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Background: Melanoma is a very malignant skin cancer with high mortality and unsatis-

factory prognosis. Many long noncoding RNAs (lncRNAs) have been reported to be

aberrantly expressed in melanoma. How lncRNA regulates melanoma progression is poorly

defined. LncRNA CAR10 has been shown to regulate the progression of several cancers and

its role in melanoma remains unclear. This study aims to determine the role and mechanism

of lncRNA CAR10 in the regulation of melanoma progression.

Methods: qRT-PCR was utilized to analyze CAR10 in melanoma human tissues and cell

lines while Kaplan–Meier curve was used to examine the survival rate. CCK8 assay and EdU

assay were used to assess cell proliferation when Transwell assay was conducted to deter-

mine migration and invasion. And tumor xenograft assay was performed to evaluate tumor

growth in vivo. Additionally, luciferase assay and RNA pulldown assay were performed to

analyze the interactions among CAR10, miR-125b-5p and RAB3D.

Results: LncRNA CAR10 was upregulated in melanoma tissues and cell lines. Upregulation

of CAR10 predicted a poor prognosis in patients with melanoma. CAR10 knockdown

suppressed proliferation, migration and invasion of melanoma cells in vitro. CAR10 silen-

cing attenuated tumor growth in vivo. CAR10 inhibited miR-125b-5p activity to upregulate

RAB3D expression. And miR-125b-5p/RAB3D signaling is crucial for CAR10-dependent

melanoma progression.

Conclusion: Our work suggests that lncRNA CAR10 promotes melanoma growth and

metastasis through modulating miR-125b-5p/RAB3D axis.
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Introduction
Melanoma is a kind of very aggressive skin cancer and has a high rate of mortality.1

Furthermore, the incidence of melanoma is increasing steadily around the world.2

Despite some advances achieved in the past decades, patients with melanoma still

show an unsatisfactory prognosis due to metastasis and resistance to chemotherapy

or radiotherapy.3 Recently, targeted and immunotherapy has been developed for the

treatment of advanced melanoma.4 However, it is urgently required to understand

the underlying molecular mechanism of melanoma progression.

Long noncoding RNAs (lncRNAs) are a novel type of noncoding RNAs and

characterized by over 200 nucleotides in length and no protein-coding ability.5,6

Increasing references have indicated a crucial role of lncRNA in cancers through

regulating many biological processes, such as proliferation, differentiation and
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metastasis.7,8 Besides, many lncRNAs may serve as bio-

markers for diagnosis or prognosis in the tumor.8 For

example, lncRNA RUNX1-IT1 suppresses liver cancer

growth and impairs stemness.9 LncRNA WT1-As inhibits

the proliferation of thyroid cancer cells via upregulating

miR-203.10 LncRNA LINC01783 upregulation predicts

a poor prognosis and enhances cervical tumor cell growth,

migration and invasion through inhibiting miR-199b-5p

and promoting GBP1 expression.11 Additionally, lncRNA

CASC9 is upregulated in tongue squamous cell cancer

tissues and positively regulates growth and invasiveness

by modulating miR-423/SOX12 axis.12 Several lncRNAs

have been reported to participate in melanoma.13–15

However, there are still so many lncRNAs whose func-

tions are largely unknown in melanoma.

LncRNA CAR1 is involved in lung adenocarcinoma

and cervical cancer.16,17 However, the role of CAR1 in

melanoma remains unclear. References have indicated that

lncRNAs may regulate the proliferation, metastasis and

apoptosis of melanoma.18,19 LncRNA could be a miRNA

sponge to regulate melanoma progression.19 In this study,

we demonstrated that CAR10/miR-125b-5p/RAB3D axis

plays crucial roles in regulating melanoma development

and CAR10 may be a potential therapeutic target.

Materials and Methods
Patient Tissues
Thirty-nine melanoma patient tissues were obtained from

The First Affiliated Hospital of Wenzhou Medical

University by surgery. Histopathological diagnosis was

performed by at least two pathologists. All patients

received no chemotherapy or radiotherapy before surgery.

Tissues were frozen in liquid nitrogen until use. This study

was approved by the Ethics Committee of The First

Affiliated Hospital of Wenzhou Medical University. We

obtained all signed informed consents. All experiments

were performed in accordance with the ethical guidelines

of the Declaration of Helsinki.

Cell Culture and Transfection
Human melanoma cell lines and human epidermal melano-

cytes HEMa-LP were obtained from the Type Culture

Collection of the Chinese Academy of Sciences (Shanghai,

China). Cell lines were cultured in DMEM medium (Gibco,

USA; cat. No. 11995065) containing 10% fetal bovine serum

(FBS; Gibco, USA; cat. No. 16140071) and 2.5% penicillin

and streptomycin. Short hairpin RNA (shRNA) targeting

CAR10, miR-125b-5p mimics and miR-125b-5p inhibitor

were from GenePharma (Shanghai, China). Transfection was

performed by using Lipofectamine 3000 (Invitrogen, USA).

CCK8
Proliferation was measured through the CCK8 kit

(Dojindo Molecular Technologies, Japan) according to

the manufacturer’s instructions. In brief, transfected cells

were seeded into 96-well plates and incubated for 24h, 48h

or 72h. Then, 10 μL of CCK8 was added and incubated for

2h. The optical density (OD) value at 450 nm was mea-

sured via using a microplate spectrophotometer (BioTek

Instruments, USA).

Transwell Assay
Transwell assay was performed through Corning costar

(8-μm pore size; Cambridge, USA). The lower chamber

was added with a complete medium (DMEM medium

containing 10% FBS) and the upper chamber was added

with serum-free medium containing transfected cells.

After cultured for 48 h, the migrated or invaded cells

were fixed with methanol and stained with 0.1% crystal

violet. Then, cells were photographed under a microscope.

qRT-PCR
After isolation of total RNA using TRIzol (Invitrogen,

Carlsbad, USA; cat. no. IS10007), cDNA was synthesized

using reverse transcription kit (Applied Biosystems, CA).

Then, qPCR was completed by using the SYBR Green

Mix (Promega) based on 2−ΔΔCt method. U6 and GAPDH

were endogenous control genes.

Cell Cycle Analysis
Cells were harvested and treated with pre-cooled 75% etha-

nol at 4°C overnight. Then, cells were washed and stained

with PI/RNase staining solution (BD Biosciences) for 15 min

at 25°C in the dark, followed by flow cytometric analysis.

Bioinformatics Analysis
miRDB (http://mirdb.org/) was used to predict the interac-

tion between CAR10 and miR-125b-5p. TargetScan

(http://www.targetscan.org/vert_71/) was used to predict

the interaction between miR-125b-5p and RAB3D.

Luciferase Reporter Assay
Wild-type or mutant sequence was inserted into pmiR-RB-

REPORORT TMVector (Ribobio, China). Then, the luci-

ferase reporter and miR-125b-5p were transfected into
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cells via Lipofectamine3000 according to the manufac-

turer’s instructions (Invitrogen, USA). Forty-eight hours

later, the relative luciferase activities were measured

through the Dual-Luciferase Reporter Assay System

(Promega, WI, USA).

RNA Pulldown Assay
Biotinylated WT or Mut CAR10 was bought from

GenePharma (Shanghai, China). Biotinylated vectors

were transfected into cells and cell lysates were incubated

with M-280 streptavidin magnetic beads (Invitrogen,

USA). The precipitated RNA was detected by using qRT-

PCR.

Xenograft Assay
Stably shCAR10 or shNC (negative control) transfected

cells (1.5 × 106) were injected subcutaneously into the

flanks of female BALB/c nude mice (n=5 for each group).

Then, tumor size was determined every week. Tumor

weight was measured after 5 weeks post-injection. The

animal experiments were approved by the Ethics

Committee of The First Affiliated Hospital of Wenzhou

Medical University and in accordance with the National

Institute of Health’s (NIH) Animal Care and Use

Committee guidelines.

Statistical Analysis
The data was analyzed using Graphpad Prism 6 software

and expressed as the mean ± standard deviation. The sta-

tistical significance of the data was analyzed via t-test or

one-way ANOVA. Survival plots were determined by

Kaplan−Meier analysis and log-rank test. P < 0.05 was

considered to have statistical significance.

Results
LncRNA CAR10 Expression in Melanoma
To investigate the role of CAR10 in melanoma, we carried

out qRT-PCR analysis to determine the expression of

CAR10 in tumor tissues and adjacent normal tissues.

CAR10 expression in melanoma tissues was higher

(Figure 1A). Moreover, the CAR10 level in melanoma

tissues with stage III/IV was upregulated (Figure 1B).

Compared with HEMa-LP cells, melanoma cell lines also

showed higher CAR10 expression levels (Figure 1C).

Besides, CAR10 low expression in melanoma patients is

correlated with a high survival rate (Figure 1D).

CAR10 Downregulation Inhibited

Proliferation, Migration and Invasion
CAR10 expression was the highest in A375 and A2058

cells among all detected cells. Therefore, A375 and

A2058 cells were used for functional experiments. To

examine the effects of CAR10 on melanoma, we knocked

it down in A375 and A2058 cells (Figure 2A). Then, CCK8

assay was performed to analyze cell proliferation. We found

that CAR10 knockdown gradually inhibited cell prolifera-

tion (Figure 2B). Furthermore, EdU incorporation assay

showed a similar trend with CCK8 assay (Figure 2C).

Besides, we found that CAR10 knockdown induced more

cells arrested in G0/G1 phase (Figure 2D), suggesting that

CAR10 silencing inhibits cell cycle progression. Finally,

transwell assay was used to observe the effects of CAR10

on metastasis. We found that CAR10 knockdown led

to a decrease of migrated and invaded cell numbers

(Figure 2E and F).

Confirmation of the Relationships Among

CAR10, miR-125b-5p and RAB3D
Through bioinformatics analysis (miRDB), we identified

that CAR10 may interact with miR-125b-5p, which is

consistent with a recent study.17 To validate it, luciferase

reporter assay was performed. We found that miR-125b-5p

mimics inhibited the activity of wild-type (WT) CAR10

reporter in both A375 and A2058 cells (Figure 3A and B).

RNA pulldown assay also indicated that CAR10 could

directly precipitated miR-125b-5p (Figure 3C). And miR-

125b-5p expression was increased after CAR10 knock-

down (Figure 3D). We then predicted the potential targets

of miR-125b-5p through TargetScan7 and identified

RAB3D. Through luciferase reporter assay, we also vali-

dated the interaction between miR-125b-5p and RAB3D

(Figure 3E and F). Notably, either miR-125b-5p mimics or

CAR10 silencing inhibited the expression of RAB3D

(Figure 3G and H). However, RAB3D expression could

be rescued by miR-125b-5p inhibitors (Figure 3H), indi-

cating CAR10 promotes RAB3D expression through mod-

ulating miR-125b-5p.

CAR10 Promotes Melanoma Progression

Through miR-125b-5p/RAB3D Axis
To validate the physiological role of CAR10/miR-125b-5p/

RAB3D axis, we restored RAB3D expression. Through

CCK8 and EdU incorporation assays, we found that either

CAR10 knockdown or miR-125b-5p mimics inhibited the
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proliferation of A375 and A2058 cells (Figure 4A–C).

Similarly, the potential for migration and invasion was also

suppressed by CAR10 knockdown and miR-125b-5p

mimics (Figure 4D and E). However, restoration of RAB3D

rescued proliferation, migration and invasion of melanoma

(Figure 4A–E).

CAR10 Knockdown Inhibits
Melanoma Growth in vivo
To further confirm the role of CAR10 in vivo, Xenograft

assay was conducted. Tumor size and weight were mea-

sured at indicated time points. We found that CAR10

knockdown suppressed the volume and weight of tumor

tissues (Figure 5A–C). Moreover, in tumor tissues, the

expression levels of CAR10 and RAB3D were down-

regulated while miR-125b-5p expression was increased

(Figure 5D–F), indicating that CAR10 positively affects

melanoma growth in vivo through miR-125b-5p/RAB3D

axis.

Discussion
Melanoma is an aggressive cutaneous cancer and charac-

terized by high metastatic potential.20 Over 70% of deaths

from skin cancer are induced by melanoma.1 Recently,

targeted and immunotherapy was suggested to be

a potential effective method of advanced melanoma

treatment.4 In this study, we found that lncRNA CAR10

was upregulated in melanoma tissues. And CAR10 high

expression predicted unsatisfactory prognosis in mela-

noma patients. We also indicated that CAR10 knockdown

suppressed the proliferation, migration and invasion of

melanoma in vitro and in vivo through regulating miR-

125b-5p/RAB3D pathway.

Previous works have validated that lncRNAs have

important functions in regulating malignant behaviors of

melanoma.19,21 For instance, lncRNA MEG3 is reported to

promote melanoma proliferation and invasion by targeting

miR_21/E-cadherin signaling.19 LINC00459 is downregu-

lated in melanoma and suppresses melanoma growth

Figure 1 LncRNA CAR10 expression in melanoma. (A) CAR10 was upregulated in melanoma tissues compared to adjacent normal tissues (ANT). (B) CAR10 expression

was increased in advanced melanoma tissues. (C) CAR10 expression in melanoma cell lines was tested by qRT-PCR. (D) The relationship between CAR10 expression and

survival rate was analyzed. *P<0.05.
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and metastasis via miR-218/DKK3 axis.21 LncRNA

LINC00518 elevates the abilities of proliferation and

metastasis through modulating miR-204-5p/AP1S2 path-

way in melanoma.22 Recently, CAR10 function is not fully

researched. Only two studies suggest it is involved in the

tumorigenesis of lung cancer and cervical cancer.16,17 In

this study, we found that CAR10 expression was signifi-

cantly elevated in melanoma tissues. CAR10 level was

positively linked with poor prognosis in patients with

melanoma. Furthermore, we illustrated that CAR10 knock-

down inhibited proliferation, migration and invasion of

melanoma in vitro. And CAR10 downregulation impaired

tumor growth in vivo. Thus, CAR10 is a key oncogene in

melanoma by regulating tumor cell growth and metastasis.

Extensive researches have proven that lncRNA may

work as ceRNAs in cancers, including bladder cancer,

Figure 2 CAR10 downregulation inhibited proliferation, migration and invasion. (A) Relative expression of CAR10 was measured after shRNA transfection. (B) CCK8 assay
was used to analyze proliferation. (C) EdU incorporation assay was performed to determine cell proliferation. (D) Cell cycle was detected after CAR10 silencing. (E and F)
Transwell assay was performed to test cell migration and invasion. *P<0.05.
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glioblastoma and melanoma.22–24 LncRNAs could sponge

miRNAs and inhibit the binding of miRNAs to target

mRNAs, leading to target gene upregulation.22 For exam-

ple, lncRNA JPX sponges miR-33a to upregulate Twist1

expression and enhance tumorigenesis and invasion of

lung tumor.25 LncRNA ROR1-AS1 overexpression contri-

butes to proliferation, migration and invasion of bladder

tumor cells through targeting miR-504.26 As previously

identified, we also found that CAR10 sponges miR-125b-

5p.17 We demonstrated that miR-125b-5p was directly

targeted by CAR10 in melanoma. MiR-125b-5p has been

shown to regulate tumor development. For example, sev-

eral references indicated that miR-125b-5p inhibits the

progression of cervical cancer, colorectal cancer and blad-

der cancer.17,27,28 Yet, the potential role of miR-125b-5p in

melanoma is unclear. Here, we found that miR-125b-5p

upregulation markedly suppressed the proliferation,

migration and invasion of melanoma cells. Therefore, our

findings for the first time indicate miR-125b-5p as an anti-

cancer miRNA.

Afterwards, we identified the downstream target of

miR-125b-5p through bioinformatics method. We demon-

strated miR-125b-5p directly targeted RAB3D and inhib-

ited its expression. Previous work suggests that Rab3D has

critical roles in colorectal cancer, esophageal squamous

cell carcinoma and osteosarcoma.29–32 RAB3D function

in melanoma is unknown. Here, we showed that RAB3D

restoration could significantly rescue the abilities of pro-

liferation, migration and invasion of melanoma cells. Our

results support that RAB3D contributes to melanoma

development.

In summary, we demonstrated that CAR10 plays an

important function in regulating melanoma progression.

Our findings provide a molecular biological basis of

Figure 3 Confirmation of the relationships among CAR10, miR-125b-5p and RAB3D. (A and B) Dual-luciferase reporter assay was performed to analyze the interaction

between CAR10 and miR-125b-5p. (C) RNA pulldown was conducted to examine the association between CAR10 and miR-125b-5p. (D) miR-125b-5p level was monitored

after CAR10 silencing. (E and F) Dual-luciferase reporter assay was performed to analyze the interaction between miR-125b-5p and RAB3D. (G and H) RAB3D expression

was monitored after transfection of miR-125b-5p mimics, sh-CAR10 or indicated plasmids. *P<0.05.
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Figure 4 CAR10 promotes melanoma progression through miR-125b-5p/RAB3D axis. (A and B) CCK8 assay was performed to test proliferation. (C) EdU incorporation

assay was conducted to analyze melanoma proliferation. (D and E) Transwell assay was utilized to determine migration and invasion. *P<0.05.

Figure 5 CAR10 knockdown inhibits melanoma growth in vivo. (A) Tumor size was monitored every 1 week. (B and C) Tumor weight was determined after 5 weeks. (D–F)
Relative expression of CAR10, miR-125b-5p and RAB3D was analyzed through qRT-PCR in tumor tissues. *P<0.05.
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melanoma aggravation and suggest that CAR10/miR-

125b-5p/RAB3D signaling may be a potential therapeutic

target. Besides, whether biological or pharmacological

substances that interfere with this axis could be of poten-

tial clinical appliance remains more investigation.
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