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Abstract

Objective: According to different reports, miR-9-5p either facilitates or suppresses the occurrence of tumors. BRAF is a serine/
threonine kinase involved in the MAPK pathway and is a proto-oncogene promoting the progression of many tumors, especially
melanoma. The present study aimed to reveal the mechanism of action of miR-9-5p and BRAF in choroidal melanoma (CM).
Methods: RT-qPCR was used to detect the expression of miR-9-5p in CM cells after transfection with miR-9-5p mimics and
inhibitor. EdU assay and Transwell assay, respectively, showed the proliferation, migration and invasion of CM cells after
transfection with miR-9-5p mimics and inhibitor. A bioinformatics website was used for target prediction and the dual luciferase
reporter assay was used to verify the interaction between miR-9-5p and BRAF. RT-qPCR and Western blot were performed to
examine the expression of BRAF mRNA and protein, respectively. The BRAF protein was knocked down by siRNAs and then
examined by Western blot. The effects of BRAF in CM cells were investigated by EdU assay and Transwell assay. Overexpressing
BRAF and transfecting miR-9-5p mimics into choroidal melanoma cells confirmed the interaction between miR-9-5p and BRAF.
Results: miR-9-5p could bind to the BRAF mRNA 3’UTR and inhibit the transcription and translation of BRAF, thereby sup-
pressing the proliferation, migration and invasion of CM cell lines. Moreover, silencing BRAF inhibited the progression of CM cells.
Conclusions: In conclusion, this study is the first to investigate the association among BRAF, miR-9-5p and the progression of
CM cells. In addition, the interaction between BRAF and miR-9-5p was explored for the first time in CM. Thus, our study suggests
that miR-9-5p, BRAF and their interaction may act as potential therapeutic targets for CM.
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and is easily transferred through the blood circulation.* It car-
ries a risk of metastasizing to the liver, lung and skin.” Many

Introduction

Uveal melanoma (UM) is the most common primary intraocu-
lar malignancy in adults, with approximately 90% of UM
occurring in the choroid.! In addition to the skin, the eye is the

second most common place, accounting for 5% of all melano-
mas.? Choroidal melanoma (CM) is fatal in approximately 50%
of patients,” and while the mechanism of CM is not yet clear,
numerous researchers infer that chromosomal aberrations,
genetic mutations and activation of cell signaling pathways
may initiate this tumor. CM often occurs at the age of 50-60
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patients have liver metastases for many years prior to the
appearance of clinically or radiologically significant large
metastases.® The clinical manifestations of CM are diverse,
with many complications, a high degree of malignancy, easy
invasion and metastasis and a poor prognosis, which seriously
threaten the vision and health of patients.” Early detection and
treatment will contribute to improving the survival rate and
prognosis of patients. Hence, thorough investigation of the
pathogenesis and regulatory mechanism of CM will be helpful
to discover the pivotal target molecules related to tumorigen-
esis and provide an effective marker for the treatment of CM.

Recently, research studies have focused on ncRNAs,® which
maintain cellular function through posttranscriptional regula-
tion and lack protein-coding capacity. MicroRNAs (miRNAs),
a type of ncRNA primarily binding to the 3’UTR of mRNA,
influence cell proliferation, metastasis and differentiation.”'°
MiR-9-5p has been revealed to regulate the complicated bio-
logical process of many diseases.''"'> However, the regulatory
modes and mechanisms of miR-9-5p in CM have not been
reviewed and remain to be explored deeply.

V-raf murine sarcoma viral homolog B1 (BRAF) is a serine/
threonine kinase involved in the MAPK (RAS/BRAF/MEK/
ERK) pathway that acts as a proto-oncogene.'* Since 2002,
scholars have successively shown that high frequency BRAF
mutations exist in melanoma,'> and the most common mutation
is the mutation from T to A at a single site in the exon 15 kinase
domain. The missense mutation occurs when the thymine resi-
due at nucleotide 1799 is replaced by the adenine residue,
which is called the BRAF V600E mutation.'® This mutation
has also been detected in thyroid carcinomas,'” colorectal can-
cer'® and many other tumors, activating the MAPK pathway
and leading to tumorigenesis. In summary, accumulating evi-
dence indicates that BRAF is a significant factor in the process
of tumor development.

To further illuminate the impact of miR-9-5p on CM devel-
opment, the CM cell lines MUM-2B and MUM-2C were used
to conduct a series of in vitro experiments. We predicted the
downstream gene of miR-9-5p by a bioinformatics website to
further explore the mechanism of miR-9-5p in the progression
of CM. The above prediction was verified by the dual lucifer-
ase reporter assay. We also constructed BRAF-overexpressing
stable cells to verify the interaction between miR-9-5p and
BRAF rigorously. Considering our results, we might better
understand the pathogenesis and discover a novel strategy for
the treatment of CM.

Materials and Methods

Cell Culture, Plasmids, Transfection and Stable Cell Lines
Establishment

The human aggressive CM eye cell lines MUM-2B and MUM-
2C were purchased from Shanghai Bioleaf Biotech (China). All
cryopreserved cell lines were rapidly thawed in 60°C water and

cultured in MEM (HyClone, USA) supplemented with 10%
fetal bovine serum (Gibco, USA) to replace the liquid

Table 1. Real-Time PCR Primer Sequences.

Name Primer sequences (5°-3”)

CGCGGTCTTTGGTTATCTAGCTGTATGA
CGCTTCGGCAGCACATATAC
TTCACGAATTTGCGTGTCAT
AATACACCAGCAAGCTAGATGC
AATCAGTTCCGTTCCCCAGAG
ACTTAGTTGCGTTACACCCTT
GTCACCTTCACCGTTCCA

miR-9-5p foward
U6 foward

U6 reverse
BRAF foward
BRAF reverse
B-actin foward
[-actin reverse
miR, microRNA

cryopreservation medium. Then, the cells were incubated at
37°C in an incubator containing 5% CO..

The small interfering RNAs (siRNAs) targeting BRAF,
miR-9-5p mimics, miR-9-5p inhibitor, negative control (NC)
and inhibitor negative control (inhibitor NC) were synthesized
by GenePharma (Suzhou, China). The BRAF overexpression
(BRAF-OE) plasmid and pEGFP-N1 empty vector (Vector)
were purchased from GeneChem (Shanghai, China). The above
RNAs and plasmids were transfected into MUM-2B and
MUM-2C cells with Lipofectamine™ 3000 according to the
manufacturer’s guidelines (Life Technologies Corporation,
USA). Target cell lines that overexpressed BRAF were selected
with 600 ng/ml G418 (Sigma-Aldrich, St. Louis, MO, USA)
until stable cell lines were established. The above RNA
sequences were as follows: si-BRAF-1, 5’-GCAGAUUACAG

UGGGACAATT-3’; si-BRAF-2, 5>-CCAUAUCAUUGA-
GACCAAATT-3’; miR-9-5p mimics, 5’-UCUUUGGUUAU-
CUAGCUGUAUGA-3’; miR-9-5p NC, 5’-UUCUCCGAA

CGUGUCACGUTT-3’; miR-9-5p inhibitor, 5’>-UCAUA-
CAGCUAGAUAACCAAAGA-3’; and miR-9-5p inhibitor
NC, 5’-CAGUACUUUUGUGUAGUACAA-3’.

Quantitative RT-PCR (RT-GPCR)

Total RNA was extracted from cells according to the instructions
of the MiRcute miRNA Extraction and Separation Kit (Tiangen,
Beijing). The concentration and purity of RNA were measured by
a microspectrophotometer (BioDrop, UK). BRAF and miR-9-5p
cDNA were synthesized with Prime Script RT Master Mix
(Takara, Dalian) and Mir-X"™ miRNA First-Strand Synthesis Kit
(Takara, Dalian), respectively. The real-time PCR primer
sequences are displayed in Table 1. To measure the relative levels
of both miRNA and mRNA, a LightCycler 480 (Roche, Swiss)
was used for PCR with a SYBR Premix Ex Taq™ kit (Takara,
Dalian). Each sample was assayed 3 times. The experimental
results were quantitatively analyzed by the 22" method.

Western Blot

CM cells were lysed with RIPA buffer (lysis buffer) containing
protease inhibitor to extract total protein. The above procedure
was performed on ice. The BCA Protein Assay Kit (Shanghai
Beyotime Biotechnology, China) was used to measure the pro-
tein concentration according to the manufacturer’s instructions.
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The protein fractions were separated by 10% SDS-PAGE (Beij-
ing Leagene Biotech, China) at 40 pg/well and 140 V. Then,
the isolated protein was transferred onto PVDF membranes.
After being blocked in 5% skim milk for 2 h at 37°C, the
membranes were probed with primary rabbit anti-B-Raf
(1:1,000; no. #14814, CST, USA) and rabbit anti-GAPDH
(1:5,000; no. 5174s, CST, USA) antibodies overnight at 4°C.
The membranes were washed with TBST 3 times for 5 min and
incubated with the appropriate secondary antibody for 1 h at
37°C. After the membranes were washed 3 times with TBST,
the specific proteins were detected by microchemistry 4.2 (Bio-
Rad, CA, USA). GAPDH was used as an internal reference to
standardize the expression of the target protein. The relative
gene protein expression differences were calculated by ImagelJ
(National Institute of Health, Bethesda, MD, USA).

Double Luciferase Reporter Assay

Using the pMIR-REPORT Luciferase plasmid (Shanghai
Heyuan Biotechnology, China) as the vector, the wild-type
sequence of BRAF 3’UTR (WT), which could bind to miR-
9-5p, and the mutant-type sequence of BRAF 3’°UTR (MUT),
which could not bind to miR-9-5p, were cloned into the vector.
The Renilla luciferase-expressing plasmid pMIR-GLO was
used as an internal reference. The experimental groups were
divided into 4 groups: WT + NC, WT + miR-9-5p mimics,
MUT + NC and MUT + miR-9-5p mimics. The plasmids and
RNAs were cotransfected into 293 T cells with Lipofectami-
ne™ 3000 as the transfection reagent. Luciferase activity was
detected by a Biotek multifunctional enzyme marker (America
Biotek Biological Science and Technology, USA) using a Pro-
mega Double Luciferase Reporter Assay Kit (Promega, USA).

5-Ethynyl-2’-Deoxyuridine Assay

This assay was used to detect cell proliferation. After transfec-
tion with siRNAs or miR-9-5p (NC, mimics, inhibitor NC,
inhibitor) for 48 h, cells were incubated with 5-ethynyl-2’—
deoxyuridine assay (EdU) (Shanghai Beyotime Biotechnology,
China) for 4 h. Then, 4% paraformaldehyde was used to fix
cells for 15 min, and 0.5% Trion X-100 was used to permea-
bilize the cells for 10 min. Each time, the cells were washed
with PBS 3 times. Cells were incubated in click reaction buffer
for 1 h in the dark, and then cell nuclei were labeled with
Hoechst 33342 for 15 min. Images were observed by a fluor-
escence microscope (Olympus Corporation, Japan).

Transwell Assay

After conventional transfection for 48 h, the cells were digested,
centrifuged, suspended in serum-free medium and counted by a
cell counter. A total of 600 pl culture medium containing 10%
serum was added to the 24-well plate, and 200 pl of serum-free
medium containing 20,000 cells or 40,000 cells was added to the
chamber in the absence or presence of Matrigel. The cells were
placed in an incubator at 37°C containing 5% CO, for 24 h. The

samples were stained with crystal violet for 10 min, washed with
PBS, observed and imaged under a microscope, and the images
were stored in tiff format. The numbers of migrating and invad-
ing cells were calculated by Image].

Statistical Analysis

All of the above experiments were independently repeated 3
times, and the data are expressed as the mean + SD. Statistical
analyses were conducted using GraphPad Prism 7.0 (La Jolla,
CA, USA) statistical software. The experimental data were
analyzed by Student’s t-test. The difference in experimental
results was statistically significant when P < (.05.

Results
MiR-9-5p Suppressed the Proliferation of CM Cells

According to numerous studies, miR-9-5p is an important factor in
different tumors. In this study, we explored the function of miR-9-
Sp in the progression of CM. RT-qPCR was used to detect the
expression of miR-9-5p. In contrast to that in the NC group,
miR-9-5p was obviously upregulated in the miR-9-5p mimic group
(P < 0.05), while in contrast to the inhibitor NC group, miR-9-5p
was obviously downregulated in the miR-9-5p inhibitor group (P <
0.05) (Figure 1A and B). EdU assays were carried out to examine
the changes in MUM-2B and MUM-2C cells treated with miR-9-
Sp mimics and inhibitor. Compared to the NC group, miR-9-5p
mimics significantly inhibited cell proliferation (P < 0.05) (Figure
1C-E). On the other hand, compared to the inhibitor NC group, the
miR-9-5p inhibitor group had significantly enhanced cell prolifera-
tion (P <0.05) (Figure 1F-H). These results confirm that miR-9-5p
inhibits the proliferation of CM cells.

Effect of miR-9-5p on CM Cell Migration and Invasion

To further explore the effect of miR-9-5p in CM cells, Trans-
well experiments were conducted. The Transwell migration
assay used chambers without Matrigel, while the invasion
assay used chambers with Matrigel. The number of migrating
and invading cells that exited the chambers was remarkably
decreased in the miR-9-5p mimic group (P < 0.05) (Figure
2A-D). On the other hand, the number of migrating and invad-
ing cells that exited the chamber was remarkably increased in
the miR-9-5p inhibitor group (P < 0.05) (Figure 2E-H). These
results were identical in both MUM-2B and MUM-2C cells.
This evidence strongly suggests that miR-9-5p inhibits the
migration and invasion of CM cells.

MiR-9-5p Regulates BRAF Transcription and Translation
by Targeting a Specific Sequence in the BRAF mRNA
3’UTR

Recently, miRNAs were proven to act as important factors in the
process of formation and progression of many tumors and reg-
ulate target gene expression by binding to the 3’UTR of the
target gene mRNA. Through the TargetScan algorithm (http://
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Figure 1. MiR-9-5p suppressed the proliferation of choroidal melanoma

cells. A and B, RT-qPCR was used to detect the expression of miR-9-

Sp. miR-9-5p was obviously upregulated in choroidal melanoma cells after transfection with miR-9-5p mimics, while miR-9-5p was obviously

downregulated in choroidal melanoma cells after transfection with miR-9-

assays were used to examine the proliferation of MUM-2B and MUM-2C

S5p inhibitor. ****P < 0.0001, **P <0.01, *P < 0.05. C, D and E, EdU
cells after transfection with miR-9-5p mimics. Compared to that in the

NC group, the EAU value was clearly decreased. ***P < 0.001, *P < 0.05. F, G and H, EdU assays were used to examine the proliferation of
MUM-2B and MUM-2C cells after transfection with miR-9-5p inhibitor. Compared to that in the inhibitor NC group, the EdU value was
significantly increased. **P < 0.01,*P < 0.05. (NC, miR-9-5p negative control; inhibitor NC, miR-9-5p inhibitor negative control).

www.targetscan.org/vert_71/), a conserved binding site for
miR-9-5p within the BRAF mRNA 3’UTR was found. To fur-
ther explore the relationship between miR-9-5p and BRAF, we
constructed BRAF 3’UTR wild-type (WT) and mutant (MUT)
luciferase reporter vectors (Figure 3A). They were cotransfected
into 293 T cells with miR-9-5p mimics and miR-9-5p NC. Luci-
ferase activity was obviously decreased in the miR-9-5p mimics
+ WT group compared with the other groups (P <0.05) (Figure
3B). RT-qPCR was performed to examine BRAF mRNA

expression. The expression of BRAF mRNA was downregu-
lated when MUM-2B and MUM-2C cells were transfected with
miR-9-5p mimics (P < 0.05) (Figure 3C), while the expression
of BRAF mRNA was upregulated when MUM-2B and MUM-
2C cells were transfected with miR-9-5p inhibitor (P < 0.05)
(Figure 3D). Then, Western blotting was conducted to detect the
expression of BRAF protein. Compared to that in the NC group,
BRAF protein was downregulated in the miR-9-5p mimics
group (P < 0.05), while compared to that in the inhibitor NC
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Figure 2. Effect of miR-9-5p on choroidal melanoma cell migration and invasion. A, B, C and D, Transwell migration and invasion assays were
performed to detect the migration and invasion ability of choroidal melanoma cells after transfection with miR-9-5p mimics. Migration and

invasion were notably inhibited in the miR-9-5p mimic group. ****P < 0.0001, ***P < 0.001, **P < 0.01. E, F, G and H, Transwell migration
and invasion assays were performed to detect the migration and invasion ability of choroidal melanoma cells after transfection with miR-9-5p
inhibitor. Migration and invasion were notably enhanced in the miR-9-5p inhibitor group. ****P < (0.0001, **P < 0.01, *P < 0.05. (NC, miR-9-
5p negative control; inhibitor NC, miR-9-5p inhibitor negative control).

group, BRAF protein was upregulated in the miR-9-5p inhibitor
group (P <0.05) (Figure 3E and F). These experimental results
showed that miR-9-5p negatively regulated BRAF transcription
and translation by targeting the BRAF mRNA 3’UTR.

Silencing BRAF Inhibited the Proliferation, Migration and
Invasion of CM Cell Lines

Based on previous experimental results, we continued to inves-
tigate the effect of BRAF on CM cells and conducted Western
blot, EdU, Transwell migration and Transwell invasion assays.

Western blot analysis showed that BRAF protein expression
was notably downregulated after transfection with si-BRAF-1
and si-BRAF-2 (P < 0.05) (Figure 4A and B). Next, an EdU
assay was performed to detect the effect of BRAF on the pro-
liferation of MUM-2B and MUM-2C cell lines. Compared to
the NC group, knockdown of BRAF with 2 siRNAs signifi-
cantly suppressed the proliferation ability of MUM-2B (P <
0.05) (Figure 4C and E) and MUM-2C cells (P < 0.05) (Figure
4D and E). Then, Transwell assays were carried out to reveal
the changes in the migration and invasion of MUM-2B and
MUM-2C cells with BRAF knockdown. After the cells were
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Figure 3. miR-9-5p regulates BRAF transcription and translation by targeting the BRAF mRNA 3’UTR. A, The sequences of BRAF mRNA
3’UTR wild-type (WT) and mutant (MT) luciferase reporter vectors. B, After cotransfection with miR-9 mimics and WT (or MT) vector into
HEK-293 T cells, luciferase activity was detected. miR-9-5p bound to wild-type BRAF sequences to reduce luciferase activity but could not
inhibit mutant luciferase activity. **P < 0.01. C and D, miR-9-5p blocked the expression of BRAF mRNA. ****P <(.0001, ***P <0.001, **P
<0.01. E and F, miR-9-5p blocked the expression of BRAF protein. ****P < 0.0001, ***P < 0.001, *P < 0.05. (NC, miR-9-5p negative control;

inhibitor NC, miR-9-5p inhibitor negative control; ns, P > 0.05).

treated with the 2 siRNAs in the Transwell assay, the numbers
of migrating and invading cells decreased significantly (P <
0.05) (Figure 4F-H). The above results indicated the close rela-
tionship between low expression of BRAF protein and CM cell
proliferation, migration and invasion.

The Effect of miR-9-5p on Decreasing BRAF Protein Levels
Was Reversed in Stable Cells Overexpressing BRAF
On the basis of the above results, we overexpressed BRAF to

further explore whether the above functional effects are due to
direct regulation of BRAF. Western blot analysis demonstrated

that stable cell lines were successfully constructed (Figure 5A).
The effect of miR-9-5p mimics on BRAF protein expression
was reversed by overexpressing BRAF in MUM-2B and
MUM-2C cell lines (P < 0.05) (Figure 5B and C). We con-
cluded that miR-9-5p decreases BRAF protein expression by
directly targeting BRAF.

The Effect of miR-9-5p on CM Cells Was Reversed in
Stable Cells Overexpressing BRAF

Although we found that miR-9-5p can regulate the proliferation
and migration of CM cells, we wanted to confirm that the
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Figure 4. Silencing BRAF inhibited the proliferation, migration and invasion of choroidal melanoma cells. A and B, Western blot analysis
revealed that the expression of BRAF protein was remarkably downregulated by transfecting si-BRAF-1 and si-BRAF-2. ****P <(.0001, **P <
0.01. C, D and E, Compared to the NC group, silencing BRAF by 2 siRNAs inhibited cell proliferation. ****P < 0.0001, ***P < 0.001, **P <
0.01. F, G and H, After silencing BRAF by 2 siRNAs, the numbers of migrating and invading cells were noticeably decreased. ****P < 0.0001,
*¥#%kP < 0.001. (si-NC, siRNA negative control).

detected functional performance is achieved through direct F). Taking the above results into account, we confirmed that
targeting of BRAF. The inhibitory effect of miR-9-5p mimics miR-9-5p inhibits the proliferation and migration of CM cells
on proliferation was also reduced in the stable MUM-2B (P < by targeting BRAF.

0.05) and MUM-2C (P < 0.05) cell lines transfected with the
BRAF overexpression plasmid (Figure 6A-D). The suppression
of migration by miR-9-5p mimics was inverted in the stable
MUM-2B (P < 0.05) and MUM-2C (P < 0.05) cell lines trans-  Choroidal melanoma (CM), the most common primary intrao-
fected with the BRAF overexpression plasmid (Figure 6E and cular malignant tumor in adults, has an annual incidence of

Discussion
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OE plasmid. B and C, Compared with stable cells containing vector
only, overexpression of BRAF restored the expression of BRAF pro-
tein in cells transfected with miR-9-5p mimics. ****P < 0.0001, ***P
<0.001, **P < 0.01. (NC, miR-9-5p negative control; BRAF-OE,
BRAF overexpression).

approximately 20 per million. This tumor has a long latent and
is prone to metastasis, with a mortality of approximately
50%."° Patients with CM show a variety of clinical manifesta-
tions, many complications and a high degree of malignancy,
which seriously threatens the vision and health of patients. The
current treatment methods for CM include radiotherapy, per-
cutaneous hyperthermia, removal and surgical resection of the
tumor,?® but the therapeutic effects are not ideal. Therefore, we

should deeply explore the molecular mechanism of occurrence
and development of CM to form a better and more efficient
method for the prevention and treatment of CM.

In recent years, microRNAs (miRNAs), which have approx-
imately 21 nucleotides,?’ have been studied extensively and
have been demonstrated to play a regulatory role in various
tumors. These molecules usually bind to the 3’UTR of mRNAs
to regulate the expression of target genes and then affect the
activation and inhibition of signaling pathways, which control
the occurrence and development of tumors.>* Many studies have
reported that miRNAs such as miR-155,% miR-216a-5p,>* and
miR-21%° negatively or positively regulate the biological func-
tion of CM by targeting specific genes. In addition, accumulat-
ing reports have also found that miRNAs play a key role in the
proliferation, metabolism and apoptosis of UM?®; for example,
miR-296-3p and FOXCUT act as tumor supressor of CM by
jointly targeting MMP-2 and MMP-9.?” Another miRNA,
miR-9-5p, has also been widely studied. Recent reports have
indicated that miR-9-5p plays an important role in numerous
tumors, such as gastric cancer,'>?® metastatic renal cell carci-
noma®’ and pancreatic cancer,’” regulating the proliferation,
migration, invasion and other functions of tumor cells. MiR-9-
Sp inhibits the proliferation of glioblastoma cells by directly
targeting FOXP2.*! In addition, miR-9-5p could inhibit the
migration and invasion of colorectal cancer by targeting FOXP2
and then inhibit metastasis and the EMT process.>* Studies have
shown that miR-9-5p has dual functions in different tumors. So
far, the regulatory effect of miR-9-5p in CM has not been
reported, so we hypothesized that miR-9-5p may play a key role
in CM cell proliferation, migration and invasion.

In the present study, we discovered that miR-9-5p influ-
enced the progression of CM cells. The EdU assay showed that
miR-9-5p mimics could inhibit the proliferation of CM cells,
while the miR-9-5p inhibitor could enhance the proliferation of
CM cells. Transwell assays showed that miR-9-5p mimics
could decrease the numbers of migrating and invading cells,
while miR-9-5p inhibitor could increase the numbers of migrat-
ing and invading cells. Consequently, miR-9-5p may suppress
the proliferation, migration and invasion of CM.

To further study the target gene of miR-9-5p in CM cells, we
predicted that BRAF mRNA may be bound to miR-9-5p
through a bioinformatics website. Then, we tested the targeted
relationship between miR-9-5p and BRAF with a dual lucifer-
ase reporter assay. The results confirmed an interaction
between miR-9-5p and BRAF, which was consistent with the
previous prediction. Western blot and RT-qPCR showed that
miR-9-5p mimics could downregulate the expression of BRAF,
while miR-9-5p inhibitor could upregulate the expression of
BRAF. Comprehensive analysis of the above evidence suggests
that miR-9-5p is likely to exert a regulatory effect on CM cells
by directly targeting BRAF.

It has been reported that BRAF, which is a proto-oncogene,
is an important member of the MAPK signaling pathway. The
most common mutation of BRAF is V600E, which is most
frequently present in melanoma.>® In addition, it has been
investigated in a variety of tumors and has been shown to be
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Figure 6. The effect of miR-9-5p on CM cells was reversed in stable cells overexpressing BRAF. A, B, C and D, Inhibition of proliferation by
miR-9-5p was enhanced in the stable MUM-2B and MUM-2C cell lines transfected with the BRAF overexpression plasmid. E and F,
Suppression of migration by miR-9-5p was inverted in the stable MUM-2B and MUM-2C cell lines transfected with the BRAF-OE plasmid.
*EEXP < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05. (NC, miR-9-5p negative control, BRAF-OE, BRAF overexpression).

involved in the occurrence and progression of cancer, which
provides a new perspective for the treatment of tumors. Color-
ectal cancer with the BRAF V600E mutation can be effectively
treated by combining inhibitors of BRAF, MEK and EGFR
proteins.'® Then, we explored the effect of BRAF on CM cells
by transfecting siRNAs into cells and detected the prolifera-
tion, migration and invasion of cells. The results indicated that
silencing BRAF inhibited the progression of CM cells.

To make the experiment more rigorous and further confirm
the mechanisms of miR-9-5p targeting BRAF, we constructed
stable cell lines with BRAF overexpression or empty vector
that were transfected with miR-9-5p mimics. The results
showed that BRAF overexpression reversed the results of the

above experiments, such as BRAF protein expression and CM
cell proliferation and migration. This further indicated that
miR-9-5p may possess negative regulatory functions in CM
cells by targeting BRAF.

In conclusion, our study proved that miR-9-5p may function
as a tumor suppressor, inhibiting the proliferation, migration
and invasion of CM cells by targeting BRAF. In addition,
BRAF, as a downstream gene of miR-9-5p, promotes the pro-
liferation, migration and invasion of CM cells. However, in our
study, the main purpose of our experiment was to observe the
function of choroidal melanoma cells, and the pathways and
factors related to cell function will be further discussed in
future investigations. Furthermore, due to the lack of clinical
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tissue samples, in subsequent experiments, we will focus on
investigating the expression of miR-9-5p in choroidal mela-
noma tissues and its correlation with clinical characteristics.
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