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Background: Long non-coding RNAs (lncRNAs) play an important role in the occurrence of melanoma. However, the specific 
molecular mechanisms that regulate its biological function are still poorly understood. Therefore, the main purpose of this study is to 
elucidate the internal mechanism of lncRNA-FENDRR as a biological marker for the occurrence of SKCM and its influence on its 
proliferation.
Results: FENDRR is low expressed in skin cutaneous melanoma (SKCM) tissues and appears to be at an even lower level as the 
tumor progresses. However, the high expression of FENDRR can affect the proliferation of SKCM cell line A375. The results of flow 
cytometry showed that after overexpression of FENDRR, the cell cycle was arrested in the G1/G0 phase. Bioinformatics analysis and 
RIP results showed that FENDRR could be combined with YTHDF1. Together, these complexes regulate c-Myc mRNA level and 
determine cell proliferation.
Conclusion: We found that overexpression of FENDRR can effectively inhibit SKCM, which provides a new theoretical basis for 
new therapeutic approaches and targeted RNA drugs.
Keywords: long non-coding RNAs, FENDRR, melanoma, cell proliferation

Introduction
Cutaneous melanoma is a kind of highly aggressive and metastatic cancer.1 It only occurs in 5% of all skin cancers but 
causes more than 75% of deaths.2,3 Melanoma can be cured by surgical removal at an early stage.4 However, when the 
disease progresses to an advanced stage (stage IV), the 5-year survival rate of patients decreases significantly, even to less 
than 20%.2 There have been a variety of methods in clinical treatment for advanced melanoma, such as radiotherapy, 
chemotherapy, immunotherapy or targeted therapy.5 Recent studies on the combination of immunotherapy and radio
therapy on melanoma found that this is a safe and promising way on melanoma treatment.6 However, the survival rate of 
patients has not been effectively improved. Therefore, more efforts are still needed on the exploration of the pathogenesis 
of melanoma.

Long non-coding RNAs (lncRNAs) were regarded as transcriptional noise at the initial stage of discovery. With in- 
depth studies, more and more lncRNAs have been proven to have specific functions.7,8 Especially, it is closely related to 
the occurrence of many cancers.9–13 For example, it has been found that lncRNA can affect histone H3 methylation by 
binding with EZH2, thus affecting p21 expression to regulate the proliferation of fine lung cancer.14 In addition, recent 
studies have found that lncRNA can also regulate gene expression by affecting mRNA stability, thus affecting the 
occurrence of diseases. LncRNA-MEG3 can bind to PTBP1 and thus affect the degradation of SHP mRNA, leading to 
liver injury.15 In general, lncRNAs are involved in the pathogenesis of a variety of diseases, especially cancer.

In this study, we found that lncRNA-FENDRR had a low expression level in SKCM tissues. However, low expression 
of FENDRR can lead to tumor deterioration and promote tumor cell proliferation. The internal mechanism of this 
phenomenon is discussed and deeply studied. This paper provides a potential diagnostic target for the diagnosis of 
SKCM.
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Methods
Tissue and Cell Culture
Melanoma tissue and para-cancer tissue were collected from the Affiliated Hospital of Weifang Medical University 
between 2016 and 2022. Melanoma patients were recruited from the Affiliated Hospital of Weifang medical university 
between 2016 and 2022. This study was approved by the Affiliated Hospital of Weifang Medical University Ethics 
Committee, and the written informed consent of all participants was obtained before recruitment. Melanoma is confirmed 
by pathological examination. Clinical data have been collected and collated for clinicopathological analysis. All the 
procedures conform with the Declaration of Helsinki.16

A375 cells were purchased from Procell Life Science & Technology (Wuhan, China) and were cultured in basic 
medium with 100mL MEM (Gibco, 12492013, USA), 10mL Fetal Bovine Serum, FBS (Gibco, 10270-106, USA), 0.3mL 
gentamicin solution and 3mL 7.5% sodium carbonate solution. During cell passage, the cells were digested with 0.25% 
trypsin solution, until the cells were completely shed. Add cell culture medium to terminate digestion and pack according 
to the required proportion of passage.

During transfection, 5μg plasmid was premixed with 20μL LIPO2000 (Invitrogen, 11668027, USA) in Opti-MEM 
(Gibco, 11058021, USA). Let them stand at room temperature for 15 minutes. Then, slowly drop them into the medium. 
Mix gently and let culture for 24 hours before changing the medium. The cells were collected 72 hours later for follow- 
up experiments.

RNA Extraction and RT-qPCR
Cell precipitates or SKCM tissues were blown and lysed with 1mL Trizol (Invitrogen, 15596026, USA). Then, add 200 
μL chloroform, mix vigorously and centrifuge to get supernatant. After adding isopropanol in equal volumes, the RNA 
was separated in an ice bath for 30 minutes. After centrifugation, the precipitation was washed with 75% ethanol, and the 
RNA was diluted to 300ng/ μL with ddH2O.
500ng total RNA was taken and reverse transcribed with a reverse transcription kit (Vazyme, R211-01, China). Q-PCR 
was then performed with SYBR Green Mix (Vazyme, R211-01, China) according to the instructions. The primers used in 
the experiment are as follows (5’ -3’):
GAPDH FW:CTGGGCTACACTGAGCACC
GAPDH RV:AAGTGGTCGTTGAGGGCAATG
FENDRR FW:TAAAATTGCAGATCCTCCG
FENDRR RV:AACGTTCGCATTTAGC
CDK4 FW:CTGGTGTTTGAGCATGTAGACC
CDK4 RV:GATCCTTGATCGTTTCGGCTG
CDK6 FW:TCTTCATTCACACCGAGTAGTGC
CDK6 RV:TGAGGTTAGAGCCATCTGGAAA
Cyclin D1 FW:TGGAGCCCGTGAAAAAGAGC
Cyclin D1 RV:TCTCCTTCATCTTAGAGGCCAC
Cyclin E1 FW:ACTCAACGTGCAAGCCTCG
Cyclin E1 RV:GCTCAAGAAAGTGCTGATCCC
c-Myc FW: GGTAGTGGAAAACCAGCAGCC
c-Myc RV: TAGAAATACGGCTGCACCGAG

Western Blot
RIPA (Abcam, ab156034, England) is used to lyse cells with a protease inhibitor (Transgen, DI111-01, China) in the ice 
bath for 30 minutes. Then, the Lysis products were centrifuged at 12000g and the supernatant was transferred to a new 
tube for protein quantification by a nanodrop (Thermo Scientific, ND-2000, USA). 20μg protein was added to the 
polyacrylamide gel. After electrophoresis, the protein was transferred to the PVDF membrane overnight at 4°C. The 
PVDF membrane (Beyotime, FFP19, China) was sealed with 5% skim milk powder for 1 hour and incubated overnight 
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with a primary antibody. Incubate with secondary antibody for 1 h at room temperature the next day. The luminescent 
solution is then added for development. The list of primary antibodies is as follows: GAPDH (Abcam, ab181602, 
England), CDK4 (Abcam, ab199728, England), CDK6 (Abcam, ab124821, England), Cyclin D1 (Abcam, ab199728, 
England), Cyclin E1 (Abcam, ab133266, England). The secondary antibody used an HRP-conjugated goat anti-rabbit 
antibody (Beyotime, A0208, China).

Cell Proliferation Assay
Cell Counting Kit-8 (CCK8) (Beyotime, C0038, China) was used to examine the cell proliferation ability of A375 
(Procell Life Science & Technology, Wuhan, China). A375 cells were cultured in 96-well plates (3000 cells/well). After 
different incubation times, 100 μL CCK-8 solution was added and incubated at 37°C for 2 hours. Then, the absorbance at 
450 nm was measured with a microplate analyzer.

5-Ethynyl-2′-Deoxyuridine Staining
A375 cells were plated in Petri dishes, and 5-ethynyl-2’ -deoxyuridine (EDU) (Beyotime, ST067-50mg, China) was 
added after the cell turn rate reached 50%, and then cultured for 8 hours. Subsequently, a DNA Proliferation In Vitro 
Detection Kit (Guangzhou Ribobio, C10310-1, China) was used for Detection. A fluorescence microscope was used to 
observe and count.

Flow Cytometry
A375 cells were digested with 0.25% trypsin, and the digestion was terminated with medium and precipitated by 
centrifugation at 500g 3 min for subsequent detection. To assess cell apoptosis, cell precipitates were resuspended with 
binding buffer (Invitrogen, V13246, USA) and mixed with 5μL fluorescein isothiocyanate labelled Annexin V and 5μL 
propidium iodide.

To detect the cell cycle, we resuspended cell precipitation with 75% ethanol treatment. After 24 hours, it was mixed 
with cell cycle fluid and detected by flow cytometry.

RNA-Binding Protein Immunoprecipitation (RIP)
When A375 cells grew to 90% confluences, they were collected by centrifugation after trypsin digestion. The cells were 
resuspended with an equal volume of lysate and then lysed in an ice bath for 5 min. Seventy-five-microliter Protein-A 
magnetic beads (Beyotime, P2108-5mL, China) were washed twice with NT-2 Buffer (Tris-HCL, 50mM; NaCl, 150mM; 
MgCl2, 1 mM; Nonidet P-40, 0.05%) and were resuspended with 100 μL NT-2 Buffer. Five-microgram YTHDF1 
antibody (Abcam, ab220162, England) was added and mixed at room temperature for 1 h. Wash with NT-2 6 times and 
resuspend with 900 μL. Add 100 μL pyrolysis product and mix at 4 °C for 3 hours. Wash the magnetic beads 5 times. 
Add 150 μL protease K Buffer and incubate at 5 °C for 30 min. Add 400μL phenol, chloroform and isoamyl alcohol 
(125:24:1), vibrate vigorously for 15S, and centrifuge at 20,000 × g at room temperature for 10 min. The supernatant was 
added with an equal volume of chloroform and centrifuged for 15 s at 20,000 × g room temperature for 10 min. Add 
50μL of 5M ammonium acetate, 15μL of 7.5M LiCl, 5 μL of 5mg/mL glycogen, and 850μL of anhydrous ethanol. The 
samples were placed overnight at −80 °C and centrifuged at 20,000 × g at 4 °C for 30 min. The precipitation was washed 
with 500 μL 80% ethanol. The sample was dissolved in 10~20 μL RNASE-FREE water for Western blot examination.

Bioinformatics Analysis and Statistics
Gene Expression Profiling Interactive Analysis (GEPIA, http://gepia.cancer-pku.cn/)17 was used to analyze the SKCM 
disease-free survival difference in FENDRR low group and FENDRR high group. FENDRR is normalized by ACTB. 
Group Cutoff was set median (Cutoff-High 50%, Cutoff-Low 50%). SKCM was chosen as dataset. The data were 
collected from the Cancer Genome Atlas Database (TCGA).

The FENDRR expression profile in different SKCM stages was plotted by Stage plot functions in GEPIA database.
FENDRR protein interaction was predicted by ENCORI18 (http://starbase.sysu.edu.cn). For the high stringency of the 

predicted results, we set CLIP Data as 3.
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SPSS statistical data version, using PRISM7 statistical analysis. Data are expressed as mean ± standard deviation. 
t-test was used for significant difference analysis, and P < 0.05 indicates that the difference is statistically significant. The 
experiment was repeated three times, and the error bar represented the standard deviation.

Results
LncRNA-FENDRR Was Low Expressed in SKCM Tissues and Decreased the Overall 
Survival Rate
To explore the specific expression level of LncRNA-FENDRR in SKCM tissues, we selected SKCM patients from 2016 
to 2022 for study. During that time, 98 patients underwent surgery. Among these samples, 78 samples with low 
expression of FENDRR, compared to normal tissue, accounted for 78.57% of the total samples. Notably, FENDRR 
expression levels were very low in 24 of the 25 metastatic melanomas (Table 1). We extracted RNA from the metastatic 
melanomas and adjacent tissue samples and detected the relative expression level of FENDRR. The results showed that 
FENDRR was low expressed in SKCM tissues (Figure 1A).

To better illustrate the relationship between FENDRR and SKCM patients’ survival, Kaplan–Meier survival curves 
were drawn using data collected by GEPIA (Figure 1B), which indicated that FENDRR with low expression significantly 
reduced survival (low = 198, high = 221). These results suggested that the expression of FENDRR would influence 
SKCM occurrence and growth. The level of FENDRR in all stages of SKCM was analysed by GEPIA. The results 
indicated that, with the development of SKCM at different stages, FENDRR had been continuing low expressed, and the 
expression was slight lower median in Stage II and Stage IV (Figure 1C). In a more detailed SKCM development stage 
analysis, FENDRR would show a low-expression trend when SKCM was about to transition to the next stage 
(Figure 1D).

LncRNA-FENDRR was low expressed in SKCM tissue, and the lower the expression level was, the worse the 
prognosis was. Moreover, the higher the degree of tumor malignancy or the downward stage of tumor development, the 
lower the expression trend of FENDRR was.

Increased Expression of LncRNA-FENDRR Affects the Proliferation of SKCM Cells
We detected the expression of FENDRR in four SKCM cell lines (B16F10, A375, M14, WM3211). And then, we chose 
A375 for the future experimental study (Figure 2A, p < 0.001, n = 3). We enhanced the FENDRR level, by using 
FENDRR overexpression plasmid in A375 SKCM cell line. FENDRR level of the overexpression group was about 10.5 
times that of ctrl (Figure 2B, p < 0.001, n = 3).

In the CCK-8 experiment, after overexpression of FENDRR at 24, 48, 72, 96 hours, the absorbance of A375 
decreased significantly compared with ctrl (Figure 2C, n = 3). This showed overexpressed FENDRR decreased the 
proliferation ability of A375.

Table 1 The Expression Level of FENDRR in All 98 Clinical Samples

Total FENDRR Expression

98 Low (Num./ %) High (Num./ %)

Age

< 50 36 28/ 28.57 8/ 8.16
≥50 52 39/ 39.80 13/ 13.27

Gender
Male 83 66/ 67.35 17/ 17.35

Female 15 11/ 11.22 4/ 4.08

Tumor number
Single 73 54/ 55.10 20/ 20.41

Multiple 25 24/ 24.49 1/ 1.02
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Figure 1 LncRNA-FENDRR was low expressed in SKCM tissues and decreased the overall survival rate. (A) Q-PCR was used to detect the expression of FENDRR in 24 
melanoma tissues; (B) disease-free survival analysis of SKCM patients in high and low FENDRR expression groups. Data was analysed by GEPIA. (C) FENDRR levels in the 
main SKCM progression stages. (D) FENDRR levels in a detailed SKCM progression stages. (C and D) were analysed by GEPIA database w ****P<0.0001.

Figure 2 Increased expression of LncRNA-FENDRR affects the proliferation of SKCM cells. (A and B) The expression level of FENDRR was detected by Q-PCR; (C) CCK- 
8 was used to detect cell proliferation at different time points after transfection with FENDRR; (D and E) EDU to verify the cell proliferation level at 8 hours; (F) apoptosis 
level was analyzed by flow cytometry. *P <0.05, ***P<0.001. 
Abbreviations: ctrl, control; oe, overexpression.
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To further analyze the mechanism of FENDRR affecting A357 viability, we subsequently performed an EDU 
incorporation experiment and apoptosis detection. The number of EDU-stained cells was significantly decreased in the 
overexpression group compared to the control group (Figure 2D and E). We then examined the apoptosis of A375 using 
flow cytometry. The results showed a slight increase in apoptosis in the overexpression group (Figure 2F).

Increased Expression of LncRNA-FENDRR Influences the Normal Cell Cycle
To better understand the mechanism of FENDRR inhibited cell proliferation, we examined the cell cycle of A375 by flow 
cytometry. In the overexpressing FENDRR group, the number of cells in G0/G1 phase increased significantly, while the 
number of cells in S phase decreased, compared with the control group (Figure 3A). These results suggested that a high 
FENDRR level may impede the transition of A375 from G1 to S phase.

Q-PCR showed that high expression of FENDRR would reduce the expression levels of Cyclin E1 and Cyclin D1, 
and CDK4, and CDK6 (Figure 3B, P < 0.001, n = 3). Similarly, the above results were also confirmed by Western blot 
(Figure 3C and D). The low expression of these proteins is the direct cause of A375 stagnation in G1 phase.

FENDRR Influences A375 Proliferation via Reducing c-Myc
We next examined the expression of the proto-oncogene c-Myc. In the Q-PCR experiment, the mRNA level of c-Myc 
was significantly reduced after overexpression of FENDRR (Figure 4A, P < 0.001, n = 3). Western blot also showed that 
the low levels of c-Myc and phosphorylated c-Myc (pc-Myc) in the overexpressed FENDRR group (Figure 4B and C).

To explore whether high FENDRR-induced phenomenon could be rescued, we transfected plasmids that both 
expressed FENDRR and c-Myc in A375 cells. EDU experiments showed that the inhibited cell proliferation ability 
was significantly increased after c-Myc overexpression (Figure 4D and E). And CCK-8 assay showed that a higher level 
of c-Myc would restore its cell viability to the normal level at 48, 72, 96 hours after transfection compared to control 
group (Figure 4F).

Figure 3 Increased expression of LncRNA-FENDRR influences the normal cell cycle. (A) flow cytometry analysis of the percentage of the number of cells in each cell cycle; 
after overexpression of FENDRR, the cell cycle marker protein was detected by (B). Q-PCR, (C and D) Western blot. *P <0.05, **P<0.01, ***P<0.001, ****P<0.0001. 
Abbreviations: ctrl, control; oe, overexpression.
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FENDRR Regulates the mRNA Level of c-Myc by Binding to YTHDF1
ENCORI website predicted that FENDRR may interact with YTHDF1, CNBP and other RNA-binding proteins (RBPs) 
(Table 2). A previous study has found that YTHDF1 is involved in the stability regulation of c-Myc mRNA.19 We 
speculated that FENDRR may combine with YTHDF1 to regulate the stability of c-Myc mRNA.

RIP experiment showed that YTHDF1 could be combined with FENDRR (Figure 5A and B). Next, we simulta
neously overexpressed YTHDF1 with different doses of FENDRR. Q-PCR assay claimed a negative correlation between 
FENDRR level and c-Myc expression level (Figure 5C). Moreover, different transfection doses also led to a cascade 
difference in the amount of FENDRR bound by YTHDF1 (Figure 5D).

Figure 4 FENDRR influences A375 proliferation via inhibiting c-Myc. The expression of c-myc in A375 cells after FENDRR overexpression was detected by (A). Q-PCR, 
(B and C) Western blot. After the simultaneous overexpression of c-myc and FENDRR, the proliferation level of cells was detected by (D and E). EDU incorporation assay 
and (F) CCK-8 assay, respectively. ***P<0.001. 
Abbreviations: ctrl, control; oe, overexpression; +, positive.

Table 2 Bioinformatics Predicts FENDRR-Binding Proteins

RBP clusterNum clipExpNum clipIDnum pancancerNum

RBFOX2 2 6 7 19

RBMX 8 5 13 13
YTHDF1 16 5 23 12

YTHDC1 3 5 5 17

YTHDF3 8 4 15 10
CSTF2 29 4 56 14

HNRNPC 18 4 29 16

HNRNPK 19 3 24 14
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Discussion
Melanoma is an aggressive and highly lethal skin cancer. Advanced melanoma has an extremely high fatality rate and 
a poor 5-year prognosis. To diagnose melanoma earlier and treat melanoma earlier, researchers and medical workers have 
done a lot of practice and research work. However, this cancer is still poorly understood and there is no good treatment 
for it.

With the deepening of understanding of lncRNAs, a large number of studies have found that lncRNAs are involved in 
the occurrence and development of melanoma. Leucci et al found that lncRNA-sammson could combine with p32 to 
affect mitochondrial homeostasis and promote the occurrence of melanoma.20 However, more literatures have shown that 
lncRNAs can co-regulate the development of melanoma by regulating miRNAs.21–23 With the consent of the patient, we 
collected and analyzed the surgical tissues collected since 2016. We found that the expression level of lncRNA-FENDRR 
was very low in melanoma, compared to the paracancerous tissues. Combined with data collected by GEPIA, the lowest 
levels of FENDRR tended to be found in late-stage SKCM tissues. Notably, when SKCM is about to deteriorate and 
move to the next stage, FENDRR will appear at a lower degree of expression. This suggests that FENDRR may be 
involved in regulating the expression of proto-oncogenes or affecting the biological function of cells.

We selected SKCM cell line A375 with low FENDRR to further investigate the effect of FENDRR on SKCM. We found 
that the high expression of FENDRR can effectively affect the cell cycle of A375, thereby affecting cell proliferation. This 
finding is similar to the role of FENDRR in other types of cancer, such as breast cancer,24 cholangiocarcinoma,25 cervical 
cancer,26 etc. However, in the above studies, FENDRR acted more like a sponge to adsorb different miRNAs to play its 
function.

In our study, the expression level of FENDRR showed a negative correlation with the expression level of c-Myc. 
Overexpression of the proto-oncogene c-Myc can effectively rescue the trend of reduced cell proliferation caused by high 
expression of FENDRR. Considering that FENDRR expression tended to decline when SKCM was about to develop to 
the next stage, we inferred that FENDRR might be involved in the post-transcriptional regulation of c-Myc. ENCORI 

Figure 5 FENDRR regulates the mRNA stability of c-Myc by binding to YTHDF1. (A, B and D) RIP test to detect the physical binding of YTHDF1 and FENDRR; The x-axis 
stands for the plasmid transfection dose. (C) Q-PCR was used to detect and analyze the linear correlation between FENDRR expression level and c-Myc mRNA.
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predicted that YTHDF1 and CNBP, which regulate mRNA homeostasis, could bind to FENDRR. The RIP experiment 
verified that YTHDF1 and FENDRR were indeed combined. In previous studies, it was found that YTHDF1 affected the 
regulation of METTL3 on c-Myc mRNA stability by recognizing m6A.15 In a dose-dependent experiment, we proved 
that the increase of FENDRR dose showed an increasing trend of binding amount with YTHDF1, which also led to 
a gradual decrease of c-Myc mRNA expression. This may be because the combination of FENDRR and YTHDF1 
hinders the recognition of m6A by YTHDF1, thus may affect the stability of mRNA. It may also affect the c-Myc 
translation process, resulting in excessive mRNA degradation. This needs to be followed by further research.

In conclusion, we found that FENDRR can be used as a potential marker for the early diagnosis of SKCM. Furthermore, 
FENDRR is involved in the regulation of c-Myc mRNA level, affecting cell cycle and proliferation, as well as the 
deterioration degree of SKCM. This suggested that FENDRR could be a potential target for future research on SKCM.
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