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Background: Clear cell renal cell carcinoma (ccRCC) is the most common renal cancer. Alternative 
polyadenylation (APA) plays an important role in the progression and immunity of multiple tumors. 
Although immunotherapy has emerged as an important treatment option for metastatic renal cell carcinoma, 
whether APA affects the tumor immune microenvironment (TIME) in ccRCC remains unclear.
Methods: Patients with ccRCC were classified into two groups by performing a consensus clustering 
analysis of APA factor expression profiles. The Cancer Genome Atlas (TCGA) and the Gene Expression 
Omnibus (GEO) databases were used to assess the association between APA regulators and ccRCC 
prognosis. Through the use of the R package, GSVA, the correlation between SNRNP70 expression and 
tumor immune features were analyzed.
Results: The TCGA data revealed that APA regulators were associated with Cytotoxic T-Lymphocyte 
Associated Protein 4 (CTLA4) expression. Cluster 1 exhibited a higher grade and histological tumor stage, as 
well as a worse prognosis compared to Cluster 2. A ssGSEA analysis demonstrated that Cluster 2 possessed 
an extensively higher level of immune infiltration. Moreover, high SNRNP70 expression was found to be 
positively correlated with CTLA4 expression and a poor prognosis in ccRCC. Thus, SNRNP70 might 
represent a novel immune-related prognostic biomarker in ccRCC. A pan-cancer analysis suggested that 
SNRNP70 may also play a role in other types of cancer by affecting the TIME.
Conclusions: The data from this study indicate that APA regulators play a key role in immune 
infiltration in ccRCC. SNRNP70 is a promising prognostic biomarker and a potential target for ccRCC’s 
immunotherapy.
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Introduction

Renal cell carcinoma is a common malignancy (1), of 
which clear cell renal cell carcinoma (ccRCC) accounts for 
approximately 70% of the cases (2). Systemic treatment 
of ccRCC includes chemotherapy, targeted therapy, and 
immunotherapy. However, chemotherapy has a limited 
therapeutic effect on ccRCC and is mainly combined with 
experimental immune drugs as treatment. Numerous 
clinical studies have confirmed that monotherapy or 
combined therapy with immune checkpoint inhibitors can 
provide a significant survival benefit for ccRCC patients. As 
a result, immune checkpoint inhibitors have been included 
in various guidelines for first- and second-line therapeutic 
use since 2015 (3-5). Despite the increasing use of immune 
checkpoint inhibitors, most ccRCC patients do not derive 
lasting clinical benefits from mainstream immunotherapies 
like co-therapy with anti-Cytotoxic T-Lymphocyte 
Associated Protein 4 (CTLA4) and/or anti-programmed 
cell death 1 (PD-1) antibodies (5,6). Therefore, a biological 
understanding of the regulatory mechanism of the tumor 
immune microenvironment (TIME) and the tumor 
response to immunotherapy in ccRCC may help improve 
treatment efficacy. 

Alternative polyadenylation (APA) is a critical RNA-
processing mechanism that produces different 3' termini 

on mRNAs derived from different poly(A) sites (PAS). At 
least 70% of human genes have more than two transcript 
isoforms whose 3' untranslated regions (3'UTRs) are 
available (7,8). APA has been shown to play a role in critical 
biological processes (e.g., cell growth, proliferation, and 
differentiation) and various human diseases (9). Recently, 
several researchers have reported that APA plays an 
important role in tumor progression (10). For example, 
NUDT21 inhibits bladder cancer progression through 
ANXA2 and LIMK2 via APA (11). One study identified APA 
dysregulation as a contributor to the differentiation block of 
acute myeloid leukemia (12). Moreover, Wang et al. reported 
that upregulation of CPSF1 or PABPN1 was associated with 
tumorigenesis, proliferation, metastasis, and chemotherapy 
sensitivity in breast cancer (13). In addition, Zhong et al. 
explored the potential of APA and alternative splicing (AS) 
interaction in immunotherapy and targeted therapy of 
ccRCC (14). However, the mechanism by which APA affects 
tumors via the TIME remains poorly understood. 

In this study, a systematic analysis of the expression 
profiles of 36 APA regulatory factors and their role in 
ccRCC was carried out. In addition, two different ccRCC 
clusters were identified based on the level of APA factor 
expression and the tumor heterogeneity and compositional 
diversity of the TIME between the two subtypes were 
compared. SNRNP70 was identified as a promising APA 
regulator associated with immune infiltration, and its 
elevated expression was associated with poor prognosis in 
ccRCC. Finally, this study also investigated the expression 
levels, prognostic value, and correlation of SNRNP70 with 
immune checkpoint-related genes in 33 types of cancer. 
Thus, the findings from this study shed new light on 
APA’s role in the TIME and immunotherapy of ccRCC. 
We present the following article in accordance with the 
REMARK reporting checklist (available at https://tau.
amegroups.com/article/view/10.21037/tau-22-565/rc).

Methods

Data acquisition

The expression profiles of genes and clinical information 
about ccRCCs were downloaded from The Cancer Genome 
Atlas (TCGA; https://portal.gdc.cancer.gov/) (15). The 
dataset contained 539 ccRCC tissues and 72 normal kidneys. 
The SNRNP70, RNA-seq, and corresponding clinical 
characteristics for the pan-cancer analysis were obtained 
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from the Genomic Data Commons (GDC) Data Portal. 
In addition, healthy tissue samples were downloaded from 
the Genotype Tissue Expression dataset (GTEx; http://
commonfund.nih.gov/GTEx/) (16). To further validate the 
level of SNRNP70 expression, the GSE15641 dataset from 
the Gene Expression Omnibus database available at https://
www.ncbi.nlm.nih.gov/geo/ was downloaded and used (17). 
Table S1 provides abbreviations for 33 types of cancer. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Bioinformatics analysis

Based on the expression profiles of 36 APA regulatory 
factors in patients with ccRCC, the clustering analysis (80% 
of all samples were drawn 1,000 times, and the maximum 
number of clusters was six) was performed using the 
Consensus Cluster Plus package (version 1.56.0) (18). A 
principal component analysis (PCA) and visualization were 
conducted with the R package ggplot2 (version 3.3.5) (19). 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analyses were performed using the 
clusterProfiler package (version 4.0.5) (20). The P values 
obtained from the permutation test were adjusted for 
multiple testing using the Benjamini-Hochberg correction 
method. A pathway that had a P value or false discovery 
rate (FDR) <0.05 was significantly enriched. The level of 
immune cell infiltration in ccRCC was assessed using the 
ssGSEA function of the GSVA package (version 1.40.1) (21). 
Corresponding immune cell marker genes were obtained 
from Bindea et al. (22). R packages ggplot2 (version 3.3.5) 
and ComplexHeatmap (version 2.8.0) were used to visualize 
the relative fractions (23). To conduct survival analyses, the 
survival package (version 3.2-13) and survminer package 
(version 0.4.9) were used (24,25). Cox proportional hazards 
regression models were used to determine the prognostic 
value of SNRNP70 in a variety of cancers. Clinical factors 
(age; T, N, and M stages; pathologic stage; histologic 
grade) and the level of SNRNP70 expression were used 
to construct prognostic nomograms using R package rms 
(version 6.3-0) to assess the rate of the 1-, 3-, and 5-year 
overall survival (OS) in patients with ccRCC (26).

Statistical analysis

RStudio (version 4.1.3) was used to perform the statistical 
tests. For comparisons between groups, a Wilcoxon rank 

sum test or Kruskal-Wallis test was applied. The correlation 
between APA regulators and immune checkpoint-
related genes was evaluated using a Spearman correlation 
analysis. Log-rank tests and a univariate Cox proportional 
hazard regression analysis were used to compute the P 
values and 95% confidence intervals (CI) for the Kaplan-
Meier (KM) curves. The independent prognostic value of 
SNRNP70 in combination with other clinical features was 
determined using univariate and multivariate analyses based 
on Cox regression models. Using the receiver operating 
characteristic (ROC) curves of the R package timeROC 
(version 0.4), 1-, 3-, and 5-year OS prediction efficiency of 
the genes were estimated (27). Statistical significance was 
determined as *, P<0.05; **, P<0.01; and ***, P<0.001.

Results

Differences in APA regulator factor expression between 
ccRCC and normal samples

To investigate the biological impact of APA regulators 
in ccRCC, the expression profiles of 36 APA regulators 
in TCGA were systematically explored. APA regulators 
were differentially expressed in ccRCC and normal tissues 
(Figure 1), including the upregulated APA regulators, 
CLP1, CSTF1, PCF11, WDR33, RRAGA, RBBP6, 
SYMPK, NXF1, PTBP1, CPSF7, CPSF4, PABPN1, 
CPSF1, PABPC4, HNRNPH1, CPSF4L, SNRPA, CELF2, 
and SNRNP70, in addition to the downregulated genes, 
NUDT21, HNRNPH2, CPSF2, CSTF2, PPP1CB, 
FIP1L1, HNRNPF, SRSF3, HNRNPK, and HNRNPC 
(P<0.05). Moreover, the prognosis and correlation between 
gene expression indicated that the expression of most APA 
regulators played a significant prognostic role and was 
positively correlated in ccRCC (Figure 2). These results 
demonstrated that APA regulators may contribute to the 
development and progression of ccRCC.

Consensus clustering analysis of APA regulators

Gene expression profiles and ambiguous clustering measures 
were used to perform a consensus clustering analysis. 
K-means clustering (K=2 clusters) was adopted as a suitable 
parameter from 2 to 6 (Figure 3A,3B; Figure S1A-S1F). 
A total of 539 ccRCC patients were segregated into 
Cluster 1, which contained 219 patients, and Cluster 2,  
which contained 320 patients. A differential expression 
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analysis of APA regulators was performed between the two 
subtypes. Compared with Cluster 2, 12 of the 36 factors 
exhibited statistically high expression, whereas 14 factors 
showed low expression levels. Of the remaining 10 factors, 
no significant difference was observed between the two 
clusters (Figure 3C). Next, the clinicopathological characters 
and prognosis from both clusters were grouped for a 
differentiation analysis (Table 1). A preferential correlation 
was observed between Cluster 1 and a higher tumor stage 
(P<0.01) and grade (P<0.001). Moreover, the survival curve 
showing overall survival (OS), disease-specific survival (DSS), 
and progress free interval (PFI) were significantly favorable 
for Cluster 2 compared to that of Cluster 1 (OS Log-rank 
P<0.05, DSS Log-rank P<0.01, PFI Log-rank P<0.01)  
(Figure 3D-3F). PCA was used to further confirm the 
difference in the expression level between the two subtypes 
(Figure S1G). These results showed that significant 
differences exist in the expression profiles of the two clusters.

Association between APA regulators with levels of CD274, 
CTLA4, and PDCD1 expression and tumor-infiltrating 
immune cells

To research on the association between CD274, CTLA4, 
and PDCD1 and APA factors, this study investigated the 
differences in the levels of CD274, CTLA4, and PDCD1 
expression in normal tissues and tumor samples and its 
correlation with APA regulators. Compared with normal 
adjacent tissues, CD274, CTLA4, and PDCD1 were 
remarkably overexpressed in the ccRCC tissues (P<0.001; 
Figure 4A-4C). An analysis of 539 ccRCC patients revealed 
that CD274, CTLA4, and PDCD1 were positively 
associated with the expression of the majority of APA 
regulatory factors, including CTLA4, CELF2, CPSF1 
(Figure 4D). To further explore the role of APA regulatory 
factors in the ccRCC immune microenvironment, tumor-
infiltrating immune cell densities were calculated based 
on the two clustered subtypes (Figure 4E). Cluster 1 
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was characterized by a lower percentage of the majority 
of immune cell types compared to that of Cluster 2. 
Specifically, Cluster 1 showed higher proportions of NK 
CD56 bright cells, cytotoxic cells, and Tregs (Figure 4F). 
Through the use of the GO and KEGG methods, the 
underlying regulatory mechanisms responsible for the 

differences in the TIME between the two clusters were 
clarified. Subsequently, the GO annotation and KEGG 
pathway enrichment analyses of upregulated differential 
expression genes identified major biological processes, 
including the humoral immune response, hormone 
metabolic process, B cell-mediated immunity, and leukocyte 
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Figure 3 Differential expression pattern of APA regulators and survival in two clear ccRCC subtypes. (A) Consensus clustering matrix for 
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migration (Figure S1H-S1I).

Key APA regulator SNRNP70 is upregulated in ccRCC 
and represents an independent prognostic marker in ccRCC

Notable tumor heterogeneity and differences in the 
TIME were observed between the two ccRCC clusters, 
as previously described. These results suggest that APA 
regulatory factors play a critical role in tumor progression 
and immune cell infiltration. Key APA regulatory factors 
were identified among the 36 APA regulators according 
to the elevated expression of APA regulators in ccRCC, 

the association with poor prognosis, and the correlation 
with CD274, CTLA4, and PDCD1 expression. The 
Venn diagram and the heat map showed that SNRNP70 
appeared to represent an important APA regulator 
of poor prognosis and was positively correlated with 
the level of CD274, CTLA4, and PDCD1 expression  
(Figure 5A,5B). Analysis of the TCGA and GEO databases 
from this study further depicted the expression of 
SNRNP70 in ccRCC. SNRNP70 exhibited a significantly 
higher level of expression in the TCGA and GSE15641 
datasets compared to the normal tissues in ccRCC (P<0.001; 
Figure 5C,5D). In addition, the upregulated SNRNP70 
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Table 1 Baseline information sheet for ccRCC patients from TCGA

Characteristic Cluster 1 Cluster 2 P

n 219 320

Gender, n (%) <0.001

Female 53 (9.8) 133 (24.7)

Male 166 (30.8) 187 (34.7)

Race, n (%) 0.665

Asian 2 (0.4) 6 (1.1)

Black or African American 20 (3.7) 37 (6.9)

Not available 3 (0.6) 4 (0.7)

White 194 (36.0) 273 (50.6)

M, n (%) 0.427

M0 173 (32.1) 255 (47.3)

M1 36 (6.7) 42 (7.8)

MX 10 (1.9) 21 (3.9)

Not available 0 (0) 2 (0.4)

N, n (%) 0.413

N0 95 (17.6) 146 (27.1)

N1 9 (1.7) 7 (1.3)

NX 115 (21.3) 167 (31.0)

pTNM_stage, n (%) 0.006

Discrepancy 2 (0.4) 1 (0.2)

Stage I 91 (16.9) 181 (33.6)

Stage II 24 (4.5) 35 (6.5)

Stage III 64 (11.9) 59 (10.9)

Stage IV 38 (7.1) 44 (8.2)

Grade, n (%) <0.001

G1 3 (0.6) 11 (2.0)

G2 79 (14.7) 156 (28.9)

G3 90 (16.7) 117 (21.7)

G4 41 (7.6) 34 (6.3)

GX 5 (0.9) 0 (0)

Not available 1 (0.2) 2 (0.4)

Age, median (IQR), years 60 (53.5, 70) 61 (51, 70) 0.371

ccRCC, clear cell renal cell carcinoma; TCGA, The Cancer 
Genome Atlas; pTNM, pathologic tumor node metastasis; IQR, 
interquartile range.

group exhibited worse overall survival and disease-specific 
survival compared to that of the low-expression group 
(P<0.05; Figure 2B, Figure 6A). Moreover, ccRCC patients 
with higher SNRNP70 expression were associated with a 
lower ratio of the number of survivors to the number of 
deaths and shorter survival times (Figure 6B,6C). Next, the 
ROC curve was used to estimate the prognostic significance 
of SNRNP70 with the 1-, 3-, and 5-year survival in ccRCC 
(Figure 6D). The univariate and multivariate analyses 
indicated that SNRNP70 was a promising prognostic factor 
in ccRCC (Figure 6E,6F). According to the nomogram, the 
level of SNRNP70 expression contributed multiple points 
in comparison with other clinical factors, such as the T, 
N, and M stages; pathologic stage; and histologic grade  
(Figure 6G). According to the calibration plot, the predicted 
and observed lines were in good agreement (Figure 6H).

Correlation analysis of SNRNP70 with CTLA4 and 
infiltrating immune cells

According to the correlation analysis, SNRNP70 expression 
was positively correlated with CTLA4 expression in high 
histologic grades (Figure 7A-7C). The median level of 
SNRNP70 expression was used to divide patients into two 
groups. GO and KEGG pathway enrichment analyses were 
performed to further investigate the biological functions of 
SNRNP70 in ccRCC. The GO annotation identified major 
biological processes, such as the humoral immune response, 
chemical carcinogenesis, lymphocyte-mediated immunity, 
B cell-mediated immunity, and regulation of the humoral 
immune response (Figure 7D). The KEGG analysis showed 
that these pathways were included in the PPAR signaling 
pathway (Figure 7D). SNRNP70 appears to participate in 
crucial signaling pathways in the TIME in ccRCC. The 
GSVA package was used to calculate the percentage of 
immune cell subpopulations (Figure 7E). As shown in the 
boxplot of Figure 7F, the high SNRNP70 expression group 
had a higher proportion of CD8 T cells, T helper cells, 
and T effector memory (Tem), whereas the low expression 
group displayed a higher proportion of T cells, dendritic 
cells (DCs), activated DCs (aDCs), B cells, eosinophils, and 
immature DCs (iDCs).

Comprehensive analysis of pan-cancer SNRNP70 
expression 

Since APA and immune-cell infiltration can lead to the 
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Figure 4 Association of APA regulators with PD-L1 expression level and immune cell infiltration in ccRCC. (A-C) The expression level 
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Figure 5 Analysis of the SNRNP70 gene expression in ccRCC. (A) The Venn diagram suggested that the upregulation of SNRNP70 was 
an unfavorable prognostic factor and positively correlated with the CD274, CTLA4, and PDCD1 expression in ccRCC. (B) The heat map 
visualized prognosis (column 1), the relative expression of 36 APA regulators in ccRCC/normal (column 2) and cluster 1/2 (column 3), and the 
correlations of 36 regulators with the CD274 (column 4), CTLA4 (column 5) and PDCD1 (column 6) expression. The red color indicates 
a high expression in ccRCC or cluster 1, positively correlated with CD274, CTLA4, and PDCD1 or a bad prognosis. (C) SNRNP70 was 
upregulated in ccRCC tissues compared to normal tissues. (D) Validation sets showed that SNRNP70 was highly expressed in ccRCC tissues 
compared to adjacent normal tissues in GSE15641. *, P<0.05, **, P<0.01, and ***, P<0.001; NS, not statistically significant. APA, alternative 
polyadenylation; ccRCC, clear cell renal cell carcinoma; OS, overall survival; TCGA, The Cancer Genome Atlas; TPM, transcripts per 
kilobase per million mapped reads.

development and progression of a variety of cancers, a 

correlation analysis on whether SNRNP70 expression 

can predict a poor prognosis and affects the TIME in 

other types of cancers was conducted. Therefore, the 

level of SNRNP70 expression was compared between 

tumor samples and normal samples from the TCGA 

as well as GTEx databases. According to the results, 

SNRNP70 was significantly upregulated in 5 (KIRC, 
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Figure 6 Upregulated SNRNP70 expression is associated with poor prognosis of ccRCC. (A) The Kaplan-Meier analysis of ccRCC patients 
with high and low SNRNP70 expression levels in the TCGA cohort for disease-specific survival. The stacked bar chart (B) and violin plot (C) 
visualized the proportion of live/death and survival time in high/low SNRNP70 groups in ccRCC patients. (D) Time-dependent receiver 
operating characteristics analysis of SNRNP70. Forest plots based upon the outcomes of univariate (E) and multivariate Cox regression (F) 
of SNRNP70 expression and other clinicopathological factors. Nomogram (G) for predicting the probability of 1-, 3-, and 5-year OS for 
ccRCC patients and (H) calibration plot of the nomogram for predicting the OS likelihood. **, P<0.01, and ***, P<0.001. ccRCC, clear cell 
renal cell carcinoma; TCGA, The Cancer Genome Atlas; OS, overall survival; TPR, true positive rate; T, tumor; N, node; M, metastasis.
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Figure 7 Correlation analysis of SNRNP70 expression with CD274, CTLA4, and PDCD1 and infiltrating immune cells in ccRCC. (A-
C) Spearman correlation analysis of SNRNP70 expression and CTLA4 (A), CD274 (B), and PDCD1 (C) expression in ccRCC. (D) The 
enriched Gene Ontology and Kyoto Encyclopedia of Genes and Genomes signaling pathways analysis of down-regulated differential 
expression genes in high and low SNRNP70 expression groups in ccRCC. (E) The heat map visualized the percentage abundance of tumor-
infiltrating immune cells in each sample. (F) The infiltrating levels of immune cells in high and low SNRNP70 expression groups in ccRCC 
patients. *, P<0.05, **, P<0.01, and ***, P<0.001. ccRCC, clear cell renal cell carcinoma; TPM, transcripts per kilobase per million mapped 
reads; PPAR, peroxisome proliferators-activated receptor; ns, not statistically significant.
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HNSC, DLBC, THYM, and CHOL) and downregulated 
in 22 (OV, THCA, UCS, ESCA, ACC, UCEC, READ, 
STAD, LUAD, KICH, COAD, PRAD, CESC, LUSC, 
SKCM, BRCA, GBM, TGCT, PAAD, LIHC, LGG, and 
LAML) cancer types (Figure 8A). The prognostic value of 
SNRNP70 in 32 other cancers was further confirmed. A 
Univariate Cox regression analysis of 33 cancers showed 
high expression of SNRNP70 was associated with a worse 

prognosis in six cancer types (ACC, COAD, KIRC, LIHC, 
PAAD, and SARC) (Figure 8B). Additionally, the correlation 
analysis between SNRNP70 and the 10 most frequent 
immune checkpoint-related genes was also analyzed. These 
10 immune checkpoint-associated genes included CTLA4, 
CD274, CD24, CD47, HAVCR2, LAG3, PD-1, PD-
L2, SIGLEC15, and TIGIT. The results revealed that 
SNRNP70 was closely associated with the expression of 
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Figure 8 Comprehensive analysis of key APA regulator SNRNP70 in pan-cancers. (A) SNRNP70 was differentially expressed in most 
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immune checkpoint-associated genes in the majority of the 
33 cancers (Figure 8C). Therefore, the results of the pan-
cancer analysis suggest that SNRNP70 may also play a role 
in other cancer types by affecting the TIME.

Discussion

APA is an RNA-processing mechanism that allows a 
protein-coding gene with more than one PAS to encode 
multiple mRNAs with different 3' ends (28-30). Recently, 
new evidence has uncovered a vital role of APA in many 
human cancers. Several APA-related genes have been 
identified as important regulators and prognostic indicators 
for a variety of cancers (11,31); however, few studies have 
assessed the role of APA regulators in the TIME of ccRCC. 
In this study, the expression of 36 key APA regulators in 
ccRCC was under researched and two groups with different 
characteristics were identified by using consensus clustering 
methods. Furthermore, SNRNP70 has been identified as a 
potential immune infiltration regulator.

Immune cell infiltration and angiogenesis are crucial 
characteristics of TIME in ccRCC. According to pan-cancer 
analyses, a prominent inflammatory feature of ccRCC is its 
high degree of T-cell infiltration (32-34). In most ccRCCs, 
CD8+ tumor-infiltrating T lymphocytes (TILs) are highly 
infiltrated, which increases the effectiveness of ICI (35). 
M2-like TAMs, Tregs, MDSCs, and NTLS-DCs in TIME 
make the TIME immunosuppressive in a proportion of 
ccRCC patients, and may therefore lead to the insensitivity 
of ccRCC to immunotherapy. Furthermore, ccRCC has 
abnormal neovascularization permeability, which limits 
Teff cell infiltration, resulting in an immunosuppressive 
microenvironment (36-38). Therefore, the discovery of 
predictive biomarkers and of new tools for monitoring 
immunotherapies are imperatively needed in all phases 
of ccRCC patients. In the era of innovative technologies 
and intelligence, immunotherapy drugs, and personalized 
therapy is at the horizon.

The heterogeneity of tumor cells has been a challenge 
in cancer treatment. Relevant attempts have been made to 
individualize patient treatment by subdividing cancers with 
heterogeneity into distinct subtypes. For example, in the 
study by Wang et al. patients with lung adenocarcinoma 
were classified into two subtypes with different prognoses 
based on immune-related gene expression characteristics. 
Patients with high-risk immune subtypes were found 
to have greater sensitivity to treatment with immune 
checkpoint inhibitors (39). In this study, a comprehensive 

analysis of immune infiltration showed that Cluster 2 
possessed a mostly higher proportion of immune cells. In 
contrast, Cluster 1 exhibited a higher infiltration of NK 
CD56 bright cells, cytotoxic cells, and Tregs. The results 
herein suggest that ccRCC subtypes with generally higher 
immune cell infiltration have better overall and disease-
specific survival. Moreover, APA regulators may represent 
an important genetic feature of ccRCC.

Based on the important role of APA in the TIME of 
ccRCC, unfavorable prognostic factors that were expressed 
at elevated levels in ccRCC and a positive correlation with 
CTLA4 expression (r>0.3) were identified. SNRNP70 is the 
only APA regulator that meets all the three conditions (worse 
OS; upregulated; positive with CTLA4) simultaneously. 
SNRNP70, a member of the spliceosome U1 snRNP, has 
been shown to play a key role in pre-mRNA splice site 
recognition and subsequent spliceosomal assembly (40,41). 
The study by Azam et al. developed a model in which the 
U1 snRNP component suppressed spliced lncRNAs in the 
nucleus by interacting with nuclear retention elements (42). 
Related studies have also demonstrated that SNRNP70 
is associated with a variety of immune system diseases, 
including systemic lupus erythematosus, connective tissue 
diseases, and rheumatoid arthritis (43-45). In addition, 
patients with higher SNRNP70 expression had a distinctive 
composition of immune infiltrating cells. Additional pan-
cancer analysis indicated a close relationship between 
SNRNP70 expression and immune checkpoint genes. 
The above results indicate that the SNRNP70 gene may 
represent a promising target for ccRCC immunotherapy 
and a potential prognostic marker.

However, few limitations are noted in this study. Firstly, 
36 key APA regulators were selected for the present study 
based on previous studies. Therefore, some other APA 
regulators, may have been missed. Secondly, the current 
clustering type and ssGSEA analysis were based on TCGA 
data. These results require further reliable validation 
analyses with additional samples in the future. Finally, more 
fundamental experiments are required to investigate the 
potential link between APA and the TIME.

Conclusions

In summary, this study systematically analyzed the 
prognostic value of APA regulators in ccRCC and the 
correlation with CTLA4 and TIME. Consensus clustering 
of the expression profiles of APA regulatory factors 
identified two distinct clusters. These findings will aid 
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in risk classification and the precise treatment of ccRCC 
patients. Among the 36 APA regulators, SNRNP70 was 
finally selected as an independent prognostic indicator for 
ccRCC patients. An additional pan-cancer analysis validated 
the close association between SNRNP70 expression and 
immune checkpoint genes. A series of clinical and basic 
experiments may help to improve the efficacy of cancer 
immunotherapy.
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