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LncRNA RNCR2 facilitates cell proliferation and epithelial-mesenchymal 
transition in melanoma through the HK2-mediated Warburg effect via 
targeting miR-495-3p 
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Melanoma is a potentially lethal skin cancer with a high death rate. LncRNAs were reported to be implicated in 
melanoma progression. However, the function and mechanisms of lncRNA RNCR2 in melanoma are little known. In this 
study, RNCR2, miR-495-3p, and HK2 expression levels were measured in melanoma tissue specimens and cell lines by 
qPCR. EdU and CCK-8 assays were performed to assess cell proliferation. Enolase activity, ATP level, lactate production, 
and glucose consumption measurement kits were used to evaluate the glycolysis of tumor cells. Immunofluorescence and 
western blot were used to detect the expression of epithelial-mesenchymal transition (EMT) and glycolysis-related proteins. 
Luciferase reporter assay was applied to confirm the target relationships. The role of RNCR2 in tumorigenesis was examined 
using murine xenograft models. LncRNA RNCR2 was upregulated in melanoma tissues and cell lines. Cell function detec-
tion showed that RNCR2 knockdown remarkably inhibited cell proliferation and EMT via glycolysis, as well as reduced the 
growth of a tumor. Mechanically, RNCR2 was confirmed to bind to miR-495-3p and positively regulated HK2 expression 
level, and the miR-495-3p level was negatively correlated with RNCR2 or HK2 in melanoma tissues. Further, miR-495-3p 
downregulation or HK2 upregulation partially reversed RNCR2 knockdown-induced inhibition of melanoma cell growth, 
EMT, and glycolysis. Collectively, RNCR2 might be an oncogenic lncRNA to promote tumor cell glycolysis and accelerate 
tumor growth via the miR-495-3p/HK2 axis, providing a promising treatment target for melanoma. 
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Melanoma is a type of aggressive skin cancer, and the 
global incidence of melanoma is rapidly increasing every 
year [1–3]. Although many efforts have been made to treat 
melanoma (surgery, chemotherapy, targeted drugs, and 
immunotherapy), the curative effect and survival rate have 
not been markedly improved [4–7]. Therefore, it is urgent to 
explore molecular mechanisms of melanoma carcinogenesis, 
which are essential to finding new therapeutic targets and 
strategies for melanoma.

In tumors and other cells with abnormal proliferation 
or development, abnormal glucose metabolism is one of 
the most obvious features [8]. Compared with surrounding 
tissues, tumor cells absorb a lot of glucose. Moreover, even 
in the case of sufficient oxygen, the glycolysis process that 
produces lactic acid occurs in tumor cells. This aerobic glycol-
ysis is also called the Warburg effect [9, 10]. Compared with 
normal cells, due to the increased glucose uptake and glycol-

ysis of cancer cells, the production of intermediate metabo-
lites and end products of glycolysis, pyruvate, also increases 
[11]. This characteristic change in metabolism is to meet the 
biosynthetic requirements of uncontrolled proliferation of 
tumor cells [12]. Epithelial-mesenchymal transition (EMT) 
is the main cause of tumorigenesis, malignant transforma-
tion, and metastasis. It is worth noting that the enhancement 
of aerobic glycolysis in tumor cells can promote stemness 
and EMT [13, 14]. Therefore, targeted aerobic glycolysis 
is of great significance for the treatment and prevention of 
tumors.

Long non-coding RNA (lncRNA) is a highly heteroge-
neous group of RNAs that does not encode proteins and 
whose number of nucleotides exceeds 200. It is mainly 
expressed in the nucleus and highly conserved in mammals 
[15, 16]. LncRNA is believed to play a special role in certain 
malignant tumors by regulating protein molecular signals 
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and cell functions [17, 18]. Studies have found that the 
expression of a variety of lncRNAs in melanoma promotes 
the occurrence of cancer, and is closely related to aerobic 
glycolysis and EMT in tumor development [19–24]. Retinal 
non-coding RNA 2 (RNCR2) is a type of lncRNAs associated 
with the risk of myocardial infarction and is also expressed 
in retinal tissues and nerve cells [25–27]. In addition, it has 
been found that lncRNA RNCR2 has a regulatory relation-
ship with miR-150 and PI3K/AKT signaling pathways in 
melanoma cells to promote melanoma cell proliferation and 
invasion [28, 29]. However, the roles and mechanisms of 
RNCR2 in regulating glycolysis have not been revealed. In 
the previous studies, hexokinase 2 (HK2) is a rate-limiting 
enzyme for glycolysis, which is highly expressed in many 
human cancers to promote proliferation, angiogenesis, and 
glycolysis [30, 31]. Nevertheless, whether lncRNA RNCR2 
could modulate proliferation and EMT in melanoma by 
regulating HK2-mediated glycolysis still remains unknown.

In this study, we demonstrated that lncRNA RNCR2 acted 
as a contributor for melanoma cell proliferation and EMT 
via modulating glycolysis, which is remarkably reversed by 
the miR-495-3p/HK2 axis. Therefore, we proposed a novel 
mechanism by which lncRNA RNCR2 promoted glycolysis, 
proliferation, and EMT in melanoma cells, which would help 
make crucial strategies for treating melanoma.

Materials and methods

Collection of clinical tissue samples. Melanoma tissues 
and matched adjacent normal tissues were obtained from 35 
melanoma patients who received consent for surgery, and all 
participating patients signed informed consent. The patients 
treated by chemotherapy or radiation therapy were screened 
out. The experiments were conducted with the approval of 
the ethics committee of Xiangyang No.1 People’s Hospital, 
Hubei University of Medicine.

Cell culture. Melanoma cell lines (A375, MUM2B, 
B16, SK-MEL-1, A2058) and human epidermal melano-
cyte HEMa-LP were purchased from the ATCC (USA) and 
cultured in DMEM (Gibco, USA) with 10% FBS (Invitrogen, 
USA) at 37 °C with 5% CO2.

Plasmids and transfection. miR-495-3p mimics, 
miR-495-3p inhibitors, RNCR2 shRNA (sh-RNCR2), and 
the negative controls (miR-NC, inhibitor NC, sh-NC) were 
chemically synthesized by GenePharma (Shanghai, China). 
For HK2 overexpression, the cDNA of HK2 was cloned into 
a pcDNA3.1 vector (Invitrogen). Cells were transfected with 
plasmids by using Lipofectamine 3000 (Invitrogen).

Quantitative real-time PCR (qPCR). The TRIzol reagent 
(Invitrogen) was used to extract total RNA according to speci-
fied procedures. Then, total RNA was reversely transcribed 
into complementary DNA (cDNA), followed by qPCR exami-
nation using SYBR Green Master Mix on the ABI 7900 Real-
Time PCR System. Relative lncRNA RNCR, miR-495-3p, 
and HK2 expression levels were calculated by using 2–ΔΔCt 

method and were normalized to GAPDH or U6. Primers 
were listed as follows: RNCR2 5’-TCCCATTCCCGGAAGC-
TAGA-3’ (sense), 5’-GAGGCATGAAATCACCCCCA-3’ 
(anti-sense); miR-495-5p 5’-GGCGAAACAAACATG-
GTGCA-3’ (sense), 5’-CGGCCCAGTGTTCAGACTAC-3’ 
(anti-sense); HK2 5’-CCTCGGTTTCCCAACTCTG-3’ 
(sense), 5’-GGTAGAGATACTGGTCAACCTTC-3’ (anti-
sense); GAPDH 5’-AGGTCGGAGTCAACGGATTT-3’ 
(sense), 5’-TGACGGTGCCATGGAATTTG-3’ (anti-
sense); U6 5’-CTCGCTTCGGCAGCACA-3’ (sense), 
5’-AACGCTTCACGAATTTGCGT-3’ (anti-sense).

Cell proliferation. Transfected melanoma cells (5×103/
well) were seeded into 96-well plates overnight, and then 
10 µl CCK-8 solution (Beyotime, Shanghai, China) incubated 
with cells was removed at the indicated time for 2 h. Finally, 
the absorbance of cells (450 nm) was measured on a micro-
plate reader. For 5-ethynyl-2’-deoxyuridine (EdU) assay, a 
measurement kit (RiboBio, Guangzhou, China) was used to 
evaluate the synthesis of DNA in growing melanoma cells 
according to the instructions. Lastly, a fluorescence micro-
scope was used to observe the immunostaining of EdU or 
DAPI and count EdU-positive cells.

Glucose consumption and lactate production measure-
ment. After the transfection, melanoma cells were cultured 
in 6-well plates for 12 h. Glucose measurement and lactate 
assay kits (Sigma-Aldrich, USA) were used to assess glucose 
consumption and lactate production according to the 
manufacturer’s instructions.

Enolase activity and ATP level determination. The 
levels of ATP and enolase activity were assessed by using the 
Enhanced ATP assay kit (Beyotime) and Enolase Activity 
Assay Kit (Sigma-Aldrich). The analysis process corresponds 
to the instructions attached to each kit.

Measurement of Glucose-6-Phosphate (G6P) level. The 
level of G6P in melanoma cells was detected by using a G6P 
Assay Kit (Beyotime, Shanghai, China), as directed by the 
manufacturer’s instructions.

Bioinformatics analysis and dual luciferase assay. The 
interaction of miR-495-3p with RNCR2 or HK2 was predicted 
using starBase (http://starbase.sysu.edu.cn/). RNCR2 or 
HK2 fragments with wild-type (WT) or mutant (MUT) 
miR-495-3p binding sequences were obtained from GenePh-
arma. The WT and MUT sequences were inserted into the 
psi-CHECK2 luciferase reporter vector (Promega, Madison, 
Wisconsin, USA) and named RNCR2-WT/HK2-WT and 
RNCR2-MUT/HK2-MUT, respectively. The miR-495-3p 
mimics or miR-NC plus RNCR2-WT/HK2-WT or RNCR2-
MUT/HK2-MUT was transfected into melanoma cells with 
the help of Lipofectamine 3000. The cells were harvested 
after 48 h of transfection, and dual-luciferase reporter gene 
assay system (Promega) was performed to test the luciferase 
activity. Luciferase activity was normalized to Renilla lucif-
erase activity.

RNA immunoprecipitation (RIP) analysis. Magna RIP 
RNA binding protein immunoprecipitation kit (Millipore, 
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Burlington, MA, USA) was used to confirm the relation 
between RNCR2 and miR-495-3p. Firstly, the cells were lysed 
in the RIP lysis buffer. Anti-AGO2 antibody and control IgG 
(Millipore) were coupled with magnetic beads and incubated 
with cell extracts at 4 °C overnight. Then, magnetic beads 
were collected, washed, and digested with proteinase K. 
Finally, the immunoprecipitated RNA was extracted and 
analyzed by qPCR to evaluate the enrichment of RNCR2 and 
miR-495-3p on the magnetic beads containing AGO2.

Western blot analysis. Total proteins were prepared using 
RIPA lysis buffer. Then, equal amounts (20 µg) of protein 
from each group were separated by SDS-PAGE electropho-
resis and transferred to polyvinylidene fluoride (PVDF) 
membranes. The PVDF membranes were blocked with 
nonfat milk for 1 h and then soaked with primary antibodies: 
E-cadherin (1:20,000; ab40772, Abcam, MA, USA), 
N-cadherin (1:1,000; ab18203, Abcam), Vimentin (1:2,000; 
ab92547, Abcam), Snail (1:500; ab82846, Abcam), and 
HK2 (1:10,000; ab227198, Abcam) at 4 °C overnight. After 
washing in TBST, membranes were incubated with horse-
radish peroxidase (HRP)-conjugated secondary antibody for 
2 h. Proteins were visualized using enhanced chemilumines-
cence (ECL) kit (Jiancheng, Nanjing, China) and quantified 
by ImageJ software.

Immunofluorescence analysis. Cells from different treat-
ment groups were collected and fixed with 4% paraformalde-
hyde for 15 min. Subsequently, cells were permeabilized with 
0.05% Triton X-100 for 10 minutes and blocked with 5% BSA 
for 1 h. Then the cells were combined with primary antibody 
E-cadherin (1:500; ab40772, Abcam) and N-cadherin (1:200; 
ab18203, Abcam) overnight at 4 °C, and then incubated with 
the anti-rabbit Alexa Fluor 488 in the dark for 1 h. Lastly, 
nuclear staining was performed by using DAPI (Solarbio, 
Beijing, China). The cells were examined and photographed 
with a fluorescence microscope.

Murine xenograft model. Eight BALB/c nude mice (4–6 
weeks old) were obtained from SLAC Laboratory Animals 
Co., Ltd. (Shanghai, China). For tumor xenograft assay, a 
total of 1×107 A375 cells stably transfected with sh-RNCR2 
or sh-NC were subcutaneously injected into the mice. Tumor 

size was calculated every 4 days by the formula: V = (L×W2)/2 
(V: volume, L: length, W: width). The mice were sacrificed at 
the designated time and the tumors were collected, weighted, 
and saved for further experiments. The animal study was 
approved and monitored by the ethics committee of Xiang-
yang No.1 People’s Hospital, Hubei University of Medicine.

Statistical analysis. Student’s t-test was used for two 
groups comparison and the differences between multiple 
groups were compared by one-way analysis of variance 
(ANOVA). Spearman’s correlation analysis was performed 
to assess the correlation between levels of miR-495-3p and 
RNCR2 or HK2 in melanoma patient tissues. All data were 
statistically evaluated using GraphPad Prism 6.0 software. 
The experiments were conducted at least three replications, 
and the data were presented as mean ± SD.

Results

LncRNA RNCR2 is upregulated in melanoma. To 
analyze the potential role of RNCR2 in melanoma progres-
sion, qPCR was performed to measure RNCR2 level. The 
data revealed that RNCR2 was upregulated in melanomas 
(Figure 1A). Subsequently, RNCR2 levels in A375, MUM2B, 
B16, SK-MEL-1, and A2058 cells were measured. The results 
showed that RNCR2 was highly expressed in melanoma 
cells, especially A375 and A2058, in comparison with normal 
human epidermal melanocytes (Figure 1B). Taken together, 
dysregulation of lncRNA RNCR2 might be involved in 
melanoma development.

Knockdown of RNCR2 inhibits melanoma cell prolif-
eration and EMT via modulating glycolysis. To explore the 
effect of RNCR2 on the proliferation and EMT of melanoma 
cells, A375 and A2058 cells were transfected with sh-NC 
or sh-RNCR2 followed by the validation of transfection 
efficiency (Figure 2A). Cell proliferation assays exhibited that 
the inhibition of RNCR2 drastically decreased cell viability 
(Figure 2B) and EdU-positive cells (Figure 2C). In addition, 
deficiency of RNCR2 distinctly downregulated N-cadherin, 
Vimentin, and Snail expression, while promoted E-cadherin 
level (Figure 2D). Photographs of immunofluorescence 

Figure 1. LncRNA RNCR2 is upregulated in melanomas. A) qPCR detection of RNCR2 expression in tumor tissues. B) qPCR detection of RNCR2 
expression in HEMa-LP, A375, MUM2B, B16, SK-MEL-1, and A2058 cell lines. **p<0.01, ***p<0.001
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Figure 2. RNCR2 silencing inhibits melanoma cell proliferation and EMT via modulating glycolysis. A) qPCR detection of RNCR2 expression. B) 
CCK-8 assay was performed to assess cell viability. C) Cell proliferation was assessed via EdU assay. D) Western blot detection of N-cadherin, E-cad-
herin, Snail, and Vimentin expression levels. E) Immunofluorescence measurement of N-cadherin and E-cadherin expression. F–I) Detection of ATP 
level, enolase activity, glucose consumption, lactic acid production. J) Western blot was used for examination of the expression of HK2 and PKM2. K) 
The level of G6P in cells was evaluated using a G6P Assay Kit. *p<0.05, **p<0.01, ***p<0.001
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detection also proved this finding (Figure 2E). Further, we 
explored whether lncRNA RNCR2 regulated the glycolysis 
of melanoma cells. The results implied that the ATP levels, 
lactate production, glucose consumption, and enolase activity 
in A375 and A2058 cells were all suppressed by the RNCR2 
knockdown in comparison with control (Figures  2F–2I). 
Meanwhile, HK2, PKM2, and G6P levels were also decreased 
in cells transfected with sh-RNCR2, indicating RNCR2 
repression inhibited glycolysis (Figures 2J, 2K). Collec-
tively, RNCR2 silencing suppresses melanoma cell glycolysis, 
thereby inhibiting cell proliferation and EMT.

LncRNA RNCR2 acts as a molecular sponge of 
miR-495-3p in melanoma cells. Firstly, an online software 
starBase was utilized to predict the possible target of RNCR2. 
It was found that RNCR2 contained the complementary 
sequences of miR-495-3p, suggesting RNCR2 may bind to 
and regulate miR-495-3p level (Figure 3A). Therefore, we used 
the luciferase reporter assay and RIP experiments to verify 
the binding relationship between miR-495-3p and RNCR2. 
Overexpression of miR-495-3p decreased the RNCR2-WT 
reporter luciferase activity, but it had a very limited effect on 
the luciferase activity of RNCR2-MUT reporter (Figure 3B). 
RIP analysis showed that Ago2 was greatly enriched in RNCR2 
and miR-495-3p compared to control IgG (Figure  3C). 
Additionally, we found that miR-495-3p expression was 

downregulated in melanoma tissues and was negatively 
correlated with RNCR2 expression (Figures 3D–3E). Next, 
the downregulation of miR-495-3p was conformed in A375 
and A2058 cells (Figure 3F). Furthermore, RNCR2 repression 
could increase miR-495-3p expression (Figure 3G). Together, 
RNCR2 markedly suppresses miR-495-3p expression as a 
molecular sponge in melanoma cells.

LncRNA RNCR2/miR-495-3p modulates HK2 expres-
sion. To elucidate the correlation between miR-495-3p 
and HK2 in melanoma cells, bioinformatics analysis was 
performed to predict potential targets. The predicted 
binding sites between HK2 and miR-495-3p were shown in 
Figure 4A. In addition, miR-495-3p overexpression distinctly 
reduced the HK2-WT reporter’s luciferase activity, but the 
HK2-MUT reporter’s luciferase activity was limitedly affected 
(Figure  4B). Subsequently, HK2 was revealed to be highly 
expressed in melanoma tumor tissues, which was negatively 
correlated with miR-495-3p level and positively correlated 
with RNCR2 expression (Figures 4C–4E). qPCR and western 
blot assays showed that HK2 was upregulated in melanoma 
cell lines, and inhibiting miR-495-3p significantly upregu-
lated HK2 level, while the RNCR2 knockdown suppressed its 
expression (Figures 4F–4H). All data indicated that HK2 is 
targeted by miR-495-3p and lncRNA RNCR2 regulates HK2 
expression through interacting with miR-495-3p.

Figure 3. LncRNA RNCR2 sponges miR-495-3p in melanoma cells. A) starBase predicted the binding site of RNCR2 and miR-495-3p. B, C) Lucifer-
ase and RIP assays were performed to verify the binding relationship between RNCR2 and miR-495-3p. D) qPCR detection of miR-495-3p level. E) 
Correlation analysis of RNCR2 and miR-495-3p in melanoma tissues. F) qPCR detection of miR-495-3p expression in melanoma cell lines. G) qPCR 
measurement of miR-495-3p level in melanoma cell lines transfected with sh-NC or sh-RNCR2. **p<0.01, ***p<0.001
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Inhibition of miR-495-3p or overexpression of HK2 
reverses the regulation of sh-RNCR2 on glycolysis, prolif-
eration, and EMT of melanoma cells. Next, we aimed 
to further confirm whether RNCR2 mediated melanoma 
cell proliferation, EMT, and glycolysis via miR-495-3p/
HK2 axis. Inhibition of miR-495-3p or overexpression of 
HK2 can reverse the suppressive effect of RNCR2 silencing 
on cell growth to a certain extent (Figure 5A). E-cadherin 
in the RNCR2 knockdown cells was remarkably decreased 
by miR-495-3p inhibition or HK2 overexpression, while 
N-cadherin expression was notably increased (Figure 5B). 
ATP levels, glucose consumption, and lactate produc-
tion, which were suppressed by the RNCR2 knockdown, 
were significantly increased under the effect of miR-495-3p 

inhibition or HK2 overexpression (Figures 5C–5E). The 
above results indicated that RNCR2 regulates melanoma cell 
proliferation and EMT via HK-2 mediated Warburg effect by 
targeting miR-495-3p.

Knockdown of lncRNA RNCR2 inhibits melanoma 
tumor growth. In order to investigate whether RNCR2 would 
affect the growth of melanoma, a subcutaneous tumorigenesis 
model was established, and tumor volume and weight were 
analyzed. The tumor size formed by A375/sh-RNCR2 cells 
was significantly smaller than that of A375/sh-NC, demon-
strating RNCR2 shRNA significantly alleviated the growth of 
the tumor (Figures 6A, 6B). Consistently, the tumor formed 
by A375/sh-RNCR2 cells was remarkably lighter than that of 
A375/sh-NC, suggesting that RNCR2 suppression markedly 

Figure 4. LncRNA RNCR2/miR-495-3p modulates HK2 expression. A) starBase predicted the binding site of HK2 and miR-495-3p. B) Luciferase assay 
was used to verify the binding relationship between HK2 and miR-495-3p. C) qPCR detection of miR-495-3p expression in tumor tissues. D) Correla-
tion detection between HK2 and miR-495-3p in melanoma tissues. E) Correlation analysis of RNCR2 and HK2 expression in melanoma tissues. F) 
qPCR/western blot measurement of HK2 level in melanoma cell lines. G, H) qPCR/western blot detection of the effect of RNCR2/miR-495-3p on HK2 
expression. **p<0.01, ***p<0.001
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Figure 5. Inhibition of miR-495-3p or overexpression of HK2 reverses the regulation of sh-RNCR2 on glycolysis, proliferation, and EMT of melanoma 
cells. A) EdU assay was used to detect cell proliferation. B) Immunofluorescence detection of E-cadherin and N-cadherin expression. C) Enhanced ATP 
Assay Kit was used to detect ATP level. D) Glucose Assay Kit was used to measure glucose consumption. E) Lactate production was assessed by using a 
Lactate Assay Kit. *p<0.05, **p<0.01, ***p<0.001
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reduced tumor weight (Figure 6C). Then, miR-495-3p and 
HK2 expression were measured in tumor tissues (Figures 6D, 
6E). Certainly, miR-495-3p was upregulated, while HK2 was 
inactivated by RNCR2 deficiency. These results indicate that 
RNCR2 targets miR-495-3p to modulate HK2 expression 
and hampered tumor growth in melanoma.

Discussion

Studies showed that the prognosis of advanced melanoma 
has not been significantly improved due to the resistance to 
chemotherapy and the lack of targeted therapy [32]. In recent 
years, studies on the treatment of melanoma have focused on 
exploring novel therapeutic targets and strategies [33]. It was 
reported that lncRNA RNCR2 is abnormally expressed in 
tumors and involved in cancer progression [34]. In this study, 
lncRNA RNCR2 is upregulated in melanoma tumors, which 
is consistent with published findings. Functional experi-
ments confirmed that RNCR2 knockdown inhibited the cell 
proliferation and EMT in melanoma by repressing glycolysis 
via the miR-495-3p/HK2 axis.

Although the role played by lncRNAs in skin diseases is 
not yet clear, more and more abnormally expressed lncRNAs 
have been discovered in hyperproliferative skin diseases 
recently [35]. Melanoma is regarded by highly invasive and 
metastatic characteristics [36, 37]. Because of its functions in 
chromatin modification, transcription regulation, and RNA 
regulation, lncRNAs have gradually become the research 
focus of targeted therapy in melanoma [35, 38]. For example, 
exogenous lncRNA SAMMSON enhances the prolifera-
tion ability of melanoma cells, while the knockdown of 
SAMMSON inhibits melanoma cell activity by regulating 
MAPK [39]. It has been reported that RNCR2 has a regula-

tory effect on the cell cycle, which indicates that RNCR2 
plays an important role in regulating the proliferation of 
tumor cells [40]. However, the relationship between RNCR2 
and malignant melanoma has not fully been studied. This 
study proved that RNCR2 is highly expressed in melanoma 
tissues and melanoma cells, its suppression drastically inhib-
ited cell proliferation and tumor growth. Previous studies 
showed that RNCR2 can significantly affect the EMT process 
of various tumor cells [28, 41, 42]. Similarly, knockdown 
of RNCR2 in this study repressed EMT evidenced by the 
mediation of N-cadherin, Snail, E-cadherin, and Vimentin. 
In addition, we found that RNCR2 silencing conspicuously 
reduced ATP levels, enolase activity, glucose consumption, 
and lactate production. HK2 is important for the aerobic 
pathway and is a key enzyme for G6P. The knockdown of 
RNCR2 also suppressed HK2, PKM2 expression, and G6P 
level. These data proved that RNCR2 may promote cancer 
development by increasing the glycolysis in melanoma.

Some ncRNAs, especially lncRNAs, bind miRNAs through 
complementary competition to reduce miRNA levels and 
miRNA activity [43]. This competitive endogenous RNA 
(ceRNA) hypothesis has been proven in various cancers [44, 
45]. For example, RNCR2, as a miRNA sponge, combined 
with miR-22-3p in the form of ceRNA upregulates SIRT1 
and inhibits senescence of liver cancer cells [46]. In our 
work, bioinformatics prediction revealed that RNCR2 could 
bind to miR-495-3p. miR-495 had a low expression trend in 
malignancies [47–49]. Consistently, miR-495-3p was inhib-
ited by RNCR2 in melanoma tissues and melanoma cells, 
showing a trend of low expression. Besides, HK2 expression 
was positively related to RNCR2, but the expression of HK2 
was directly regulated by miR-495-3p. Hexokinase is the 
catalyst for the first step in glycolysis. The expression of HK2 

Figure 6. Knockdown of lncRNA RNCR2 inhibits melanoma tumor growth. A) Xenograft tumor tissues are presented. B) Tumor volume was moni-
tored every 4 days. C) Tumor weight was determined after 28 days of injection. D) qPCR detection of RNCR2, miR-495-3p, HK2 expression. E) Western 
blot detection of HK2 expression in tumor tissues. *p<0.05, **p<0.01
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and smaller hexokinase 1 (HK1) were upregulated in cancer 
cells to drive glycolysis [50]. The high expression of HK1 and 
HK2 in melanoma cells also promoted the glycolysis process 
without doubt [51]. This study firstly demonstrated that 
RNCR2 targets miR-495-3p to regulate the HK2-mediated 
glycolysis process in melanoma.

In summary, RNCR2 was strongly expressed in melanoma 
tissues and cells and may act as a ceRNA for miR-495-3p, 
thereby promoting HK2-mediated glycolysis. Importantly, 
we found that after repressing RNCR2, miR-495-3p can be 
significantly upregulated while inhibiting HK2 to reduce 
glycolysis and EMT, thereby blocking tumor growth. It 
is foreseeable that our findings prove that RNCR2 can be 
used as a potential molecular target in the targeted therapy 
of malignant melanoma, providing a theoretical basis 
for exploring the effective and high-quality treatment of 
melanoma.
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