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Background: Transient receptor potential channels (TRPC) play critical
regulatory functions in cancer occurrence and progression. However,
knowledge on its role in colorectal cancer (CRC) is limited. In addition,
neoadjuvant treatment and immune checkpoint inhibitors (ICls) have
increasing roles in CRC management, but not all patients benefit from them.
In this study, a TRPC related signature (TRPCRS) was constructed for prognosis,
tumor immune microenvironment (TIME), and treatment response of CRC.

Methods: Data on CRC gene expression and clinical features were
retrospectively collected from TCGA and GEO databases. Twenty-eight
TRPC regulators (TRPCR) were retrieved using gene set enrichment analysis.
Different TRPCR expression patterns were identified using non-negative matrix
factorization for consensus clustering, and a TRPCRS was established using
LASSO. The potential value of TRPCRS was assessed using functional
enrichment analysis, tumor immune analysis, tumor somatic mutation
analysis, and response to preoperative chemoradiotherapy or ICls. Moreover,
an external validation was conducted using rectal cancer samples that received
preoperative chemoradiotherapy at Fujian Cancer Hospital (FJCH) via gqRT-
PCR.

Results: Among 834 CRC samples in the TCGA and meta-GEO cohorts, two
TRPCR expression patterns were identified, which were associated with various
immune infiltrations. In addition, 266 intersected genes from 5564 differentially
expressed genes (DEGs) between two TRPC subtypes, 4605 DEGs between
tumor tissue and adjacent non-tumor tissue (all FDR< 0.05, adjusted P< 0.001),
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and 1329 prognostic related genes (P< 0.05) were identified to establish the
TRPCRS, which was confirmed in the TCGA cohort, two cohorts from GEO, and
one qRT-PCR cohort from FJCH. According to the current signature, the high-
TRPC score group had higher expressions of PD-1, PD-L1, and CTLA4, lower
TIDE score, and improved response to anti-PD-1 treatment with better
predictive ability. Compared to the high-TRPC score group, the low-TRPC
score group comprised an immunosuppressive phenotype with increased
infiltration of neutrophils and activated MAPK signaling pathway, but was
more sensitive to preoperative chemoradiotherapy and associated with
improved prognosis

Conclusions: The current TRPCRS predicted the prognosis of CRC, evaluated
the TIME in CRC, and anticipated the response to immune therapy and
neoadjuvant treatment.

KEYWORDS

transient receptor potential channels, colorectal cancer, prognosis, immune
checkpoint inhibitor, neoadjuvant treatment

Introduction

Colorectal cancer (CRC) is one of the most common cancers
worldwide (1), with 151,030 cases diagnosed annually in the
United States (2). Currently, its incidence is increasing
worldwide (1). Moreover, CRC is the third leading cause of
cancer mortality worldwide (1), with 0.9 million deaths in the
United States yearly. Current plights of the CRC are as followed:
1) lack of specific markers of early screening, regardless of
promotion of colonoscopy (3); 2) inaccuracy of the current
staging systems on prognosis and management (4, 5), and 3)
short of biomarkers for both local and systematic treatment in
the era of precision medicine and individualized therapy (4, 5).
Hence, early diagnosis biomarkers, accurate prognosis
prediction, and precise direct management for CRC are
urgently required (3).

Transient receptor potential channels (TRPC) was first
reported in 1969 (6). Numerous homologous TRPC family
genes are identified as TRPC regulators (TRPCR) (7, 8). In
2021, Ardem Patapoutian and David Julius were awarded the
Nobel Prize in Physiology or Medicine for the discovery of
TRPC (9), which are multifunctional signaling molecules
investigated in channelopathy-related diseases including
neurodegenerative (10), cardiovascular (11), and metabolic
diseases (12). However, increasing reports support their roles
in carcinogenesis, tumor invasion, migration, angiogenesis, and
prognosis (13-15). There were differences in expression of
several TRPCR, such as TRPV1, TRPV6, TRPM4, and TRPC6
between CRC and normal tissues (16, 17). Some TRPCR, such as
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TRPM6 and TRPCI, are associated with the prognosis of
patients with CRC (16, 17). However, a comprehensive
analysis of TRPCR on CRC prognosis and management
is inadequate.

Although neoadjuvant treatment and immune checkpoint
inhibitors (ICIs) play an increasing role in CRC management,
not all patients benefit from them (18, 19). In addition, no
biomarkers exist to screen their potential benefit (18). Evidence
showed that tumor immune microenvironment (TIME) (20),
which is associated with TRPC via polarization of macrophages,
recruitment of chemokines, and activation of effector cells,
strongly influences cancer treatment response (20, 21). In the
present study, non-negative matrix factorization (NMF)
clustering was adopted to identify the correlations between
TRPCR and immune infiltration, and a TRPC-related
signature (TRPCRS) was established to predict the prognosis
of CRC, and explore the intrinsic connections between TRPCRS
and TIME. Furthermore, correlations between TRPCRS and
response to neoadjuvant treatment or ICIs were conducted to
determine the potential value of the current signature.

Methods
Patients and data source
The analytical process of the study is provided in Figure 1.

Data on CRC gene expression and clinical features were
retrospectively collected from The Cancer Genome Atlas
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FIGURE 1
The flow-chart of this study.

(TCGA, https://cancergenome.nih.gov/) and Gene Expression
Omnibus (GEO) databases (https://www.ncbinlm.nih.gov/geo/).
TCGA RNA sequencing data were converted from fragments per
kilobase of exon model per million mapped fragments (FPKM)
format to millions of transcripts per kilobase (TPM). Batch effects
among TCGA-COAD, TCGA-READ, and GEO datasets were
eliminated using “ComBat” method in “sva” R package, and
TCGA-COAD-READ and meta-GEO (GSE38832 (22) and
GSE17536 (23)) datasets were constructed. Genomic mutation
data of TCGA-COAD-READ, including somatic mutations and
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copy number variations, were obtained from UCSC’s Xena
database. Copy number changes of 28 TRPCR in human
chromosomes were mapped using the R package “rcircos”. The
corresponding TRPCR were extracted from the Gene Set
Enrichment Analysis (GSEA) website (https://www.gsea-msigdb.
org/GSEA/index jsp, Table S1). Moreover, 85 frozen rectal cancer
samples that received both, neoadjuvant treatment and radical
surgery, at Fujian Cancer Hospital (FJCH) between March 2016 -
March 2021 were added to conduct external validation. This study
was approved by the Ethics Committee of FJCH (K2021-03-017).
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The baseline characteristics of patients in the cohort are presented
in Table 1.

Consensus molecular clustering
of 28 TRPCR

Different TRPCR expression patterns were identified using
NME based on the expressions of 28 TRPCR using the R package
“NMF” (version 0.22.0) (24). The expressions of 28 TRPCR
(matrix A) were decomposed into two non-negative matrices, W
and H (i.e., AxWH). Matrix A was repeatedly decomposed, and
its output was aggregated to obtain a consistent cluster of CRC
samples (TCGA-COAD-READ and meta-GEO). The optimal k
of clusters was selected according to apparent, discrete, and
silhouette coefficients. Brunet algorithm and 200 nrun were used
for consensus clustering.

Identification of differentially expressed
genes and enriched pathways

Differentially expressed genes (DEGs) among TRPC
subtypes (DEG,, false discovery rate< 0.05, adjusted P< 0.001)
were obtained using the “limma” R package. The pathway
activity of “REACTINE_TRP_CHANNELS” in each sample
was calculated using “GSVA” packages, and the differences
among various TRPC subtypes were analyzed.

Construction of TRPCRS

DEGs between tumor tissues and adjacent non-tumor
tissues (DEGb, FDR< 0.05, adjusted P< 0.001) were
determined using the “limma” R package. Prognostic genes
were screened using the “survival” R package via univariate
Cox regression analysis (P< 0.05). The overlapped genes among
DEGa, DEGb, and prognostic genes were identified as candidate
TRPC-related genes (TRPCGs). These candidate genes were
screened again based on the least absolute shrinkage and
selection operator (LASSO) (25) estimation to avoid over-
fitting the model. The optimal value of the penalty coefficient
lambda was selected after running the cross-validation
probability 1000 times through the “glmnet” software package.
Considering that the genes included in the gene signature were
derived from DEGa between two clusters with significantly
different TRPC, the resulting gene signature was called
TRPCRS. Thus, the equation was established as follows:

TRPC score = >'i; Coef (i) x x(i)
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According to the corresponding median of TRPCRS in each
dataset, patients were divided into low TRPC score and high
TRPC score groups.

Validation of TRPC score model

The TRPC score was validated in TCGA-COAD-READ,
meta-GEO, and an external validation set of GSE17537 (26).
The survival difference between the two groups was visually
displayed using the receiver operator characteristic (ROC)
curves and “survival” R package. The significance of the TRPC
score was further analyzed using the multivariate Cox regression
model, and the relationships between the TRPC score and
clinical features were evaluated using the Wilcox test.

Function analysis

The Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analyses were conducted on
DEG, using the “clusterProfiler” R package (27). Stromal and
immune cells infiltrated in malignant tumors were estimated
using the ESTIMATE algorithm, utilizing the unique properties
of transcription profiles to infer tumor cell count and
tumor purity.

Immune-related analysis

The relative abundance of 28 immune cells in TIME was
evaluated using the “GSVA” package (28). Differences in the
immune cells and immune checkpoint genes were compared
between high- and low-TRPC scores. Scores of tumor immune
dysfunction and exclusion (TIDE), microsatellite instability
(MSI) expression, dysfunction, and rejection were calculated
using http://tide.harvard.edu, and the differences were compared
between the two groups. In addition, the prediction value of the
TRPC score for immunotherapy was estimated using the
“IMvigor 210” dataset package (29).

Somatic mutation analysis

Quantity and quality of mutations in high- and low- TRPC
scores were calculated using the “Maftools” R package. Missense,
nonsense, continuous and silent, and frameshift/in-box insertion
and deletion mutations were counted after excluding germline
mutations without somatic mutations. Tumor mutation burden
(TMB) is defined as the total number of somatic mutations.
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Development of risk prediction model

In addition to TRPC scores and clinical features, a
nomogram predicting 1-year, 3-year, and 5-year overall
survival (OS) of patients with CRC was established using the
“RMS” R package. The nomogram prediction was evaluated
using the calibration curve, restricted mean survival (RMS), C
index, ROC curve, and decision curve analysis (DCA).

Response prediction of neoadjuvant
therapy

GSE45404 (30) and GSE87211 (31) were administrated
to conduct external validation, among which patients with
rectal cancer received neoadjuvant treatment. GSE45404
contained data on response to neoadjuvant treatment and was
graded using the Mandard tumor regression grade (TRG),
while GSE87211 contained data on clinicopathological
characteristics and survival. REACTINE_TRP_CHANNELS”,
“KEGG_MISMATCH_REPAIR”, “KEGG_MAPK_SIGNA
LING_PATHWAY”, and “KEGG_B_CELL_SIGNALING_
PATHWAY” of each sample were calculated using “GSVA” R
package, and the infiltration situation of 28 immune cells in the
TIME were plotted using “ggplot2” and “corrplot” R
packages, respectively.

Quantitative real time polymerase
chain reaction

Quantitative real time polymerase chain reaction (qRT-
PCR) was performed on 85 samples by the Department of
Pathology Department of FJCH. RNA was extracted using
TRIzol (Takara, Kusatsu, Shiga, Japan), and random primers
were reverse transcribed using a cDNA synthesis kit (Thermo
Fisher Scientific, Waltham, MA, USA). In addition, mRNA
expression levels were detected using Roche LightCycler 480
(Basel, Switzerland) and FastStart Essential DNA Green Master
Mix (Thermo Fisher Scientific). The mRNA expressions of each
hub gene were normalized to that of B-actin. All qRT-PCR
analyses were conducted in triplicates, and the average value was
calculated using the Livak method. The primers used in this
study were synthesized using Sunya Biotech (Fuzhou, China)
and are listed in Supplementary Table 2.

Statistical analyses

All analyses in this study were performed using R-3.6.1.
Normally distributed variables were compared using Student’s t-
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test, while non-normally distributed variables were compared
using the Wilcoxon rank sum test. All tests were two-sided, and
P< 0.05 was considered to be statistically significant.

Results

Genetic alteration landscape of TRPCR
in CRC

In the present study, TRPCR were widely located in almost
all human chromosomes (Supplementary Figure 1A).
Supplementary Figure 1B depicts interactions of 28 TRPCR
expressions, and TRPC1, TRPA1, and RIPK as the top three
TRPCR. Furthermore, analysis of 28 TRPCR revealed that copy
number variations (CNV) mutations were prevalent. TRPC4AP,
TRPC4, TRPA1, TRPV6, TRPC1, TRPCS5, TRPV3, TRPV1, and
TRPM6 showed widespread CNV amplification. In contrast,
TRPV5, MCOLN3, TRPMS, RIPK3, TRPM2, RIPK1, TRPC6,
TRPM1, MCOLNI1, TRPC3, TRPC7, TRPV4, TRPM7, TRPM4,
TRPM3, MLKL, and TRPV2 showed prevalent CNV deletions
(Supplementary Figure 1C). TRPCR mutations were detected in
137 (34.34%) patients from 399 samples. Supplementary
Figure 1D exhibited the landscape of the mutations, with
TRPMS5, TRPC3, and TRPC7 as the top three mutations.

Almost all TRPCR were downregulated, while MLKL,
TRPC4AP, TRPM2, and TRPV4 were upregulated in the CRC
tissues compared with normal tissues (P< 0.05, Supplementary
Figure 1E). No significant differences were observed in
MCOLN3, TRPC4, TRPM1, TRPM8, TRPV1, and TRPV5
(P > 0.05, Supplementary Figure 1E). Unfortunately, only two
TRPCR, including TRPM5 and TRPV4 (HR > 1, P< 0.01),
were associated with the OS of patients with CRC
(Supplementary Figure 1F).

Unsupervised clustering of 28 TRPCR
and differences between two clusters

As shown in Supplementary Figure 2, the highest intra-
group correlations and lowest inter-group correlations were
observed when k = 2 in the TCGA and meta-GEO cohorts,
indicating that patients can be divided into cluster A and cluster
B based on 28 TRPC-associated DEGs (DEG,). Figure 2A
exhibited two distinct patterns of CRC samples, which had
two apparently different Kaplan-Meier survival curves (P<
0.05, Figure 2B). The silhouette plot of the two clusters is
shown in Figure 2C. Interestingly, TRPC was more enriched
in cluster A compared with cluster B (P< 0.05, Figure 2D). The
single sample gene set enrichment analysis (ssGSEA) scores of
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aDCS, antigen-presenting cells (APC) co-inhibition, APC co-
stimulation, chemokine receptor (CCR), CD8" T-cells, immune
checkpoint, cytolytic activity, dendritic cells (DCs), human
leukocyte antigen (HLA), inflammation-promoting,
macrophages, major histocompatibility complex (MHC) class
I, neutrophils, parainflammation, plasmacytoid dendritic cell
(pDCs), T cell co-inhibition, T cell co-stimulation, T helper
(Th) cells, follicular helper T cell (Tth), Th2 cells, tumor
infiltrating lymphocyte (TIL), and Type I interferon (INF)
response were significantly higher in cluster A than that in
cluster B; while it was on the contrary in terms of iDCs (P< 0.05,
Figure 2E). GO membrane-related pathways were enriched in
cellular components (CC) (Figure 2F), and KEGG enrichment
analysis showed that MAPK ranked first among the enriched
signaling pathways (Figure 2G).

10.3389/fimmu.2022.1014834

Screening of characteristic predictors
and prognostic value of TRPCRS

A total of 5564 genes were identified as DEG, (Table S3), 4605 as
DEG, (Table $4), and 1329 as prognostic-related genes (Table S5).
Among these, 266 intersected genes were selected as candidate genes.
Supplementary Figure 3A shows the coefficients of all 266 intersected
genes TRPCG according to lambda.min criteria. Using the LASSO
regression analysis, 8 gene signatures (UCN, FJX1, TIPMI,
PCOLCE2, CD177, PPARGCI1A, CLDN23, and MTOR4) were
optimal with a minimum lambda (Supplementary Figure 3B).
Among these 8 genes, 4 were risk factors (UCN, FJX1, TIPM1, and
PCOLCE2), and 4 were protective factors (CD177, PPARGCIA,
CLDN23, and MTOR4) (Figure 3A). The correlations between
8 TRPCG and 28 TRPCR are shown in Figure 3B. The
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apparent Kaplan-Meier survival curves between different groups
stratified by the expression of 8 genes are shown in Figures 3C-J
(P< 0.05). TRPC scores were calculated according to the
following formula: TRPC score = [UCN expressionx(0.4591)] +
[FJX1 expressionx(0.3770)] + [TIMP1 expressionx(0.3425)] +
[PCOLCE2 expressionx(0.2178)] + [CD177 expressionx(—0.1330)]
+ [PPARGCIA expressionx(-0.3223)] + [CLDN23
expressionx(-0.4393)] + [MRTO4 expressionx(—0.8897)].
Interestingly, Gene set variation analysis (GSVA) showed that
TRPC activity was positively correlated with the TRPC score
(Supplementary Figure 3C).

Prognostic analysis of TRPC scores

Considering the median score as the cut-off value, patients in
the TCGA cohort were divided into low- and high-TRPC score
subgroups. The Kaplan-Meier survival curve showed that the
median OS was significantly shorter in the high-TRPC score
subgroup than in the low-TRPC score subgroup (high vs. low,
HR = 2.33, 95% confidence interval: 1.64-3.31, P< 0.001,
Figure 4A). The area under the curve (AUC) at 1-year, 3-year,
and 5-year were 0.713, 0.700, and 0.801, respectively
(Figure 4D). The distinct distribution status of patients
between the high- and low-TRPC score subgroups is shown in
Figure 4G. Univariate Cox regression analysis showed that
TRPC score was negatively associated with OS of patients with
CRC. Additionally, multivariate Cox regression analysis showed
that TRPC score was an independent risk factor for OS (both P<
0.05, Figure 4]). Similar findings were observed in the meta-GEO
(Figure 4B, E, H, K) and GSE17537 cohorts (Figures 4C, F, I, L).

Subgroup analyses stratified by different characteristics
were conducted to evaluate the correlations between the
current TRPC score and other clinicopathological
characteristics (Supplementary Figure 4A). No significant
differences were observed in TRPC scores stratified by sex
(female vs. male, P > 0.05, Supplementary Figure 4B) and age
(<65 vs. >65, P > 0.05, Supplementary Figure 4C). No
significant differences were observed among all subgroups
stratified by stage (P > 0.05). However, patients in stage IV
had higher TRPC scores than those in other stage groups (all
P<0.05, Supplementary Figure 4D). Interestingly, patients with
microsatellite stability (MSS) had lower TRPC scores than
those with microsatellite instability-low (MSI-L) and
microsatellite instability-high (MSI-H), but no differences
were observed between MSI-L and MSI-H (P > 0.05,
Supplementary Figure 4E).

GO and KEGG analyses

GO analysis showed that replication-related biological
processes (BP), mitochondria-related CC, and division-related
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molecular functions (MF) were enriched in the TCGA cohort
(Supplementary Figure 5A). Enriched signaling pathways
associated with CRC and mismatch repair were identified
using KEGG analysis (Supplementary Figure 5B).
Furthermore, membrane-related CC was enriched in the meta-
GEO cohort (Supplementary Figure 5C), and PI3K-AKT and
PPAR signaling pathways were identified using KEGG analysis
(Supplementary Figure 5D).

Immune landscapes and prediction of
immunotherapeutic benefits

The association between TRPC and estimation of stromal
and immune cells in malignant tumour tissues using expression
data (ESTIMATE) scores was investigated using the ESTIMATE
algorithm, which showed that stromal, immune, and
ESTIMATE scores were positively correlated with TRPC score
(P< 0.05, Figures 5A-C). Further, neutrophils, and regulatory T
cells (Treg) were negatively associated with TRPC score (P<
0.05, Figure 5D). However, immune checkpoint, HLA,
macrophages, pDCs, and T helper_cells were positively
associated with the TRPC score (P< 0.05, Figure 5D).

In addition, significant differences were detected between the
low- and high-TRPC score subgroups in most immune
checkpoints (P< 0.05, Figure 5E). Compared with the low-
TRPC score group, the high-TRPC score group had lower
TIDE, dysfunction, and exclusion scores, while higher MSI
expression score (P< 0.05; Figure 5F).

The IMvigor 210 dataset (29), including clinical information
and RNA-seq data of patients with metastatic uroepithelial
carcinoma treated with atezolizumab (a PD-LI1 inhibitor), was
used as an external cohort to test the predictive value of TRPC
score for immunotherapy efficacy. The results showed that
TRPC score was significantly higher in the response group
than that in the non-response group (P< 0.001, Figure 5G).
According to the current TRPC score, the response rate in the
low-TRPC score group was significantly lower than that in
the high-TRPC score group (P< 0.05, Figure 5H). The AUC of
the current TRPC score to predict the response of atezolizimab
was 0.632, which was higher than that of PDCD1 (PD-1), CD274
(PD-L1), and CTLA4 (Figure 5I).

Summary of CRC mutation of TRPC
score groups

As shown in Supplementary Figure 6A, somatic mutations
occurred in 160 (96.39%) of 166 samples with high TRPC score.
The detailed mutations, including variant classification, single-
nucleotide polymorphism (SNP) type, and single-nucleotide
variant (SNV) class, were depicted in Supplementary
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Figure 7A. Further, somatic mutations occurred in 143 (97.28%)
of 147 samples with low TRPC score (Supplementary Figure 6B),
and the corresponding mutations were summarized in
Supplementary Figure 7B. TMB was positively associated with
TRPC score (R = 0.14, P< 0.05, Supplementary Figure 6C), and
Kaplan-Meier survival curve showed that patients with low
TMB had a worse OS than those with high TMB (P< 0.05,
Supplementary Figure 6D). Significant survival differences were
observed between patients with high and low TMB stratified by
TRPC score (P< 0.05, Supplementary Figures 6E, F).

10.3389/fimmu.2022.1014834

Development of a nomogram

A nomogram including age, stage, and TRPC score was
developed to predict the OS of patients with CRC in the TCGA
cohort (Figure 6A). Good calibrations were observed in the 1-year,
3-year, and 5-year predicted vs. observed survival rates
(Figure 6B). The RMS of the TRPC nomogram was higher than
that of the TRPC score and published models of Yang (32), Liu
(33), and Cao (34) (P< 0.05, Figure 6C). The C-index of the TRPC
nomogram was 0.779, which was higher than that of the TRPC
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score and published models of Yang (32), Liu (33), and Cao (34)
(Figure 6D). ROC curves revealed that the TRPC nomogram
predicted the 1-year, 3-year, and 5-year OS more efficiently than
the TRPC score and published models of Yang (32), Liu (33), and
Cao (34) (Figures 6E-G). As shown in Figures 6H-], DCA curves
showed that the TRPC nomogram had better 1-year, 3-year, and
5-year OS net benefit than the TRPC score and published models
of Yang (32), Liu (33), and Cao (34).

Correlation between TRPC score and
response to neoadjuvant
chemoradiotherapy in the GSE45404
cohort

Figure 7A shows that TRPC score was significantly lower in
the response group than that in the non-response group (P<
0.05). According to the current TRPC score, the response rate in
the low-TRPC score group was significantly higher than that in
the high-TRPC score group (P< 0.05, Figure 7B). Further
analysis showed that the current TRPC score had a promising
predictive power of neoadjuvant chemoradiotherapy (NCRT)
response (Figure 7C). GSVA showed that TRPC activity was
significantly lower in the response group than that in the non-
response group (P< 0.05, Figure 7D), and positively correlated
with the TRPC score (P< 0.05, Figure 7E). B-cells, CD8" T-cells,
mast cells, and Tth were negatively correlated, whereas immune
checkpoint and neutrophils were positively correlated with
TRPC activity (Figure 7F). Significantly increased proportions
of B-cells, CD8" T-cells, cytolytic activity, HLA, inflammation-
promoting, mast cells, Th1 cells, and Th2 cells were detected in
the response group. While, immune checkpoint and neutrophils
were significantly increased in the non-response group (P<
0.001, Figure 7G). Further analysis showed that immune
checkpoints, including PDCD1 (PD-1), CD274 (PD-L1), and
CTLA4, and signaling pathway activities, including mismatch
repair, MAPK, and B-cell receptors, were associated with TRPC
activity (P< 0.05, Figures 7H-M).

Correlation between TRPC score and
prognosis of patients who received
NCRT in the GSE87211 cohort

The GSE87211 cohort tested the prognosis prediction capacity
of TRPC score in patients who received NCRT. Results of this
cohort showed that patients with low-TRPC scores had a longer
OS and disease-free survival (DFS) than those with high-TRPC
scores (P< 0.05, Figures 8A, B). Significant survival benefits in OS
were observed in almost all subgroups (age<65, Figure 8C; female,
Figure 8G; male, Figure 8H; stage II, Figure 8Kj stage IIL,
Figure 8L; mutation, Figure 80; wild type, Figure 8P; P< 0.05).
However, there was no significant difference in age> 65 subgroup

Frontiers in Immunology

12

10.3389/fimmu.2022.1014834

(Figure 8D, P>0.05). Similar findings were observed in DFS (age,
Figures 8E, F; gender, Figures 8I, J; stage, Figures 8M, N; KRAS
status, Figures 8Q, R).

Validation of TRPC score in the Fujian
Cancer Hospital cohort

A total of 85 samples were used from FJCH to verify the
clinical value of the current TRPC score. Kaplan-Meier survival
curve showed distinct survival differences between groups of
high- and low-TRPC scores, according to the current TRPC
scores (P< 0.05, Figure 9A). It also exhibited excellent prognosis
prediction with a 5-year AUC of 0.782 (Figure 9B). Multivariate
regression analysis showed that TRPC score was the only
independent risk factor of OS (P< 0.05, Figure 9C).
Furthermore, the TRPC score was significantly lower in the
response group to neoadjuvant treatment than that in the non-
response group (P< 0.05, Figure 9D). The response rate in the
low-TRPC score group was significantly higher than that in the
high-TRPC score group (P< 0.05, Figure 9E). The current TRPC
score had inspiring predictive ability of response to neoadjuvant
treatment with AUC of 0.709 (Figure 9F).

Discussion

Ton channels, particularly TRPC, are crucial in cancer
pathophysiology (7). TRPC are often dysregulated in CRC,
resulting in alterations in cancer hallmark functions (16, 17).
To the best of our knowledge, the present study is the first to
systematically evaluate TRPC in CRC. A risk score incorporating
8 TRPCG was established to predict the OS of patients with CRC
using the TCGA cohort, and was validated using the GSE38832,
GSE17536, and GSE17537 datasets. Furthermore, the TRPC
score was associated with other clinicopathological
characteristics of patients with CRC and tumor immunity.

Since 1969, many TRPC family members have been
identified, regulating numerous cellular, physiological, and
pathophysiological functions in tumors (6-8, 13). Previous
studies revealed that TRPC1 (35), TRPV6 (36, 37), and
TRPMS (38) were upregulated in CRC tissues compared with
normal mucosa, whereas TRPV3 (39), TRPV4 (40), TRPV5 (39),
TRPM6 (41), and TRPC6 (39) were downregulated in CRC
tissues. However, no systematic study on the role of TRPC in the
prognosis of CRC has been reported yet. In the current study, 28
TRPCR were identified from TCGA, showing that almost all 28
TRPCR were dysregulated in CRC tissues than that in normal
tissues. However, TRPM5, TRPV4, and TRPC1 were associated
with OS of patients with CRC (P< 0.05). Two clusters with
distinct prognoses were identified using NMF (P< 0.05), and
TRPC were enriched between clusters A and B. Further,
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FIGURE 8
Correlation between TRPC score and prognosis of patients who received NCRT in the GSE87211 cohort. (A) The Kaplan-Meier curves of OS for
patients in the high- and low-TRPC score groups. The Kaplan-Meier curves of OS for supplement clinicopathological characteristics, including
age (C, D), gender (G, H), stage (K, L), and KRAS mutation status (O, P) in the high- and low-TRPC score groups. (B) The Kaplan-Meier curves of
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including age (E, F), gender (I, J), stage (M, N), and KRAS mutation status (Q, R) in the high- and low-TRPC score groups. NCRT, neoadjuvant
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NCRT, neoadjuvant chemoradiotherapy; ROC, receiver operator characteristic; TRPC, transient receptor potential channels; ***P< 0.001.

immunophenotypes differed significantly between the two
clusters, indicating that TRPC might regulate the immune
system as reported previously (20, 41).

Considering that studies on TRPCR are scarce, we identified
TRPCG, which were not only DEGs between two clusters, but also
between tumor and normal samples. In addition, TRPCR were
associated with prognosis, and all candidate genes strongly
associated with TRPCR. The current TRPC score exhibited
excellent prognosis predictive ability in the TCGA, meta-GEO,
GSE17537, GSE87211, and FJCH cohorts, and was identified as an
independent risk factor of OS (P< 0.05). Furthermore, a
nomogram based on the current TRPC score showed higher C-
index and AUC of prognosis prediction compared with published
risk scores of previous studies by Yang et al. (32), Liu et al. (33),
and Cao et al. (34), and improved net benefits. Moreover, the
current TRPC score correlated with clinicopathological
characteristics, including TNM stages and microsatellite status.

Among the 8 TRPCG, UCN, FJX1, TIPM1, and PCOLCE2
were negatively associated with OS of CRC patients (HR > 1),
while CD177, PPARGC1A, CLDN23, and MTOR4 were
positively associated with OS of CRC patients (HR< 1). Song
et al. (42) reported that TIMP1 expression was significantly
associated with regional lymph node and distant metastasis, and
was an independent prognostic indicator of colon cancer
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progression and metastasis through FAk-PI3K/AKT and MAPK
signaling pathways (42, 43). FJX1 was reportedly upregulated in
the epithelium of CRC, and contributed to poor prognosis in
patients with CRC via angiogenesis (44). CLDN23 and
PPARGCIA were significantly downregulated in CRC tissues,
and their reduced levels were associated with shorter OS in
patients with CRC (45-47). PPARGCIA reduced the risk of
CRC disease and progression through mitochondrial biogenesis,
antioxidant system, reactive oxygen species, lipid synthesis, and
glycolysis pathway (46). CD177 is mainly expressed by
neutrophils, and CRC patients with high density CD177+
neutrophils showed longer OS and DEFS (48). Although UCN,
PCOLCE2, and MRTO4 are potential prognostic markers of CRC,
their action mechanisms remain unclear. In summary, several
candidate genes were first considered as prognostic biomarkers for
CRC, however, they require further validation.

With promising results of clinical trial of pembrolizumab (49),
ICI monotherapy or combination therapy has been well examined
in CRC management (50, 51). In recent years, deficient mismatch
repair (IMMR) showed the objective response rate of 20-40%,
regardless of stages (50, 51). However, the incidence of patients
with dMMR account for approximately 15% of CRC (52), and
selected patients with proficient mismatch repair MSS precisely
could benefit from ICIs (50, 53, 54). In the present study, TRPCR-
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TABLE 1 Clinical characteristics of the CRC patients used in this study.

cohort
GSE38832 GSE17536
cohort cohort

No. of patients 535 122 177
Age

<65 297 (55.5%) NA 83 (46.9%)

>65 236 (44.1%) NA 94 (53.1%)

unknown 2 (0.4%) NA 0 (0.0%)
Gender

Female 259 (48.4%) NA 81 (45.8%)

Male 265 (49.5%) NA 96 (54.2%)

unknown 11 (2.1%) NA 0 (0.0%)
Stage

i 96 (18.0%) 18 (14.7%) 24 (13.6%)

I 191 (35.7%) 35 (28.7%) 57 (32.2%)

111 150 (28.0%) 39 (32.0%) 57 (32.2%)

v 76 (14.2%) 30 (24.6%) 39 (22.0%)

unknown 22 (4.1%) 0 (0.0%) 0 (0.0%)
Grade

Grade 1 NA NA 16 (9.0%)

Grade 2 NA NA 134 (75.7%)

Grade 3 NA NA 27 (15.3%)

Grade 4 NA NA 0 (0.0%)

unknown NA NA NA
MSI

MSI-H 60 (11.2%) NA NA

MSI-L 72 (13.5%) NA NA

MSS 287 (53.6%) NA NA

unknown 116 (21.7%) NA NA
KRAS status

Mutation NA NA NA

WT NA NA NA

unknown NA NA NA
Response to neoadjuvant chemoradiotherapy

Response NA NA NA

Non-response NA NA NA

NA, Not available.

TCGA-COAD-READ

Meta-GEO cohort

10.3389/fimmu.2022.1014834

GSE17537 GSE45404 GSE87211 FJCH
cohort cohort cohort cohort
55 80 203 85

33 (60.0%)
22 (40.0%)
0 (0.0%)

29 (52.7%)
26 (47.3%)

49 (61.3%)
31 (38.7%)
0 (0.0%)

31 (38.7%)
49 (61.3%)

128 (63.1%)
74 (36.4.0%)
1 (0.5%)

61 (30.0%)
142 (70.0%)

65 (76.5%)
20 (23.5%)
0 (0.0%)

30 (35.3%)
55 (64.7%)

0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
4 (7.3%) NA 0 (0.0%) 0 (0.0%)
15 (27.3%) NA 63 (31.0%) 43 (50.6%)
19 (34.5%) NA 125 (61.6%) 42 (49.4%)
17 (30.9%) NA 12 (5.9%) 0 (0.0%)
0 (0.0%) NA 3 (1.5%) 0 (0.0%)
NA NA NA 2 (9.4%)
NA NA NA 74 (87.1%)
NA NA NA 2 (9.3%)
NA NA NA 3 (3.5%)
NA NA NA 4 (4.7%)
NA NA NA 0 (0.0%)
NA NA NA 0 (0.0%)
NA NA NA 49 (57.6%)
NA NA NA 36 (42.4%)
NA NA 84 (41.4%) 8 (9.4%)
NA NA 109 (53.7%) 17 (20.0%)
NA NA 10 (4.9%) 60 (70.6%)
NA 35 (43.8%) NA 45 (52.9%)
NA 45 (56.2%) NA 40 (47.1%)

based clusters were highly correlated with TIME. In addition, the
current TRPCRS was correlated with immune checkpoints,
including PD-1, PD-L1, and CTLA4. Additionally, the results
showed that patients with high-TRPC scores had lower TIDE but
higher MSI expression than those with low-TRPC scores (P<
0.05), suggesting that the former could benefit from ICIs. These
findings were validated by an external IMvigor 210 cohort (29), in
which all patients received atezolizumab. These findings
demonstrated that the novel TRPC score was considered as a
promising biomarker for TIME and an alternative index for ICIs.
Nonetheless, the correlation between TRPC and immunotherapy
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is still inclusive, which needs further validation, and the
underlying mechanism needs to be further explored.

Although neoadjuvant treatment followed by radical surgery
is the standard treatment for locally advanced rectal cancer
(LARC) (18), the pathological complete response rate and
survival benefit remain unsatisfactory and questionable (5).
Hence, a widely recognized biomarker is the key to selecting a
potential beneficiary. In the present study, the current TRPCRS
was associated with neoadjuvant treatment response in the
GSE45404 cohort, and patients with low-TRPC scores were
more sensitive to neoadjuvant treatment than those with high-
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TRPC scores and higher TRPC activity. In addition, the novel
TRPCRS was associated with DFS in the GSE87211 cohort.
Consequently, the current TRPCRS could be considered as an
index of response to neoadjuvant treatment for patients with
LARC, and neoadjuvant chemoradiotherapy should be strongly
recommended for patients with low-TRPC scores.

More findings were recorded for patients with high-TRPC
scores but tolerant to conventional NCRT in the present study.
Initially, neutrophils were significantly enriched in the non-
response group than in the response group (P< 0.05). Evidence
showed that enrichment of neutrophils is one of the important
characteristics of neutrophil extracellular trap (NET) (55),
which might be a partial reason for chemoradiotherapy
resistance, as previously reported (56-58). Previous studies
showed that NET formation was positively regulated by
MAPK signaling pathway (59, 60); however, the related
mechanism remains unclear. In the present study, MAPK
signaling pathway was positively correlated with TRPC
activity (P< 0.05), which was positively correlated with TRPC
score (P< 0.05). Hence, neutrophil enrichment mediated by
activation of MAPK signaling pathway might be a potential
mechanism for NCRT resistance, in which TRPC might play an
important role. In future, it is a big “if” that combination with
MAPK inhibitor and conventional chemoradiotherapy could
improve the treatment response. Moreover, considering that
patients with high-TRPC scores were more sensitive to ICIs
than those with low-TRPC scores, neoadjuvant ICIs might be
an alternative for those with high-TRPC scores and resistant to
conventional chemoradiotherapy.

The current TRPCRS has several limitations. (1) Data from
TCGA training cohort, meta-GEO, and FJCH validation
cohorts were retrospectively collected. Therefore, the TRPC
score should be validated by prospective cohorts. (2) A model
consisting of TRPC score to predict the prognosis might have an
intrinsic disadvantage, regardless of the importance of TRPCGs.
(3) All eight genes were TRPC-related genes but not TRPCR. (4)
Since all patients from FJCH had dMMR, corresponding
analysis could not be conducted. (5) Mechanisms, such as
MAPK signaling pathway, require in vitro and in vivo
validation. (6) The clinical value of the current TRPCRS in
ICIs and neoadjuvant treatment management needs
further validation.

Conclusion

In conclusion, a novel risk score was developed using eight
TRPCG with excellent discrimination and calibration for CRC
prognosis. The current TRPCRS could be considered as a
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promising biomarker for ICIs and neoadjuvant treatment in
CRC management. NCRT is recommended for patients with
LARC with low-TRPC scores. In addition, combination of
MAPK inhibitors and neoadjuvant immunotherapy could be
an alternative treatment for patients with high-TRPC scores.
Hence, TRPC might participate in the treatment response and
TIME remodeling in CRC management, but it requires further
in vitro and in vivo validation.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Materials.

Ethics statement

The studies involving human participants were reviewed and
approved by The Ethics Committee of Fujian Cancer Hospital.
The patients/participants provided their written informed
consent to participate in this study.

Author contributions

LW, XtC, HjZ, LH, JcW, LdS, GC, and JxW contributed to
conception and design. XtC and HjZ conducted data collection
and analyzed the data. LW, LH, and JcW interpreted the data.
LW, XtC, and LS drafted the manuscript. HjZ and JcW
conducted the qRT-PCR experiment and proofread the
experimental data. LdS, GC, and JxW contributed critical
revision of the manuscript. All authors read and approved the
final manuscript.

Funding

This research was funded by the Science and Technology
Program of Fujian Province, China (No.2019L3018 and
2019YZ016006), the Fujian Province Natural Science
Foundation (2021J01438), the Fujian Provincial Clinical
Research Center for Cancer Radiotherapy and Immunotherapy
(2020Y2012), Fujian Provincial Health and Family Planning
Research Talent Training Program (2020GGB009),
the National Clinical Key Specialty Construction Program, and
Fujian Province Gastrointestinal, Respiratory and Genitourinary
Malignant Tumor Radiotherapy Radiation and Treatment
Clinical Medical Research Center (2021Y2014).

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1014834
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wang et al.

Acknowledgments

We thank the TCGA and GEO database for providing
valuable and public datasets. The authors wish to thank Bullet
Edits Limited for the linguistic editing and proofreading of
the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The reviewer S.Y declared a shared parent affiliation with the
authors H.Z, ].W, G.C to the handling editor at the time of review.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin (2021) 71(3):209-49.
doi: 10.3322/caac.21660

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistic. CA Cancer ] Clin
(2022) 72(1):7-33. doi: 10.3322/caac.21708

3. Jung G, Hernandez-Illan E, Moreira L, Balaguer F, Goel A. Epigenetics of
colorectal cancer: biomarker and therapeutic potential. Nat Rev Gastroenterol
Hepatol (2020) 17(2):111-30. doi: 10.1038/s41575-019-0230-y

4. Keller DS, Berho M, Perez RO, Wexner SD, Chand M. The multidisciplinary
management of rectal cancer. Nat Rev Gastroenterol Hepatol (2020) 17(7):414-29.
doi: 10.1038/s41575-020-0275-y

5. Ciardiello F, Ciardiello D, Martini G, Napolitano S, Tabernero J, Cervantes A.
Clinical management of metastatic colorectal cancer in the era of precision
medicine. CA Cancer ] Clin (2022) 72:372-401. doi: 10.3322/caac.21728

6. Cosens DJ, Manning A. Abnormal electroretinogram from a drosophila
mutant. Nature (1969) 224(5216):285-7. doi: 10.1038/224285a0

7. Nilius B, Owsianik G. The transient receptor potential family of ion channels.
Genome Biol (2011) 12(3):218. doi: 10.1186/gb-2011-12-3-218

8. Billeter AT, Hellmann JL, Bhatnagar A. Transient receptor potential ion
channels: powerful regulators of cell function. Ann Surg (2014) 259(2):229-35.
doi: 10.1097/SLA.0b013e3182a6359¢

9. Earley S, Santana LF, Lederer WJ. The physiological sensor channels TRP and
piezo: Nobel prize in physiology or medicine 2021. Physiol Rev (2022) 102(2):1153-
8. doi: 10.1152/physrev.00057.2021

10. Vasincu A, Rusu RN, Ababei DC, Larion M, Bild W, Stanciu GD, et al.
Endocannabinoid modulation in neurodegenerative diseases: In pursuit of
certainty. Biol (Basel) (2022) 11(3). doi: 10.3390/biology11030440

11. Ding K, Gui Y, Hou X, Ye L, Wang L. Transient receptor potential channels,
natriuretic peptides, and angiotensin receptor-neprilysin inhibitors in patients with
heart failure. Front Cardiovasc Med (2022) 9:904881. doi: 10.3389/
fcvm.2022.904881

12. Liu D, Zhu Z, Tepel M. The role of transient receptor potential channels in
metabolic syndrome. Hypertens Res (2008) 31(11):1989-95. doi: 10.1291/hypres.31.1989

13. Prevarskaya N, Zhang L, Barritt G. TRP channels in cancer. Biochim Biophys
Acta (2007) 8:937-46. doi: 10.1016/j.bbadis.2007.05.006

14. Gkika D, Prevarskaya N. Molecular mechanisms of TRP regulation in tumor
growth and metastasis. Biochim Biophys Acta (2009) 1793(6):953-8. doi: 10.1016/
j.bbamcr.2008.11.010

15. Bernardini M, Fiorio Pla A, Prevarskaya N, Gkika D. Human transient
receptor potential (TRP) channel expression profiling in carcinogenesis. Int J Dev
Biol (2015) 59(7-9):399-406. doi: 10.1387/ijdb.150232dg

16. Stoklosa P, Borgstrom A, Kappel S, Peinelt C. TRP channels in digestive
tract cancers. Int ] Mol Sci (2020) 21(5). doi: 10.3390/ijms21051877

Frontiers in Immunology

18

10.3389/fimmu.2022.1014834

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2022.1014834/full#supplementary-material

17. Rizopoulos T, Assimakopoulou M. Transient receptor potential (TRP)
channels in human colorectal cancer: evidence and perspectives. Histol
Histopathol (2021) 36(5):515-26. doi: 10.14670/HH-18-308

18. Guida AM, Sensi B, Formica V, D’Angelillo RM, Roselli M, Del Vecchio
Blanco G, et al. Total neoadjuvant therapy for the treatment of locally advanced
rectal cancer: a systematic minireview. Biol Direct (2022) 17(1):16. doi: 10.1186/
s13062-022-00329-7

19. Zhang X, Wu T, Cai X, Dong J, Xia C, Zhou Y, et al. Neoadjuvant
immunotherapy for MSI-H/dMMR locally advanced colorectal cancer: New
strategies and unveiled opportunities. Front Immunol (2022) 13:795972.
doi: 10.3389/fimmu.2022.795972

20. Santoni G, Morelli MB, Amantini C, Santoni M, Nabissi M, Marinelli O,
et al. “Immuno-transient receptor potential ion channels”: The role in monocyte-
and macrophage-mediated inflammatory responses. Front Immunol (2018), 9. doi:
10.3389/fimmu.2018.01273

21. Nguyen TN, Siddiqui G, Veldhuis NA, Poole DP. Diverse roles of TRPV4 in
macrophages: A need for unbiased profiling. Front Immunol (2021) 12:828115.
doi: 10.3389/fimmu.2021.828115

22. Tripathi MK, Deane NG, Zhu J, An H, Mima S, Wang X, et al. Nuclear
factor of activated T-cell activity is associated with metastatic capacity in colon
cancer. Cancer Res (2014) 74(23):6947-57. doi: 10.1158/0008-5472.CAN-14-
1592

23. Smith JJ, Deane NG, Wu F, Merchant NB, Zhang B, Jiang A, et al.
Experimentally derived metastasis gene expression profile predicts recurrence
and death in patients with colon cancer. Gastroenterology (2010) 138(3):958-68.
doi: 10.1053/j.gastro.2009.11.005

24. Lee DD, Seung HS. Learning the parts of objects by non-negative matrix
factorization. Nature (1999) 401(6755):788-91. doi: 10.1038/44565

25. Tibshirani R. The lasso method for variable selection in the cox model. Stat
Med (1997) 16(4):385-95. doi: 10.1002/(sici)1097-0258(19970228)16:4<385::aid-
sim380>3.0.c0;2-3

26. Freeman TJ, Smith JJ, Chen X, Washington MK, Roland JT , Means AL,
et al. Smad4-mediated signaling inhibits intestinal neoplasia by inhibiting
expression of beta-catenin. Gastroenterology (2012) 142562-571(3):e562.
doi: 10.1053/j.gastro.2011.11.026

27. Yu G, Wang L, Han Y, He Q. clusterProfiler: an r package for comparing

biological themes among gene clusters. Omics: ] Integr Biol (2012) 16(5):284-7.
doi: 10.1089/0mi.2011.0118
28. Rooney M, Shukla S, Wu C, Getz G, Hacohen N. Molecular and genetic

properties of tumors associated with local immune cytolytic activity. Cell (2015)
160:48-61. doi: 10.1016/j.cell.2014.12.033

29. Mariathasan S, Turley SJ, Nickles D, Castiglioni A, Yuen K, Wang Y,
et al. TGFbeta attenuates tumour response to PD-L1 blockade by contributing
to exclusion of T cells. Nature (2018) 554(7693):544-8. doi: 10.1038/
nature25501

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2022.1014834/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1014834/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21708
https://doi.org/10.1038/s41575-019-0230-y
https://doi.org/10.1038/s41575-020-0275-y
https://doi.org/10.3322/caac.21728
https://doi.org/10.1038/224285a0
https://doi.org/10.1186/gb-2011-12-3-218
https://doi.org/10.1097/SLA.0b013e3182a6359c
https://doi.org/10.1152/physrev.00057.2021
https://doi.org/10.3390/biology11030440
https://doi.org/10.3389/fcvm.2022.904881
https://doi.org/10.3389/fcvm.2022.904881
https://doi.org/10.1291/hypres.31.1989
https://doi.org/10.1016/j.bbadis.2007.05.006
https://doi.org/10.1016/j.bbamcr.2008.11.010
https://doi.org/10.1016/j.bbamcr.2008.11.010
https://doi.org/10.1387/ijdb.150232dg
https://doi.org/10.3390/ijms21051877
https://doi.org/10.14670/HH-18-308
https://doi.org/10.1186/s13062-022-00329-7
https://doi.org/10.1186/s13062-022-00329-7
https://doi.org/10.3389/fimmu.2022.795972
https://doi.org/10.3389/fimmu.2018.01273
https://doi.org/10.3389/fimmu.2021.828115
https://doi.org/10.1158/0008-5472.CAN-14-1592
https://doi.org/10.1158/0008-5472.CAN-14-1592
https://doi.org/10.1053/j.gastro.2009.11.005
https://doi.org/10.1038/44565
https://doi.org/10.1002/(sici)1097-0258(19970228)16:4%3C385::aid-sim380%3E3.0.co;2-3
https://doi.org/10.1002/(sici)1097-0258(19970228)16:4%3C385::aid-sim380%3E3.0.co;2-3
https://doi.org/10.1053/j.gastro.2011.11.026
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1016/j.cell.2014.12.033
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/nature25501
https://doi.org/10.3389/fimmu.2022.1014834
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wang et al.

30. Agostini M, Zangrando A, Pastrello C, D’Angelo E, Romano G, Giovannoni
R, et al. A functional biological network centered on XRCC3: a new possible marker
of chemoradiotherapy resistance in rectal cancer patients. Cancer Biol Ther (2015)
16(8):1160-71. doi: 10.1080/15384047.2015.1046652

31. Hu Y, Gaedcke J, Emons G, Beissbarth T, Grade M, Jo P, et al. Colorectal
cancer susceptibility loci as predictive markers of rectal cancer prognosis after
surgery. Genes Chromosomes Cancer (2018) 57(3):140-9. doi: 10.1002/gcc.22512

32. Yang C, Huang S, Cao F , Zheng Y. A lipid metabolism-related genes
prognosis biomarker associated with the tumor immune microenvironment in
colorectal carcinoma. BMC Cancer (2021) 21 1182(1). doi: 10.1186/s12885-021-
08902-5

33. Liu Y, Cheng L, Li C, Zhang C, Wang L, Zhang J. Identification of tumor
microenvironment-related prognostic genes in colorectal cancer based on
bioinformatic methods. Sci Rep (2021) 11(1):15040. doi: 10.1038/s41598-021-94541-6

34. Cao L, Chen E, Zhang H, Ba Y, Yan B, Li T, et al. Construction of a novel
methylation-related prognostic model for colorectal cancer based on microsatellite
status. J Cell Biochem (2021) 122(12):1781-90. doi: 10.1002/jcb.30131

35. Sobradillo D, Hernandez-Morales M, Ubierna D, Moyer MP, Nunez L,
Villalobos C. A reciprocal shift in transient receptor potential channel 1 (TRPCI)
and stromal interaction molecule 2 (STIM2) contributes to Ca2+ remodeling and
cancer hallmarks in colorectal carcinoma cells. ] Biol Chem (2014) 289(42):28765—
82. doi: 10.1074/jbc.M114.581678

36. Arbabian A, Iftinca M, Altier C, Singh PP, Isambert H, Coscoy S. Mutations
in calmodulin-binding domains of TRPV4/6 channels confer invasive properties to
colon adenocarcinoma cells. Channels (Austin) (2020) 14(1):101-9. doi: 10.1080/
19336950.2020.1740506

37. Khattar V, Wang L, Peng JB. Calcium selective channel TRPV6: Structure,
function, and implications in health and disease. Gene (2022) 817:146192.
doi: 10.1016/j.gene.2022.146192

38. Borrelli F, Pagano E, Romano B, Panzera S, Maiello F, Coppola D, et al.
Colon carcinogenesis is inhibited by the TRPMS8 antagonist cannabigerol, a
cannabis-derived non-psychotropic cannabinoid. Carcinogenesis (2014) 35:2787-
97. doi: 10.1093/carcin/bgu205

39. Sozucan Y, Kalender ME, Sari I, Suner A, Oztuzcu S, Arman K, et al. TRP
genes family expression in colorectal cancer. Exp Oncol (2015) 37(3):208-12.

40. Liu X, Zhang P, Xie C, Sham KWY, Ng SSM, Chen Y, et al. Activation of
PTEN by inhibition of TRPV4 suppresses colon cancer development. Cell Death
Dis (2019) 10(6):460. doi: 10.1038/s41419-019-1700-4

41. Xie B, Zhao R, Bai B, Wu Y, Xu Y, Lu S, et al. Identification of key
tumorigenesis—related genes and their microRNAs in colon cancer. Oncol Rep
(2018) 40:3551-60. doi: 10.3892/0r.2018.6726

42. Song G, Xu S, Zhang H, Wang Y, Xiao C, Jiang T, et al. TIMP1 is a
prognostic marker for the progression and metastasis of colon cancer through
FAK-PI3K/AKT and MAPK pathway. ] Exp Clin Cancer Res (2016) 35(1):148.
doi: 10.1186/s13046-016-0427-7

43. Nordgaard C, Doll S, Matos A, Hoeberg M, Kazi JU, Friis S, et al.
Metallopeptidase inhibitor 1 (TIMP-1) promotes receptor tyrosine kinase c-kit
signaling in colorectal cancer. Mol Oncol (2019) 13(12):2646-62. doi: 10.1002/
1878-0261.12575

44. Al-Greene NT, Means AL, Lu P, Jiang A, Schmidt CR, Chakravarthy AB,
et al. Four jointed box 1 promotes angiogenesis and is associated with poor patient
survival in colorectal carcinoma. PloS One (2013) 8(7):e69660. doi: 10.1371/
journal.pone.0069660

45. Maryan N, Statkiewicz M, Mikula M, Goryca K, Paziewska A, Strzalkowska
A, et al. Regulation of the expression of claudin 23 by the enhancer of zeste 2
polycomb group protein in colorectal cancer. Mol Med Rep (2015) 12(1):728-36.
doi: 10.3892/mmr.2015.3378

Frontiers in Immunology

19

10.3389/fimmu.2022.1014834

46. Alonso-Molero J, Gonzalez-Donquiles C, Fernandez-Villa T, de Souza-
Teixeira F, Vilorio-Marques L, Molina AJ, et al. Alterations in PGClalpha
expression levels are involved in colorectal cancer risk: a qualitative systematic
review. BMC Cancer (2017) 17(1):731. doi: 10.1186/s12885-017-3725-3

47. Yun SH, Roh MS, Jeong JS, Park JI. Peroxisome proliferator-activated
receptor gamma coactivator-lalpha is a predictor of lymph node metastasis and
poor prognosis in human colorectal cancer. Ann Diagn Pathol (2018) 33:11-6.
doi: 10.1016/j.anndiagpath.2017.11.007

48. Zhou G, Peng K, Song Y, Yang W, Shu W, Yu T, et al. CD177+ neutrophils
suppress epithelial cell tumourigenesis in colitis-associated cancer and predict good
prognosis in colorectal cancer. Carcinogenesis (2018) 39(2):272-82. doi: 10.1093/
carcin/bgx142

49. Diaz LAJr., Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt C, et al.
Pembrolizumab versus chemotherapy for microsatellite instability-high or
mismatch repair-deficient metastatic colorectal cancer (KEYNOTE-177): final
analysis of a randomised, open-label, phase 3 study. Lancet Oncol (2022) 23
(5):659-70. doi: 10.1016/S1470-2045(22)00197-8

50. Huyghe N, Benidovskaya E, Stevens P, Van den Eynde M. Biomarkers of
response and resistance to immunotherapy in microsatellite stable colorectal
cancer: Toward a new personalized medicine. Cancers (Basel) (2022) 14(9).
doi: 10.3390/cancers14092241

51. Zhang X, Yang Z, An Y, Liu Y, Wei Q, Xu F, et al. Clinical benefits of PD-1/
PD-LI inhibitors in patients with metastatic colorectal cancer: a systematic review
and meta-analysis. World J Surg Oncol (2022) 20(1):93. doi: 10.1186/512957-022-
02549-7

52. Boland CR, Goel A. Microsatellite instability in colorectal cancer.
Gastroenterology (2010) 138 2073-2087(6):e2073. doi: 10.1053/
j.gastro.2009.12.064

53. Llosa NJ, Luber B, Tam AJ, Smith KN, Siegel N, Awan AH, et al.
Intratumoral adaptive immunosuppression and type 17 immunity in mismatch
repair proficient colorectal tumors. Clin Cancer Res (2019) 25(17):5250-9.
doi: 10.1158/1078-0432.CCR-19-0114

54. Wang F, Zhao Q, Wang YN, Jin Y, He MM, Liu ZX, et al. Evaluation of
POLE and POLD1 mutations as biomarkers for immunotherapy outcomes across
multiple cancer types. JAMA Oncol (2019) 5(10):1504-6. doi: 10.1001/
jamaoncol.2019.2963

55. Cristinziano L, Modestino L, Antonelli A, Marone G, Simon HU, Varricchi
G, et al. Neutrophil extracellular traps in cancer. Semin Cancer Biol (2022) 79:91—
104. doi: 10.1016/j.semcancer.2021.07.011

56. Takeshima T, Pop LM, Laine A, Iyengar P, Vitetta ES, Hannan R, et al.
Key role for neutrophils in radiation-induced antitumor immune responses.
Proc Natl Acad Sci U.S.A. (2016) 113(40):11300-5. doi: 10.1073/
pnas.1613187113

57. Wisdom AJ, Hong CS, Lin AJ, Xiang Y, Cooper DE, Zhang J, et al.
Neutrophils promote tumor resistance to radiation therapy. Proc Natl Acad Sci
U.S.A. (2019) 116(37):18584-9. doi: 10.1073/pnas.1901562116

58. Shinde-Jadhav S, Mansure JJ, Rayes RF, Marcq G, Ayoub M N
Skowronski R, et al. Role of neutrophil extracellular traps in radiation
resistance of invasive bladder cancer. Nat Commun (2021) 12(1) 2776.
doi: 10.1038/s41467-021-23086-z

59. Arumugam S, Girish Subbiah K, Kemparaju K, Thirunavukkarasu C.
Neutrophil extracellular traps in acrolein promoted hepatic ischemia reperfusion
injury: Therapeutic potential of NOX2 and p38MAPK inhibitors. J Cell Physiol
(2018) 233(4):3244-61. doi: 10.1002/jcp.26167

60. Ma F, Chang X, Wang G, Zhou H, Ma Z , Lin H, et al. Streptococcus suis
serotype 2 stimulates neutrophil extracellular traps formation via activation of p38
MAPK and ERK1/2. Front Immunol (2018) 92854:2854. doi: 10.3389/
fimmu.2018.02854

frontiersin.org


https://doi.org/10.1080/15384047.2015.1046652
https://doi.org/10.1002/gcc.22512
https://doi.org/10.1186/s12885-021-08902-5
https://doi.org/10.1186/s12885-021-08902-5
https://doi.org/10.1038/s41598-021-94541-6
https://doi.org/10.1002/jcb.30131
https://doi.org/10.1074/jbc.M114.581678
https://doi.org/10.1080/19336950.2020.1740506
https://doi.org/10.1080/19336950.2020.1740506
https://doi.org/10.1016/j.gene.2022.146192
https://doi.org/10.1093/carcin/bgu205
https://doi.org/10.1038/s41419-019-1700-4
https://doi.org/10.3892/or.2018.6726
https://doi.org/10.1186/s13046-016-0427-7
https://doi.org/10.1002/1878-0261.12575
https://doi.org/10.1002/1878-0261.12575
https://doi.org/10.1371/journal.pone.0069660
https://doi.org/10.1371/journal.pone.0069660
https://doi.org/10.3892/mmr.2015.3378
https://doi.org/10.1186/s12885-017-3725-3
https://doi.org/10.1016/j.anndiagpath.2017.11.007
https://doi.org/10.1093/carcin/bgx142
https://doi.org/10.1093/carcin/bgx142
https://doi.org/10.1016/S1470-2045(22)00197-8
https://doi.org/10.3390/cancers14092241
https://doi.org/10.1186/s12957-022-02549-7
https://doi.org/10.1186/s12957-022-02549-7
https://doi.org/10.1053/j.gastro.2009.12.064
https://doi.org/10.1053/j.gastro.2009.12.064
https://doi.org/10.1158/1078-0432.CCR-19-0114
https://doi.org/10.1001/jamaoncol.2019.2963
https://doi.org/10.1001/jamaoncol.2019.2963
https://doi.org/10.1016/j.semcancer.2021.07.011
https://doi.org/10.1073/pnas.1613187113
https://doi.org/10.1073/pnas.1613187113
https://doi.org/10.1073/pnas.1901562116
https://doi.org/10.1038/s41467-021-23086-z
https://doi.org/10.1002/jcp.26167
https://doi.org/10.3389/fimmu.2018.02854
https://doi.org/10.3389/fimmu.2018.02854
https://doi.org/10.3389/fimmu.2022.1014834
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Comprehensive analysis of transient receptor potential channels-related signature for prognosis, tumor immune microenvironment, and treatment response of colorectal cancer
	Introduction
	Methods
	Patients and data source
	Consensus molecular clustering of&#146;28&#146;TRPCR
	Identification of differentially expressed genes and enriched pathways
	Construction of TRPCRS
	Validation of TRPC score model
	Function analysis
	Immune-related analysis
	Somatic mutation analysis
	Development of risk prediction model
	Response prediction of neoadjuvant therapy
	Quantitative real time polymerase chain&#146;reaction
	Statistical analyses

	Results
	Genetic alteration landscape of TRPCR in&#146;CRC
	Unsupervised clustering of 28 TRPCR and differences between two clusters
	Screening of characteristic predictors and prognostic value of TRPCRS
	Prognostic analysis of TRPC scores
	GO and KEGG analyses
	Immune landscapes and prediction of immunotherapeutic benefits
	Summary of CRC mutation of TRPC score groups
	Development of a nomogram
	Correlation between TRPC score and response to neoadjuvant chemoradiotherapy in the GSE45404 cohort
	Correlation between TRPC score and prognosis of patients who received NCRT in the GSE87211 cohort
	Validation of TRPC score in the Fujian Cancer Hospital cohort

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


