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Abstract: This study was conducted to explore the correlations between the expression, methylation, and various
clinicopathological factors of purinergic P2X1 receptor (P2RX1) and the prognosis of patients with gastrointestinal tumors.
The Cancer Genome Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) databases were used to analyze the
expression of P2RX1 in different types of gastrointestinal cancers. Kaplan-Meier analysis and univariate Cox regression
analysis were used to analyze the correlations between P2RX1 expression and the prognosis of various gastrointestinal tumors.
Correlations between P2RX1 expression and N6 methyladenine (m6A)-related genes as well as immune checkpoint genes
were analyzed by R packages (R version: 4.0.3) based on TCGA database. The association between P2RX1 methylation level
and the prognosis of patients with gastrointestinal cancers was analyzed using the MethSurv database. In order to explore the
biological functions of P2RX1 in hepatocellular carcinoma, the Kyoto Encyclopedia of Genes and Genomes (KEGG) and
Gene Ontology (GO) enrichment analysis were carried out using R software. In order to evaluate the correlations between
P2RX1 and tumor immune infiltration, Spearman correlation test was performed. The correlations between P2RX1 expression
and immune score as well as immune checkpoint genes were analyzed based on TCGA and Tumor Immune Estimation
Resource (TIMER) databases. The expression of P2RX1 was found to be significantly downregulated in gastrointestinal
tumors except in cholangiocarcinoma (P < 0.05). High expression of P2RX1 tended to present better prognosis in
hepatocellular carcinoma (P < 0.05). It was noted that cg06475633 of P2RX1 presented a higher methylation level compared
with other CpG sites in hepatocellular carcinoma. Overall, six CpGs of P2RX1 were associated with significant prognosis in
patients with hepatocellular carcinoma (P < 0.05). Among all the 20 m6A-related genes, Wilms’ tumor 1-associating protein
(WTAP) was the most strongly correlated with P2RX1 in hepatocellular carcinoma. Gene enrichment analysis showed that
P2RX1 is widely involved in the proliferation, activation, organization, and differentiation of various immune cells. After
investigating the TIMER database, P2RX1 was found to be tightly correlated with immune infiltrating cells in gastrointestinal
tumors, especially with dendritic cells. Moreover, P2RX1 was found to be strongly positively associated with programmed
cell death 1 (PD1), programmed death-ligand 1 (PD-L1), and cytotoxic T-lymphocyte-associated protein 4 (CTLA4) in
hepatocellular carcinoma (P < 0.05). In conclusion, the dual role of P2RX1 in cancers and its involvement in the recruitment
as well as regulation of tumor infiltrating cells in gastrointestinal cancers may be appreciated through this study.
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1. Introduction
As the majority of cancer-related deaths in the world, gastrointestinal cancers account for one of the most
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common malignancies with increasing incidence and mortality %, For advanced gastrointestinal cancers,
the primary treatment is through surgery combined with chemoradiotherapy, but this treatment often leads
to unsatisfactory outcomes 1. Fortunately, as immune-related mechanisms play critical roles in various
gastrointestinal cancers, immunotherapy has revolutionized cancer treatment [“l. Gastrointestinal cancers
are typically considered to be highly immunogenic, and immunotherapy is currently reckoned as one of the
first-line treatment for patients with advanced cancer . Nevertheless, there are numerous patients with
advanced gastrointestinal cancer who are unresponsive to immunotherapeutic agents, and the side effects
upon receiving this treatment still exist ¢ The treatment effectiveness of immunotherapy is unsatisfactory,
owing to tumor heterogeneity and specificity [, Therefore, in order to improve the prognosis of
gastrointestinal cancers, it is essential to explore better therapeutic modalities and mechanisms.

ATP receptors are extensively found on the surface of immune cells that infiltrate into the tumor
microenvironment (TME). Extracellular ATP can bind to its receptors and directly affect cancer progression
81 There are seven members in the ATP gated ion channel receptor family, of which P2RX1 is closely
related to various biological processes, such as energy metabolism, immune response, and tumor metastasis
[1, Studies have shown that P2RX1 acting on acidic nuclear phosphoprotein 32 family member A (ANP32A)
can affect the enrichment of acetylation regulatory molecule H3 and promote the occurrence of leukemia
% High levels of P2RX1 expression tend to present better prognosis for patients with lung adenocarcinoma
(111 Moreover, P2RX1 was found to be tightly correlated with the differentiation and development of B
cells and mast cells in TME. In liver metastatic pancreatic ductal adenocarcinoma, P2RX1 was found to be
associated with ATP-mediated apoptosis signaling pathway, and the downregulation of P2RX1 promoted
tumor cells escape from anti-tumor immunity by regulating and recruiting neutrophils 2. In P2RX1-
negative neutrophils, the transcription factor NF-E2 p45-related factor 2 (Nrf2)-supported mitochondrial
metabolism was found to be tightly correlated with the reshaping of neutrophils’ immunosuppressive
phenotypes 13, In inflamed colon tissues, the expression of P2RX1 was found to be upregulated; however,
a reduction in P2RX1 expression could suppress inflammation responses in dextran sulfate sodium (DSS)-
induced colitis in mice 14,

Currently, report on whether P2RX1 is involved in the progression of gastrointestinal tumors remains
unclear, and its abnormal expression in tumors has not been systematically studied. In this study, different
bioinformatics tools were employed to comprehensively analyze the P2RX1 expression level in patients
with cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD), esophageal carcinoma (ESCA), liver
hepatocellular carcinoma (LIHC), pancreatic adenocarcinoma (PAAD), rectum adenocarcinoma (READ),
and stomach adenocarcinoma (STAD). The expression and prognostic value of P2RX1 in gastrointestinal
tumors were further explored. The results indicated that P2RX1 was significantly deregulated in almost all
the types of gastrointestinal cancers. P2RX1 expression level was found to be significantly correlated with
survival rates, tumor infiltrating lymphocytes (TILs), immune checkpoint genes, and immune/stromal
scores of patients with LIHC. In addition, P2RX1 may influence methylation in LIHC. From the results,
P2RX1 may be selected as a potential target for immunotherapy, especially in low-response tumors.

2. Methods
2.1. P2RX1 expression analysis

The transcriptome data generated from the gastrointestinal tumors dataset and clinical data of patients were
downloaded from The Cancer Genome Atlas database (TCGA), https://portal.gdc.cancer.gov/, and the
Genotype-Tissue Expression project database (GTEXx), http://genome.ucsc.edu/gtex.html. The
guantification data of P2RX1 expression patterns for transcriptome profiling comprised of 36 CHOL
patients, 457 COAD patients, 184 ESCA patients, 371 LIHC patients, 178 PAAD patients, 166 READ
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patients, and 415 STAD patients.

2.2. Cox regression analysis and survival analysis

The clinicopathological data of gastrointestinal tumors were downloaded from TCGA and GTEX databases.
Based on univariate Cox regression analysis, the clinical data were analyzed by R packages, including
“survival” and “forestplot.” The Kaplan-Meier algorithm was also employed to establish their cumulative
survival curves. In order to identify the significance of difference, the log-rank method was performed.
Correlations between the expression level of P2RX1 and the overall survival (OS) rates, disease-specific
survival rates (DSS), disease-free interval (DFI) rates, and progression-free interval (PFI) rates of patients
with gastrointestinal tumors were analyzed. Correlations between the expression of P2RX1 and different
clinicopathological factors such as age, gender, race, TNM stage, and grade was analyzed by R packages,
“ggalluval” and “ggplot2.”

2.3. DNA methylation analysis

The methylation data of P2RX1 in gastrointestinal tumors were downloaded from TCGA database.
Correlations between P2RX1 and four DNA methyltransferases (DNMT1, DNMT2, DNMT3A, and
DNMT3B) were also analyzed based on TCGA database. The online public MethSurv database, from
https://biit.cs.ut.ee/methsurv/, was used to cluster the methylation levels of different CpG sites of P2RX1.
The associations between the methylation patterns of P2RX1 and different clinicopathological
characteristics (nationality, race, BMI index, age, and survival) of LIHC patients were calculated using the
MethSurv database. A forest map of the correlations between each single CpG site of P2RX1 and the overall
survival rates of LIHC patients was drawn by using R package, “forestplot.” The R packages — “ggstatsplot”
and “pheatmap” were integrated to analyze the correlations between P2RX1 and m6A-related genes.

2.4. Gene set enrichment analysis

The P2RX1 expression and transcriptome data in LIHC with clinical information were obtained from
TCGA database. The mRNA expression datasets of P2RX1 were separated into P2RX1"" and P2RX1'*%
expression groups according to the quartile (25%) of P2RX1 mRNA expression level in LIHC. Differential
expression genes (DEGs) between P2RX1M9" and P2RX1-°" groups were analyzed by R package, “Limma”.
For DEGs screening, “P < 0.05” and “Log. FC > 1” methods were identified in order to set thresholds. The
upregulated and downregulated genes of P2RX1 expression in LIHC were screened to perform gene set
enrichment analysis. For detecting differential expression cluster, the “DEseq2” package in R was explored.
The enrichment analysis of the above DEGs was performed by using “ClusterProfiler,” “ggplot2,” “circle,”
“enrich,” and other R packages. Gene Ontology (GO) function analysis and Kyoto Encyclopedia of Genes
and Genomes (KEGG) for differentially expressed genes pathway were analyzed.

2.5. Immune infiltration analysis

Correlations between P2RX1 expression and different kinds of TILs (B cells, CD4" T cells, CDs" T cells,
macrophages, neutrophils, and dendritic cells) in the TME of gastrointestinal tumors were analyzed using
R software based on TCGA and GTEx databases. For further identification, correlations between the
expression of P2RX1 and immune cells were also verified by the Tumor Immune Estimation Resource
(TIMER) 2.0 database. The estimation of stromal and immune cells in malignant tumor tissues
using expression data (ESTIMATE) computational algorithm was employed to estimate the proportion of
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TILs and the degree of infiltration of immune and stromal components based on TCGA database.

2.6. Statistical analysis

In order to identify the expression pattern of P2RX1 between tumor tissues and adjacent normal tissues,
Student’s t-test was employed. Associations between P2RX1 expression and different clinicopathological
factors of patients with LIHC were calculated by employing the chi-squared test. In order to identify the
associations of P2RX1 with 20 m6A-related genes, DNA methyltransferases (DNMTs), immune
infiltrating scores, immune checkpoint genes, and immune cells infiltration in different cancer types,
Spearman correlation test was performed. R packages were employed to perform statistical analysis,
including “ggplot2,” “forestplot,” “ggstatsplot,” “ggalluval,” “maftools,” “enrichplot,” “ClusterProfiler,”
and “pheatmap” projects. A P-value lower than 0.05 was considered significant.

3. Results
3.1. P2RX1 is downregulated in gastrointestinal tumors
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Figure 1. P2RX1 expression pattern in different types of cancers. (A) P2RX1 expression level in different tumors from TIMER
database. (B) Comparing different tumor tissues with normal tissues, P2RX1 expression level was analyzed based on TCGA and
GTEX databases. Note: *P < 0.05; **P < 0.01; ***P < 0.001.
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In order to identify the P2RX1 expression pattern in different gastrointestinal tumors, the TIMER
database was first investigated based on TCGA data. The results showed that P2RX1 was downregulated
in COAD, ESCA, LIHC, PAAD, READ, and STAD (Figure 1A). However, the expression of P2RX1 in
CHOL tumor tissues and adjacent normal tissues had no significant difference. Subsequently, TCGA and
GTEx databases were integrated by R software to further analyze the expression pattern of P2RX1 in
gastrointestinal tumors. The findings also showed that the expression of P2RX1 was significantly
downregulated in the aforementioned six gastrointestinal tumors — COAD, ESCA, LIHC, PAAD, READ,
and STAD (Figure 1B).

3.2. Low expression of P2RXI1 is associated with the prognosis of patients with LIHC, PAAD, and
READ
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Figure 2. Correlations between P2RX1 expression and the prognosis of patients with eight different types of gastrointestinal
cancers. (A) The effect of P2RX1 on the overall survival rate in eight types of gastrointestinal cancers. (B) The effect of P2RX1
on the disease-specific survival rate in eight types of gastrointestinal cancers. (C) The effect of P2RX1 on the disease-free interval
rate in eight types of gastrointestinal cancers. (D) The effect of P2RX1 on the progression-free interval rate in eight types of
gastrointestinal cancers.
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The above results suggest that P2RX1 may act as a tumor inhibitor in gastrointestinal cancers and the
downregulation of P2RX1 may worsen the prognosis of these cancers. In order to validify the speculation,
Cox univariate regression analysis was employed to analyze the clinical data of patients with
gastrointestinal tumors based on TCGA database. The forest plots showed that the hazard ratios for P2RX1
were significant for LIHC (Figure 2A). P2RX1 also had correlations with the DSS rate (Figure 2B) and
DFl rate (Figure 2C) in LIHC. In patients with PAAD and READ, the expression of P2RX1 was also found
to be significantly correlated with DFI (Figure 2C) and PFI (Figure 2D).

3.3. Correlations between P2RX1 and various clinicopathological factors of LIHC
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Figure 3. Correlations between P2RX1 expression and the survival rates of patients with LIHC, PAAD, and READ. (A-D) The
effect of P2RX1 on OS, DSS, DFI, and PFI in LIHC. (E-H) The effect of P2RX1 on OS, DSS, DFI, and PFI in PAAD. (I-L)
The effect of P2RX1 on OS, DSS, DFI, and PFl in READ. (M-T) Correlations between P2RX1 and T stage, N stage, M stage,
clinical stage, grade, tumor types, gender, and treatment in LIHC, respectively. Note: C1, P2RX1 low expression group; C2,
P2RX1 high expression group.
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The Kaplan-Meier analysis showed that no significant association was discovered between P2RX1 and
the OS of patients with LIHC (Figure 3A). On the contrary, P2RX1 had significant associations with the
DSS (Figure 3B), DFI (Figure 3C), and PFI (Figure 3D) of patients with LIHC. There were no significant
associations between P2RX1 and the OS (Figure 3E), DSS (Figure 3F), DFI (Figure 3G), and PFI (Figure
3H) of patients with PAAD. Similarly, between P2RX1 and the OS (Figure 3I), DSS (Figure 3J), DFI
(Figure 3K), and PFI (Figure 3L) of patients with PAAD and READ, no significant associations were
discovered. After exploring the correlations between P2RX1 and various clinicopathological factors of
LIHC, it was found that there were no significant differences between P2RX1 and the TNM stage, grade,
therapy, gender, and clinical stage of patients with LIHC (Figure 3M to Figure 3T).

3.4. P2RX1 methylation is linked to the prognosis of patients with LIHC
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Figure 4. Correlations between P2RX1 and DNA methylation level as well as m6A-related genes in LIHC. (A) The DNA
methylation expression of P2RX1 in LIHC. (B) The prognostic values of different P2RX1-CpGs in LIHC. (C) Correlations
between P2RX1 and 20 m6A-reltaed genes in LIHC. Note: *P < 0.05; **P < 0.01.
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The above results show that the downregulation of P2RX1 is correlated with poor prognosis in patients
with LIHC. The associations between P2RX1 expression and DNMTs were further explored based on
TCGA database. P2RX1 was found to be positively correlated with DNMT1 (r = 0.19, P = 0.00068),
DNMT?2 (r = 0.23, P = 1.9e-5), and DNMT3A (r = 0.14, P = 0.017) in LIHC. To further investigate the
clinical significance of P2RX1, the correlations between the DNA methylation level of P2RX1 and the
prognostic values of each single were analyzed by MethSurv database. The methylation level of P2RX1
was found to be associated with different clinicopathological characteristics (nationality, race, BMI, age,
survival, etc.) of LIHC patients. In this study, each single CpG of P2RX1 was clustered in the form of heat
map. It showed that cg06475633 presented a higher methylation level compared with other CpG sites in
LIHC (Figure 4A). Subsequently, the associations between the methylation level of each single CpG of
P2RX1 and the prognosis of patients with LIHC were further analyzed based on TCGA database. Among
all the 12 CpG sites, cg0101649, cg01783195, ¢g02021817, cg03943270, cg07396495, and cg13426503
were found to be correlated with the overall survival rates of patients with LIHC (Figure 4B). As the most
prevalent modification of RNA methylation, the m6A modification is a dynamic and reversible process,
and it regulates the expression of proto-oncogenes as well as tumor suppressor genes by affecting specific
RNA molecules in tumors. In this research, the correlations between P2RX1 and twenty m6A-related genes
in LIHC were further investigated. P2RX1 was found to be positively correlated with FTO, HNRNPA2B1,
HNRNPC, IGF2BP1, IGF2BP2, IGF2BP3, METTL3, RBMX, WTAP, YTHDC1, YTHDC2, YTHDFL1,
YTHDF2, and ZC3H13 in LIHC (Figure 4C). Among all the 20 m6A RNA methylation genes, P2RX1
was most strongly correlated with WTAP in LIHC (r = 0.34, P = 1.6e-11).

3.5. P2RX1 is widely involved in immunomodulatory functions and mechanisms in LIHC

Data from TCGA were separated into P2RX1"9" and P2RX1'°" expression group for further enrichment
analysis, in order to have a deeper insight about the gene functions of P2RX1 in LIHC. According to the
above screening conditions, the upregulated genes and downregulated genes were screened. As shown by
the volcano plot and heatmap, differential gene expression analysis identified 1,100 gene reporters that
were upregulated and 36 gene reporters that were downregulated at least 2-fold (Figure 5A and Figure
5B). The enrichment analysis of the DEGs showed that those genes were mostly involved in viral protein
interaction with cytokine receptor pathway, viral myocarditis pathway, tuberculosis pathway (Figure 5C).
The DEGs enriched in the regulation of mononuclear cell proliferation, T cell activation, regulation of
lymphocyte proliferation, and the regulation of leukocyte proliferation (Figure 5D).
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Figure 5. Enrichment analysis for differentially expressed genes. (A) A volcano plot representing the upper quartile (high P2ZRX1
expression group) and lower quartile (low P2RX1 expression group) of P2RX1 expression. The red points in the plot reflect the
high-expressed mRNAs, while the blue points reflect the low-expressed mRNAs with statistical significance. (B) Hierarchical
clustering of differentially expressed genes between high P2RX1 expression group and low P2RX1 expression group. (C-D) The
KEGG and GO terms enrichment analysis of high P2RX1 expression group. (E-F) The KEGG and GO enrichment analysis of

low P2RX1 expression group.

3.6. P2RX1 is widely associated with a variety of immune infiltrating cells and immune checkpoints

in gastrointestinal cancers

R packages were used to estimate the data of six kinds of immune cell infiltration in eight types of
gastrointestinal tumors from TCGA and GTEx databases. The heatmap showed that there were positive
correlations between P2RX1 and different TILs, including B cells, CD4* T cells, CDs* T cells, neutrophils,
macrophages, and dendritic cells (DCs) in COAD, COADREAD, ESCA, LIHC, and STAD (Figure 6A).
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On the whole, there were significant positive associations between P2RX1 and B cells in eight cancer types,
CD4" T cells in eight cancer types, CDg" T cells in six cancer types, neutrophils in seven cancer types,
macrophages in six cancer types, and DCs in eight cancer types (Figure 6A). Among all the six TILs,
P2RX1 correlated most strongly with DCs in COAD, COADREAD, LIHC, and READ. By analyzing
TIMER database, it was found that P2RX1 correlated negatively with tumor purity in the TME of LIHC (r
=-0.561, P = 4.12e-30). These results are consistent with the above findings, where P2RX1 was found to
be positively correlated with all six TILs in LIHC based on TIMER database (P < 0.05).

The degree of immune infiltration and the proportion of stromal cells in LIHC were calculated and
plotted using the “immunedeconv” package in R software to identify immune infiltration estimations based
on TCGA database. The results showed that the expression of P2RX1 was dramatically positively
correlated with StromalScore (r = 0.64, P = 1.8e-43) (Figure 6B), ImmuneScore (r = 0.57, P = 1.7e-32)
(Figure 6C), and ESTIMATEScore (r = 0.66, P =3.5e-46) (Figure 6D). These findings indicate that P2RX1
is not only related to immune infiltration but also to the stromal components of TME in LIHC.

Subsequently, correlations between P2RX1 and 47 common immune checkpoint genes adjusted by
tumor purity were further analyzed based on TIMER database. Taken as a whole, P2RX1 was found to eb
positively correlated with most immune checkpoint genes in gastrointestinal tumors (Figure 6E). In LIHC,
the expression of P2RX1 was positively correlated with VEGFB, ARG1, C10orf4, SLAMF7, CTLA4,
TIGIT, BTLA, PDCD1 (PD1), HAVCR2, IL10, TGFB1, CD274 (PDL1), IDO1, IFNA2, CD70, ICOSLG,
IL1IA, TNFSF9, ENTPD1, ITGB2, CCL5, PRF1, CD28, CD40LG, ICOS, CD27, SELP, TNFRSF14,
TNFSF4, BTN3A2, TNFRSF9, CD80, CD40, TLR4, ICAM1, GZMA, CXCL9, CXCL10, IFNG,
TNFRSF18, IL1B, and TNF (P < 0.05) (Figure 6E). Taking into consideration that antibodies linking to
PD1, PDL1, and CTLA4 have been identified with therapeutic success in various types of gastrointestinal
tumors, P2RX1 was found to be positively correlated with PDCD1 (PD1) and CTLA4 in ESCA, LIHC,
READ, COAD, READ, PAAD, and STAD. Positive correlations were also noted between the expression
of P2RX1 and CD274 (PDL1) in LIHC, READ, COAD, READ, PAAD, and STAD. To further verify the
results, the Gene Expression Profiling Interactive Analysis (GEPIA) database was explored to identify the
associations between P2RX1 and several immune checkpoint genes in LIHC. P2RX1 was found to be
positively correlated with CD274 (r = 0.35, P = 5.3e-12), PDCD1 (r = 0.52, P = 7.3e-27), and CTLA4 (r =
0.49, P =1.7e-23) in LIHC.
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Figure 6. Correlations between P2RX1 expression and TILs in gastrointestinal cancers. (A) A heatmap showing the relationships
between P2RX1 and six TILs in eight types of gastrointestinal cancers. (B-D) Associations between P2RX1 and immune
infiltration as well as stromal components in patients with LIHC, evaluated by StromalScore, ImmuneScore, and
ESTIMATEScore. (E) Correlations between P2RX1 expression and 47 common immune checkpoint genes in eight types of
gastrointestinal cancers. Note: TILs, tumor infiltrating lymphocytes; *P < 0.05.

4. Discussion

Purinergic receptor family molecules mainly include 7 members, which are widely involved in many
biological processes, such as energy metabolism, inflammatory response, and cell proliferation 14261 A
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large number of studies have confirmed that ATP-mediated purine signals play an important role in cancer
progression and immune regulation 72 As a member of P2X receptor family, P2RX1 is involved in
mediating synaptic transmission between neurons or smooth muscle, arterial vasoconstriction, reproductive
regulation, apoptosis, and so on. However, the crosstalk between P2RX1 expression and gastrointestinal
tumors remains unclear. In this study, based on bioinformatics analysis, P2RX1 was found to be
significantly downregulated in patients with COAD, ESCA, LIHC, READ, PAAD, and STAD. Combined
with the GTEXx dataset, the results also showed that P2RX1 decreased significantly in the aforementioned
tumors. These results indicate that P2RX1 functions as a tumor suppressor in gastrointestinal cancers.
Further investigations based on univariate Cox regression analysis showed that higher expression levels of
P2RX1 were associated with better prognosis in LIHC, PAAD, and READ patients. However, P2RX1 was
found to be associated with DSS, DFI, and PFI in LIHC patients through Kaplan-Meier analysis. The results
also showed that P2RX1 had no associations with the OS of patients with LIHC. Moreover, there were no
obvious differences between the expression of P2RX1 and the OS, DSS, DFI, and PFI of patients with
PAAD and READ. After analyzing the associations between P2RX1 and various clinicopathological factors
of LIHC, the expression of P2RX1 was found to have no correlations with the TNM stage, grade, therapy,
gender, and clinical stage of patients with LIHC.

DNA methylation has been reported in the coordination of replication initiation. In this study, P2RX1
was found to be positively correlated with DNMT1, DNMT2A, and DNMT3A in LIHC. This indicates that
P2RX1 could promote DNA methylation by upregulating the activity of DNMT enzymes. Further
investigations found that cg0101649, cg01783195, ¢g02021817, ¢g03943270, cg07396495, and
cg13426503 were correlated with patients’ overall survival rates in LIHC. Moreover, P2RX1 was noted to
be associated with Wilms’ tumor 1 associated protein (WTAP) in LIHC. WTAP often acts as an oncogene,
and it is associated with the prognosis of patients with LIHC 211, The positive association between the
expression of P2RX1 and WTAP in this research promotes the inference of the probability that WTAP
induces m6A modification on the mRNA of P2RX1 and coordinates with positive-readers or it links to the
3’ UTR or 5" UTR of P2RX1 mRNA, accelerating the stability of P2RX1 mRNA.

Immunotherapy is now being increasingly used in patients with LIHC 2. Combining the enrichment
analysis with the immune infiltration results, it was found that P2RX1 extensively participates in the
proliferation, differentiation, activation, and regulation of TILs in LIHC. P2RX1 may act as an immune
stimulator or promoter in the TME of LIHC. DCs are an attractive target for therapeutic manipulation in
LIHC 231 In this study, P2RX1 was found to be dramatically correlated with DCs in many types of
gastrointestinal cancers, including COAD, LIHC, and READ. DCs can inhibit T-cell stimulation based on
PDL1 signaling pathway 4. The correlation between P2RX1 expression and TILs suggests that P2RX1
regulates gastrointestinal tumor immunity through multiple immune cell populations and regulations. In
addition, P2RX1 was also found to be positively correlated with immune/stromal score in LIHC. These
results suggest that P2RX1 has a dual regulatory role on the stromal and immune components in the TME
and P2RX1 may participate in the formation and remodeling of the TME. Immune checkpoint inhibitors
were identified to be correlated with the treatment outcomes in patients with various cancer types. CTLA4,
PD1, and PDL1 can suppress the activities of multiple TILs, including CDs* T cells, natural killer cells,
and DCs 241, Through the PD1 signaling pathway, tumor cells can escape from the immune surveillance of
T cells, and PD1/PDL1 present an important role in tumor immunotherapy 21, In this study, P2RX1 was
found to be tightly correlated with PD1, PDL1, and CTLA4 in LIHC, indicating that advanced cancer
patients may benefit from immune checkpoint inhibitors with immune-related signature P2RX1.

Nevertheless, although a systematic and complex analysis on P2RX1 was executed and various public
datasets as well as R software for cross-verification were explored, some limitations still exist in this study.
First, to verify the potential biological role of P2RX1, in vivo/in vitro experiments are essential. Second,
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the screening dataset generated from various databases had differences. These data may have resulted in
systematic bias due to the lack of granularity and specificity. Third, direct evidence is required to determine
whether P2RX1 can influence the prognosis of different types of gastrointestinal cancers through immune
infiltration. Therefore, further experiments are needed to identify the protein expression profiles of P2RX1
in LIHC and biological mechanisms correlated with how P2RX1 regulates progression of tumors and TILs
in affecting the prognosis of LIHC patients.

In conclusion, P2RX1 may play a dual role in different types of cancers, including promoting and
inhibiting carcinogenesis. In this study, it has been identified and validated that the expression of P2RX1
is downregulated in many gastrointestinal tumors and is significantly linked to the prognosis of patients
with LIHC. The high expression of P2RX1 is tightly correlated with the immune infiltration in eight types
of gastrointestinal cancers; these TILs include B cells, CD4* T cells, CDs" T cells, neutrophils, macrophages,
and DCs. The bidirectional interaction of P2RX1 in driving or impeding a tumor phenotype is unclear, but
it merits exploration.
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