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Upregulation of SNHG12 accelerates cell proliferation, migration, invasion 
and restrain cell apoptosis in breast cancer by enhancing regulating SALL4 
expression via sponging miR-15a-5p 
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Breast cancer (BC) is malignant cancer that threatens the health of millions of females worldwide. Long non-coding RNA 
(lncRNA) small nucleolar RNA host gene 12 (SNHG12) has been identified as an oncogene in multiple cancers. However, 
the regulatory role of SNHG12 in BC cell progression is still obscured. The levels of SNHG12, miR-15a-5p, and Sal-like 4 
(SALL4) in BC tumor tissues and cells were measured by qRT-PCR. Cell viability, apoptosis, migration, and invasion were 
examined by CCK8, flow cytometry, and transwell assay, respectively. The interaction between miR-15a-5p and SNHG12 or 
SALL4 was evaluated by dual-luciferase reporter assay. Protein expression of SALL4 was analyzed by western blot. Xenograft 
mice were established by subcutaneously injecting BC cells stably transfected with sh-SNHG12 and sh-NC. SNHG12 and 
SALL4 expressions were upregulated whereas miR-15a-5p was downregulated in BC tumors compared with normal tissues. 
Besides, miR-15a-5p was correlated with SNHG12 and SALL4 inversely as calculated by Pearson’s correlation coefficient. 
More importantly, SNHG12 knockdown attenuated BC tumor growth in vitro and in vivo. Subsequently, dual-luciferase 
reporter assay confirmed the interaction between miR-15a-5p and SNHG12 or SALL4. The rescue experiments revealed 
that miR-15a-5p inhibitor restored SNHG12 silencing induced inhibition on BC cell proliferation, migration, invasion, and 
promotion of apoptosis. Additionally, SNHG12 was found to accelerate BC cell progression by absorbing miR-15a-5p to 
enhance SALL4 expression. SNHG12 promotes cell proliferation, migration, and invasion but suppresses apoptosis in BC 
by upregulating SALL4 expression via sponging miR-15a-5p, representing potential targets for the development of novel 
diagnosis and treatment methods. 

Key words: SNHG12, miR-15a-5p, SALL4, progression, breast cancer

Breast cancer (BC), a malignant non-cutaneous tumor 
with extremely high morbidity and mortality annually, has 
threatened the health of millions of females worldwide [1, 2]. 
Generally, BC is classified by the receptors, including human 
epidermal growth factor receptor-2 (HER-2), estrogen (ER), 
and progesterone receptor (PR) [3, 4]. Despite great efforts 
have been made, there were still more than 500,000 deaths 
globally due to metastasis, recurrence, and poor prognosis 
[5–7]. The investigation of BC genetically could benefit the 
understanding of the pathogenesis of BC.

Long non-coding RNAs (lncRNAs) are evolutionarily 
conserved transcripts with a limited protein-encoding 
capacity [8, 9]. LncRNAs were originally recognized as 
transcriptional “noises” but numerous studies indicated that 
they are involved in diverse physiological and pathological 

processes, including cell cycle, proliferation, inflammation, 
invasion, metastasis, apoptosis, and autophagy [10–12]. 
In recent years, SNHG12, which mapped on chromosome 
1p35.3, has been widely accepted as a vital biomarker in a 
variety of diseases [13]. For example, SNHG12 functioned 
as an autophagy inducer for neuroprotection in vitro and in 
vivo following cerebral ischemia and reperfusion injury [14]. 
In ischemic stroke, SNHG12 served as a competing endog-
enous RNA (ceRNA) to expedite angiogenesis and recovery 
by sponging stroke to elevating vascular endothelial growth 
factor (VEGF) expression [15]. Therefore, we assumed that 
the dysregulation of SNHG12 might be involved in the 
pathogenesis of BC.

MicroRNAs (miRNAs) refer to single-stranded RNAs that 
regulate different biological behavior by interacting with the 
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specific messenger RNA (mRNA) and altering gene expres-
sion at the post-transcriptional level, including transcrip-
tion, splicing, and translation [16–18]. Previous studies have 
implicated that post-transcriptional regulator miR-15a-5p 
is closely correlated with cell proliferation, survival, and 
apoptosis. Ectopic expression of miR-15a-5p was observed in 
many diseases, such as diabetes, osteoarthritis, and cancers 
[19–21]. For example, the upregulation of miR-15a-5p 
retarded the atherosclerotic inflammatory response as well as 
improved the arterial injury of diabetic rats via targeting fatty 
acid synthase (FASN) [22]. Excess expression of miR-15a-5p 
induced cell growth and attenuated apoptosis of osteoar-
thritis chondrocytes through suppressing vascular endothe-
lial growth factor A (VEGFA) [23]. In addition, miR-15a-5p 
was reported to inhibit peritoneal mesothelial cell inflamma-
tion and fibrosis induced by peritoneal dialysis by regulation 
of VEGFA. However, the role of miR-15a-5p in the malig-
nancy of BC is obscure.

In our present study, we attempted to excavate the 
molecular mechanism of SNHG12 in tumorigenesis and 
progression of BC. Our results indicated that SNHG12 
facilitated proliferation, migration, invasion and inhibited 
the apoptosis of BC by upregulating of SALL4 through 
sponging miR-15a-5p, providing novel biomarkers for BC 
therapy.

Patients and methods

Patient tissues. Fresh BC tumor tissues and the matched 
normal tissues were obtained by surgery from BC patients 
recruited from Hanyang Hospital Affiliated to Wuhan 
University of Science and Technology. Those patients have not 
received preoperative treatments, such as chemotherapy and 
radiotherapy. The patients have signed informed consents. 
Our experiments were approved by the Ethics Committee of 
Hanyang Hospital Affiliated to Wuhan University of Science 
and Technology.

Cell transfection. BC cell lines MDA-MB-231, MCF-7 
and human breast epithelial cells MCF-10A were purchased 
from ATCC (Manassas, VA, USA) and cultured in DMEM 
medium (Gibco, Carlsbad, CA, USA) containing 10% FBS 
and 0.05% penicillin/streptomycin. Small interfering RNA 
(siRNA) targeting SNHG12 (si-SNHG12#1, si-SNHG12#2, 
and si-SNHG12#3), small hairpin RNA (shRNA) targeting 
SNHG12 (sh-SNHG12), siRNA negative control (si-NC), 
shRNA negative control (sh-NC) and pcDNA-SNHG12 were 
synthesized by Genepharma (Shanghai, China). miR-15a-5p 
mimics, miR-15a-5p inhibitor (anti-miR-15a-5p), miRNA 
negative control (miR-NC), and miRNA negative control 
inhibitor (anti-NC) were purchased from RIBOBIO (Guang-
zhou, China). All the vectors were transfected into MDA-MB-
231 and MCF-7 cells using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA).

Quantitative real-time polymerase chain reaction 
(qRT-PCR). BC tumor tissues and cells were lysed by 

TRIzol reagent (Invitrogen) to obtain total RNA. The 
complementary DNA (cDNA) for SNHG12, miR-15a-5p, 
and SALL4 was synthesized by All-in-One™ First-Strand 
cDNA Synthesis Kit (FulenGen, Guangzhou, China). Next, 
qRT-PCR was performed using SYBR green (Applied 
Biosystems, Foster City, CA, USA). The expression of 
SNHG12, miR-15a-5p, and SALL4 was normalized by 
U6 or GAPDH. The primers for SNHG12, miR-15a-5p, 
SALL4, U6, and GAPDH were listed as follows: SNHG12, 
(Forward, 5’-TCTGGTGATCGAGGACTTCC-3’; Reverse, 
5’-ACCTCCTCAGTATCACACACT-3’); miR-15a-5p, 
(Forward, 5’-UAGCAGCACAUAAUGGUUUGUG-3’; 
Reverse, 5’-CAAACCAUUAUGUGCUGCUAUU-3’); 
SALL4, (Forward, 5’-AACGCCACTGTCTCCAAGAT-3’; 
Reverse, 5’-AAGCAGCATAGCAACAATCG-3’); U6, 
(Forward, 5’-ACCCTGAGAAATACCCTCACAT-3’; 
Reverse, 5’-GACGACTGAGCCCCTGATG-3’); GAPDH, 
(Forward, 5’-TCTACATGTTCCAGTATGACTC-3’; Reverse, 
5’-ACTCCACGACATACTCAGCACC-3’).

CCK-8, flow cytometry, and transwell assay. Cell prolif-
eration, migration, invasion, and apoptosis were measured by 
CCK-8, transwell, and flow cytometry, respectively. For cell 
viability detection, transfected MDA-MB-231 and MCF-7 
cells (1000 cells/well) were seeded in 96-well plates for 12 h, 
24 h, 48 h, 72 h, and 96 h. Then, CCK-8 reagent (10 μl/well, 
Beyotime, Shanghai, China) was added for 2 h. The OD value 
at 450 nm was measured using a spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA). For flow cytometry, 
MDA-MB-231 and MCF-7 cells were collected at 48 h post-
transfection, stained with Annexin V-FITC/PI and counted 
by BD FACS Canto II flow cytometry (BD Biosciences, 
Franklin Lakes, NJ, USA). For transwell invasion assay, trans-
fected MDA-MB-231 and MCF-7 cells were placed on the 
upper chamber pre-treated with Matrigel (without Matrigel 
treatment for migration assay; Becton Dickinson, Franklin 
Lakes, NJ, USA). Subsequently, the cells at the lower chamber 
were stained with 0.1% crystal violet (Sigma, St. Louis, MO, 
USA) for 10 min. The migration and invasion cell number 
was counted using a microscope.

Western blot. Western blot assay was performed following 
the standard protocol. The primary antibody against SALL4 
was purchased from Abcam (Cambridge, MA, USA) and 
HRP-conjugated secondary antibody was obtained from 
Sangon (Shanghai, China). Protein bands were visualized by 
enhanced chemiluminescence reagents (Millipore, Temecula, 
California, USA) and protein quantification was carried out 
by ImageJ software (National Institutes of Health, Bethesda, 
MD, USA).

Dual-luciferase reporter assay. Wild type (WT SNHG12, 
WT SALL4) and mutant type (MUT SNHG7, MUT SALL4) 
luciferase vectors were constructed. MDA-MB-231 and 
MCF-7 cells were co-transfected with those vectors and 
miR-15a-5p mimics or miR-NC for 24 h using Lipofectamine 
2000 transfection reagent. Luciferase activities were evalu-
ated by dual-luciferase reporter assay.
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RNA immunoprecipitation (RIP). MDA-MB-231 and 
MCF-7 cells were lysed by RIP buffer and the cell lysates were 
incubated with magnetic beads coated with anti-Ago2 or 
IgG antibody (Millipore). The enrichment of SNHG12 and 
miR-15a-5p was analyzed by qRT-PCR.

Murine xenograft assay. Female nude mice (4-5 weeks 
old) were purchased from Vital River Laboratory Animal 
Technology (Beijing, China). The mice were randomly 
divided into 2 groups: sh-SNHG12 (n=6) and sh-NC (n=6) 
group. MDA-MB-231 cells, stably transfected with a lenti-
virus vector containing sh-SNHG12 or sh-NC, were subcu-
taneously injected in mice to establish mice model. Tumor 
volume was measured every 5 days. The mice were sacrificed 
at day 30 and tumors were collected for biological analysis. 
Tumor weight was measured when the mice were sacrificed. 
Animal experiments were approved by the National Animal 

Care and Ethics Institution and Hanyang Hospital Affiliated 
to Wuhan University of Science and Technology.

Statistical analysis. All the experiments were repeated at 
least 3 times and data were presented as means ± standard 
deviation (SD). Data analysis was carried out using SPSS 
software (SPSS, Chicago, Illinois, USA) and GraphPad 
Prism 7 (GraphPad Inc., San Diego, CA, USA). The corre-
lation between miR-15a-5p and SNHG7 or SALL4 was 
analyzed by Pearson’s correlation coefficient. The survival 
curve of patients was generated by the Kaplan-Meier plot 
and analyzed by the log-rank test. A p-value less than 0.05 
(p<0.05) was considered statistically significant.

Results

Upregulation of SNHG12 in BC. SNHG12 levels in BC 
tumor tissues and the corresponding normal tissues were 
evaluated by qRT-PCR to assess the importance of SNHG12 
in BC cell development. As illustrated in Table 1, SNHG12 
was highly expressed in patients with the following features: 
large tumor size, advanced stage, lymph node metas-
tasis, and vascular invasion. However, SNHG12 was lowly 
expressed in patients with distant metastasis. The expres-
sion of SNHG12 was extremely higher in BC tumor tissues 
than that of the corresponding normal tissues (Figure 1A). 
Consistently, SNHG12 level was upregulated markedly in BC 
cell lines (MDA-MB-231, MCF-7) compared with human 
breast epithelial cells MCF-10A (Figure 1B). As expected, 
we discovered that a high level of SNHG12 contributed to 
a low survival rate in BC patients. By contrast, a low level 
of SNHG12 resulted in a high survival rate with 60 months 
(Figure 1C). All the data indicated that SNHG12 might 
function as an oncogene in BC.

SNHG12 depletion suppressed proliferation, migra-
tion, invasion, and promoted apoptosis of BC cells. The 
influence of SNHG12 on BC cell progression was further 
detected using CCK-8, flow cytometry, and transwell assay. 
MDA-MB-231 and MCF-7 cells were transfected with 
si-NC, si-SNHG12#1, si-SNHG12#2 or si-SNHG12#3, and 
the transfection efficiency was measured by qRT-PCR. As 

Figure 1. SNHG12 was upregulated in BC tissues and cell lines. A) SNHG12 expression in BC tumor tissues compared with the matched normal tissues. 
B) SNHG12 expression in BC cell lines (MDA-MB-231, MCF-7) compared with human breast epithelial cells MCF-10A. C) The survival rate of BC 
patients with high and low levels of SNHG12. **p<0.01

Table 1. Relationship between expression of SNHG12 and clinicopatho-
logical features of breast cancer.

Characteristics n
SNHG12

p-value
High Low

Age (years)
≥60 68 37 31

0.271
<60 22 9 13

Tumor size (cm)
≥3 51 32 19

0.012**
<3 39 14 25

TNM stage
I–II 30 11 19

0.053
III–IV 60 35 25

Lymph node metastasis
Yes 56 36 20

0.001**
No 34 10 24

Distant metastasis
Yes 11 8 3

0.126
No 79 38 41

Vascular invasion
Yes 37 25 12

0.009**
No 53 21 32
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activity was dramatically decreased in BC cells co-transfected 
with WT SNHG12 and miR-15a-5p mimics whereas that of 
MUT SNHG12 group remained unchanged, confirming the 
interaction between SNHG12 and miR-15a-5p (Figures 3B, 
3C). In addition, RIP assay showed that the enrichment of 
SNHG12 and miR-15a-5p was distinctly upregulated in BC 
cells with anti-Ago2 compared with anti-IgG (Figures  3D, 
3E). Moreover, miR-15a-5p expression was increased after 
SNHG12 silencing. In the meantime, the miR-15a-5p 
level was decreased in BC cells transfected with SNHG12 
(Figures  3F, 3G). To explore the role of miR-15a-5p, we 
measured the expression of miR-15a-5p in BC tumor tissues 
and normal tissues. As exhibited in Figure 3H, the expres-
sion of miR-15a-5p was downregulated in BC tumor tissues 
compared with normal ones. By calculation, we found 

displayed in Figure 2A, SNHG12 expression was relatively 
lower after SNHG12 silencing than in the control group, 
especially in si-SNHG12#1 transfection group. Thus, 
si-SNHG12#1 transfected cells were employed for the 
subsequent experiments. CCK-8 results showed that cell 
viability was repressed by SNHG12 silencing (Figures 2B, 
2C). On the contrary, SNHG12 knockdown expedited cell 
apoptosis in comparison with the si-NC group (Figures 2D, 
2E). Additionally, the migrated and invaded cells numbers 
were reduced in MDA-MB-231 and MCF-7 cells transfected 
with si-SNHG12#1 (Figures 2F–I). Taken together, SNHG12 
silencing weakened the cell progression in BC cells.

SNHG12 acted as a sponge of miR-15a-5p. According to 
bioinformatics analysis by miRcode, miR-15a-5p contained 
the potential binding sites of SNHG12 (Figure 3A). Luciferase 

Figure 2. SNHG12 knockdown suppressed proliferation, migration, and invasion but facilitated apoptosis in BC cells. MDA-MB-231 and MCF-7 cells 
were transfected with si-NC, si-SNHG12#1, si-SNHG12#2, or si-SNHG12#3. A) SNHG12 expression in transfected cells. B, C) Cell viability of trans-
fected MDA-MB-231 (B) and MCF-7 (C) cells was measured by CCK-8 assay. D, E) Cell apoptosis was examined by flow cytometry. F, G) Cell migration 
and invasion MDA-MB-231 (F) and MCF-7 cells (G) were assessed by transwell assay. H, I) Migration (H) and invasion (I) cells number of transfected 
cells were counted. **p<0.01
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Figure 3. SNHG12 directly interacted with miR-15a-5p. A) The potential binding sites between SNHG12 and miR-15a-5p predicted by miRcode. B, C) 
Luciferase activity of MDA-MB-231 (B) and MCF-7 cells (C) co-transfected with WT SNHG12 or MUT SNHG7 and miR-15a-5p mimics or miR-NC. 
D, E) The enrichment of SNHG12 and miR-15a-5p in MDA-MB-231 (D) and MCF-7 cells (E) was detected by RIP assay. F, G) The expression of miR-
15a-5p in MDA-MB-231 (F) and MCF-7 cells (G) transfected with si-NC, si-SNHG12#1, vector, or SNHG12 was analyzed by qRT-PCR. H) The expres-
sion of miR-15a-5p in BC tumor tissues compared with the matched normal tissues. I) The correlation between SNHG12 and miR-15a-5p (R2=0.4185, 
p<0.0001). **p<0.01

that SNHG12 was negatively correlated with miR-15a-5p 
(R2=0.4185, p<0.0001, Figure 3I). Collectively, we concluded 
that SNHG12 could regulate miR-15a-5p in BC cells.

SNHG12 regulated cell proliferation, migration, 
invasion, and apoptosis by targeting miR-15a-5p in 
BC cells. To disclose the regulatory effects of SNHG12/
miR-15a-5p axis on BC cell progression, MDA-MB-231 and 
MCF-7 cells were transfected with si-NC, si-SNHG12#1, 
si-SNHG12#1+anti-NC or si-SNHG12#1+anti-miR-15a-5p. 
As shown in Figure 4A, the expression of miR-15a-5p was 
enhanced by the SNHG12 silencing and repressed by the 
miR-15a-5p inhibitor. We also noticed that the abundance 
of miR-15a-5p attenuated BC cell proliferation. However, 
the miR-15a-5p inhibitor reversed the effects (Figures  4B, 
4C). On the contrary, cell apoptosis was enhanced by 
SNHG12 silencing and reduced by the miR-15a-5p inhibitor 
(Figure 4D). Furthermore, transwell assay clarified that the 

miR-15a-5p inhibitor abrogated SNHG12 silencing induced 
inhibition on cell migration and invasion (Figures 4E, 4F). 
These findings demonstrated that SNHG12 regulates BC cell 
growth by targeting miR-15a-5p in BC.

SALL4 was a target of miR-15a-5p. We hypothesized that 
miR-15a-5p regulated BC cell behavior by interacting with 
the target gene. Bioinformatics tool TargetScan predicted 
that there were binding sites between miR-15a-5p and SALL4 
(Figure 5A). We also observed an apparent reduction of 
luciferase activity in BC cells co-transfected with WT SALL4 
and miR-15a-5p mimics, validating the interaction between 
miR-15a-5p and SALL4 (Figures 5B, 5C). Interestingly, SALL4 
protein expression was inhibited by miR-15a-5p mimics and 
elevated by miR-15a-5p inhibitor, implicating that SALL4 was 
negatively regulated by miR-15a-5p (Figure 5D). In addition, 
the SALL4 level was much higher in BC tumor tissues than 
normal tissues (Figure 5E). Person’s correlation coefficient 
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analysis results revealed that SALL4 was negatively corre-
lated with miR-15a-5p (R2=0.5312, p<0.0001, Figure 5F). 
Conversely, SALL4 was positively correlated with SNHG12 
(R2=0.4392, p<0.0001, Figure 5G). Altogether, miR-15a-5p 
could regulate SALL4 expression in BC cells.

SNHG12 facilitated BC cell progression by upregu-
lating SALL4 expression via sponging miR-15a-5p. 
Whether SNHG12 modulated tumorigenesis and progres-
sion in BC by regulating the miR-15a-5p/SALL4 axis was 
examined in MDA-MB-231 and MCF-7 cells. Excessive 
expression of SALL4 protein appeared in BC cells transfected 
with si-SNHG12#1+anti-miR-15a-5p and anti-miR-15a-
5p+anti-NC. However, the lack of SALL4 protein expres-
sion was found in the si-SNHG12#1+anti-NC and the anti-
miR-15a-5p+anti-SALL4 transfection group (Figure 6A). 
The upregulation of SALL4 expression was discovered to 
accelerate cell proliferation and suppress apoptosis in BC 
(Figures 6B, 6C). As expected, the downregulation of SALL4 
expression exerted the opposite effects on BC cell growth 
(Figure 6D). Besides, migration and invasion of BC cells were 
enhanced by increased expression of SALL4 and impaired by 
decreased expression of SALL4 (Figures 6E, 6F). Therefore, 
we suggested that SNHG12 contributed to BC cell develop-
ment by regulation of the miR-15a-5p/SALL4 axis.

Interference of SNHG12 repressed tumor growth in 
vivo. To further validate the function of SNHG12 in vivo, 
the MDA-MB-231 xenograft mice model was constructed 
by subcutaneously injecting MDA-MB-231 cells stably trans-
fected with sh-SNHG12 or sh-NC. As illustrated in Figures 7A 
and 7B, tumors grew slower in sh-SNHG12 transfection mice 
than that of the sh-NC group. The mice were sacrificed at 
day 30, after that, all the tumors were collected and subjected 
to biological analysis. SNHG12 expression was decreased 
whereas miR-15a-5p was increased in mice after SNHG12 
silencing (Figures 7C, 7D). Meanwhile, the expression of 
SALL4 mRNA and protein was reduced in the sh-SNHG12 
group in comparison with the sh-NC group (Figures 7E, 7F). 
These results implied that SNHG12 silencing could repress 
tumor growth in vivo.

Discussion

Growing pieces of evidence have identified SNHG12 as a 
significant oncogene that plays promotive roles in tumori-
genesis and malignancy [24, 25]. For instance, Wen et al. 
validated that excessive expression of SNHG12 was closely 
related to poor prognosis of nasopharyngeal carcinoma 
since SNHG12 exerted its oncogenic function to expedite 

Figure 4. miR-15a-5p inhibitor attenuated SNHG12 silencing induced inhibition on BC cell proliferation, migration, and invasion. MDA-MB-231 and 
MCF-7 cells were transfected with si-NC, si-SNHG12#1, si-SNHG12#1+anti-NC, or si-SNHG12#1+anti-miR-15a-5p. A) The expression of miR-15a-5p 
in transfected cells was evaluated by qRT-PCR. B, C) Cell viability of transfected MDA-MB-231 (B) and MCF-7 cells (C) was detected. D) Cell apoptosis 
of transfected cells was determined by flow cytometry. E, F) Cell migration (E) and invasion (F) of transfected cells were examined by transwell assay. 
**p<0.01
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cell proliferation and metastasis by regulating Notch signal 
pathway [26]. In prostate cancer, SNHG12 induced the 
activation of Wnt/β-catenin signaling to accelerate cell 
proliferation by absorbing microRNA-95 [27]. Likewise, 
an abundance of SNHG12 promoted viability, migration, 
and invasion both in ovarian cancer and renal cell carci-
noma cells through regulation of miRNA-129/SOX4 axis 
and HIF1α, respectively [28, 29]. Moreover, overexpres-
sion of SNHG12 induced by c-Myc facilitated proliferation 
and weakened cisplatin sensitivity in T-cell lymphoma by 
regulating Ki67/P-gp [30]. However, whether SNHG12 
accelerated BC cell progression and the underlying biolog-
ical mechanism is still unclear.

Bioinformatics analysis manifested that miR-15a-5p was a 
potential target gene of SNHG12. Interestingly, miR-15a-5p, 
which was associated with tumor metastasis and recurrence, 
has been identified as a crucial prognostic biomarker in 
multiple cancer types, such as colorectal adenocarcinoma, 
myeloid leukemia, and non-small cell lung cancer [31, 32]. 
Generally, miR-15a-5p functioned as a tumor suppressor to 
repress cancer cell growth. For instance, miR-15a-5p was 
downregulated in human hepatocellular carcinoma and 
increased expression of miR-15a-5p suppressed cell viability 
and division by enhancing brain-derived neurotrophic factor 
(BDNF) level [33]. Gao et al. found that miR-15a-5p allevi-
ated chronic myeloid leukemia cell survival and metastasis by 

Figure 5. SALL4 was a target of miR-15a-5p. A) The potential binding sites between SALL4 and miR-15a-5p predicted by TargetScan. B, C) Luciferase 
activity of MDA-MB-231 (B) and MCF-7 cells (C) co-transfected with WT SALL4 or MUT SALL4 and miR-15a-5p mimics or miR-NC. D) Protein ex-
pression of SALL4 in MDA-MB-231 and MCF-7 cells transfected with miR-NC, miR-15a-5p mimics, anti-NC, and anti-miR-15a-5p. β-actin was used 
as an internal reference. E) SALL4 expression in BC tumor tissues and the matched normal tissues. F) The correlation between SALL4 and miR-15a-5p 
(R2=0.5312, p<0.0001). G) The correlation between SNHG12 and SALL4 (R2=0.4392, p<0.0001). **p<0.01
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modulating the target gene chemokine ligand 10 (CXCL10) 
[34]. On the contrary, the abundance of miR-15a-5p was clari-
fied as one of the pathogenic factors of the abdominal aortic 
aneurysm by interfering cyclin dependent kinase inhibitor 2B 
[35]. However, the molecular mechanism of miR-15a-5p in 
BC cell regulation requires further exploration.

SALL4 was predicted as a target of miR-15a-5p using 
TargetScan. Previous studies indicated that SALL4 was impli-
cated in multiple cancers. For instance, SALL4 was reported 
to regulate CTNNB1 expression and further contribute to 
tumorigenicity and progression in cervical cancer via altering 
the Wnt/β-catenin pathway [36]. Consistently, SALL4 accel-

Figure 6. SNHG12 affected cell proliferation, migration, invasion, and apoptosis in BC cells by regulating miR-15a-5p/SALL4 axis. MDA-MB-231 
and MCF-7 cells were transfected with si-SNHG12#1+anti-NC, si-SNHG12#1+anti-miR-15a-5p, anti-miR-15a-5p+anti-NC, or anti-miR-15a-5p+anti-
SALL4. A) Protein expression of SALL4 in transfected cells. β-actin was used as an internal reference. B, C) Cell viability of transfected MDA-MB-231 
(B) and MCF-7 cells (C) was measured. D) Cell apoptosis of transfected cells was measured. E, F) Cell migration (E) and invasion (F) of transfected cells 
were determined by transwell assay. **p<0.01

Figure 7. SNHG12 knockdown inhibited tumor growth in vivo. MDA-MB-231 xenograft mice were established by subcutaneously injecting MDA-
MB-231 cells stably transfected with sh-SNHG12 and sh-NC. A, B) Tumor volume (A) and weight (B) were measured. C, D) SNHG12 (C) and miR-15a-
5p (D) expression in tumor tissues harvested from xenograft mice. E, F) The expression of SALL4 mRNA (E) and protein (F) in tumors was detected 
by qRT-PCR and western blot. **p<0.01 
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erated the malignancy of gastric cancer by promoting cell 
metastasis and epithelial to mesenchymal transition (EMT) 
processes through TGF-β/SMAD pathway [37]. Therefore, 
we suggested that the target gene SALL4 played a promotive 
role in BC growth.

A series of experiments were employed to reveal the 
biological and pathological mechanisms of BC. The expres-
sions of SNHG12 and SALL4 were upregulated while 
miR-15a-5p was downregulated in BC tumor tissues 
compared with the corresponding normal tissues. Loss 
of function experiments revealed that SNHG12 silencing 
hindered cell growth in vitro and in vivo. In addition, the 
luciferase reporter system results confirmed the interac-
tion between miR-15a-5p and SNHG12 or SALL4. Person’s 
correlation coefficient analysis showed that miR-15a-5p 
was correlated with SNHG12 and SALL4 inversely. The 
subsequent rescue experiments indicated that miR-15a-5p 
inhibitor restored SNHG12 silencing mediated inhibition 
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