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1 | INTRODUCTION

| JunlongLiu | Zhe Zhang | Yuyan Zhu

| Jianbin Bi |

Abstract

Small nucleolar RNA host gene 12 (SNHG12) has been indicated in the tumorigenesis
of various human cancers, including clear cell renal cell carcinoma (ccRCC). However,
the underlying mechanisms of SNHG12 driving progression of ccRCC remain incom-
pletely understood. In the present study, we discovered that SNHG12 is up-regulated
in ccRCC and that overexpression of SNHG12 predicted poor clinical outcome of
ccRCC patients. SNHG12 knockdown notably inhibited proliferation and migration of
RCC cells. Furthermore, we discovered that miR-30a-3p, a putative ccRCC inhibitor,
was competitively sponged by SNHG12. Via the crosstalk network, SNHG12 was ca-
pable of up-regulating multiple target genes of miR-30a-3p, namely, RUNX2, WNT2
and IGF-1R, which have been identified to facilitate tumorigenesis of ccRCC. Taken
together, our present study suggested a novel ceRNA network, in which SNHG12
could promote the malignancy of ccRCC although competitively binding with miR-
30a-3p and consequently release the expression of its downstream cancer-related

genes.
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metastasis when diagnosed.>* Despite advanced management strat-

egies such as chemotherapy have been developed, RCC remain one

Renal cell carcinoma (RCC) accounts for 2% of the global cancer
burden, and its incidence rates have been increasing.! Worldwide,
403 000 new cases and 175 000 deaths as a result of RCC occurred
in 2018.2 There are multiple histological subtypes of RCC, each char-
acterized by a unique molecular landscape. Among them, clear cell
renal cell carcinoma (ccRCC), which arises from the proximal tubule
cells of the kidney nephron, is the most common subtype and ac-
counts for 75% of all cases.® Although most detected renal lesions
are small and local tumours, 17% of the patients harbouring distance

of the most lethal urological malignances, and <10% of patients with
metastasis are alive 5 years after diagnosed.1

Accumulating evidence have demonstrated that long non-
coding RNAs (IncRNAs) can function in a wide variety of biological
processes and can play crucial roles in driving tumorigenesis or in-
hibiting tumour progression.>” Small nucleolar RNA host gene 12
(SNHG12), also acknowledged as LNC04080, is such a IncRNA and
has been identified as a potential therapeutic target and a diagnos-
tic biomarker for human cancer, including RCC.%” SNHG12 is 1,867
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bases long and locates at the p35.3 region on chromosome 1.0t
encodes a family of small nucleolar RNAs which includes 4 mem-
bers, namely SNORA66, SNORA61, SNORA16A and SNORD99.1!
Elevated expression of SNHG12 has been identified to correlate
with proliferation, invasion and metastasis of human cancer cells,
thereby modulating the survival of cancer patients.lz'14

MicroRNAs (miRNAs) are another class of conserved and small
non-coding RNAs which have been identified to function in a vari-
ety of biological processes, including tumorigenesis.*>¢ The major
mechanism of miRNAs facilitating cancer progression is through
down-regulating protein expression by binding to seed sequences
present in the target genes and influence their biological functions.*
Studies profiling miRNAs have noted the dysregulation of many miR-
NAs in ccRCC, for example, miR-215,” miR-200,%® miR-708,'? miR-
199a%° and miR-30a, which have been reported to regulate growth,
invasion and migration of ccRCC cells. Among them, miR-30a has
been proved to function as a putative tumour suppressor in ccRcc.??
Studies have revealed that miR-30a-5p inhibits ccRCC aggressive-
ness through repression of zinc finger E-box binding homeobox 2
(ZEB2)?? and GRP78,%® and miR-30a-3p has also been reported to
suppress cellular invasion and metastasis of ccRCC via targeting au-
tophagy related 12 (ATG12)** and Wnt family member 2 (WNT2).2
Furthermore, a late study validated that miR-30a-5p can be a novel
diagnostic and prognostic biomarker for ccRCC.?

In the present study, we have identified a novel mechanism of
SNHG12 promoting the tumorigenesis of ccRCC. SNHG12 functions
as a competing endogenous RNA and interacts with miR-30a-5p,
therefore releases the expression of a series of target oncogenes and
further promotes the aggressive of ccRCC cells. Our data also sug-
gested that knockdown of SNHG12 in ccRCC cells significantly re-
pressed in vivo tumour growth, whereas knockdown of miR-30a-3p
partially rescued the in vivo tumour growth. This study has provided
a new explanation of the mechanism through which SNHG12 func-

tions as a oncogene and promotes the carcinogenesis of ccRCC.

2 | MATERIALS AND METHODS
2.1 | Tissues

For the use of clinical materials for research purposes, prior pa-
tients’ written consent and approval were obtained from the
China Medical University and The First Affiliated Hospital of China
Medical University. The clinical and pathological information of 90
patients with ccRCC and underwent partial cystectomies or radical
cystectomies from 2018 to 2019 at the Department of Urology of
the First Affiliated Hospital of China Medical University in China are
collected as listed in Table 1. The tissue specimens were collected
and immediately frozen in liquid nitrogen and stored at -80°C.
Histologically, the tumours were classified according to the 2004
World Health Organization histological classification of RCC tu-
mours and were staged using the 2002 American Joint Committee

on Cancer system.

TABLE 1 The clinicopathological characteristics in 90 patients
with ccRCC

SNHG12
Number of
Parameters cases High Low P value
Total cases 90 45 45
Gender
Male 58 31 27 .3784
Female 32 14 18
Age
>60 31 20 11 .0559
<60 59 25 34
T stage
T1 76 39 37 .3359
T2 9 8 6
T3 3 1
T4 2 2 0
Nuclear classification
| 5 3 2 .0302
1l 59 23 36
11 20 14 6
\% 6 5 1
Distant metastasis 2 1 1 =
Lymphatic invasion 0 0 0 -

2.2 | Cell culture

The human ccRCC cell lines, OSRC-2 and 769-P cells were purchased
from the cell bank of Chinese Academy of Sciences. The cells are
maintained in RPMI 1640 (HyClone) supplemented with 10% FBS
(HyClone) and 1% penicillin-streptomycin (HyClone) at 37°C and

regularly tested to ensure that they are mycoplasma-free.

2.3 | RNA isolation and real-time quantitative PCR

Total RNA from cultured cells and fresh surgical RCC or normal
renal tissues was extracted using a miRNeasy™ Mini Kit (Qiagen),
according to the manufacturer's instructions. cDNA synthesis and
quantitative real-time PCR were performed with a mercury LNA™
Universal RT microRNA PCR kit (Exigon, Skelstedet). The hsa-miR-
30a-3p and U6 LNA™ PCR primer sets were purchased from Exigon.
gRT-PCR was performed with SYBR® Premix Ex Tag™ (Tli RNaseH
Plus; Takara Biotechnology CO. LTD.) and LightCycler™ 480 I
system (Roche). B-actin and U6 snRNA were used as endogenous
controls for mMRNA and miRNA, respectively. The primers used to
amplify SNHG12 is: forward: TCTGGTGATCGAGGACTTCC, re-
verse: ACCTCCTCAGTATCACACACT. The relative levels of expres-
sion were quantified and analysed using LightCycler™ 480 software
1.5.1.6.2 (Roche). The 2722¢T method was performed to calculate

the relative expression, and expression levels of negative controls
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were used for calibration. Three independent experiments were per-
formed to analyse the relative gene expression.

2.4 | Plasmids and transfection

The luciferase reporter plasmids were constructed by GenePharma.
shRNAs were constructed using pLKO.1 vector according to Addgene
TRC Cloning Protocol. The microRNA agomir and antagomir were
purchased from GenePharma. Transfections were performed with
the Lipofectamine 3000 Reagent (Invitrogen) following the manu-
facturer's protocol. Final concentrations for miRNA agomir/antago-
mir or plasmids were 50 nmol/L and 0.75 pg/mL. Cells were cultured
in a six-well plate with 2 mL culture medium. The concentration for
lentivirus transduction was 5 x 10° transducing units of lentivirus.

The stable cell lines were constructed using puromycin (200 pg/mL).

2.5 | Luciferase reporter assay

Luciferase reporter assay was performed with a Dual Luciferase
Reporter Assay Kit (Promega) according to the manufacturer's pro-
tocol. The luciferase reporters, wild/mutant type of psiCHECK2-
SNHG12 and wild/mutant type of psiCHECK2-RUNX2 were
purchased from GenePharma. The luciferase reporter construct
was co-transfected with agomir of miR-30a-3p into ccRCC cells by
Lipofectamine 3000 (Invitrogen) according to the manufacturer's
guidelines. The relative luciferase activity was measured by Synergy

HTX multi-mode microplate reader (BioTek).

2.6 | Western blotting analysis

Antibodies to RUNX2 (1:1000, #12556, CST), WNT2 (1:1000,
ab109222, Abcam), IGF-1R (1:1000, #3027, CST) and GAPDH
(1:1000, #5174, CST) were used according to the manufactur-
ers’ protocols. The Western blotting analysis was performed
as described before. Briefly, equal amounts of protein extracts
were separated by 10% SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene fluoride (PVDF)
membranes (Millipore). The membranes were blocked with Tris-
buffered saline plus Tween-20 (TBS-T; 0.1% Tween-20) with 5%
(w/v) non-fat dry milk and were then incubated with primary
antibodies in TBS-T at 4°C overnight. After three washes with
TBS-T for 15 minutes each, the membranes were incubated with
the appropriate HRP-labelled secondary antibodies for 1 hour at
37°C. The immunobands were visualized using the ECL reagents
(Transgen Biotechnology) on a MicroChemi Chemiluminescent
Imaging System (DNR Bio-Imaging Systems, Mahale HaHamisha).
The densitometric values for each band were calculated by Image
J 1.46r software (Wayne Rasband, National institutes of Health),
and the statistical analysis was conducted based on the ratios of
target protein/GAPDH.

2.7 | 5-Ethynyl-2’-deoxyuridine (EdU) assay

The cells were planted in 24-well plates. After 48 hours transfec-
tion, EDU (1:1000) reagent was added (BeyoClick™, EDU-488).
Culture was continued for another 2 hours, and experiments were
conducted according to the manufacturer's instructions. Finally, the
number of proliferating cells was counted by taking photographs
under a fluorescence microscope (Olympus Corporation).

2.8 | Transwell assay

The transwell assay was performed to evaluated cell invasive ca-
pacities using the transwell chamber (Corning) without matrigel
(BD Biosciences) according to the manufacturer's instructions. Cells
were re-suspended in RPMI 1640 containing 1% FBS, and 0.2 mL cell
suspension (1 x 10%/mL) was seeded into the top chamber, whereas
0.6 mL of RPMI 1640 containing 10% FBS was filled in the lower
chamber as the chemoattractant. After 24 hours of incubation at
37°C with 5% CO,, the number of cells invaded to the lower cham-
ber was counted in 3 randomly selected visual fields, and the images

were captured by a Leica DM3000 microscope (Leica).

2.9 | Immunohistochemistry

The expression of kié7 was detected using an UltraSensitive™ SP
(Mouse/Rabbit) IHC kit (Maxin-Bio) according to the manufacturer's
instructions. Briefly, sections were firstly dewaxed in xylene and
ethanol, and antigen retrieval was performed with a microwave for
10 minutes at 100°C. The sections were then incubated with anti-
bodies for 1 hour, followed by biotinylated anti-IgG antibody and
streptavidin-biotinylated complex horseradish peroxidase. DAB and
haematoxylin were used for nuclear staining. The images were then
captured by upright metallurgical microscope (Olympus) under an
original magnification of 200x. Pathological diagnosis and analy-
sis in this study were performed by two independent pathological
specialists.

2.10 | Animal experiments

BALB/c nude mice (4-6 weeks old, 14-16 g) were purchased
from Beijing Vital River Experimental Animal Technology Co.
Ltd., and housed in Department of laboratory animal science of
China Medical University. The study was approved by Medical
Laboratory Animal Welfare and Ethics Committee of China
Medical University, and the methods were carried out in accord-
ance with the approved guidelines. The engineered OSRC-2 cells
were separately injected into the flanks of athymic nude mice to
establish a xenograft tumour. When tumour sizes reached approx-
imately 20 mm?® (approximately 1 week after inoculation), the mice

were randomly divided into 3 groups (one group was established
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FIGURE 1 SNHG12 is up-regulated
in ccRCC tumour tissues, and high
expression of SNHG12 is closely
associated with poor overall survival

of patients with ccRCC. A, SNHG12

is significantly up-regulated in ccRCC
tumour tissues compared with adjacent
normal tissues. (n = 90, P < .001). B,
Data from TCGA database suggested
that expression of SNHG12 in ccRCC
tumour tissues (n = 523) is much higher
than that in normal kidney tissues

(n =100, P <.001). C, Overall survival
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for patients with ccRCC were analysed

using Kaplan-Meier analysis, and the
patients were divided into two groups
based on SNHG12 expression (High
SHNG12 expression: 258; Low SHNG12
expression: 259). The survival data were
also from TCGA database and analysed
by ENCORI software. Results suggested
that high expression of SNHG12 is closely
associated with poor overall survival

of ccRCC patients. (P =.0076, hazard
ratio = 1.51)
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by NC-OSRC-2 cells and the other two by pLK-SNHG12-OSRC-2
cells; 6 mice/group), and the antagomir of miR-30a-3p (diluted in
PBS at 2 pmol/L) or 100 pL of negative control was injected intra-
tumourally twice per week in each group for 5 weeks. Tumours
were examined twice weekly; the length and width were meas-
ured with callipers, and tumour volumes were calculated using
the equation (Length x Width?)/2. Forty-five days after injection,
the animals were killed, and the tumours were excised, weighed,

paraffin-embedded and subjected to staining assays.
2.11 | RNA immunoprecipitation
769-0 cells were lysed by TRIzol reagent (Invitrogen), and total

RNAs including miRNA were extracted and prepared for fur-
ther test. The recombinant specific SNHG12 binding probes or

T

KIRC
(num(T)=523; num(N)=100)

group

Ovenall Survival for SNHG12 in KIRC Cancer

Log-Rank p=0.0076
Low Num=259
High Num=258

Hazard Ratio=1.51
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+ (low,1)

+ (high,1)

50 100 150

Time(months)

mutated probes are synthesized by GenePharma. 1 pg of each
RNA sample was incubated without/with empty probe or with
5 pg of biotin-labelled MREs mutated SNHG12 anti-sense probe
or biotin-labelled SNHG12 anti-sense probe overnight at 4°C,
and the complexes were isolated with streptavidin agarose beads
(Invitrogen). Expression of miR-30a-3p was measured using real-
time PCR analysis.

2.12 | Statistical analysis

Data are shown as mean + SEM from at least three independent
experiments. Statistical analyses involved Student's t test, one-way
ANOVA, Fisher's exact test and Kaplan-Meier analysis with SPSS
22 (IBM Corp.) or GraphPad Prism 6 (GraphPad Software, Inc).
Pearson's correlation coefficient analysis was used to determine the

FIGURE 2 SNHG12 knockdown significantly inhibited proliferation and migration of ccRCC cell lines in vitro. A-D, EdU staining of
ccRCC cell lines, 769-P and OSRC-2. SHNG12 silencing significantly inhibited cell proliferation in vitro. E-G, Transwell assay showed that
SNHG12 silencing significantly inhibited cell migration in vitro (X = 200). Cell numbers were counted in 3 random visual fields. Original

magnification = 200x, *P < .05; **P < .01
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correlation of expression between the genes. P < .05 was considered
statistically significant.

3 | RESULTS

3.1 | Expression of SNHG12 is up-regulated in
ccRCC tissues, and high expression of SNHG12 is
closely associated with poor prognosis of patients
with ccRCC

It has been acknowledged that SNHG12 is dysregulated in many
cancers. First, we measured the expression of SNHG12 in 90 pairs
of ccRCC tumour samples and adjacent normal renal tissue sam-
ples by gRT-PCR. The clinicopathological features of the patients
are listed in Table 1. Our data showed that expression of SNHG12
is significantly up-regulated in ccRCC tumour samples (Figure 1A).
Next, we analysed the expression of SNHG12 in ccRCC tumour tis-
sues based on the data from The Cancer Genome Atlas (TCGA) da-
tabase using ENCORI software.?” The results were consistent with
our findings that SNHG12 is significantly up-regulated in ccRCC
tumours (n = 523) compared with normal renal tissues (n = 100)
(Figure 1B). Moreover, high expression of SNHG12 is significantly
correlated with poor overall survival of ccRCC patients (Figure 1C).
Taken together, above data suggested that expression of SNHG12
is significantly elevated in ccRCC tumour tissues, and high expres-
sion of SNHG12 is positively correlated with poor survival of ccRCC
patients. These results revealed that SHNG12 could be a potential

therapeutic target and prognostic marker for ccRCC patients.

3.2 | Knockdown of SNHG12 represses
proliferation and migration of ccRCC cells in vitro

We then analysed the biological functions of SNHG12 in ccRCC cell
lines. Expressions of SNHG12 in 5 commonly used ccRCC cell lines
were detected by qRT-PCR analysis (Figure S1A). We next silenced
SNHG12 gene expressionin 769-P and OSRC-2 cell lines by transfect-
ing the cells with small harpin RNAs (shRNA) against SNHG12. The
knockdown efficiencies were confirmed by qRT-PCR (Figure S1B,C).
Cell Counting kit-8 (CCK-8) assay and 5-Ethynyl-2'-deoxyuridine
(EdU) assay were performed to measure cell proliferation. Transwell

assay was performed to measure cell migrative capacity. Results sug-
gested that SNHG12 gene silencing significantly inhibited the prolif-
eration (Figure 2A-D) and migration of ccRCC cell lines (Figure 2E-G).

3.3 | SNHG12 directly interacts with has-miR-30a-
3p gene in ccRCC cells

Our above findings suggested a tumorigenic role of SNHG12 in
ccRCC, which is consistent with previous studies. Next, we sought
to uncover the mechanisms of SNHG12 involving in the progression
of ccRCC. It has been identified that SNHG12 can act as a competi-
tive endogenous RNA (ceRNA) by containing a variety of miRNA
binding sites, thereby sponging those miRNAs and regulating the
downstream target genes.?® Therefore, bioinformatic analysis was
performed to analyse the interactions between SNHG12 miRNA re-
sponse elements (MREs) and cancer-related miRNAs. With the help
of ENCORI software, we noticed that miR-30a-3p is very likely to be
targeted by SNHG12 (Figure 3A). miR-30a has been proved to func-
tion as a putative tumour suppressor in ccRCC. It inhibits the tumo-
rigenesis of ccRCC by targeting multiple oncogenes such as ZEB2%?
and WNT2.2°> We detected the expression of miR-30a-3p in the
same cohort of ccRCC tumour tissue and adjacent normal renal tis-
sue samples using qRT-PCR, and the result demonstrated that miR-
30a-3p was significantly down-regulated in ccRCC tissue samples
(Figure 3B). Data from TCGA database analysed by ENCORI soft-
ware again confirmed our findings (Figure 3C). We next performed
the Spearman's correlation coefficient analysis based on the results
from our clinical cohort. We found that expression of SNHG12 was
inversely correlated with miR-30a-3p expression in ccRCC tissue
samples (Figure 3D).

To further validate the interactions between SNHG12 and
miR-30a-3p, we conducted luciferase reporter plasmids contain-
ing the full length of wild-type SNHG12 gene with or without the
predicted MRE sequence mutated (Figure 3E). Next, the reporter
plasmids containing wild-type SNHG12 or mutant-type SNHG12
were, respectively, co-transfected with miR-30a-3p mimics into
two ccRCC cell lines, OSRC-2 and 769-p. Dual luciferase reporter
assay was performed to measure the transcriptional level of the re-
porter genes (Figure 3F). Our result revealed that con-transfection
of miR-30a-3p significantly decreased the transcription of reporter

plasmids harbouring wild-type SNHG12, however, had no effect

FIGURE 3 SNHG12 directly interacts with has-miR-30a-3p gene in ccRCC cells. A, Bioinformatic software (ENCORI) suggested that
SNHG12 could act as a ceRNA and interacted with has-miR-30a-3p in kidney clear cell carcinoma data set. B, miR-30a = 3p is significantly
down-regulated in ccRCC tumour tissues compared with adjacent normal tissues. (n = 72, P < .001). C, Data from TCGA database suggested
that expression of miR-30a-3p in ccRCC tumour tissues (n = 523) is much lower than that in normal kidney tissues (n = 100, P < .001). D,
Two-tailed Pearson's correlation coefficient test suggested a positive correlation between expression of SNHG12 and miR-30a-3p in 52
ccRCC tumour tissues (P < .05, r = -.28). E, Data from TCGA database suggested a positive correlation between expression of SNHG12 and
miR-30a-3p in 517 ccRCC tumour tissues (P < .01, r = -.236). F, Diagram shows the wild-type and mutant type of miRNA response elements
within SNHG12 gene. G and H, Dual luciferase assay suggested that miR-30a-3p significantly suppressed the transcriptional level of
luciferase vector harbouring wild-type SNHG12 gene, whereas had no effects on the transcription of luciferase vector harbouring mutant-
type SNHG12 gene (P < .05, ns: not significant). I, RNA pull-down assay was performed to measure the interaction between SNHG12 and
miR-30a-3p. miR-30a-3p was enriched in biotinylated SNHG12 anti-sense oligo pull-down product (P < .05, ns: not significant)
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on that harbouring mutant-type SNHG12. Next, we performed an
RNA pull-down assay using a biotin-labelled SNHG12 anti-sense

probe. Expression of miR-30a-3p in control product or probe

pull-down product was measured, and the results suggested that
miR-30a-3p was significantly enriched in the probe pull-down prod-
uct (Figure 3l). This data further confirmed our notion that SNHG12
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FIGURE 4 SNHG12 promotes the expression of RUNX2, WNT2 and IGF-1R via competitively binding with miR-30a-3p in ccRCC cells.

A, Bioinformatic software (ENCORI) suggested that SNHG12, miR-30a-3p and RUNX2 could form a ceRNA network in kidney clear cell
carcinoma data set. B-D, Western blotting analysis suggested SNHG12 knockdown significantly inhibited the expression of RUNX2 in ccRCC
cells (P < .05). E, Diagram shows the wild-type and mutant type of miRNA response elements within the 3'UTR region of RUNX2 gene. F,
Dual luciferase assay suggested that miR-30a-3p significantly suppressed the transcriptional level of luciferase vector harbouring wild-type
RUNX2 gene, whereas had no effects on the transcription of luciferase vector harbouring mutant-type RUNX2 gene (P < .05). G-I, miR-
30a-3p overexpression significantly inhibited the expression of RUNX2 in ccRCC cells (P < .05). J-L, Western blotting analysis suggested
SNHG12 knockdown significantly inhibited the expression of RUNX2, IGF-1R and WNT2 in ccRCC cells, whereas silencing of miR-30a-3p
partially rescued the suppressed expression of RUNX2, IGF-1R and WNT2 (P < .05)

directly interacts with miR-30a-3p gene through its putative miRNA

response elements (MREs) in ccRCC cells.

3.4 | SNHG12 promotes the expression of multiple
oncogenes through sponging miR-30a-3p

As we identified that SNHG12 competitively interacted with miR-
30a-3p in ccRCC cells, we then asked which downstream targets may
be affected by SNHG12/miR-30a-3p axis. Using bioinformatic soft-
ware,?? we located that runt-related transcription factor 2 (RUNX2)
couldbeadownstreameffectorandregulated by miR-30a-3p mediated
ceRNA network (Figure 4A). RUNX2 has been identified to promote
cancer cell metastasis by increasing expression of the matrix metal-
loproteinases and further causing collagen degradation.30 A recent
study demonstrated that RUNX2 modulates epithelial-mesenchymal
transition (EMT) of ccRCC cells and promotes the aggressiveness
of ccRCC.2! To verify our hypothesis, we firstly silenced SNHG12
in ccRCC cells and tested the expression of RUNX2 using Western
blotting analysis. Result suggested that RUNX2 expression was sig-
nificantly reduced in response to SNHG12 knockdown (Figure 4B-D).
To further confirm the regulation between miR-30a-3p and RUNX2,
the miRNA response elements within 3’ UTR region of RUNX2 gene
were analysed and two MREs of miR-30a-3p were identified by both
Targetscan32 and miRDB?’ software (Figure 4E). Luciferase reporter
plasmids containing full length of wild-type RUNX2 or MREs mutated
RUNX2 were co-transfected with miR-30a-3p mimics into ccRCC
cells, and luciferase assay was performed to examine the transcrip-
tional level of the reporter gene. Result suggested that miR-30a-3p
significantly reduced the transcription of reported genes contained
wild-type RUNX2 when compared with those carried mutant-type
RUNX2 (4f). Next, the same miR-30a-3p mimics were transfected
into ccRCC cells, and expression of RUNX2 was examined by Western
blotting analysis. In response to miR-30a-3p overexpression, RUNX2
expression was significantly repressed (Figure 4G). These results dem-
onstrated that RUNX2 could be a downstream target of miR-30a-3p.

We then performed rescue experiment to further confirm the reg-
ulatory network. SNHG12 was knocked down alone or knocked down
with miR-30a-3p silencing. After that, expression of RUNX2, insu-
lin-like growth factor 1 receptor (IGF-1R) and WNT2 was examined by
Western blot analysis. IGF-1R*® and WNT22° have been reported to
be directly regulated by miR-30a-3p and act as oncogenes in ccRCC.
Our data confirmed that, expressions of RUNX2, IGF-1R and WNT2

were remarkably down-regulated in response to SNHG12 knockdown,

but could be rescued by miR-30a-3p silencing (Figure 4H). The above
results suggested that, via the miR-30a-3p mediated ceRNA network,
SNHG12 could regulate the expressions of multiple downstream
genes and stimulated the tumorigenesis of ccRCC.

3.5 | SNHG12 promotes malignancy phenotypes of
ccRCC cells through sponging miR-30a-3p in vitro and
in vivo

To demonstrate that SNHG12 promotes the malignancy pheno-
types of ccRCC cells, we then performed rescue experiments.
SNHG12 was knocked down in ccRCC cells, and then, the treated
cells were subjected to miR-30a-3p inhibitor transfection. Cell
proliferative and migrative capacities were analysed using EdU
assay (Figure 5A,B) and Transwell assay (Figure 5C,D). Results
suggested that miR-30a-3p knockdown partially rescued the cell
proliferation and migration which were significantly hampered by
SNHG12 knockdown alone.

Next, we examined the biological function of SNHG12 in vivo using
a xenograft model. OSRC-2 cells were infected with anti-SNHG12
shRNA to conduct the SNHG12-knockdown (KD) ccRCC cells. OSRC-2
cells (Control or SNHG12-KD cells) were subcutaneously injected into
the flanks of nude mice (4-6 weeks). After xenograft tumours were
established, and the mice were separately treated with intratumour
injection of miR-30a-3p antagomir or vehicle control. The mice were
separated into three groups according to treatments: Group 1, mice
were injected with control OSRC-2 cells and followed by intratumour
injection of vehicle; Group 2, mice were injected with SNHG12-KD
OSRC-2 cells and followed by intratumour injection of vehicle; Group
3, mice were injected with SNHG12-KD OSRC-2 cells and followed by
intratumour injection of miR-30a-3p antagomir. The weight of mice
and the length of tumours were measured and recorded twice a week.
On the 45th day, mice were killed and the size and weight of tumour
lumps in each group were measured and compared (Figure 6A and
Figure S1D) and subjected to staining assay. Results suggested that
SNHG12 knockdown significantly suppressed the xenograft tumour
growth, whereas inhibition of miR-30a-3p rescued the xenograft tu-
mour growth comparing with the group treated with SNHG12-KD
cells and vehicle control (Figure 6B). Immunochemistry staining assay
showed that SNHG12 knockdown effectively suppressed positive-
rate of ki67 in xenograft tumour, whereas miR-30a silencing partially
reversed Kié7 positive-rate which was significantly suppressed by
SNHG12 knockdown (Figure 6C,D).
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FIGURE 5 SNHG12 promotes proliferation and migration of ccRCC cells through sponging miR-30a-3p in vitro. A-D, EdU assay
suggested that SHNG12 knockdown significantly inhibited cell proliferation, and silencing of miR-30a-3p partially rescued the cell growth
hampered by SNHG12 knockdown in ccRCC cells. E-G, Transwell assay showed that SNHG12 knockdown significantly inhibited cell
migration, and silencing of miR-30a-3p partially rescued the cell migration weakened by SNHG12 knockdown in ccRCC cells. Cell numbers
were counted in 3 random visual fields. Original magnification = 200x, *P < .05; **P < .01
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FIGURE 6 SNHG12 promotes proliferation of ccRCC cells in vivo. A, In vivo tumour lumps of xenograft mouse models composed of

3 types of OSRC-2 cells: empty vector, SNHG12 knockdown, SNHG12 and miR-30a-3p knockdown. B, The mean tumour weight of each
group. Data are shown as mean + SD of the tumour weights, n = 5. *P < .05, **P < .01 (ANOVA). C and D, IHC staining of ki67 in xenograft
tumours. The positive-staining rate was counted and analysed in three random visual fields. *P < .05

4 | DISCUSSION

Accumulating studies have revealed the key regulatory role of IncRNAs
in the tumorigenesis of human cancers. IncRNAs exert its ontogenetic
or tumour suppressor role through modulating transcriptional or post-
transcriptional expression of downstream cancer-related factors.343>
SNHG12 has been increasingly recognized to involve in a number of
cancers, such as gastric,%® glioma®” and breast cancers.!* Interestingly,
SNHG12 has been reported to accelerate the progression of renal cell
cancer, and high expression of SNHG12 positively correlates with poor
clinical outcome of patients with ccRcC’? Consistently, we have meas-
ured the expression of SNHG12 in our ccRCC tissue specimens and
confirmed the up-regulation of SNHG12 in ccRCC tissues. Silencing
of SNHG12 significantly inhibits the proliferation and migration of
ccRCC cell lines in vitro and in vivo. Bioinformatic analysis suggested
that SNHG12 could potentially interact with miR-30a-3p gene and
interrupt the epigenetic silencing effect on its target genes. Dual lu-
ciferase reporter assay was performed to validate the interaction. miR-
30a has been identified to modulate cancer progression via targeting
multiple cancer-related genes. In this study, we discovered the miR-
30a-miediated crosstalk between SNHG12 and RUNX2, IGF-1R and

WNT2. Mechanistically, SNHG12 stimulates tumorigenesis of ccRCC
through the crosstalk with oncogenes via competitively binding with
miR-30a-3p. Knockdown of miR-30a partially compromised the malig-
nancy phenotypes of ccRCC cells which was inhibited by silencing of
SNHG12 alone.

It is well known that SNHG12 can act as a ceRNA for various
miRNAs and modulate the function or expression of their down-
SNHG12
interacts with miR-199a-5p and consequently up-regulates the ex-

stream targets. In hepatocellular carcinoma (HCC),
pression of mitogen-activated protein kinase 3 (MLK3) as well as the
phosphorylation of IkB-o and NF-kB.* In non-small cell lung cancer
(NSCLC), SNHG12 modulates multidrug resistance via sponging miR-
181a and activating MAPK/Slug pathway.® It has also been demon-
strated that in ccRCC, SNHG12 regulates expression of HIFla via
sponging of miR-199-5p and increases proliferation of ccRCC cells.”
In the present study, we for the first time elucidated that SNHG12
interacts with miR-30a-3p, a putative tumour suppressor, and an-
tagonizes its tumour suppressive feature. Noteworthily, via sponging
miR-30a-3p, SNHG12 increases the expression of RUNX2, IGF-1R
and WNT2 and promotes the proliferative and migrative capacities
of ccRCC cells.
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miR-30a precursor gene has been identified as a tumour
suppressor in many cancers. Down-regulation of miR-30a-5p is
frequently detected in ccRCC tissues, and miR-30a-5p is widely
demonstrated to facilitate the proliferation, invasion and migra-
tion of ccRCC cell lines.?? Mechanistically, miR-30a-5p inhibits tu-
mour growth and cellular proliferation of ccRCC through targeting
glucose-regulated protein78 (GRP78) and modulating unfolded

3 miR-30a-5p is also reported

protein response (UPR) pathway.?
to suppress ccRCC cell EMT by targeting zinc finger E-box bind-
ing homeobox 2 (ZEB2) mRNA.2? miR-30a-3p is the other ma-
ture miRNA generated from miR-30a precursor gene and shares
a similar tumour suppressor function as miR-30a-5p. miR-30a-3p
is reportedly to be down-regulated in oesophageal squamous cell
carcinoma (ESCC) tissues, and down-regulation of miR-30a-3p
promotes cell proliferation of ESCC cells via activating Wnt sig-
nalling pathway.®® miR-30a-3p is also found to play an anti-tumour
role in RCC by targeting WNT2.2° Data from our study also con-
firmed that miR-30a-3p suppresses proliferation and migration of
RCC cells by inhibiting several target genes, RUNX2, IGF-1R and
WNT2.

In conclusion, our present study revealed the tumorigenic role of
SNHG12 in ccRCC, and we also uncovered a novel mechanism that
SNHG12 competitively binds with miR-30a-3p and up-regulates the
expression of downstream oncogenes, RUNX2, IGF-1R and WNT2.
In vivo experiments also showed that knockdown of SNHG12 sig-
nificantly inhibited xenograft tumour growth, and co-silencing of
SNHG12 and miR-30a-3p partially compromised the tumour growth.
Our data provided new evidence of SNHG12 acting as an oncogene
in ccRCC and uncovered a new molecular pathway that promotes

the progression of ccRCC.

CONFLICT OF INTEREST

The authors confirm that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS

Hongyuan Yu: Data curation (lead); Formal analysis (lead);
Investigation (lead); Resources (lead); Validation (lead); Writing-
original draft (lead). Junlong Liu: Data curation (supporting);
Resources (supporting). Zhe Zhang: Project administration (sup-
porting); Supervision (supporting). Yuyan Zhu: Project administra-
tion (supporting); Supervision (supporting). Jianbin Bi: Funding
acquisition (lead); Investigation (supporting); Supervision (sup-
porting). Chuize Kong: Funding acquisition (lead); Supervision
(supporting).

ETHICAL APPROVAL

This study has been conducted in accordance with ethical standards
and the national and international guidelines. All animal experiments
were carried out according to the protocol approved by the China
Medical University Guidelines for Use and Care of Animals. This
study was approved by the Research Ethics Committee of China
Medical University, and all patients signed the written informed

consent.

WILEY--

DATA AVAILABILITY STATEMENT
The data sets can be provided by corresponding author upon rea-

sonable requests.

ORCID
Hongyuan Yu https://orcid.org/0000-0003-2106-0304
https://orcid.org/0000-0003-0479-3151

https://orcid.org/0000-0002-0875-2173

Yuyan Zhu
Chuize Kong

REFERENCES

1. Turajlic S, Swanton C, Boshoff C. Kidney cancer: the next decade. J
Exp Med. 2018;215(10):2477-2479.

2. Ferlay J, Colombet M, Soerjomataram I, et al. Estimating the global
cancer incidence and mortality in 2018: GLOBOCAN sources and
methods. Int J Cancer. 2019;144(8):1941-1953.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J
Clin. 2020;70(1):7-30.

4. Padala SA, Barsouk A, Thandra KC, et al. Epidemiology of renal cell
carcinoma. World J Oncol. 2020;11(3):79-87.

5. Khandelwal A, Bacolla A, Vasquez KM, Jain A. Long non-
coding RNA: a new paradigm for lung cancer. Mol Carcinog.
2015;54(11):1235-1251.

6. Huarte M. The emerging role of IncRNAs in cancer. Nat Med.
2015;21(11):1253-1261.

7. Van Roosbroeck K, Pollet J, Calin GA. miRNAs and long noncod-
ing RNAs as biomarkers in human diseases. Expert Rev Mol Diagn.
2013;13(2):183-204.

8. Cheng G, Song Z, Liu Y, et al. Long noncoding RNA SNHG12 indi-
cates the prognosis of prostate cancer and accelerates tumorigene-
sis via sponging miR-133b. J Cell Physiol. 2020;235(2):1235-1246.

9. Chen Q, Zhou W, Du SQ, et al. Overexpression of SNHG12 regu-
lates the viability and invasion of renal cell carcinoma cells through
modulation of HIF1a. Cancer Cell Int. 2019;19:128.

10. ZhaiW, LiX,WuS, ZhangY, Pang H, Chen W. Microarray expression
profile of IncRNAs and the upregulated ASLNC04080 IncRNA in
human endometrial carcinoma. Int J Oncol. 2015;46(5):2125-2137.

11. LanT,Ma W, Hong Z, Wu L, Chen X, Yuan Y. Long non-coding RNA
small nucleolar RNA host gene 12 (SNHG12) promotes tumorigen-
esis and metastasis by targeting miR-199a/b-5p in hepatocellular
carcinoma. J Exp Clin Cancer Res. 2017;36(1):11.

12. SongJ, Wu X, Ma R, Miao L, Xiong L, Zhao W. Long noncoding RNA
SNHG12 promotes cell proliferation and activates Wnt/p-catenin
signaling in prostate cancer through sponging microRNA-195. J Cell
Biochem. 2019;120(8):13066-13075.

13. Wang JZ, Xu CL, Wu H, Shen SJ. LncRNA SNHG12 promotes cell
growth and inhibits cell apoptosis in colorectal cancer cells. Braz J
Med Biol Res. 2017;50(3):e6079.

14. Wang O, Yang F, Liu Y, et al. C-MYC-induced upregulation of In-
cRNA SNHG12 regulates cell proliferation, apoptosis and migration
in triple-negative breast cancer. Am J Transl Res. 2017;9(2):533-545.

15. Calin GA, Croce CM. MicroRNA signatures in human cancers. Nat
Rev Cancer. 2006;6(11):857-866.

16. Oom AL, Humphries BA, Yang C. MicroRNAs: novel players in can-
cer diagnosis and therapies. Biomed Res Int. 2014;2014:959461.

17. Khella HW, Bakhet M, Allo G, et al. miR-192, miR-194 and miR-215:
a convergent microRNA network suppressing tumor progression in
renal cell carcinoma. Carcinogenesis. 2013;34(10):2231-2239.

18. Saleeb R, Kim SS, Ding Q, et al. The miR-200 family as prog-
nostic markers in clear cell renal cell carcinoma. Urol Oncol.
2019;37(12):955-963.

19. Saini S, Yamamura S, Majid S, et al. MicroRNA-708 induces apopto-
sis and suppresses tumorigenicity in renal cancer cells. Cancer Res.
2011;71(19):6208-6219.


https://orcid.org/0000-0003-2106-0304
https://orcid.org/0000-0003-2106-0304
https://orcid.org/0000-0003-0479-3151
https://orcid.org/0000-0003-0479-3151
https://orcid.org/0000-0002-0875-2173
https://orcid.org/0000-0002-0875-2173

4708
% | wiLEy

20.

21.

22.

23.
24.
25.

26.
27.
28.

29.

30.

YU ET AL

Liu J, Liu B, Guo Y, et al. MiR-199a-3p acts as a tumor suppressor in
clearcellrenal cell carcinoma. Pathol Res Pract.2018;214(6):806-813.
Jiang L, Liu Y, Ma C, Li B. MicroRNA-30a suppresses the prolifera-
tion, migration and invasion of human renal cell carcinoma cells by
directly targeting ADAM9. Oncol Lett. 2018;16(3):3038-3044.
Chen Z, Zhang J, Zhang Z, et al. The putative tumor suppres-
sor microRNA-30a-5p modulates clear cell renal cell carcinoma
aggressiveness through repression of ZEB2. Cell Death Dis.
2017;8(6):€2859.

Wang C, Cai L, Liu J, et al. MicroRNA-30a-5p inhibits the growth of
renal cell carcinoma by modulating GRP78 expression. Cell Physiol
Biochem. 2017;43(6):2405-2419.

Chen'Y, Zhou J, Wu X, et al. miR-30a-3p inhibits renal cancer cell in-
vasion and metastasis through targeting ATG12. Transl Androl Urol.
2020;9(2):646-653.

LiuL, Chen L, Wu T, Qian H, Yang S. MicroRNA-30a-3p functions as
a tumor suppressor in renal cell carcinoma by targeting WNT2. Am
J Transl Res. 2019;11(8):4976-4983.

Outeiro-Pinho G, Barros-Silva D, Aznar E, et al. MicroRNA-30a-
5pme: a novel diagnostic and prognostic biomarker for clear cell
renal cell carcinoma in tissue and urine samples. J Exp Clin Cancer
Res. 2020;39(1):98.

Li JH, Liu S, Zhou H, Qu LH, Yang JH. starBase v2.0: decod-
ing miRNA-ceRNA, miRNA-ncRNA and protein-RNA interac-
tion networks from large-scale CLIP-Seq data. Nucleic Acids Res.
2014;42(Database issue):D92-D97.

Wu Z, Chen D, Wang K, Cao C, Xu X. Long non-coding RNA SNHG12
functions as a competing endogenous RNA to regulate MDM4 ex-
pression by sponging miR-129-5p in clear cell renal cell carcinoma.
Front Oncol. 2019;9:1260.

Chen Y, Wang X. miRDB: an online database for prediction of
functional microRNA targets. Nucleic Acids Res. 2020;48(D1):D12
7-D131.

Yang Y, Bai Y, He Y, et al. PTEN loss promotes intratumoral andro-
gen synthesis and tumor microenvironment remodeling via aber-
rant activation of RUNX2 in castration-resistant prostate cancer.
Clin Cancer Res. 2018;24(4):834-846.

31

32.

33.

34.

35.

36.

37.

38.

Liu B, Liu J, Yu H, Wang C, Kong C. Transcription factor RUNX2 reg-
ulates epithelial-mesenchymal transition and progression in renal
cell carcinomas. Oncol Rep. 2020;43(2):609-616.

Agarwal V, Bell GW, Nam JW, Bartel DP. Predicting effective mi-
croRNA target sites in mammalian mRNAs. Elife. 2015;4:1-38.

Fan Y, Bian X, Qian P, et al. miRNA-30a-3p inhibits metastasis and
enhances radiosensitivity in esophageal carcinoma by targeting
insulin-like growth factor 1 receptor. Mol Med Rep. 2019;20(1):81-94.
Peng WX, Koirala P, Mo YY. LncRNA-mediated regulation of cell
signaling in cancer. Oncogene. 2017;36(41):5661-5667.

Bhan A, Soleimani M, Mandal SS. Long noncoding RNA and cancer:
a new paradigm. Cancer Res. 2017;77(15):3965-3981.

Zhang R, Liu Y, Liu H, et al. The long non-coding RNA SNHG12
promotes gastric cancer by activating the phosphatidylinositol
3-kinase/AKT pathway. Aging. 2019;11(23):10902-10922.

Sun'Y, Liu J, Chu L, et al. Long noncoding RNA SNHG12 facilitates
the tumorigenesis of glioma through miR-101-3p/FOXP1 axis. Gene.
2018;676:315-321.

Wang P, Chen D, Ma H, Li Y. LncRNA SNHG12 contributes to
multidrug resistance through activating the MAPK/Slug pathway
by sponging miR-181a in non-small cell lung cancer. Oncotarget.
2017;8(48):84086-84101.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Yu H, Liu J, Zhang Z, Zhu Y, Bi J,
Kong C. SNHG12 promotes carcinogenesis of human renal
cell cancer via functioning as a competing endogenous RNA
and sponging miR-30a-3p. J Cell Mol Med. 2021;25:4696-
4708. https://doi.org/10.1111/jcmm.16417



https://doi.org/10.1111/jcmm.16417

