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Background: A cascade of genes and pathways have been reported in the precise regulation of malignant melanoma (MM). Previous
study has demonstrated that lncRNA LNCOC1 is an oncogenic factor in the pathogenesis and development of various cancers. The
present study explored the functionalities of LNCOC1 and its interactions with miR-124 in MM.
Methods: A total of 65 melanoma patients were enrolled in this study. The expression of LNCOC1 and miR-124 after cell
transfection were detected by RT-qPCR. The migration rates of SK-MEL-3 and A375 cells after transient transfection with
LNCOC1 expression vector and miR-124 mimic was detected by trans-well assay.
Results: LNCOC1 was accumulated to high levels in melanoma, and it was significantly correlated with the low survival rate of
melanoma patients. Our bioinformatics data showed that miR-124 could target LNCOC1. Overexpression of miR-124 could down-
regulate LNCOC1. However, up-regulated the expression of LNCOC1 did not affect the expression of miR-124. Our correlation
analysis also revealed that the expression of LNCOC1 and miR-124 were inversely correlated in both melanoma tissues and non-tumor
tissues. The trans-well invasion and migration assays indicated that overexpression of miR-124 inhibited the melanoma cell invasion
and migration. However, overexpression of LNCOC1 promoted melanoma cell invasion and migration.
Conclusion: LNCOC1 is upregulated in melanoma, which can be considered as a potential target of miR-124 in modulating
melanoma cell invasion and migration. LNCOC1 may also be an interfering target of MM therapy.
Keywords: LNCOC1, miR-124, melanoma, invasion, migration

Introduction
MM is a type of skin cancer that originates from pigment-containing cells or melanocytes.1 In rare cases, MM can also
invade intestines, mouth or even eyes.2 In 2018, MM affected 287,723 new cases, accounting for 1.6% of all newly
diagnosed cases, and caused 60,712 deaths, which are 0.6% of cancer-related deaths.3 At early stages, MM causes
obvious symptoms, such as pigment spreading, unhealable sore and skin swelling or redness.4,5 Most MM patients are
diagnosed at early stages and the prognosis is generally satisfactory.4,5 It is estimated that more than 90% patients with
MM can live long than 5 years after the initial diagnosis.6 However, in cases of thicker melanoma and metastatic
melanoma, the overall survival rate is always disappointing.

The main risk factors for MM include sunburn, fair skin, UV light exposure and unusual moles.7 Besides, cancer-
related molecular pathways also play critical roles in the pathogenesis of MM.8 Increased understanding of the molecular
mechanisms of this disease provides novel insights into the development of targeted therapies.9 One study proposed that
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obesity is involved in melanoma progression and Adipokines (leptin and resistin) enhanced cell growth and proliferation
of melanoma via the Akt signaling pathway.10 Moreover, some molecules have been demonstrated to exert protective
effects on the progression of melanoma. Methyl-β-cyclodextrin has been reported to be able to induce anticancer effects
by causing cell cycle arrest and induction of apoptosis. Although the functions of various RNAs in melanoma have been
investigated, the exact mechanism is still unclear.

Immunotherapy refers to a treatment method that artificially enhances or inhibits the immune function of the body to
treat the disease by targeting the low or hyperactive immune state of the body.11 MM is characterized by a higher
incidence in immunocompromised patients, active lymphocytic infiltration in primary tumors and metastases, and
infiltrating T lymphocytes that recognize melanoma antigens.12 Immunotherapy can be divided into four categories,
the first category is biological immunotherapy, such as cytokines, interferon and granulocyte-monocyte colony-
stimulating factor.13 The second category is peptide, whole protein, virus, DNA or dendritic cell vaccination.14 The
third category is cell therapy, which involves the use of lymphocyte-activated killer cells, tumor-infiltrating lymphocytes
and other specific lymphocytes.15 The fourth category is immune checkpoint blockades.16 In the past few years, the
immunological origins of MM have led to the discovery of antibodies against specific targets, and the mechanism of
action of this immunotherapy has focused on specific targets of counter-regulatory mechanisms of the immune response,
such as anti-programmed cell death 1 and anti-cytotoxic T lymphocyte-associated protein 4. These blockers greatly
increased and prolonged the overall survival in patients with metastatic MM.17

miRNAs are 18–25 nucleotides in length and function as important modulators of gene expression through binding to the
recognition sequence of their target RNAs. It has been reported that miRNAs play important roles in translational repression or
mRNA degradation,18,19 and are involved in the pathogenesis and progression of various human cancers.20–22 Recent studies
have revealed that miRNAs can promote or suppress the progression of MM.23,24 miR-124 was reported to act as a tumor
suppressor through targeting Ral-interacting protein of 76 kDa (RLIP76),25 versican26 and RACK1.27 However, other
important molecular targets of miR-124 in MM remain elusive.

As important regulators in the gene expression network, non-coding RNAs (ncRNAs) regulate the expression of
cancer-related genes to suppress or promote cancer progression.28 LncRNA-ovarian cancer associated 1 (LNCOC1) has
been shown to be an oncogene in ovarian cancer. It was reported that LNCOC1 has abundant expression in OC tissues,
and could promote the pathogenesis of OC cells.29,30 However, the precise mechanism of how Lnc-OC1 exerts its roles in
the pathogenesis of MM is still elusive.

In this study, our bioinformatics analyses revealed that LNCOC1 might be a regulatory target of miR-124, which was
also an important player in cancer biology.31 In addition, we observed that the expression levels of LNCOC1 were
elevated in melanoma tissues than that in non-tumor tissues, and up-regulated expression of miR-124 in melanoma cells
reduced the expression levels of LNCOC1. Moreover, overexpression of LNCOC1 could promote the invasion and
migration of melanoma cells.

Materials and Methods
Research Subjects
A total of 65 melanoma patients (40 males and 25 females, mean age 51.7 ± 5.5 (14–63) years old) were enrolled in the
First Affiliated of Hospital of Kangda College of Nanjing Medical University/The First People’s Hospital of
Lianyungang between December 2017 and August 2019. The Ethics Committee of this hospital approved this study.
All patients signed the informed consent. The clinical features of MM patients are listed in Table 1. The inclusion criteria
of patients in this study were as follows: 1) the cases were newly diagnosed; 2) there was no therapies initiated within 3
months before this study; 3) no other systemic diseases were diagnosed, such as other malignancies, severe infections,
other types of skin disease. The Exclusion criteria of patients in this study were as follows: 1) the cases were recurrent; 2)
multiple chronic diseases were diagnosed. The follow-up strategy was strictly followed by all patients: 1) within 2 years,
re-check every 3 months; 2) re-check every half a year within 5 years; 3) re-check when patient feels physically
unpleasant after 5 years.
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Bioinformatics Analysis
IntaRNA 2.0 software was used to analyze the interaction site between miR-124 and LNCOC1, the dimer formed by the seed
sequence and the two and its stability. The Hazard Ratio was calculated by a multivariate Cox proportional hazard model.

Tissue Samples and Cells
Paired melanoma and adjacent (3 cm around melanoma) non-tumor tissues were obtained from each patient. All tissue
samples were subjected to histopathological test. It was shown that all melanoma tissues contained more than 95% cancer
cells, and less than 1% of cancer cells were observed in non-tumor tissues. All fresh tissue specimens were frozen at
−80°C. Primary neonatal normal human epidermal melanocytes were obtained from Sangon Biotech (Shanghai, China).
MM cell lines SK-MEL-3 and A375 (ATCC) were used. DMEM was used to culture the cells in a humidified atmosphere
containing 5% CO2 at 37°C. Cells were harvested at confluence of about 85% to perform subsequent experiments.

Cell Transfections
Expression vector of LNCOC1 was constructed using pcDNA3.1 vector as backbone. miR-124 mimic, control miRNA,
LNCOC1 knockdown negative control and LNCOC1 shRNA were synthesized by Sangon Biotech (Shanghai, China).
Empty vector pcDNA3.1, control miRNA or LNCOC1 knockdown control RNA were used as negative control (NC).
Following the manufacturer’s instructions of Lipofectamine 2000 (Lipo2000, Invitrogen), after SK-MEL-3 and A375
cells were harvested and counted, 10 nM expression vector, knockdown vector or 40 nM miRNA using were transfected
with Lipo2000. miR-124 mimic, control miRNA, LNCOC1 shRNA and control shRNAwere designed by Invitrogen, and
the sequences were as following:

Control miRNA: 5’-UUGUACUACACAAAAGUACUG-3’
miR-124 mimic: 5’-UAAGGCACGCGGUGAAUGCC-3’
LNCOC1 shRNA: 5’-AGTGCTCCTAGTGTTACCAGAG-3’
Control shRNA: 5’-ACTAGCTAGGCATCGATATCAG-3’

Table 1 Baseline Clinicopathological
Characteristics of OSCC Patients

Clinical Parameter

Age

51.7 ± 5.5

Gender (male/female)
40/25

UICC stage

I 12
II 23

III 17
IV 13

Tumor size

T1-T2 55
T3-T4 10

N stage (lymph node metastasis)

N0 60
N1-N2 5

Grading

G1 42
G2 20

G3 2

Other 1
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RNA Preparation and RT-qPCR
Total RNAs (including miRNA) from SK-MEL-3 and A375 cell lines and paired tissue samples were isolated by Trizol
reagent (Invitrogen). To retain miRNA, 85% ethanol was used in both washing and precipitation steps. RNA integrity
was tested by electrophoresis using 5% urine-PAGE gel. RNAwas used to synthesize cDNAs. The cDNAwas used as the
template for PCR amplification, and the PCR products were purified and diluted as 10-fold gradients (10−1 to 10−6). Each
of the six concentration gradients was used as the template, and ddH2O was used to set a negative control. A fluorescence
quantitative PCR amplification was performed to establish a standard curve. The reaction conditions were pre-
denaturation at 95°C for 3 min, denaturation 95°C for 10 s, annealed for 30 s, and the annealing temperature was
53.9°C for 40 cycles, and fluorescence was collected after each cycle to generate an amplification curve. The expression
of LNCOC1 and miR-214 were analyzed by qPCR with GAPDH or U6 as the internal control, respectively. Ct values
were calculated by 2−ΔΔCT method, all experiments were conducted in three replicates.

The primers sequences were as follows:
LNCOC1 reverse: 5’-CTGTGGTCACAAAGGCCTGA-3′
LNCOC1 forward: 5’-GGCCTGTGTGTTGAATGCTG-3′
GAPDH reverse: 5’-GTGCTAAGCAGTTGGTGGTG-3′
GAPDH forward: 5’-ATGGGTGTGAACCATGAGAA-3′
miR-124 reverse: 5’-CAGTGCAGGGTCCGAGGTAT-3′
miR-124 forward: 5’-CGACGTAAGGCACGCG-3′
U6 reverse: 5’-CGCTTCACGAATTTGCGTGTCAT-3′
U6 forward: 5’-GCTTCGGCAGCACATATACTAAAAT-3′

Cell Proliferation Analysis
Primary human melanocytes were collected. To prepare single-cell suspensions, 3 × 104 cells were resuspended in 1 mL
culture medium containing 10% FBS. Before cell collection, 10% CCK-8 was added, and OD values at 450 nm were
measured after 4 h.

Trans-Well Assays
Trans-well insert (8.0 μm pore, Corning) was used to measure cell invasion and migration rates of SK-MEL-3 and A375 cells
in each transfection group. Uncoated- and Matrigel (Millipore, USA)-coated membranes were applied in migration and
invasion assays, respectively. After cell culture at 37°C for 12 h, 0.5% crystal violet (Sigma-Aldrich) was used to stain the
lower surface of membrane for 15 min in dark. Cells were observed under a light microscope and then images were captured.

Statistical Analysis
Paired tissues and multiple groups were compared using paired t-test and ANOVA Tukey’s test, respectively. According
to the RT-qPCR data, the 65 melanoma patients were subgrouped into low or high LNCOC1 expression group (n = 31 for
low; n = 34 for high), low or high miR-124 expression group (n = 31 for low; n = 34 for high). The median expression
level of LNCOC1 or miR-124 in melanoma tissues was used as the cutoff value. Kaplan-Meier and Log rank test were
used to analyze the survival curves. P < 0.05 indicated that the difference was significant.

Results
The Upregulated Expression of LNCOC1 in Melanoma Predicts Poor Survival
The expression of LNCOC1 and miR-124 in paired melanoma and non-tumor tissues from the 65 melanoma patients
were measured by RT-qPCR. The expression levels of LNCOC1 were significantly higher in melanoma tissues
(Figure 1A, p < 0.05) than that in non-tumor tissues. Most patients who died during follow-up had high expression
levels of LNCOC1 (Figure 1B, Hazard Ratio = 1.862; p < 0.05), suggesting that the poor survival in melanoma might be
due to the high expression levels of LNCOC1, which might be involved in the pathogenesis of melanoma. On the
contrary, compared with the non-tumor tissues, the expression levels of miR-124 were remarkably lower in melanoma
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tissues (Figure 1C, p < 0.05), and lower expression levels of miR-124 indicated poorer survival of melanoma patients
(Figure 1D, Hazard Ratio = 0.5371; p < 0.05), indicating that miR-124 was an anti-pathological factor, which has been
revealed in previous studies on the functions of miR-124 in melanoma.

LNCOC1 Promotes Cell Proliferation of Primary Human Melanocytes
The expression of LNCOC1 in melanoma cell lines and primary human melanocytes was examined. Primary human
melanocytes were used as the control group. As shown in Figure 2A, compared with primary human melanocytes, the
expression levels of LNCOC1 were significantly increased in melanoma cell lines, while the expression levels of miR-
124 were remarkably decreased in melanoma cell lines (Figure 2B, p < 0.05). These data indicated that upregulation of
LNCOC1 might be associated with melanoma progression. Thus, LNCOC1 was transfected into human melanocytes.
Compared to C and NC (empty pcDNA3.1 vector and control miRNA) groups, overexpression of LNCOC1 increased the
proliferation rate of human melanocytes (Figure 2C, p < 0.05). However, overexpression of miR-124 had opposite effects
on cell proliferation (Figure 2C, p < 0.05).

miR-124 Targets LNCOC1 to Downregulate Its Expression in Melanoma Cells
IntaRNA 2.0 was used to predict the interaction between miR-124 and LNCOC1. It was observed that miR-124 and
LNCOC1 may form multiple-base pairs. The relationship of LNCOC1 with melanoma has not been reported in other
literatures (Figure 3A). To further explore the relationship between them, RT-qPCR was used to confirm the over-
expression of miR-124 and after transfection into SK-MEL-3 and A375 cells (Figure 3B, p < 0.05). Comparing to the
control groups, overexpression of miR-124 led to downregulate expression of LNCOC1 (Figure 3C, p < 0.05), while
overexpression of LNCOC1 did not affect the expression of miR-124 (Figure 3D).

The Correlation of LNCOC1 with miR-124
The correlation of LNCOC1 and miR-124 was evaluated by measuring their expression by RT-qPCR (Figure 1A and C).
The expression of LNCOC1 and miR-124 were inversely correlated across melanoma tissues (Figure 4A) and non-tumor

Figure 1 LNCOC1 and miR-124 had opposite expression patterns in melanoma. Expression of LNCOC1 and miR-124 in paired tissues was studied with RT-qPCR. The 65
patients with MM were grouped into high and low LNCOC1 or miR-124 level groups (n = 34 for low; n = 31 for high) with the median expression levels of LNCOC1 or
miR-124 as cutoff value. Paired tissues and Survival curves of LNCOC1 (A and B) or miR-124 (C and D) were respectively shown. *p < 0.05.
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tissues (Figure 4B) derived from melanoma patients, which suggested that the correlation between LNCOC1 and miR-
124 might be an important regulatory mechanism in the pathogenesis and progression of melanoma.

LNCOC1 Regulates Melanoma Cell Invasion and Migration
Trans-well assays were performed to explore the roles of LNCOC1 and miR-124 on the invasion (Figure 5A and B) and
migration (Figure 5C and D) of SK-MEL-3 and A375 cells. Overexpression of LNCOC1 promoted invasion and migration
abilities of melanoma cell lines (p < 0.05). In addition, overexpression of miR-124 reversed these effects (p < 0.05),
indicating that LNCOC1 and miR-124 play opposite roles in regulating pathological behaviors of melanoma cells. Moreover,
knockdown of LNCOC1 (Figure 5E) resulted in a suppressed invasion (Figure 5F and G) and migration (Figure 5H and I) of
SK-MEL-3 and A375 cells, which suggested that LNCOC1 is a negative factor in the regulation of melanoma progression.

Discussion
The interaction between LNCOC1 and miR-124 in human MM was investigated in this study. We found that the
expression of LNCOC1 and miR-124 were altered in melanoma, and miR-124 may target LNCOC1 to suppress cancer
cell invasion and migration.

Figure 2 The expression levels of LNCOC1 were increased in melanoma cell lines and enhanced cell proliferation of primary human melanocytes. Expression of LNCOC1
and miR-124 in primary human melanocytes and melanoma cell lines were detected by RT-qPCR. The expression levels of LNCOC1 were much higher in SK-MEL-3 and
A375 than that in primary melanocytes (A and B). Overexpressed LNCOC1 could promote the proliferation of primary melanocytes. As a suppressive factor in cancer,
miR-124 had an inhibitory effect on melanocytes proliferation (C). *p < 0.05.
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Tumor metastasis is an important reason for the high mortality of malignant melanoma and the poor quality of life in
advanced patients.32 Studies have shown that lncRNAs may play a tumor suppressive or tumor-promoting role in the invasion
and metastasis of malignant tumor cells.33 LncRNAs can induce EMT by regulating transcription factors such as E-cadherin,
N-cadherin, vimentin, β-catenin, Snail, slug, etc., or alter the extracellular matrix (ECM) by changing the activity of ECM
degrading enzymes (matrix metallopeptidase, MMP).34 In addition, it can activate the Wnt/β-catenin, PI3K/AKT, MAPK and
other signaling pathways, thereby promoting the invasion and metastasis of malignant melanoma.35 A recent study reported
the role of oncogenic lncRNA LNCOC1 in ovarian cancer.36 LNCOC1 is abundantly expressed in ovarian cancer tissues and
its upregulation led to increased migration and invasion of ovarian cancer cells’.37 Based on current knowledge, the
involvement of LNCOC1 in other types of cancer is unclear. This study firstly reported that LNCOC1 is upregulated in
melanoma, and high expression levels of LNCOC1 was significantly associated with the poor survival of melanoma patients.

Increasing evidence has demonstrated that miRNAs play important roles as oncogenes or tumor suppressor genes in
tumorigenesis and development. Recent studies have found that miRNAs such as miRNA-137,38 miRNA-106b,39

miRNA-20540 and miRNA-125b41 are crucial factors in regulating melanoma cell proliferation. Moreover, miR-124
was remarkably downregulated in melanoma, which was consistent with previous findings that miR-124 is reduced and

Figure 3 MiR-124 targets LNCOC1 to downregulate its expression in melanoma cells. The interaction between miR-124 and LNCOC1 was first predicted by performing
RNA interaction prediction software IntaRNA 2.0 (A). SK-MEL-3 and A375 cells were transfected with miR-124 mimic or LNCOC1 expression vector, and the
overexpression of miR-124 and LNCOC1 were confirmed by performing RT-qPCR (B). The effect of miR-124 overexpression on LNCOC1 transcription was assessed
by RT-qPCR at 48 h post-transfection (C), and the effect of LNCOC1 on the expression of miR-124 was detected by RT-qPCR as well (D). MiR-124 overexpression could
inhibit the transcription of LNCOC1, however, on effect was observed in the perturbation of LNCOC on miR-124. *p < 0.05.
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a suppressor in melanoma.27 Furthermore, our regression analysis also showed that low expression levels of miR-124
predicted poor progression of melanoma patients, which was consistent with previous study that low expression levels of
miR-124 in breast cancer was associated with poor prognosis of breast cancer.36 On the other hand, we used primary
melanocytes as the control to compare the expression of LNCOC1 and miR-124 in two types of melanoma cell line,
A375 and SKMEL3, which showed that the expression of LNCOC1 and miR-124 were similar in A37 and SKMEL3
cells, and both of them had higher expression levels of LNCOC1 and lower expression levels of miR-124 than that in
primary melanocytes. To investigate how LNCOC1 and miR-124 affect the primary melanocytes, we next conducted cell
proliferation assay to observe this effect, which showed that LNCOC1 could significantly promote cell proliferation,
while miR-124 played an opposite role in the primary melanocytes’ proliferation.

Both LNCOC1 and miR-124 are important factors in the progression of melanoma. To clarify the relationship between
these two RNAs, we first predicted the interaction between them by bioinformatics analysis, which showed a binding site
with miR-124 in the 3’-UTR of LNCOC1. The relationship between LNCOC1 and miR-124 was also evaluated by
conducting transfections in melanoma cell lines. The results indicate that overexpression of miR-124 was able to inhibit
the expression of LNCOC1. However, LNCOC1 had no effect on miR-124 transcription, which suggests the modifications
between LNCOC1 and miR-124 is unidirectional. Besides, in both melanoma tissues and non-tumor tissues, our regression
analysis revealed that the expression of LNCOC1 and miR-124 were inversely correlated with each other, which suggested
that LNCOC1 and miR-124 are two players that exert different functions in the progression of melanoma.

To clarify how LNCOC1 and miR-124 affect melanoma tumor behaviors, we assessed melanoma cell lines’ invasion and
migration with overexpression of LNCOC1 and miR-124 as well as their co-effect. We observed that the overexpression of
LNCOC1 could significantly exacerbate the invasion and migration of A375 and SKMEL3 cells. However, miR-124 had the
opposite effects. On the other hand, knockdown of LNCOC1 couldmarkedly prohibit the invasion andmigration of melanoma
cells. It is worth noting that the functionality of miR-124 in cancer biology is controversial. It has been reported that miR-124

Figure 4 The expression levels of LNCOC1 and miR-124 were inversely and significantly correlated. Expression of LNCOC1 and miR-124 in melanoma tissues and non-tumor
tissues from 65 MM patients were evaluated by RT-qPCR. Spearman correlation coefficient was used to analyze the correlation between miR-124 and LNCOC1 across melanoma
tissues and non-tumor tissues (A and B). The data showed miR-124 was negatively correlated with LNCOC1 in both types of tissues from melanoma patients.
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can target Interleukin-11 to suppress bone metastasis in breast cancer.31 However, miRNA-124 downregulates PTEN in
gastric cancer cells to promote the peritoneal metastasis of tumors.37 A recent study reported that dissemination of melanoma
could be suppressed by depleting miR-124, suggesting that miR-124 might exert an oncogenic role in melanoma.42 However,
our study showed the downregulation of miR-124 in melanoma and its inhibitory effects on melanoma cell invasion and
migration, indicating its suppressive roles in cancer. The opposite observations may be caused by differential roles of miR-124
in different types of cancer. Thus, future studies are needed to confirm the suppressive effects of miR-124 in melanoma.

Conclusion
In summary, this study proved that miR-124 might target LNCOC1 to suppress the tumor behaviors of melanoma. The
targeting role of miR-124 to LNCOC1 may also occur in melanoma patients based on the observation that the expression
of LNCOC1 and miR-214 were inversely and significantly correlated across both melanoma and non-tumor tissues. For
the limitation of our research, we did not reveal how overexpression of miR-124 affects LNCOC1 and why there was no
response of the expression of miR-124 to LNCOC1 elevation. Thus, the underlying mechanism on the relationship
between these two RNAs needs to be further explored. Accordingly, the mechanism of this research was described as the
following scheme (Figure 6).

Figure 5 MiR-124 targeted LNCOC1 to suppress melanoma cell invasion and migration. Trans-well assay was performed to analyze the effects of overexpression of
LNCOC1 and miR-124 on the invasion and migration of SK-MEL-3 and A375 cells. LNCOC1 elevation significantly promoted melanoma cell invasion (A and B) and
migration (C and D). In the contrary, overexpression of miR-124 remarkably inhibited cell invasion (A and B) and migration (C and D) and could inverse the effects of
LNCOC1. LNCOC1 was knocked down in both SK-MEL-3 and A375, and the knocking down efficiency was evaluated by conducting RT-qPCR (E). In addition, suppressing
LNCOC1 in melanoma cells could significantly prohibit cell invasion and migration (F–I). *p < 0.05.
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