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The SNHG16/miR-30a axis promotes breast cancer cell proliferation and 
invasion by regulating RRM2 
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Long noncoding RNAs (lncRNAs) have been suggested to play vital roles in tumor initiation and progression. Recent 
studies have reported that the lncRNA small nucleolar RNA host gene 16 (SNHG16) is highly expressed in breast cancer 
tissue. In the present study, we demonstrated that SNHG16 is an oncogene involved in cell proliferation and invasion in 
breast cancer. First, we examined the functional role of SNHG16 in breast cancer cells by knocking down SNHG16 expres-
sion via siRNA. We found that SNHG16 inhibition reduced the proliferation and invasion of breast cancer cells in vitro. 
Then, based on bioinformatic prediction and functional assay validation, we demonstrated SNHG16 interaction with 
miR-30a and its role in breast cancer cells. Finally, we examined the functional role of RRM2 in breast cancer cells by 
knocking down RRM2 expression via siRNA. Our results indicated that the SNHG16/miR-30a axis regulated the expres-
sion of ribonucleotide reductase M2 (RRM2) in breast cancer cells. These results provide novel insight into breast cancer 
tumorigenesis and suggest that SNHG16 could serve as a therapeutic target in breast cancer.
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Breast cancer is one of the most commonly occurring 
malignant tumors in women, with a recently increased 
incidence and dramatically decreased onset age [1, 2]. 
Despite advances in diagnosis and treatment, the survival 
rates of breast cancer patients remain low [3]. Abnormal 
proliferation and invasion by breast cancer cells are major 
contributors to breast cancer patient death [4]. Therefore, it 
is of great significance to investigate the mechanisms under-
lying breast cancer progression.

Long noncoding RNAs (lncRNAs) are defined as a type 
of RNA that is more than 200 nucleotides in length and has 
no protein-coding ability [5]. Many studies have shown 
that lncRNAs regulate gene expression at the epigenetic, 
transcriptional and posttranscriptional levels and participate 
in various physiological processes by interacting with proteins 
and nucleic acids [6]. Increasing evidence has revealed that 
dysregulated expression of lncRNAs is involved in tumor 
initiation, progression, and metastasis [7–10]. In breast 
cancer, some lncRNAs have been identified as oncogenes or 
tumor suppressors and have potential use as diagnostic or 
prognostic markers in breast cancer patients [11, 12].

Although it is commonly accepted that small nucle-
olar RNA host gene 16 (SNHG16), a noncoding RNA, has 
upregulated expression and functions as an oncogene that 

promotes tumorigenesis and tumor progression in multiple 
cancers [13–16], the regulatory mechanism involving 
SNHG16 in breast cancer still needs more exploration. In the 
present study, we explored how SNHG16 contributes to the 
progression of breast cancer and investigated the underlying 
mechanisms.

Materials and methods

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 used in this study. 
All cells were purchased from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China) and cultured in 
high-glucose Dulbecco’s modified Eagle’s medium (DMEM; 
Thermo Fisher Scientific, MA, USA) supplemented with 10% 
fetal bovine serum (FBS; Gibco, CA, USA). All cells were 
maintained in humidified air at 37 °C with 5% CO2.

siRNA against SNHG16 (si-SNHG16), siRNA against 
RRM2 (si-RRM2), a scrambled negative control siRNA 
(si-NC), miR-30a mimic, miR-30a inhibitors and the corre-
sponding negative controls (mimic NC and inhibitor NC) 
were purchased from GenePharma Biotechnology (Shanghai, 
China). All oligonucleotide sequences are listed in Table 1. 
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Lipofectamine 2000 reagents (Invitrogen, Carlsbad, CA, 
USA) were used to perform all transfections according to the 
manufacturer’s instructions.

RNA isolation and quantitative real-time PCR 
(qRT-PCR). Total RNA was isolated from tissue samples and 
cells using RNAiso Plus (TAKARA Biotechnology, Dalian, 
China) according to the manufacturer’s instructions. To 
measure SNHG16, miR-30a and ribonucleotide reductase M2 
(RRM2) mRNA expression, qRT-PCR was performed using 
a SYBR Green-based PCR Kit (TAKARA Biotechnology). 
β-actin or U6 snRNA was used as an internal control. The 
specific details were described in a previous report [17]. All 
primers used are listed in Table 2.

Cell proliferation and colony formation assays. The 
proliferation of breast cancer cells was assessed using a Cell 
Counting Kit-8 (CCK-8; Beyotime Institute of Biotech-
nology, Shanghai, China) assay, and the cell colony number 
was investigated by a colony formation assay. The specific 
details were described in a previous report [18].

Apoptosis assays. An apoptosis kit (MultiSciences 
Biotechnology, Hangzhou, China) was used to evaluate 
apoptosis with a FACSCalibur flow cytometer (Thermo 
Fisher) according to the manufacturer’s instructions. The 
specific details were described in a previous report [18].

Cell migration and invasion assays. A Transwell assay 
was performed to investigate the migratory and invasive 
capabilities of cells using a 24-well Transwell plate (Corning, 
NY, USA). For the invasion assay, the upper chambers were 

coated with 50 μl of Matrigel matrix (1:5, BD, NJ, USA). A 
total of 5×104 cells were seeded in the upper chamber of a 
Transwell insert. The specific details were described in a 
previous report [17].

Luciferase reporter assay. Wild-type (WT) or mutant 
(MUT) SNHG16 binding sites were subcloned into the 
pGL3-control vector (Promega, Madison, WI, USA). 
MDA-MB-231 and MCF-7 cells were seeded into 24-well 
plates. The miR-384 mimic was co-transfected with 
wild-type SNHG16 (WT-SNHG16) or mutant SNHG16 
(MUT-SNHG16) using Lipofectamine 2000 according to the 
manufacturer’s instructions. Putative miR-30a binding sites 
in the 3’ untranslated region (UTR) of the RRM2 mRNA 
transcript were synthesized and inserted into the pGL3-control 
vector. For the reporter assay, MDA-MB-231 and MCF-7 cells 
were plated into 24-well plates and transfected with wild-
type RRM2 (WT-RRM2) or mutant RRM2 (MUT-RRM2) 
and the miR-30a mimic using Lipofectamine 2000. After 
transfection for 48 h, the cells were harvested and assayed 
with a luciferase reporter assay system (Promega, Madison, 
WI, USA) according to the manufacturer’s instructions.

RNA immunoprecipitation (RIP) assay. A RIP assay was 
performed according to the instructions of the EZ-Magna 
RIP RNA-Binding Protein Immunoprecipitation Kit (Milli-
pore, Billerica, MA). Cells in different groups were lysed in 
a lysis buffer containing a protease inhibitor cocktail and an 
RNase inhibitor. The cells were incubated with a RIP buffer 
containing magnetic beads coated with anti-Ago2 antibodies 
(Millipore). IgG acted as a negative control. After incubation 
for 2 h at 4 °C the co-precipitated RNA was eluted from the 
beads and measured by PCR analysis.

Western blot analysis. Western blot analysis was 
performed as described previously [17]. Briefly, total protein 
was extracted from transfected cells for Western blot analysis. 
Antibodies against RRM2 (67006-1-Ig, 1:10000) and β-actin 
(60008-1-Ig, 1:4000) and a horseradish peroxidase-linked 
secondary antibody (SA00001-1, 1:5000) were obtained from 
Proteintech.

Statistical analysis. Statistical analyses were performed 
using GraphPad software (GraphPad Prism version 5.0, San 
Diego, USA). The results are expressed as the means ± SEMs. 
P-values were analyzed using Student’s t test. A p<0.05 was 
considered to indicate a statistically significant difference.

Results

Tumor cell proliferation and invasion are inhibited 
by knocking down SNHG16 expression in vitro. First, we 
examined SNHG16 expression in breast cancer cell lines 
(MDA-MB-231 and MCF-7). qRT-PCR showed that SNHG16 
expression was significantly upregulated in the breast cancer 
cell lines compared to the MCF-10A cell line (Figure 1A). 
To investigate the role of SNHG16 in breast cancer cells, 
si-SNHG16 was transfected into breast cancer cells. The trans-
fection efficiency was confirmed by qRT-PCR analysis (Figure 

Table 1. Oligonucleotide sequences.
Name Sequence
si-SNHG16 5’-GATATCTTAGTCCTAACCATATTGATCCC-3’
si-RRM2 5’-CGAUGGCAUAGUAAAUGAATT-3’
si-NC 5’-UUCUCCGAACGUGUCACGUTT-3’
miR-30a mimic sense
anti-sense

5’-UGUAAACAUCCUCGA CUGGAAG-3’
5’-UCCAGUCGAGGAUGU UUACAUU-3’

mimic NC sense
anti-sense

5’-UUCUCCGAACGUGUCACGUTT-3’
5’-ACGUGACACGUUCGGAGAATT-3’

miR-30a inhibitor 5’-CUUCCAGUCGAGGAUGUUUACA-3’
inhibitor NC 5’-CAGUACUUUUGUGUAGUACAA-3’

Table 2. Sequences of primers used for qRT-PCR.
Gene Sequence
SNHG16 F: 5’-CAGAATGCCATGGTTTCCCC-3’

R: 5’-TGGCAAGAGACTTCCTGAGG-3’
miR-30a F: 5’-CGACGACTTTCA-GTCGGATGTT-3’

R: 5’-GTGCAGGGTCCGAGGT-3’
RRM2 F: 5’-CACGGAGCCGAAAACTAAAGC-3’

R: 5’-TCTGCCTTCTTATACATCTGCCA-3’
U6 F: 5’-CTCGCTTCGGCAGCACA-3’

R: 5’-AACGCTTCACGAATTTGCGT-3’
β-actin F: 5’-ATTGCCGACAGGATGCAGAA-3’

R: 5’-CAAGATCATTGCTCCTCCTGAGCGCA-3’
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1B). The CCK-8 and colony formation assay results indicated 
that the downregulation of SNHG16 expression signifi-
cantly inhibited proliferation in si-SNHG16-transfected 
breast cancer cells compared to that in si-NC-transfected 
cells (Figures 1C, 1D). Next, flow cytometry was performed 
to determine the effect of SNHG16 on cell apoptosis. We 
found that knocking down SNHG16 expression significantly 
induced cell apoptosis in breast cancer cells (Figure 1E). To 
clarify the role of SNHG16 in breast cancer metastasis, the 
present study analyzed the effects of SNHG16 on the migra-
tion and invasion of breast cancer cells. Via Transwell assays, 
significant decreases in migration and invasion were observed 
in breast cancer cells transfected with si-SNHG16 compared 
with cells transfected with si-NC (Figure 1F).

Reciprocal interaction between SNHG16 and miR-30a in 
breast cancer cells. Recent studies have shown that lncRNAs 
act as competing endogenous RNAs (ceRNAs) or molecular 
sponges to modulate the biological roles of miRNAs [19]. 

To investigate whether SNHG16 interacts with miRNAs, we 
examined whether SNHG16 possesses a potential binding 
site for miR-30a using the starBase web tool (Figure 2A). 
Cheng et al. showed that miR-30a is a tumor suppressor that 
inhibits breast cancer progression by targeting vimentin [20]. 
To verify whether SNHG16 binds with miR-30a in breast 
cancer cells, a dual luciferase reporter assay was conducted 
and showed that the miR-30a mimic significantly reduced 
the luciferase activity of WT-SNHG16 in breast cancer cells 
(Figure 2B). qRT-PCR showed that knocking down SNHG16 
expression significantly increased miR-30a expression in 
breast cancer cells (Figure 2C). In addition, miR-30a expres-
sion was significantly decreased in breast cancer cell lines 
(Figure 2D). Moreover, a RIP assay showed that SNHG16 
and miR-30a expression was significantly enriched in the 
Ago2 pellet compared to the IgG control pellet (Figure 2E). 
These data indicate that SNHG16 interacts with miR-30a and 
decreases its expression in breast cancer.

Figure 1. SNHG16 promotes breast cancer cell proliferation and invasion and inhibits apoptosis in vitro. A) qRT-PCR was used to examine SNHG16 
expression in breast cancer cell lines and immortalized breast epithelial cells. B) qRT-PCR verified the interference efficiency of si-SNHG16 in breast 
cancer cell lines. C) CCK-8 assay to determine the effects of SNHG16 on breast cancer cell proliferation. D) Colony formation assay to determine the ef-
fects of SNHG16 on the breast cancer cell colony number. E) Flow cytometric analysis of the effects of SNHG16 on breast cancer cell apoptosis. F) Tran-
swell assay to determine the effects of SNHG16 on breast cancer cell migration and invasion. The data are presented as the means ± SEMs, ***p<0.001
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more, western blot analysis revealed that transfection of the 
miR-30a mimic into MDA-MB-231 and MCF-7 cells led 
to considerable reductions in the protein levels of RRM2 
(Figure 4C). Taken together, these data show that RRM2 is a 
direct target of miR-30a in breast cancer.

SNHG16/miR-30a axis promotes breast cancer cell 
proliferation and invasion by regulating RRM2. To test 
whether SNHG16 can regulate RRM2 via miR-30a in breast 
cancer cells, a western blot analysis was performed. Transfec-
tion with si-SNHG16 significantly decreased RRM2 expres-
sion (Figure 5A). Transfection with a miR-30a inhibitor 
significantly increased RRM2 expression (Figure 5B), and 
compared with co-transfection with si-SNHG16 and inhib-
itor NC, co-transfection with si-SNHG16 and the miR-30a 
inhibitor increased RRM2 expression (Figure 5C).

Breast cancer cell proliferation and invasion are inhib-
ited by knockdown of RRM2 expression in vitro. To evaluate 
the effects of RRM2 on breast cancer cells, we suppressed 
RRM2 via siRNA. The transfection efficiency was confirmed 
by qRT-PCR analysis (Figure 6A). The CCK-8 and colony 
formation assay results  indicated that the downregulation 
of RRM2 expression significantly inhibited proliferation in 
si-RRM2-transfected breast cancer cells compared to the 
negative control cells (Figures 6B, 6C). The flow cytometric 
assay results indicated that knockdown of SNHG16 expres-
sion significantly induced cell apoptosis in breast cancer cells 
(Figure 6D). Transwell assays showed significant decreases in 
the migration and invasion of breast cancer cells transfected 

Downregulating miR-30a expression abolishes the 
effects of knocking down SNHG16 expression on breast 
cancer cells. To further investigate whether miR-30a partic-
ipates in SNHG16-induced proliferation, apoptosis, migra-
tion, and invasion in breast cancer cells, miR-30a expression 
was downregulated by miR-30a inhibitors in breast cancer 
cells with knocked down SNHG16 expression (Figure 3A). 
Knocking down miR-30a expression promoted prolif-
eration and colony formation and inhibited apoptosis in 
breast cancer cells with knocked down SNHG16 expression 
(Figures 3B–3D). Moreover, knocking down miR-30a expres-
sion reversed the SNHG16 silencing-induced attenuation of 
migration and invasion by breast cancer cells (Figure  3E). 
Taken together, these results implied that miR-30a might be 
involved in SNHG16-mediated oncogenic activity in breast 
cancer.

miR-30a inhibits breast cancer cell proliferation and 
invasion by targeting RRM2. Bioinformatic analyses 
(miRanda) revealed that RRM2 is a potential target of 
miR-30a (Figure 4A). Previous studies have suggested that 
RRM2 is an oncogene involved in breast cancer cell prolif-
eration, apoptosis, migration, and invasion [21]. To confirm 
RRM2 as a direct target of miR-30a, we engineered lucif-
erase reporter constructs containing a WT or MUT 3’ UTR 
of the RRM2 gene. The luciferase reporter assay showed that 
miR-30a significantly decreased the luciferase activity of the 
WT RRM2 3’ UTR but not that of the MUT RRM2 3’ UTR 
in MDA-MB-231 and MCF-7 cells (Figure 4B). Further-

Figure 2. SNHG16 interacts with miR-30a and decreases its expression in breast cancer. A) The predicted position of the miR-30a binding sites in 
SNHG16 and the mutated sequences of SNHG16 used in the dual luciferase reporter assay. B) The dual luciferase reporter assay showed that the miR-
30a mimic significantly decreased the luciferase activity of WT-SNHG16 in breast cancer cells. C) SNHG16-mediated inhibition of miR-384 expression 
in breast cells. D) The expression level of miR-30a in cell lines was measured by qRT-PCR. E) The RIP assay showed that compared to the IgG control, 
both SNHG16 and miR-30a were enriched in Ago2-containing miRNAs. The data are presented as the means ± SEMs, ***p<0.001
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with si-RRM2 compared with cells transfected with si-NC 
(Figure 6E). These results indicate that RRM2 promotes 
breast cancer cell proliferation, colony formation, migration, 
and invasion and inhibits the apoptosis of breast cancer cells. 
Moreover, our results show that SNHG16 promotes breast 
cancer progression by regulating the miR-30a/RRM2 axis 
(Figure 6F).

Discussion

Although advances in clinical therapies have improved 
clinical conditions, breast cancer patients with advanced-
stage disease or distant metastasis still have a very poor 
prognosis; therefore, new targets limiting breast cancer cell 
proliferation and metastasis are urgently needed. Currently, 

Figure 3. miR-30a reverses the tumor-promoting effects of SNHG16 in breast cancer cells. A) qRT-PCR verified the interference efficiency of miR-30a 
in breast cancer cells after co-transfection with si-SNHG16 and the miR-30a inhibitor. B) CCK-8 assay to investigate breast cancer cell proliferation 
after co-transfection with si-SNHG16 and the miR-30a inhibitor. C) Colony formation assay to determine the colony number of breast cancer cells 
after co-transfection with si-SNHG16 and the miR-30a inhibitor. D) Flow cytometric analysis of breast cancer cell apoptosis after co-transfection with 
si-SNHG16 and the miR-30a inhibitor. E) Transwell assay to investigate breast cancer cell migration and invasion after co-transfection with si-SNHG16 
and the miR-30a inhibitor. The data are presented as the means ± SEMs, ***p<0.001



572 S. M. DU

et al. showed that downregulation of the expression of the 
lncRNA MAGI2-AS3 correlated with tumor progression and 
poor prognosis in breast cancer [18]. Luan et al. found that 
the lncRNA MIAT promoted breast cancer progression and 
functioned as a ceRNA to regulate DUSP7 expression by 
sponging miR-155-5p [24]. However, the precise molecular 
mechanisms underlying the progression and development of 
breast cancer remain largely unclear.

SNHG16 has been identified as a potential oncogene in 
many cancers [25–30]. However, the function of SNHG16 
in breast cancer has not been completely investigated. In 
this study, our results showed that the downregulation of 
SNHG16 expression inhibited cancer cell proliferation, 
migration, and invasion in vitro and retarded tumor growth 
in vivo. Taken together, these results suggest that SNHG16 
acts as an oncogenic lncRNA in breast cancer progression.

miRNAs are short noncoding RNA molecules with 
lengths of 20–24 nucleotides that play important roles in 
the posttranscriptional regulation of gene expression [31]. 
Accumulating evidence indicates that miRNAs play signifi-
cant roles in the progression of various diseases, including 
cancers [32, 33]. Recently, an increasing number of studies 
have shown that lncRNAs perform their roles by serving as 
ceRNAs to regulate miRNA expression and functions [34, 
35]. To further explore the underlying molecular mechanism 
by which SNHG16 regulates breast cancer, we performed a 
bioinformatic prediction analysis and found that miR-30a 
was a potential candidate. Luciferase reporter activity and 
RIP assays showed that SNHG16 might act as a molecular 
sponge for miR-30a in breast cancer progression. Moreover, 
miR-30a inhibitors abolished the effects of knocking down 
SNHG16 expression on breast cancer cells. Previous studies 

Figure 4. RRM2 is a target gene of miR-30a in breast cancer. A) The predicted position of the miR-30a binding sites in RRM2 and the mutated sequences 
of RRM2 used in the dual luciferase reporter assay. B) The dual luciferase reporter assay demonstrated that the miR-30a mimic significantly decreased 
the luciferase activity of WT-RRM2 in breast cancer cells. C) The protein levels of RRM2 were decreased in breast cancer cells transfected with the miR-
30a mimic, as determined by western blotting. The data are presented as the means ± SEMs, ***p<0.001

Figure 5. SNHG16 regulates RRM2 expression via miR-30a in breast can-
cer cells. A) Western blot analysis of the effects of si-SNHG16 on RRM2 
expression. B) Western blot analysis of the effects of the miR-30a inhibi-
tor on RRM2 expression. C) Western blot analysis of RRM2 expression in 
breast cancer cells after co-transfection with si-SNHG16 and the miR-30a 
inhibitor.

accumulating documents have revealed that lncRNAs are 
responsible for the pathogenesis of many types of cancers 
[22, 23]. Increasing evidence implies that lncRNAs are vital 
to the development and prognosis of breast cancer. Yang 
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Figure 6. RRM2 promotes breast cancer cell proliferation and invasion and inhibits apoptosis in vitro. A) The interference efficiency of si-RRM2 in 
breast cancer cell lines was verified by qRT-PCR. B) A CCK-8 assay was conducted to evaluate the effects of RRM2 on breast cancer cell proliferation. 
C) A colony formation assay was conducted to evaluate the effects of RRM2 on the breast cancer cell colony number. D) Flow cytometric analysis was 
conducted to assess the effects of RRM2 on breast cancer cell apoptosis. E) A Transwell assay was conducted to evaluate the effects of RRM2 on breast 
cancer cell migration and invasion. F) Schematic of the mechanism derived from the investigations in this study. The data are presented as the means 
± SEMs, ***p<0.001
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have shown that miR-30a acts as a tumor suppressor in 
breast cancer [20]. Taken together, these results suggest that 
SNHG16 promotes breast cancer progression through the 
inhibition of miR-30a.

RRM2 is the catalytic subunit of ribonucleotide reduc-
tase; an essential enzyme involved in DNA synthesis and can 
regulate the enzymatic activity of this reductase [36]. Our 
data showed that RRM2 inhibition reduced the prolifera-
tion and invasion of breast cancer cells in vitro. This result 
was consistent with that of Putluri et al. [37]. The data in 
Putluri’s report showed that inhibition of RRM2 suppressed 
tumor growth and decreased cell migration and invasion 
in breast cancer. In this study, we used online biological 
software to predict that RRM2 is a potential target gene of 
miR-30a. Here, we found that the knocking down SNHG16 
expression significantly decreased RRM2 expression at the 
mRNA and protein levels in breast cancer cells. Moreover, 
compared with co-transfection with si-SNHG16 and inhib-
itor NC, co-transfection with si-SNHG16 and a miR-30a 
inhibitor increased RRM2 expression in breast cancer cells. 
Furthermore, CCK-8, colony formation, and Transwell assays 
showed that compared with co-transfection with si-SNHG16 
and inhibitor NC, co-transfection with si-SNHG16 and the 
miR-30a inhibitor significantly increased cell proliferation, 
colony formation, migration, and invasion and induced cell 
apoptosis in breast cancer cells. These results suggest that 
SNHG16 exerts its oncogenic function, at least in part, by 
regulating the miR-33a/RRM2 axis.

In conclusion, our studies demonstrate that the lncRNA 
SNHG16 performs an oncogenic role in breast cancer 
progression by functioning as a ceRNA for miR-30a to 
regulate RRM2. These findings provide a novel mechanism 
for the occurrence and development of breast cancer.
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