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Abstract
Background  Breast cancer (BC) is one of the most common malignant tumors in women. Accumulating studies have been 
reported that long non-coding RNA (lncRNA) SNHG5 is highly expressed in BC. However, the specific molecular mecha-
nism of SNHG5 in BC is unclear.
Methods  Gene and protein expressions in BC cell were detected by qRT-PCR and western blotting. The proliferation and 
cell cycle were measured using colony formation assay and flow cytometry analysis, separately. The glucose consumption 
and lactate production were determined by using the glucose assay kit and lactate assay kit. A dual-luciferase reporter assay 
was performed to measure the interaction between miR-299 and SNHG5 or BACH1.
Results  SNHG5 and BACH1 expressions were increased in BC cell while miR-299 level was decreased. SNHG5 increased 
BACH1 expression by directly targeting miR-299. SNHG5 silencing or miR-299 overexpression suppressed the prolifera-
tion of BC cell, arrested the cell cycle in the G1 cell phase, and decreased the glucose consumption and lactate production 
of BC cell. However, inhibition of miR-299 or overexpression of BACH1 could reverse the inhibitory effects of sh-SNHG5 
on cell proliferation and glycolysis in BC.
Conclusion  SNHG5 promoted the BC cell growth and glycolysis through up-regulating BACH1 expression via targeting 
miR-299. These findings may improve the diagnostic and therapeutic approaches to BC.
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Introduction

Breast cancer (BC) acts as one of the most common malig-
nancies in women, especially in developing countries, with 
a 5-year survival of less than 40% [1]. In recent years, dis-
tant metastasis has become the leading cause of death in 
BC patients [2]. Due to the research of molecular patho-
genesis remains limited and the lack of targeted drugs in 
BC, patients who are treated with surgery, chemotherapy, 

or radiation always have a poor prognosis and are prone to 
relapse [3, 4]. Therefore, further exploration of the molecu-
lar mechanisms of BC is necessary to improve current thera-
peutic strategies.

The transcription factor BTB and CNC homology 1 
(BACH1), is a member of Cap’n’Collar and leucine zip-
per family that involves in the progression of several can-
cers, such as prostate cancer [5] and ovarian cancer [6]. 
BACH1 played a key role in the development of BC. For 
example, BACH1 silencing inhibited bone metastasis in 
BC, moreover, BACH1 and its target genes were reported 
to be associated with the high risk of BC recurrence in 
patients [7]. It was also revealed to facilitate BC metastasis 
by acting as a let-7-regulated transcription factor to induce 
matrix metalloproteinase 1 expression [8]. BACH1 showed 
high expression in triple-negative breast cancer (TNBC) 
and its gene signature was involved in poor prognosis [9]. 
Besides, according to Warburg Effect, cancer cells relied 
on glycolysis to obtain energy [10], which suggested that 
the metabolic switch from oxidative phosphorylation to 
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increased glycolysis was a vital biochemical characteris-
tic of cancer cells including BC [11]. Increasing pieces 
of evidence showed an overexpression of key glycolytic 
enzymes, such as hexokinase (HK) pyruvate kinase (PK), 
in BC cells, and inhibition of these key enzymes was 
demonstrated to be a promising anti-cancer strategy for 
BC [12]. Betulinic acid was reported to suppress BC cell 
metastasis by regulating GRP78-mediated glycolysis [13]. 
Moreover, miR-30a-5p was observed to inhibit BC cell 
growth by suppressing LDHA-mediated glycolysis [14]. 
These findings suggested that glycolysis played impor-
tant role in BC cell growth and metastasis. Additionally, a 
study indicated that BACH1 bound to the glycolytic gene 
Hexokinase 2 (HK2) and Glyceraldehyde-3-Phosphate 
Dehydrogenase (GAPDH) promoters, activated their 
expression and stimulated glycolysis rate, thereby pro-
moting metastasis in lung cancer [15]. However, it is not 
clear whether BACH1 promotes the growth of BC cells by 
activating glycolysis.

Long non-coding RNAs (lncRNAs) are an important 
subset of non-coding RNAs with more than 200 nucleo-
tides and have been demonstrated to affect BC progression 
through various mechanisms [16]. LncRNA small nucleo-
lar RNA host gene 5 (SNHG5), a member of the non-cod-
ing multiple small nucleolar RNA host gene family, was 
proved to play a carcinogenic role in gastric cancer [17], 
hepatocellular carcinoma [18], and so on. Moreover, study 
also showed that SNHG5 promoted BC cell proliferation 
both in vivo and in vitro [19]. Nevertheless, the specific 
molecular mechanism remains unclear.

MicroRNAs (MiRNAs) are short non-coding RNAs 
with a length of 22–25 nt, which have been confirmed 
to be involved in a variety of cellular processes such as 
BC proliferation and cell cycle [20]. MiR-299 showed low 
expression in BC and directly targeted serine/threonine 
kinase 39 (STK39), knockdown of STK39 suppressed 
epithelial–mesenchymal transition markers and matrix 
metalloproteinase expression, and inhibited cell migration 
and invasion [21]. However, the role of miR-299 in BC 
proliferation is unknown. Furthermore, considering each 
miRNA had the potential to target a large number of genes. 
By bioinformatics method, we predicated there were bind-
ing sites between SNHG5 and miR-299, and BACH1 could 
be a target gene of miR-299, and that the interaction of 
these three had not been reported. Therefore, we hypoth-
esized that SNHG5 though activating BACH1 to promote 
BC cell growth via targeting miR-299.

In our study, we aimed to explore the molecular mecha-
nism of SNHG5 in the regulation of BC progression, and 
we found that knockdown of SNHG5 inhibited cell growth 
and reduced glycolysis in vitro. This finding will provide a 
potential target for the diagnosis and therapy of BC.

Materials and methods

Cell culture

The cell lines MCF-10A, MCF-7, MDA-MB-231, 
SK-BR-3 and MDA-MB-468 were obtained from Ameri-
can Type Culture Collection (ATCC, VA, USA). All cells 
were incubated in Dulbecco’s modified Eagle’s medium 
(DMEM; Gibco, CA, USA) containing 10% fetal bovine 
serum (FBS, Invitrogen, CA, USA), 100 U/mL penicillin, 
and 100 mg/mL streptomycin. Cells were cultured at 37 ℃ 
under humidified condition with 5% CO2.

Cell transfection and vector construction

The knockdown of SNHG5 and miR-299 were performed 
using short hairpin RNA (shRNA) and miRNA inhibitor. 
The miRNA mimics and overexpression vector pcDNA3.1 
were used for enhancing miR-299 and BACH1 expression. 
Sh-SNHG5 and sh-NC, miR-299 mimics, miR-299 inhibi-
tor and mimics/inhibitor NC were synthesized by Genep-
harm (Shanghai, China). The full-length BACH1 cDNA 
was cloned into pcDNA3.1 (Genechem) to generate the 
pcDNA3.1-BACH1 vector. MDA-MA-231 and SK-BR-3 
with 70% confluence were transfected with above plasmids 
by using Lipofectamine 3000 Reagent (Thermo Fisher Sci-
entific, Waltham, USA).

Quantitative real‑time PCR (qRT‑PCR) analysis

Total RNA was isolated by TRIzol reagent (Invitrogen). 
Then, RNA quality was detected using NanoDro2000c 
(Thermo). Next, 2 μg RNA was synthetized cDNA using 
the RevertAid First Strand cDNA Synthesis kit (Thermo). 
Process of qRT-PCR was conducted on an ABI7500 Fast 
Real-Time PCR System (PE Applied Biosystems) based on 
the standard procedures of SYBR-GreenPCR kit (Takara, 
Japan). β-Actin and U6 were used as the internal control 
for SNHG5, BACH1 and miR-299. Primers used in this 
study were synthesized by RiboBio (Guangzhou, China). 
Sequences of all primers were showed as follows:

SNHG5: F: 5’-CAC​AGT​GGA​GGA​GCT​CTG​AA-3’, R: 
5’-CTC​GTG​GCA​CTA​GCC​AGA​AA-3’;

miR-299: F: 5’-GCT​GGT​TTA​CCG​TCC​CAC​-3’, R: 
5’-GTC​GTA​TCC​AGT​GCA​GGG​TCC​GAG​GTA​TTC​GCA​
CTG​GAT​ACG​AC-3’;

BACH1: F: 5’-CCA​GAA​CCA​GGT​CAA​AGG​AC-3’, R: 
5’-CTC​AGA​GTC​GTC​TCC​CAA​GC-3’;

U6: F: 5’-CTC​GCT​TCG​GCA​GCACA-3’, R: 5’-AAC​
GCT​TCA​CGA​ATT​TGC​GT-3’;
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β-actin: F: 5’-CCC​TGG​AGA​AGA​GCT​ACG​AG-3’, R: 
5’-CGT​ACA​GGT​CTT​TGC​GGA​TG-3’.

Cell proliferation

Transfected cells were cultured in six-well plates. The 
medium was changed every 2 days. After 2 weeks of incu-
bation, colonies were stained with 0.1% crystal violet for 
15 min at room temperature. Then counted the number of 
colonies formed to evaluate cell proliferation.

Cell cycle analysis

Treated BC cells were seeded in six-well plates at 37 °C. 
After 24 h incubation, cells were trypsinized and washed 
twice with PBS. After centrifugation, the cells were fixed in 
cold 70% ethanol for 2 h. Then cells were washed with PBS 
twice and resuspended in 300 µL PI/RNase staining buffer 
(BD, NJ, USA) for 30 min at room temperature in dark. 
Next, the cell distribution was assayed using flow cytometry 
(BD) and the flowcytometric data were analyzed by ModFit 
LT software version 3.0 (BD).

Glucose consumption and lactate production

The glucose consumption and lactate production were 
assessed by glucose assay kit (Sigma, St. Louis, USA) and 
lactate assay kit (Biovision, CA, USA), respectively. In brief, 
transfected BC cells were seeded into 12-well plates (2 × 105 
per well) containing glucose-free culture medium for 2 h 
after being cultured in a complete culture medium. The cul-
ture mediums were collected as samples for measuring lactic 
acid production. Then cells were lysed through ultrasonica-
tion, and the supernatants were collected as samples. Glu-
cose probe and glucose mix kit (for glucose consumption) or 
lactate mix and lactate substrate mix (for lactate production) 
were added into the samples, after 30 min of incubation at 
room temperature, the absorbance of each well was detected 
by a microplate reader (BioRed, CA, USA) at 505 nm (for 
glucose assay) and 530 nm (for lactate assay).

Dual‑luciferase reporter assay

The wild-type (WT) and mutant (MUT) sequences of 
SNHG5 or BACH1 which contained miR-299 binding sites 
were amplified and inserted into pGLO vector, individually. 
And established recombinant luciferase reporter plasmids 
were named SNHG5-WT, SNHG5-MUT, BACH1-WT and 
BACH1-MUT. Then, BC cells were co-transfected with 
these plasmids and miR-299 mimics or mimics NC. After 
48 h transfection, luciferase activity was tested by Dual-
Luciferase Reporter Assay System (Promega, WI, USA).

Western blotting

Total proteins from BC cells were isolated via RIPA buffer 
(Beyotime, Shanghai, China). After determining the protein 
concentration with Bradford Protein Assay Kit (Beyotime), 
equal samples were separated with 10% Sodium Dodecyl 
Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE), 
follow by transferred onto polyvinylidene difluoride (PVDF) 
membranes (Millipore, MA, USA). Then membranes were 
incubated with 5% low-fat milk at room temperature for 3 h. 
Subsequently, primary antibodies against HK2 (1:1000, 
Abcam, Cambridge, UK), PFK1 (1:500, Santa Cruz), 
GAPDH (1:2500, Abcam), β-actin (1:2000, Abcam) were 
used to probe indicated antigens, and HRP-conjugated sec-
ondary antibodies were used to probe primary antibodies. 
Finally, the protein bands were visualized by electrochemi-
luminescence (ECL) reagent (Millipore).

Statistical analysis

All experiments were performed three independent bio-
logical replicates in triplicate. Data were presented as 
mean ± standard deviation (SD) and processed in Graphpad 
Prism (Version 7.0, USA). Difference between two groups 
was compared using Student’s t test. One-way analysis of 
variance (ANOVA) was used to compare the differences 
among three or more groups. The P < 0.05 was considered 
to indicate a statistically significant.

Results

SNHG5 and BACH1 were upregulated while miR‑299 
was downregulated in BC cells

We explored the expressions of SNHG5, miR-299 and 
BACH1 in BC cells (MCF-7, MDA-MB-231, SK-BR-3 
and MDA-MB-468), MCF-10A was considered as control. 
The results demonstrated that SNHG5 and BACH1 levels 
were significantly up-regulated while miR-299 was down-
regulated in different BC cells (Fig. 1A). Next, we observed 
that BACH1 protein level in BC cells dramatically increased 
(Fig. 1B). These data indicated that SNHG5 and BACH1 
were high expression in BC cells while miR-299 was low 
expression. MDA-MB-231 and SK-BR-3 cells with the 
highest expression of SNHG5 were selected for subsequent 
experiments.

Silencing of SNHG5 repressed BC cell proliferation 
and glycolysis

After detecting SNHG5 expression, we analyzed whether 
SNHG5 silencing had effects on BC development. The 
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results suggested that SNHG5 was markedly decreased by 
a specific shRNA against SNHG5 (Fig. 2A). As shown in 
Fig. 2B, knockdown of SNHG5 inhibited cell proliferation. 
Then the proportion of G1 phase cells in sh-SNHG5 group 
was increased compared with sh-NC and control groups. 
This finding indicated that cell cycle was arrested in the 
G1 phase after silencing of SNHG5 (Fig. 2C). Moreover, 
the glucose consumption and lactate production of BC 
cells were dramatically decreased after the knockdown of 
SNHG5 (Fig. 2D, E). SNHG5 knockdown inhibited the 
protein expressions of HK2, phosphofructokinase1 (PFK1) 
and GAPDH in BC cells (Fig. 2F). Taken together, BC cell 
growth and glycolysis were suppressed by downregulating 
of SNHG5.

SNHG5 promoted BACH1 expression by targeting 
miR‑299

To further investigate the potential mechanism of SNHG5 
in breast cancer development, we firstly detected miR-299 
and BACH1 levels after transfecting with sh-SNHG5 in 
BC cells. Results showed miR-299 was up-regulated while 
BACH1 was down-regulated in BC cells transfected with 
sh-SNHG5 (Fig.  3A). And BACH1 protein expression 
was inhibited in sh-SNHG5 group (Fig. 3B). As shown in 
Fig. 3C, miR-299 expression was enhanced after transfecting 
with miR-299 mimics and decreased after transfecting with 
miR-299 inhibitor. On the contrary, miR-299 overexpression 
reduced SNHG5 and BACH1 expressions, while inhibition 
of miR-299 increased their expressions (Fig. 3C). BACH1 
protein level was decreased in the miR-299 mimics group 
and increased in miR-299 inhibitor group (Fig. 3D). Besides, 
there were binding sites between miR-299 and SNHG5, and 
the luciferase activity was reduced in SNHG5-WT reporter 
but not the SNHG5 MUT reporter after co-transfecting with 
miR-299 and SNHG5-WT or SNHG5-MUT (Fig. 3E). Fur-
thermore, BACH1 might be a target gene of miR-299. After 

miR-299 and BACH1-WT co-transfection into BC cells, the 
luciferase activity was repressed while co-transfection of 
BACH1-MUT reporter showed no evident change (Fig. 3F). 
These findings suggested that SNHG5 up-regulated BACH1 
expression by sponging to miR-299 in BC cells.

MiR‑299 inhibited cell growth and glycolysis in vitro

To explore whether overexpression or knockdown of miR-
299 has effects on BC cell growth, we examined BC cell 
proliferation after transfecting with miR-299 mimics or 
inhibitor. The cell proliferation was inhibited in the miR-
299 mimics group while the opposite results were observed 
through silencing of miR-299 (Fig. 4A). Furthermore, the 
cell cycle was arrested in G1 cell phase after transfect-
ing with miR-299 mimics, while the proportion of S and 
G2/M phase cells in miR-299 inhibitor group was increased 
(Fig. 4B). miR-299 overexpression reduced glucose con-
sumption and lactate production, while miR-299 knockdown 
promoted glycolysis (Fig. 4C, D). Moreover, HK2, PFK1 
and GAPDH expressions were inhibited in miR-299 mim-
ics group, while miR-299 silencing promoted their expres-
sions (Fig. 4E). Overall, these findings proved that miR-299 
inhibited BC cell growth by suppressing cell proliferation 
and glycolysis.

MiR‑299 inhibition or BACH1 overexpression 
reversed the inhibition of SNHG5 knockdown on BC 
cell proliferation and glycolysis

To further investigate the role of SNHG5/miR-299/BACH1 
axis in BC, we first analyzed the overexpression efficiency 
of pcDNA3.1-BACH1. The mRNA and protein level of 
BACH1 was increased after transfecting with pcDNA3.1-
BACH1 (Fig. 5A, B). Next, miR-299 inhibitor, pcDNA3.1-
BACH1 were transfected into SNHG5 silencing BC cells, 
the results showed that co-transfection of sh-SNHG5 and 

Fig. 1   SNHG5 and BACH1 were up-regulated while miR-299 was 
down-regulated in BC cells. A QRT-PCR analysis of SNHG5, miR-
299 and BACH1 mRNA expression in BC cell lines. B Western blot-

ting detection of BACH1 protein level in BC cell lines. β-Actin was 
applied as internal control. *p < 0.05, **p < 0.01, ***p < 0.001
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miR-299 inhibitor blocked the reduction of BACH1 induced 
by SNHG5 knockdown. While after co-transfection of sh-
SNHG5 and pcDNA3.1-BACH1, SNHG5 and miR-299 
levels did not change significantly (Fig. 5C, D). The inhibi-
tory effects of SNHG5 silencing on BC cell proliferation 
and cell cycle were reversed through miR-299 inhibition or 
BACH1 overexpression (Fig. 5E, F). Moreover, the glucose 
consumption and lactate production, as well as HK2, PFK1 
and GAPDH levels were also increased in sh-SNHG5 + miR-
299 inhibitor and sh-SNHG5 + pcDNA3.1-BACH1 groups 
(Fig. 6A–D), indicating that the inhibitory of sh-SNHG5 on 
glycolysis were reversed by miR-299 knockdown or BACH1 

overexpression. Taken together, SNHG5 promoted the gly-
colysis through mediating BACH1 by targeting miR-299, 
thereby promoting BC cell growth.

Discussion

In the worldwide, BC remains a huge public health prob-
lem. According to a previous report, 2.1 million BC cases 
were diagnosed in 2018, accounting for almost a quarter of 
all cancer cases among women [22]. Glycolysis acts as an 
essential glucose metabolism process that converts glucose 

Fig. 2   Silencing of SNHG5 repressed BC cell proliferation and 
glycolysis. A QRT-PCR detected the knockdown efficiency of sh-
SNHG5. Sh-SNHG5, sh-NC or control were transfected into BC 
cells. B Cell proliferation was analyzed by colony formation assay. 
C Cell cycle was examined by flow cytometry. D Glucose consump-

tion and E lactate production were analyzed by the corresponding kit. 
F HK2, PFK1 and GAPDH protein expression were determined by 
western blotting. β-Actin was used as an internal control. *p < 0.05, 
**p < 0.01
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Fig. 3   SNHG5 inhibited miR-299 expression while promoted 
BACH1 expression. A qRT-PCR measured miR-299 and BACH1 
levels after silencing of SNHG5. B BACH1 protein expression was 
detected by western blotting after knockdown of SNHG5. C SNHG5, 
miR-299 and BACH1 levels were tested by qRT-PCR after transfect-
ing with miR-299 mimics/inhibitor. D BACH1 expression was exam-
ined after transfecting with miR-299 mimics/inhibitor using western 

blotting. E Upper panel, the binding sites of wild-type or mutant 
SNHG5 and miR-299. Lower panel, the luciferase activity was ana-
lyzed by dual-luciferase reporter assay. F Upper panel, potential miR-
299 binding sites on the BACH1 3’-UTR. Lower panel, dual-lucif-
erase reporter assay was performed to estimate the luciferase activity. 
*p < 0.05, **p < 0.01, ***p < 0.001
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Fig. 4   MiR-299 inhibited cell growth and glycolysis in breast cancer. 
BC cells were transfected with miR-299 mimics and miR-299 inhibi-
tor or their negative control. A colony formation assay analyzed cell 
proliferation. B The cell cycle profiles were detected by flow cytom-

etry. C Glucose consumption and D lactate production were evaluated 
by kits. E The expression of HK2, PFK1 and GAPDH were meas-
ured using western blotting. β-Actin was used as an internal control. 
*p < 0.05, **p < 0.01, ***p < 0.001
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Fig. 5   MiR-299 inhibitor or BACH1 overexpression reversed the 
repressive effects of SNHG5 knockdown on BC cell proliferation and 
glycolysis. A QRT-PCR and B western blotting were used to detect 
the expression of BACH1 in BC cell lines. After transfecting with 
sh-SNHG5 + miR-299 inhibitor, sh-SNHG5 + pcDNA3.1-BACH1 or 

their corresponding negative control into BC cells. C BACH1 level, 
D SNHG5 and miR-299 expression were detected using qRT-PCR. E 
Colony formation assay, F Flow cytometry were used to assess prolif-
eration, cell cycle profiles. *p < 0.05, **p < 0.01, ***p < 0.001
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to pyruvate, ultimately producing lactic acid, which plays 
an important role in the maintenance of tumor cells [23]. 
Since tumor cells rely on glycolysis to obtain growth energy, 
increased glycolysis is already a prominent feature of several 
cancers, including BC, and has been successfully applied to 
cancer diagnosis [24]. In the present study, we first found 
that knockdown of SNHG5 could inhibit cell prolifera-
tion and glycolysis in BC cells through regulating BACH1 
expression via miR-299 (Fig. 7).

Previous reports proved that lncRNAs, such as H19 [25], 
were associated with poor overall survival in a different type 
of cancers by promoting glycolysis. Furthermore, increasing 
evidence indicated that SNHG5 played important regula-
tory roles in proliferation, migration, invasion and growth 

of various tumor cells [26, 27]. In the study of BC, Chi et al. 
indicated that SNHG5 up-regulated proliferating cell nuclear 
antigen (PCNA) to promote proliferation and cell cycle pro-
gression by targeting miR-154-5p [19]. Here, we also found 
SNHG5 was highly expressed in BC cells. Through func-
tional experiments, we observed that SNHG5 knockdown 
suppressed BC cell proliferation and cell cycle progression. 
In addition, a study showed Nur77-activated WFDC21P sig-
nificantly inhibited the proliferation and metastasis of hepa-
tocellular carcinoma cells by inhibiting glucose uptake and 
lactate production [28]. LncRNA FGF13-AS1 suppressed 
proliferation, migration and invasion of BC cells by inhibit-
ing glycolysis and stem cell properties [29]. However, the 
research of SNHG5 in glycolysis was rarely investigated. We 

Fig. 6   MiR-299 inhibitor or BACH1 overexpression reversed the 
repressive effects of SNHG5 knockdown on BC cell proliferation and 
glycolysis. BC cells transfected with sh-SNHG5 + miR-299 inhibitor, 
sh-SNHG5 + pcDNA3.1-BACH1 or their negative control. A Glu-

cose consumption analysis and B lactate production were analyzed by 
kits. C HK2, PFK1 and GAPDH mRNA levels, D protein levels were 
detected by qRT-PCR, western blotting. β-Actin was used as an inter-
nal control. *p < 0.05, **p < 0.01, ***p < 0.001
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revealed that SNHG5 silencing impaired the glucose con-
sumption and lactate production of BC cells, and suppressed 
HK2, PFK1 and GAPDH levels, which are indispensable 
regulatory enzymes of glycolysis [28].

Previous studies have shown that lncRNAs function as 
competitive endogenous RNAs (ceRNAs) by sponging 
miRNA to negatively regulate the expression of miRNAs 
and their downstream target genes. In our study, dual-lucif-
erase assay results demonstrated that the luciferase activ-
ity was inhibited in BC cells co-transfected with miR-299 
mimics and SNHG5-WT. Moreover, transfection with miR-
299 inhibitor reversed the inhibitory effect of sh-SNHG5 on 
BC cell proliferation and glycolysis. Accumulating studies 
demonstrated miR-299 was downregulated and inhibited 
tumor growth in various cancers, such as nasopharyngeal 
carcinoma [30] and thyroid cancer [31]. Furthermore, a 
study proved that compared to other miRNAs expression, 
miR-299 was the lowest expressed in metastatic BC, while 
the expression returned to normal after treatment [32]. Li 
et al. observed that miR-299 acted as a tumor suppressor to 
inhibit BC cell migration and invasion by targeting STK39 
[21]. Inhibition of miR-125a promoted endothelial cell tube 
formation by increasing PKM2 expression [33]. miR-186 
effectively inhibited the tamoxifen resistance of BC cells by 
inhibiting the glycolysis in vitro [34]. In this study, we found 
that miR-299 inhibited cell proliferation, cell cycle and gly-
colysis in BC. Taken together, miR-299 acted as a tumor 
suppressor in BC, possibly by inhibiting the glycolysis.

According to a previous study, BACH1 has shown com-
plex function in cancer [35]. Numerous studies showed 
that BACH1 promoted BC cell invasion and metastasis 
[36, 37]. Furthermore, Lee et al. suggested that BACH1 
regulated pyruvate dehydrogenase kinase (PDK) tran-
scription and BACH1 silencing decreased glycolysis 
progression in BC cells [9]. Our findings supported these 

observations. MiR-142-3p reduced cell proliferation, inva-
sion and migration of human breast cancer by regulating 
BACH1 expression [38]. A previous study showed that 
BACH1, as a transcription factor, promoted transcrip-
tion of HK2 and GAPDH by binding to their promoters 
[15]. In our study, BACH1 overexpression promoted cell 
proliferation, cell cycle, glucose consumption and lactate 
production in BC, as well as reversed the inhibitory effect 
of SNHG5 silencing on BC cells. Besides, SNHG5 knock-
down decreased BACH1 expression, while the inhibition 
effect was reserved by co-transfecting miR-299 inhibitor, 
suggesting that SNHG5 regulated BACH1 by targeting 
miR-299. Taken together, our data, for the first time, indi-
cated that BACH1 acted as a direct target of miR-299, 
which was negatively regulated by miR-299 in BC cells, 
and we have also proved a new regulatory pathway of glyc-
olysis in BC cells, namely SNHG5/miR-299/BACH1 axis.

In summary, our study provided evidence that knock-
down of SNHG5 suppressed the growth of BC cells, and 
reduced glycometabolism-related proteins levels, mean-
while inhibited the glucose consumption and lactate secre-
tion, suggesting SNHG5 activated BACH1 expression 
to promote BC cell growth and glycolysis by targeting 
miR-299. It might improve the diagnostic and therapeutic 
approaches of BC.

Acknowledgements  We would like to give our sincere gratitude to the 
reviewers for their constructive comments.

Author contributions  Conception and study design: SLH; data acquisi-
tion: ZCH and CJZ; data analysis: JX and SSL; manuscript drafting: 
YQW; manuscript revising: PZF. All authors have read and approved 
the final version of this manuscript to be published.

Funding  This work was supported by Scientific Research Project of 
Hunan Provincial Health Commission (No. 20200556).

Fig. 7   The schematic model 
diagram of this study. SNHG5 
promoted the expression of 
transcription factor BACH1 by 
targeting miR-299, and upre-
galation of BACH1 increased 
the transcription levels of HK2, 
PFK1 and GAPDH, thereby 
promoting cell proliferation, cell 
cycle and glycolysis in breast 
cancer



75Breast Cancer (2022) 29:65–76	

1 3

Availability of data and material  All data generated or analyzed during 
this study are included in this article. The datasets used and/or analyzed 
during the current study are available from the corresponding author 
on reasonable request.

Declarations 

Conflict of interest  The authors declare that there is no conflict of in-
terest.

Ethical approval  Not applicable. This article does not contain any 
studies with human participants or animals performed by any of the 
authors.

Consent for publication  Not applicable. This article does not contain 
any studies with human participants or animals performed by any of 
the authors.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Coleman MP, Quaresma M, Berrino F, Lutz JM, De Angelis 
R, Capocaccia R, et al. Cancer survival in five continents: a 
worldwide population-based study (CONCORD). Lancet Oncol. 
2008;9:730–56.

	 2.	 Gupta GP, Massague J. Cancer metastasis: building a framework. 
Cell. 2006;127:679–95.

	 3.	 Cardoso F, Costa A, Senkus E, Aapro M, Andre F, Barrios CH, 
et al. 3rd ESO-ESMO international consensus guidelines for 
advanced breast cancer (ABC 3). Ann Oncol. 2017;28:3111.

	 4.	 Sharma GN, Dave R, Sanadya J, Sharma P, Sharma KK. Vari-
ous types and management of breast cancer: an overview. J Adv 
Pharm Technol Res. 2010;1:109–26.

	 5.	 Shajari N, Davudian S, Kazemi T, Mansoori B, Salehi S, 
Khaze Shahgoli V, et  al. Silencing of BACH1 inhibits inva-
sion and migration of prostate cancer cells by altering metas-
tasis-related gene expression. Artif Cells Nanomed Biotechnol. 
2018;46:1495–504.

	 6.	 Cui B, Zhang S, Wang Y, Guo Y. Farrerol attenuates beta-amy-
loid-induced oxidative stress and inflammation through Nrf2/
Keap1 pathway in a microglia cell line. Biomed Pharmacother. 
2019;109:112–9.

	 7.	 Liang Y, Wu H, Lei R, Chong RA, Wei Y, Lu X, et al. Transcrip-
tional network analysis identifies BACH1 as a master regulator of 
breast cancer bone metastasis. J Biol Chem. 2012;287:33533–44.

	 8.	 Yun J, Frankenberger CA, Kuo WL, Boelens MC, Eves EM, 
Cheng N, et al. Signalling pathway for RKIP and Let-7 regulates 
and predicts metastatic breast cancer. EMBO J. 2011;30:4500–14.

	 9.	 Lee J, Yesilkanal AE, Wynne JP, Frankenberger C, Liu J, Yan 
J, et al. Effective breast cancer combination therapy targeting 
BACH1 and mitochondrial metabolism. Nature. 2019;568:254–8.

	10.	 Warburg O. On respiratory impairment in cancer cells. Science. 
1956;124:269–70.

	11.	 Miao P, Sheng S, Sun X, Liu J, Huang G. Lactate dehydrogenase 
A in cancer: a promising target for diagnosis and therapy. IUBMB 
Life. 2013;65:904–10.

	12.	 Wu Z, Wu J, Zhao Q, Fu S, Jin J. Emerging roles of aerobic gly-
colysis in breast cancer. Clin Transl Oncol. 2020;22:631–46.

	13.	 Zheng Y, Liu P, Wang N, Wang S, Yang B, Li M, et al. Betulinic 
acid suppresses breast cancer metastasis by targeting GRP78-
mediated glycolysis and ER stress apoptotic pathway. Oxid Med 
Cell Longev. 2019;2019:8781690.

	14.	 Li L, Kang L, Zhao W, Feng Y, Liu W, Wang T, et al. miR-
30a-5p suppresses breast tumor growth and metastasis through 
inhibition of LDHA-mediated Warburg effect. Cancer Lett. 
2017;400:89–98.

	15.	 Wiel C, Le Gal K, Ibrahim MX, Jahangir CA, Kashif M, Yao H, 
et al. BACH1 stabilization by antioxidants stimulates lung cancer 
metastasis. Cell. 2019;178:330-45 e22.

	16.	 Nagini S. Breast cancer: current molecular therapeutic targets and 
new players. Anticancer Agents Med Chem. 2017;17:152–63.

	17.	 Zhao L, Han T, Li Y, Sun J, Zhang S, Liu Y, et al. The lncRNA 
SNHG5/miR-32 axis regulates gastric cancer cell proliferation and 
migration by targeting KLF4. FASEB J. 2017;31:893–903.

	18.	 Li Y, Guo D, Zhao Y, Ren M, Lu G, Wang Y, et al. Long non-
coding RNA SNHG5 promotes human hepatocellular carcinoma 
progression by regulating miR-26a-5p/GSK3beta signal pathway. 
Cell Death Dis. 2018;9:888.

	19.	 Chi JR, Yu ZH, Liu BW, Zhang D, Ge J, Yu Y, et al. SNHG5 
promotes breast cancer proliferation by sponging the miR-154-5p/
PCNA axis. Mol Ther Nucleic Acids. 2019;17:138–49.

	20.	 Yahya SM, Elsayed GH. A summary for molecular regulations of 
miRNAs in breast cancer. Clin Biochem. 2015;48:388–96.

	21.	 Li C, Wang A, Chen Y, Liu Y, Zhang H, Zhou J. MicroRNA2995p 
inhibits cell metastasis in breast cancer by directly targeting ser-
ine/threonine kinase 39. Oncol Rep. 2020;43:1221–33.

	22.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2018;68:394–424.

	23.	 Deshmukh A, Deshpande K, Arfuso F, Newsholme P, Dharmara-
jan A. Cancer stem cell metabolism: a potential target for cancer 
therapy. Mol Cancer. 2016;15:69.

	24.	 Ganapathy-Kanniappan S, Geschwind JF. Tumor glycolysis as 
a target for cancer therapy: progress and prospects. Mol Cancer. 
2013;12:152.

	25.	 Peng F, Wang JH, Fan WJ, Meng YT, Li MM, Li TT, et al. Glyco-
lysis gatekeeper PDK1 reprograms breast cancer stem cells under 
hypoxia. Oncogene. 2018;37:1062–74.

	26.	 Gao J, Zeng K, Liu Y, Gao L, Liu L. LncRNA SNHG5 promotes 
growth and invasion in melanoma by regulating the miR-26a-5p/
TRPC3 pathway. Onco Targets Ther. 2019;12:169–79.

	27.	 Zhang M, Li Y, Wang H, Yu W, Lin S, Guo J. LncRNA SNHG5 
affects cell proliferation, metastasis and migration of colorectal 
cancer through regulating miR-132-3p/CREB5. Cancer Biol Ther. 
2019;20:524–36.

	28.	 Guan YF, Huang QL, Ai YL, Chen QT, Zhao WX, Wang 
XM, et  al. Nur77-activated lncRNA WFDC21P attenuates 
hepatocarcinogenesis via modulating glycolysis. Oncogene. 
2020;39:2408–23.

	29.	 Ma F, Liu X, Zhou S, Li W, Liu C, Chadwick M, et al. Long 
non-coding RNA FGF13-AS1 inhibits glycolysis and stemness 
properties of breast cancer cells through FGF13-AS1/IGF2BPs/
Myc feedback loop. Cancer Lett. 2019;450:63–75.

http://creativecommons.org/licenses/by/4.0/


76	 Breast Cancer (2022) 29:65–76

1 3

	30.	 Chen J, Lu F, Hu C. MicroRNA-299 targets VEGFA and inhibits 
the growth, chemosensitivity and invasion of human nasopharyn-
geal carcinoma cells. J BUON. 2019;24:2049–55.

	31.	 Chen X, Qi M, Yang Q, Li JY. MiR-299-3p functions as a tumor 
suppressor in thyroid cancer by regulating SHOC2. Eur Rev Med 
Pharmacol Sci. 2019;23:232–40.

	32.	 van Schooneveld E, Wouters MC, Van der Auwera I, Peeters DJ, 
Wildiers H, Van Dam PA, et al. Expression profiling of cancerous 
and normal breast tissues identifies microRNAs that are differen-
tially expressed in serum from patients with (metastatic) breast 
cancer and healthy volunteers. Breast Cancer Res. 2012;14:R34.

	33.	 Wade SM, Ohnesorge N, McLoughlin H, Biniecka M, Carter SP, 
Trenkman M, et al. Dysregulated miR-125a promotes angiogene-
sis through enhanced glycolysis. EBioMedicine. 2019;47:402–13.

	34.	 He M, Jin Q, Chen C, Liu Y, Ye X, Jiang Y, et al. The miR-186-3p/
EREG axis orchestrates tamoxifen resistance and aerobic glyco-
lysis in breast cancer cells. Oncogene. 2019;38:5551–65.

	35.	 Liu R, Zhang HB, Yang J, Wang JR, Liu JX, Li CL. Curcumin 
alleviates isoproterenol-induced cardiac hypertrophy and fibrosis 
through inhibition of autophagy and activation of mTOR. Eur Rev 
Med Pharmacol Sci. 2018;22:7500–8.

	36.	 Mansoori B, Mohammadi A, Asadzadeh Z, Shirjang S, Minouei 
M, Abedi Gaballu F, et  al. HMGA2 and Bach-1 cooper-
ate to promote breast cancer cell malignancy. J Cell Physiol. 
2019;234:17714–26.

	37.	 Ou X, Gao G, Bazhabayi M, Zhang K, Liu F, Xiao X. MALAT1 
and BACH1 are prognostic biomarkers for triple-negative breast 
cancer. J Cancer Res Ther. 2019;15:1597–602.

	38.	 Mansoori B, Mohammadi A, Ghasabi M, Shirjang S, Dehghan R, 
Montazeri V, et al. miR-142-3p as tumor suppressor miRNA in 
the regulation of tumorigenicity, invasion and migration of human 
breast cancer by targeting Bach-1 expression. J Cell Physiol. 
2019;234:9816–25.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	LncRNA SNHG5 promotes the glycolysis and proliferation of breast cancer cell through regulating BACH1 via targeting miR-299
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Cell culture
	Cell transfection and vector construction
	Quantitative real-time PCR (qRT-PCR) analysis
	Cell proliferation
	Cell cycle analysis
	Glucose consumption and lactate production
	Dual-luciferase reporter assay
	Western blotting
	Statistical analysis

	Results
	SNHG5 and BACH1 were upregulated while miR-299 was downregulated in BC cells
	Silencing of SNHG5 repressed BC cell proliferation and glycolysis
	SNHG5 promoted BACH1 expression by targeting miR-299
	MiR-299 inhibited cell growth and glycolysis in vitro
	MiR-299 inhibition or BACH1 overexpression reversed the inhibition of SNHG5 knockdown on BC cell proliferation and glycolysis

	Discussion
	Acknowledgements 
	References




