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Abstract

Background: This study aimed to investigate the prognostic value of TRP ion channel genes (TRPICGs) in colo-
rectal adenocarcinoma (COAD) and explore its related mechanisms.

Methods: The COAD dataset was downloaded from the Cancer Genome Atlas (TCGA) database. The differen-
tial expression genes (DEGs) were screened between COAD and normal samples. The differentially expressed
TRPICGs (DE-TRPICGs) were obtained via intersection of DEGs and 28 TRPICGs. The Kaplan-Meier (K-M)
survival curve was used to screen DE-TRPICGs with survival differences as prognostic markers. Afterward, the
correlation of prognostic marker with clinical, immune cell, copy number variation were explored. Finally, im-
munohistochemistry (IHC) was used to verify the expression of prognostic marker.

Results: Overall, 6003 DEGs were screened, and 6 DE-TRPICGs were obtained. Only TRPA7 was identified as
prognostic biomarker. Survival and clinical correlation analyses implied that TRP.A7 played an inhibitory role in
colon adenocarcinoma pathogenesis and progression. Gene Set Enrichment Analysis (GSEA) indicated that
TRPAT was associated with cell cycle and immune-related pathways. Immune infiltration analysis showed that
TRPAT expression was significantly correlated with the infiltration of B cells, CD4* T cells, CD8* T cells, neutro-
phils and dendritic cells. Eventually, TRPA7 expression was down-regulated at the protein level in COAD sam-
ples, which presented consistent results with expression in the database.

Conclusion: TRPA1 was identified in COAD as a prognostic marker associated with TRP ion channels, which
provided a powerful reference value and a new direction for the diagnosis and treatment of COAD.
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Introduction

Colorectal cancer (CRC) occupies a prominent
position among gastrointestinal cancers world-
wide, with a global incidence increase of 4.2%
annually. Colon adenocarcinoma (COAD), the
most common colon cancer type, accounts for
more than 80% of colorectal cancers (1, 2). Can-
cers at the early stage are often undetectable due
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to the absence of effective screening or highly
sensitive and specific diagnostic indicators (3).
Therefore, it is crucial to find new effective
prognostic marker to facilitate early diagnosis (4).
Cancers develop through the progressive acquisi-
tion of somatic genetic alterations, such as somat-
ic mutations and copy number variations
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(CNVs), that affect the function of key genes
regulating cell growth and survival (5). In addi-
tion, the evolution of tumors is closely related to
their microenvironment (6). Accumulating evi-
dence indicates that specific tumor microenvi-
ronments (TME) exist in CRC and that the TME
promotes tumor progression and metastasis by
producing a variety of pro-cachectic factors (7).
The family of non-selective and selective cation
channels, known as the transient receptor poten-
tial (TRP), are composed of TRPC (canonical),
TRPV (vanilloid), TRPM (melastatin), TRPA
(ankyrin), TRPP (polycystin), TRPML (muco-
lipin) and TRPN (no mechanoreceptor potential
C-NOMPC) channels and function as both cellu-
lar sensors and signal transducers. TRPs have
been found to be involved in a variety of gastro-
intestinal functions (8), while changes in TRP
levels are associated with various gastrointestinal
disorders, such as gastroesophageal reflux disease
(9), irritable bowel syndrome, and dyspepsia (10).
Previous studies have shown that the expression
of TRPMG6 at the mRNA level is lower in colon
cancer tissues than in normal tissues (11), and
microarray analysis of 379 patients with colorec-
tal cancer revealed that the high expression of
TRPM4 protein is related to epithelial-
mesenchymal transformation and colon tumor
invasion (12). TRPs may play an important role
in colon cancer.

Therefore, we aimed to explore the relationship
between TRP ion channel genes and the progno-
sis of patients with COAD, investigate the possi-
ble mechanisms of TRPAT affecting the progno-
sis of patients, and provide a theoretical frame-
work for further elucidating the molecular mech-
anism of COAD pathogenesis and progression.

Methods

Data source

The TCGA-COAD dataset was downloaded
from The Cancer Genome Atlas (TCGA) data-
base (https://portal.gdc.cancer.gov/), which in-
cludes 41 normal samples and 447 COAD sam-
ples. After deleting samples that cannot obtain
clinical information, Overall, 390 COAD samples
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were selected for survival analysis. Twenty CO-
AD paraffin samples and corresponding adjacent
normal tissues were obtained from the sample
bank of the First Affiliated Hospital of Zhejiang
University of Traditional Chinese Medicine.

All experimental studies are conducted after ethi-
cal approval.

Identification of differentially expressed TRP
ion channel genes

Differentially expressed genes (DEGs) between
COAD and normal samples were analyzed ac-
cording to the screening criteria of |log.Fold
Change (FC)|>1 and P<0.05 (13, 14). Differen-
tially expressed TRP ion channel genes (DE-
TRPICGs) were obtained by overlapping DEGs
with 28 TRP ion channel genes (15-17).

Protein-protein interaction network construc-
tion

Protein-protein interaction (PPI) network was
constructed to visualize the functional interac-
tions among DEGs (18) based on the STRING
website (https://string-db.org) with a confidence
level of 0.15. The PPI graph was then embel-
lished using the Cytoscape software (19).

Survival analysis

Patients were divided into DE-TRPICGs high
expression group and low group, according to
the median expression of DE-TRPICGs in CO-
AD. The overall survival (OS) of patients with
high and low COAD expression was analyzed,
and a corresponding K-M curve was generated.

Gene set enrichment analysis (GSEA)

Gene Set Enrichment Analysis (GSEA) was con-
ducted using the R packages ‘clusterProfiler’ and
‘org.Hs.eg.db’. The correlation coefficient with all
genes in the gene sets was calculated using the
expression value of each gene as the phenotype
data with the significant threshold of |[NES| >1
and adjusted P<0.05.

Mutation and copy number variation analysis

Maftools is an R package that includes functions
for identifying driver genes, pathways, signatures,
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enrichment, and association analysis (20). To in-
vestigate the somatic mutations in COAD sam-
ples, we downloaded somatic mutation data from
the TCGA database and analyzed the data with
the ‘Maftools’ R package. The mutation status of
the specific gene was searched and obtained from
the cBioPortal database
(https:/ /www.cbioportal.org/).

Analysis of infiltrating immune cells

The correlations between gene expression and
infiltration of six types of immune cells were de-
termined using a  TIMER2.0  database
(http://timer.cistrome.org/). The R package,
‘MCPcounter’, can quantify the absolute abun-
dance of two stromal cells and eight immune cells
using the transcriptome data and provide tumor
infiltration levels, and the TIMER provides a
comparison of tumors with somatic copy number
changes for a given gene (21). Somatic copy
number alterations (SCNAs) were defined by in-
cluding deep deletion, arm-level deletion, dip-
loid/normal, arm-level gain, and high amplifica-
tion (22). Two-sided Wilcoxon rank-sum tests
were performed to compare the infiltration levels
for each SCNA category.

Immunohistochemistry

We randomly selected 10 COAD paraffin sam-
ples and corresponding adjacent normal tissues
from the sample bank. The key genes protein
levels in formalin-fixed paraffin-embedded CO-
AD tissues and adjacent non-tumor tissues were
detected by immunohistochemistry (IHC) using
key genes antibodies (1:200, PROTEINTECH).

Statistical analysis

All statistical analyses were performed using R
software. Data from different groups were com-
pared using Wilcoxon tests. Statistical signifi-
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cance was considered to exist if the P-value was
less than 0.05 unless otherwise specified.

E'thics approval

The research protocol of this study was approved
by the Ethics Committee of The First Affiliated
Hospital, Zhejiang Chinese Medicine University
(number 2021-KIL.-201-01) and executed follow-
ing all corresponding guidelines and regulations.
All paraffin samples were obtained from the
sample bank of the First Affiliated Hospital of
Zhejiang University of Traditional Chinese Medi-
cine and the Ethics Committee approved the ap-
plication report for exemption from informed
consent.

Results

In all 6 DE-TRPICGs were screened in CO-
AD

We first screened DEGs between COAD and
normal samples in the TCGA-COAD cohort and
detected a total of 6003 DEGs, including 3257
up-regulated genes and 2746 down-regulated
genes (Fig.1A, Supplementary Table 1) (Supple-
mentary tables are not showed). By intersecting
with 28 TRP ion channel genes, we found six
differentially expressed TRP ion channel genes
(DE-TRPICGs), namely TRPM6(log,FC=-2.79,
P<0.05), TRP1V3(log,FC=-0.74, P<0.05),
TRPM4(log,FC=-1.02,  P<0.05), MCOLNZ?
(log,FC=-1.24, P<0.05), TRPA7(logFC=-0.91,
P<0.05), and TRPMZ2(log,FC=-1.01, P<0.05)
(Fig. 1B). Among them, TRPMZ? was up-
regulated, while TRPMo6, TRPI73, TRPM4,
MCOLN2, and TRPAT were down-regulated in
COAD samples compared to normal tissues (Fig.
1C). To understand further the interaction of the
proteins encoded by these six genes, we created
an interaction network of these six proteins using
STRING and displayed it in Fig. 1D.
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Fig. 1: Differentially expressed TRP ion channel genes (DE-TRPICGs) in colon adenocarcinomas (COAD) samples.
A. Volcano plot showing differential expressed genes in COAD. B. Heatmap indicating the DE-TRPICGs expres-
sion in COAD. C. The box plot showing the expression of the six TRPICGs. D. Protein-protein interaction (PPI)

network of the six TRPICGs

TRPA1 was identified as a prognostic marker
and its expression correlated with tumor
stage, T stage and N stage

To further determine whether the six DE-
TRPICGs affect the survival of COAD patients,
we performed the corresponding survival analy-
sis. Only TRPAT was correlated to the survival of
COAD patients (P<0.05) and served as a prog-
nostic marker (Fig. 2A-F). Moreover, the survival
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rate of COAD patients in the high TRPAT ex-
pression group was significantly higher than that
of COAD patients in the low TRP.A7 expression
group (P<0.05) (Fig. 2B). We compared TRPAT
expression in subgroups with different clinical
characteristics (Fig. 2G-J). TRPAT7 expression
was associated with tumor stage, T-stage, and N-
stage, but not M-stage (Fig. 2H). The expression
of TRPAT was significantly lower in stage II-IV
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samples than in stage I-II samples (P<0.05) (Fig.
2]). Meanwhile, the expression of TRPAT was
significantly lower in T3-T4 stage samples than in
T1-T2 stage samples (P<0.05) (Fig. 2G). The ex-
pression of TRPAT7 was significantly reduced in
N1-N2 stage samples compared with NO stage
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samples (P<0.05) (Fig. 2I). TRPAT was down-
regulated in stages with higher malighancy and
poorer prognosis, implying that TRPA7 played
an inhibitory role in the pathogenesis and pro-
gression of COAD.

TR e

- e - S

Fig. 2: Association of TRPAT1 levels in COAD samples with the survival of COAD patients. A-F. Kaplan-Meier
curve of patients with high and low expression of the six DE-TRPICGs. TRPA1 expression in T stage (G), N stage
(H), and M stage (I) and COAD stage (])

Functional enrichment analysis of high and
low expression of TRPA1

To further explore the functional role of TRPAT
in COAD progression, we took TRPAT as the
target gene and calculated the correlation coeffi-
cient between the expression of all other genes
and TRPAT. Using the correlation coefficient as
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the ranking standard, we performed GSEA en-
richment analysis. The results are listed in Sup-
plementary Table 2. The gene ontology (GO)
annotation showed that low TRPA7 expression
was associated with ‘catabolic process’, ‘amino
acid metabolic process’, ‘protein complex disas-
sembly’” in the biological processes (BP), ‘cyto-
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solic large ribosomal subunit’, ‘organellar ribo-
some’in cell component (CC), and ‘antigen bind-
ing’, ‘catalytic activity acting on a tRNA’in mo-
lecular function (MF). The Fig. 3A-C revealed the
top 10 gene ontology (GO) annotation. Similarly,
KEGG pathway enrichment showed that low
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TRPA1 expression was related to ‘cell cycle’ and
‘DNA replication’, while high TRPAT1 expression
was associated with ‘calcium signaling pathway’
and ‘glycan biosynthesis’. TRPA1 played an im-
portant role in the key biological processes of
COAD (Fig. 3D).

il

Fig. 3: Top ten GO items (A-C) and KEGG pathways (D) enriched by COAD in GSEA analysis

Investigation of mutational of TRPAI in
COAD samples

To gain further insight into somatic mutations in
COAD samples in the TCGA-COAD cohort,
relevant data were extracted and proceeded. Fig.
4A shows the overall mutation information in
COAD samples, including variation classification,
variation type, single nucleotide polymorphisms
(SNVs), and top ten mutated genes. Notably,
missense mutations were the predominant muta-
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tion type. We also analyzed the somatic muta-
tions in TRPAT and found that only 7% of CO-
AD samples had TRPA7 mutations, including
amplification, missense, splicing, and truncating
mutations (Fig. 4C). We then compared the dif-
ference in survival between patients with and
without TRPA7 mutations. However, the diffet-
ence was not significant (Fig. 4B).

We also performed correlation analysis and iden-
tified the top ten genes that were positively and
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negatively associated with TRPA7 expression
(Supplementary Table 3). For the top 20 genes,
we performed somatic mutation analysis and not-
ed that 16 genes had mutations (Fig. 4D). Among
them, the mutation rates of ADGRIL3 and
SALILT were higher than 20%, with the majority
being missense mutations (Fig. 4D). The relation-
ship of these 16 genes mutations was shown in

Fig.4E. Each square represents the interaction
relationship between the two genes, and the
darker the color, the tighter the interaction rela-
tionship (green indicates co-occurrence, red indi-
cates mutually exclusive). Mutations of TRPAT-
related genes may play a crucial role in promoting
colon cancer.
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Fig. 4: TRPA1 and mutations in COAD samples. A. Summary of mutation information in COAD samples. B. K-M

survival curves of patients with mutated and non-mutated TRPA1. C. Mutations of TRPA1 gene in COAD samples.

D. Waterfall plot to display the mutations in 16 TRPA1-related genes in COAD samples. E. The correlation analysis
of 16 TRPA1-related mutant genes
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The expression level of TRPA1 was related to
the CNV of Gain and Diploid

We analyzed the type of CNVs, including shallow
deletion, diploid, gain, and amplification, in
TRPAT and their effects on TRPAT expression
utilizing the cBioPortal database (23). Most CNV
types were distributed in diploid and gain. In ad-

Type Es3 Amplification

dition, patients with Gain in TRPA7 showed sig-
nificantly higher TRPAT expression than patients
with Diploid in TRPAT7 (Fig. 5). Therefore, the
expression level of TRPA7 may be related to
CNV of Gain and Diploid, but the causal rela-
tionship is still unknown.

Diploid =1 Gain Fed Shallow Deletion

ns

ns

ns

ns

TRPA1 log2(FPKM+1)
I

Amplification Diploid

Gain Shallow Deletion

CNV

Fig. 5: The correlation between TRPA1 gene expression and its copy number variation types

Immune cell infiltration and CNV were cor-
related with the expression of TRPA1

TRPAT expression was related to immune-related
pathways (Supplementary Table 2). Hence, we

Awvailable at:
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further analyzed the correlation between TRP.A7
expression and infiltration of six types of im-
mune cells using the TIMER database. TRPA1
expression was significantly correlated with the
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infiltration of five types of immune cells, includ-
ing B cells, CD4" T cells, CD8" T cells, neutro-
phils, and dendritic cells (P<0.05) (Fig. 6A). Be-
sides, we divided COAD samples into high and
low TRPAT expression groups and compared the
difference in immune infiltration between the
two groups. The infiltration of most immune
cells were related to TRPAT expression (Fig. 6B).
We further explored the relationship between
immune cell infiltration and TRPA7 CNVs and

analyzed the role of TRPA7 CNVs in immune
cell infiltration. Fig. 6C shows the distribution of
immune subsets at various copy number levels in
COAD samples. Arm-level gain significantly af-
fected the infiltration level of B cells, arm-level
deletion and arm-level gain significantly affected
the infiltration level of CD8" T cells, and arm-
level gain and amplification significantly affected
the infiltration level of dendritic cells.
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Fig. 6: TRPA1 was related to immune microenvironment. A. The correlation between TRPA1 gene expression and
six immune cells. B. Difference of immune infiltration between the TRPA1 high and low expression group. C. Effect
of the Genetic Alterations of TRPA1 on the immune cell infiltration

TRPA1 expression was down-regulated in
COAD samples

We randomly selected ten pairs of COAD sam-
ples and corresponding adjacent normal samples
from the sample bank for further verification.
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TRPA1 was downregulated in COAD samples
compared with normal tissues in protein level
(Fig. 7), which is in good agreement with the pre-
vious gene analysis (Fig. 1C).
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Cancer

Normal

Discussion

As one of the most prevalent cancer types, can-
cers of the digestive system are often diagnosed
at an advanced stage, resulting in a poor progno-
sis (24). The relationship between TRP ion chan-
nel levels and gastrointestinal cancers has become
the focus of many researchers (25). In this study,
we downloaded the sequencing data, clinical data,
mutations data, CNVs data, and immune data of
COAD patients from the TCGA database and
analyzed the genetic signature and prognostic
value of TRPAT in COAD patients.

In this study, six TRP ion channel genes were
differentially expressed, and the levels of proteins
they encoded were related to each other. Howev-
er, in the subsequent survival analysis, only the
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TRPAI

Fig. 7: TRPA1 Expression in colon cancer and normal samples

expression of TRPAT7 was found to be associated
with the prognosis of COAD patients. Besides,
TRPAT was downregulated in COAD patients,
and a higher TRPA7 expression was associated
with longer survival of COAD patients. Addi-
tionally, TRPA7 expression was low in cancer
tissues compared to adjacent normal tissues using
clinical samples. Further, we collated patients’
pathological data, including tumor (T), node (N),
and metastasis (M), and divided them into high
and low TRPAT7 expression groups. The expres-
sion of TRPA7 was low in the stage III-IV
group, N1-N2 group and T3-T4 group compar-
ing stage I-II , NO and T1-T2, but there was no
significant difference in the stage MO-MI.
TRPAT might be a strong prognostic marker for
COAD. Thus, we performed a single-gene GSEA
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analysis of and the results showed that the low
expression of TRPAT is related to "cell cycle"
and its high expression is related to "calcium sig-
naling pathway". The abnormality of cell cycle
progression is one of the basic mechanisms of
tumor occurrence. Treatment targeting the com-
ponents of cell cycle mechanisms can not only
inhibit cancer cell division, but also reverse can-
cer metabolism, restore cancer immune monitor-
ing, and so on (26). Calcium signaling is a crucial
second messenger in intracellular and intercellular
signaling pathways, contributing to the progres-
sion of cancer(27). It can intervene in the devel-
opment of colon cancer by regulating cell cycle
(28-30). Upregulation of RFC2 and downregula-
tion of miR-744 was observed in CRC tissues
(30). RFC2 knockdown promotes cell cycle arrest
in Gl phase by downregulating cyclin E2
(CCNE2) both in vivo and in vitro, thereby in-
hibiting CRC cell proliferation. A recent study
can prevent the migration and invasion of CRC
by activating intracellular calcium signals. TRPM4
activates calpain mediated FAK cleavage through
intracellular Ca2+signaling and prevents CRC
migration and invasion by regulating the
PI3K/Akt/mTOR signaling cascade (31). Simi-
larly, we found that TRPA1 may be related to
colon cancer progression through cell cycle and
ion channel mechanisms.

Cancer is generally believed to be a clonal prolif-
erative disease originating from somatic muta-
tions to obtain genomic instability (32). Our re-
sults showed that 7% of COAD samples har-
bored mutations in TRPAT, including amplifica-
tion, missense, splicing, and truncation muta-
tions. No significant difference in survival was
found between the TRPA7 mutation and non-
mutation groups. However, among the 20 genes
highly related to TRPA7, 16 have mutations, and
most of their expression are highly correlated.
Therefore, we suspect TRPA7 may play a bridge
role in other gene mutations. Genes targeted by
CNVs play a central role in tumorigenesis therapy
(33, 34), and accurate detection of CNVs is es-
sential to cancer genome profiling, which can
increase cancer prognosis and improve treatment
decisions. We further analyzed the CNV types of
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TRPAT and their relationship with TRPAT7 ex-
pression. The results showed that CNV types of
COAD patients mainly existed in Gain and Dip-
loid, and TRPAT expression was generally low,
which was consistent with the previous results
showing that TRP.A7 was downregulated in tu-
mor patients. TRPAT expression in patients with
Gain-type CNVs was lower than that in patients
with Diploid-type CNVs, suggesting that patients
with Gain-type CNVs may have a worse progno-
sis. However, more data are needed to verify our
conjecture.

Expression of TRPAT7 was positively correlated
with the infiltration of five types of immune cells,
including CD8" T cells, a typical anti-tumor im-
mune cells that can recognize tumor cells
through antigens and produce cytotoxic mole-
cules to kill them (35). Neutrophils can activate
and regulate innate and adaptive immune cells as
an effector. Therefore, neutrophils play a crucial
role in protecting the body against intracellular
pathogens, autoimmunity, chronic inflammation,
and cancers (36, 37). B cells in our bodies are
considered the primary effector cells of humoral
immunity, which suppress tumor progression by
secreting immunoglobulins, causing T cells to
respond, and directly killing cancer cells (38).
TRPAT is involved in the COAD immune mi-
croenvironment. Recently, various studies have
demonstrated the significant impact of CNVs on
immune responses (39-41). Our study also ex-
plored the correlation between CNVs of TRPAT
and immune cell infiltration in COAD. Some
CNVs of TRPAT could inhibit immune cell infil-
tration.

Our study has a drawback. Some results in this
study were inferred from bioinformatics without
being experimentally verified. Future experiments
are needed to validate further our results.

Conclusion
TRPAT plays a bridge role in colon cancer gene
mutation. It might be a prognostic marker for

COAD. In addition, TRPAT7 expression is closely
related to immune infiltration and CNVs, which
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may be the reason for the better prognosis of
COAD patients with higher TRPAT7 expression.
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