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Abstract

Purpose: To investigate the biological function and mechanisms of circPDSS1 in triggering malignant
progression of renal cell carcinoma (RCC).

Methods: Quantitative real-time polymerase chain reaction (QRT-PCR) was conducted to determine
circPDSS1 levels in 50 pairs of RCC and para-cancerous tissues. The relationship between circPDSS1
level and pathological indices in RCC patients was analyzed, while the in vitro effect of circPDSS1 in
regulating RCC proliferation was assessed using cell counting kit-8 (CCK-8), colony formation and 5-
ethynyl-2- deoxyuridine (EdU) assay. The sponge effect of circPDSS1 on miR-182-5p was examined by
bioinformatics analysis and dual-luciferase reporter assay, while their involvement in mediating
malignant progression of RCC was analyzed using rescue experiments. In vivo, the influence of
circPDSS1 on RCC growth was determined by establishing a xenograft model in nude mice. Thereafter,
RCC tissues were harvested from mice to assess relative levels of miR-182-5p and Ki-67.

Results: CircPDSS1 was highly expressed in RCC tissues (p < 0.05). A high level of circPDSS1
correlated with advanced tumor staging and low overall survival. Knockdown of circPDSS1 inhibited
RCC cell proliferation, and CircPDSS1 sponged and negatively regulated miR-182-5p (p < 0.05). MiR-
182-5p was able to abolish regulatory effect of circPDSS1 on malignant proliferative potential in RCC
cells. In nude mice bearing RCC, in vivo knockdown of circPDSS1 slowed down tumor growth and
decreased positive expression of Ki-67 in tumor tissues (p < 0.05).

Conclusion: CircPDSS1 predicts tumor stage and prognosis in RCC patients. It triggers malignant
progression of RCC through sponging of miR-182-5p.
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INTRODUCTION accounts for 85 - 90 % of renal malignant tumors,

with 2 - 3 % incidence in adults [1,2]. In China,
Renal cancer, also known as renal cell incidence of RCC shows an upward trend and
carcinoma (RCC), is a malignant tumor derived younger onset [3,4]. Recent onset of RCC in
from renal tubular epithelial cells. Renal cancer Europe reaches 20,000 cases per year and
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about 30,000 in the United States. RCC seriously
endangers human health [1-3], and radical
resection is usually preferred by RCC patients.
Clinical experience has shown that RCC patients
poorly respond to chemotherapy and
radiotherapy, and the therapeutic efficacy of
immune therapy remains uncertain. Therefore,
diagnosis of RCC in the early stage and timely
surgery are of significance [5,6]. Biological
hallmarks that contribute to the diagnosis,
treatment and monitoring of RCC are urgently
required [7,8]. Experimental research on RCC
triggers the emergence of drug-target therapy
[9,10]. Identification of specifically expressed
genes during the progression of RCC may guide
novel treatment in clinical practice [11].
CircRNAs are endogenous RNAs reversely
spliced through gene transcription and post-
transcriptional regulation, thus participating in cell
physiology and disease processes [12,13]. They
were initially discovered in viruses and
considered to be produced by wrong splicing of
gene sequences [13,14]. With the development
of high-throughput sequencing and
bioinformatics analyses, a great number of
circRNAs have been identified in bacteria, plants
and animals [14,15]. Some circRNAs are able to
translate proteins [16,17]. Importantly, circRNAs
are featured by tissue and cell specificities [13-
15]. It is believed that circRNAs serve as
prognostic and therapeutic hallmarks for tumor
diseases [18,19]. Previous studies have shown
that circPDSS1 regulates tumor signal
transduction in many types of tumor cells [20,21].
This study investigates the role of circPDSS1 in
regulating RCC proliferation through in vitro
experiments and in vivo xenograft models in
nude mice.

METHOD
RCC samples

Tumor tissues and para-cancerous ones were
excised from 50 RCC patients, and stored at -80
°C. Pathological indices were completely
recorded. None of the recruited patients received
preoperative anti-cancer treatment. This study
got ethical approval from the Committee of The
First Affiliated Hospital, School of Medicine,
Shihezi University (Ethics No. CN-XJ-IRB-72)
and it was conducted by following the guidelines
in the declaration of Helsinki and Informed
consent of each subject was obtained [22].

Cell culture
Human RCC cell lines (ACHN, Caki-1, 769P,

Caki-2, 786-0O) and renal tubular epithelial cell
line (HK-2) were purchased from American Type

Culture Collection (ATCC) (Manassas, VA, USA).
The cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) (Gibco, Rockville, MD,
USA) in a 5 % CO: incubator at 37 °C. The
culture medium contained 10 % fetal bovine
serum (FBS) (Gibco, Rockville, MD, USA), as
well as 100 U/mL penicillin and 100 pg/mL
streptomycin.

Transfection

Transfection plasmids were constructed by
GenePharma (Shanghai, China). The cells were
cultured to 30 - 50 % confluence in 6-well plates
and transfected  with plasmids using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). After 48 h, cells were collected for
transfection efficacy and functional experiments.

Cell proliferation assay

Cells were inoculated in a 96-well plate with 2 x
103 cells per well. Thereafter, the absorbance
value at 490 nm of each sample was recorded
using cell counting kit-8 (CCK-8) kit (RIBOBIO,
Guangzhou, China) for plotting viability curves.

Colony formation assay

Cells were inoculated in a 6-well plate with 200
cells per well and cultured for 2 weeks. The
culture medium was replaced once in the first
week and twice in the second week. Visible
colonies were washed in phosphate-buffered
saline (PBS), fixed in methanol for 20 min and
dyed in 0.1 % crystal violet for 20 min, and were
finally captured and calculated.

5-Ethynyl-2’-deoxyuridine (EdU) assay

The cells were pre-inoculated in a 24-well plate
(2 x 10* cells/well). They were incubated in 4 %
methanol for 30 min, followed by 10-min
permeabilization in 0.5 % TritonX-100 (Solarbio,
Beijing, China), and 30-min reaction in 400 pL of
1 x ApollorR. The cells were dyed in 4'.6-
diamidino-2-phenylindole (DAPI) for another 30
min. Positive EdU-stained cells were counted for
calculating EdU-positive rate (Sigma-Aldrich, St.
Louis, MO, USA).
Quantitative real-time chain
reaction (QRT-PCR)

polymerase

Extracted RNAs by TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) were purified by DNase |

treatment and reversely transcribed into
complementary  deoxyribose nucleic acids
(cDNAs) using Primescript RT Reagent

(TaKaRa, Otsu, Japan). The obtained cDNAs
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Table 1: Primer sequences

Gene Primer sequences
CircPDSS1 Forward 5-GTGGTGCATGAGATCGCCT-3'
Reverse 5-GGGTTGTGTGATGAAACCTG-3'
GAPDH Forward 5-GAAGGTGAAGGTCGGAGTCGAPD-3'
Reverse 5-GAAGATGGTGATGGGATTT-3'
miR-182-5p Forward 5-TTTGGCAATGGTAGAACTCACACT-3'
Reverse 5'-GCGAGCACAGAATTAATACGAC-3'
(8[9) Forward 5-CTCGCTTCGGCAGCACA-3'
Reverse 5-AACGCTTCACGAATTTGCGT-3'

underwent gRT-PCR using SYBR®Premix Ex
Taq™ (TaKaRa, Otsu, Japan). Each sample was
performed in triplicate. The relative level was
calculated using 2-22Ct and normalized to that of
glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) or U6. The primer sequences are
shown in Table 1.

Dual-luciferase reporter assay

HEK293T cells were inoculated in 24-well plates.
They were co-transfected with NC mimic/miR-
182-5p mimic and circPDSS1-WT/circPDSS1-
MUT for 48 h. Cells were lysed and subjected to
measurement of luciferase activity (Promega,
Madison, WI, USA).

In vivo xenograft model

In vivo xenograft model was established after
approval of the Animal Ethics of Shihezi
University Animal Center. A total of 10 male nude
mice, 8 weeks old were randomly assigned to
two groups (n = 5). They were subcutaneously
administrated with ACHN cells transfected with
sh-NC or sh-circPDSS1, respectively. Tumor size
was weekly recorded at a certain time point.
Tumor tissues were collected and weighed after
sacrificing the mice in the sixth week. Tumor
volume (Tv) was calculated using Eq 1.

Tv = (W2L)/2
Where W is the width and L is the length of tumor
Immunohistochemistry (IHC)

Immunohistochemistry was conducted using the
streptavidin-peroxidase (SP) method. Positive
expression of Ki-67 in RCC sections was
determined based on staining color (unstained
indicated negative, light yellow indicated weak
positive (w), brown indicated positive (p), tan
indicated strong positive (sp). The positive rate
(Pr) was calculated using Eq 2.

Pr = {(w+p+sp)/N}100 ........ccoenininnnnen. (2)
where N is the total number of cases.
Statistical analysis

Data were expressed as mean + standard
deviation (SD) and analyzed by Statistical
Product and Service Solutions (SPSS) 22.0
(IBM, Armonk, NY, USA). Differences among
groups were analyzed using t-test. Chi-square
analysis was conducted to analyze relationship
between circPDSS1 level and pathological
indices in RCC patients. The Pearson correlation
test was applied to evaluate relationship between
relative expressions of two genes. Kaplan-Meier
curves were depicted for survival analysis in
RCC patients. P < 0.05 was considered
statistically significant.

RESULTS

Upregulation of circPDSS1 in RCC tissues
and cell lines

Compared  with  para-cancerous tissues,
circPDSS1 was upregulated in RCC tissues
(Figure 1 A). As expected, higher abundance of
circPDSS1 was observed in T3-T4 RCC patients
than in T1-T2 patients (Figure 1 B). It was
identically upregulated in RCC cell lines (Figure 1
C). Based on the median level of circPDSS1 in
RCC tissues, those patients were divided into
two groups. CircPDSS1 level was positively
linked to tumor staging, whereas it was unrelated
to other pathological indices in RCC patients
(Table 2).

Knockdown of circPDSS1 inhibited RCC cell
proliferation

Human renal adenocarcinoma cells (ACHN) and
Caki-2 cells expressed the highest level of
circPDSS1 in five tested RCC cell lines.
CircPDSS1 knockdown model was established in
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two cell lines by transfection of sh-circPDSS1
(Figure 2 A). Compared with those transfected
with sh-NC, ACHN and Caki-2 cells transfected
with sh-circPDSS1 presented lower viability
(Figure 2 B). Reduced colony number and EdU-
positive rate in RCC cells with circPDSS1
knockdown further revealed that circPDSS1
triggered proliferative potential in RCC (Figures 2
C and D).
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Figure 1: Upregulation of circPDSS1 in RCC tissues
and cell lines. (A) Differential expression of circPDSS1
in RCC tissues and paracancerous tissues **p < 0.01
vs Normal. (B) CircPDSS1 level in T1-T2 or T3-T4
RCC patients **p < 0.01 vs T1-T2. (C) CircPDSS1
level in RCC cell lines *p < 0.05, **p < 0.01 vs HK-2
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Figure 2: Knockdown of circPDSS1 inhibited RCC cell
proliferation. (A) CircPDSS1 levels in ACHN and Caki-
2 cells transfected with sh-NC or sh-circPDSS1. (B)
Viability of in ACHN and Caki-2 cells transfected with
sh-NC or sh-circPDSS1 at days 1, 2, 3 and 4. (C)
Relative colony number in ACHN and Caki-2 cells
transfected with sh-NC or sh-circPDSS1. (D) EdU-
positive rates in ACHN and Caki-2 cells transfected
with sh-NC or sh-circPDSS1. *P < 0.05, **p < 0.01 vs
sh-NC

CircPDSS1 was bound to miR-182-5p

Binding relationship between circPDSS1 and
miR-182-5p was predicted on three online
bioinformatics  databases (Figure 3 A).
Interestingly, miR-182-5p was upregulated after

knockdown of circPDSS1 in ACHN and Caki-2
cells (Figure 3 B). Conversely, to upregulated
trend of circPDSS1, miR-182-5p was
downregulated in RCC cell lines and tissues
(Figures 3 C and D). Furthermore, the level of
MiR-182-5p displayed a negative correlation to
circPDSS1 level in RCC tissues (Figure 3 E).
Overexpression of miR-182-5p decreased only
luciferase activity in the wild-type circPDSS1
vector, confirming the binding between
circPDSS1 and miR-182-5p (Figure 3 E).

Table 2: Association of circPDSS1 expression with
clinicopathologic characteristics of renal cell cancer

Number circPDSS1 p.
Parameter of expression
- value
cases Low High
Age (years) 0.812
<60 20 12 8
260 30 19 11
Gender 0.514
Male 24 16 8
Female 26 15 11
T stage 0.006
T1-T2 28 22 6
T3-T4 22 9 13
Lymph node 0.190
metastasis
No 32 22 10
Yes 18 9 9
Distant 0.144
metastasis
No 35 24 11
Yes 15 7 8
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Figure 3: CircPDSS1 was bound to miR-182-5p. (A)
Venn diagram on predicted targets of circPDSS1 in
three databases. (B) MiR-182-5p level in ACHN and
Caki-2 cells transfected with sh-NC or sh-circPDSS1
*p < 0.05 vs sh-NC. (C) MiR-182-5p level in RCC cell
lines *p < 0.05, *p < 0.01 vs HK-2. (D) Differential
expression of miR-182-5p in RCC tissues and para-
cancerous tissues **p < 0.001 vs Normal. (E)
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Luciferase activity in HEK293T cells co-transfected
with  NC mimic/miR-182-5p mimic and circPDSS1-
WT/circPDSS1-MUT. *P < 0.05 vs NC mimic

CircPDSS1 exerted a sponging effect on miR-
182-5p

Rescue experiments were conducted to
investigate the involvement of miR-182-5p in
circPDSS1-induced phenotype regulation on
RCC. Transfection efficacy of miR-182-5p
inhibitor was tested at first (Figure 4 A). Silence
of miR-182-5p downregulated increased level of
miR-182-5p owing to knockdown of circPDSS1 in
RCC cells. Notably, inhibited viability and EdU-
positive rate in ACHN and Caki-2 cells with
circPDSS1 knockdown were reversed by co-
silence of circPDSS1 and miR-182-5p (Figures 4
B and C).
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Figure 4: CircPDSS1 exerted a sponging effect on
miR-182-5p. (A) MiR-182-5p level in ACHN and Caki-2
cells co-transfected with sh-NC+NC inhibitor, sh-
circPDSS1+NC inhibitor, sh-NC+miR-182-5p inhibitor
or sh-circPDSS1+miR-182-5p inhibitor. (B) Viability in
ACHN and Caki-2 cells co-transfected with sh-NC+NC
inhibitor, sh-circPDSS1+NC inhibitor, sh-NC+miR-182-
5p inhibitor or sh-circPDSS1+miR-182-5p inhibitor at
days 1, 2, 3 and 4. (C) EdU-positive rate in ACHN and
Caki-2 cells co-transfected with sh-NC+NC inhibitor,
sh-circPDSS1+NC inhibitor, sh-NC+miR-182-5p

inhibitor or sh-circPDSS1+miR-182-5p inhibitor. *P <
0.05, **p < 0.01 vs sh-NC+NC inhibitor

Knockdown of circPDSS1 slowed down in
vivo growth of RCC

Nude mice were administered with ACHN cells
transfected with sh-NC or sh-circPDSS1,
respectively. Mice were sacrificed to collect RCC
tissues after the termination of animal
procedures. Lower tumor volume and tumor
weight in mice with in vivo knockdown of
circPDSS1 suggested suppressed RCC growth
(Figures 5 A and B). Compared with control,
miR-182-5p was up-regulated in RCC tissues
harvested from mice with in vivo knockdown of
circPDSS1 (Figure 5 C). Lower positive
expression of Ki-67 was revealed via IHC in RCC
tissues with silenced circPDSS1, indicating that
circPDSS1 stimulated tumor cell proliferation in
nude mice bearing RCC (Figure 5 D).
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Figure 5: Knockdown of circPDSS1 slowed down in
vivo growth of RCC. (A) Average tumor volume in
nude mice administered with ACHN cells transfected
with sh-NC or sh-circPDSS1. (B) Tumor weight in
nude mice administrated with ACHN cells transfected
with sh-NC or sh-circPDSS1. (C) MiR-182-5p level in
RCC tissues collected from nude mice administrated
with  ACHN cells transfected with sh-NC or sh-
circPDSS1. (D) Positive expression of Ki-67 in RCC
tissues collected from nude mice administrated with
ACHN cells transfected with sh-NC or sh-circPDSS1.
*P < 0.05, **p < 0.01 vs sh-NC

DISCUSSION

Renal cell carcinoma (RCC) derives from renal
tubular epithelial cells, which is responsible for
over 90 % of cases of adult renal malignant
tumors [4,5]. Histological subtypes of RCC
comprise clear cell, papillary, chromophobic and
collecting duct, of which, clear cell subtype is the
most major one (60 - 85 %) [5,6]. Renal cell
carcinoma is the 12" and 17" most common
cancer in males and females, respectively [1-4].
It is generally considered that lifestyle-related
factors are the greatest risks for RCC [5-7]. In
addition, TNM staging, incidental carcinoma,
radical resection and postoperative immune
therapy largely influence the prognosis in RCC
[5-8]. Molecular mechanisms of RCC have been
highlighted recently [9-11]. Recently discovered
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biomolecules, circRNAs, offer a promising
application in gene therapy for tumors [16-18].

CircRNAs present a structure of a covalently
closed loop by joining the 5 and 3’ terminals
[12,13]. As ceRNAs, circRNAs exert an
interactive relationship with miRNAs, IncRNAs
and proteins [15-17], due to their specificity,
stability and abundance, circRNAs are utilized as
biological hallmarks [18,19]. It has been reported
that circPDSS1 sequences are enriched with
miRNA  binding sites [20,21]. Differential
expressions of circPDSS1 were detected in 50
pairs of RCC tissues, and it was found that
circPDSS1 was upregulated in RCC tissues, and
its high level indicated advanced tumor staging. It
was thus hypothesized that circPDSS1 promotes
tumor growth in RCC. Experimental results
demonstrated that circPDSS1  triggered
proliferative potential in RCC cells. Besides,
increased positive expression of Ki-67 in RCC
tissues collected from nude mice overexpressing
circPDSS1 also supported the in vitro findings.

According to bioinformatics tool prediction,
circPDSS1 form base complementary pairs with
miR-182-5p 3'UTR. Experimental results further
validated this prediction. MiR-182-5p was lowly
expressed in RCC tissues and cell lines, and it
displayed a negative correlation to circPDSS1
level. Furthermore, regulatory effect of
circPDSS1 on RCC cell proliferation was
abolished by miR-182-5p. Collectively, a
negative feedback loop involving
circPDSS1/miR-182-5p axis has been identified
as a causative factor behind the malignant
progression of RCC.

CONCLUSION
The findings of this study suggest that
circPDSS1 is a promising biomarker for

predicting tumor stage and prognosis in renal cell
carcinoma (RCC) patients. Furthermore,
understanding the mechanism by which
circPDSS1 promotes RCC progression through
its interaction with miR-182-5p opens up the
possibility of developing targeted therapies that
aim to disrupt this interaction, potentially offering
a novel therapeutic strategy for RCC treatment in
the future. These insights may ultimately
contribute to more effective clinical management
of RCC and improve patient outcomes.
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