 0.624

+ 129 139

PMS2
- 1 9 5.943 0.020*

+ 129 133

Abbreviation: *Statistically significant P-values (P < 0.05).

Figure 3 Log rank test between CRC patients in the dMMR group and those in the pMMR group.
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A recent study by Xu Yeet al that analyzed samples from 834 Chinese colorectal cancer patients suggested that the 
proportion of patients with dMMR is approximately 5.6%,21 the results of this present study, which statistically analyzed the 
expression of MMR protein in cancer tissues and its correlation with clinicopathology, showed that the proportion of dMMR 
was about 5.5%, and the results of the study confirmed the above view. Furthermore, previous studies have shown that MLH1 
deficiency is often paired with PMS2 deficiency, and MSH2 deficiency is often paired with MSH6 deficiency.22–24 In our 
study, we found a correlation between MMR protein isoform deletions in 7 instances of MLH1, 5 instances of MSH2, 4 
instances of MSH6, and 10 instances of PMS2. We found 7 instances of MLH1 and PMS2 co-deletion (100% of MLH1 
expression deficiency), and 3 instances of MSH2 and MSH6 co-deletion (75% of MSH6 expression deficiency). Similarly, we 
found PMS2 deletion was significantly correlated with MLH1 deletion (P<0.05) and that MSH2 deletion was significantly 
correlated with MSH6 deletion (P<0.05). This is potentially due to the homology of MLH1 and PMS2 proteins, as well as the 
homology of the MSH2 and MSH6 proteins, which have the capacity to form functional dimers, thus leading to degradation if 
one of them is mutated or deleted.25,26 Previous studies have shown that PD-L1 expression was more common in patient 
tumors containing dMMR status than pMMR.27,28 In addition, Kiret al discovered that PMS2 deficiency was an independent 
risk factor for PD-L1 positivity through analysis of 176 resected endometrial cancer specimens.29 Further analysis in our study 
revealed that PMS2 expression deficiency did associate with PD-L1 expression, which was consistent with the above findings 
(P < 0.05), the reason for this may be due to the situation that, in this study, PMS2 deficiency was the most common type of 
dMMR (10 in 15), and the larger amount of data makes the association between PMS2 deficiency and PD-L1 positive 
expression easier to detect compared to the other three proteins. However, studies related to the relationship between PMS2 
and PD-L1 in CRC tumors are few, thus more in-depth studies are needed to clarify the mechanisms. But to some extent, this 
study provides a mechanistic basis and research idea to build upon for future studies.

Correlation analysis of the present study regarding MMR expression status with clinicopathological characteristics of CRC 
patients showed that dMMR was mostly seen in patients with stage III or IV cancer, who with low differentiation left-sided 
colon cancers. These results regarding the degree of differentiation and tumor stage were consistent with the results reported in 
several previous studies.22,23,30 However, analyses regarding tumor location were found to be different from previous studies, 
for example, Chen et al showed that dMMR status was mostly seen in patients with right hemicolectomies, and Xue et al had 
the similar finding,31,32 which is possible as the right colon is farther away from the anus, and thus less likely to be susceptible 
to external factors and more susceptible to genetic factors. However, the results of this study suggest that dMMR is more 
common in the left hemicolectum, this once again proves the heterogeneity among different patients and the complexity of 
tumor pathogenesis to some extent, and we will continue to conduct in-depth research on this topic, expand the sample size, 
and conduct multi-center prospective research, hoping to get more discoveries.

Despite advances in medical care that have led to significant progress in early detection and treatment of CRC, prognosis 
for CRC patients remains poor.17,33,34 Approximately 40% of patients with localized lesions at the time of initial diagnosis 
develop in situ or distant recurrence post-treatment. It has also been shown that approximately 20% of patients have distant 
metastases at initial diagnosis.34,35 These patients have an average 5-year survival rate of less than 20%.36 The standard 
first-line treatment for CRC is a FOLOFX or XELOX regimen with 5-fluorouracil (5-FU) in combination with oxaliplatin 
(Oxa). However, studies have shown that the response rate of CRC patients to FOLFOX-based chemotherapy is approxi-
mately 10–15%. This is especially true for mCRC patients, whose 5-year survival rates is low.30,37–39 Advances in 
immunotherapy over the last decade have led to significant breakthroughs for the treatment of solid tumors, especially in 
lung and skin cancers.36 Since immune checkpoint therapy aimed at treating CRC patients with mutations in dMMR genes 
and MSI-H received regulatory approval in 2017, many countries have reported many applications of immune check point 
inhibitors (ICIs) in the treatment of CRC patients with dMMR/MSI-H, and achieved gratifying clinical research.40–42 

However, due to the presence of multiple oncogenic mutations in CRC tumors, the disease typically manifests as 
a heterogeneous and multigene-driven tumor in most patients.43 PD-1 and its ligand PD-L1 both play a significant role in 
immune system recognition of tumor cells in the body, and as such have become a hot topic in the immunology field in 
recent years due to their ability to act as a negative immune co-stimulatory molecules.44 PD-L1, also known as CD274 or 
B7-H1, is widely expressed in antigen-presenting cells (APCs), malignant cancer cells, non-hematopoietic cells, and non- 
lymphoid cells known as ICPIs.45,46 It has been shown that PD-L1 overexpression by tumor cells binds to PD-1 molecules 
on the surface of tumor infiltrating T-cells thus allowing cancer cells to evade immune surveillance further driving tumor 
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development.47,48 However, the role of PD-L1 with regards to CRC has not yet been shown to be significant yet. 
Furthermore, recent studies of the expression of PD-L1 in CRC and its correlation with MMR status and clinical prognosis 
of patients are considered controversial. For example, Caiet al analyzed 632 combined CRC samples from The Cancer 
Genome Atlas (TCGA) database and Chinese CRC patients, and found that higher the expression of PD-1 and PD-L1 led to 
a better the prognosis in CRC patients.49 However, Gaoet al noted that high PD-L1 expression represented poor overall 
survival (OS) and poor progression-free survival (PFS) in 240 patients suffering from liver cancer.50,51 Wanget al, through 
analysis of 8823 patient samples from publicly available databases such as PubMed, found that PD-L1 expression predicted 
a poor prognosis for CRC patients.52–54 Therefore, to further clarify the relationship between PD-L1 expression in CRC 
tumor tissues and patient prognosis, we performed IHC on 272 clinical samples using PD-L1 (clone number 22C3) 
antibody. We interpreted the results via CPS score, and the results from this experiment showed that PD-L1 expression 
was correlated with TNM stage. Essentially, as the tumor stage increased, so did the level of PD-L1 positivity (P<0.05). 
However, in terms of patient survival, the data of this study supported the difference in PFS produced by MMR status (ie, 
shorter survival time in dMMR patients compared with pMMR patients (P<0.05). Combined with the above analysis, we 
found that dMMR status representing poor prognosis is more common in patients with left side of the colon, poorly 
differentiated, stage III or IV, which could suggest that such patients should receive treatment intervention as soon as 
possible, and should be reviewed as soon as possible in the treatment process in order to find the progress of the disease as 
soon as possible and adjust the treatment plan.

There are many cases of MSI-H-CRC with obvious disease control after receiving immunotherapy. However, the drug 
resistance of MSS-CRC to PD-1/PD-L1 treatment is still a big problem in CRC treatment. How to transform “cold tumor” into 
“hot tumor” needs more programs to verify. Marion Thibaudin et al reactivated the immune response ability of tumor infiltrating 
lymphocytes (TIL) in MSS-CRC through the combined treatment of atelizumab and tiragolumab. This study shows that the 
combined immunotherapy can make MSS-CRC have greater benefits, which not only provides a breakthrough for the treatment 
of CRC with pMMR status, but also provides new evidence for us to study the relationship between PD-L1 and the prognosis of 
colorectal cancer.55 Recently, Hsieh RC and others found that radiotherapy combined with ICIs can promote the start of anti- 
tumor immune system, play an immune sensitization effect, and thus can lead to systemic tumor regression. Combined with the 
results of this study, we put forward a conjecture whether the expression of PD-L1 and MMR protein in patients with colorectal 
cancer receiving radiotherapy is related to their prognosis and whether radiotherapy will affect the expression of MMR or PD-L1, 
which provide a new direction for further clarifying the relationship between PD-L1 and MMR and the treatment scheme of 
colorectal cancer.56

Since this study is a retrospective study conducted by a single center, it aims to find indicators that are closely 
related to the clinical benefits in patients with different mutation types at the protein level. However, due to the 
small sample size of the study, there are certain limitations to some extent that need to be accounted for, in 
addition, this study only analyze dMMR status via IHC without microsatellite analysis as well as only mutations at 
the MMR protein level were analysed and not explored at the gene level. Therefore, further studies are needed to 
verify the conclusion of this experiment in the future, with a view to formulating more effective individualized 
treatment plan for CRC patients. In the next step, we will continue to expand the sample size and do a series of 
related studies in order to draw more conclusions to guide clinical treatment.

Conclusion
MMR and PD-L1 expression in tumor tissue of CRC patients is related to pathological features. MMR protein 
expression is related with patient prognosis. Specifically, pMMR patients had an overall better prognosis than 
dMMR patients. This data suggests that MMR has the potential to be used as a prognostic indicator for the treatment 
of CRC patients.

Data Sharing Statement
The data supporting the conclusion of this review have been included within the article.
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