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Abstract. – OBJECTIVE: The regulatory mech-

anism of lncRNA MIR4435-2HG has been extensively investigated in human cancers other than
melanoma. This study aims to elucidate the role
of lncRNA MIR4435-2HG in melanoma.
MATERIAL AND METHODS: The mRNA expression was detected by RT-qPCR. MTT assay,
Transwell assay and Dual-Luciferase reporter
assay were used to investigate the regulatory
mechanism of lncRNA MIR4435-2HG.
RESULTS: Upregulation of lncRNA MIR44352HG was identified in melanoma and promoted
melanoma cell proliferation, migration and invasion. In addition, lncRNA MIR4435-2HG serves
as the ceRNA of miR-802. MiR-802 inhibited melanoma progression by downregulating lncRNA
MIR4435-2HG. Besides, miR-802 directly targets
FLOT2. And knockdown of FLOT2 restrained the
progression of melanoma by downregulating lncRNA MIR4435-2HG and upregulating miR-802.
CONCLUSIONS: LncRNA MIR4435-2HG promotes cell proliferation, migration and invasion
in melanoma by sponging miR-802 and upregulating FLOT2.
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Introduction
Melanoma is a common skin tumor caused by
excessive proliferation of abnormal melanocytes.
Melanoma accounts for a large proportion of skin
tumor deaths, is extremely malignant and is prone
to metastasis1. Although China is a low incidence
area of melanoma, its incidence has been increas2616

ing in recent years. In addition, the clinical stage
of melanoma patients is significantly associated
with prognosis. The 5-year survival rates of stage
I, II, III and IV were 94%, 44%, 38%, and 4.6%,
respectively2. Meanwhile, the primary tumor
thickness of patients with melanoma was also
significantly associated with the prognosis. The
5-year survival rates of ≤1 mm and >4 mm were
92% and 43%3, respectively. Therefore, early diagnosis and treatment are particularly important
for patients with melanoma.
Long non-coding RNAs (lncRNAs) have been
widely considered to play important roles in tumorigenesis, including melanoma. LncRNA TUG1
promoted tumor growth and metastasis in malignant melanoma4. In addition, Linc00961 has
been found to inhibit the proliferation and invasion of cutaneous melanoma cells5. The role of
lncRNA MIR4435-2HG has been investigated
in many human cancers. In particular, lncRNA
MIR4435-2HG was upregulated in hepatocellular
carcinoma and promoted cancer cell proliferation by upregulating miRNA-487a6. But lncRNA
MIR4435-2HG was found to be downregulated
in osteoarthritis7. These findings indicate that
MIR4435-2HG is expressed differently in human
diseases. Furthermore, the role of MIR4435-2HG
in melanoma remains unknown. Therefore, this
study aims to explain the regulatory mechanism
of MIR4435-2HG in melanoma.
In addition, starBase version 2.0 (http://starbase.
sysu.edu.cn/) predicts that MIR4435-2HG has a
binding site to miR-802. The abnormal expression
of miR-802 has been found in some malignancies.
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It has been reported that miR-802 was upregulated in hepatocellular carcinoma and was associated
with poor prognosis8. However, miR-802 expression was reduced in gastric cancer. The upregulation of miR-802 suppressed the carcinogenicity of
gastric cancer via targeting RAB239. This indicates
that miR-802 expression has tissue specificity. In
addition, lncRNA MIR155HG has been found to
promote pancreatic cancer progression through
the negative regulation of miR-80210. However, the
interaction between MIR4435-2HG and miR-802
still needs to be elucidated in melanoma.
Further, we found that flotillin-2 (FLOT2) is
a potential target for miR-802. The specific role
of FLOT2 in human cancers has been identified.
For example, FLOT2 was upregulated and promoted cell metastasis in nasopharyngeal carcinoma11. FLOT2 was a target of miR-449 and acted as a prognostic biomarker in glioma12. More
importantly, miR-802 has been shown to inhibit
cell metastasis in prostate cancer by targeting
FLOT213. In addition, FLOT2 has been identified
as a novel target for miR-34a and is involved in the
progression of melanoma14. However, it is unclear
how MIR4435-2HG regulates miR-802/FLOT2
axis. Therefore, the regulatory mechanism of
MIR4435-2HG/miR-802/FLOT2 was investigated in melanoma. At the same time, the roles of
MIR4435-2HG, miR-802 and FLOT2 were also
confirmed in melanoma. This study may help understand the pathogenesis of melanoma.

Patients and methods
Clinical Specimens
The study was approved by the Institutional
Ethics Committee of Qilu Hospital of Shandong
University (Qingdao). Written informed consents
were obtained from 28 patients with melanoma.
All patients were not treated before surgery. The
research protocol complies with the principles
outlined in the Declaration of Helsinki. Human
tissues were frozen in liquid nitrogen and then
stored in a refrigerator at -80°C for further experiments.
Cell Culture
Human epidermal HEMa‑LP melanocytes and
melanoma cell lines A375 and A2058 were purchased from Shanghai GeneChem Co., Ltd. A375
and A2058 cells were seeded in Dulbecco’s modified Eagle’s medium (DMEM), Invitrogen, Carlsbad, CA, USA) with 10% fetal bovine serum (FBS;

Invitrogen, Carlsbad, CA, USA). HEMa‑LP cells
were cultured in Invitrogen® Medium 254 (Thermo Fisher Scientific, Inc., St. Louis, MO, USA)
supplemented with human melanocyte growth
supplement (Thermo Fisher Scientific, Inc., St.
Louis, MO, USA). Finally, they were incubated in
a humid atmosphere at 37°C with 5% CO2.
Cell Transfection
Lentivirus vectors overexpressing MIR44352HG, MIR4435-2HG siRNA, miR-802 mimics, miR-802 inhibitor, FLOT2 siRNA were
purchased from GeneChem (Shanghai, China).
Next, they were transfected into A375 cells using Lipofectamine 2000 (Invitrogen/Thermo
Fisher Scientifc, Inc., Waltham, MA, USA), respectively.
Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)
TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was used to extract total RNA from melanoma tissues and cells. A cDNA solution was
synthesized using a PrimeScript RT reagent kit
(TaKaRa, Dalian, China). Quantitative RT-PCR
was performed using the SYBR-Green RT-PCR
kit (TaKaRa, Dalian, China) on ABI7500 Fast Real-time PCR System (Applied Biosystems, Thermo Fisher Scientifc, Inc., Waltham, MA, USA).
U6 and glyceraldehyde phosphate dehydrogenase (GAPDH) were used as internal references.
The primers used were: MIR4435-2HG forward
5-GAC ATT CCA GAC AAG CGG TG-3′; reverse 5-TCC ACT TTG CTT GTC AGG GA-3′;
miR-802 forward: 5-CGT TGT GTA GCT TAT
CAG ACT G-3′and reverse, 5-AAT GGT TGT
TCT CCA CAC TCT C-3′; U6-forward: 5-GCT
TCG GCA GCA CAT ATA CTA AAA T-3′ and
reverse, 5-CGC TTC ACG AAT TTG CGT GTC
AT-3′; FLOT2 forward: 5-CCC CAG ATT GCT
GCC AAA-3′and reverse, 5-TCC ACT GAG GAC
CAC AAT CTC A-3; GAPDH forward: 5-ACA
ACT TTG GTA TCG TGG AAG G-3′, and reverse, 5-GCC ATC ACG CCA CAG TTT C-3′.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
MTT assay was used to measure cell proliferation. A375 cells were seeded in 96-well plates.
The transfected cells were incubated for 24, 48,
72, and 96 h, respectively. These cells were then
incubated with MTT solution (5 mg/ml; Sigma-Aldrich, Merck KGaA, Darmstadt, Germany)
for 4 h at 37˚C. The absorbance at 490 nm was
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measured using a spectrophotometer (PerkinElmer, Inc., Waltham, MA, USA).
Transwell Assay
Cell invasion was detected in the upper chamber with Matrigel (BD Biosciences, San Jose, CA,
USA). Cell migration was measured without Matrigel. First, A375 cells (4×103 cells/well) were seeded
into the upper chambers (8 μm pore size; Corning
Incorporated, Corning, NY, USA). DMEM medium with 10% FBS was placed in the lower chamber. Next, these cells were incubated with 5% CO2
at 37˚C for 24 h. Finally, the moving cells on the
lower surface were fixed and stained for 30 mins,
and then counted with a light microscope.
Dual-Luciferase Reporter Assay
The pGL3 plasmids (Promega Corporation,
Madison, WI, USA) with miR-802 mimics and
wt-MIR4435-2HG or mut-MIR4435-2HG were
transfected into A375 cells to verify the binding
of MIR4435-2HG and miR-802. After 48 h of incubation, luciferase activity was determined by
dual-luciferase reporter assay system (Promega
Corporation, Madison, WI, USA). The relationship between FLOT2 and miR-802 was also investigated according to the above experimental
procedure.
Statistical Analysis
Data are shown as mean ± standard deviation
(SD). Statistical analysis was performed using
GraphPad Prism 6.0 (La Jolla, CA, USA) and Statistical Product and Service Solutions (SPSS) 17.0
(IBM Corp., Armonk, NY, USA). Differences
between groups were calculated using Student’s
t‑test or One-way analysis of variance (ANOVA)
followed by Tukey’s post-hoc test. It is defined as
statistically significant at p<0.05.

Results
LncRNA MIR4435-2HG Promotes Cell
Proliferation, Migration and Invasion in
Melanoma
The expression of MIR4435-2HG was detected in melanoma tissues. RT-qPCR showed that
MIR4435-2HG expression was increased in melanoma tissues compared to normal tissues (Figure
1A). In addition, compared to HEMa‑LP melanocytes, upregulation of MIR4435-2HG was detected in A375 and A2058 melanoma cells (Figure
1B). The alternation of MIR4435-2HG expression
2618

was more pronounced in A375 than in A2058
cells. Therefore, A375 cells were used to explore
the role of MIR4435-2HG in melanoma cells.
Next, MIR4435-2HG siRNA was transfected into A375 cells. We found that MIR4435-2HG expression was significantly reduced by its siRNA
in A375 cells (Figure 1C). Functionally, knockdown of MIR4435-2HG restrained A375 cell proliferation (Figure 1D). Meanwhile, cell migration
and invasion were suppressed by MIR4435-2HG
siRNA (Figure 1E, 1F). Collectively, lncRNA
MIR4435-2HG is involved in the progression of
melanoma by acting as an oncogene.
LncRNA MIR4435-2HG serves as a ceRNA
for miR-802
Next, starBase version 2.0 (http://starbase.sysu.
edu.cn/) predicts that MIR4435-2HG has a binding site to miR-802 (Figure 2A). The dual luciferase reporter assay showed that miR-802 mimics
reduced the luciferase activity of wt-MIR44352HG in A375 cells (Figure 2B). Next, miR-802
expression was measured in melanoma tissues.
Compared to normal tissues, downregulation of
miR-802 was found in melanoma tissues (Figure
2C). In addition, MIR4435-2HG expression was
found to be inversely correlated with miR-802 expression in melanoma tissues (Figure 2D). And it
was found that miR-802 expression was reduced
by upregulation of MIR4435-2HG and increased
by downregulation of MIR4435-2HG (Figure
2E). At the same time, miR-802 mimics inhibited
the expression of MIR4435-2HG, while miR-802
inhibitor promoted MIR4435-2HG expression
in A375 cells (Figure 2F). These results reveal
that lncRNA MIR4435-2HG acts as a molecular
sponge for miR-802.
MiR-802 Regulates Melanoma Progression
by Mediating LncRNA MIR4435-2HG
MiR-802 expression was observed in melanoma cells. Compared to HEMa‑LP cells, downregulation of miR-802 was identified in A375
and A2058 melanoma cells (Figure 3A). Next,
miR-802 mimics and MIR4435-2HG vector were
transfected into A375 cells. We found that miR802 mimics enhanced its expression in A375
cells. After the MIR4435-2HG vector was transfected, the increased expression of miR-802 was
recovered (Figure 3B). Functionally, cell proliferation, migration and invasion were inhibited by
miR-802 overexpression. In addition, the upregulation of MIR4435-2HG attenuated the inhibitory
effects of miR-802 on cell proliferation, migration
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Figure 1. LncRNA MIR4435-2HG promotes cell proliferation, migration and invasion in melanoma. (A-B) The expression of
MIR4435-2HG in melanoma tissues and cells (C) MIR4435-2HG expression in A375 cells with its siRNA. (D-F) Cell proliferation, migration and invasion in A375 cells with MIR4435-2HG siRNA (magnification, x200) *p < 0.05, ** p <0.01
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Figure 2. LncRNA MIR4435-2HG acts as a molecular sponge of miR-802. (A) The binding sites between MIR4435-2HG
with miR-802. (B) Luciferase reporter assay (C) MiR-802 expression in melanoma tissues (D) A negative correlation between
MIR4435-2HG and miR-802 expression in melanoma tissues (E) MiR-802 expression regulated by MIR4435-2HG siRNA and
vector (F) MIR4435-2HG expression in A375 cells containing miR-802 mimics or inhibitor **p <0.01.

and invasion in A375 cells (Figure 3C, 3D, 3E).
The results imply that miR-802 restrains cell proliferation, migration and invasion in melanoma by
inhibiting MIR4435-2HG expression.
MiR-802 Directly Targets FLOT2
Further, miR-802 is predicted to have a binding site to the 3’-UTR of FLOT2 in the Tar2620

getScan database (http://www.targetscan.org,
Figure 4A). We found that miR-802 mimics reduced the luciferase activity of wt-FLOT2, but
had little effect on that of mut-FLOT2 (Figure
4B). Next, FLOT2 expression was assessed in
melanoma tissues. Upregulation of FLOT2 was
found in melanoma tissues compared to normal
tissues (Figure 4C). And miR-802 expression
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Figure 3. MiR-802 regulates melanoma progression by mediating lncRNA MIR4435-2HG. (A) The expression of miR-802
in A375, A2058, and HEMa‑LP cells. (B) MiR-802 expression in A375 cells with miR-802 mimics, or miR-802 mimics+
MIR4435-2HG siRNA. (C-E) Cell proliferation, migration and invasion in A375 cells with miR-802 mimics, or miR-802
mimics+ MIR4435-2HG siRNA (magnification, x200) **p < 0.05, ** p <0.01

was found to negatively regulate FLOT2 expression in melanoma tissues (Figure 4D). In
contrast, a positive correlation was detected
between MIR4435-2HG and FLOT2 expression in melanoma tissues (Figure 4E). At the
same time, overexpression of miR-802 reduced
FLOT2 expression, while downregulation of
miR-802 promoted FLOT2 expression in A375
cells (Figure 4F). However, FLOT2 expression
was increased by upregulation of MIR44352HG and decreased by downregulation of
MIR4435-2HG (Figure 4G). Therefore, we
consider that miR-802 directly targets FLOT2.
And MIR4435-2HG can upregulate FLOT2 expression by sponging miR-802 in melanoma.

FLOT2 Regulates Melanoma Progression
by Mediating LncRNA MIR4435-2HG/
miR-802 Axis
Similarly, FLOT2 expression in A375
and A2058 melanoma cells was also higher than HEMa‑LP cells (Figure 5A). Next, the
MIR4435-2HG vector or miR-802 inhibitor was
transfected into A375 cells with FLOT2 siRNA
to explore their interactions. RT-qPCR showed
that FLOT2 siRNA significantly reduced its expression in A375 cells. However, MIR4435-2HG
vector or miR-802 inhibitor restored the decreased expression of FLOT2 (Figure 5B). Functionally, knockdown of FLOT2 restrained cell
proliferation, migration and invasion in A375
2621
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cells. Additionally, upregulation of MIR44352HG or downregulation of miR-802 eliminated
the inhibitory effects of FLOT2 siRNA on A375
cell proliferation, migration and invasion (Figure 5C, 5D, 5E). In summary, FLOT2 regulates
the progression of melanoma by mediating the
lncRNA MIR4435-2HG/miR-802 axis.

Discussion
In our study, upregulation of MIR4435-2HG
was detected in melanoma. Functionally, knockdown of MIR4435-2HG restrained the proliferation, migration and invasion of melanoma cells.
Increased MIR4435-2HG expression was also
found in colorectal and ovarian cancers15,16. Moreover, MIR4435-2HG plays a carcinogenic role in
lung and gastric cancers17,18. These findings are

consistent with our results. These results indicate that MIR4435-2HG acts as an oncogene in
melanoma. In addition, we found that lncRNA
MIR4435-2HG acts as a molecular sponge for
miR-802. Furthermore, MIR4435-2HG is involved in the progression of melanoma by interacting with miR-802.
Previous studies have shown that miR-802
was downregulated in prostate and cervical cancers13,19. Downregulation of miR-802 was also
detected in melanoma. And miR-802 overexpression suppressed the proliferation, migration and
invasion of melanoma cells. Consistent with our
results, miR-802 has been reported to inhibit cell
viability and invasion in tongue squamous cell
carcinoma20. Additionally, it has been reported
that the lncNRA MIR155HG/miR-802 axis promoted the tumorigenesis of pancreatic cancer10.
Here, lncRNA MIR4435-2HG also promotes the

Figure 4. MiR-802 directly targets FLOT2. (A) The binding sites between miR-802 and FLOT2. (B) Luciferase reporter
assay (C) FLOT2 expression in melanoma tissues (D) A negative correlation between FLOT2 and miR-802 expression in
melanoma tissues (E) A positive correlation between MIR4435-2HG and FLOT2 expression in melanoma tissues (F) FLOT2
expression in A375 cells with miR-802 mimics or inhibitor (G) FLOT2 expression in AGS cells with MIR4435-2HG siRNA
or vector ** p <0.01.
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Figure 5. FLOT2 regulates melanoma progression by mediating lncRNA MIR4435-2HG/miR-802 axis. (A) The expression of FLOT2 in A375, A2058 and HEMa‑LP cells (B) FLOT2 expression in A375 cells with FLOT2 siRNA, FLOT2 siRNA+miR-802 inhibitor or FLOT2 siRNA+ MIR4435-2HG vector. (C-E) Cell proliferation, migration and invasion in A375
cells with FLOT2 siRNA, FLOT2 siRNA+miR-802 inhibitor or FLOT2 siRNA+ MIR4435-2HG vector (magnification, x200)
*p <0.05, ** p <0.01.

progression of melanoma by acting as a ceRNA of
miR-802, which has not been reported in previous
studies. It is well known that miRNAs regulate
tumorigenesis by binding to target genes including miR-802. Specifically, miR-802 inhibited
breast cancer proliferation by targeting FoxM121.
In this study, miR-802 was found to directly target FLOT2 in melanoma.
Here, upregulation of FLOT2 was found in
melanoma. Knockdown of FLOT2 restrained the
proliferation, migration and invasion of melanoma cells. Increased FLOT2 expression and its inhibitory effects have also been found in gastric
cancer and lung adenocarcinoma22,23. In addition,
a negative correlation between miR-802 and
FLOT2 expression was identified in melanoma.
Furthermore, miR-802 can attenuate the carcinogenic effect of FLOT2 in melanoma. This also indicates that miR-802 inhibits melanoma progression by downregulating FLOT2. The same results

have been observed by Wang et al13. Besides
that, a positive correlation was found between
lncRNA MIR4435-2HG and FLOT2 in melanoma. Because MIR4435-2HG can sponge miR-802
that targets FLOT2, lncRNA MIR4435-2HG and
FLOT2 expressions are upregulated and miR-802
is downregulated in melanoma. Functionally, the
upregulation of MIR4435-2HG impaired the inhibitory effect of FLOT2 siRNA in melanoma.
The results show that lncRNA MIR4435-2HG
promotes the tumorigenesis of melanoma by upregulating FLOT2.

Conclusion
In summary, lncRNA MIR4435-2HG is upregulated and functions as an oncogene in melanoma.
Specifically, lncRNA MIR4435-2HG promotes
cell proliferation, migration and invasion in mel2623
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anoma by competitively binding to miR-802 and
upregulating FLOT2. Our research indicates that
the lncRNA MIR4435-2HG/miR-802/ FLOT2 axis
may be a breakthrough for melanoma treatment.
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