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Abstract 

Background: Increasingly evidence shows that the interaction between long non-coding RNAs 
(lncRNAs), microRNAs (miRNAs) and their downstream target genes plays a pivotal role in the onset 
and progression of tumors, emerging as a focal point in tumor research. This study sought to assess the 
biological function of lncRNA SNHG15 and investigate the underlying mechanisms involved in 
SNHG15/miR-153-3p/KLF5 signal axis in breast cancer (BC). 
Methods: The expressions of SNHG15, miR-153-3p and KLF5 in human BC tissues and cell lines were 
detected by quantitative real-time PCR and/or western blot. To investigate the biological functions of 
SNHG15, we knocked it down in BC cells and observed its effects both in vitro and in vivo. The underlying 
mechanisms of competitive endogenous RNA (ceRNA) between SNHG15 and miR-153-3p were 
elucidated through bioinformatics analysis, dual-luciferase reporter assays and rescue experiments. 
Results: SNHG15 expression was notably elevated in BC tissues and cell lines. Knockdown of SNHG15 
significantly reduced the ability of proliferation, migration and invasion in BC cells. miR-153-3p was a 
direct target of SNHG15, while miR-153-3p mediated the expression of KLF5 in BC cell lines. In addition, 
the effect of SNHG15 downregulation on the biological behavior of BC cells can be offset by the inhibition 
of miR-153-3p. Mechanically, SNHG15 may act as the ceRNA of miR-153-3p, thereby regulating the 
expression of its target gene KLF5.  
Conclusions: SNHG15 promotes proliferation and metastasis by sponging miR-153-3p and regulates 
KLF5 expression, suggesting that SNHG15 may be a potential biomarker and therapeutic target for BC. 
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Introduction 
Breast cancer (BC) remains the primary 

malignant tumor threatening women's health in the 
world, with its incidence is increasing year by year 
[1-3]. According to the latest World Health 
Organization (WHO) data, BC has surpassed lung 

cancer as the most prevalent cancer diagnosed among 
women worldwide. In recent years, despite 
advancements in diagnostic methods and early 
screening initiatives that have lowered BC mortality 
rates, many patients still face advanced-stage 
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diagnosis or recurrence with metastasis after 
treatment, leading to a poor prognosis [4]. 
Meanwhile, the pathogenesis of BC has not yet been 
fully understood. The research of BC key genes is of 
great significance for finding biomarkers of early BC, 
formulating targeted treatment strategies and 
improving patient survival rates [5, 6]. 

In recent years, with the development of 
high-throughput sequencing technology, increasing 
long non-coding RNAs (lncRNAs) have been 
discovered [7]. Studies have shown that lncRNA plays 
an important role in cell physiological and 
pathological activities and participates in the 
occurrence and development of many diseases 
including tumors [8-10]. While increasing lncRNAs 
have been confirmed to participate in the occurrence 
and development of BC as a tumor suppressor or 
oncogene, there is a scarcity of reports regarding the 
role of lncRNA SNHG15 (small nucleolar RNA host 
gene 15) in this context [10-15]. 

This study aims to elucidate the function and 
mechanism of lncRNA SNHG15 in the occurrence and 
development of BC. Our findings may introduce a 
novel molecular marker for clinical BC diagnosis and 
provide a foundation for targeted BC therapies and 
the development of new anticancer drugs. 

Materials and Methods 
Clinical tissue specimens 

A total of 42 patients who underwent surgery 
and were confirmed as BC according to pathological 
results were included in the study. Portions of their 
tumor and adjacent nontumor tissues were 
immediately frozen in liquid nitrogen. The protocol 
for this study was approved by the Affiliated Suzhou 
Hospital of Nanjing Medical University. All patients 
signed the informed consent form. The clinical and 
pathological details are summarized in Table 1. 

 

Table 1. Correlation of the expression of SNHG15 with 
clinicopathologic features 

Clinicopathologic features n (%) Relative expression of SNHG15 P-value 
Age (years)   0.643 
< 60 18 (42.86) 6.34 ± 3.23  
≥ 60 24 (57.14) 8.21 ± 4.47  
Gender   - 
Male 0 (0) -  
Female 42 (100)  7.40 ± 4.06  
Tumor size   0.002 ** 
≤ 20 mm 15 (35.71) 4.78 ± 3.06  
> 20 mm 27 (64.29) 8.96 ± 5.03  
TNM stage   0.007 ** 
I, II 26 (61.90) 4.64 ± 2.78  

Ⅲ, Ⅳ 16 (38.10) 9.23 ± 5.67  

Data are presented as the mean ± SEM. *P<0.05, **P<0.01. 
 

Cell lines and culture 
Human normal human breast epithelial cells 

(MCF-10A) and breast cancer cell lines (MCF-7, 
MDA-MB-231) were acquired from the Type Culture 
Collection of the Chinese Academy of Sciences 
(Shanghai, China). MCF-10A was grown in Mammary 
Epithelial Cell Growth Medium (MEGM BulletKit) 
(Lonza, Swiss). MCF-7 and MDA-MB-231 were grown 
in L-15 medium (Gibco, USA) supplemented with 
10% fetal bovine serum (Gibco, USA). All cells were 
maintained in a humidified 37℃ incubator with an 
atmosphere containing 5% CO2. 

RNA isolation and quantitative real-time PCR 
analysis (qRT-PCR) 

Total RNA was extracted from tissues or cells 
using the Trizol reagent kit (Invitrogen, USA). cDNA 
was synthesized using a reverse transcription kit 
(Takara, Japan). Real-time PCR analyses were 
performed with a Power SYBR Green PCR kit 
(Toyobo, Japan). SNHG15, miR-153-3p, and KLF5 
(Kruppel-like factor 5) expression levels were 
normalized to GADPH or U6, respectively. All 
qRT-PCR reactions and data acquisitions were 
conducted on the Light Cycler480II Real-Time PCR 
Detection system (Roche, Switzerland).  

Virus infection and cell transfection 
Recombinant lentiviruses expressing the 

sh-SNHG15 were obtained from GENEWIZ (Suzhou, 
China). BC cells stably transfected with these viruses 
were selected using 1.5 μg/ml puromycin 
(Calbiochem, USA) for 2 weeks. The miR-153-3p 
mimic, miR-153-3p inhibitor, and negative control 
(NC) oligonucleotides were purchased from 
GENEWIZ (Suzhou, China). Oligonucleotides and 
plasmids were transfected by Lipofectamine 3000 
(Invitrogen, USA) according to the manufacturer’s 
instructions. 

Cell proliferation assay 
A cell proliferation assay was performed with a 

CCK-8 kit (Beyotime Biotechnology, China) according 
to the manufacturer’s instructions. For the colony 
formation assay, a certain number of cells were placed 
into each well of a six-well plate and maintained in 
complete media for 2 weeks. The medium was 
replaced every 4 days. Colonies were fixed with 
methanol and stained with 0.1% crystal violet 
(Sigma-Aldrich, USA). The colony formation was 
determined by counting the number of stained 
colonies.  

Cell apoptosis 
For the apoptosis assay, treated cells were 
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stained with fluorescein isothiocyanate 
(FITC)-Annexin V and propidium iodide (PI) using an 
Annexin V-FITC/PI Apoptosis Detection Kit 
(Beyotime Biotechnology, China). After double 
staining with FITC and PI, the cells were analyzed by 
fluorescence-activated cell sorting (FACS) analysis. 
FACS was performed using CytoFLEX (Beckman 
Coulter, USA). 

Cell migration and invasion assays 
Transwell assay was performed to assess the 

migration and invasion potential of BC Cells in vitro. 
For the migration assay, using 24-well culture plates 
with 8 μm pore-containing membrane inserts 
(Corning, China), the serum-free cell-containing 
medium was added to the upper chamber and the 
lower chamber contained medium supplemented 
with 15% FBS. Unlike the migration experiment, the 
upper chamber of the invasion assay was pretreated 
with Matrigel. Finally, cells below the membrane 
were stained with 0.4% trypan blue (Beyotime 
Biotechnology, China) and counted under a light 
microscope. 

Xenografted tumor model 
Female athymic BALB/c nude mice (4-6 weeks 

old) were bought from Zhao Yan New Drug Research 
Center (Suzhou, Jiangsu, China) and maintained in 
laminar flow cabinets under SPF conditions. All 
animal-related experiments adhered to institutional 
guidelines and were approved by the Ethics 
Committee of the Affiliated Suzhou Hospital of 
Nanjing Medical University. 2*106 MDA-MB-231 cells 
or MCF-7 cells that were stably transfected with 
sh-NC or sh-SNHG15 were subcutaneously injected 
into the flank of mice to establish BC xenografted 
tumor model.  

Dual-luciferase reporter assay 
Full-length SNHG15 and KLF5 3’UTR sequences 

with wild-type or mutant miR-153-3p binding sites 
were inserted into pGL3 vectors. HEK293T cells were 
co-transfected with luciferase reporter plasmids and 
negative control (miR-NC) or miR-124-3p mimics 
using Lipofectamine 3000. A double-luciferase report 
system (Promega, USA) was used to determine the 
luciferase activity at 48 h post-transfection. 

Statistical analysis 
The statistical analysis was performed using 

SPSS 19.0 software (IBM Corporation, USA). Student’s 
t-test was used for data analysis to evaluate the 
statistical significance between treatment groups. A 
P-value of <0.05 was considered statistically 
significant. 

Results 
SNHG15 was upregulated in BC tissues and 
cell lines 

We conducted qRT-PCR to assess SNHG15 
expression in 42 pairs of BC tissues compared with 
adjacent normal tissues. Figure 1A and B are 
representative H&E staining of breast cancer tissues 
and normal breast tissue. As shown in Figure 1C, the 
SNHG15 expression level in BC tissues was 
significantly higher than that in the corresponding 
normal tissues. Similarly, compared with normal 
human breast epithelial cell MCF-10A, the expression 
of SNHG15 in MCF-7 or MDA-MB-231 is also higher 
(Figure 1F). What’s more, upregulated SNHG15 was 
correlated with larger tumor size and advanced TNM 
stage (Figure 1D, E). These data indicate that SNHG15 
may play the role of an oncogene in the process of BC 
progression. 

SNHG15 mediated cell proliferation, 
apoptosis, migration and invasion of BC 

To further investigate the functional role of 
SNHG15 in BC, sh-SNHG15-1, sh-SNHG15-2 or 
sh-NC vector was transfected into BC cells. The 
sh-SNHG15-1 vector was the most efficient shRNA 
against SNHG15 (Figure 2A). CCK-8 and colony 
formation experiments showed that the knockdown 
of SNHG15 inhibited the proliferation of BC cells 
(Figure 2B-E). FACS apoptosis assay indicated that 
inhibition of SNHG15 increased early apoptosis in 
sh-SNHG15 transfected BC cells compared with the 
NC group (Figure 2F). Likewise, wound healing assay 
and transwell assays indicated that suppression of 
SNHG15 could significantly inhibit the migration and 
invasion of BC cells in comparison with those in the 
control group (Figure 3A-C). BC cells stably 
transfected with sh-NC or sh-SNHG15 vector were 
subcutaneously transplanted into nude mice. Tumor 
volumes in the sh-SNHG15 group were significantly 
lower than those in the sh-control group (Figure 3D). 
In summary, these results indicate that the 
knockdown of SNHG15 suppresses BC cell 
proliferation, apoptosis, migration and invasion. 

miR-153-3p is a target of SNHG15 in BC cells 
To investigate the possible mechanism of 

LncRNA SNHG15 in BC biological function, we 
predicted miRNA binding to lncRNA SNHG15 in 
several bioinformatics databases (http://mirdb.org/, 
http://starbase.sysu.edu.cn/, http://www.cuilab. 
cn/lnctar, http://lncrna.smu.edu.cn/, http://www 
.targetscan.org), and cross-locked miR-153-3p as its 
potential target gene. The binding sites between 
SNHG15 and miR-153-3p were predicted by the 
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bioinformatics database (Figure 4A). Dual-luciferase 
reporter assays further illustrated the interaction 
between SNHG15 and miR-153-3p (Figure 4B). To this 
end, we think miR-153-3p is a target of SNHG15 in BC 
cells. To further prove this hypothesis, qRT-PCR 
detections of miR-153-3p were performed in BC cells 
transfected with sh-SNHG15 or sh-NC and indicated 
that knockdown of SNHG15 could significantly 
upregulate miR-153-3p expression (Figure 4C). 
SNHG15 cDNA was cloned into the luciferase gene 

and co-transfected with miR-153-3p or miR-NC. Next, 
a statistically significant negative correlation was 
verified between miR-153-3p and SNHG15 by linear 
regression analysis (Figure 4D). Besides, Inhibited 
expression of miR-153-3p inhibited the proliferative 
and invasive ability of BC cells, while the abilities 
were recovered when cells were co-transfected with 
sh-SNHG15 (Figure 5E-G). The results revealed that 
SNHG15 served as a molecular sponge for 
miR-153-3p. 

 

 
Figure 1. Relative SNHG15 expression in BC tissues and its clinical significance. A, Representative H&E staining of BC tissues. B, Representative H&E staining of the 
tissues adjacent to BC. C, Relative expression of SNHG15 in BC tissues in comparison with corresponding non-tumor normal tissues. D, SNHG15 upregulation correlated with 
larger tumor size. E, SNHG15 upregulation correlated with advanced pathological stage. F, SNHG15 expression levels of BC compared with normal human breast epithelial cells. 
*P < 0.05, **P < 0.01, ***P < 0.001. 
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Figure 2. SNHG15 mediated cell proliferation, apoptosis of BC cells. A, qRT-PCR detection of SNHG15 in BC cells transfected with sh-SNHG15-1, sh-SNHG15-2 or 
sh-NC vector. B, A CCK-8 assay was performed to determine the proliferation of sh-SNHG15-transfected MDA-MB-231 cells. C, A CCK-8 assay was performed to determine 
the proliferation of sh-SNHG15-transfected MCF7 cells. D and E, A colony formation assay was performed to detect the proliferation ability of SNHG15. F, Flow cytometric 
analysis of early apoptosis rate in sh-SNHG15 transfected BC cells compared with NC group. *P < 0.05, **P < 0.01. 

 

SNHG15 mediated BC progression through 
miR-153-3p/KLF5 signal axis 

To delve deeper into the molecular mechanism 
underlying miR-153-3p's role in BC, we employed 
bioinformatic tools to predict its downstream target 
genes. Our analysis revealed KLF5, a gene implicated 
in the progression of various tumors, as a potential 
target with a binding site on miR-153-3p (Figure 5A). 
Subsequently, the luciferase assay confirmed that the 
3′-UTR of wild-type (WT) KLF5 could significantly 
lower the luciferase activity in the miR-153-3p group 
without significant influence on the luciferase activity 
in the miR-NC group (Figure 5B). Additionally, we 
observed an elevation in both KLF5 mRNA and 
protein levels in BC cells transfected with a 
miR-153-3p inhibitor (Figure 5C, D). Cell proliferation 
assay and colony formation assay indicated the 
proliferation ability of the sh-SNHG15-transfected BC 
cells were partially reversed by transfection with 
miR-153-3p inhibitor (Figure 5E, F). Transwell and 
matrigel transwell assay indicated that suppression of 
KLF5 significantly inhibited the migration and 
invasion of BC cells (Figure 5G). The migration and 
invasion ability of sh-SNHG15-transfected BC cells 

were partially reversed by transfection with 
miR-153-3p inhibitor (Figure 5G). These results 
indicated that by sponging miR-153-3p, SNHG15 can 
regulate the expression of KLF5, thus promoting 
carcinogenesis in BC (Figure 5H). 

Discussion 
BC is a malignant tumor with higher morbidity 

and mortality. At present, the molecular mechanism 
of BC has not been fully understood. The occurrence 
and progression of BC was a multistep process 
involving multiple oncogenes and tumor suppressors. 
The study of BC related genes is of great significance 
for finding biomarkers of early BC, formulating 
targeted treatment strategies and improving patient 
survival rates. In the past, people always thought that 
lncRNA is a meaningless transcription by-product. 
However, with the deepening of research, researchers 
found that lncRNA plays an important role in the 
physiological and pathological activities of cells and 
participates in the occurrence and development of 
many diseases including tumors [16, 17]. In recent 
years, with the development of high-throughput 
sequencing technology, increasing lncRNA have been 
discovered, and many lncRNA are abnormally 
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expressed in BC, which can be used as tumor 
suppressor genes or oncogenes to participate in the 
occurrence and development of BC [18-20]. At 
present, some BC-related lncRNA, such as NRAT1, 
MALAT1, HOTAIR, BC069792, H19, BCAR4 have 
been found and reported [10, 12, 14, 21-25]. 
Nevertheless, the research on the regulation 
mechanism of lncRNA in BC is still in its infancy, and 
the role of lncRNA in BC is not yet fully understood. 

Human lncRNA SNHG15 is located at 
chromosome 7p13 with a length of 860 bp. It has been 
reported in the literature that SNHG15 is highly 
expressed in lung cancer, gastric cancer, liver cancer, 
colon cancer, cervical cancer and ovarian cancer, 
which is related to the prognosis of patients, and plays 
the role of oncogenes in the occurrence and 
development of malignant tumors [26-30]. The highly 

expressed SNHG15 binds to the C-terminal zinc finger 
domain of Slug, which promotes the growth and 
metastasis of colon cancer [31]. It is reported that 
SNHG15 promotes the progression of renal cell 
carcinoma by regulating the NF-κB signaling 
pathway. However, there are few reports about 
SNHG15 in BC [32]. In this study, we found that 
SNHG15 was highly expressed in human BC, and 
upregulated SNHG15 was correlated with large 
tumor size and advanced TNM stage. Meanwhile, it 
was found that the expression of SNHG15 in BC cell 
lines was higher than that in normal breast cells. 
Knockdown of SNHG15 suppresses BC cell 
proliferation, apoptosis, migration and invasion. The 
results indicate that SNHG15 may also play a role in 
promoting the occurrence and development of BC.  

 

 
Figure 3. SNHG15 mediated cell proliferation, migration and invasion of BC cells in vitro and vivo. A and B, A wound healing assay were performed to investigate 
changes in cell migration. C, The transwell assay was conducted to detect the migration and invasion of BC cells transfected with sh-NC or sh-SNHG15 vectors. D, Photographs 
of tumors were provided at 28 days after inoculation. **P < 0.01. 
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Figure 4. SNHG15 served as a molecular sponge for miR-153-3p. A, Schematic diagram showed the putative miR-153-3p binding sites with the SNHG15. B, Luciferase 
reporter gene assays were performed to measure the luciferase activity. C, qRT-PCR were performed to investigate the changes of miR-153-3p in BC cells transfected with 
sh-SNHG15 or sh-NC. D, The miR-153-3p and SNHG15 was negatively correlated in BC tissues as determined by linear regression analysis. *P < 0.05, **P < 0.01. 

 
 

LncRNA can regulate gene expression at 
different levels, and its specific mechanisms can be 
summarized as epigenetic regulation, transcription 
regulation, post-transcriptional regulation and 
lncRNA-miRNA-mRNA regulation [33, 34]. To 
further understand the possible mechanism of 
SNHG15 in BC biological function, we predicted 
miRNA-153-3p binding to SNHG15 using 
bioinformatics databases. Subsequently, the 
association of cell function assay and double 
luciferase reporter proved that miR-153-3p was the 
target of SNHG15 in BC cells. SNHG15 regulates BC 
cell functions by acting as a competitive endogenous 
RNA for miRNA-153-3p. Similarly, recent research 
shows that SNHG15 acted as a miR-153-3p sponge in 
hypoxic-ischemic encephalopathy [35]. This also 
further corroborates our experimental results, that is, 
miR-153-3p was the target of SNHG15. 

MiRNA exerts its biological influence through 
interactions with downstream target gene mRNA, as 
documented in previous studies [36, 37]. To further 
understand the underlying molecular mechanism of 
SNHG15-miR-153-3p in BC, we predicted the 
downstream target genes of miR-153-3p using 
bioinformatic tools. KLF5 is a member of the KLF 
family, also known as IKLF (intensive-enriched 
Krupp El-like factor) and BTEB2 (basic transcription 
element-binding protein 2) [38]. Recent research 
shows that KLF5 has a potential oncogene function in 
BC [39, 40]. We observed that miR-153-3p targeted 
and negatively regulated KLF5 function in BC. This is 
consistent with the experimental results in some other 
disease models [41, 42]. Additional experiments 
further supported that SNHG15's oncogenic activity 
in BC is partly mediated through the 
miR-153-3p/KLF5 axis. 
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Figure 5. SNHG15 boosted the progression of BC cells through miR-153-3p/KLF5 signal axis. A, Schematic diagram showed the putative KLF5 binding sites with the 
miR-153-3p. B, Luciferase reporter gene assays were performed to measure the luciferase activity. C and D, The relative expression of SNHG15 in BC cells at 36 h after 
transfection with miR-NC, miR-153-3p mimics or miR-153-3p inhibitor. E and F, A cell proliferation assay and colony formation assay was performed to detect the proliferation 
ability of the BC cells transfected with NC, sh-SNHG15, miR-153-3p inhibitor, si-KLF5 or sh-SNHG15 + miR-153-3p inhibitor. G, Transwell and matrigel transwell assays were 
conducted to detect the migration and invasion of BC cells transfected with NC, sh-SNHG15, miR-153-3p inhibitor, si-KLF5 or sh-SNHG15 + miR-153-3p inhibitor. H, The 
schematic diagram of the mechanism of SNHG15/miR-153-3p/KLF5 signal axis in BC. *P < 0.05, **P < 0.01. 

 

Conclusions 
In summary, this study has revealed an 

association between altered lncRNA SNHG15 levels 
and the progression of BC. Specifically, SNHG15 
appears to drive proliferation and metastasis by 
acting as a sponge for miR-153-3p, thereby 
modulating KLF5 expression. These findings suggest 
that SNHG15 could serve as a promising biomarker 
and therapeutic target in the management of BC. 
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