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Abstract
BACKGROUND 
Members of the transient receptor potential (TRP) protein family shape oncogenic 
development, but the specific relevance of TRP-related genes in hepatocellular 
carcinoma (HCC) has yet to be defined.

AIM 
To investigate the role of TRP genes in HCC, their association with HCC deve-
lopment and treatment was examined.

METHODS 
HCC patient gene expression and clinical data were downloaded from The Cancer 
Genome Atlas database, and univariate and least absolute shrinkage and selection 
operator Cox regression models were employed to explore the TRP-related risk 
spectrum. Based on these analyses, clinically relevant TRP family genes were 
selected, and the association between the key TRP canonical type 1 (TRPC1) gene 
and HCC patient prognosis was evaluated.

RESULTS 
In total, 28 TRP family genes were screened for clinical relevance, with multiva-
riate analyses ultimately revealing three of these genes (TRPC1, TRP cation 
channel subfamily M member 2, and TRP cation channel subfamily M member 6) 
to be significantly associated with HCC patient prognosis (P < 0.05). These genes 
were utilized to establish a TRP-related risk model. Patients were separated into 
low- and high-risk groups based on the expression of these genes, and high-risk 
patients exhibited a significantly poorer prognosis (P = 0.001). Functional analyses 
highlighted pronounced differences in the immune status of patients in these two 
groups and associated enriched immune pathways. TRPC1 was identified as a 
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candidate gene in this family worthy of further study, with HCC patients expressing higher TRPC1 levels 
exhibiting poorer survival outcomes. Consistently, quantitative, immunohistochemistry, and western blot analyses 
revealed increased TRPC1 expression in HCC.

CONCLUSION 
These three TRP genes help determine HCC patient prognosis, providing insight into tumor immune status and 
immunological composition. These findings will help design combination therapies including immunotherapeutic 
and anti-TRP agents.

Key Words: Transient receptor potential family genes; Hepatocellular carcinoma; Transient receptor potential canonical type 1; 
Novel oncogene

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The most common form of primary liver cancer is hepatocellular carcinoma (HCC). People with chronic liver 
conditions, such as cirrhosis caused by hepatitis B or hepatitis C infection, are most likely to develop HCC. Although the 
predictive value of transient receptor potential (TRP)-related genes in HCC is unknown, TRP family gene proteins influence 
tumor progression. Our current study assessed the family-related TRP factors to establish the prognosis and treatment plan 
for HCC.

Citation: Mei XC, Chen Q, Zuo S. Transient receptor potential-related risk model predicts prognosis of hepatocellular carcinoma 
patients. World J Gastrointest Oncol 2023; 15(12): 2064-2076
URL: https://www.wjgnet.com/1948-5204/full/v15/i12/2064.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i12.2064

INTRODUCTION
Liver cancer is the sixth most prevalent cancer globally, with 840000 diagnoses and 780000 deaths annually[1-3]. Rising 
incidence rates and poor survival rates for hepatocellular carcinoma (HCC) patients in China[4,5] have made it a leading 
type of primary liver malignancy[6,7]. As HCC tumors exhibit a prolonged latency period and are generally not 
symptomatic during the early stages of disease, many patients already present with advanced or metastatic disease upon 
initial diagnosis[8-10]. Thus, the identification of new biomarkers capable of guiding the prognostic evaluation of HCC 
patients is critical to improve clinical outcomes for this deadly disease.

Ion channels play essential roles in the maintenance of cellular physiology and responsivity, and their dysregulation is 
common in cancers and other diseases. Proteins in the transient receptor potential (TRP) channel family function as non-
selective cationic channels on the cell surface involved in regulating calcium homeostasis and signaling[11-13]. The 
regulation of calcium stores is directly associated with how tumor cells, including HCC cells, proliferate[14], migrate, 
invade[15], and tolerate drug treatment[16]. TRP family genes have previously been implicated in the pathogenesis of 
diseases and cancers, including breast[17], pancreatic[18], ovarian[19], and prostate malignancies[20].

HCC has a high infiltration of immune cells, and immune responses and immune checkpoints are co-stimulators or co-
suppressors required for an immune response to take place in HCC tumor cells. HCC is comprised of multiple cells, 
including tumor cells and non-tumor cells, with non-tumor cells containing regulatory factors, such as cytokines, growth 
factors, and certain hormones, which make up the tumor microenvironment (TME). Most immune cells, including 
macrophages, are critical for initiating tumor immune responses, such as immune surveillance, immune self-stabilization, 
and immune regulation. Wu et al[21] demonstrated important roles for TRP family gene members in pan-cancer analyses, 
indicating an intricate association between these genes and the TME. Takahashi et al[16] additionally demonstrated the 
ability of nuclear factor erythroid 2-related factor 2 to promote the upregulation of TRP cation channel, subfamily A, 
member 1 (TRPA1), thus promoting oxidative stress within tumor cells, and such efforts to target TRPA1 may represent a 
viable means of treating certain cancers.

At present, systematic bioinformatics-based studies of TRP family genes are lacking in the HCC research field. 
Accordingly, the present study was designed to comprehensively explore the prognostic relevance of TRP family genes in 
HCC by utilizing data from public databases, with further analyses aimed at the exploration of biological processes 
through which these genes may impact HCC patient prognosis to provide an effective foundation for the individualized 
treatment of HCC patients.

https://www.wjgnet.com/1948-5204/full/v15/i12/2064.htm
https://dx.doi.org/10.4251/wjgo.v15.i12.2064
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MATERIALS AND METHODS
The Cancer Genome Atlas database analyses
The Cancer Genome Atlas (TCGA), https://portal.gdc.cancer.gov/, a project developed by the National Cancer Institute 
and the National Human Genome Research Institute, provides transcriptomic and clinical data on patients with many 
different cancer types. In the present study, we queried TCGA-HCC patient data and used TCGAbiolinks to download 
the quantitative gene expression data and clinical information of HCC patients in TCGA database. From these data, the 
expression data of the 28 TRP family genes were extracted for subsequent analyses.

Survival analysis
Gene expression data of HCC patients (370 cases) and related clinical information were downloaded from TCGA website 
for further analyses. All statistical analyses were performed using R. Logistic regression and receiver operating charac-
teristic (ROC) methods were used to analyze the relationship between clinicopathological features and TRP family genes. 
The Kaplan-Meier method and Cox regression analysis were used to determine the clinicopathologic characteristics 
associated with overall survival (OS) of patients in TCGA database. Critical values for TRP family gene expression were 
based on median expression values. Kaplan-Meier curves were used to estimate the effect of 28 TRP family genes on OS 
in HCC patients. Based on the optimal segregation results, patients were categorized into TRP family gene low expression 
and TRP family gene high expression groups. P < 0.05 were considered statistically significant.

Protein-protein interaction network construction and hub gene identification
The STRING database (https://string-db.org/) enables the analysis of complex interactions among proteins, and 
Cytoscape is an open-source bioinformatics tool for creating and visualizing molecular interaction networks. A 
confidence level of 0.4 was used to construct protein-protein interaction (PPI) network maps for the identified differential 
genes of the TRP family. Cytoscape software was then used to visualize and construct the interaction network map, and 
the key gene modules in the network map were screened using the Molecular Complex Detection (MCODE) plug-in, 
which identifies the key gene modules in the network. The following settings were used in MCODE: Degree cutoff of 2, 
node score cutoff of 0.2, K-core of 2, and maximum depth of 10024.

Construction of a TRP family gene-based risk score prognostic model
To examine the prognosis of patients with HCC in TCGA dataset, a Cox proportional hazards regression model was 
constructed. Initially, HCC patient prognosis-related TRP family genes were screened through one-way Cox regression 
analyses with a significance threshold of P < 0.05 using the survival package in R. A least absolute shrinkage and 
selection operator (LASSO) regression analysis was then implemented using the glmnet package in R to eliminate any 
overfitted genes included within this model. A prognostic nomogram was further generated based on a multifactorial 
Cox proportional risk regression analysis.

Patients with HCC were separated into two groups according to whether they were above or below the median risk 
score value (high risk and low risk) in an effort to clarify the prognostic relevance of this risk score. Patients’ OS was then 
analyzed with Kaplan-Meier curves. Moreover, the sensitivity and specificity of column plots were estimated based on 
the area under the ROC curve (AUC), with an AUC > 0.06 considered indicative of good predictive validity.

TRP family gene-based nomogram construction
The rms package in R was utilized to generate a nomogram incorporating clinical characteristics and risk score values 
related to patient outcomes in an effort to establish a tool capable of predicting HCC patient prognosis. The accuracy and 
predictive performance of this model were assessed using calibration curves.

Immune cell type score analyses
The cell-type identification by estimating relative subsets of RNA transcripts (CIBERSORT) anti-convolution algorithm is 
a machine learning method based on linear support vector regression to assess the percentage of 22 immune cells in a 
tissue or cell. We used the CIBERSORT deconvolution method to simulate the transcriptionally characterized substrates 
of 22 immune cells including B cells, plasma cells, T cells, natural killer (NK) cells, monocytes, macrophages, dendritic 
cells (DC), mast cells, eosinophils, and neutrophils. The immune cell infiltration of the TRP family gene-expressing HCC 
patient samples was compared to normal samples to investigate the relationship between TRP family genes and the infilt-
ration of 22 immune cell types in HCC patients in the high- and low-risk groups.

Cell lines and cell culture
The Huh7, HepG2, MHCC-97H, and LM3 HCC cell lines, as well as the control immortalized LO2 hepatic epithelial cell 
line, were cultured in Dulbecco’s Modified Eagle Medium (Hyclone, Logan, UT, United States) containing 10 g/L fetal 
bovine serum (Gibco, Waltham, MA, United States) and 1 g/L penicillin/streptomycin in a 37 ℃ 5% CO2 incubator. A 
Mycoprobe Mycoplasma Detection Kit (R&D Systems, Minneapolis, MN, United States) was used to confirm that cells 
were mycoplasma-free.

Western blot
HCC cells with good cell growth were collected and lysed using radioimmunoprecipitation assay buffer, and protein 
concentration was determined using a bicinchoninic acid protein assay kit. Proteins were separated using sodium 

https://portal.gdc.cancer.gov/
https://string-db.org/
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Figure 1 Study flow chart. HCC: Hepatocellular carcinoma; TCGA-HCC: The Cancer Genome Atlas-hepatocellular carcinoma; TRP: Transient receptor potential.

dodecyl sulfate polyacrylamide gel electrophoresis and then transferred to polyvinylidene difluoride membranes. The 
membranes were blocked in blocking buffer for 1 h and then incubated overnight with the following primary antibodies: 
Anti-TRP canonical type 1 (TRPC1) (ab192091; Abcam, Cambridge, MA, United States) and anti-GAPDH (10494-1-AP; 
Proteintech, Rosemont, IL, United States). Then the membranes were incubated with secondary antibodies. The protein 
bands were visualized using enhanced chemical reagents and analyzed with ImageJ software (V1.8.0.0).

Quantitative polymerase chain reaction
Following treatment with actinomycin D (1 g/mL) for the appropriate intervals, the RNAiso Plus Kit (Cat# 108-95-2; 
Takara Bio, Beijing, China) was used to extract total cellular RNA. The RT Reagent Kit (Cat# RR047A, Takara Bio; Cat# 
KR211-02, TIANGEN Biotech, Beijing, China) was used to prepare the cDNA, and quantitative PCR (qPCR) reactions 
were performed with the FastStart Universal SYBR Green Master Mix (Cat# 04194194001, Roche, Basel, Switzerland; Cat# 
FP411-02, TIANGEN Biotech) and the Applied Biosystems 7500 Real-Time PCR System (Applied Biosystems, Foster City, 
CA, United States). The following primers were used: TRPC1 forward, 5’-AAACGGGGATTATTAGTAG-3’; TRPC1 
reverse, 5’-TATCTTCTTACAGGTGCT-3’; GAPDH forward, 5’-GGAGCGAGATCCCTCCAAAAT-3’; and GAPDH reverse, 
5’-GGCTGTTGTCATACTTCTCATGG-3’.

Immunohistochemical staining
Tissue sections were deparaffinized using xylene, rehydrated using an ethanol gradient, and incubated for 20 min in 
sodium citrate buffer (pH 6.0) at 95 ℃, followed by treatment for 20 min each with 3% hydrogen peroxide and 10% goat 
serum in phosphate-buffered saline (PBS) + 0.2% Tween. Sections were probed overnight at 4 ℃ with an appropriate 
primary antibody (ab110837; Abcam) in 5 g/L goat serum, washed with PBS, incubated for 40 min at room temperature 
with secondary antibodies, and developed using 3,3-diaminobenzidine tetrahydrochloride. All tissue samples were 
obtained from patients under the approval of the Ethical Review Committee of the Affiliated Hospital of Guizhou 
Medical University (Research Ethics Committee, 2021039; Guizhou, China), with patients providing written informed 
consent (Supplementary Table 1). Two pathologists independently scored all tissue and immunohistochemistry (IHC) 
sections based on the staining intensity (0, negative; 1, weak; 2, moderate; and 3, strong) and positive staining area (0, 
10%; 1, 10%-25%; 2, 26%-50%; 3, 50%-75%; and 4, 75%-100%). These scores were multiplied to yield a final score, with 
high expression indicated by a score ≥ 6.

Statistical analyses
R 3.6.2 was used for the statistical analyses, with differences in prognosis between low- and high-risk groups being 
assessed via the Kaplan-Meier method. P < 0.05 was the significance threshold.

RESULTS
Analyses of TRP family gene expression in HCC patients included within TCGA database
A flow chart outlining the present study process is provided in Figure 1. In total, 28 TRP family genes were retrieved 
from the literature and TCGA database (Supplementary Table 1). The limma package in R was used to analyze TCGA-

https://f6publishing.blob.core.windows.net/b4c018ad-59a1-470b-92ac-59ef8497f68a/WJGO-15-2064-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b4c018ad-59a1-470b-92ac-59ef8497f68a/WJGO-15-2064-supplementary-material.pdf
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Figure 2 Analyses of differential transient receptor potential family gene expression in hepatocellular carcinoma. A: Heatmap representing the 
relative expression levels of 28 transient receptor potential (TRP) family genes in hepatocellular carcinoma (HCC) patients and control individuals in The Cancer 
Genome Atlas-HCC (TCGA-HCC) cohort; B: Violin plots representing the expression of 28 TRP family genes in HCC patients and control individuals from TCGA-HCC 
cohort; C: Protein-protein interaction network highlighting interactions among differentially expressed TRP family genes. bP < 0.01; cP < 0.001; NS: Not significant.

HCC patient RNA sequencing data with the goal of assessing the expression of these TRP genes in 374 HCC samples and 
50 normal control tissue samples (Figure 2A). Among the 28 TRP family genes, only polycystin-2, TRP cation channel 
subfamily C member 2, TRP vanilloid-3, and TRP vanilloid-6 were not differentially expressed in HCC tumor tissues and 
adjacent tissues, but 24 TRP family genes were differentially expressed in cancer tissues and adjacent paracancerous 
tissues of HCC patients (Figure 2B). A PPI network was then constructed to assess interactions among these genes 
(Figure 2C), and additional details regarding the roles and scores of these genes are provided in Supplementary Table 2. 
These results highlighted the important roles that TRP family genes may play as regulators of key processes in HCC 
patients.

To identify prognosis-related TRP family-related genes, we performed Cox regression modeling using the LASSO 
algorithm on the 24 differentially expressed genes between HCC patients and normal healthy controls. Using the best λ 
parameter in the 10-fold validation, three TRP family-related genes, namely, TRPC1, TRP cation channel subfamily M 
member 2 (TRPM2), and TRP cation channel subfamily M member 2 (TRPM6), were selected (Figure 3A and B) As 
expected, univariate Cox analysis showed that some of the 24 genes were associated with OS in HCC patients, and 
multifactorial regression analysis indicated that TRPC1 was one of the independent prognostic factors in HCC patients 
(Figure 3C). A risk score was computed using the following model: Risk score = (TRPC1 × 0.156495) + (TRPM2 × 
0.075215) + (TRPM6 × 0.058265). Median risk score values were then used to stratify patients into low and high-risk 
groups, with Kaplan-Meier curves revealing a shorter OS among high-risk patients compared to low-risk individuals (P = 
0.001; Figure 3D). ROC curve analyses demonstrated the accuracy of this risk scoring model (Figure 3E), and risk score 
distributions for these HCC patients together with their survival status are presented in Figure 3F. These results 
suggested that TRPC1 may serve as a valuable prognostic marker in individuals diagnosed with HCC either alone or in a 

https://f6publishing.blob.core.windows.net/b4c018ad-59a1-470b-92ac-59ef8497f68a/WJGO-15-2064-supplementary-material.pdf
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Figure 3 Prognostic analyses of hepatocellular carcinoma patients based on transient receptor potential family gene expression. A: Cross-
validation of tuning parameter selection in the least absolute shrinkage and selection operator model by a factor of 10 using The Cancer Genome Atlas-hepatocellular 
carcinoma (HCC) data; B: Least absolute shrinkage and selection operator coefficients for selected transient receptor potential (TRP) family-related genes; C: Forest 
plots representing risk associated with prognostic TRP family genes in HCC; D: Kaplan-Meier curves comparing outcomes for low- and high-risk HCC patients 
classified according to risk scores; E: Receiver operating characteristic curves corresponding to HCC patient 1-, 3-, and 5-year survival rates based on TRP family 
gene expression; F: Relationship between TRP family gene expression and survival status. HR: Hazard ratio; TRPC1: Transient receptor potential canonical type 1; 
TRPM: Transient receptor potential cation channel subfamily M.

3-TRP gene signature.

Analysis of the prognostic relevance of the 3-TRP gene signature in HCC
The ability of the developed 3-TRP gene signature to serve as a predictor of HCC patient OS independent of other clinical 
characteristics (T stage, M stage, pathological grade, residual tumor, and risk score) was examined through univariate 
and multivariate Cox regression approaches. Factors significantly associated with patient OS in the univariate analyses 
included T stage, M stage, pathological grade, and risk score values (P < 0.05) (Figure 4A), while only risk score values 
remained independently associated with OS in multivariate analyses of TCGA patient cohort (Figure 4B). These results 
suggested that the developed risk scoring model can be utilized as a tool to independently predict HCC patient disease 
outcomes. A nomogram was additionally constructed with the rms package in R, which incorporated this 3-TRP gene 
signature-based risk score and other clinical characteristics to gauge survival odds (Figure 4C). In this model, higher 
scores were indicative of a poorer prognosis. Calibration curves revealed good consistency of actual patient 1-, 3-, and 5-
year OS with that predicted by this nomogram (Figure 4D-F). Therefore, this predictive model is a valuable tool for the 
evaluation of HCC patient long-term prognosis.

Association between TRP family genes and the tumor immune microenvironment
To fully explore immune cell distributions and their relationships with established risk groups in individuals with HCC, 
the CIBERSORT algorithm was employed to approximate tumor infiltration of 22 different immune cell types and the 
relationship between such infiltration and TRP family genes in TCGA HCC patient cohort and corresponding control 
samples. The degree of immune cell infiltration was higher in the high-risk group than in the low-risk group, especially in 
γ-δ T cells and M0 macrophages (Figure 5A and B). We further analyzed the correlation of risk scores with the degree of 
immune cell infiltration. Core TRP family genes were closely correlated with the infiltration of important immune cell 
types including T cells, NK cells, DCs, and memory T cells (|cor > 0.3|) (Figure 5C and D). γ-δ T cells (P = 0.02, r = 0.34) 
and activated CD4 memory T cells (P = 0.05, r = 0.29) were positively correlated with the risk scores, whereas activated 
NK cells (P = 0.01, r = 0.36) and activated DCs (P = 0.02, r = 0.33) were negatively correlated with the risk scores 
(Figure 5C and D). Of these cell types, only T cells exhibited both a significant correlation with TRP family genes and 
differential infiltration levels between sample types (Figure 5E). Thus, these data indicated that core TRP family genes are 
closely related to immune cell infiltration, with individuals in the TRP-based high-risk group exhibiting upregulation of 
most immune-related cell activities (Figure 5F).
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Figure 4 Analyses of the independent prognostic significance of transient receptor potential family gene expression. A and B: Univariate and 
multivariate Cox regression analyses of hepatocellular carcinoma (HCC) patients included within The Cancer Genome Atlas database; C: Model developed based on 
a combination of HCC patient clinical characteristics and risk signatures; D-F: Calibration curve plots demonstrating model predictive performance for 1-, 3-, and 5-
year overall survival. HR: Hazard ratio.

Analysis of TRPC1 expression in HCC
While TRPC1, TRPM2, and TRPM6 were identified as core TRP family genes potentially associated with HCC 
pathogenesis, no significant differences in HCC patient prognosis were observed as a function of TRPM2 or TRPM6 
expression. As such, TRPC1 expression and prognostic significance were further explored in greater detail. Initial pan-
cancer analyses highlighted high levels of TRPC1 expression in most tumor types relative to corresponding normal tissue 
controls, including HCC (Figure 6A). Consistently, significantly higher levels of TRPC1 expression were detected in liver 
cancer samples relative to paired paracancerous tissues (Figure 6B), and the HCC patients exhibiting higher TRPC1 
expression levels also had a poorer prognosis (Figure 6C). To independently confirm these results, qPCR and western blot 
analyses were conducted using the LM3, Huh7, MHCC-97H, and HepG2 HCC cell lines, as well as immortalized liver 
epithelial cells. In line with patient data, TRPC1 expression at the mRNA and protein levels was increased in HCC cells 
compared to epithelial controls (Figure 6D and E). Additional tissue samples were also collected from liver cancer 
patients at the Guizhou Medical University Affiliated Hospital and used for IHC staining, confirming that TRPC1 
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Figure 5 Analyses of the association between transient receptor potential family genes and the tumor immune microenvironment. A: 
Immune cell infiltration analysis for 22 types of immune cells in hepatocellular carcinoma (HCC) and control patient samples from The Cancer Genome Atlas-HCC 
cohort; B: Violin plot revealing differences in the relative infiltration of 22 immune cell types in HCC and control patient samples; C: Scatter plot exhibiting correlations 
between hub transient receptor potential family genes and 22 different immune cell types; D: Heatmap revealing correlations between hub gene expression and 22 
different immune cell types; E: Venn diagram revealing overlapping immune cell types exhibiting differential expression and relevance; F: Heatmap corresponding to 
the association of high- and low-risk groups with immune cell infiltration. NK: Natural killer.

expression was upregulated in HCC patient tumors relative to adjacent healthy tissue (Figure 6F). In summary, HCC 
patients who have elevated TRPC1 expression have poorer prognostic outcomes.

DISCUSSION
Unlike many other gene families, TRP family members have been largely overlooked in oncological studies despite their 
strong associations with the onset and progression of other disease types[22-24]. Here, TRP family gene expression 
profiles were analyzed for the first time in HCC, underscoring potentially important roles for these genes as mediators of 
oncogenesis. Moreover, TRPC1 expression was experimentally confirmed to be dysregulated in HCC, suggesting that this 
protein may be a viable target for pharmaceutical intervention.

TCGA database is widely utilized throughout the world to study patterns of gene expression across many tumor types
[25,26]. In the present study, 28 TRP family genes were selected, and their expression levels were analyzed in TCGA-HCC 
cohort. The majority of these genes were upregulated in HCC, and multivariate Cox regression analysis demonstrated 
that three of these genes (TRPC1, TRPM2, and TRPM6) were related to patient OS. These genes were then incorporated 
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Figure 6 Transient receptor potential canonical type 1 expression analyses in hepatocellular carcinoma. A: Transient receptor potential 
canonical type 1 (TRPC1) expression levels in different cancers; B: TRPC1 expression in hepatocellular carcinoma (HCC) tumors and adjacent tissues; C: 
Differences in the prognostic outcomes of patients expressing different TRPC1 levels in HCC; D and E: Comparisons of TRPC1 mRNA levels in the control LO2 liver 
epithelial cell line and in HCC cell lines; F: Immunohistochemical analysis of TRPC1 expression levels in HCC tumors and adjacent normal tissue. aP < 0.05; cP < 
0.001.

into a LASSO regression analysis-based predictive model. The TME is closely related to tumor progression in HCC and 
many other malignancies[27-29], and TRP channels facilitate communication between cells. These ion channels may thus 
influence immune cell activity in the TME, potentially facilitating tumor immune evasion[30-32]. Correlation analyses 
indicated that TRP family gene expression was closely correlated with the intratumoral infiltration of many immune cell 
types. Survival analyses further highlighted TRPC1 as being closely tied to HCC patient outcomes, prompting further 
analysis of this gene as a core TRP gene in subsequent analyses.

TRP channels function as critical non-selective cation channels related to the onset of a range of tumor types[33,34]. 
TRPC1 was herein identified as the most relevant member of this gene family in HCC. In colorectal cancer, TRPC1 has 
been reported to be upregulated, and TRPC1 knockdown suppresses the in vivo growth of tumors, highlighting its 
functional importance in this form of cancer[35]. To the best of our knowledge, the present study was the first to assess 
the expression of TRPC1 in HCC based on TCGA database. The present results provided clear evidence in support of 
pronounced TRPC1 upregulation in HCC as determined through both qPCR and western blot analyses of tumors and 
paracancerous samples. IHC staining yielded similar results, supporting the identification of TRPC1 as a candidate 
oncogene in the development of HCC.
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While these results offer a valuable new foundation for studies focused on the association between TRPC1 and HCC, 
these findings are subject to certain limitations. First, only TCGA database was analyzed in the present study, potentially 
introducing some degree of sample bias into the results. Additional studies that include more HCC patient samples and 
additional clinical parameters will be conducted in the future to enhance the accuracy of these findings. Second, experi-
mental evidence explaining the mechanistic role of TRPC1 as a regulator of HCC progression is currently lacking and 
warrants further study. Although these results offered new perspectives regarding the role of TRP family genes in HCC, 
more work is necessary to clarify the underlying mechanisms and the potential value of TRPC1 as a target for pharmaco-
logical intervention.

CONCLUSION
In summary, the present comprehensive study of the part of TRP-related genes led to the successful establishment of a 
TRP-related gene signature associated with HCC patient outcomes. Moreover, TRPC1 was identified as a potential 
oncogenic driver and candidate target for therapeutic intervention in this cancer type.

ARTICLE HIGHLIGHTS
Research background
The most typical form of primary liver cancer is hepatocellular carcinoma (HCC). People with chronic liver conditions, 
such as cirrhosis caused by hepatitis B or hepatitis C infection, are most likely to develop HCC. Although the predictive 
value of TRP-related genes in HCC is unknown, transient receptor potential (TRP) family gene proteins influence tumor 
progression. Our current study aimed to assess the family-related TRP factors to establish the prognosis and treatment 
plan for HCC. We downloaded the mRNA expression profiles and corresponding clinical information for the HCC 
patients from the cancer genome atlas (TCGA) database. Univariate and least absolute contraction and selection operator 
(LASSO) Cox regression models were used to construct the TRP risk spectrum, infer the clinically significant TRP family 
core genes, and examine the correlation between the core gene TRP canonical type 1 (TRPC1) and the expression and 
prognosis of HCC. Our findings propose that the predictive characteristics of the 3-TRP gene discussed in this study are 
not only effective for prognosis prediction but also related to the tumor's immune status and the infiltration of various 
immune cells in the tumor microenvironment. These results may provide significant clinical indications for HCC patients 
to propose a new combination therapy consisting of targeted anti-TRP treatment and immunotherapy.

Research motivation
To investigate the role of TRP genes in HCC, their association with HCC development and treatment was examined.

Research objectives
To investigate the role of TRP genes in HCC, their association with HCC development and treatment was examined.

Research methods
HCC patient gene expression and clinical data were downloaded from The Cancer Genome Atlas database, and 
univariate and LASSO Cox regression models were employed to explore the TRP-related risk spectrum. Based on these 
analyses, clinically relevant TRP family genes were selected, and the association between the key TRPC1 gene and HCC 
patient prognosis was evaluated.

Research results
In total, 28 TRP family genes were screened for clinical relevance, with multivariate analyses ultimately revealing three of 
these genes (TRPC1, TRP cation channel subfamily M member 2, and TRP cation channel subfamily M member 6) to be 
significantly associated with HCC patient prognosis (P < 0.05). These genes were utilized to establish a TRP-related risk 
model. Patients were separated into low and high-risk groups based on the expression of these genes, and high-risk 
patients exhibited a significantly poorer prognosis (P = 0.001). Functional analyses highlighted pronounced differences in 
the immune status of patients in these two groups and associated enriched immune pathways. TRPC1 was identified as a 
candidate gene in this family worthy of further study, with HCC patients expressing higher TRPC1 levels exhibiting 
poorer survival outcomes. Consistently, quantitative, immunohistochemistry, and western blot analyses revealed 
increased TRPC1 expression in HCC.

Research conclusions
These three TRP genes help determine HCC patient prognosis, providing insight into tumor immune status and immuno-
logical composition. These findings will help design combination therapies including immunotherapeutic and anti-TRP 
agents.

Research perspectives
In the future, we will focus on in-depth studies on the mechanism of how TRPC1 regulates the development of HCC.
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