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Abstract
Background Bladder cancer (BC) originating from the bladder mucosa is a malignant tumor of the genitourinary system. 
Long non-coding RNAs (lncRNAs) can participate in cell proliferation and differentiation at multiple levels, and lncRNA 
dysregulation involves in the processes of malignant tumors.
Methods Focused on lncRNA small nucleolar RNA host gene 12 (SNHG12) and its target miR-143-3p, the specific mecha-
nism related to BC was discovered. SNHG12 and miR-143-3p expression in BC samples was checked, together with the 
association with the malignant activities of BC cells.
Results As texted, SNHG12 expression went upward and miR-143-3p expression went downward in BC. SNHG12 deple-
tion or miR-143-3p over-expression was causal for the suppression of BC cell activities. SNHG12 expression was directly 
associated with miR-143-3p expression. Ablating miR-143-3p abrogated changes in BC cell function induced by SNHG12 
depletion.
Conclusions Generally, SNHG12/miR-143-3p induces the malignant activities of BC cells.
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Introduction

Bladder cancer (BC) is the most common malignancy of 
the genitourinary system (Torre et al. 2015). In 2020, BC 
ranked 9th in incidence globally and 13th in cancer-related 
deaths among all cancers (Sung et al. 2021). About 75% are 
non-muscle-invasive, the rest are muscle-invasive (MIBC) 
or metastatic (Antoni et al. 2017). Currently, the clinical 
treatment of BC patients mainly relies on radical cystec-
tomy, chemotherapy, transurethral cystectomy, or neoadju-
vant chemotherapy (DeGeorge et al. 2017; Dai et al. 2021). 
However, conventional treatment options for tumor distant 
metastasis are limited, resulting in poor prognosis and low 
survival rate of patients (Yuan et al. 2021). Therefore, it 
is particularly emergent to develop reliable biomarkers and 
effective therapeutic targets for BC.

Long non-coding RNAs (lncRNAs) are non-coding RNA 
transcripts that modify molecular interactions and cellular 
pathways during tumor development (Zhang et al. 2021a). 
Abnormal expression of lncRNAs has been recognized to 
modify cellular functions in tumors (Liu 2022). As exam-
pled, aberrant high expression of LINC00649 enhances the 
malignancy of BC cells (Chen and Chen 2021) and abnor-
mal down-regulation of lncRNA ADAMTS9-AS2 blocks the 
malignant activities of BC cells (Guo et al. 2021a). Lnc-
STYK1-2 regulates ITGA2 expression and AKT/STAT3/
NF-kB signaling by targeting miR-146b-5p, and inhibits 
BC cell proliferation, migration, and tumorigenicity (Dai 
et al. 2021). It is shown that lncRNA HNF1A-AS1 pro-
motes human BC cell viability and migration (Feng and 
Wang 2018). LncRNA small nucleolar RNA host gene 12 
(SNHG12) is a newly discovered lncRNA that is abnor-
mally expressed in a variety of human cancers (Wang et al. 
2021; Cheng et al. 2020). Recent studies have shown that 
up-regulated SNHG12 could drive tumorigenesis and cancer 
phenotypes, such as proliferation, metastasis, invasion, and 
anti-apoptosis (Zhang and Lu 2018; Wang et al. 2017; Chen 
et al. 2019). High expression of SNHG12 is associated with 
poor prognosis in patients with BC, and down-regulation of 
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SNHG12 can inhibit the proliferation of BC cells in vitro 
(Jiang, et al. 2018). SNHG12 is highly expressed in BC 
tissues and cells, promotes the proliferation, invasion, and 
migration of BC cells in vitro, and promotes tumor growth 
in vivo (Zhang et al. 2022a). However, the regulatory mech-
anism of SNHG12 in BC remains to be fully elucidated.

It is widely known that lncRNAs act as miRNA sponges 
(Salmena et al. 2011). LncRNAs-mediated miR-143-3p 
serves a part in tumors, such as renal cell carcinoma (Li 
et al. 2022) and non-small cell lung cancer (Li et al. 2021). 
Many studies have proved that miR-143-3p is related to BC 
progression (Huang, et al. 2022; Zhang et al. 2021b; Dong 
et al. 2021).

This study aimed to investigate the potential molecular 
mechanism of SNHG12 in BC and may provide a possible 
strategy for the treatment and diagnosis of BC. BC tissue and 
adjacent normal tissue were sampled for clinicopathological 
analysis and BC cells were obtained for in vitro experiments. 
The interaction and function of SNHG12/miR-143-3p were 
probed in BC.

Methods

Clinical tissue collection

BC tissues were surgical specimens from BC patients diag-
nosed by pathological examination. Inclusion criteria: (1) no 
history of tumor, and (2) no history of chemotherapy, radio-
therapy, or anti-tumor therapy. Forty patients underwent sur-
gery in Tongde Hospital of Zhejiang Province from October 
2018 to October 2020. Adjacent noncancerous bladder tis-
sues were taken as controls. Each patient provided written 
consent. The study plan was approved by the Medical Ethics 
Committee of Tongde Hospital of Zhejiang Province.

Cell culture

BC cell line T24 (#CC1001, CellCook, Guangzhou, China) 
and human embryonic kidney cell HEK293T (#CC4003, 
CellCook, Guangzhou, China) were cultured in Dulbecco’s 
Modified Eagle’s Medium (DMEM, Thermo, Waltham, 
MA, USA) supplemented with 10% FBS and penicillin/
streptomycin.

Cell transfection

Short hairpin RNA (shRNA) targeting SNHG12 (sh-
SNHG12), SNHG12 over-expression vector (oe-SNHG12), 
miR-143-3p mimic/inhibitor, and corresponding negative 
controls were produced by GenePharma (Shanghai, China). 
According to the protocol, T24 cells were conditioned to 

transfection based on Lipofectamine 3000 reagent (Thermo, 
Waltham, MA, USA).

Cell proliferation

CCK-8 (Yeasen, Shanghai, China) was used to detect cell 
proliferation according to the manufacturer’s instructions. 
In short, T24 cells (5 ×  103 cells/well in 96-well plates) were 
allowed to hatch with 10 μl of CCK-8 reaction solution for 
3 h and the optical  density450 nm was measured on a micro-
plate reader (Thermo, Waltham, MA, USA).

Cell colony‑forming ability

T24 cells (600 cells/well in 24-well plates) were cultured 
at 37 °C, 5%  CO2 and saturated humidity for 14 days. After 
that, the colonies were stained with Giemsa staining solu-
tion (Sinochrome, Shanghai, China) for 25 min after fixation 
with methanol, and those with at least ten cells were counted 
under a light microscope.

Cell migration and invasion

Transwell (Corning, NY, USA) was used to detect cell 
migration and invasion according to the manufacturer's 
instructions. In short, T24 cells (1 ×  105 cells/ml) were inoc-
ulated in Transwell upper chamber containing serum-free 
DMEM, while the lower chamber was filled with DMEM 
containing 10% FBS. Cells that migrated to the lower cham-
ber after 48 h were stained with 1% crystal violet solution 
for 12 min and photographed under a microscope to evalu-
ate migration. To assess invasion capacity, T24 cells were 
inoculated in Transwell upper chamber pre-coated with 
Matrigel (Corning, NY, USA) following the same experi-
mental procedure.

Cell apoptosis

Apoptosis was detected using a commercial apoptosis 
assay kit (Invitrogen, USA) according to the manufactur-
er’s instructions. In short, T24 cells were incubated with 
Annexin V-FITC and PI solutions and examined on a FAC-
SCalibur flow cytometer (Becton Dickinson, USA).

qPCR gene expression study

Total RNA from BC tissues and cells was extracted 
using a Trizol kit (Invitrogen) and its concentration was 
determined on a NanoDrop 2000 (Thermo, Waltham, 
MA, USA). cDNA was synthesized from approximately 
1.5 μg RNA using the M-MLV RT kit (#M1701; Promega, 
Madison, WI, USA). Then, according to the manufac-
turer's instructions, SNHG12 expression was determined 
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using the Platinum II Hot-Start Green PCR Master Kit 
(#14001013, Thermo, Waltham, MA, USA). miScript 
II RT Kit (#218161, Qiagen, Dusseldorf, Germany) was 
used to detect miR-143-3p. GAPDH and U6 were internal 
parameters of SNHG12 and miR-143-3p, respectively. The 
primer sequences used for the expression assay are shown 
in Table 1.

Dual‑luciferase reporter gene assay

According to the protocol, the binding of SNHG12 to 
miR-143-3p was verified using the dual-luciferase reporter 
gene detection kit (#E1910, Promega, Madison, WI, USA). 
Shortly, the SNHG12 wild-type (WT) or mutant (MUT) 
sequence ligated to the pmirGLO vector was co-trans-
fected with miR-143-3p mimic or mimic NC into HEK-
293 T cells. Then, luciferase activity in cell lysates was 
measured using a GloMax-20/20 luminometer (Promega, 
Madison, WI, USA).

Statistical analysis

Statistical significance was assessed for quantitative results 
expressed as mean ± standard deviation using SPSS 20.0. 
Student’s t test or analysis of variance was dedicated to com-
parative assessment. P < 0.05 defined significant differences.

Results

SNHG12 is up‑regulated in BC

A qPCR gene expression study measured the increase in 
SNHG12 expression in BC tissue (Fig. 1A) and further 
discovered that SNHG12 expression was induced with the 
advancement of the clinical stage (Fig. 1B). According to 
that, the SNHG12 high expression group and low-expression 
group were formulated and followed up. Table 2 presents 
that SNHG12 expression was not correlated with age, tumor 
size, or histopathological type, but with tumor stage, lymph-
node metastasis, and distant metastasis. Especially, SNHG12 
expression was higher in BC patients with metastasis than in 
those without metastasis (Fig. 1C).

Ablating SNHG12 inhibits BC cell activities

To analyze the functional influence of SNHG12 during can-
cer development, the T24 cell line was transfected with sh-
SNHG12 and oe-SNHG12 to downregulate and upregulate 
SNHG12, respectively (Fig. 2A). As examined by functional 
assays, it was observable that SNHG12-depleted T24 cells 
had decreased proliferative, migratory, and invasive abili-
ties and increased apoptotic ability. SNHG12-overexpressed 
T24 cells presented the contrast malignant phenotypes 
(Fig. 2B–F). In general, ablating SNHG12 inhibits BC cell 
activities, while upregulating SNHG12 has the opposite 
effect.

Table 1  Primer sequences for PCR

SNHG12 lncRNA small nucleolar RNA host gene 12, miR-143-3p 
microRNA-143-3p, GAPDH glyceraldehyde-3-phosphate dehydroge-
nase

Genes Sequences

SNHG12 Forward: 5′-TCT GGT GAT CGA GGA CTT CC-3′
Reverse: 5′-ACC TCC TCA GTA TCA CAC ACT-3′

miR-143-3p Forward: 5′-GGG GTG AGA TGA AGC ACT G-3′
Reverse: 5′-CAG TGC GTG TCG TGG AGT -3′

U6 Forward: 5′-CGC TTC GGC AGC ACA TAT AC-3′
Reverse: 5′-AAA TAT GGA ACG CT-TCA CGA -3′

GAPDH Forward: 5′-ACC CAG AAG ACT GTG GAT GG-3′
Reverse: 5′-GGA GAC AAC CTG GTC CTC AG-3′

Fig. 1  SNHG12 is up-regulated in BC. A SNHG12 high expression in BC tissues; B SNHG12 expression in BC patients of different stages; C 
SNHG12 expression in BC patients with or without metastasis; the values were expressed as mean ± standard deviation
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SNHG12 is a functional modifier of miR‑143‑3p 
expression

On the bioinformatics website starBase (http:// starb ase. sysu. 
edu. cn/), a targeted binding site existed between SNHG12 
and miR-143-3p (Fig. 3A). Considering the potential binding 
relation, luciferase activity analysis was implemented to dis-
cover that miR-143-3p mimic conferred a repressive impact 
on the luciferase activity of SNHG12-WT (Fig. 3B). Moreo-
ver, miR-143-3p expression was maintained at a low level in 
BC tissues and negatively correlated with SNHG12 expres-
sion (Fig. 3C, D). Specifically, after transfecting SNHG12 
low-expression and over-expression vector into T24 cells, 
miR-143-3p expression was recovered or further suppressed 
in T24 cells, respectively (Fig. 3E). In conclusion, SNHG12 
is a functional modifier of miR-143-3p expression.

Restoring miR‑143‑3p hampers the malignant 
activities of BC cells

Pivoted on the potential function of miR-143-3p in BC, 
miR-143-3p mimic/inhibitor was transfected in T24 cells 
to elevate or suppress miR-143-3p expression, respectively 
(Fig. 4A). The cellular experiments suggested that miR-
143-3p over-expression had similar effects to SNHG12 

depletion on BC cells, while miR-143-3p down-regulation 
exerted as SNHG12 over-expression (Fig. 4B–F). In sum-
mary, restoring miR-143-3p hampers the malignant activi-
ties of BC cells, while inhibiting miR-143-3p has the oppo-
site effect.

miR‑143‑3p knockdown promotes the development 
of SNHG12‑depleted BC cells

A co-transfection design was implemented with sh-
SNHG12 + miR-143-3p inhibitor to further verify SNHG12/
miR-143-3p-mediated progression of BC. miR-143-3p 
inhibitor suppressed miR-143-3p expression mediated by 
sh-SNHG12 (Fig. 5A), thereby enhancing the malignant 
activities of T24 cells (Fig. 5B–F).

Discussion

Over the past decades, epigenetic regulation of functional 
genes, such as lncRNAs and miRNAs, are important can-
cer regulatory mechanisms (Dai et al. 2021; Hosseinahli 
et al. 2018). In BC cells, the functions of lncRNAs and 
miRNAs have been also revealed previously (Wieczorek 
and Reszka 2018). However, their pathogenic effects and 
underlying mechanisms remain unstudied. The study found 
that SNHG12 expression was up-regulated in BC tissues. 
In addition, suppressing SNHG12 depressed proliferation, 
migration, and invasion of BC cells, and promoted cell apop-
tosis. In terms of molecular mechanisms, SNHG12 could 
directly bind and inhibit miR-143-3p expression in BC 
cells. Finally, suppressing miR-143-3p reversed the regula-
tory effects of down-regulation of SNHG12 on prolifera-
tion, migration, invasion, and apoptosis of BC cells. These 
studies reveal new molecular mechanisms involved in the 
regulation of lncRNAs and miRNAs gene expression in BC 
pathogenesis.

As mentioned above, lncRNAs regulated gene expres-
sion has been established as a pathogenic mechanism in 
BC (Martens-Uzunova et al. 2014; Robertson, et al. 2017; 
Lv et al. 2017). SNHG12 has recently attracted attention 
for its important role in human malignancies. SNHG12 is 
highly expressed in gastric cancer (Zhang et al. 2022b), non-
small cell lung cancer (Tan et al. 2022), colorectal cancer 
(Guo et al. 2021b), renal cell carcinoma (Yu et al. 2021), 
and prostate cancer (Chen et al. 2020). As expected, the 
report suggested that SNHG12 was up-regulated in BC tis-
sues. LncRNAs are significantly correlated with the clin-
icopathological features of BC patients, especially tumor 
metastasis, and clinical stage (Zhang et al. 2021a). Simi-
larly, by analyzing the relationship of SNHG12 expression 
with clinicopathological parameters of BC, it was noticed 
that SNHG12 was correlated with tumor stage, lymph node, 

Table 2  Relationship between SNHG12 expression and clinicopatho-
logical parameters of bladder cancer

Parameter N SNHG12 expression 
level

P value

High Low

Age (years) 0.751
 ≥ 55 22 10 12
 < 55 18 10 8

Tumor size (cm) 1
 ≥ 4 21 11 10
 < 4 19 9 10

Tumor stage 0.013
 T0/T1 25 8 17
 T2/T3 10 8 2
 T4 5 4 1

Histo-pathology 0.598
 Adenoma 1 1 0
 Transitional carcinoma 37 18 19
 Squamous carcinoma 2 1 1

Lymph node metastasis 0.002
 Yes 18 14 4
 No 22 6 16

Distal metastasis 0.003
 Yes 15 12 3
 No 25 8 17

http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/


Molecular & Cellular Toxicology 

1 3

Fig. 2  Ablating SNHG12 inhibits BC cell activities. A SNHG12 
expression in BC cells interfered with sh-SNHG12 or oe-SNHG12; 
B–F proliferation, migration, invasion, and apoptosis after interven-

ing SNHG12 expression; the values were expressed as mean ± stand-
ard deviation. *vs. sh-NC, P < 0.05; #vs. oe-NC, P < 0.05. NC nega-
tive control

Fig. 3  SNHG12 is a functional modifier of miR-143-3p expres-
sion. A, B The targeted binding site of SNHG12 and miR-143-3p; C 
miR-143-3p expression in BC tissues; D correlation analysis of the 
relationship between SNHG12 and miR-143-3p expression in BC; E 

miR-143-3p expression after intervening SNHG12; the values were 
expressed as mean ± standard deviation. *vs. sh-NC, P < 0.05; #vs. 
oe-NC, P < 0.05



 Molecular & Cellular Toxicology

1 3

and distant metastasis. In addition, it was also found that 
SNHG12 expression in BC tissues of patients with metas-
tasis was significantly higher than that of patients without 
metastasis. Finally, to better verify the cancer-promoting 
effect of SNHG12, functional experiments were conducted. 
The results showed that SNHG12 acted as an oncogene in 
BC, and knocking down SNHG12 could effectively inhibit 
the proliferation, migration, and invasion of BC cells, and 
promote cell apoptosis.

LncRNAs act as molecular sponges of miRNAs (Mao 
et al. 2022). Subsequently, SNHG12 showed high specific 
enrichment of miR-143-3p through the bioinformatics web-
site and luciferin reporter gene analysis. To further verify the 
relationship between SNHG12 and miR-143-3p, a clinical 
correlation analysis was conducted. The results showed that 
miR-143-3p expression in BC tissues was down-regulated 
and negatively correlated with SNHG12. Consistently, 
SNHG12 can negatively regulate miR-143-3p expression 
in BC cells, that is, after transfection of sh-SNHG12, miR-
143-3p expression was increased, while after transfection of 
oe-SNHG12, miR-143-3p expression was decreased. These 

results all confirmed that SNHG12 acted as an RNA sponge 
to inhibit miR-143-3p in BC cells. miR-143-3p has been 
considered a tumor suppressor in cancers. For instance, miR-
143-3p suppresses brain metastasis in lung cancer (Wang 
et al. 2019) and disrupts cellular activities in breast cancer 
(Pinweha et al. 2019) and BC (Huang, et al. 2022). There-
fore, the effects of miR-143-3p on the proliferation, inva-
sion, and apoptosis of BC cells were studied. The results 
suggested that upregulation of miR-143-3p expression can 
inhibit the proliferation, migration, and invasion of BC 
cells, and promote cell apoptosis. The down-regulation of 
miR-143-3p can reverse the effect of down-regulation of 
SNHG12 on the biological function of BC cells.

Considering the interaction of SNHG12 and miR-143-3p 
in BC cells revealed here, its potential for the diagnosis or 
treatment of cancer patients needs to be further evaluated 
by large-scale preclinical experiments. In addition, future 
experiments need to further mine the downstream target 
genes of miR-143-3p. Finally, future animal experiments are 
needed to elucidate the molecular mechanism of SNHG12 
in BC.

Fig. 4  Restoring miR-143-3p hampers the malignant activities of 
BC cells. A miR-143-3p expression in BC cells interfered with miR-
143-3p mimic/inhibitor; B–F proliferation, migration, invasion, and 

apoptosis after intervening SNHG12 expression; the values were 
expressed as mean ± standard deviation. *vs. mimic NC, P < 0.05; 
#vs. inhibitor NC, P < 0.05
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Conclusion

Our study found that SNHG12 expression was inversely 
associated with poor prognosis in BC. SNHG12, as a novel 
BC oncogenic factor, promoted the malignant behaviors of 
BC cells by sponge-absorbing miR-143-3p. These findings 
provide a new perspective on the pathogenesis and develop-
ment of BC and can serve as a new target for BC prevention, 
diagnosis, and targeted therapy.
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