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Background: Activated mast cells (AMCs) have been fully researched in inflammation and allergic reactions. However, the 
protumoral role of AMCs and their biomarker CD203c has not yet been investigated in colorectal cancer (CRC).
Methods: We retrospectively collected 449 postoperative patients with stage II–III CRC at two different hospitals as the training 
(n=310) and validation (n=139) cohorts. These findings were further validated in the independent cohort (Integration of GSE39582 and 
GSE17536, n=489). The AMC density was assessed using CD203c staining or the CIBERSORT method. The main analysis 
was recurrence-free survival (RFS) and overall survival (OS).
Results: As an independent factor, high AMC infiltration was associated with worse RFS/OS in the training (hazard ratio [HR]=3.437/ 
3.014, all p<0.001) and validation (HR=3.537/2.382, all p<0.001) cohorts. We developed and validated an AMC-based nomogram for 
better stratification for postoperative recurrence in these two cohorts. The role of AMC density was further validated in the 
independent cohort. High AMC infiltration was associated with decreased RFS/OS after adjuvant chemotherapy (all p<0.05). 
Approximately 74.2% of intramural CD203c+ AMCs expressed a high level of PD-L1. Multiple immunosuppressive pathways were 
enriched in high AMC infiltration tumors, including upregulation of the TNF-α/NF-κB and angiogenesis pathways and downregulation 
of the IFN-γ and IFN-α responses. AMC infiltration was reversely associated with CD8+ T-cell infiltration (all p<0.05).
Conclusion: High AMC infiltration is associated with worse survival outcomes in stages II–III CRC. AMC density may serve as 
a potential biomarker for survival benefit in patients receiving adjuvant chemotherapy. This AMC-based nomogram could provide 
better recurrence stratification. Immunosuppression in tumors with high AMC infiltration might contribute to promoting tumor 
progression.
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Introduction
Mast cells have been fully researched in inflammation and allergic reactions.1–3 Mast cells are an immune cellular 
subtype of the tumor microenvironment (TME).4 However, the prognostic role of mast cells remains largely unknown in 
most tumors. Mast cells may generate many cytokines and play a crucial role in tumor progression.4 Mast cells also 
interact with other immune cells to regulate tumor progression in the TME.5,6 Accumulating evidence indicates that 
tryptase is expressed in almost all mast cells and thus labeled a pan-biomarker of mast cells.7–11 However, there is no 
consistent opinion about the role of tryptase+ mast cells in colorectal cancer (CRC). Several studies revealed that high 
infiltration of tryptase+ mast cells was remarkably related to better treatment outcome,7–10 whereas most studies 
supported that its high infiltration was markedly associated with worse prognosis.11–18 This may attributed to a pan- 
biomarker of tryptase for mast cells, which could not effectively differentiate mast cells in different states.
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According to the activated state, mast cells are classified into two subtypes, including resting mast cells and activated 
mast cells (AMCs). As a surface biomarker of AMCs, CD203c is highly expressed in gynecologic cancer, renal cell 
cancer, and CRC.19–21 However, no study has revealed the relationship between CD203c+ AMCs and CRC prognosis. 
Therefore, we assessed the prognostic role of CD203c+ AMCs in the training and validation cohorts. We developed and 
validated an AMC-based nomogram using CD203c staining in these two cohorts. The protumor role of AMC density was 
further validated in the combined microarray cohort by the CIBERSORT algorithm. We further performed gene set 
enrichment analysis (GSEA) to explore the crosstalk between AMCs and TME in a microarray dataset (GSE39582).

Materials and Methods
Study Population
We retrospectively collected 449 CRC patients at two different hospitals as training and validation cohorts. This study 
was authorized by the ethics committees of Yantai Yuhuangding Hospital (Approval No.2018–118) and Guangzhou Red 
Cross Hospital (Approval No.2019–227-01) and conformed to the declaration of Helsinki. Informed consent was 
obtained from all patients for the acquisition and use of clinical data and tumor sections. The training cohort was 
comprised of 310 patients receiving curative resection at Yantai Yuhuangding Hospital between 2012 and 2015, with 
a median follow-up duration of 57.5 months. The last follow-up time for the training cohort was August 2019. The 
validation cohort consisted of 139 patients receiving curative resection at Guangzhou Red Cross Hospital between 2013 
and 2015, with a median follow-up duration of 65.0 months. The last follow-up time for the validation cohort was 
January 2020. The inclusion criteria were as follows: (i) colon cancer or middle-high rectal cancer; (ii) stage II–III 
disease; (iii) tumor specimens and survival information; (iv) the absence of distant metastasis; and (v) the absence of 
neoadjuvant chemoradiotherapy. The reason is that neoadjuvant chemoradiotherapy may affect the infiltration of immune 
cells in tumor tissues.

The microarray datasets (GSE39582 and GSE17536) were downloaded from the Gene Expression Omnibus reposi-
tory. The levels of gene expression were first normalized by the limma package and further log2-transformed. For these 
genes with multiple probe sets, those with median levels were used. The batch effects between these two microarray 
datasets were removed by the RobustRankAggreg package. After removing batch effects, the combined microarray 
(GSE39582 and GSE17536) was used for calculating the estimated proportion of AMCs using the CIBERSORT 
algorithm,22 including 571 stage II–III cases with complete clinical and follow-up data. A threshold of p value <0.05 
is recommended for further analysis.22 And 82 cases were excluded because of these cases with a p value of ≥0.05. Four 
hundred and eighty-nine cases with a median follow-up of 53.0 months were finally fitted in the subsequent analysis as 
the independent cohort.

Immunohistochemistry Staining
Single Immunohistochemistry Staining
The staining of CD203c+ AMCs in 449 CRC patients was accomplished by an automated immunohistochemistry 
platform (Roche Benchmark-XT, Switzerland). Rabbit anti-human CD203c (1:150, SinoBiologial, USA) primary anti-
body and enzyme-labeled anti-mouse/rabbit polymerized secondary antibody (ready to use, Roche Company, 
Switzerland) were utilized for immunohistochemistry staining. CD203c+ AMCs were stained brown. Two experienced 
researchers assessed the infiltrating number of three random fields (×400) and were blinded to the clinicopathological 
information, and the average number was adopted.

Dual Immunohistochemistry Staining
Fifteen randomly selected cases from these 449 cases were used for dual immunohistochemistry staining. Dual staining 
manipulation was implemented according to the direction of the anti-double staining kit (Mo/HRP+Rb/AP, Zhongshan 
Company, China). Mouse anti-human EpCAM (1:250, Immunoway Biotechnology Company, USA), rabbit anti-human 
TNF-α (1:200, Proteintech Group Inc, USA), rabbit anti-human CD203c (1:200, Sino Biological Inc, USA), and mouse 
anti-human PD-L1 (1:10,000, Proteintech Group Inc, USA) were used as primary antibodies. CD203c- and PD-L1- 
positive cells were separately stained with brown and red for CD203c+PD-L1+ mast cells. TNF-α- and EpCAM-positive 
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cells were separately stained with brown and red for EpCAM+TNF-α+ tumor cells. Two experienced researchers assessed 
the infiltration number of CD203c+PD-L1+ mast cells under five randomized fields (×600) and were blinded to the 
clinicopathological information, and the mean number was adopted.

GSEA
To identify the enriched pathways between the high- and low-infiltration groups of AMCs, we performed GSEA on all 
the mRNAs of GSE39582 by using hallmark gene sets.23 The optimal cutoff of AMC density was determined by the 
MaxStat method.24 We carried out 1000 random sample permutations using the GSEA desktop application (version 
4.3.0) to determine if a given get set was associated with high AMC infiltration. Based on this optimal cutoff, this cohort 
was divided into low- and high-infiltration subgroups. A threshold value of p<0.01 was significant.

Figure 1 The high- (A) and low-infiltration (B) mast cells by CD203c staining (×400).

Table 1 Clinical Characteristics of CRC Patients According to AMC Density in Training, Validation, and Independent Cohorts

Variable Training Cohort Validation Cohort Independent Cohort

Low 
(n=200)

High 
(n=110)

p.value Low 
(n=85)

High 
(n=54)

p.value Low 
(n=359)

High 
(n=130)

p.value

Age

<66 y 122 60 0.269 38 18 0.183 144 48 0.524

≥66 y 78 50 47 36 215 82
Gender

Male 130 62 0.134 47 23 0.144 195 71 0.954

Female 70 48 38 31 164 59
Histological type

Non-mucinous 183 98 0.486 75 46 0.602 / / /

Mucinous 17 12 10 8 / /
Primary locations

Colon 70 33 0.371 65 36 0.206 / / /

Rectum 130 77 20 18 / /
Tumor stage

II 93 46 0.427 44 23 0.292 196 72 0.877

III 107 64 41 31 163 58
Adjutant 

chemotherapy

Yes 136 73 0.769 52 33 0.994 159 51 0.318
No/known 64 37 33 21 200 79
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Figure 2 Kaplan‒Meier curves of recurrence-free survival and overall survival stratified by AMC density in the training (A and B), validation (C and D), and independent 
(E and F) cohorts.
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Statistical Analysis
All statistical analyses were performed with R software (v4.2.1). The chi-square test was used to evaluate the association 
between AMC density and clinicopathological parameters. The main analysis was recurrence-free survival (RFS) and 
overall survival (OS).

Kaplan‒Meier analysis and Log rank tests were utilized to analyze the relationship between AMC density and survival data. 
The optimal cutoff of AMC density in the training cohort was calculated using the Youden index and used in the validation 
cohort.25,26 We could find that the optimal cutoff value of AMC density for predicting tumor recurrence within 48 months by the 
Youden index analysis. This optimal cutoff value could provide the best tradeoff between sensitivity and specificity. The optimal 
cutoff of AMC proportion in the independent cohort was also determined according to the Youden index. Multivariate Cox 
analysis was used to identify whether AMC density was independent of those clinicopathological variables.

In the training cohort, we constructed a nomogram model based on tumor and AMC density with the “rms” package. We 
applied the calibration plot and concordance index (C-index) to examine its prediction abilities in the training and validation 
cohorts.27,28 Receiver operating characteristic (ROC) curves were also performed to assess its predictive ability using timeROC 
package.

Results
Prognostic Values of AMC Density in the Training, Validation, and Independent 
Cohorts
Training Cohort
Using the optimal cutoff (16.77), 310 patients were divided into high- (n=200) and low-infiltration (n=110) groups in the 
training cohort. High- and low-infiltration of AMCs by CD203c staining are shown in Figure 1A and B. The clinical 

Table 2 Multivariate Cox Analysis of AMC Density, Clinical Factors, and Survival in Training, Validation, and 
Independent Cohorts

Variable Recurrence-Free Survival Overall Survival

HR (95% CI) p.value HR (95% CI) p.value

Training cohort (n=310)

Age (≥66 y vs <66 y) 0.815 (0.513–1.294) 0.385 1.128 (0.696–1.827) 0.626
Gender (female vs male) 0.905 (0.577–1.420) 0.665 0.830 (0.512–1.345) 0.449

Primary locations (rectum vs colon) 0.719 (0.445–1.164) 0.180 0.626 (0.384–1.021) 0.060

Mucinous cancer (yes vs no) 1.156 (0.553–2.417) 0.701 0.961 (0.412–2.240) 0.926
Tumor stage (III vs II) 3.528 (2.047–6.079) <0.001 3.840 (2.134–6.909) <0.001

Adjutant chemotherapy (no vs yes) 0.558 (0.320–0.972) 0.039 0.626 (0.355–1.104) 0.105

AMC density (high vs low) 3.437 (2.214–5.336) <0.001 3.014 (1.890–4.806) <0.001
Validation cohort (n=139)

Age (≥66 y vs <66 y) 1.507 (0.652–3.485) 0.337 2.843 (1.015–7.957) 0.047

Gender (female vs male) 1.549 (0.789–3.042) 0.203 1.322 (0.620–2.817) 0.470
Primary locations (rectum vs colon) 0.428 (0.184–0.997) 0.049 0.449 (0.167–1.210) 0.113

Mucinous cancer (yes vs no) 0.410 (0.097–1.729) 0.224 0.656 (0.152–2.824) 0.571

Tumor stage (III vs II) 3.260 (1.547–6.870) 0.002 3.280 (1.388–7.753) 0.007
Adjutant chemotherapy (no vs yes) 1.986 (0.951–4.150) 0.068 1.630 (0.735–3.613) 0.229

AMC density (high vs low) 3.537 (1.792–6.982) <0.001 2.382 (1.122–5.059) <0.001

Independent cohort (n=489)
Age (≥66 y vs <66 y) 0.919 (0.654–1.293) 0.628 1.576 (1.108–2.241) 0.011

Gender (female vs male) 0.789 (0.563–1.105) 0.168 0.740 (0.533–1.025) 0.070
Tumor stage (III vs II) 1.623 (1.121–2.350) 0.010 1.679 (1.172–2.404) 0.005

Adjutant chemotherapy (no/known vs yes) 0.844 (0.580–1.229) 0.377 1.390 (0.959–2.015) 0.082

AMC density (high vs low) 1.617 (1.145–2.285) 0.006 1.721 (1.234–2.400) 0.001

Abbreviations: HR, hazard ratio; CI, confidence index; AMC, activated mast cell.
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parameters of the high- and low-infiltration subgroups did not vary significantly (Table 1). Decreased RFS (hazard ratio 
[HR]=3.370, p<0.001, Figure 2A) and OS (HR=3.094, p<0.001, Figure 2B) were associated with the high infiltration 
subgroup of the training cohort. The multivariate analysis revealed that AMC density (HR=3.437/3.014, all p<0.001) and 
tumor stage (HR=3.528/3.840, all p<0.001) were independent risk factors for RFS/OS (Table 2).

Validation Cohort
Using the same cutoff (16.77) in the validation cohort, 139 patients were divided into high- (n=81) and low-infiltration 
(n=58) subgroups. The clinical parameters of the high- and low-infiltration subgroups did not vary significantly (Table 1). 
Decreased RFS (HR=3.217, p=0.001, Figure 2C) and OS (HR=2.424, p=0.019, Figure 2D) were associated with the high 
infiltration subgroup of the validation cohort. The multivariate analysis revealed that AMC density (HR=3.537/2.382, all 
p<0.001) and tumor stage (HR=3.260/3.280, all p<0.01) were independent risk factors for RFS/OS (Table 2).

Figure 3 Kaplan‒Meier curves of recurrence-free survival and overall survival stratified by AMC density in the immunohistochemistry (A and B) and microarray (C and D) 
cohorts.
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Independent Cohort
Using the optimal cutoff (0.1551) in the independent cohort, 489 patients were divided into high- (n=359) and low- 
infiltration (n=130) subgroups. The clinical parameters of the high- and low-infiltration subgroups did not vary 
significantly (Table 1). Decreased RFS (HR=1.595, p=0.008, Figure 2E) and OS (HR=1.764, p=0.001, Figure 2F) 
were associated with the high-infiltration subgroup of the independent cohort. The multivariate analysis demonstrated 
that AMC density (HR=1.617/1.721, all p<0.01) and tumor stage (HR=1.623/1.679, all p≤0.01) were independent risk 
factors for RFS/OS (Table 2).

The Prognostic Value of AMC Density for CRC Patients Receiving Adjuvant 
Chemotherapy
Adjuvant chemotherapy is the standard treatment for decreasing the relapse risk of stages II (high-risk factors) and III CRC.29–34 

The combined training and validation cohort was comprised of 294 stage II–III patients receiving adjuvant chemotherapy. In this 
immunohistochemistry cohort, patients with high AMC infiltration had worse RFS (HR=3.768, p<0.001, Figure 3A) and OS 
(HR=3.463, p<0.001, Figure 3B) than patients with low AMC infiltration. The independent cohort was comprised of 210 stage 
II–III patients receiving adjuvant chemotherapy. In this microarray cohort, decreased RFS (HR=1.734, p=0.024, Figure 3C) and 
OS (HR=1.936, p=0.013, Figure 3D) were associated with the high-infiltration subgroup.

Construction of an AMC-Based Nomogram Achieved by Immunohistochemistry
We developed and validated an AMC-based nomogram in the training and validation cohorts, which could be achieved by 
immunohistochemistry (Figure 4A). The calibration plots demonstrated that this nomogram predicted tumor recurrence within 
48 months well in the training (C-index=0.732, Figure 4B) and validation (C-index=0.673, Figure 4C) cohorts. The ROC 

C

A BThe  AMC-based Nomogram Training Cohort

Validation Cohort Training Cohort Validation CohortD E

Figure 4 An AMC-based nomogram to predict recurrence-free survival within 48 months in the training cohort (A), calibration curve analysis of this nomogram in the 
training (B) and validation (C) cohorts, and further ROC curve analysis of this nomogram in the training (D) and validation (E) cohorts.
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curves also revealed that this nomogram predicted tumor recurrence within 48 months well in the training (area under the 
curve [AUC]=0.733, Figure 4D) and validation (AUC=0.718, Figure 4E) cohorts (Figure 4D and E).

AMC-Related Immune Microenvironment
The high AMC infiltration in the TME might promote treatment recurrence and mortality in CRC, and its regulatory 
mechanism is still unclear. High- and low-infiltration of intratumoral CD203c+PD-L1+ mast cells by dual immunohis-
tochemistry staining is shown in Figure 5A and B. As shown in Figure 5C and D, intratumoral CD203c+ AMCs 

Figure 5 The expression level of PD-L1 on intratumoral CD203c+ mast cells in CRC tissue. (A) The high infiltration of CD203c+PD-L1+ mast cells in tumor tissue (×600); 
(B) The low infiltration of CD203c+PD-L1+ mast cells in tumor tissue (×600); (C) The infiltrating number of CD203c+ mast cells between tumor tissue and adjacent normal 
tissue; (D) The infiltrating number of CD203c+PD-L1+ mast cells between tumor tissue and adjacent normal tissue; (E) The percent of CD203c+PD-L1+ mast cells between 
tumor tissue and adjacent normal tissue.

https://doi.org/10.2147/JIR.S400233                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2023:16 730

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


expressed a higher level of PD-L1 than non-tumor CD203c+ AMCs. The subpopulation of CD203c+PD-L1+ mast cells 
was involved in approximately 74.2% of CD203c+ AMCs (Figure 5E). AMC infiltration was reversely associated with 
CD8+ T-cell infiltration in two microarray datasets (GSE39582/GSE17536: R=−0.32/-0.19, all p<0.05, Figure 6A and B).

Dual-immunohistochemistry staining demonstrated that almost all EpCAM+ tumor cells expressed a high level of 
TNF-α in CRC tissues (Figure 7A and B). GSEA results implied that high AMC infiltration was correlated with the 
activation of the TNF-α/NF-κB pathway (Figure 8A), the decreased response of IFN-a (Figure 8B) and IFN-γ 
(Figure 8C), and upregulation of angiogenesis pathway (Figure 8D).

Discussion
Most mast cell-related studies highlighted a pan-biomarker of tryptase in CRC.7–18 This growing evidence has associated 
high infiltration of tryptase+ mast cells with increased microvascular density, increased microvascular invasion, worse 
overall survival, and disease-free survival in CRC patients.12–18 The role of AMCs and their biomarker CD203c in the 
progression of CRC has never been reported. In our study, we performed a semi-quantitative analysis of AMC density in 
449 CRC patients by CD203c staining. We constructed a risk stratification tool based on tumor stage and CD203c+ AMC 
density. CD203c+ AMC density will effectively stratify these patients into two risk groups of postoperative recurrence 
and mortality. CRC patients with low AMC infiltration may exhibit a good prognosis, whereas CRC patients with high 
AMC infiltration may have a higher rate of postoperative recurrence and mortality. CD203c+ AMC density could 
effectively predict postoperative recurrence and mortality independent of potential confounding factors. This is the 
first study revealing that CD203c+ AMC density achieved by the standard immunohistochemistry procedure is recom-
mended as a predictive tool for treatment recurrence and mortality.

The regulatory mechanism of AMCs in the microenvironment is unclear. In our study, GSEA results implied that 
downregulation of IFN-α and IFN-γ response, upregulation of TNF-α/NF-κB and angiogenesis pathways with immuno-
suppressive functions were significantly enriched in high AMC infiltration tumors. AMC infiltration was reversely 
associated with CD8+ T-cell infiltration. Approximately 74.2% of intratumoral CD203c+ AMCs expressed relatively high 
levels of PD-L1. High AMC infiltration in the TME might be associated with an immunosuppressive phenotype. A recent 
study found that gastric cancer-derived TNF-α might activate the NF-κB pathway to increase the PD-L1 expression on 
mast cells.35 There is also evidence that high AMC infiltration was associated with a lack of CD8+ T cells and resistance 
to anti-PD-1 therapy.36 The combined application of a c-Kit inhibitor (imatinib/sunitinib) and anti-PD-1 might contribute 
to the exhaustion of mast cells and tumor regression.36 These two studies implied that the exhaustion of mast cells was 
beneficial to anti-PD-1 responses.35,36

Adjuvant chemotherapy is the standard treatment for decreasing the risk of treatment recurrence in stages II (high 
risk) and III CRC.29–34,37 According to previous studies,29,30,34 the short duration and reduced toxicity of adjuvant 

Figure 6 Correlation analysis of AMC infiltration and CD8+ T-cell infiltration in two microarray datasets ((A) GSE39582, (B) GSE17536).
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chemotherapy may become the standard treatment for stage II (high-risk factors) and stage III (low-risk factors) CRC. 
The long duration of adjuvant chemotherapy should become the standard treatment for high-risk stage III CRC.31–33,37 In 
our analysis, stage II–III CRC could be further divided into two recurrence subgroups according to AMC density. It was 
also identified that patients with lower AMC density had better prognostic benefit after adjuvant chemotherapy in both 
immunohistochemistry and microarray cohorts. This risk stratification tool may contribute to avoiding overtreatment or 
undertreatment in some specific patients.

Figure 7 The high expression of TNF-α on EpCAM+ tumor cells in CRC tissue ((A) ×400, (B)×1000).
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In summary, low AMC infiltration was associated with better survival outcome and served as a potential biomarker 
for chemotherapy benefit in stage II/III CRC. This AMC-based nomogram based on CD203c staining could provide 
better stratification of postoperative recurrence. CRC patients with low infiltration AMC conferred survival benefits that 
might be attributed to an immune-activated phenotype. It is the first study revealing the prognostic role of AMCs and 
their biomarker CD203c. With further multiple-center prospective studies, this biomarker application of CD203c+ AMCs 
will contribute to the implementation of personalized treatment strategies.

Data Sharing Statement
The main contributions are included in this article. If you have further inquiry, please consult with the corresponding 
authors (Guozeng Xu and Jian Chen).

A B

C D

Figure 8 The immune-related pathways enriched in the high-infiltration group of AMCs. (A) TNF-α/NF-κB pathway, (B) IFN-α response, (C) IFN-γ response, and (D) 
angiogenesis.
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