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Abstract: Objective: We investigated the mechanism of miR-103a-3p-mediated renal cell carcinoma (RCC) progres-
sion. Methods: The miR-103a-3p expressions were measured in clinical samples and in two RCC cell lines. MiR-
103a-3p was inhibited or over-expressed in the 786-0 and UO31 cell lines, respectively. Results: We found that miR-
103a-3p is closely related to the development of RCC cells. A bioinformatics analysis and a dual-luciferase reporter
gene assay revealed that there is a direct interaction between TMEM33 and miR-103a-3p. Moreover, a rescue
assay further confirmed that TMEM33 overexpression can attenuate miR-103a-3p-induced RCC cell development.
Conclusion: miR-103a-3p exerts a carcinogenic function in RCC by regulating TMEM33, a finding that may provide

new insights into the development of prognostic markers and therapeutic targets for RCC.
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Introduction

Renal cell carcinoma (RCC) is a urinary system
tumor, and it accounts for over 90% of all renal
tumors [1]. For RCC without early metastasis,
the surgical removal of part or a single kidney is
the most effective treatment method, and the
patient prognosis is good [2]. Because of the
relatively hidden occurrence of RCC, most
patients are diagnosed at an advanced stage
[3]. Surgical resection is not ideal for RCC
patients with metastasis. In addition, RCC is
not sensitive to chemotherapy or radiotherapy
[4]. Therefore, understanding the molecular
mechanisms of RCC pathogenesis is of great
importance for finding new therapeutic targets
and strategies for RCC.

MicroRNAs are RNAs made up of 20 to 25
nucleotides, and they widely exist in eukary-
otes. They regulate post-transcriptional transla-
tion by interacting with the 3’-UTR of the targets
[5]. The miRNA levels are abnormal in many
tumor cells, indicating that miRNAs are impli-

cated in tumor initiation and progression [6].
MiRNAs can participate in the proliferation,
invasion, adhesion, metastasis and apoptosis
of various solid tumor cells through multiple sig-
naling pathways [7]. For example, miR-1-3p was
found to retard the growth of hepatocellular
cancer cells through SOX9 [8]. NFIB and CD44
were found to be targets of MiR-302a, which
together play an inhibitory role in the progres-
sion of colorectal cancer [9]. The growth of
osteosarcoma cells can be suppressed by miR-
626-3p, and PTN, the target of miR-626-3p, is
involved in this process [10]. The combination
and interaction of miR-543 and RKIP can accel-
erate the spread of prostate cancer cells [11].
Hence, miRNAs, as a therapeutic target, may
have potential applications in the treatment of
RCC.

MiR-103a-3p usually has a very high level in
RCC. Existing studies have indicated that miR-
103a-3p exerts the opposite effect in various
cancers. For example, miRNA-103a-3p pro-
motes the proliferation of human gastric cancer
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Table 1. Clinical information of the clinical
samples
ltems
Gender
Male (n) 17
Female (n) 13
Age (years)
<60 (n) 12
>60 (n) 18
Tumor size
<5cm (n) 10
>5 cm (n) 20
TNM stage
T1a (n)

NN W O OO W

Distant metastasis
Absence (n) 19
Presence (n) 11

cells by targeting and suppressing ATF7 in vitro
[12]. The inhibition of miR-103a-3p suppresses
the proliferation of oral squamous cell carcino-
ma cells by targeting RCAN1 [13]. In addition,
MiR-103a-3p targets the 5° UTR of GPRC5A in
pancreatic cells [14].

In this paper, we propose for the first time the
mechanism of miR-103a-3p in the progression
of RCC. We verified that miR-103a-3p can facili-
tate the progression of RCC cells by interacting
directly with TMEM33 and downregulating its
expression. This result provides new directions
for research on the mechanism of the occur-
rence and progress of RCC, and may lead to
new research targets for treating RCC.

Materials and methods
Clinical samples

A total of 30 pairs of RCC tissues and para-can-
cerous tissues were collected from the Fourth
People’s Hospital of Shenyang from 2019-
2020. These tissue specimens were stored in
liquid nitrogen prior to the further RNA extrac-
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tion. The samples’ RCC TNM stages were
determined based on the 8" edition of AJCC.
This research was approved by the Ethics
Committee of the Fourth People’s Hospital of
Shenyang (approval number: SYSY-2018-16).
All the patients or their relatives were informed
in advance. The detailed clinical information of
the samples is shown in Table 1.

Cell culture

Human normal kidney cell line HK-2 and RCC
cell lines 786-0, UO31 were obtained from
ATCC. The cells were inoculated in an RPMI-
1640 medium (Sangon Biotech, China) supple-
mented with 10% FBS (Sangon Biotech, China)
and a 1% antibiotic mixture (Sangon Biotech,
China), and cultured at 37°C, with 5% CO,,.

Cell transfection

The miR-103a-3p inhibitor (5-AUACAUUCGC-
UGUGCACAUCGU-3’), miR-103a-3p mimics
(5’-AAGUAGUACACUGCGAAUGUAU-3’) and neg-
ative control (NC mimics: 5-UCACAAGCU-
CAUAGAGAGAUUAGC-3’) were synthesized by
Sangon Biotech. The vector pcDNA3.1 was pur-
chased from MiaoLing Plasmid Sharing Plat-
form (Hubei, China). The TMEM33 sequence
was obtained from NCBI (https://www.ncbi.
nim.nih.gov/), and the open reading frame
(ORF) of TMEM33 was amplified by PCR using
the cDNA of tissues from clinical samples as
template and then inserted into the pcDNA3.1
to construct the TMEM33 expression vector
pcDNA3.1-TMEM33. The primers, including
the sites of the restriction enzyme used for
the construction of TMEM expression vector,
were as follows: Forward: 5-CCGGAATTCAGA-
TGGCATACACCGAGCAAAG-3’, Reverse: 5-CCG-
CTCGAGTTAGACGACAGTTGGAGCG-3'. The cell
transfection was conducted using Lipo3000
(Invitrogen, California, USA) according to the
description in the product manual. After 48 h,
RT-gPCR and/or Western blot (WB) assays were
used to verify the transfection effects. The cells
were then used for further experiments.

Real-time quantitative PCR

RNAprep Pure Kits (Tiangen, Beijing, China)
were used to extract the total RNA following
the instructions in the product manual. SYBR
RT-gPCR kits (Tiangen, Beijing, China) and the
ABI 7500 System (ABI, USA) were used to quan-
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Table 2. The RT-gPCR primer sequences

Gene Primer Sequences (5-3")

miR-103a-3p Forward 5’-AGCAGCATTGTACAGGGCTA-3’

Reverse 5’-TGGTGTCGTGGAGTCGA-3’

TMEM33 Forward 5’-CGGCAATGTGGCTTTCTCGC-3’
Reverse 5’-GGGCCAGGAATGCTCTGCTT-3’
U6 snRNA Forward 5’-CTTAGCAATGCGTTAGATC-3’

Reverse 5’-ATGGACTATGACGTAGCA-3’
B-actin Forward 5’-AATGTTACGACAGCTTCGA-3’
Reverse 5’-CATAAAGCTTACGATCCAAT-3’

tify the miR-103a-3p and TMEM33 levels fol-
lowing to the product manual. The reaction sys-
tem consisted of 10 uL ddH,0, 8 L SYBR, 0.5
uL forward and reverse primers, and a 1 pL
sample. The PCR amplification was performed
following the PCR amplification procedure:
denaturing (95°C, 10 s), annealing (55°C, 15 s),
and extension (72°C, 30 s) for 40 cycles. U6
and B-actin were the internal references in this
experiment. The relative expression analysis
was carried out using the 22t method. All the
primers used are listed in Table 2.

Cell proliferation

The cell proliferation was assessed using
CCK-8 Kits (Biosharp, Hefei, China) and EdU
cell proliferation Kits (Sangon Biotech,
Shanghai, China) according to the operating
instruction manuals. In detail, the different
cell lines were inoculated in 96-well plates at a
density of 2x10° cells/well and grown to 80%
confluence, then 10 pL/well CCK-8 reagent
was added, and the cells were cultured at 37°C
for another 4 h. The OD450 was measured to
determine the cell viability. As for the EdU
assays, the cells were first incubated with EdU
reagent for 2 h, then immobilized with aldehyde
fixative for 30 min and treated with a cell per-
meability agent for 15 min, and finally stained
with DAPI for 30 min. The EdU-stained cells
were determined by LSCM (Nikon, Japan), and
the proportion of cells stained by EdU was con-
sidered to be the cell proliferation rate.

Wound healing assays

786-0 and UO31 cells treated with the miR-
103a-3p inhibitor or the NC inhibitor were inoc-
ulated in 6-well plates until reaching 90% con-
fluence. A 200 pL sterile tip was used to create
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a wound line in each well, and cell pictures
were taken at O h and 24 h after the opera-
tion.

Transwell migration and invasion assays

Transfected 786-0 and UO31 cells were digest-
ed and then cultured in a Transwell chamber
without Matrigel (Millipore, USA). After incuba-
tion for 24 h, the cells in lower chamber were
immobilized with an aldehyde fixative for 30
min and incubated with 0.1% crystal violet
for 20 min. Finally, the cells were observed
and photographed under a microscope. The
Transwell invasion assay process was the same
as the migration assay, except that the upper
Transwell chamber used for the invasion experi-
ment was covered with Matrigel.

Bioinformatics analysis

The ENCORI and miRwalk online analysis
systems were used to screen out the target
genes of miR-103a-3p that related to RCC. In
addition, the binding region of miR-103a-3p
and the 3-UTR of TMEM33 were analyzed
using miRwalk.

Western blot

The cells were lysed with a RIPA buffer (Solarbio,
China), and the protein content was quantified
using BCA Kits (Solarbio, China). The cell lysates
were subjected to electrophoresis and film
transfer in turn. The film was blocked with BSA
and incubated with the primary and secondary
antibodies in sequence, and finally developed
with the enhanced chemiluminescence rea-
gent ECL (PEOO10, Solarbio, China). In this
study, all the commercial antibodies were pur-
chased from Abcam, including the primary anti-
bodies: TMEM33 (ab118451, 1:1,000), ITCH
(@ab245515, 1:2,000), CTTN (ab101359, 1:
1,000), SGPP1 (ab108435, 1:500), TAB3
(@b85655, 1:2,000), HADH (ab154088, 1:
1,000), B-actin (ab228001, 1:10,000), and
the secondary antibody: Goat Anti-Rabbit IgG
(@ab205718, 1:20000).

Dual-luciferase reporter assays

The fragments of WT and MUT 3-UTR of
TMEMS33 containing the putative targeting site
of miR-103a-3p were synthesized by Sangon
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data indicate that miR-103a-
3p may be involved in the
occurrence of RCC.

MiR-103a-3p facilitated the
progression of RCC cells

To explore the function of miR-
= P

103a-3p in RCC cells, a miR-
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Relative expression of miR-103a-3p >
B
0

Relative expression of miR-103a-3p @

Figure 1. The high expression of miR-103a-3p in RCC. A: The relative level
of miR-103a-3p in RCC (n=10) and the neighboring non-cancerous tissues
(n=8); B: The relative level of miR-103a-3p in the 786-0, U031, and HK-2
cells. Compared with the normal tissues or the HK-2 cells group, “P<0.05.

Biotech. Then they were integrated into the
dual-luciferase reporter vector (Biovector,
China). The MiR-103a-3p/NC mimics and the
vector were co-transfected to 786-0 cells and
U031 cells using Lipo3000 Reagent (Invitro-
gen, CA, USA). After 48 h, the cells’ luciferase
activity was measured. The relative luciferase
activity was calculated using the normalization
of the luciferase firefly activities against the
Renilla luciferase activities.

Statistical analysis

SPSS 23.0 was used for the statistical analysis.
The data are presented as the means + SD
of three parallel experiments. The differen-
ces between groups were analyzed using
Student’s two-tailed t-tests or one-way analy-
ses of variance followed by Bonferroni post
hoc tests. P<0.05 was considered statistically
significant.

Results

MiR-103a-3p in RCC was significantly up-
regulated

First, the relative content of miR-103a-3p in
RCC and the para-cancerous tissues were
examined. The results showed that the miR-
103a-3p in the RCC tissues was much higher
than it was in the para-cancerous tissues
(Figure 1A). Then, the relative content of miR-
103a-3p in the three different cell lines was
determined. The results were consistent with
the results of the RCC tissues, and the miR-
103a-3p in the RCC cell lines was much higher
than it was in the HK-2 cells (Figure 1B). These
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HK2  786.0

HK2  UO31 103a-3p inhibitor was intro-

duced into the 786-O and
U031 cells, respectively. First,
we carried out CCK-8 and EdU
assays to investigate the role
of miR-103a-3p in the prolifer-
ation of RCC cells. The data
showed that after miR-103a-3p was restrained,
the proliferation of the RCC cells was signifi-
cantly inhibited (Figure 2A, 2B).

Then, we conducted wound healing and
Transwell assays to explore the function of miR-
103a-3p in the migration and invasion of RCC
cells. As shown in Figure 2C-E, the migration
and invasion abilities of the cells in the miR-
103a-3p inhibition groups were remarkably
lower than the migration and invasion abilities
of the negative control (NC) groups. The above
results indicate that miR-103a-3p can facilitate
the progression of RCC.

TMEM33 was shown to be the target of miR-
103a-3p in the RCC cells

In order to explain the mechanism by which
miR-103a-3p promotes the progression of RCC,
bioinformatics methods were applied to identi-
fy the potential targets of miR-103a-3p. Two
online prediction websites (ENCORI and miR-
walk) were consulted to identify the candidate
targets of miR-103a-3p and a total of 6 target
genes were screened out that related to RCC.
The relative expressions of the screened 6
genes in the 786-0 and UO31 cell lines were
analyzed using RT-qPCR and WB, and we finally
chose the down-regulated gene TMEM33 as
the object of this study (Figure 3A).

To confirm that miR-103a-3p plays an oncogen-
ic role by targeting TMEM33, a Dual-luciferase
reporter gene assay was conducted (Figure
3B). We transfected the constructed luciferase
reporter plasmid and the miR-103a-3p mimics
into 786-0 and U031 cells. The results revealed
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Figure 3. MiR-103a-3p targets and regulates TMEM33 by interacting with the 3’-UTR of TMEM33. A: The ENCORI and miRwalk online prediction websites were used
to identify the target genes of miR-103a-3p. RT-gPCR and WB were carried out to determine the relative levels of the screened target genes that relate to RCC. Com-
pared with the normal cell group, *"P<0.01; B: Schematic diagram of the luciferase reporter that contains TMEM33-WT or TMEM33-Mut was designed to determine
whether miR-103a-3p regulates TMEM33 by interacting with TMEM33; C: A dual-luciferase reporter assay was performed by co-transfecting the miR-103a-3p mim-
ics or the control with a luciferase reporter plasmid including TMEM33 3’-UTR WT or MUT. Compared with the NC mimic groups, "P<0.05, **P<0.01; D: The changes
in the relative mRNA expressions of TMEM33 in the 786-0 and U031 cells after miR-103a-3p was inhibited. Compared with the NC inhibitor group, “*P<0.01; E: The
relative level of TMEM33 in the 786-0, U031, and HK-2 cells. Compared with the HK-2 cells group, *"P<0.01.
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that the miR-103a-3p mimics were able to
notably suppress the relative luciferase activity
of the TMEM33-WT group, but they had little
effect on the TMEM33-MUT group (Figure 3C).
In addition, it was shown that the expression of
TMEM33 was remarkably up-regulated in the
RCC cells with the inhibited miR-103a-3p
(Figure 3D). The mRNA and protein expressions
of TMEM33 in the 786-0, U031, and HK-2 cells
are shown in Figure 3E. In short, the above
results confirm that miR-103a-3p can target
and down-regulate the expression of TMEM33
in RCC.

Over-expression of TMEM33 attenuated the
carcinogenic effect of miR-103a-3p in RCC

To explore whether TMEM33 can reverse the
carcinogenic effect of miR-103a-3p in RCC, we
conducted a rescue assay by over-expressing
TMEM33 in the 786-0 and U031 cells. We
found that the proliferation-promoting func-
tion of miR-103a-3p on the RCC cells was
weakened by the overexpression of TMEM33
(Figure 4A, 4B). In addition, the overexpression
of TMEM33 significantly attenuated the migra-
tion and invasion of the RCC cells induced by
the miR-103a-3p mimics (Figure 4C, 4D). In
brief, these results suggest that miR-103a-3p
exerts an oncogenic effect by targeting and
down-regulating the expression of TMEM33.

Discussion

RCC is a urinary system tumor with a high
morbidity and mortality [15]. The incidence of
RCC is relatively insidious, and most patients
are diagnosed at an advanced stage [16].
Therefore, it is of great significance to explore
the mechanism of the occurrence and develop-
ment of RCC. MiRNAs can influence the pro-
gression of cancer by regulating the expression
of the oncogene and tumor suppressor genes
[17]. Many studies have pointed out that miR-
NAs not only promote the development of
tumors, but they also inhibit the development
of tumors. In addition, the same miRNA may
play opposite roles in different conditions or
cells [18].

Existing studies have found that abnormal lev-
els of miR-103a-3p exist in many tumor cells.
For instance, Sun et al. found that miR-103a-3p
is highly expressed in colorectal cancer cells,
and it promoted the proliferation, invasion,
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migration, angiogenesis, and glycolysis in
colorectal cancer via the hippo/YAP1/HIF1A
axis [19]. A study by Hu et al. revealed that
miR-103a-3p is upregulated in gastric cancer,
and it promoted the proliferation of gastric can-
cer cells by targeting ATF7 [20]. However, miR-
103a-3p is not always highly expressed in all
cancers. In the research of Ge et al., low levels
of miR-103a-3p were found in prostate cancer,
and it inhibited the proliferation and invasion of
the prostate cancer by targeting TPD52 [21].
Moreover, He et al. also confirmed that a low
expression of miR-103a-3p in glioma mediated
the expression of ZIC4 and regulated the
angiogenesis of glioma [22]. There is still a lack
of research and understanding on the levels
and functions of miR-103a-3p in RCC. In this
research, the results revealed that miR-103a-
3p is high-expressed in both RCC tissues and
cell lines. The progress of the RCC cells is inhib-
ited by the inhibition of miR-103a-3p, suggest-
ing that miR-103a-3p may play a carcinogenic
function in regulating RCC.

TMEM33 is a component of the ER Ca?* signal-
ing machinery required for angiogenesis. The
knockdown of TMEM33 overall or specifically to
the epithelial cells impairs many downstream
effects of VEGF, including the phosphorylation
of ERK, notch signaling and vascular develop-
ment [23]. In addition, TMEM33 was found to
be a new molecule that is induced by endoplas-
mic reticulum stress. It was found that the over-
expression of TMEM33 is associated with the
enhanced expression of apoptosis signals in
breast cancer. In addition, the expression of
the autophagy marker LC3Il was shown to be
increased in TMEM33 overexpressed breast
cancer cells, while p62/SQSTM1 is downregu-
lated [24]. In this study, to further illuminate
the mechanism by which miR-103a-3p regu-
lates RCC progression, bioinformatics tools
were used to analyze the targets of miR-103a-
3p. TMEM33 was a screened and verified tar-
get of miR-103a-3p. However, the mechanism
by which TMEM33 is involved in inhibiting the
progression of RCC was not studied in this
article, but it will be our future research focus.
In addition, our study still lacks in vivo valida-
tion that the miR-103a-3p/TMEM33 axis pro-
motes the progression of RCC.

In conclusion, our results point out that miR-
103a-3p exerts a carcinogenic role by regulat-
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Figure 4. TMEM33 attenuates the carcinogenic effect of miR-103a-3p. 786-0 and UO31 cells were transfected with the TMEM33 overexpression vector. Through
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Figure 5. Schematic diagram showing the mecha-
nism of miR-103a-3p in renal cell carcinoma.

ing TMEM33 in RCC. MiR-103a-3p is over-
expressed in RCC, and it can accelerate the
development of RCC by down-regulating TM-
EM33 (Figure 5). These findings may offer a
new way to search for therapeutic targets and
potential prognostic markers for RCC.
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