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Abstract

Background: Clear cell renal cell carcinoma (ccRCC) is known as
the most common and malignant histologic subtype of renal carcino-
ma. Sorting nexin 4 (SNX4) plays a regulatory role in recycling from
endosomes to the plasma membrane and promotes autophagosome
assembly and transport, which may exert the cancerous growth and
progression. This study aimed to assess the biological role of SNX4
in ccRCC and their clinical association via public biological data plat-
forms combined with experimental verification.

Methods: In our study, we analyzed the mRNA and protein expres-
sion of SNX4 in ccRCC under different clinicopathological charac-
teristics through The Cancer Genome Atlas (TCGA), Human Protein
Atlas (HPA) and Clinical Proteomic Tumor Analysis Consortium
(CPTAC) databases. We used the Gene Expression Profiling Interac-
tive Analysis (GEPIA) platform to conduct the survival analysis and
figure out the immune cell infiltration level under different expression
levels of SNX4 combined with Tumor Immune Estimation Resource
(TIMER) database. Furthermore, we predicted competing endog-
enous RNA (ceRNA) regulatory network using TargetScan, miRDB,
starBase and miRTarBase online databases. We totally collected six
paired ccRCC tissues and adjacent tissues and applied quantitative re-
al-time polymerase chain reaction (qQRT-PCR) and western blot (WB)
to detect the expression of SNX4 in the collected clinical specimens.

Results: The mRNA and protein expression level of SNX4 was sig-
nificantly lower in ccRCC than those in normal tissues. The results
proposed that lower SNX4 was expressed in patients with higher
histologic grade and in male patients. Kaplan-Meier analysis dem-
onstrated that lower mRNA expression level of SNX4 was correlated
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with poorer prognosis. SNX4 had positive correlation with immune
cell infiltrating levels and programmed cell death-ligand 1 (PD-L1)
expression. Furthermore, we constructed the SNX4/miR-221-3p/
miR-222-3p/DHRS4-AS1 axis, which may be the underlying ceRNA
interaction network. Finally, we verified the reduced expression of
SNX4 in ccRCC by qRT-PCR and WB.

Conclusion: The expression of SNX4 in ccRCC was lower than ad-
jacent tissues and its downregulated expression was associated with
poor prognosis of ccRCC patients. SNX4 may exert critical roles in
the tumorigenesis, development and migration of ccRCC via various
mechanisms.
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Introduction

Kidney cancer represents approximately 2% of all oncological
diagnoses and deaths worldwide [1]. Clear cell renal cell car-
cinoma (ccRCC) is the most common and malignant histologic
subtype of renal carcinoma with a growing global incidence
[2]. Men are more easily affected than women (a 2:1 ratio of
new diagnoses) [1]. Localized RCC can mostly be treated with
partial or radical nephrectomy. However, patients with RCC
are often asymptomatic and a subset of patients are diagnosed
with unresectable or metastatic forms. Despite recent advanc-
es in treatment options, the long-term prognosis still remains
poor, which requires systemic therapies and is associated with
high mortality. Targeted therapy has been widely developed,
but treatment response is uncertain and treatment resistance
in long-term use is inevitable and most patients eventually
progress. However, an unprecedented number of drugs are ap-
proved to use, and advances in treatment landscape have lifted
the survival curves for this disease markedly in recent years.
Large-scale tumor transcriptome analyses demonstrated
that ccRCC is highly immune-infiltrated among all solid tu-
mor types [3, 4], which is proven to be correlated with poor
outcomes following nephrectomy. Growing evidence suggests
that immune checkpoint blockade (ICB) therapy and combina-
tion regimens have emerged as a promising treatment option
for advanced ccRCC patients in the era of biological targeted
therapy [5-8]. Studies have presented that tumor mutation
burden (TMB) and programmed cell death-ligand 1 (PD-L1)
level can barely predict the therapeutic response in ccRCC [9,
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10]. Increasing researches have given a new insight into the
genomic and molecular characterizations of metastatic ccRCC
and altered pathways and cellular processes [11, 12]. Multiple
gene mutations and their interactions contribute to the patho-
genesis and may also play a role in immune therapeutic re-
sponse. Thus, it is necessary to explore the underlying molecu-
lar mechanisms of ccRCC initiation and progression, which
may provide beneficial effect for treatment.

Sorting nexins (SNXs) are a family of membrane-associat-
ed proteins transporting proteins throughout the cells and bal-
ancing protein homeostasis. Functioning as sorting proteins,
SNXs proteins play a pivotal role in endosomal signaling and
multiple endosomal transport pathways [13]. Biological dis-
orders in SNXs are involved in the imbalance of intracellular
metabolisms, impaired homeostatic responses, and underlying
disease occurrence, such as cancerous and neoplastic diseases.
Increasing studies reported that SNX family is involved in tu-
mor occurrence, development, metastasis and drug resistance
[14]. Sorting nexin 4 (SNX4) contains both PI(3)P binding
PX domain and BAR domain, and exerts regulatory roles in
recycling from endosomes to the plasma membrane reported
in yeast and mammalian cells. Anton et al’s experiments il-
lustrated that SNX4 complexes act as positive regulators of
autophagy that promote autophagosome assembly kinetics by
coordinating ATG9A trafficking within the endocytic network
[15]. Research further showed that SNX4-assisted vacuolar
targeting pathway was responsible for the autophagic response
by controlling the degradation of both positive and negative
functional transcriptional regulators of ATG [16]. SNX-BARs
exist as homo- and hetero-dimers, and SNX4 is involved to
construct functional heterodimers with either SN X7 or SNX30,
which is related to tubulovesicular endocytic membranes [17].

However, it is still unclear whether endosomal sorting by
SNX4 proteins gives rise to tumorigenesis and development of
ccRCC. In this study, we investigated its expression level and
its correlation with clinical data by using different databases.
We also assessed the immune infiltration level in ccRCC us-
ing the online databases and further explored the underlying
mediated noncoding RNA (ncRNA), covering microRNAs
(miRNAs) and long noncoding RNAs (IncRNAs), and built a
competing endogenous RNA (ceRNA) network [18].

Materials and Methods

The Cancer Genome Atlas (TCGA) and the Gene Expres-
sion Omnibus (GEO) databases

TCGA database [19], which is freely accessible, provides large-
scale cancer genomics data sets covering over 30 tumor types.
We investigated RNA sequencing (RNA-seq) of ccRCC and
corresponding clinical pathology data from TCGA database.

The GEO database [20], supported by National Center for
Biotechnology Information (NCBI), is a publicly available da-
tabase that contains a large number of gene expression profiles
regarding various diseases. Since the data for gene expression
data are public available, it is unnecessary to require approval
from the Ethics Committee.

2 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

The Human Protein Atlas (HPA), UALCAN, and Clinical
Proteomic Tumor Analysis Consortium (CPTAC)

The HPA [21, 22] is initiated to provide protein expression
information in cells, tissues, and organs using an integration
of various omics technologies. All the data resources are open
access to allow exploration of the distribution of the proteins
across all major tissues and organs in the human body. UAL-
CAN [23-25] is visual web portal that analyzes the correlations
between RNA-sequence and patient clinical data on TCGA
dataset. Proteomics data were accessed and downloaded from
the CPTAC portal [26] to acquire ccRCC and normal tissue
samples used in this study. Samples from CPTAC were ana-
lyzed by mass spectrometry (MS)-based proteomics methods.
Constituent proteins and expression values were identified and
quantified. By the above approach, we obtained SNX4 protein
expression data from CPTAC in UALCAN portal tools.

LinkedOmics database

LinkedOmics database [27, 28] contains multi-omics data and
clinical data for 32 cancer types and integrates MS-based glob-
al proteomics data generated by the CPTAC on selected TCGA
tumor samples. Three analysis modules were developed in the
LinkedOmics web application. LinkFinder module was adopt-
ed to acquire statistical test results in the form of volcano plots
and data for 50 top-ranking attributes are visualized in heat-
maps. Spearman correlation test was used for analysis.

Tumor Immune Estimation Resource (TIMER) database

TIMER [29, 30] is a web-accessible resource to allow further
explorations of the clinical impact of different immune infil-
trates in the different tumor microenvironments. In our study,
this website was used to characterize the interrelationship
and association between abundance of immune infiltrates and
SNX4 gene expression in ccRCC.

The Gene Expression Profiling Interactive Analysis (GE-
PIA)

The GEPIA [31] serves as a web server for gene expression
profiling based on TCGA samples as well as survival analysis
and correlative analyses by different tumor characteristics.
We applied GEPIA to evaluate the correlation of SNX4 ex-
pression level and immune cell infiltration level and explore
the association between SNX4 expression and immune cells
markers.

Univariable, multivariable Cox regression analysis and
logistic regression analysis

We generated a Kaplan-Meier survival curve to assess the im-
pact of SNX4 expression on the prognosis of ccRCC patients.
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Additionally, we conducted univariable and multivariable Cox
regression analyses to investigate whether SNX4, along with
various clinical features (such as age, gender, T stage, N stage,
M stage, pathological stage, and histologic grade), could serve
as independent factors influencing the prognosis of individu-
als with ccRCC. Logistic regression analysis was applied to all
variables to compute the odds ratio (OR) and 95% confidence
interval (CI), aiming to identify and elucidate the risk factors
associated with ccRCC.

Establishment of the nomogram

We employed the “rms” package in R (version 3.6.3) to de-
velop a nomogram incorporating independently identified risk
factors for predicting the overall survival (OS) of ccRCC pa-
tients at 1, 3, and 5 years. Furthermore, calibration curves were
constructed to assess the nomogram’s accuracy.

Prediction and analysis of upstream miRNAs and corre-
sponding IncRNAs of SNX4

The prediction of upstream miRNAs that could potentially
bind to SNX4 was conducted using online databases TargetS-
can [32], miRDB [33, 34], starBase [35] and miRTarBase
[36]. Venn diagram was drawn by bioinformatics to confirm
the mutual predictive target genes. To visualize the results,
a miRNA-SNX4 regulatory network was constructed using
cytoscape software. The upstream IncRNAs of microRNAs
were predicted using starBase database and the expression
correlation between IncRNAs and hsa-miR-221-3p/hsa-miR-
222-3p or SNX4 in ccRCC was also detected using starBase
database.

Patient and clinical samples

Eleven ccRCC and their adjacent tissue samples were random-
ly selected from the patients who underwent radical nephrec-
tomy. Ethical approval was granted from the Ethics Committee
of Beijing Tiantan Hospital, Capital Medical University (ap-
proval number: KY2024-005-01). The study was conducted in
compliance with the ethical standards of the responsible insti-
tution on human subjects as well as with the Helsinki Declara-
tion.

RNA extraction, reverse transcription and quantitative
real-time polymerase chain reaction (QRT-PCR)

We extracted total RNA from freshly frozen ccRCC tissues
and their adjacent normal tissues using SteadyPure Quick
RNA Extraction Kit (Accurate Biology, China) and then con-
ducted reverse transcription using Evo M-MLV RT Mix Kit
(Accurate Biology, China). Next, we carried out qRT-PCR by
using SYBR® Green Premix Pro Taq HS qPCR Kit and Rox
Reference Dye (Accurate Biology, China). The housekeeping
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gene GAPDH was used as the internal reference, and the rela-
tive expression level of the target gene was calculated by the
2-DDCT calculation method. Three multiple holes were set for
each experiment.

Western blot (WB)

Total protein was extracted from the collected tissues using
a standardized protein extraction buffer containing protease
and phosphatase inhibitors. The concentration of extracted
proteins was determined using BCA assay. Sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was
prepared to separate proteins, which were transferred onto a
nitrocellulose membrane through a semi-dry transfer method.
The membrane was then blocked to prevent non-specific bind-
ing and probed with specific antibodies targeting SNX4 and
GAPDH. After incubation, protein bands were visualized us-
ing an enhanced chemiluminescence (ECL) detection system.
The grayscale values of the protein bands were analyzed using
Image]J software.

Statistical analyses

All of the statistical analyses were performed by R (V 3.6.3),
and the R package ggplot2 was utilized to analyze the expres-
sion differences. The Wilcoxon rank sum test Mann-Whitney
U test and Student’s #-test were conducted to establish the gene
expression differences among ccRCC tissues and surrounding
normal tissues. Log-rank and Kaplan-Meier tests were per-
formed to picture Kaplan-Meier survival curves by using the
survminer package. Correlation analysis was conducted using
the Pearson correlation and Spearman tests. All the experi-
ments in this paper were conducted repeatedly three times, and
the final experimental data were expressed as mean + standard
deviation. Unpaired #-test and one-way analysis of variance
(ANOVA) analysis were applied to assess the differences be-
tween experiment and control groups. P-value lower than 0.05
was considered significant.

Results

Expression pattern of SNX4 in pan-cancer perspective

Expression pattern of SNX4 was evaluated among 33 cancer
types based on the TCGA database. As revealed in Figure 1,
SNX4 expression was significantly upregulated in 22 out of 33
cancer types and downregulated in five cancer types compared
with normal tissues.

Downregulated mRNA and protein expression of SNX4 in
c¢cRCC patients

In order to determine differences of SNX4 expression in
ccRCC and normal tissues, we analyzed the data on mRNA
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Figure 1. The expression levels of SNX4. (a) The expression levels of SNX4 in pan-cancer from TCGA database. (b, c) The
expression levels of SNX4 in ccRCC and normal renal tissues from TCGA database. (d) The protein expression levels of SNX4
in ccRCC and normal renal tissues in CPTAC. *P < 0.05, **P < 0.01, ***P < 0.001. ns: no significance.

SNX4 expression levels found in TCGA and GTEx. Figure 1b
shows the unpaired differential expression analysis indicating
that the mRNA expression level of SNX4 in ccRCC (n = 531)
was significantly lower than those in normal tissues (n = 100)
(4.708 +1.033 vs. 4.549 +0.727, P < 0.001).

Next, we acquired the paired data analyses between
ccRCC tissues and surrounding healthy tissues illustrating the
downregulation of SNX4 in ccRCC (n = 72) (Fig. lc, 6.083 +
0.334 vs. 5.776 £ 0.625, P < 0.001).

We continued to investigate the protein level of SNX4 on
CPTAC via UALCAN and found significantly lower expres-
sion of SNX4 in ccRCC samples (n = 110) than those in nor-
mal samples (n = 84) (Fig. 1d). Immunohistochemical staining
images for SNX4 proteins in ccRCC as well as normal kidney
tissues were obtained from the HPA database and shown re-
spectively in Figure 2a-d.

Relationships between SNX4 mRNA levels and clinical
pathological features of ccRCC patients

To determine relationships between SNX4 mRNA levels and
clinical pathological features of ccRCC patients, Dunn’s test
and the Kruskal-Walli’s test were used.

As shown in Figure 3e, there was statistically significant
reduction of SNX4 expression in patients with higher histo-
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logic grade (P <0.1). Figure 3f demonstrates lower expression
in male patients than that in female (P < 0.001). No significant
difference of SNX4 expression level was observed in other
clinical characteristics, including T stage (Fig. 3a), N stage
(Fig. 3b), M stage (Fig. 3c), pathologic stage (Fig. 3d), age
(Fig. 3g) or primary therapy outcome (Fig. 3h).

Low mRNA expression of SNX4 is correlated with poor
prognosis

Kaplan-Meier analysis was conducted in TCGA KIRC cohort.
Based on the SNX4 expression status, ccRCC patients were
divided into high SNX4 expression group (n = 258) and low
SNX4 expression group (n = 258). The cut-off value was set
to be the median SNX4 mRNA level. Kaplan-Meier curves re-
vealed that lower mRNA expression level of SNX4 was cor-
related with poorer OS (hazardratio(HR) = 0.49, P < 0.001;
Fig. 4a), shorter disease-specific survival (DSS) (HR = 0.36,
P < 0.001; Fig. 4b) and worse progression-free interval (PFI)
(HR =0.56, P<0.001; Fig. 4c). We further plotted the Kaplan-
Meier survival curves based on distinct histologic grade (Fig.
4f-1) and gender (Fig. 4d, e). It showed that lower SNX4 ex-
pression was related to the poorer OS among G3 patients (HR
=0.41, P <0.001; Fig. 4h) and female patients (HR = 0.31, P
<0.001; Fig. 4e).
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Figure 2. The protein expression of SNX4 in ccRCC and normal renal tissues based on the Human Protein Atlas. (a, b) The pro-
tein levels of SNX4 in normal kidney tissues from the Human Protein Atlas database. (c, d) The protein levels of SNX4 in kidney

clear cell carcinoma based on the Human Protein Atlas.

Correlated significant genes with SNX4

The correlated significant genes of SNX4 were explored using
the LinkedOmics database. The first 50 correlated genes were
visualized in the heatmap plot (Fig. 5a) and volcano plot (Fig.
5b). We found that SNX4 presented the strongest negative cor-
relation with LOC729234, RIN1 and GGN while positive cor-
relation with EHHADH, RABL3 and PLSI.

Univariable and multivariable Cox regression

Univariate and multivariate Cox regression analyses were
conducted to discern independent factors significantly associ-
ated with ccRCC OS, considering SNX4 expression and other
clinical parameters (age, gender, T stage, N stage, M stage,
pathologic stage, histologic grade, race, laterality and primary
therapy outcome). Univariate Cox regression analysis revealed
significant associations of T stage (P < 0.001), N stage (P <
0.001), M stage (P < 0.001), pathologic stage (P < 0.001), his-
tologic grade (P < 0.001), age (P < 0.001) and SNX4 expres-
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sion (P <0.001) with OS. Multivariate Cox regression analysis
demonstrated that no parameters remained independent prog-
nostic factors for ccRCC patients (Table 1).

Construction and verification of nomogram based on
SNX4 expression

Employing multivariable Cox regression analysis, we system-
atically identified clinical factors influencing the prognosis
of ccRCC patients. Subsequently, we devised a nomogram
(depicting age, T stage, N stage, M stage, pathologic stage,
histologic grade and SNX4 expression; Fig. 6a) to assist clini-
cians in prognostic predictions. The nomogram featured line
segments, each representing a score ranging from 0 to 100,
with the length of these segments signifying the impact of in-
dividual clinical factors on OS. The cumulative score, derived
by summing up individual scores, enabled the determination
of expected survival rates at the first, third and fifth years.
Furthermore, the calibration curve underscored the favorable
concordance between predicted and actual outcomes (Fig. 6b).
In summary, the constructed nomogram successfully provides
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a robust model for accurate prognosis prediction in ccRCC pa-
tients.

Correlation analysis of SNX4 expression and immune cell
infiltration in ccRCC

The TIMER database was utilized to estimate the underly-
ing relationship between SNX4 expression level and the six
diverse types of tumor-infiltrating immune cells. The results
are shown in Figure 7a, suggesting that the expression level
of SNX4 had positive correlation with infiltrating levels of B
cells (r =0.241, P =1.65 x 107), CD8" T cells (r =0.188, P
=7.60 x 107), CD4" T cells (r =0.147, P =1.55 x 1073), mac-
rophages (r =0.297, P =1.48 x 10719), neutrophils (r =0.269, P
=4.95 x 10"), and dendritic cells (r =0.203, P=1.24 x 107) in
ccRCC, although no significant association with tumor purity.
P<0.05 was considered as the difference of significance.
Further investigations were conducted to explore the possi-
ble role of SNX4 in tumor immune in ccRCC. We used the GE-
PIA database to determine the association between SNX4 and
corresponding biomarkers of immune cells. As listed in Table 2,
SNX4 was significantly positively correlated with CD4" T cell
biomarkers (CD4), part of M1 macrophage biomarkers (NOS2
and IRFS), M2 macrophage biomarkers (CD163, VSIG4, and
MS4A4A), part of neutrophil biomarkers (CEACAMS and
ITGAM), and dendritic cell biomarkers (HLA-DPB1, HLA-
DRA, HLA-DPA1, CDI1C and NRP1). There was no signifi-
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cant association between SNX4 expression and B cell or CD8*
T cell biomarkers. These results revealed that SNX4 may regu-
late macrophage polarization in ccRCC.

Relationship between SNX4 and immune checkpoints in
ccRCC

Considering SNX4 as the potential tumor suppressor gene
in ccRCC, the relationship of SNX4 expression and immune
checkpoint genes, involving PD-1, CD274, PD-L1, CTLA4
and FBXO3, was assessed and exhibited respectively in Fig-
ure 7b-f. PD1 and PD-L1 are important immune checkpoints
which are responsible for tumor immune escape. As suggested
in Figure 7d, SNX4 expression was significantly positively cor-
related with PD-L1 in ccRCC, while Figure 7b displays non-
significant correlation between PD-1 and SNX4 expression.
These results demonstrate that tumor immune escape might be
involved in SNX4-mediated carcinogenesis of ccRCC.

Prediction and analysis of upstream miRNAs of SNX4

It was generally accepted that mRNA-miRNA-IncRNA ceR-
NA hypothesis was a new regulatory mechanism between
ncRNA and mRNA. To construct the ceRNA network, the un-
derlying upstream miRNAs obtained from four databases were
intersected using Venn analysis to ascertain six miRNAs with
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Figure 4. The Kaplan-Meier survival curve of ccRCC stratified according to SNX4 expression levels indicated that ccRCC pa-
tients with low SNX4 mRNA expression had a shorter OS, DSS and PFI than those with high level of SNX4 (a-c). Besides, a
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specific survival; PFI: progression-free interval.

closer possibility and visualized in Venn diagram webtool [37]
(Fig. 8a). The miRNAs and SNX4 interactions were performed
and listed in Figure 8b-e, suggesting that SNX4 was signifi-
cantly negatively correlated with miR-34c-5p, miR-221-3p,

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

miR-218-5p and miR-222-3p in ccRCC. We further explored
the expression and prognostic influence of the four miRNAs
as demonstrated in Figure 8f-i. MiR-221-3p and miR-222-3p
were significantly upregulated in ¢ccRCC samples and their
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Figure 5. The correlated significant genes of SNX4 were visualized in the heatmap plot (a) and volcano plot (b). (a) Heatmap
of the top 50 significant differentially expressed genes between the high and low SNX4 expression groups. Blue and red dots
represent downregulated and upregulated genes, respectively. (b) Volcano plot of differentially expressed genes between the
high and low SNX4 expression groups.
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Table 1. Univariable and Multivariable Cox Regression

Univariate analysis

Multivariate analysis

Characteristics Total (N)
Hazard ratio (95% CI) Pvalue Hazard ratio (95% CI) P value

T stage 539

T1-T2 349 Reference

T3-T4 190 3.228 (2.382 - 4.374) <0.001  0.000 (0.000 - Inf) 1.000
N stage 257

NO 241 Reference

N1 16 3.453 (1.832 - 6.508) <0.001 0.000 (0.000 - Inf) 1.000
M stage 506

MO 428 Reference

Ml 78 4.389 (3.212 - 5.999) <0.001  0.000 (0.000 - Inf) 1.000
Pathologic stage 536

Stage I-11 331 Reference

Stage III-IV 205 3.946 (2.872 - 5.423) <0.001 10,933,712,997.684 (0.000 - Inf)  1.000
Histologic grade 531

G1 and G2 249 Reference

G3 and G4 282 2.702 (1.918 - 3.807) <0.001 3.510(0.182 - 67.520) 0.405
Gender 539

Female 186 Reference

Male 353 0.930 (0.682 - 1.268) 0.648
Age 539

<60 269 Reference

> 60 270 1.765 (1.298 - 2.398) <0.001  0.489 (0.028 - 8.506) 0.624
Race 532

White 467 Reference

Asian and Black or African American 65 0.818 (0.454 - 1.474) 0.505
Laterality 538

Left 252 Reference

Right 286 0.706 (0.523 - 0.952) 0.023 0.000 (0.000 - Inf) 0.999
Primary therapy outcome 147

CR and PR 130 Reference

PD and SD 17 5.116 (1.594 - 16.425) 0.006 1.694 (0.000 - Inf) 1.000
SNX4 539

Low 269 Reference

High 270 0.493 (0.362 - 0.672) <0.001  0.927 (0.049 - 17.574) 0.959

Cl: confidence interval; CR: complete response; PR: partial response; PD: progressive disease; SD: stable disease.

overexpression was correlated with worse OS. These findings
supported that miR-221-3p and miR-222-3p might be the pos-
sible regulatory upstream miRNAs of SNX4 in ccRCC.

Prediction and analysis of upstream IncRNAs of miR-221-
3p/miR-222-3p

By searching in starBase database, we acquired basically the

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

same possible upstream IncRNAs of miR-221-3p/miR-222-
3p. The expression level of associated IncRNAs was acquired
through GEPIA. Log2FoldChange and P value were screened
to select IncRNAs with significantly downregulated expres-
sion. Based on the ceRNA hypothesis, IncRNA could competi-
tively bind to shared miRNAs and increase mRNA expression
level. Thus, underlying IncRNAs were negatively correlated
with miRNA and positively correlated with mRNA. The cor-
relation analysis between IncRNAs and miR-221-3p/miR-222-
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Figure 6. Prediction model nomogram and calibration curve. (a) Nomogram for predicting the probability of 1-, 3-, and 5-year OS
for ccRCC patients. (b) Calibration plot of the nomogram for predicting the survival probability.

3p or IncRNAs and SNX4 in ccRCC was assessed by star-
Base database and the final result was listed in Table 3. Taken
together, DHRS4-AS1 was most likely the shared upstream
IncRNA of miR-221-3p/miR-222-3p in ccRCC.

Validation of the expression level of SNX4 in ccRCC

The qRT-PCR analysis revealed a significant downregulation
of SNX4 expression in ccRCC samples compared to the cor-
responding adjacent normal tissues (Fig. 9a, b). Raw data are
provided in the Supplementary Material 1 (www.wjon.org).
Protein expression levels of SNX4 were checked by WB in
both ccRCC tissues and adjacent non-ccRCC tissues. A sig-
nificant reduction in SNX4 expression was observed in the
cancerous tissues compared to the corresponding nccRCC

tissues (Fig. 9d) as WB gray scale analysis shown in Figure
9c.

Discussion

SNX4, also known as ATG24B (autophagy protein 24B), is
an important regulator concerning the retrieval of cargo from
degeneration into a recycling pathway [17]. Our research was
the first effort to explore the correlation between SNX4 and
ccRCC via bioinformatics technology. It was generally report-
ed that SN X4 was highly expressed in normal kidney as com-
pared to other tissues. According to our research, SNX4 acted
as a tumor suppressor gene in ccRCC. Both mRNA and protein
expression of SNX4 were downregulated in ccRCC samples.
The expression levels of SNX4 were further identified by qRT-
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Figure 7. Correlation analysis of SNX4 expression and immune cell infiltration in ccRCC (a) and relationship between SNX4 and
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Table 2. Association Between SNX4 and Corresponding Biomarkers of Immune Cells

Immune cell Biomarker R value P value

B cell CD19 -0.077 0.08
CD79A -0.073 0.096

CDS8" T cell CD8A 0.075 0.088
CD8B 0.048 0.28

CD4" T cell CD4 0.27 4.4 %1010

M1 macrophage NOS2 0.38 3.7 x 10717
IRFS 0.23 7.9 x 108
PTGS2 0.083 0.058

M2 macrophage CD163 0.17 0.00013
VSIG4 0.21 0.0000011
MS4A4A 0.29 9.8 x 10712

Neutrophil CEACAMS 0.1 0.022
ITGAM 0.34 1.3 x 1071
CCR7 0.094 0.31

Dendritic cell HLA-DPB1 0.25 3.9 x 107
HLA-DQBI1 0.039 0.37
HLA-DRA 0.31 1.8 x 1013
HLA-DPA1 0.35 4.3 %1016
CDI1C 0.33 8.7 x 10713
NRP1 0.57 1.1 x 104
ITGAX 0.057 0.2

SNX4: sorting nexin 4.

PCR and WB in our clinical samples. And its low expression
level was significantly correlated to high histologic grade and
resulted in different outcomes on different genders. As Ka-
plan-Meier curves suggested, short OS and DFS were iden-
tified with the depressed mRNA expression of SNX4, which
enables SNX4 potentially to act as a predictive biomarker re-
lated to a favorable prognosis in ccRCC. We further identified
that SNX4 exerted a distinct function in immune infiltration
in ccRCC. The expression level of SNX4 was positively cor-
related with the immune checkpoint expression level, includ-
ing PDCD1LG2 and FBXO3, and we also listed its affiliation
with the immune cell biomarker in Table 2. Aberrant miRNA
expression is implicated in various tumorous biological pro-
cesses. Based on the theory of ceRNA network, we screened
the most closely related miRNA using Tarbase database and
then explored the possible upstream IncRNA, which was listed
in Table 3. Finally, SNX4/miR-221/222-3p/DHRS4-AS1 reg-
ulatory axis was successfully constructed in ccRCC and we
simultaneously explored the expression level and prognostic
value of genes involved in the pathway.

The lysosomal degradation pathway of autophagy plays a
fundamental role in cellular, tissue and organismal homeosta-
sis and, in part, is mediated by the repression and activation
of ATG genes [38]. Experimentally, ATG proteins interactions
are known to be important for autophagosome formation [38].
Autophagy can promote or inhibit apoptosis under different

cellular contexts in response to stimuli due to the degradation
of different pro- or anti-apoptotic regulators by autophagy
[39]. In the aging model Podospora anserina, ablation of
PaATG24 leads to a reduced growth rate, infertility, and to a
pronounced lifespan reduction [40]. Several experiments have
identified that SNX4 was involved in autophagy initiation and
mediated ATG9A trafficking, which drove expansion of nas-
cent autophagosome membranes, from endolysosomes to early
endosomes [15, 41, 42]. ATG20 forms a heterodimer complex
with SNX4 via its BAR domain and the complex tubulates
liposomes influencing the overall shape of the phagophore
membrane during autophagy [43, 44]. Efficient transfer of
Ssn2/Med13, which act as repressor of ATG expression, from
the nuclear periphery to phagophores depends on the sorting
nexin heterodimer Snx4-Atg20, which binds to Atgl7, and re-
locates to the perinucleus in response to nitrogen starvation
[16]. It suggests that SNX4 exerts its influence on autophagy
by interacting with multiple ATG genes, indicating a possible
impact on cancer development [38, 45]. However, the explicit
mechanism of SNX4 in ccRCC remains largely unclear and
needs to be further explored.

Ferroptosis, a novel form of oxidative stress-induced cell
death, is driven by lethal lipid peroxidation and accumulated
iron [46]. Iron exerts a central role in cell viability and death,
and cellular iron homeostasis is under exquisite control [47].
Many cellular processes alter the sensitivity of cells towards

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ www.wjon.org 11
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Figure 8. Prediction and analysis of ceRNA network. (a) Venn diagrams of underlying miRNA were drawn to predict the mutual
target miRNA. The expression levels of miR-218-5p (b), miR-221-3p (c) and miR-222-3p (e) were significantly different in ccRCC
and normal renal tissue. No significant difference of the expression level of miR-34c-5p (d) was detected in ccRCC and normal
tissue. We further explored the expression and prognostic influence of the four miRNAs (f-i).

Table 3. Prediction and Analysis of ceRNA Network

IncRNA miRNA R-value P-value
AC091563.1 hsa-miR-221-3p -0.156 0.00038
DHRS4-AS1 hsa-miR-221-3p -0.165 0.000167
PAXIP1-AS2 hsa-miR-221-3p -0.141 0.00135
DHRS4-AS1 hsa-miR-222-3p -0.126 0.00399
mRNA

AC091563.1 SNX4 0.123 0.00432
DHRS4-AS1 SNX4 0.439 1.13 x 1026
PAXIP1-AS2 SNX4 0.357 1.74 x 1077

ceRNA: competing endogenous RNA; IncRNAs: long noncoding RNAs.
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ferroptosis by changing cellular labile iron contents. Transfer-
rin and its receptor work together to facilitate ferroptosis by
importing iron into the cell [48]. SNX4 coordinates transport-
ing transferrin receptor (TfnR) with long range from early en-
dosomes to the juxtanuclear endocytic recycling compartment
[49]. Suppression of SNX4 perturbs the transport and causes
lysosomal degradation of TfnR. In an endocytosis assay, over-
expressed SNX4 was able to inhibit TfnR endocytosis, and
SNX4 colocalized with transferrin-containing vesicles at low-
er levels of expression, suggesting that SNX4 may be part of
the endocytic machinery or, alternatively, that SNX4 is likely
to relate to key elements of endocytosis and sequester them
when overexpressed [50]. As cancer cell is characterized by
more active metabolism and higher reactive oxygen species
(ROS) load, it may have higher tendency to undergo ferrop-
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tosis. Adding to this notion, cancer cell often demands high
iron supply, which enhances their susceptibility to ferroptosis
[51, 52]. Based on the above experimental results, we make
a speculation that downexpression of SNX4 in ccRCC may
inhibit TfnR endocytosis and block the intracellular transport
of iron, which may restrain the ferroptosis process.

A key issue surrounding tumor formation includes the in-
fluence that the immune system puts on resisting or eradicating
formation and progression of neoplasm. Immune surveillance
system monitors cells and tissues constantly and takes charge
of recognizing and eliminating the vast majority of incipient
cancer cells [53]. So there is reason to believe ccRCCs that do
appear have somehow managed to avoid the immunological
killing, thereby evading immune eradication [54]. ATG pro-
teins mediate inflammatory and immune signaling transport
simultaneously through autophagy-dependent mechanisms and
autophagy-independent mechanisms, which generally impli-
cate ATG protein crosstalk with immune signaling molecules
[38]. To further investigate the role that SN X4 plays in immune
escape, we assessed the correlations between its expression and
immune infiltration level in ccRCC. We propose that increased
activation of SNX4 expression arouses the accumulation acti-
vation of a range of distinct immune cell types and can mark-
edly rearrange the tumor immune microenvironment (TME)
through various mechanisms, including cytokine secretion and
metabolic derangements. ICB therapies unleash breaks in the
immune system and generate durable responses [55]. However,
patients present unwantedly low response rates to ICB therapy
owing to the unexpected recycling and cellular abundance of
PD-L1 [56]. Thus, understanding the underlying molecular
mechanisms better will assist the establishment of novel strate-

gies to treat and prevent resistance. Autophagy pathway plays
a key role in survival and apoptosis, activation, differentiation,
effector function and tumor trafficking of extensive immune
cell subsets, and meanwhile alters tumor immune response
through modulating autophagy pathway in cancer therapy. In-
ducing the lysosomal degradation of PD-L1 antibody and the
consequent decrease in its cellular abundance can be a promis-
ing approach for reliable and durable blockade of PD-L1 to in-
crease the ICB therapy efficiency and response rate of patients.
Autophagy inhibition plus anti-PD-L]1 is an attractive combina-
tion for further investigation, particularly for tumors with high
levels of autophagy. SNX4, as an autophagy gene, may lead to
a significant PD-L1 degradation that prevents its recycling and
cellular abundance compared to anti-PD-L1 antibody, disrupt-
ing immune escape mechanism of tumor cells and enhancing T
cell-mediated antitumor immunity. It may potentially provide
predictive biomarkers and mechanisms to assess treatment effi-
cacy. Based on our current research, expression level of SNX4
has an impact on the abundance and activation of immune cell,
consequently converting the tumor immune environment and
affect the tumor immune surveillance.

CeRNA hypothesis suggests that the ceRNA activity
forms a large-scale regulatory network, which is key post-
transcriptional regulators of gene expression and has wide
implications in pathological conditions, such as cancer [57].
SNX4, interacting with miRNAs or InRNAs, may serve for
ceRNAs as a basic component of the ceRNA regulatory net-
work and be pivotal in the biological properties of ccRCC.
However, it still remains unelucidated how SNX4 mediates
the ceRNA-ceRNA interaction network and participates in the
development and growth of ccRCC. In vitro experiments re-
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vealed that microRNA-222-3p promotes tumor cell migration
and invasion and inhibits apoptosis, and is correlated with an
unfavorable prognosis of patients with RCC [58]. SNX4, acted
as its target gene, was negatively correlated with miR-222-3p.
Several researches have verified the altered expression level
and clinical significance of miR-221-3p and miR-222-3p.
Our study further constructed the overall ceRNA network and
also evaluates the potential clinical utility of the ceRNA axis,
SNX4/miR-221/222-3p/DHRS4-AS1 axis, and their possible
relations with clinical prognosis. The analyses of SNX4-asso-
ciated ceRNA network provided an improved outlook of the
mechanism of action of ccRCC and may provide a novel di-
rection into clinical application in ccRCC. Downregulation of
DHRS4-AS1 in ccRCC was confirmed by assessing a cohort
of tumor and paired non-tumor samples [59]. Low DHRS4-
AS1 expression was significantly associated with advanced
pathological grade and poor prognosis, which simultaneously
verified our prediction [59].

We also found that our study has some limitations. First
of all, we only verified the mRNA and protein expression of
the target gene using qRT-PCR and WB. More clinical samples
are needed to confirm its expression level and correlation with
clinical characteristics. Further laboratory validation is required
before any conclusions can be made about the effect of SNX4
on ccRCC. Second, we did not interrogate the molecular mecha-
nisms by which SNX4 may exert its protective effects in ccRCC.

Conclusion

The mRNA and protein expression level of SNX4 was sig-
nificantly lower in ccRCC than those in normal tissues. Lower
mRNA expression level of SNX4 was correlated with poor
prognosis. SNX4 may exert critical roles in the tumorigenesis,
development and migration of ccRCC via various mechanisms.

Supplementary Material
Suppl 1. Expression level of SNX4.
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