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Abstract
Long noncoding RNAs (lncRNAs) have been found to be abnormally expressed in cancer, and lncRNA small nucleolar 
RNA host genes (SNHGs) play critical roles in tumour progression. SNHG3 has been identified as an oncogene in multiple 
tumour types. However, the role of SNHG3 in breast cancer has not been reported. In this study, we found that SNHG3 was 
upregulated and associated with tumour malignancy in patients with breast cancer. SNHG3 knockdown inhibited the growth 
and metastatic capabilities of breast cancer cells in vitro and vivo. We used bioinformatics prediction and functional assay 
validation to determine that SNHG3 upregulation inhibited miR-384 activity and led to hepatoma-derived growth factor 
(HDGF) overexpression in breast cancer cells. The findings of this study show that SNHG3 functions as an oncogene in 
breast cancer and promotes breast cancer cell proliferation and invasion by regulating the miR-384/HDGF axis. The present 
study might provide a new target for the treatment of breast cancer.
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Background

Breast cancer is one of the most common malignant tumours 
in women [1, 2]. Despite advances in diagnosis and treat-
ment, the survival rate remains low for breast cancer patients 
[3]. The abnormal metastasis of breast cancer cells is a major 
contributor to breast cancer patient death [4]. Therefore, 
investigating the mechanisms underlying breast cancer pro-
gression is important.

LncRNAs are defined as RNAs with a length of more 
than 200 nucleotides and no protein-coding ability [5, 6]. 
Previous reports have shown that lncRNAs regulate gene 
expression at the epigenetic, transcriptional and posttran-
scriptional levels and participate in various physiological 
processes by interacting with proteins and nucleic acids 
[7, 8]. Increasing evidence indicates that aberrant lncRNA 
expression is involved in the occurrence, development and 
metastasis of tumours [9–11]. In breast cancer, some lncR-
NAs have been identified as oncogenes or tumour suppres-
sors and have potential as diagnostic or prognostic markers 
for breast cancer patients [12, 13].

The potential function and mechanism of the lncRNA 
SNHG3 in breast cancer remain unclear. In a previous study, 
Zhang et al. reported that SNHG3 correlates with malignant 
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status and poor prognosis in hepatocellular carcinoma [14]. 
Hong et al. reported that the expression of SNHG3 is asso-
ciated with poor prognosis and can promote the malignant 
progression of ovarian cancer [15]. In this study, we found 
that SNHG3 expression was significantly higher in breast 
cancer tissues than in adjacent normal tissues. Moreover, 
high SNHG3 expression levels were associated with tumour 
malignancy in breast cancer patients. Then we examined the 
biological functions of SNHG3 in breast cancer cell prolif-
eration and invasion using a series of experiments. Recent 
studies have shown that lncRNAs act as competing endog-
enous RNAs (ceRNAs) to sponge miRNAs and participate in 
physiological and pathological processes [16]. When inves-
tigating whether SNHG3 interacts with miRNAs, we found 
that SNHG3 possesses a potential binding site for miR-384 
using the starBase web tool. Although the roles of miR-384 
in many types of cancers have been investigated previously 
[17, 18], the effect of miR-384 on breast cancer has rarely 
been reported. In this study, we showed that SNHG3 inter-
acted with miR-384 and inhibited its expression. Moreover, 
we showed that SNHG3 promoted breast cancer cell prolif-
eration and invasion by regulating the miR-384/HDGF axis. 
In conclusion, our data indicate that SNHG3 has potential 
clinical value and can be used as a target for the treatment 
of breast cancer.

Materials and methods

Clinical specimens

The 60 breast cancer and paired adjacent normal tissues 
used in this study were obtained from Zibo Central Hospital 
(Zibo, Shandong, China). The breast cancer conditions were 
diagnosed by two pathologists following the American Soci-
ety of Clinical Oncology guidelines [19]. The tissue samples 
obtained upon resection were stored in liquid nitrogen imme-
diately until further use. The clinical characteristics of the 
patients are listed in Table 1. All patients in this study pro-
vided signed informed consent, and the study was approved 
by the Ethics Committee of Zibo Central Hospital.

Cell culture and transfection

The human breast cancer cell lines MDA-MB-231 and MCF-7 
and the immortalized breast epithelial cell line MCF-10A 
were obtained from the Cell Bank of the Chinese Academy 
of Sciences (Shanghai, China). The cells were cultured in 
high-glucose Dulbecco’s modified Eagle’s medium (DMEM, 
Thermo Fisher Scientific, Waltham, MA, USA) supplemented 
with 10% foetal bovine serum (FBS, Gibco-BRL, Carlsbad, 
CA, USA), 100 U/mL penicillin, and 100 μg/mL streptomy-
cin (Beyotime Institute of Biotechnology, Shanghai, China). 

All the cells were maintained in humidified air at 37 °C with 
5% CO2. SNHG3 lentivirus particles (si-SNHG3), control 
lentivirus particles (si-NC), shRNA expression lentiviral 
plasmid (sh-HDGF) and control lentiviral plasmid (sh-NC) 
were purchased from GenePharma Biotechnology (Shanghai, 
China). Lentivirus infection was performed according to the 
manufacturer’s instructions. Cells at 70% confluence were 
treated with 5 μg/mL polybrene (GenePharma Biotechnology) 
before virus infection, and the cells were transferred to fresh 
medium after 1 day. Cells with stable expression were selected 
using medium containing puromycin (Sigma, USA). miR-384 
mimic, miR-384 inhibitor and the corresponding negative 
controls were purchased from GenePharma Biotechnology. 
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA) 
was used to perform miR-384 mimic, miR-384 inhibitor and 
corresponding negative control transfections according to the 
manufacturer’s instructions. All sequences are listed in Sup-
plementary Table S1.

Total RNA extraction and quantitative real‑time PCR 
(qRT‑PCR)

Total RNA was isolated from tissues and cells using 
RNAiso Plus (TAKARA Biotechnology, Dalian, China) 

Table 1   Correlations between SNHG3 expression level and clinico-
pathological features in breast cancer

TNM tumour–node–metastasis, ER oestrogen receptor, PR progester-
one receptor, Her-2 human epidermal growth factor receptor 2

Characteristic Low (n = 23) High (n = 37) P value

Age (years) 0.795
 ≤ 60 18 30
 > 60 5 7

Histological grade 0.016
 I + II 16 14
 III 7 23

TNM stage 0.001
 I 17 12
 II + III 6 25

Lymph node metastasis < 0.001
 Positive 2 26
 Negative 21 11

ER 0.009
 Positive 13 32
 Negative 10 5

PR 0.85
 Positive 11 26
 Negative 12 11

Her-2 0.001
 Positive 8 28
 Negative 15 9
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according to the manufacturer’s instructions. For SNHG3, 
miR-384 and HDGF mRNA expression, qRT-PCR was 
performed using a SYBR Green-based PCR Kit (TaKaRa 
Biotechnology, Dalian, China). The expression level of 
each gene is presented as relative value to that of the 
internal controls β-actin and U6 snRNA. All of the prim-
ers used are listed in Table 2. The experiments were per-
formed independently in triplicate, and the data are pre-
sented as the mean ± standard error of the mean (SEM).

Cell proliferation assay

A Cell Counting Kit-8 (CCK-8, Beyotime Institute of Bio-
technology, Shanghai, China) assay was used to measure 
the proliferation of breast cancer cells according to the 
manufacturer’s instructions. Briefly, cells (4 × 103 per 
well) were seeded into a 96-well plate and cultured at 24-h 
intervals for 3 days. Subsequently, the cells were treated 
with 10% CCK-8 solution and incubated at 37 °C for 2 h. 
The absorbance at 450 nm was measured with a microplate 
reader (Thermo Fisher, USA). The experiments were per-
formed independently in triplicate, and the data are pre-
sented as the mean ± SEM.

Colony formation assay

Cells were seeded into a six-well plate at a density of 
0.2 × 103 cells/well and cultured for 10 days at 37 °C in 
a 5% CO2 atmosphere. The plate was then fixed with 4% 
paraformaldehyde and stained with 0.1% crystal violet for 
20 min. The plate was washed twice with PBS, and the 
numbers of colonies with more than 50 cells were counted 
and photographed. The experiment was performed inde-
pendently in triplicate, and the data are presented as the 
mean ± SEM.

Cell migration and invasion assays

First, breast cancer cells were starved in DMEM without 
FBS for 12 h. Then 6 × 104 cells resuspended in 0.2 ml 
serum-free DMEM were added to the upper uncoated (for 
migration) or Matrigel matrix-coated (for invasion, BD, 
CA, USA) chambers, and DMEM containing 20% FBS 
was added to the lower chambers as a chemoattractant at 
37 °C in humidified 5% CO2. Twelve hours later, the nonmi-
grated or noninvaded cells were wiped away. The cells that 
migrated or invaded to the lower chamber were fixed and 
stained with a crystal violet solution. Three low magnifica-
tion areas (× 100) were selected randomly, and the number 
of migrated or invaded cells was counted. The experiment 
was performed independently in triplicate, and the data are 
presented as the mean ± SEM.

Animal experiments

Four-week-old male BALB/c nude mice were purchased 
from the Shanghai Experimental Animal Center of the Chi-
nese Academy of Sciences (Shanghai, China) and divided 
randomly into two groups (n = 4 per group). Then 1 × 107 
breast cancer cells were injected subcutaneously into the 
flank of each nude mouse. Tumour volumes were measured 
at indicated time points. Tumour weight was determined 
4 weeks after injection. In the tail vein injection experiment, 
MDA-MB-231 cells transfected with si-SNHG3 or negative 
control were injected into the tail vein of each mouse. Eight 
weeks after injection, the lungs of the mice were excised, 
and visible tumour nodes on the lung surface were counted. 
The animal experiment was approved by the Ethics Commit-
tee of Zibo Central Hospital.

Luciferase reporter assay

Sequences containing wild-type (WT) or mutant (MUT) 
SNHG3-binding sites were subcloned into the pGL3-con-
trol vector (Promega, Madison, WI, USA). Putative miR-384 
binding sites in the 3′ untranslated region (UTR) of wild-
type HDGF (WT-HDGF) or mutant HDGF (MUT-HDGF) 
mRNA were synthesized and inserted into the pGL3-con-
trol vector. For the reporter assay, breast cancer cells were 
plated onto 24-well plates and transfected with WT-SNHG3 
or MUT-SNHG3, WT-HDGF or MUT-HDGF and miR-
384 mimic using Lipofectamine 2000. After transfection 
for 48 h, the cells were harvested and assayed with a lucif-
erase reporter assay system (Promega, Madison, WI, USA) 
according to the manufacturer’s instructions. The experiment 
was performed independently in triplicate, and the data are 
presented as the mean ± SEM.

Table 2   Sequences of primers used for qRT-PCR

Gene Sequence

SNHG3 (human) F: 5ʹ-TTC​CGG​GCG​TTA​CTT​AAG​G-3ʹ
R: 5ʹ-GGT​CAA​GAA​CAA​GCA​CAC​CAA-3ʹ

HDGF (human) F: 5ʹ-ATC​AAC​AGC​CAA​CAA​ATA​CC-3ʹ
R: 5ʹ-TTC​TTA​TCA​CCG​TCA​CCC​T-3ʹ

β-Actin (human) F: 5ʹ-ATT​GCC​GAC​AGG​ATG​CAG​AA-3ʹ
R: 5ʹ-CAA​GAT​CAT​TGC​TCC​TCC​TGA​GCG​

CA-3ʹ
miR-384 (human) F: 5ʹ-TGT​TAA​ATC​AGG​AAT​TTT​AA-3ʹ

R: 5ʹ-TGT​TAC​AGG​CAT​TAT​GAA​-3ʹ
U6 (human) F: 5ʹ-CTC​GCT​TCG​GCA​GCACA-3ʹ

R: 5ʹ-AAC​GCT​TCA​CGA​ATT​TGC​GT-3ʹ
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RNA immunoprecipitation (RIP) assay

RIP assays were performed according to the instructions of the 
EZ-Magna RIP RNA-Binding Protein Immunoprecipitation 
Kit (Millipore, Billerica, MA). Cells in different groups were 
lysed in lysis buffer containing protease inhibitor cocktail and 
RNase inhibitor. Cells were incubated with RIP buffer contain-
ing magnetic beads coated with Ago2 antibodies (Millipore). 
IgG was used as a negative control. After incubation for 2 h at 
4 °C, the coprecipitated RNA was eluted from the beads and 
measured by PCR analysis. The experiment was performed 
independently in triplicate, and the data are presented as the 
mean ± SEM.

Western blot analysis

Cells were collected and lysed in ice-cold RIPA buffer contain-
ing protease inhibitor (Beyotime Institute of Biotechnology). 
Proteins were separated using sodium dodecyl sulphate–poly-
acrylamide gel electrophoresis and then electrotransferred to 
polyvinylidene fluoride (PVDF) membranes (Millipore, Bill-
erica, USA). Following blocking with 5% skim milk solution, 
membranes were incubated at 4 °C overnight with specific 
antibodies against HDGF (1:1000) and β-actin (1:2000) (all 
purchased from Proteintech Group, Rosemont, IL, USA). Sub-
sequently, the membranes were incubated with a horserad-
ish peroxidase (HRP)-conjugated secondary antibody (Pro-
teintech) at room temperature for 1 h, followed by enhanced 
chemiluminescence detection (Beyotime Institute of Biotech-
nology) and autoradiography. The experiment was performed 
independently in triplicate.

Statistical analysis

Statistical analyses were performed using GraphPad software 
(GraphPad Prism version 5.0, San Diego, USA) and SPSS 
software (version 17.0; SPSS, Inc., Chicago, IL, USA). The 
results are expressed as mean ± SEM from at least three inde-
pendent experiments. A two-tailed paired Student’s t test was 
conducted for the analysis of two groups. A Mann–Whitney 
U test was carried out to analyse the relationship between 
SNHG3 expression and the clinicopathological features of 
the breast cancer patients. P < 0.05 was considered to indicate 
a statistically significant difference. Statistically significant 
data are indicated by asterisks (*P < 0.05, **P < 0.01 and 
***P < 0.01) in the figures.

Results

SNHG3 was upregulated and associated 
with tumour malignancy in breast cancer

First, we examined SNHG3 expression in 60 pairs of breast 
cancer tissues. qRT-PCR showed that SNHG3 expression was 
significantly higher in breast cancer tissues than in adjacent 
normal tissues (Fig. 1a). Moreover, we investigated the cor-
relation of SNHG3 expression with various clinicopathologi-
cal parameters of breast cancer patients. The statistical analy-
ses demonstrated that SNHG3 expression was significantly 
associated with histological grade, lymph node metastasis, 
advanced tumour–node–metastasis (TNM) stage, and oestro-
gen receptor (ER) and human epidermal growth factor receptor 
2 (Her-2) status (Fig. 1b, c and Table 1). In addition, qRT-PCR 
showed that SNHG3 expression was higher in breast cancer 
cell lines (MDA-MB-231 and MCF-7) than in MCF-10A cells 
(Fig. 1d). Together, these data indicate that SNHG3 is upregu-
lated and associated with tumour malignancy in breast cancer 
specimens.

SNHG3 promoted breast cancer cell proliferation 
and invasion in vitro and in vivo

To explore the roles of SNHG3 in breast cancer tumourigen-
esis, MDA-MB-231 and MCF-7 cells were transfected with si-
SNHG3 and si-NC (Fig. 2a). The CCK-8 and colony formation 
assay results indicated that SNHG3 inhibition significantly 
reduced breast cancer cell proliferation and colony formation 
abilities (Fig. 2b, c). Transwell assays revealed that SNHG3 
suppression significantly reduced breast cancer cell migration 
and invasion abilities (Fig. 2d). The same effects are shown in 
Supplementary Fig. S1 for cells transfected with si-SNHG3-1. 
Next, we further explored the function of SNHG3 in vivo. 
Stable MDA-MB-231 cells transfected with si-SNHG3 and 
si-NC were injected subcutaneously into nude mice. Continu-
ous measurements of tumour growth were taken every 4 days, 
followed by tumour excision and weighing 4 weeks after injec-
tion. si-SNHG3 significantly suppressed the average tumour 
volume and weight compared with si-NC (Fig. 2e, f). Further-
more, a tail vein injection experiment was adopted to explore 
the effect of SNHG3 knockdown on breast cancer cell metas-
tasis in vivo. The results revealed that si-SNHG3 significantly 
reduced the number of lung metastatic nodules compared with 
si-NC (Fig. 2g). These results indicate that SNHG3 might play 
critical roles in breast cancer progression.
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SNHG3 interacts with miR‑384 and decreases its 
expression in breast cancer

To further explore the underlying molecular mechanism 
by which SNHG3 regulates breast cancer, we performed a 
bioinformatics prediction analysis and found that miR-384 
was a potential candidate. Bioinformatics analysis showed 
that SNHG3 might interact with miR-384 (Fig. 3a). A dual 
luciferase reporter assay showed that miR-384 mimic sig-
nificantly reduced the luciferase activity of WT-SNHG3 in 
breast cancer cells (Fig. 3b). qRT-PCR showed that SNHG3 
knockdown remarkably increased miR-384 expression in 
breast cancer cells (Fig. 3c). In addition, miR-384 expres-
sion was significantly decreased in breast cancer tissues and 
cell lines (Fig. 3d, e). A correlation analysis revealed that 
SNHG3 expression was negatively correlated with miR-384 
expression in breast cancer tissues (Fig. 3f). Through star-
Base v2.0 Program prediction, 16 miRNAs were predicted 
as possible targets of SNHG3 (Supplementary Table S2). 
Among the 16 candidate miRNAs predicted by starBase, 
we screened and analysed miR-758-3p and miR-384, whose 
effects on breast cancer have been rarely reported. Next, we 
identified functional miRNAs that may interact with SNHG3 
in breast cancer cells. RIP assays showed that SNHG3 and 
miR-384 (not miR-758-3p) expression was significantly 
enriched in the Ago2 pellet compared to that in the IgG 

control pellet (Fig. 3g). These data indicate that SNHG3 
interacts with miR-384 and decreases its expression in breast 
cancer.

miR‑384 inhibits breast cancer cell proliferation 
and invasion by targeting HDGF

To confirm the function of miR-384, we transfected miR-
384 mimic or NC mimic sequences into breast cancer cells. 
The CCK-8 and colony formation assay results indicated that 
miR-384 significantly reduced breast cancer cell prolifera-
tion and colony formation abilities (Fig. 4a, b). Transwell 
assays revealed that miR-384 significantly reduced breast 
cancer cell migration and invasion abilities (Fig. 4c). Bio-
informatics analyses (TargetScan) revealed that HDGF is a 
potential target of miR-384 (Fig. 4d). To confirm HDGF as 
a direct target of miR-384, we engineered luciferase reporter 
constructs containing the WT or MUT 3′ UTR of the HDGF 
gene. The luciferase reporter assay showed that miR-384 
significantly decreased the luciferase activity of the WT-
HDGF 3′ UTR but not that of the MUT-HDGF 3′ UTR in 
MDA-MB-231 and MCF-7 cells (Fig. 4e). Furthermore, 
qRT-PCR and western blot analysis revealed that miR-384 
mimic transfection in MDA-MB-231 and MCF-7 cells led 
to a considerable reduction in both the mRNA and pro-
tein levels of HDGF (Fig. 4f, g). We then detected HDGF 

Fig. 1   SNHG3 is upregulated 
in breast cancer. a qRT-PCR 
was used to examine SNHG3 
expression in breast cancer 
tissue (BCT) and adjacent 
normal tissue (ANT). b SNHG3 
expression was higher in breast 
cancer patients with lymph node 
metastasis (LM) than in patients 
with no lymph node metastasis 
(NLM). c SNHG3 expression 
was higher in breast cancer 
patients with TNM stage II + III 
than in those with TNM stage I. 
d qRT-PCR was used to exam-
ine SNHG3 expression in breast 
cancer cell lines and immortal-
ized breast epithelial cells. The 
experiments were performed 
independently in triplicate, and 
the data are presented as the 
mean ± SEM, ***P < 0.001
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expression in breast cancer and adjacent nontumour tissues 
by qRT-PCR. HDGF expression was obviously higher in 
breast cancer tissues than in adjacent nontumour tissues 
(Fig. 4h). Thereafter, a correlation analysis indicated that 
the miR-384 expression level was inversely correlated with 
the HDGF mRNA expression level in breast cancer tissues 
(Fig. 4i). Taken together, these data show that HDGF is a 
direct target of miR-384 in breast cancer.

SNHG3 promotes cell proliferation and invasion 
via the miR‑384/HDGF axis

To test whether SNHG3 can regulate HDGF via miR-384 
in breast cancer cells, a western blot assay was performed. 
Transfection with si-SNHG3 significantly decreased HDGF 
expression. Transfection with miR-384 inhibitor significantly 

increased HDGF expression, and cotransfection with si-
SNHG3 and miR-384 inhibitor increased HDGF expres-
sion compared with cotransfection with si-SNHG3 and NC 
inhibitor (Fig. 5a). Next, a correlation analysis revealed that 
HDGF expression was positively correlated with SNHG3 
expression in breast cancer tissues (Fig. 5b). Furthermore, 
CCK-8, colony formation and transwell assays showed that 
the miR-384 inhibitor significantly rescued the proliferation, 
colony formation, migration and invasion abilities induced 
by si-SNHG3 in breast cancer cells (Fig. 5c–e). In addition, 
we knocked down HDGF expression in breast cancer cells 
using shRNA (Fig. 5f). The results show that HDGF knock-
down cancelled the effect of miR-384 downregulation with 
a miR-384 inhibitor. Compared to those in cells cotrans-
fected with miR-384 inhibitor and sh-NC, cell proliferation, 
colony formation, migration, and invasion were significantly 

Fig. 2   SNHG3 knockdown inhibits breast cancer cell proliferation, 
migration and invasion in vitro and in vivo. a qRT-PCR verified the 
interference efficiency of SNHG3 in breast cancer cell lines. b A 
CCK-8 assay was performed to measure breast cancer cell prolifera-
tion after transfection with si-SNHG3 and si-NC. c A colony forma-
tion assay was performed to measure breast cancer cell proliferation 
after transfection. d Transwell assays were performed to determine 
the effects of SNHG3 knockdown on breast cancer cell migra-

tion and invasion. e Tumour size was measured every 4  days. The 
tumour volume was smaller in the si-SNHG3 group than in the si-NC 
group. f The xenograft tumour weight was significantly lower in the 
si-SNHG3 group than in the si-NC group. g The number of visible 
metastatic nodules on the lung surface was counted. The experiments 
were performed independently in triplicate, and the data are presented 
as the mean ± SEM, ***P < 0.001
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suppressed in cells cotransfected with miR-384 inhibitor and 
sh-HDGF (Fig. 5g–i). These results indicate that SNHG3 
promotes breast cancer progression by regulating the miR-
384/HDGF axis (Fig. 5j).

Discussion

Although advancements in clinical therapies have improved 
clinical conditions, breast cancer patients with an advanced 
stage and distant metastasis still have a very poor prognosis; 
therefore, new targets against breast cancer cell proliferation 
and metastasis are urgently needed. The aberrant expression 
of lncRNAs is common in human solid tumours and criti-
cal for tumour progression [20, 21]. Cao et al. showed that 
the upregulation of the lncRNA SNHG16 correlated with 

tumour progression and poor prognosis in bladder cancer 
[22]. Gao et al. found that the lncRNA SBF2-AS1 regulated 
cervical cancer progression by targeting the miR-361-5p/
FOXM1 signalling pathway [23]. Increasing evidence has 
indicated that lncRNAs are vital to the development and 
prognosis of breast cancer [24]. For example, the lncRNA 
Z38 is highly expressed, and silencing Z38 significantly 
inhibited cell proliferation and tumourigenesis in breast 
cancer [25]. The lncRNA FBXL19-AS1 is upregulated in 
breast cancer, and FBXL19-AS1 promotes cell proliferation 
and invasion in breast cancer [26].

Among lncRNAs, SNHG3 has been proven to be highly 
associated with human cancers, including osteosarcoma 
[27], hepatocellular carcinoma [28], ovarian cancer [15], 
and colorectal cancer [29]. However, the roles and underly-
ing mechanisms of SNHG3 in breast cancer remain largely 

Fig. 3   SNHG3 interacts with miR-384 and decreases its expression 
in breast cancer. a Predicted position of the miR-384-binding sites 
in SNHG3. b A dual luciferase reporter assay showed that miR-384 
mimic significantly decreased the luciferase activity of WT-SNHG3 
in breast cancer cells. c SNHG3 inhibition of miR-384 expression in 
breast cells. d, e The expression level of miR-384 in BCT and cell 

lines was detected by qRT-PCR. f SNHG3 expression was negatively 
correlated with miR-384 expression in BCT. g RIP assay showing 
that SNHG3 and miR-384 were both enriched in Ago2-containing 
miRNAs. The experiments were performed independently in tripli-
cate, and the data are presented as the mean ± SEM, ***P < 0.001
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unknown. In our study, we demonstrated that the lncRNA 
SNHG3 was significantly increased in not only breast cancer 
patient samples but also breast cancer cell lines. High levels 
of SNHG3 expression were associated with tumour malig-
nancy in breast cancer patients. Functional assays revealed 
that the downregulation of SNHG3 significantly inhibited 
the proliferation, colony formation, migration and invasion 

of breast cancer cells. These results suggest that SNHG3 
acts as an oncogenic lncRNA in breast cancer progression.

MicroRNAs (miRNAs) are noncoding RNAs that can 
regulate a set of target genes through translational repres-
sion or mRNA degradation [30]. Recently, increasing stud-
ies have shown that lncRNAs act as ‘sponges’ to bind with 
specific miRNAs, thus regulating multiple diseases [31]. For 

Fig. 4   HDGF is a functional downstream target of miR-384. a The 
proliferation of breast cancer cells transfected with miR-384 mimic 
or NC mimic was determined by CCK-8 assay. b A colony forma-
tion assay showed that miR-384 inhibited breast cancer cell viability. 
c Transwell assays detected the migration and invasion abilities of 
breast cancer cells transfected with miR-384 mimic. d Bioinformat-
ics analysis revealed the predicted binding sites between HDGF and 
miR-384. e A dual luciferase reporter assay demonstrated that miR-
384 mimic significantly decreased the luciferase activity of WT-

HDGF in breast cancer cells. f qRT-PCR detected HDGF mRNA 
expression levels after miR-384 mimic transfection in breast cancer 
cells. g The protein levels of HDGF were decreased in breast cancer 
cells transfected with miR-384 mimic. h HDGF expression was sig-
nificantly higher in BCT than in ANT according to qRT-PCR analy-
sis. i A correlation analysis revealed a negative relationship between 
HDGF and miR-384 expression in BCT. The experiments were per-
formed independently in triplicate, and the data are presented as the 
mean ± SEM, ***P < 0.001
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example, Zhang et al. found that the lncRNA LINC00460 
promoted colorectal cancer cell metastasis via spong-
ing miR-939-5p [32]. Du et al. revealed that the lncRNA 
MAGI2-AS3 inhibits the migration and invasion of breast 
cancer by sponging miR-374a to upregulate PTEN [33]. 
Previous studies have shown that miR-384 promotes pro-
liferation and metastasis in many malignant tumours, such 
as thyroid cancer, pancreatic cancer, hepatocellular carci-
noma and colorectal cancer [34–37]. In this study, luciferase 

reporter and RIP assays showed that SNHG3 could bind to 
miR-384 in breast cancer cells. Previous studies have shown 
that miR-384 might serve as a tumour suppressor in some 
human tumours [38, 39]. In the present study, we found that 
miR-384 was significantly decreased and inversely associ-
ated with SNHG3 expression in breast cancer tissues. Func-
tional assays showed that miR-384 reduced breast cancer cell 
viability and invasion and that a miR-384 inhibitor abolished 
the effects of SNHG3 knockdown on breast cancer cells. 

Fig. 5   SNHG3 promotes cell proliferation and invasion via the 
HDGF/miR-384 axis. a SNHG3 controls HDGF expression by regu-
lating miR-384 in breast cancer cells, as analysed by western blotting. 
b SNHG3 expression was positively correlated with HDGF expres-
sion in BCT. c A CCK-8 assay showed that miR-384 inhibitor rescued 
the proliferation effects of SNHG3 knockdown on breast cancer cells. 
d A colony formation assay showed that miR-384 inhibitor signifi-
cantly rescued the viability effects of SNHG3 knockdown on breast 
cancer cells. e Transwell assays showed that miR-384 inhibitor signif-
icantly rescued the migration and invasion effects of SNHG3 knock-
down on breast cancer cells. f Western blot analysis of the effects of 

sh-HDGF on HDGF expression. g CCK-8 assay to investigate breast 
cancer cell proliferation after cotransfection with miR-384 inhibitor 
and the sh-HDGF. h Colony formation assay to determine the col-
ony number of breast cancer cells after cotransfection with miR-384 
inhibitor and the sh-HDGF. i Transwell assay to investigate breast 
cancer cell migration and invasion after cotransfection with miR-384 
inhibitor and the sh-HDGF. j Schematic diagram of the mechanism 
derived from the experimental results of this study. The experiments 
were performed independently in triplicate, and the data are presented 
as the mean ± SEM, ***P < 0.001
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In this way, SNHG3 promoted breast cancer progression 
through the inhibition of miR-384.

Next, we used online biological software to predict that 
HDGF is a potential target gene of miR-384. HDGF is a 
heparin-binding growth factor that was first purified from 
culture media conditioned with the human hepatoma cell 
line Huh7 [40, 41]. Increasing evidence suggests an impor-
tant role for HDGF in the progression of many tumours. 
High HDGF expression correlates with a poor prognosis 
in breast cancer and promotes cell growth, migration and 
invasion [42, 43]. Here, we found that knocking down 
SNHG3 significantly decreased HDGF expression at the 
mRNA and protein levels in breast cancer cells. Moreover, 
si-SNHG3 and miR-384 inhibitor cotransfection increased 
HDGF expression compared with si-SNHG3 and NC inhibi-
tor cotransfection in breast cancer cells. Furthermore, CCK-
8, colony formation and transwell assays showed that si-
SNHG3 and miR-384 inhibitor cotransfection significantly 
increased cell proliferation, colony formation, migration 
and invasion compared with si-SNHG3 and NC inhibitor 
cotransfection in breast cancer cells. These results suggest 
that SNHG3 exerts its oncogenic function, at least in part, 
by regulating the miR-384/HDGF axis.

In conclusion, our studies demonstrated that the lncRNA 
SNHG3 is highly expressed in breast cancer and promotes 
proliferation and invasion via the miR-384/HDGF axis in 
breast cancer cells. These findings provide a novel mecha-
nism for the occurrence and development of breast cancer.
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