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Abstract

mented to assess cell cycle and apoptosis.

Objective: Our study aims to investigate the mechanism of the miR-129-5p/SPN axis in clear cell renal cell carcinoma
(ccRCQ), providing a novel direction for the targeted therapy of ccRCC.

Methods: Bioinformatics methods were implemented to find the differentially expressed genes (DEGs) associated
with ccRCC from TCGA database. qRT-PCR was performed to detect miR-129-5p and SPN mRNA expression, while
western bot was carried out for the detection of protein expression of SPN. Bioinformatics analysis was used to predict
the binding sites of miR-129-5p on SPN 3'UTR, while dual-luciferase assay was conducted to verify their binding rela-
tionship. CCK-8 assay, colony formation assay, wound healing assay and Transwell assay were employed to measure
ccRCC cell proliferative ability, cell formation ability, cell migratory and invasive abilities. Flow cytometry was imple-

Results: miR-129-5p exhibited a significantly down-regulated expression level in ccRCC, while SPN showed a remark-
ably up-regulated expression level. Overexpressed miR-129-5p inhibited ccRCC cell proliferative, invasive and migra-
tory capacities while induced cell cycle arrest in GO/G1 phase and promoted cell apoptosis. Dual-luciferase assay
confirmed that there was a binding relationship between miR-129-5p and SPN. Moreover, overexpressed miR-129-5p
remarkably reduced SPN expression in cancer cells, weakened the promoting effect of SPN on cell proliferation,
migration, invasion and cell cycle progress, and led to enhanced cell apoptotic activity.

Conclusions: Our study proves the regulatory effect of the miR-129-5p/SPN axis in ccRCC, and provides a novel
potential target for precise treatment of patients with ccRCC.
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Introduction

Renal cell carcinoma (RCC), accounting for 3% of all
adult cancers, is the most common malignancy in adult
and one of the leading causes of cancer-related deaths
worldwide, with a mortality rate of over 40% [1]. Clear
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cell renal cell carcinoma (ccRCC) is the most common
subtype of RCC and is predicted to take up 75-80%
of RCC tumors [2]. Although enormous progress has
been made towards the treatment of cancer, the prog-
nosis of patients with locally advanced and metastatic
RCC remains unsatisfactory [3], and the 5-year survival
rate is still low. It has been reported that up to 30-40%
of patients with RCC still have metastatic diseases even
after the radical resection [4]. Therefore, it is necessary
to enrich our knowledge about the molecular mechanism
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that regulate the metastatic and invasive abilities of
ccRCC and study the potential mechanisms underlying
ccRCC, so as to develop a novel therapeutic method.

MicroRNAs (miRNAs) are endogenous small non-cod-
ing RNAs that are emerging as a novel tool for regulating
gene expression. A study has indicated that miRNAs are
involved in regulating various biological events, such as
cell proliferation, differentiation and apoptosis [5]. There-
fore, miRNAs are related to the occurrence of several
human diseases, including tumorigenesis [6]. A research
suggests that the dysregulation of miRNAs is associated
with the biological characteristics of ccRCC, and it may
serve as a novel potential biomarker for prognosis and
treatment [7]. miR-129-5p is a key tumor regulatory fac-
tor that plays an important role in the progression of can-
cers. Numerous studies have elucidated that miR-129-5p
is considerably differentially expressed and exerts an
essential role in colon cancer [8], liver cancer [9], pancre-
atic cancer [10 and gastric cancer, etc. [11]. Despite that
the regulatory role of miR-129-5p in ¢ccRCC has been
studied before [12], the regulatory mechanism of miR-
129-5p in the occurrence and development of ccRCC
requires further exploration.

Sialophorin (SPN) also known as LSN and CD43
according to NCBI (https://www.ncbi.nlm.nih.gov/gene/
6693) is a transmembrane saliva glycoprotein. In human,
in addition to be present in mature red blood cells and
B cell subsets, SPN has also been found to be expressed
in hematopoietic cells, including T lymphocytes, mono-
cytes, granulocytes, natural killer cells, platelets, and
hematopoietic stem cells [13]. Generally speaking, SPN
has the capacity of regulating intercellular adhesion,
intracellular signal transduction, cell apoptosis, cell
migration and proliferation [14]. There are few stud-
ies regarding the regulatory role of SPN in cancers, and
SPN has only been reported to be a new therapeutic tar-
get in breast cancer [14]. Besides, the relevance between
the dysregulation of SPN and the occurrence of ccRCC
is uncharacteristic. Hence, exploring the regulatory role
of SPN in ¢ccRCC will provide a theoretical basis for SPN
acting as a cancer regulatory factor.

In this study, we predicted the target gene SPN of miR-
129-5p by bioinformatics analysis. Our study aims to
elucidate the effect of the miR-129-5p/SPN axis on the
occurrence and development of ccRCC, providing a the-
oretical basis for exploring novel biomarkers and targeted
therapies for ccRCC.

Materials and methods

Bioinformatics analysis

TCGA is currently the largest cancer genetic information
database. ccRCC miRNA-seq (normal: 71, tumor: 536)
and mRNA-seq (normal: 72, tumor: 530) expression data
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were downloaded from TCGA database (https://por-
tal.gdc.cancer.gov/). “edgeR” package was employed to
obtain the differentially expressed miRNAs and mRNAs
(DEmiRNAs, DEmRNAs) with threshold set as |logFC|>2
and FDR<0.05, while “survival” package was used
for survival analysis to identify the target DEmiRNA.
miRDIP  (http://ophid.utoronto.ca/mirDIP/index.jsp#r)
and miRDB (http://mirdb.org/) databases were applied
to conduct target prediction for the miRNA. The mRNA
with binding sites of the miRNA was identified from the
intersection of DEmRNAs in TCGA database and pre-
dicted genes.

Cell culture

Human renal tubular cell line HK-2 (BNCC339833),
human renal carcinoma cell line A498 (BNCC100609),
and human ccRCC cell lines 786-O (BNCC338472),
769-P (BNCC100976) and Caki-1 (BNCC100682) were
all purchased from BeNa Culture Collection (BNCC;
China). All cell lines were cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM; BNCC351841, BNCC,
China) containing 10% fetal bovine serum (FBS), and
maintained in an incubator with 5% CO, at 37 C.

Cell transfection

miR-129-5p mimics (miR-mimics), mimics NC (miR-
NC), SPN overexpression vector pcDNA3.1-SPN (oe-
SPN) and empty vector pcDNA3.1 for negative control
(0e-NC) accessed from Ribobio (China) were transfected
into ccRCC cell line 786-O by Lipofectamine 2000 kit
(Invitrogen, Carlsbad, USA) in accordance with instruc-
tions. After 24 h of transfection, transfected cells were
used for subsequent experiments.

Real-time fluorescence quantitative PCR

Total RNA was isolated from cells using TRIzol kit (Life
Technologies, USA), and its concentration was meas-
ured by NanoDrop 2000 system (Thermo Fisher Scien-
tific, Inc., USA). miRNA was reversely transcribed into
¢DNA by miScript II RT kit (Qiagen, USA), while mRNA
was transcribed into cDNA by PrimeScript RT Master
Mix (Takara, P.R. China). miRNA expression and mRNA
expression were detected by miScript SYBR Green PCR
Kit (Qiagen, Germany) and SYBR ® Premix Ex Taqg TM
II (Takara Bio Inc., Japan), respectively. qRT-PCR was
performed to assess miR-129-5p and SPN mRNA expres-
sion through Applied Biosystems® 7500 Real-Time PCR
Systems (Thermo Fisher Scientific, MA) with U6 and
GAPDH taken as internal reference, respectively. Primer
sequences used in qRT-PCR were listed in Table 1. The
relative expression of miR-129-5p and SPN mRNA
was presented by 2724 method. The experiment was
repeated three times.
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Table 1 Primer sequences used in gRT-PCR

Gene Primer sequence

miR-129-5p Forward 5'-GGGGGTTTTTGCGGTCTGG-3!
Reverse 5'-AGTGCGTGTCGTGGAGTC-3/

U6 Forward 5/-CTCGCTTCGGCAGCACA-3’
Reverse 5'-AACGCTTCACGAATTTGCGT-3/

SPN Forward 5/-GCAAACUCUCUAGG AUCCCTT-3/
Reverse 5'-GGGAUCCUAGAGAGUUUGCTG-3/

GAPDH Forward 5'-GAAGGTGAAGGTCGGAGTC-3/
Reverse 5-GAAGATGGTGATGGGATTTC-3/

Western blot

Total proteins were harvested after cells were lysed by
RIPA lysis buffer, and protein concentration was assayed
by BCA kit (Beyotime, China). After being denatured at
a high temperature, proteins were isolated by sodium
dodecyl sulfate-polyacrylamide gelelectrophoresis (SDS-
PAGE) and transferred onto polyvinylidene fluoride
membranes (PVDF; Millipore), which were then blocked
with 5% skim milk for 2 h. Then the membranes were
incubated with primary antibodies overnight at 4 °C. Pri-
mary antibodies including mouse anti-SPN (ab233969,
1:100) and mouse anti-B-Actin (ab20272, 1:5000) were
both purchased from Abcam (Shanghai, China). Subse-
quently, the membranes were incubated with secondary
antibody goat anti-mouse IgG (ab205719; abcam, Shang-
hai, China). After culture for 2 h at room temperature, all
protein bands were visualized using an enhanced chemi-
luminescence kit (GE Healthcare, USA). The experiment
was conducted in triplicate, and original western blot gel
image were provided as Additional file 1.

Cell proliferation assay

CCK-8 assay was applied for the detection of cell prolif-
erative ability. Cells were seeded into 96-well plates at a
density of 2 x 10* cells/well and incubated with 5% CO,
at 37 C. 10 ul CCK-8 solution (CK04; Dojindo Labora-
tories, Japan) was added to each well at O h, 24 h, 48 h,
72 h and 96 h, followed by incubation for 2 h with 5%
CO, at 37 C. The absorbance at 450 nm was measured
by Microplate reader (Multiskan MK3, Thermo Fisher
Scientific Inc., MA). The experiment was repeated three
times.

Colony formation assay

Colony formation assay was employed for the deter-
mination of colony forming ability. Transfected cells
were planted into 6-well plates with a density of 1 x 10°
cells/well, and each procedure was run in triplicate.
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Transfected cells were then incubated in complete medi-
ums for 14 days until the colonies were visualized to
naked eyes. Cell colonies were fixed in 4 % paraformalde-
hyde for 15 min at room temperature and then stained
by 0.05% crystal violet (Thermo Fisher, USA) for 20 min.
Sterile water was used to wash away the crystal violet in
each well. Colonies (over 50 cells) were calculated in each
well. The experiment was performed three times.

Transwell invasion assay

24-well Transwell chambers (8 um in aperture, BD Bio-
sciences) were used for Transwell invasion assay. Approx-
imately 2 x 10* cells were placed into the upper chambers
coated with Matrigel matrix, while the lower chambers
were filled with DMEM supplemented with 10% FBS.
After being cultured for 48 h at 37 ‘C, the non-invaded
cells were removed through a wet swab cotton, while the
invaded cells were stained with 0.1% crystal violet. The
images of cells were captured under the inverted micro-
scope (DSX510i, Olympus, Japan), and five fields were
randomly selected to count the invaded cells. The experi-
ment was conducted three times.

Wound healing assay

Wound healing assay was carried out to detect cell migra-
tory ability. Cells were placed into 6-well plates. When
cells grew to 80% confluence, cell monolayers were
wounded using a 200 pl pipette tip. Mediums were used
to wash the cells twice to remove the isolated cells. Then,
the cells remained were cultured in fresh medium for
another 24 h. Cell migration was observed and images at
0 h and 24 h were caught. The experiment was repeated
three times.

Flow cytometry

For cell cycle analysis, cells of each group were pre-
digested with 0.25% trypsin and then washed in PBS
twice. Following that, the cells were resuspended in pre-
pared sample buffer which contained 20 pl propidium
iodide (PI) (5 pg/ml) and 50 pl RNase A (10 mg/ml). Cell
cycle was analyzed after 10 min of incubation away from
light at 37 °C.

For cell apoptosis evaluation, cells were resuspended
by a binding buffer (pH 7.4) composed of 100 mmol/L
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES), 100 mmol/L NaCl and 25 mmol/L CaCl,. Sub-
sequently, the cells were washed with PBS twice, followed
by 15 min of staining with Annexin V-fluorescein iso-
thiocyanate (FITC)/PI in the dark at 37 “C. Flow cytom-
etry (BD Biosciences) was implemented to assess cell
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apoptosis. Each experiment above was repeated three
times.

Dual-luciferase assay

To determine the binding relationship between miR-
129-5p and SPN 3’-UTR, luciferase vectors pmirGLO
(Promega, USA) fused with wild type (WT) SPN 3’-UTR
or mutant (MUT) SPN 3’-UTR were established. ccRCC
cells 786-O were seeded into 96-well plates (3 x 10° cells/
well), and 100 nM miR-mimics/miR-NC and SPN-WT/
SPN-MUT were co-transfected into cells. After culture
for 48 h, luciferase activity was measured by dual-lucif-
erase reporter assay system (Promega, USA). The experi-
ment was performed in triplicate.

Statistical analysis

All data were analyzed by GraphPad Prism 6.0
(La Jolla,CA), and the results were expressed in
mean *+standard deviation. The comparison between
two groups was analyzed by ¢ test. * means p<0.05, and
p<0.05 was considered statistically significant.

Results

miR-129-5p is down-regulated in ccRCC cells

39 DEmiRNAs were obtained by bioinformatics analysis
on miRNA-seq expression data from TCGA database,
among which 23 were up-regulated and 16 were down-
regulated (Fig. 1a, Additional file 2). Several studies have
revealed that miR-129-5p acts as a tumor suppressor
in a variety of cancers. Hence, miR-129-5p was taken
as the objective of this study. TCGA data showed that
miR-129-5p was prominently down-regulated in ccRCC
tissue (normal: 71, tumor: 536) (Fig. 1b). qRT-PCR was
then employed to evaluate miR-129-5p expression in
ccRCC cells and normal cells, finding that miR-129-5p
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was potently down-regulated in ccRCC cell lines (Fig. 1c).
Collectively, these findings evinced that miR-129-5p was
lowly expressed in ccRCC.

Overexpressed miR-129-5p affects ccRCC cell biological
functions

A great number of researches have shown that the occur-
rence and development of tumors are related to the dys-
regulation of miRNA. miR-129-5p was found to be highly
significantly abnormally expressed in ccRCC cell line
786-0. Therefore, ccRCC cell line 786-O was chosen for
subsequent experiments. In order to investigate the bio-
logical function of miR-129-5p in ccRCC, miR-129-5p
was overexpressed in ccRCC cell line 786-O. qRT-PCR
was used to assess miR-129-5p expression in different
groups, showing that miR-129-5p was remarkably up-
regulated after miR-129-5p was overexpressed (Fig. 2a).
CCK-8 assay, colony formation assay, Transwell assay and
wound healing assay were carried out for detecting cell
proliferation, colony forming ability, cell migration and
invasion, finding that these abilities were greatly reduced
after miR-129-5p was overexpressed relative to those of
the control group (Fig. 2b—e). Additionally, findings in
flow cytometry assays uncovered that upon the over-
expression of miR-129-5p, the proportion of cells was
increased in GO/G1 phase while decreased in S phase,
and cell apoptotic rate was elevated (Fig. 2f, g). Taken
together, these results demonstrated that overexpressed
miR-129-5p suppressed ccRCC cell proliferation, migra-
tion and invasion, induced cell cycle arrest in GO/G1
phase and potentiated cell apoptosis.

SPN is potently up-regulated in ccRCC cells

To explore the regulatory mechanism of miR-129-5p in
ccRCC cells, 2,312 DEmRNAs were obtained in TCGA-
KIRC dataset by differential analysis, among which 1,533
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were up-regulated and 779 were down-regulated (Fig. 3a,
Additionl file 3). miRDIP and miRDB databases were
employed to predict target genes of miR-129-5p, and

then 39 candidate genes were obtained from the inter-
section of predicted genes and up-regulated DEmRNAs
(Fig. 3b). Correlation analysis showed that miR-129-5p
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had the highest negative correlation coefficient (-0.19)
with SPN (Fig. 3c). qRT-PCR and western blot were con-
ducted to test mRNA expression and protein expres-
sion of SPN in ccRCC cells and normal cells, finding that
mRNA expression and protein expression of SPN were
considerably up-regulated in ccRCC cells than those in
normal cells (Fig. 3d, e). We simulated that SPN might be
a target gene of miR-129-5p in ccRCC cells, and it was
verified to be up-regulated in ccRCC cells.

miR-129-5p targeted binds to SPN

To further explore the regulatory effect of miR-129-5p
on SPN, bioinformatics analysis was used to predict the
binding sites of miR-129-5p on SPN 3’-UTR, indicat-
ing that there were binding sites between miR-129-5p
and SPN (Fig. 4a). Subsequently, dual-luciferase assay
validated the targeted binding relationship between
miR-129-5p and SPN, finding that overexpression of
miR-129-5p inhibited the luciferase activity of SPN-WT
3’-UTR, while had no influence on that of SPN-MUT
3-UTR (Fig. 4b). qRT-PCR and western blot were per-
formed to measure mRNA expression and protein
expression of SPN, finding that mRNA expression and
protein expression of SPN in ccRCC cell line 786-O were
prominently decreased after miR-129-5p was overex-
pressed (Fig. 4c, d). Taken together, these findings eluci-
dated that miR-129-5p targeted and down-regulated SPN
in ccRCC cells.
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miR-129-5p targets SPN to regulate ccRCC cell malignant
progression

To investigate whether miR-129-5p regulates ccRCC
cell behaviors by targeting SPN, we established miR-
NC+o0e-NC, miR-NC + o0e-SPN and miR-mimics -+ oe-
SPN groups. qRT-PCR and western blot were used to
assess SPN expression in different groups, finding that
SPN was potently up-regulated in miR-NC+ oe-SPN
group, whereas its expression was reversed in miR-mim-
ics+0e-SPN group (Fig. 5a, b), which further illustrated
that SPN was down-regulated by miR-129-5p. CCK-8
assay and colony formation assay suggested that overex-
pressing SPN markedly enhanced ccRCC cell prolifera-
tive ability, while overexpressing miR-129-5p significantly
attenuated the promoting effect of SPN on ccRCC cells
(Fig. 5¢c, d). Transwell assay and wound healing assay were
employed to detect cell invasive and migratory abilities of
ccRCC cells in different groups, finding that cell invasive
and migratory abilities were remarkably increased after
SPN was overexpressed, while such effect was reversed
in miR-mimics+o0e-SPN group (Fig. 5e, f). Similarly,
experimental results of flow cytometry indicated that,
compared with the NC group, the miR-NC+ oe-SPN
group showed more cells arrest in S and G2/M phases
and decreased cell apoptosis. When miR-129-5p was ele-
vated in the meantime, these effects were attenuated to a
certain degree (Fig. 5g, h). Collectively, it could be seen
that miR-129-5p suppressed cell proliferation, migration,
invasion, induced cell cycle arrest and potentiated cell
apoptosis via targeting SPN.
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Discussion

[15]. For instance, miR-182 [16], miR-30a [17] and miR-

In recent years, accumulating studies have illustrated that
miRNAs are key players in various cancers. Several miR-
NAs have been identified to participate in some impor-
tant biological and pathological processes of ccRCC

200c-3p [18] act as tumor suppressors to inhibit the
progression of ccRCC by respectively targeting IGFIR,
ADAM?9 and SLC6A1, while miR-654 [19] and miR-543
[20] facilitate ccRCC cell proliferation and metastasis
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by targeting GK5 and Kriippel-like factor 6 (KLF-6),
respectively. Generally speaking, miR-129-5p is consid-
ered to be a tumor suppressor and is down-regulated in
prostate cancer (PC) [21], bladder cancer (BC) [22], etc.
Wu Z et al. pointed out that the long non-coding RNA
SNHGI2 acts as a competing endogenous RNA to regu-
late MDM4 expression by competing with miR-129-5p in
ccRCC [12]. In this study, we found that miR-129-5p was
significantly down-regulated in ccRCC by bioinformat-
ics analysis and cell experiments, and it was in agreement
with the report of Wu Z et al.. Besides, miR-129-5p could
act as a tumor suppressor to inhibit cell proliferation,
migration, invasion, induce cell cycle arrest in G0/G1
phase and potentiate cell apoptosis. These findings help
to understand the regulatory mechanism of miR-129-5p
serving as a tumor suppressor in ccRCC, and also help to
find a novel biomarker and targeted therapy for ccRCC.

Despite the fact that the regulatory mechanism of
miR-129-5p in ccRCC has been reported, its molecu-
lar mechanism is still underway to exploit. On this
basis, we investigated the regulatory mechanism of
miR-129-5p in ccRCC, and further searched a novel
potential therapeutic target for ccRCC. As indicated
by bioinformatics analysis, SPN was observed to have
the potential to be a target gene of miR-129-5p. SPN is
capable of regulating intercellular adhesion, intracellu-
lar signal transduction, cell apoptosis, cell proliferation
and metastasis[14]. There are few studies on the biolog-
ical function of SPN in the progression of cancers, and
only one study discussing the role of aberrant CD43
glycosylation as a cancer biomarker [23]. The effect of
SPN on ¢cRCC and the regulatory mechanism of the
miR-129-5p/SPN axis in ccRCC have not been reported
to date. As revealed by cell experiments, we found that
SPN was up-regulated in ccRCC cells, and after SPN
was overexpressed, ccRCC cell proliferation, migra-
tion and invasion were increased, cell apoptosis was
decreased, and cell cycle was found to arrest in S and
G2/M phases, which suggested that high expression of
SPN facilitated the malignant progression of ccRCC.
Dual-luciferase assay further validated that there was
a targeted binding relationship between miR-129-5p
and SPN. Additionally, rescue experiments indicated
that miR-129-5p suppressed ccRCC cell proliferation,
migration and invasion by targeting SPN, promoted cell
apoptosis and regulated cell cycle.

In sum, our study confirmed that miR-129-5p inhibits
the progression of ccRCC by targeted down-regulating
SPN, and first revealed the effect of the miR-129-5p/
SPN axis on c¢cRCC cell proliferation, migration and
invasion. These findings not only illustrate the regula-
tory mechanism of miR-129-5p and SPN in the progres-
sion of ¢ccRCC, providing novel potential therapeutic
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targets for ccRCC, but also greatly deepen our knowl-
edge about the effect of SPN on the progression of can-
cers and its upstream regulatory mechanism, bringing
additional insight into the exploration of new biomark-
ers and target therapies for ccRCC.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512935-021-01820-3.

Additional file 1. Western blot picture of SPN.

Additional file 2. Normalized microRNA expression data of ccRCC
patients in TCGA database.

Additional file 3. Normalized mRNA expression data of ccRCC patients in
TCGA database.

Acknowledgements
Not applicable.

Authors’ contributions

BG was the first author and contributed to the study design. LW and YBZ
conducted the literature search. NZ acquired the data. MMH and HCL wrote
the article. DLS drafted. XTW and XLX performed data analysis. YFL revised the
article and gave the final approval of the version to be submitted. All authors
read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data and materials in the current study are available from the correspond-
ing author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no potential conflicts of interest.

Author details

"Department of Urology, Tangshan Central Hospital, East of Guangming Road,
South of Longfu South Road, West of Youyi Road West Auxiliary Road, North of
Changning Road, Tangshan 063000, China. >Shanghai Engineering Research
Center of Pharmaceutical Translation, Shanghai, China.

Received: 17 July 2020 Revised: 7 January 2021 Accepted: 6 February
2021
Published online: 17 May 2021

References

1. YiZ FuY, Zhao S, Zhang X, Ma C. Differential expression of miRNA pat-
terns in renal cell carcinoma and nontumorous tissues. J Cancer Res Clin
Oncol. 2010;136:855-62. https://doi.org/10.1007/500432-009-0726-x.

2. Cohen HT, McGovern FJ. Renal-cell carcinoma. N Engl J Med.
2005;353:2477-90. https://doi.org/10.1056/NEJMra043172.


https://doi.org/10.1186/s12935-021-01820-3
https://doi.org/10.1186/s12935-021-01820-3
https://doi.org/10.1007/s00432-009-0726-x
https://doi.org/10.1056/NEJMra043172

Gao et al. Cancer Cell Int

(2021) 21:263

Dutcher JP. Recent developments in the treatment of renal cell carci-
noma. Ther Adv Urol. 2013;5:338-53. https://doi.org/10.1177/1756287213
505672.

Lam JS, Leppert JT, Figlin RA, Belldegrun AS. Role of molecular markers in
the diagnosis and therapy of renal cell carcinoma. Urology. 2005;66:1-9.
https://doi.org/10.1016/j.urology.2005.06.112.

He L, Hannon GJ. MicroRNAs: small RNAs with a big role in gene regula-
tion. Nat Rev Genet. 2004;5:522-31. https://doi.org/10.1038/nrg1379.
Nana-Sinkam SP, Croce CM. MicroRNA regulation of tumorigenesis,
cancer progression and interpatient heterogeneity: towards clinical use.
Genome Biol. 2014;15:445. https://doi.org/10.1186/513059-014-0445-8.
Al-Ali BM, Ress AL, Gerger A, Pichler M. MicroRNAs in renal cell carcinoma:
implications for pathogenesis, diagnosis, prognosis and therapy. Antican-
cer Res. 2012;32:3727-32.

Wu Q, Meng WY, Jie Y, Zhao H. LncRNA MALAT1 induces colon cancer
development by regulating miR-129-5p/HMGB1 axis. J Cell Physiol.
2018;233:6750-7. https://doi.org/10.1002/jcp.26383.

Li Z, et al. MiR-129-5p inhibits liver cancer growth by targeting calcium
calmodulin-dependent protein kinase IV (CAMK4). Cell Death Dis.
2019;10:789. https://doi.org/10.1038/541419-019-1923-4.

Qiu Z, Wang X, ShiY, Da M. miR-129-5p suppresses proliferation, migra-
tion, and induces apoptosis in pancreatic cancer cells by targeting PBX3.
Acta Biochim Biophys Sin (Shanghai). 2019;51:997-1007. https://doi.org/
10.1093/abbs/gmz096.

. Wang Q Yu J. MiR-129-5p suppresses gastric cancer cell invasion and pro-

liferation by inhibiting COL1AT1. Biochem Cell Biol. 2018;96:19-25. https://
doi.org/10.1139/bcb-2016-0254.

Wu Z, Chen D, Wang K, Cao C, Xu X. Long non-coding RNA SNHG12 func-
tions as a competing endogenous RNA to regulate MDM4 expression

by sponging miR-129-5p in clear cell renal cell carcinoma. Front Oncol.
2019,9:1260. https://doi.org/10.3389/fonc.2019.01260.

Remold-O’Donnell E, Zimmerman C, Kenney D, Rosen FS. Expression on
blood cells of sialophorin, the surface glycoprotein that is defective in
Wiskott-Aldrich syndrome. Blood. 1987;70:104-9.

Fu Q, et al. Intracellular patterns of sialophorin expression define a new
molecular classification of breast cancer and represent new targets for
therapy. BrJ Cancer. 2014;110:146-55. https://doi.org/10.1038/bjc.2013.
526.

20.

21.

22.

23.

Page 9 of 9

. EbruT, et al. Analysis of various potential prognostic markers and survival

data in clear cell renal cell carcinoma. Int Braz J Urol. 2017;43:440-54.
https://doi.org/10.1590/51677-5538.1BJU.2015.0521.

. Wang X, Li H, Cui L, Feng J, Fan Q. MicroRNA-182 suppresses clear cell

renal cell carcinoma migration and invasion by targeting IGF1R. Neo-
plasma. 2016;63:717-25. https://doi.org/10.4149/neo_2016_508.

. Jiang L, LiuY, Ma C, Li B. MicroRNA-30a suppresses the proliferation,

migration and invasion of human renal cell carcinoma cells by directly
targeting ADAMO. Oncol Lett. 2018;16:3038-44. https://doi.org/10.3892/
01.2018.8999.

. Maolakuerban N, et al. MiR-200c-3p inhibits cell migration and invasion

of clear cell renal cell carcinoma via regulating SLC6A1. Cancer Biol Ther.
2018;19:282-91. https://doi.org/10.1080/15384047.2017.1394551.

. Chen J, ShuY, Yu Q Shen W. MicroRNA-645 promotes cell metastasis and

proliferation of renal clear cell carcinoma by targeting GK5. Eur Rev Med
Pharmacol Sci. 2017;21:4557-65.

Yang F, et al. MicroRNA-543 promotes the proliferation and invasion of
clear cell renal cell carcinoma cells by targeting Kruppel-like factor 6.
Biomed Pharmacother. 2018;97:616-23. https://doi.org/10.1016/j.biopha.
2017.10.136.

Gao G, et al. miR-129-5p inhibits prostate cancer proliferation via target-
ing ETV1. Onco Targets Ther. 2019;12:3531-44. https://doi.org/10.2147/
OTT.5183435.

Cao J,Wang Q Wu G, Li S, Wang Q. miR-129-5p inhibits gemcitabine
resistance and promotes cell apoptosis of bladder cancer cells by target-
ing Wnt5a. Int Urol Nephrol. 2018;50:1811-9. https://doi.org/10.1007/
$11255-018-1959-x.

Tuccillo FM, et al. Aberrant glycosylation as biomarker for cancer: focus
on CD43. Biomed Res Int. 2014;2014:742831. https://doi.org/10.1155/
2014/742831.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1177/1756287213505672
https://doi.org/10.1177/1756287213505672
https://doi.org/10.1016/j.urology.2005.06.112
https://doi.org/10.1038/nrg1379
https://doi.org/10.1186/s13059-014-0445-8
https://doi.org/10.1002/jcp.26383
https://doi.org/10.1038/s41419-019-1923-4
https://doi.org/10.1093/abbs/gmz096
https://doi.org/10.1093/abbs/gmz096
https://doi.org/10.1139/bcb-2016-0254
https://doi.org/10.1139/bcb-2016-0254
https://doi.org/10.3389/fonc.2019.01260
https://doi.org/10.1038/bjc.2013.526
https://doi.org/10.1038/bjc.2013.526
https://doi.org/10.1590/S1677-5538.IBJU.2015.0521
https://doi.org/10.4149/neo_2016_508
https://doi.org/10.3892/ol.2018.8999
https://doi.org/10.3892/ol.2018.8999
https://doi.org/10.1080/15384047.2017.1394551
https://doi.org/10.1016/j.biopha.2017.10.136
https://doi.org/10.1016/j.biopha.2017.10.136
https://doi.org/10.2147/OTT.S183435
https://doi.org/10.2147/OTT.S183435
https://doi.org/10.1007/s11255-018-1959-x
https://doi.org/10.1007/s11255-018-1959-x
https://doi.org/10.1155/2014/742831
https://doi.org/10.1155/2014/742831

	miR-129-5p inhibits clear cell renal cell carcinoma cell proliferation, migration and invasion by targeting SPN
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Bioinformatics analysis
	Cell culture
	Cell transfection
	Real‐time fluorescence quantitative PCR
	  Western blot
	Cell proliferation assay
	Colony formation assay
	Transwell invasion assay
	Wound healing assay
	Flow cytometry
	 Dual‐luciferase assay
	Statistical analysis

	Results
	miR-129-5p is down‐regulated in ccRCC cells
	Overexpressed miR-129-5p affects ccRCC cell biological functions
	 SPN is potently up‐regulated in ccRCC cells
	miR-129-5p targeted binds to SPN
	miR-129-5p targets SPN to regulate ccRCC cell malignant progression

	Discussion
	Acknowledgements
	References




