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Abstract
Background Here, we evaluated the roles of LncRNA BANCR in facilitating melanoma cells growth,
migration, invasion. Moreover, we examined the molecular mechanisms of BANCR in promoting
melanoma development.

Methods Here, we measured BANCR expression by quantitative PCR. By transwell assay, we detected the
cancer cell migration and invasion. The melanoma growth and migration induced by BANCR was
detected by colony formation assay and in xenograft nude mice model. By Western blotting and
luciferase assay, we evaluated the molecular mechanism of BANCR in inhibiting miR-206 and miR-571 to
induce G6PD expression.

Results We found BANCR was overexpressed in melanoma cells and tissues. In addition, we showed that
BANCR promoted melanoma cells growth in vitro and in vivo. Moreover, BANCR promotes cancer cell
migration and invasion in vitro, and induced melanoma metastasis in nude mice model. The migration
and invasion induced by BANCR in melanoma cells were involved in upregulation of matrix
metalloproteinases (MMPs) MMP2 and MMP9. Mechanismly, we indicated BANCR promoted melanoma
cell growth and migration by suppressing miR-206 and miR-571 expression to activate glucose
metabolism pathway and induce G6PD expression. Furthermore, miR-206 and miR-571 inhibited G6PD
expression by directly binding the 3’UTR of G6PD. We also showed miR-206 and miR-571 inhibited the
proliferation of melanoma cells.

Conclusion Our �ndings indicated that BANCR contributed to melanoma development, which might
provide novel insights into the function of lncRNA-driven carcinogenesis in melanoma.

Background
Melanoma is a rare and serious skin cancer with high metastatic rate and poor prognosis [1]. The major
risk factor for melanoma is ultraviolet. Melanoma at early stage can be treated by surgery, but surgery
treatment for late stage melanoma is di�cult and ine�cient [2]. Thus, it is very important to diagnose
melanoma at early stage and develop e�cient molecular targeted drugs for melanoma. Currently, the
mechanisms driving melanoma tumorigenesis and metastasis remains unclear. Thus, it is critical to
clarify the biological mechanisms underlying melanoma progression for the development of new and
effective strategies for melanoma treatment.

Long noncoding RNAs (lncRNAs) are a novel class of RNAs with more than 200 nucleotides in length with
limited protein coding capacity [3]. LncRNAs exert very important roles in many biological functions such
as cell growth, proliferation, differentiation, metastasis, invasion, apoptosis and migration [4-6]. Moreover,
multiple studies report that lncRNAs regulate complex and diverse biological functions, such as
embryonic stem cell pluripotency [7]. Notably, many lncRNAs are showed to be deregulated in several
cancer types including bladder, lung, breast, gastric cancer and glioma [4]. LncRNAs with miRNA response
elements (MREs) may exert competing endogenous RNA (ceRNA) roles to act as endogenous decoys for
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miRNAs. LncRNAs promote cancer growth by participating in ceRNA networks and crosstalk between
mRNA and miRNA [3].

LncRNA BANCR (BRAF-activated non-protein coding RNA) with 693-nucleotide lenth is transcribed from
human chromosome 9 [8]. BANCR has been reported to promote cell proliferation, migration and
epithelial-mesenchymal transition (EMT) in melanoma and other cancer [9-11]. For example, BANCR is
overexpressed in retinoblastoma, and depletion of BANCR decreases cancer cell progress in
retinoblastoma [12]. Although several studies show that BANCR display an oncogene property, others
studies report BANCR as a tumor suppressor in lung cancer and colon cancer [13]. Understanding the
function and mechanism of BANCR in tumor is just beginning.

Methods
Cell line

Cell lines A375, A875, sk-mel-110, M21, sk-mel-28 (M28) and Hacat were obtained from the Cell Bank of
Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). Cells were cultured in
high-glucose Dulbecco’s modi�ed Eagle’s medium (Invitrogen, Grand Island, NY, USA) with 10% fetal
bovine serum (Hyclone Laboratories, Inc., South Logan, UT, USA) in a humidi�ed atmosphere containing
5% CO2 at 37 °C [14].

Clinical samples

Forty-eight melanoma tumor tissues and the corresponding adjacent normal samples were obtained from
the Department of orthopedics of Yunnan Cancer Hospital in Kunming. Informed consent was obtained
from all patients. These 48 patients underwent surgery between 2014 and 2016.

Extraction of RNAand PCR

Total RNA from tissue or cells was extracted using TRIzol reagent (Invitrogen, Grand Island, NY, USA),
according to the manufacturer's instructions. qRT-PCR was performed by using SYBR Green (TransGen
Biotech) according to instructions in the user’s manual. The data were acquired from an ABI 7500 real-
time PCR instrument (Applied Biosystems, Foster City, CA, USA). The 2-△△Ct method was used to measure
the mRNA levels [15].

For the primers, G6PD: 5-TCATCATCATGGGTGCATCGG-3 (sense), 5- CTTGAAGAAGGGCTCACTCTGTTTG-
3 (antisense); BANCR: 5- CTCGCTTTCACTTTATGGATTC-3 (sense), 5-GGTCAGGGGTCTCTTCAG-3
(antisense); MiR-206: 5-CCGTGGAATGTAAGGAAGTGTGTGG-3 (forward), MiR-571: 5-
CGTGAGTTGGCCATCTGAGTGAG-3 (forward); Reverse-primer (Uni-miR RT-PCR primer, included in SYBR
Premix Ex Taq kit (TaKaRa, Japan)). U6: 5-CTCGCTTCGGCAGCACA-3 (forward), 5-
AACGCTTCACGAATTTGCGT-3 (reverse).

Cell viability and clonogenic cell survival analysis



Page 5/23

For cell viability analysis, MTT assay was conducted to assess the cell viability. The MTT experiments
were performed as previously described. Clonogenic cell survival experiments were performed as
previously described [16]. These assays were conducted in triplicate.

Cell cycle analysis

Cells were collected and �xed with 70% ethanol in a �xative at -20 °C overnight. Cells were then stained
with propidium iodide (Invitrogen, Grand Island, NY, USA) and detected by �ow cytometry (BD
FACSCalibur™) using NucleoView NC-3000 software (ChemoMetec, Gydevang, Lillerød, Denmark) [17].

Western blotting

This assay was performed as previously described [18]. Protein (40-100 ug) were separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis in 8-15% resolving gel using a Mighty Small II Deluxe
Mini Vertical Electrophoresis Unit (Hoefer, Inc., Holliston, MA, USA). Proteins were then electrotransferred
to PVDF membranes. Subsequently, the PVDF membranes were blocked with a blocking buffer (5%
nonfat dry milk or 5% BSA in TBST buffer) for 1-2 h at room temperature. The membranes were
incubated with the antibodies overnight at 4 °C. The MMP2, MMP9 and G6PD antibodies were acquired
from CST, Inc., Beverly, MA, USA), GAPDH (Santa Cruz, Inc. Santa Cruz, CA, USA). The next day, blots were
incubated with a horseradish peroxidase-conjugated secondary antibody. The signals were stimulated
with Enhanced Chemiluminescence Substrate (GE Healthcare; Munich, Germany) and visualized on
Image Quant 4000.

Cell migration and invasion assay

Cell migration and invasion experiments were performed as previously described [17].

Luciferase assay

For generation of promoter reporters, the human BANCR regions were PCR ampli�ed from genomic DNA
of A375 cells with the following primers. BANCR Forword primers:
5'ccgCTCGAGATTCCCTTACTTTCTTAATAAAC3', Reverse primers:
5'ataagaatGCGGCCGCTTAGGATTTTTTAAATTTTATTTTTATTTTTTTTTTAGAAAAGAG3'; mutBANCR
Forword primers: 5'CCAATGGTAACCAGGTGGGGCGATCATCTTGCCCAGAAACATC3', Reverse primers:
5'CAAGATGATCGCCCCACCTGGTTACCATTGGTGCTGCAGTCTATTTCC3'; mutBANCR-206 Forword
primers: 5'CATTGTGATGGCACCTCCTCTCTTTTCTAAA3'; Reverse primers:
5'AAGAGAGGAGGTGCCATCACAATGAAGAAAGCCTG 3'; G6PD Forword primers:
5'ACGCGTCGACGCCCTGGGCACCCACCTCCACC 3', Reverse primers
5'ATAAGAATGCGGCCGCTTGGGCTGTTTGCGGATTTAATG 3'

G6PD and phosphofructokinase (PFK) activity assay
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To measure G6PD and PFK activity activity, the G6PD and PFK activity detect kits (Jiemei Bio, shanghai,
China) were used according to the manufacturer's instructions.

Animal studies

For subcutaneous tumorigenicity assay, four-week-old BALB/c nude mice were purchased from the
National Laboratory Animal Center (Shanghai, China). The animal studies were approved by the
Institutional Animal Care and Use Committee of Kunming Hospital. Great efforts were made to minimize
the number and suffering of animals. A375 cells (2 × 106) were re-suspended in growth media (150 μL)
and Matrigel substrate (150 μL). And then these cells were injected in nude mice. The animals were
euthanized via overdose of pentobarbital (100 mg/kg) at 33 days, and the tumors were collected to
measure their weights and volumes. Tumor volume was measured and calculated with the formula:
volume (mm3) = length × width2/2 [19]. For lung metastases model, each mouse was injected with 1 ×106

cells in 200 ul PBS by tail vein injection. After 4 weeks post-injection, lung metastases were monitored
and quanti�ed. The animals were euthanized via overdose of pentobarbital (100 mg/kg) at 33 days, the
tumors and lungs were excised. These tissues were �xed in formalin and embedded in para�n. HE
staining assay were performed by pathologists.

Statistical analysis

Data analyses were performed using SPSS 20.0 software (SPSS, Inc., Chicago, IL, USA). The data were
analysed using Student’s t-test. All data were displayed as the mean ± SD. P values < 0.05 were
considered statistically signi�cant.

Results
LncRNA BANCR is overexpressed in melanoma and promotes cell growth in vitro and in vitro

To examine LncRNA BANCR was involved in melanoma, we analyzed LncRNA BANCR levels in 48
malignant human melanoma sample and adjacent normal tissue by RT-PCR. We found the BANCR levels
were signi�cantly increased in melanoma tissues relative to adjacent normal tissues (Fig. 1a). To assess
the biological role of BANCR in melanoma cells, we constructed stably overexpressed BANCR melanoma
cells (A375-BANCR OE) by BANCR overexpression vector lenti-viral systems and knockdown of BANCR
cells (A375-BANCR KD) by shRNA lenti-viral systems. The expression levels of BANCR in A375-BANCR OE
and A375-BANCR KD cells were also determined by RT-PCR. The results revealed that BANCR levels were
signi�cantly increased in A375-BANCR OE cells compared with control cells (A375-LV5), whereas BANCR
levels were signi�cantly decreased in A375-BANCR KD cells compared with control cells (A375-GL2) (Fig.
1b). By cell viability assay, we showed that upregulation of BANCR obviously promoted cell proliferation
in A375 cells. By contrast, downregulation of BANCR clearly inhibited cell proliferation in A375 cells (Fig.
1c). In addition, by colony formation assay, we showed that knockdown of BANCR inhibited A375 cells
colony formation, whereas overexpression of BANCR promoted A375 cells colony formation (Fig. 1d).
Moreover, to assess the role of BANCR in the regulation of cell cycle in A375 cells, we performed cell cycle
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analysis by �ow cytometry. As shown in Fig. 1e, the G0/G1 phase cells proportion was signi�cantly
increased in A375-BANCR KD cells. However, in A375-BANCR OE cells, the G0/G1 phase cells proportion
was signi�cantly decreased. Based on these results, we further investigated the expression of cell cycle-
association proteins CDK2 and CyclinD1 in A375-BANCR KD and A375-BANCR OE cells. The results
indicated knockdown of BANCR downregulated the CDK2 and CyclinD1 levels, whereas overexpression of
BANCR enhanced the two proteins levels in A375 cells (Fig. 1f). To further determine whether BANCR
affected cell proliferation of melanoma in vivo, A375-BANCR KD and A375-BANCR OE cells were
inoculated into nude mice. Twenty-seven days after the injection, the volumes of those tumors formed in
the A375-BANCR KD group were substantially smaller than those in the control group (A375-GL2) (Fig.
1g). However, the volumes of those tumors formed in the A375-BANCR OE group were substantially
bigger relative to control A375-LV5 group (Fig. 1h). Furthermore, the mean tumor weight in the A375-
BANCR KD group at the end of the experiment was signi�cantly lower compared with the control group
(Fig. 1i). By contrast, the mean tumor weight in the A375-BANCR OE group was markedly higher than the
control group (Fig. 1j). All above results suggested that LncRNA BANCR promoted melanoma cells growth
in vivo.

LncRNA BANCR promotes cancer cell migration and invasion in vitro

By transwell assay, we showed that knockdown of BANCR inhibited A375 cells migration and invasion,
whereas overexpression of BANCR promoted A375 cells migration and invasion (Fig. 2a, b). Several
studies have shown that increased expression of MMP2 and MMP9 induced cancer cell migration and
invasion. Therefore, we next tested whether MMP2 and MMP9 were involved in BANCR-driven melanoma
cells invasion and migration. We treated A375-BANCR OE and A375-BANCR KD cells with SB-3CT, an
effective competitive metalloproteinase MMP-2 and MMP-9 inhibitor, and found that SB-3CT signi�cantly
inhibited the migration and invasion ability of A375-BANCR OE and A375BANCR KD cells (Fig. 2c). In
addition, forced expression of BANCR in A375 cells signi�cantly increased MMP2 and MMP9 protein
expression, and knockdown of BANCR remarkably decreased MMP2 and MMP9 protein expression (Fig.
2d). These results suggested that LncRNA BANCR promoted the migration and invasion of melanoma
cells by upregulating MMP2 and MMP9 protein expression.

LncRNA BANCR promotes metastasis of melanoma cells in vivo

Enhanced cell migration and invasion is essential for cancer cells metastasis in vivo. Tail vein assay data
revealed that BANCR overexpression markedly increased lung colonization, whereas knockdown of
BANCR strongly decreased lung colonization (Fig. 3a, b). All these results were further con�rmed by HE
and IHC staining (Fig. 3c).

LncRNA BANCR promotes cancer cell growth and migration by activating glucose metabolism pathway

We next assessed whether BANCR showed any effect on glucose metabolism in melanoma cells.
Therefore, we detected the PFK activity and PFK1 mRNA levels in A375-BANCR KD and A375-BANCR OE
cells. As shown in Fig. S1a, knockdown of BANCR decreased the PFK activity, whereas overexpression of
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BANCR increased the PFK activity in A375 cells. Consistant with these results, the mRNA levels of PFK1
were decreased in A375-BANCR KD cells relative to control cells, whereas A375-BANCR OE cells exerted
higher PFK1 mRNA levels than A375-WT cells (Fig. S1b). Additionally, pyruvate kinase activities were
upregulated by BANCR in A375 cells, whereas knockdown of BANCR inhibited the pyruvate kinase
activities (Fig. S1c). Moreover, we detected the PKM2 mRNA levels in A375-BANCR KD and A375-BANCR
OE cells. As shown in Fig. S1d, PKM2 mRNA levels were upregulated by BANCR overexpression and
attenuated by BANCR knockdown in A375 cells.

Pentose phosphate pathway is an important glucose metabolism pathway, which has a fundamental role
in tumor growth and migration [20]. Therefore, we detected the activities, mRNA and protein levels of
glucose-6-phosphate dehydrogenase (G6PD), a key enzyme of pentose phosphate pathway. We showed
that the activities, mRNA and protein levels of G6PD were also upregulated by BANCR overexpression and
attenuated by BANCR knockdown in A375 cells (Fig. 4a, b and c). G6PD mRNA levels were also analyzed
in 48 malignant human melanoma sample and adjacent normal tissue. As shown in Fig. 4d, the gene
mRNA levels were signi�cantly upregulated in melanoma tissues relative to adjacent normal tissues.

LncRNA BANCR promotes G6PD expression by suppressing miR-206 and miR-571 expression

LncRNA usually acts as a miRNA sponge to play important roles in regulating tumor formation.
Therefore, we wondered whether LncRNA BANCR promoted G6PD expression by suppressing miRNA
expression. LncRNA BANCR-targeted miRNAs were screened using an online prediction software
MicroInspector (http://bioinfo.uni-plovdiv.bg/microinspector/). Additionally, these miRNAs targeting
G6PD were predicted using online software miRwalk 3.0 (http://mirwalk.umm.uni-heidelberg.de/). We
found 16 predicted BANCR-targeted miRNAs which were potentially involved in regulating G6PD
expression. Therefore, we detected these miRNA levels in overexpressed BANCR and knockdown of
BANCR A375 cells. As shown in Fig. 5a, miR-206 and miR-571 were markedly suppressed by BANCR
overexpression, whereas the two miRNAs were signi�cantly increased by BANCR knockdown in A375
cells. Moreover, A375 cells were transiently transfected with BANCR overexpression vector or BANCR
siRNA. And then miR-206 and miR-571 levels were analysed by RT-PCR. We found that miR-206 and miR-
571 levels were suppressed in A375 cells transiently transfected with BANCR vector, whereas the both
miRNAs were upregulated by BANCR siRNA (Fig. 5b). The results were consistent with the data from
A375-BANCR KD and A375-BANCR OE cells.

To detect whether the levels of miR-206 and miR-571 were lower in melanoma cells than normal cells, we
examined the two miRNAs expression in �ve melanoma cell lines A375, A875, sk-mel-110, M21 and M28
cells, and a transformed aneuploid immortal keratinocyte Hacat cell line. As shown in Fig. 5c, the levels of
miR-206 and miR-571 were obviously higher than the �ve melanoma cell lines.

Above results showed lncRNA BANCR promoted G6PD expression in A375 cells. To evaluate the role of
miR-206 and miR-571 in G6PD expression induced by BANCR, we ftransfected the A375 cells using
mimics or inhibitor of the two miRNAs. Our results showed that both miR-206 and miR-571 mimics
signi�cantly attenuated mRNA levels of G6PD, whereas both miR-206 and miR-571 inhibitors observably

http://bioinfo.uni-plovdiv.bg/microinspector/
http://mirwalk.umm.uni-heidelberg.de/
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enhanced the mRNA levels of the G6PD gene in A375 cells (Fig. 5d). Moreover, we detected the G6PD
activity in A375 cells transfected with the two miRNAs mimics and inhibitor. Similarly, we found that miR-
206 and miR-571 mimics signi�cantly inhibited G6PD activity, whereas both miRNA inhibitors observably
enhanced G6PD activity in A375 cells (Fig. 5e).

The potential binding sites of miR-206 and miR-571 were shown in Fig. 5f and Fig. S2. The wild-type and
mutated BANCR were cloned into the downstream of �re�y luciferase coding region in pGL3 reporter
plasmid respectively (Fig. 5f). The vectors were co-transfected with mimics or inhibitors of miR-206 and
miR-571 into A375 cells, respectively. As shown in Fig. 5f, the miR-571 mimics signi�cantly inhibited
luciferase activity, whereas miR-571 inhibitor increased the activity in A375 cells transfected wild-type
reporter vectors. However, both miR-206 mimics and inhibitors failed to change the luciferase activity of
wild type BANCR reporter (BANCR WT) (Fig. S2b) and mutant BANCR reporter (BANCR MUT) (Fig. S2c).
The potential binding site of miR-206 on 3’UTR of BANCR was displayed in Fig. S2a. Thess results
suggested only miR-571 directly binded to BANCR, and miR-206 failed to bind the BANCR. BANCR directly
bound to and downregulated miR-571 levels. The miR-206 was indirectly suppressed by BANCR.

MiR-206 and miR-571 inhibit G6PD expression by directly binding the 3’UTR of G6PD

To further con�rm targeting of BANCR by miR-206 and miR-571, we predicted the potential binding sites
of the two miRNAs in 3’UTR of G6PD (Fig. 6a, d). Luciferase activity assay was used to validate the
potential binding sites. As shown in Fig. 6b and e, miR-206 and miR-571 mimics signi�cantly decreased
luciferase activity in A375 cells transfected wild type (WT) reporter vectors. Contrarily, in A375 cells
cotransfected with miR-206 or miR-571 inhibitors as well as WT reporter vectors, the luciferase activities
were higher than that in cells treated with negative control (NC) miRNA inhibitor (Fig. 6b, e). However, no
obvious change of luciferase activities by mimics or inhibitor of miR-206 and miR-571 was observed in
A375 cells transfected with mutant type (MT) reporter vectors (Fig. 6c, f).

MiR-206 and miR-571 inhibited the proliferation of melanoma cells induced by BANCR

To investigate the roles of miR-206 and miR-571 in the growth of melanoma cells, A375 cells were treated
with miR-206 or miR-571 mimics, and the cell viability was examined. As shown in Fig. 7a and Fig. 7c,
forced expression of miR-206 or miR-571 mimics in A375 and A375-BANCR OE cells signi�cantly
decreased cell viability. By contrast, both miRNA inhibitors signi�cantly increased the cell viability in A375
(Fig. 7a) and A375-BANCR KD cells (Fig. 7b). We treated A375-BANCR OE cells using mimics of miR-206
and miR-571. As shown in Fig. 7c, miR-206 and miR-571 mimics apparently decreased cell viability. By
colony formation assay, we performed the rescue experiment. We showed that forced expression of miR-
206 or miR-571 using mimics in A375 cells signi�cantly decreased cell colony formation increased by
BANCR overexpression (Fig. 7d, e). On the contrary, depletion of miR-206 or miR-571 using miRNA
inhibitors signi�cantly increased the cell colony formation decreased by BANCR knockdown in A375 cells
(Fig. 7d, e). These results suggested that MiR-206 and miR-571 inhibited the proliferation of melanoma
cells induced by BANCR.
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Discussion
MMPs are capable of degrading most of extracellular matrix proteins to promote cell migration [17, 21].
Here, our results suggested that BANCR enhanced melanoma cells migration was involved in MMP2 and
MMP9. The attenuation of BANCR by shRNA markedly increased the ratio of cells population in G1
phase. Moreover, this block effect of G1 phase appeared to be linked in the repression of cyclinD1 and
CDK2. In addition, we detected the protein expression of p27, an inhibitor of cyclin-CDK protein kinase
activity. Our results showed BANCR did not change the p27 expression in A375 cells (data not shown).
Furthermore, induction of tumor growth and migration effects of BANCR appeared to be associated with
glucose metabolism pathway. Lastly, we showed BANCR acted as a ceRNA of miR-571 to induce G6PD
expression in melanoma. It has become largely accepted that lncRNAs can function as miRNA sponges
and compete for miRNA binding to regulate mRNAs levels [22]. For example, linc-MD1 can act as a
sponge to block miR-133 from binding to MAML1 and MEF2C during muscle differentiation [23].
Additionally, in liver cancer, lncRNA HULC acts as a decoy to suppress miR-372, thereby resulting in
abolition of the translational repression of miR-372 target gene PRKACB [24]. Furthermore, lncRNA
BC032469 as a novel ceRNA sequesters miR-1207-5p and therefore upregulates hTERT expression in
gastric cancer [25]. Overall, these results were consistant with our data that LncRNA might function as
ceRNA to regulate gene expression by inhibiting miRNA. However, miR-206 expression was regulated
indirectly by BANCR. The mechanism of miR-206 downregulated by BANCR was unclear. Several studies
have reported that long non-coding RNA MIR4435-2HG, SNHG14 and LINC00707 can directly bind miR-
206 to suppress it expression [26-28]. Therefore, we speculated BANCR decreased the miR-206 expression
was involved in regulating these LncRNA expression. This mechanism will be the focus of our next study.

In this study, we showed miR-206 and miR-571 exerted anti-tumor effects to inhibit A375 cells
proliferation. Previous study also showed that miR-206 inhibits cell proliferation by repressing cyclinD2 in
gastric cancer [29]. In breast cancer, miR-206 inhibits cell stemness and migration by targeting
MKL1/IL11 pathway [30]. Recently, Adams et al found that miR-206 directly binds the 3’-untranslated
region (UTR) of the ERa transcript and decreases endogenous ERa mRNA and protein levels in human
breast cancer cells [31, 32]. MiR-571 is deregulated in human serum in liver cirrhosis [33]. However, its role
in cancer is unclear. Here, we �rstly found miR-571 exerted anti-tumor role in melanoma cells.

Aerobic glycolysis is the most prominent metabolic feature in cancer cells. This phenomenon is known
historically as the Warburg effect [21]. Warburg effect induces a large-scale biosynthetic program to
promote cancer cell proliferation and tumor development [34-36]. We showed BANCR induced the
upregulation of phosphofructokinase, pyruvate kinase and G6PD, the enzyme associated with aerobic
glycolysis. These results implied that BANCR promoted aerobic glycolysis in melanoma cancer cells.
G6PD functions as a key enzyme to produce NADPH which maintains reduced glutathione (GSH) [20].
GSH can protect cancer cell from oxidative damage by scavenging reactive oxygen species (ROS) [37].
Previous studies indicated that G6PD strongly promotes cancer cell proliferation in vitro and in vivo [38].
Moreover, G6PD is overexpressed in many cancer types and positively correlated with poor prognosis,
whereas tumor patients harboring G6PD inactivation exerted longer survival [23, 39, 40]. Here, we also

https://en.wikipedia.org/wiki/Extracellular_matrix
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found that G6PD was high expressed in tumor relative to normal tissues. These results suggested G6PD
overexpression was involved in induction of tumor growth and migration in melanoma.

Conclusion
In summary, our study was the �rst to show that BANCR was overexpressed in melanoma tissues
compared with corresponding adjacent normal tissues. Furthermore, it showed that high expression of
BANCR promoted melanoma cell proliferation and migration in vitro and in vivo. Moreover, BANCR
facilitated cell proliferation and migration was involved in attenuating levels of miR-206 and miR-571.
These results indicated that BANCR acted as an oncogene in melanoma and was a potential predictive
biomarker and therapy target for melanoma.

Abbreviations
LncRNAs: Long noncoding RNAs; MMPs: matrix metalloproteinases; MREs: miRNA response elements;
ceRNA: competing endogenous RNA; BANCR: BRAF-activated non-protein coding RNA; EMT: epithelial-
mesenchymal transition; PFK: phosphofructokinase; MT: mutant type; 3’UTR 3’-untranslated region; ROS:
reactive oxygen species.
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Figure 1

LncRNA BANCR is overexpressed in melanoma and promotes cell growth in vitro and in vivo a The
expression levels of BANCR in 48 malignant human melanoma sample and adjacent normal tissue as
measured by RT-PCR analysis. b The expression levels of BANCR in stably overexpressed BANCR
melanoma cells (A375-BANCR OE) and control cells A375-LV5; knockdown of BANCR cells (A375-BANCR
KD) and control cells A375-GL2. The expression levels of BANCR were also determined by RT-PCR. c-e
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MTT assay (c), clonogenic cell survival analysis (d) and cell cycle analysis (e) were performed to examine
cell viability in A375-BANCR OE, A375-LV5, A375-BANCR KD and A375-GL2 cells. Above experiments were
repeated three times. Data represent mean±S.D. **P<0.01; ***P<0.001. f Western blot was performed to
detect the protein expression of CDK2 and CyclinD1. The signals were stimulated with Enhanced
Chemiluminescence Substrate and visualized on Image Quant 4000. Full-length blots are presented in
Supplementary �gure S3. The relative quanti�cation of protein was analyzed by scanning densitometry
using Image J software and GAPDH was used as a loading control. Data were from three independent
experiments. g-h A375-BANCR OE, A375-LV5, A375-BANCR KD and A375-GL2 cells were injected
subcutaneously into nude mice. After 33 days, these mice were sacri�ced. g, h Cells were injected into
nude mice. After 6 days, tumor volumes were measured two times a week by using calipers (as indicated
at each time point) for 33 days. i, j Average tumor weight were measured. Data were shown as mean±S.D.
(n= 6 per group). *p<0.05, **p<0.01.



Page 17/23

Figure 2

LncRNA BANCR promotes cancer cell migration and invasion in vitro a, b Cell migration and invasion
assay were performed by transwell assay in A375-BANCR OE, A375-LV5, A375-BANCR KD and A375-GL2
cells. Experiments were repeated three times. Data represent mean±S.D. **P<0.01. c The migration and
invasion ability of A375-BANCR OE and A375-BANCR KD cells were analyzed by transwell assay in the
presence of SB-3CT. d Western blot was performed to detect the protein expression of MMP2 and MMP9.
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The signals were stimulated with Enhanced Chemiluminescence Substrate and visualized on Image
Quant 4000. Full-length blots are presented in Supplementary �gure S4. β-actin was used as a loading
control. Data were from three independent experiments.

Figure 3

LncRNA BANCR promotes cancer cell metastasis in vivo a A375-BANCR OE, A375-LV5, A375-BANCR KD
and A375-GL2 cells were injected intravenously into nude mice. Mice weights were measured once 12
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days. After 62 days, these mice were sacri�ced. Data were shown as mean±S.D. (n= 6 per group).
*P<0.05. b Lungs and heart from mice in each experimental group. c Visualization of the entire lung and
heart by HE-stained lung and heart sections (40×).

Figure 4

LncRNA BANCR upregulates G6PD expression and activities. a, b G6PD activity and mRNA levels were
performed in A375-BANCR OE, A375-LV5, A375-BANCR KD and A375-GL2 cells. Experiments were
repeated three times. Data represent mean±S.D. **P<0.01. c Western blot was performed to detect the
protein expression of G6PD. β-actin was used as a loading control. Data were from three independent
experiments. The signals were stimulated with Enhanced Chemiluminescence Substrate and visualized
on Image Quant 4000. Full-length blots are presented in Supplementary �gure S5. d The expression levels
of G6PD in 48 malignant human melanoma sample and adjacent normal tissue as measured by RT-PCR
analysis. Data represent mean±S.D. **p<0.01.
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Figure 5

LncRNA BANCR promotes G6PD expression by suppressing miR-206 and miR-571 expression. a These
miRNA levels in overexpressed BANCR and knockdown of BANCR A375 cells were detected by RT-PCR.
NC represented the miRNA levels in control cells. b miR-206 and miR-571 expression were detected in
A375 cells transiently transfected BANCR overexpression vector and BANCR siRNA by RT-PCR. c By RT-
PCR, miR-206 and miR-571 expression were detected in �ve melanoma cell lines A375, A875, sk-mel-110,
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M21 and M28 cells, and Hacat cells, a transformed aneuploid immortal keratinocyte cell line. d, e G6PD
mRNA levels were detected by RT-PCR, and G6PD activities were detected in A375 cells transiently
transfected mimics or inhibitors of miR-206 and miR-571. f The schematic represented the predicted
binding positions of putative miR-571 on BANCR. Luciferase activity assays in A375 cells cotransfected
with pGL3 vector containing the wild type (WT) or mutated (MUT) of BANCR against miR-571 bind site
along with negative control (NC) or miR-571 mimics and inhibitors. After 48 h, luciferase activity was
detected. Data represent mean±S.D., n.s represented no signi�cant; *p<0.05, **p<0.01, ***p<0.001.

Figure 6

miR-206 and miR-571 inhibit G6PD expression by directly binding the 3’UTR of G6PD a, d The schematic
represented the predicted binding positions of putative miR-571 and miR-206 on G6PD 3’UTR. b-e, f
Luciferase activity assays in A375 cells cotransfected with pGL3 vector containing the wild type (WT) or
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mutated (MUT) 3’UTR of G6PD against miR-571 and miR-206 bind site along with negative control (NC)
miR-206 or miR-571 mimics and inhibitors. After 48 h, luciferase activity was detected. Data were
normalized to luciferase activity in the corresponding cells transfected with NC and were represented as
the mean±S.D. of three replicates. *p<0.05, ***p<0.001.

Figure 7
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miR-206 and miR-571 inhibited the proliferation of melanoma cells a-c MTT assay, d, e clonogenic cell
survival analysis were performed to examine cell viability in A375, A375-BANCR OE and A375-BANCR KD
cells transfected with negative control (NC), miR-206 or miR-571 mimics and inhibitors. Above
experiments were repeated three times. Data represent mean±S.D. *p<0.05; **p<0.01; ***p<0.001.
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