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Background: Clear cell renal cell carcinoma (ccRCC), the most common subtype of renal cell carcinoma
(RCC), is insensitive to radiotherapy and chemotherapy after surgery. Deoxyribonuclease 1-like 3
(DNASEI1L3), an endonuclease that cleaves both membrane-encapsulated single- and double-stranded
DNA, suppresses cell cycle progression, proliferation and metabolism in hepatocellular carcinoma cells.
There is currently no established link between DNASEIL3 and RCC inhibition. We are gonging to
explored the mechanism underlying the relationship between DNASEL1L3 and RCC.

Methods: RNA sequencing data for RCC tissue and peritumoral tissue were downloaded from The
Cancer Genome Atlas database and analyzed. The expression levels of DNASEIL3 in RCC and normal
samples were verified using the Gene Expression Omnibus (GEO) database, Human Protein Atlas database
and western blotting. The role and potential mechanism of DNASE1L3 were investigated by analysis of
immune-related databases and wound healing, invasion, cell counting kit 8 and immunofluorescence assays.
Results: We revealed that DNASEIL3 expression was downregulated in RCC group compared with
control group [The Cancer Genome Atlas (TCGA): 7.98 vs. 10.87, P<0.001]. Meanwhile, DNASE1L3
expression correlated with the clinical characteristics of patients. Patients with low DNASE1L3 expression
had worse survival (P<0.001) and larger (r=-0.32, P<0.001) and heavier tumors (r=-0.17, P<0.001).
DNASEIL3 overexpression inhibited the proliferation (786-O: 0.135£0.014 vs. 0.322+0.027, P<0.001)
and invasion (786-0: 1,479x134 vs. 832+67, P<0.05) of RCC cells. The expression of DNASEI1L3 was
significantly correlated with the tumor immune microenvironment and drug sensitivity in ccRCC. Moreover,
the level of the key phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) signaling pathway protein
P-AKT was decreased in the group of cells transfected with DNASE1L3.

Conclusions: This study strongly suggest that DNASEIL3 may be a promising potential biomarker for
the diagnosis and treatment of ccRCC patients.
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Introduction

Renal cell carcinoma (RCC) is among the top three most
common genitourinary malignancies with a worldwide
incidence of greater than 400,000 (1,2). Clear cell renal
cell carcinoma (ccRCC) is the most common pathological
subtype of RCC and accounts for more than 75% of
all RCC cases (3). The treatment of RCC relies heavily
on surgical resection because RCC is insensitive to
radiotherapy and chemotherapy. However, approximately
30% of patients eventually experience recurrence or develop
metastases after surgery (4). In recent years, new cancer
immunotherapies based on immune checkpoint blockade
have been shown to result in survival benefits when used
for the treatment of metastatic RCC, thus providing new
therapeutic opportunities for patients.

The phosphatidylinositol 3 kinase (PI3K)/protein kinase
B (AKT) pathway is a highly conserved and important
pathway involving intracellular signal transduction and
cellular processes, such as cell proliferation, migration,
senescence and apoptosis (5). It has attracted great interest
mainly in numerous basic and clinical oncology research
efforts since 1987. Usually, extracellular signal stimuli
such as growth factors and cytokines activate PI3K and
bind to receptor tyrosine kinases (RTKs), leading to
phosphorylation of plasma membrane phosphatidylinositol-
4,5-bisphosphate (PIP2) to induce phosphatidylinositol-
3,4,5-trisphosphate (PIP3). Via its 3’-position, activated
PIP3 binds to AKT, and AKT is thus recruited to the
plasma membrane to phosphorylate its substrates, activating
downstream effector proteins (6). It was reported that
the overall genetic alteration rate is 27%, resulting in
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dysfunction of chromatin remodeling leading to the
progression of RCC (7). A series of studies demonstrated
that the levels of PI3K/AKT pathway-related proteins
were significantly increased and that suppression of this
pathway inhibited the proliferation and migration of RCC
cell lines (8-10). Presently, a plethora of studies has been
dedicated to exploring potential prognostic biomarkers for
ccRCC. Notably, some investigations have revealed that
ccRCC patients exhibiting low expression of ALDOB (11),
high expression of p-CREBI (12), or elevated expression of
SPOCKI1 (13) are associated with a less favorable prognosis.
However, the association between deoxyribonuclease 1 like
3 (DNASEI1L3) and ccRCC remains unexplored.

DNASEI1L3, a member of the DNA-degrading enzyme
family, was originally discovered to be an endonuclease
that cleaves membrane-encapsulated single- and double-
stranded DNA during cellular metabolic, necrotic and
apoptotic processes (14). Normally, serum DNASE1L3
is involved in maintaining circulating plasma DNA
homeostasis by controlling the clearance of fragmentation
and end-motif frequencies (15). One study has shown that
genetic alterations of DNASLE1L3 resulting in lower
endonuclease activity are linked to systemic rheumatic
diseases (16). The absence of DNASLEI1L3 in serum results
in a series of autoimmune inflammatory responses and the
production of anti-DNA antibodies, leading to loss of self-
tolerance and contributing to the pathogenesis of asthma
exacerbations, systemic lupus erythematosus and ankylosing
spondylitis (17-19). Accumulating evidence has revealed that
DNASEIL3 also plays an important role in tumorigenesis
(20-22). Our previous study showed that DNASE1L3 acts
as a suppressor of cell cycle progression, proliferation,
apoptosis, and metabolism by reducing the activity of
rate-limiting enzymes of glycolysis in hepatocellular
carcinoma (23). However, the mechanism of DNASELI1L3
in RCC remains unclear and needs to be elucidated.

In the present study, we investigated the correlations
between the expression of DNASE1L3 and clinical
characteristics, the tumor immune microenvironment and
drug sensitivity in ccRCC. Overexpression of DNASE1L3
impaired the proliferation and invasion of ccRCC cells,
and this effect may be ascribed to inactivation of the PI3K/
AKT pathway. This study indicates that DNASE1L3
may be a potential marker for the diagnosis and target
for the treatment of ccRCC. We present this article in
accordance with the MDAR and TRIPOD reporting
checklists (available at https://tau.amegroups.com/article/

view/10.21037/tau-23-355/rc).
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Methods
Data preprocessing and patient selection

RNA sequencing (RNA-seq) data of RCC were
downloaded from The Cancer Genome Atlas (TCGA)
database, and validation microarrays, including GSE36895,
GSES53757, and GSE68417, were obtained from the Gene
Expression Omnibus (GEO) database. RNA-seq data from
TCGA were normalized and analyzed using Edge, and the
microarray data in TCGA were analyzed by the Limma
R package. The present study included differentially
expressed genes (DEGs) that showed a |log,-fold changel
>2 and a P value <0.05. Clinical information of RCC
patients was downloaded from the TCGA database.
The diagnoses of 472 patients with complete clinical
baselines were histologically confirmed. Patients with
incomplete clinical characteristics, such as clinical stage,
histologic grade, pathologic stage or tumor weight, were
excluded. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Cell lines and transduction

The normal human renal cell line HK2 and human
RCC cell lines ACHN, Caki-1, 786-0O, and 769P were
purchased from the China Centre for Type Culture
Collection (Wuhan, China). All cell lines were cultured
following to the guidelines. The lentivirus containing
DNASEIL3 overexpressing and the respective lentiviral
vector were acquired from GeneCreate Company (Wuhan,
China) and transduced into 786-O and ACHN cells using
Lipofectamine 3000 (Thermo Fisher Scientific, Waltham,
MA, USA) as previously described (23). The transduction
efficiency of cells was determined with western blotting
following the manufacturer’s instructions.

Cell proliferation assay

786-0 and ACHN cells transduced with the DNASE1L3 or
empty vector were seeded into 96-well plates and incubated
with CCKS solution following the manufacturer’s protocols.
First, 100 pL of cell suspension was added to a 96-well
plate. The culture plate was preincubated in an incubator
for 24 h (at 37 °C, 5% CO,); then, 10 pL of renal cancer cell
line suspensions were added to the culture plate, and the
plate was incubated in the incubator for 0, 24, 48 and 72 h.
In each well, 10 puL. of CCK-8 solution (Beyotime, China)
was introduced, and the culture plate was then placed in
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an incubator for a duration of 2 hours. Subsequently, the
absorbance at 450 nm was determined using a microplate
reader.

Cell migration and invasion assays

Cell migration was measured using a wound healing assay.
786-0O and ACHN cells transduced with the DNASE1L3
lentiviral vector or empty vector were seeded into 6-well
plates in serum-free medium. A 200-pL plastic pipette
tip was used to create a scratch after the cells were 80%
confluent. The migration capacity of cells was assessed 24 h
later under a microscope. The cell invasion ability was
tested using a Matrigel chamber (BD Biosciences, USA)
following the manufacturer’s protocols. Briefly, cells were
seeded into the upper chamber in serum-free medium, and
10% fetal bovine serum was added to the lower chamber
to induce cell migration. After 24 h, the cells in the upper
chamber were stained with crystal violet and photographed
under a microscope.

Western blot analysis

Western blotting was used as previously described (23).
Briefly, cellular protein lysate was obtained from the
samples and quantified using a BCA Protein Assay Kit
(Thermo Fisher Scientific, USA). Then, cellular proteins
were separated using SDS-PAGE and transferred to
polyvinylidene fluoride membranes. After incubation in 5%
nonfat dry milk for 1 h, the membranes were incubated with
an anti-DNASE1L3 antibody (Thermo Fisher Scientific,
USA, 1:1,000) overnight at 4 °C. After washing with 20x
TBS-tween 20 detergent reagent (Servicebio, China), the
membranes were exposed with anti-rabbit/mouse secondary
antibodies conjugated with horseradish peroxidase at a
dilution of 1:5,000 (Cell Signaling Technology, USA) and
captured using an ECL protein detection system (BIO-
RAD, USA).

Immunoﬂuorescence assays

Immunofluorescence assays were performed as previously
described (23). Briefly, cells were fixed with 4%
formaldehyde and permeabilized with 0.1% Triton X-100.
Then, the cells were blocked with goat serum and incubated
with an anti-P-AKT antibody (Cell Signaling Technology,
USA, 1:100) overnight at 4 °C, followed by an Alexa Fluor
555 (Cell Signaling Technology, USA, 1:200) secondary
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antibody. The nuclei in the 786-O and ACHN cells were
stained with DAPI in the dark, and images were acquired
using a fluorescence microscope (Olympus, Japan).

Tumor immune infiltration analysis

Patients were divided into two groups based on the median
DNASEIL3 mRNA expression level in the RNA-seq data.
The immune infiltration signatures in the high- and low-
DNASEI1L3 groups were evaluated and plotted using the
Tumor IMmune Estimation Resource (TIMER 2.0) and
CIBERSORT databases and the single-sample Gene Set
Enrichment Analysis (ssGSEA) and Gene Set Variation
Analysis (GSVA) R packages (24-27). A Bayes procedure
in the EdgeR package was used to identify the DEGs.
The immune-related gene list was downloaded from the
InnateDB database (28) and intersected with the DEG
list. Then, the correlations among DNASE1L3 and the
immune-related DEGs and pathways were further explored.

Estimation of the response to drug therapy

The therapeutic target list for RCC was downloaded
from a genomics database (29). The correlations between
DNASEI1L3 expression and drug therapeutic responses
were further investigated and plotted with the oncoPredict
R package (30).

Statistical analysis

GraphPad Prism software (CA, USA) was used to evaluate
the significance of differences between two groups using
Student’s 7-test and among multiple groups using one-
way ANOVA. Pearson correlation analysis was used to
analyze the associations between DNASE1L3 expression
and the clinical characteristics of patients, the expression
of immune-related DEGs, and the infiltration of immune
cells. The impact of DNASEIL3 on survival was analyzed
and survival curves were plotted by the Kaplan—-Meier
method. Univariate and multivariate Cox regression
analyses were applied to analyze the relationships between
clinical parameters and survival times. Based on the
significant independent prognostic factors, a nomogram
was established with the rms R package to predict the
survival probabilities of RCC patients. Calibration curves
of 1-, 2- and 3-year survival probabilities and ROC curves
were generated to determine the predictive accuracy of the
nomogram. The log-rank test was performed to determine
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statistical significance using R software version 4.2.0. Data
in the present study are presented as the mean + standard
error values and were obtained from triplicate experiments.
P<0.05 was considered to indicate a significant difference.

Results
DNASEI1L3 expression is downregulated in ccRCC

To explore DNASE1L3 expression in ccRCC, the TCGA
and GEO databases were used for analysis. As shown in
Figure 14, compared to that in normal samples, DNASE1L3
expression in tumors was significantly lower. Our results of
bioinformatics analysis in TCGA were validated using GEO
datasets and Human Protein Atlas database (https://www.
proteinatlas.org/), revealing that the DNASEI1L3 levels as
determined by RNA-seq in the normal group were higher
than those in the tumor group (Figure 1B-1E). To confirm
the findings in these public datasets, normal renal cell and
ccRCC cell lines were utilized for western blotting. As
indicated in Figure 1E1G, compared to that in HK2 normal
kidney cells, DNASEL13 expression in five kidney tumor
cell lines was significantly decreased.

DNASEIL3 expression is correlated with clinical
characteristics in ccRCC

To identify the role of DNASEIL3 in ccRCC, we analyzed
the correlations among DNASE1L3 expression and clinical
characteristics in ccRCC patients. As shown in Figure 24,
DNASEI1L3 expression was found to be significantly
positively related to patient prognosis. Moreover, our
analysis of the clinical characteristics of ccRCC patients
indicated that DNASEIL3 expression was significantly
related to tumor dimension, tumor weight, clinical stage
and histological grade (Figure 2B-2E). The results of Cox
proportional hazards regression analyses showed that
DNASE1L3 was a significant independent factor in the
TGCA cohort (Table S1), indicating that DNASE1L3
might be functionally important in ccRCC pathogenesis.

Construction and validation of the nomogram for ccRCC
patient survival

To provide a quantitative method to predict the survival
probabilities of ccRCC patients with low and high
DNASEI1L3 expression, we constructed a nomogram that
integrated five independent significant clinicopathological
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Figure 1 NASE1L3 expression is decreased in ccRCC. (A-D) Comparison of DNASEIL3 expression in the TCGA, GSE36895, GSE53757
and GSE68417 microarrays between the normal and tumor groups. (E) DNASE1L3 expression was evaluated by immunohistochemistry
in the normal and tumor groups derived from the Human Protein Atlas database [DNASE1L3 normal sample (left, https://www.
proteinatlas.org/ENSG00000163687-DNASE1L3/tissue/kidney#img); DNASE1L3 tumor sample (right, https://www.proteinatlas.org/
ENSG00000163687-DNASE1L3/pathology/renal+cancer#img)]. Scale bar: 200 pm. (F,G) Western blotting and quantitative analysis of
DNSEIL3 expression in normal kidney cells and ccRCC cells. Data are shown as the mean = SE values from three independent experiments.
Student’s #-test was performed to determine the statistical significance of differences between two groups. ***, P<0.001 vs. the normal group.

ccRCC, clear cell renal cell carcinoma; TCGA, The Cancer Genome Atlas; SE, standard error.

factors (Figure 3A). The calibration curves of 1-, 2- and 3-year
survival probabilities and the predictive accuracy of the
nomogram (AUC =0.832) indicated that the nomogram was
in optimal agreement with an ideal model (Figure 3B,3C).

DNASEI1L3 impaired ccRCC cell proliferation and
invasion in vitro

Two cell lines were transduced with empty vector and
the DNASE1L3-overexpressing lentiviral vector, and the
transduction efficiency of DNASEL13 was confirmed by
western blotting (Figure S1). To explore the function of
DNASEIL3 in ¢ccRCC, ACHN and 786-O cells were used
for functional experiments. As indicated in Figure 44,4B,
the CCKS8 assay results showed that DNASEIL3
overexpression decreased the proliferative capacity of
ACHN and 786-0O cells compared to the vector groups. The
results showed that overexpression of DNSE1L3 decreased
the migration distance of ccRCC cells at 24 h (Figure 4C,4D)
compared to that in the vector group. Likewise, the results
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of the transwell assays were consistent with those of the
wound healing assay (Figure 4E,4F). Together, these results
demonstrate that DNASEIL3 functions to suppress the
proliferation and invasion of ccRCC cells.

DNASEIL3 expression is correlated with immune cell
infiltration in ccRCC

Because of the immunoreactive feature of kidney cancer,
all samples were classified into two groups based on the
median DNASE1L3 expression level, and the associations
between DNASE1L3 expression and immune infiltrates
were identified. As indicated in Figure 54 and Figure S2,
the infiltration of CD8" T cells, follicular helper T cells,
CD4" T cells, Treg cells, monocytes, macrophages,
dendritic cells, mast cells, and neutrophils was related to
DNASEIL3 expression. Moreover, the results of TIMER
database analysis showed that mutation of DNASE1L3 was
significantly linked with infiltration of CD8" T cells, CD4* T
cells, macrophages and myeloid dendritic cells (Figure S3),
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independent experiments.

and Pearson correlation analysis further indicated that
infiltration of CD4" T cells and macrophages was correlated
with DNASEI1L3 expression (Figure 5B,5C).

DNASEI1L3 expression is linked to immune biomarker
expression in ccRCC

To understand the role of DNASELI1L3 in regulating
immune activity in ccRCC, immune biomarker data
obtained from the InnateDB database were analyzed.
As shown in https://cdn.amegroups.cn/static/public/
tau-23-355-1.xlsx, the expression of 376 (R>0.3) of the
3,710 immune genes was significantly correlated with
DNASELIL3 expression. The expression levels of the top
20 correlated genes were significantly different between the
high- and low-DNASE1L3 groups, as shown in the heatmap
(Figure 6A4-6C, top right). In addition, the results of GSVA
enrichment analysis showed that 19 of 34 pathways were
mapped based on the significantly correlated immune genes
(Figure 6C and Table S2), and the top 5 signaling networks
were the inflammatory response, PI3K/AKT pathway, IL-2/
STATS pathway, apoptosis and complement pathway.
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*, P<0.05 and ***, P<0.001 vs. the vector group. ccRCC, clear cell renal cell carcinoma; SE, standard error.

DNASEI1LS3 is linked to the PI3K/AKT signaling pathway
in ccRCC

To further determine the potential mechanism of
DNASEIL3 in ¢cRCC, the abundance of the key PI3K/
AKT signaling pathway protein P-AKT was tested using
immunofluorescence staining. As indicated in Figure 7,
compared to the vector group, the abundance of P-AKT
was enhanced in the group transduced with DNASE1L3.

DNASEIL3 in connection with drug sensitivity in ccRCC

The drug sensitivities of ccRCC samples in the high-
and low-DNASE1L3 groups were analyzed based on
the DrugBank database. The half-maximal inhibitory
concentrations (IC50s) of 143 antitumor drugs were
determined, and the nine drugs with the greatest difference
in sensitivity were LY2109761, PCI-34051, ibrutinib,
taselisib, zoledronate, PD173074, alpelisib, GSK2606414,
and nelarabine (Figure §). Some drugs have been used for
the clinical treatment of other tumors; these drugs include
ibrutinib, taselisib, zoledronate and alpelisib, and ccRCC

Transl Androl Urol 2023;12(8):1308-1320 | https://dx.doi.org/10.21037/tau-23-355


https://cdn.amegroups.cn/static/public/tau-23-355-1.xlsx
https://cdn.amegroups.cn/static/public/tau-23-355-1.xlsx
https://cdn.amegroups.cn/static/public/TAU-23-355-Supplementary.pdf

Translational Andrology and Urology, Vol 12, No 8 August 2023

1315

A Group * DNASE1L3 low ‘ DNASE1L3 high
60 « x * aan T P .
.
8 : .
= 40
c
g i .
8 o
e 20 [

onall

T T
@ Q @ . @
D 9P x\“ S
&L o SRS
S @&@$¢e@
F 3 S O 8 NN
O L QQ}\QQ(Q\O \‘\\0&‘0 @4_
P ARSENSIOS
A\ NP e &®
Q" & 52 <
o AL E
Fy®
AL S
A
Purity Macrophage_X cell
_ R=-0:113 . R=-0.306
g P=1.55e-02 P=1.93e-11
o o o
26 o .
c
o
2 o
L 44F
g |2
° .
32
i
2
go : :
025 050 0.75 1.000.0 0.1 0.2
Purity Infiltration level

<b b 6
(\Q; &” 06@ @Qﬂ/‘é\o \\(\Qv‘@ é\\‘v é(\\r«,v
@ & Qe, @ \\4 &L

° & & &

9 ’b S 20
®«§Q @@ KA

P\ & «© & ES
@@@$@@
0
Purity T cell CD4+_EPIC

_ R=-0.113 R=0.273
E P=1.55e-02 % P=2.66e-09
34 de Iy A
c
S
3 (&)
0 448
g |2
o
P
him}
2
Z0
o

025 0.50 0.75 1.000.00 0.05 0.10 0.15
Purity Infiltration level

Figure 5 DNASE1L3 expression is correlated with immune cell infiltration in ccRCC. (A) Comparison of immune cell infiltration between
the high- and low-DNASEIL3 groups; (B,C) correlations between DNASEIL3 expression and immune cell infiltration in data derived from

the TIMER database.

samples in the high-DNASEI1L3 group exhibited higher
sensitivity to these drugs than those in the low-DNASE1L3

group.

Discussion

Because of the heterogeneity among patients, current
medical treatments for ccRCC lack suitable efficacy
after surgery. In recent decades, numerous methods for
antitumor therapy have been developed, but many patients
do not obtain durable clinical benefits often due to drug
resistance in patients with ccRCC. Therefore, it is essential
to further investigate the potential pathogenesis of ccRCC
and identify therapeutic targets to guide individualized
treatment of patients.

DNASEIL3 is normally expressed in the cytosol,
nucleus, endoplasmic reticulum, and extracellular matrix
and is involved in balancing DNA cleavage metabolism (23).
Many studies have demonstrated the important role
of DNASEI1L3 mainly in immune-mediated diseases
(15,18,22,31). Our previously reported work indicated that
DNASEIL3 inhibits tumor progression by promoting
apoptosis and inactivating the rate-limiting enzymes of

© Translational Andrology and Urology. All rights reserved.

*, P<0.05, **, P<0.01, and ***, P<0.001 vs. the low-DNASE1L3 group. ccRCC, clear cell renal cell carcinoma.

glycolysis in hepatocellular carcinoma (23). Thus, in light
of the similarity between these types of solid tumors, it
might be of value to explore the function and mechanism
of DNASEIL3 in the progression of ccRCC. Thus, we
downloaded RNA-seq data from the TCGA and GEO
databases and comprehensively analyzed the correlations
between DNASEIL3 expression and ccRCC characteristics.
The results were consistent with our previous findings
that DNASEI1L3 expression was significantly decreased in
ccRCC samples and that decreased DNASE1L3 expression
was significantly positively related to ccRCC prognosis,
suggesting the antitumor capacity of DNASEIL3.
DNASEIL3 expression has been reported to be associated
with tumor grade, tumor size and tumor thrombus
formation in liver cancer (31). This result was also found
in our present study, which showed that DNASE1L3
expression in ccRCC samples was significantly related
to tumor dimension, tumor weight, clinical stage and
histological grade. Moreover, the results of functional
experiments supported the findings of our bioinformatics
analysis, further proving that DNASE1L3 is capable of
suppressing cellular proliferation and invasion.
Accumulating studies have proven that the tumor

Transl Androl Urol 2023;12(8):1308-1320 | https://dx.doi.org/10.21037/tau-23-355
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immune microenvironment (TIME) plays a crucial role
in regulating oncogenesis. The underlying molecular and
cellular features of the TIME affect tumor progression
and metastasis by altering the ratios of immunoregulatory
components, such as tumor-recruited immune cells
and structural stromal components, and shaping an

© Translational Andrology and Urology. All rights reserved.

immunosuppressive environment around the tumor to
support the evasion of immune surveillance, even that
of host immunity (32). One study has revealed that
tumor-infiltrating immune cells (TICs), one of the most
important components in the tumor environment, are
potential biomarkers (33). High infiltration levels of CD8"
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Translational Andrology and Urology, Vol 12, No 8 August 2023

A DAPI

DNASE1L3

Vector

B DAPI

Vector

DNASE1L3

1317

P-AKT Merge

P-AKT Merge

Figure 7 DNASE1L3 expression is correlated with PI3K/AKT signaling pathway activity in ccRCC. Representative immunofluorescence
images of 786-O (A) and ACHN (B) cells transduced with empty vector or the DNASE1L3 lentiviral vector using an anti-P-AKT antibody.

Scale bar: 25 pm. ccRCC, clear cell renal cell carcinoma.

T cells and Tregs indicated an unfavorable prognosis for
ccRCC (34). Activated CD8" T and Treg cells interact with
antigen-presenting cells, resulting in the production of
many cytokines, such as interleukin and vascular endothelial
growth factor, to help protect tumor cells against the
continuous onslaught of the host immune response (35).
This result is consistent with our findings that the
infiltration levels of CD8" T cells and Tregs in the low-
DNASEI1L3 group were higher than those in the high-
DNASEI1L3 group, suggesting that high DNASE1L3
expression might impair tumor immune evasion ability.
Moreover, the results showed that the infiltration levels
of T follicular helper cells, monocytes, macrophages,
dendritic cells, mast cells, and neutrophils were different

© Translational Andrology and Urology. All rights reserved.

between the high- and low-DNASEI1L3 groups, indicating
that DNASE1L3 expression might influence the immune
response during ccRCC progression.

The PI3K-AKT signaling pathway plays a crucial role in
regulating tumor progression and metastasis by influencing
cell proliferation, migration and invasion (36). The results
derived from preclinical models and clinical trials of
mice also indicated that suppression of the PI3K-AKT
signaling pathway impaired tumor immunosurveillance
through inactivation of immunosuppressive pathways
and promotion of antitumor immune responses (37). The
findings from breast cancer studies showed that inactivating
the PI3K-AKT signaling network with a PI3K inhibitor
weakened the interaction of PD-L1 with PD-1, which

Transl Androl Urol 2023;12(8):1308-1320 | https://dx.doi.org/10.21037/tau-23-355
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Figure 8 DNASEIL3 expression is linked to drug sensitivity in ccRCC. Violin plots of the top 9 drugs with a significant difference in

sensitivity between the high- and low-DNASEIL3 groups of ccRCC samples. ccRCC, clear cell renal cell carcinoma.

enhanced the proliferation and migration capacities of T
cells (38). Consistent with previous findings, the results
above showed that the PI3K-AKT signaling pathway was
mapped by both gene set analyses based on the significantly
correlated immune genes between the high- and low-
DNAEIL3 groups. The results of western blot analysis
revealed that overexpressing DNAE1L3 reduced the
P-AKT level, suggesting that DNASE1L3 expression was
correlated with the tumor immune microenvironment
possibly via regulation of the PI3K/Akt pathway in RCC.
In addition, based on the successful curative effects of
immune checkpoint inhibitors in cancers such as melanoma
and leukemia, a series of innovative drugs are currently
being used in the clinical treatment of RCC patients. In
this regard, we found that the IC50 values of ibrutinib,
taselisib, zoledronate and alpelisib were extremely low in
samples with high expression of DNASEL13. However,

© Translational Andrology and Urology. All rights reserved.

this research has several limitations, not least the accuracy
of DNASEIL3 prediction was not validated by applying
clinical cases of RCC. Furthermore, comprehensive animal
experiments and in-depth studies are yet to be conducted,
which would elucidate the specific mechanisms underlying
the cancer-inhibitory effects of DNASE1L3. Additionally, it
is crucial to acknowledge that the database samples utilized
in this research may potentially contain outliers, impacting
the generalizability of the results.

Conclusions

This study reveals that DNASE1L3 functions as an
inhibitor during ccRCC progression and is significantly
correlated with the immune microenvironment of ccRCC.
The underlying mechanism of this role may involve
dephosphorylation of AKT, thus leading to suppression of
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PI3K/Akt pathway activation and impairment of ccRCC
cell proliferation and invasion. However, it is uncertain how
DNASEIL3 affects the PI3K/Akt pathway, and we will
study this mechanism further in the future.
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Figure S3 Violin plots of the top 9 drugs with a significant difference in sensitivity between the high- and low-DNASEIL3 groups of
ccRCC samples. ccRCC, clear cell renal cell carcinoma.
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Table S1 Univariate and multivariate analyses of clinicopathological characteristics and DNASE1L3 with overall survival in TCGA KIRC cohort

Univariate analysis

Multivariate analysis

Variables

HR (95% ClI) P value HR (95% ClI) P value
Age 0.561 (0.403-0.779) <0.001 0.61 (0.434-0.857) 0.0043
Gender 1.129 (0.813-1.568) 0.469 1.107 (0.786-1.558) 0.5616
Histologic grade 2.668 (1.829-3.893) <0.001 1.679 (1.121-2.515) 0.012
Pathologic stage 3.99 (2.815-5.655) <0.001 1.797 (0.812-3.981) 0.1484
Pathologic T 3.24 (2.329-4.507) <0.001 1.25 (0.632-2.474) 0.5217
Pathologic N 0.822 (0.598-1.13) 0.228 0.867 (0.619-1.215) 0.4082
Pathologic M 3.474 (2.506-4.815) <0.001 2.443 (1.653-3.61) < 0.001
Tumor dimension 0.424 (0.3-0.599) <0.001 0.943 (0.628-1.416) 0.7783
Tumor weight 0.562 (0.407-0.776) <0.001 0.557 (0.394-0.788) 9e-04
DNASE1L3 0.505 (0.363-0.703) <0.001 0.828 (0.585-1.17) 0.0285

TCGA, The Cancer Genome Atlas; HR, hazard ratio; Cl, confidence interval.
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Table S2 Enriched pathways identified by gene set variation analysis

Enrichment pathway logFC AveExpr t P.Value B

HALLMARK_INFLAMMATORY_RESPONSE -0.666411929 -0.042680113 —11.09173643 1.30E-25 47.26352526
HALLMARK_PI3K_AKT_SIGNALING -0.355398535  —0.00803295 —8.005119501 9.04E-15 22.62776178
HALLMARK_IL2_STAT5_SIGNALING 0.375038246 0.019892002 7.078565282 5.19E-12 16.39408757
HALLMARK_APOPTOSIS -0.223903386 0.00121603 5.149911711 3.81E-07 5.491271249
HALLMARK_COMPLEMENT -0.192004368 -0.028986423  5.136586074 4.07E-07 5.426427293
HALLMARK_UV_RESPONSE_DN 0.172732956 0.014415888 4.924004275 1.17E-06 4.412415036
HALLMARK_MYOGENESIS 0.18997163 -0.015052083  4.754523374 2.63E-06 3.631769163
HALLMARK_NOTCH_SIGNALING 0.191859924 0.020362396 4.649311134 4.31E-06 3.159669916
HALLMARK_APICAL_JUNCTION 0.215732098 0.017976647 4.529249881 7.47E-06 2.632747157
HALLMARK_BILE_ACID_METABOLISM 0.21017882 0.002412222 4.503938433 8.38E-06 2.523274498
HALLMARK_CHOLESTEROL_HOMEOSTASIS 0.127391723 0.023398391 3.980730458 7.93E-05 0.387799408

HALLMARK_HYPOXIA
HALLMARK_ALLOGRAFT_REJECTION
HALLMARK_KRAS_SIGNALING_UP
HALLMARK_HEME_METABOLISM
HALLMARK_ADIPOGENESIS
HALLMARK_FATTY_ACID_METABOLISM
HALLMARK_TGF_BETA_SIGNALING
HALLMARK_E2F_TARGETS
HALLMARK_XENOBIOTIC_METABOLISM
HALLMARK_PEROXISOME
HALLMARK_SPERMATOGENESIS
HALLMARK_GLYCOLYSIS
HALLMARK_ESTROGEN_RESPONSE_LATE
HALLMARK_ANDROGEN_RESPONSE
HALLMARK_KRAS_SIGNALING_DN

HALLMARK_EPITHELIAL_MESENCHYMAL _
TRANSITION

HALLMARK_P53_PATHWAY
HALLMARK_G2M_CHECKPOINT
HALLMARK_MTORC1_SIGNALING
HALLMARK_UV_RESPONSE_UP
HALLMARK_TNFA_SIGNALING_VIA_NFKB
HALLMARK_MITOTIC_SPINDLE
HALLMARK_IL6_JAK_STAT3_SIGNALING

-0.180752546
0.110602798
-0.125074195
-0.131915054
—-0.092579588
—0.12498338
—0.099997657
—-0.09369153
-0.108768526
—-0.069199396
0.058876175
—0.055958993
0.038413851
—-0.039432266
-0.036312776
0.04175892

0.036245963
0.025410291
0.030257615
0.01707857
-0.007791369
—-0.005301183
0.001264934

-0.045033923
0.016886653
0.008714008

-0.012703651
-0.00809113

-0.022695805

—-0.003749942

-0.015703605

-0.005630683

-0.027588037
0.003957631

-0.026284211
0.008076799

-0.008307564

-0.021754717
0.012279035

-0.011319057
0.008484358
-0.006865279
—-0.009392713
-0.017992909
-0.011054946
-0.015509815

-3.201705765
2.93869075
—2.740486394
-2.677777628
-2.387895763
-2.325213712
—2.072604799
-1.98801535
-1.927383658
-1.290287285
1.171246154
-1.1147388
0.854226229
-0.839358563
-0.838926409
0.790635862

0.666435346
0.601358806
0.587601258
0.335351598
-0.14451614
-0.140510359
0.028854342

0.001456654
0.00345449
0.006363122
0.007664804
0.017330251
0.020475813
0.038741326
0.04737661
0.054520591
0.197571064
0.242079921
0.26551922
0.393405029
0.401685238
0.401927475
0.429546286

0.505452501
0.547884425
0.557075801
0.737506135
0.885153464
0.888315609
0.976992732

-2.331246004
-3.121851806
-3.674439969
-3.841489401
-4.564797316
-4.710579718
-5.259578265
-5.429577429
-5.547141625
-6.56474049
—-6.710551194
—6.774857826
-7.030383484
-7.042933983
—7.043295499
-7.082523126

—-7.172759301
—-7.213909222
—7.222068446
—7.338230311
-7.383937138
-7.384507059
—7.393946725
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