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MiR-155 Promotes Uveal Melanoma Cell
Proliferation and Invasion by Regulating
NDFIP1 Expression

Jing Peng, MD1, Honglei Liu, MD, PhD1, and Cuihong Liu, MD1

Abstract
MicroRNAs refer to small RNA molecules that destroy the messenger RNA by binding on them inhibiting the production of
protein. However, the role of miR-155 in uveal melanoma metastasis remains largely unknown. In this study, we found that
miR-155 was upregulated in both uveal melanoma cells and tissues. Transfection of miR-155 mimic into uveal melanoma cells led
to an increase in cell growth and invasion; in contrast, inhibition of miR-155 resulted in opposite effects. Also, we identified
Nedd4-family interacting protein 1 as a direct target of miR-155, and the expression of Nedd4-family interacting protein 1 was
inhibited by miR-155. Furthermore, ectopic expression of Nedd4-family interacting protein 1 restored the effects of miR-155 on
cell proliferation and invasion of uveal melanoma cells. In conclusion, miR-155 acts as a tumor promotor in uveal melanoma
through increasing cell proliferation and invasion. Thus, miR-155 might serve as a potential therapeutic target in patients with
uveal melanoma.
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Introduction

Uveal melanoma is a rare cancer that is most common in adults.

It develops in the anterior (iris) or the ciliary body or choroid,

which is commonly referred to as the posterior. However, uvea

is the second most common site for primary melanoma after the

skin.1-3 Currently, due to inadequate information about the

growth and dissemination of uveal tumors, there is no effective

therapy available for patients with this disease.4,5 However,

recent investigations have revealed novel prognostic factors

and clinical therapeutic targets and have helped in understand-

ing this disease.6-8

MicroRNAs (miRNAs) are an abundant class of endogen-

ously expressed, noncoding, short RNAs that regulate gene

expression.9-11 Through direct binding to complementary

sequences at 30 untranslated regions (30UTRs), these small

RNA molecules negatively impact the stability and translation

of messenger RNAs (mRNAs).12,13 MicroRNAs are increas-

ingly emerging as important regulators of tumorigenesis.

miR-155 acts as an oncomir in various human cancers, includ-

ing liposarcoma,14 lung cancer,15 cervical cancer,16 acute mye-

loid leukemia,17 hepatocellular carcinoma,18 breast cancer,19

and oral squamous carcinoma.20 However, its expression and

potential molecular mechanism in uveal melanoma are not yet

clear. Furthermore, the adaptor protein Nedd4-family
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interacting protein 1 (NDFIP1) plays a key role in the ubiqui-

tination and nuclear translocation of PTEN.21 Nedd4-family

interacting protein 1 represses cell proliferation and thus acts

as a tumor suppressor.22 However, the mechanism of NDFIP1

downregulation in uveal melanoma is still unknown.

The function of miR-155 in uveal melanoma cells was

investigated by this study. First, we illustrated that miR-155

was downregulated in uveal melanoma cells and tissues. Addi-

tionally, NDFIP1 was found to be a potential target of miR-

155, and miR-155 decreased the NDFIP1 protein level in uveal

melanoma cells. Furthermore, ectopic expression of NDFIP1

restored the effects of miR-155 on proliferation and invasion of

uveal melanoma cells. In summary, these data suggest that

miR-155 acts as a promoter for proliferation and invasion of

uveal melanoma cells.

Materials and Methods

Cell Culture and Tumor Specimens

All studies and procedures involving human tissue were

approved by Shanxi Ophthalmology Medical Center review

board. All enrolled patients provided written informed consent.

Tumor samples and their morphologically normal tissues were

obtained from 25 patients with uveal melanoma and were

immediately frozen in liquid nitrogen. All uveal melanomas

in this study were choroidal melanomas. Human uveal mela-

noma cell lines (OCM-1A, MUM-2C, C918, and MUM-2B)

and human melanocyte cell line (D78) were obtained from the

Cell Bank of the Chinese Academy of Sciences (Beijing, Peo-

ple’s Republic of China). The OCM-1A, MUM-2C, and D78

cells were maintained in Dulbecco’s modified Eagle’s medium

(DMEM) containing 10% fetal bovine serum and C918 and

MUM-2B in RPMI 1640. miR-155 mimic, inhibitor, and

scramble were obtained from Sigma-Aldrich (St Louis,

Missouri).

RNA Extraction, Reverse Transcription, and Real-Time
Polymerase Chain Reaction

Total RNA from cultured cells was extracted by using the

TRIzol reagent (Takara, Japan) in accordance with the manu-

facturer’s instructions. TaqMan miRNA assays (Applied Bio-

systems, Foster City, California) were used to test the

expression levels of miR-155, and U6 small nuclear RNA was

used as an internal control. Three independent experiments

were performed to analyze the relative gene expression.

Cell Proliferation Assay

Cell proliferation was determined by the Cell Counting Kit-8

(CCK-8; Dojindo, Kumamoto, Japan) assay per manufacturer’s

instructions. Absorbance was detected at 450 nm and measured

by Quant Universal Microplate Spectrophotometer (BioTek

Instruments, Inc, Winooski, USA).

Transwell Invasion Assay

Invasion assay was performed using Matrigel invasion cham-

ber system (BD Biosciences, Bedford, Massachusetts). In brief,

1 � 105 cells in 200 mL of serum-free medium were added to

the upper chamber, and 800 mL of DMEM with 10% serum as a

chemoattractant was placed in the lower chamber. The plates

were incubated for 18 hours at 37�C in 5% CO2. Cells that did

not invade through the pores were removed with a cotton swab.

Invasion of cells to the lower side of the filters were fixed and

stained with crystal violet and were counted. Each experiment

was repeated at least 3 times.

Luciferase Reporter Assay

Cells were plated in 24-well plates before transfection. After 36

hours, transfected cells in each well of 12-well plates were

Figure 1. The expression of miR-155 is upregulated in uveal melanoma cells and specimens. A, The expression of miR-155 was measured in

uveal melanoma (OCM-1A, MUM-2C, C918, and MUM-2B) and human melanocyte cell line (D78) using qRT-PCR. B, miR-155 was detected

in 25 uveal melanoma samples by qRT-PCR. **P < .01. qRT-PCR indicates qualitative reverse transcription polymerase chain reaction.
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harvested with 100 mL of lysis buffer. Ten microliters of the

cell extract was used to measure luciferase activity by using the

Dual-Luciferase Reporter Assay System (Promega, Madison,

Wisconsin). Three independent experiments were performed to

analyze the activity.

Western Blot Analysis

Cells were washed with phosphate-buffered saline, collected, and

total protein was extracted from the cells using Protein Extraction

kit (Key-Gen, Nanjing, China). Protein concentrations were

determined by Qubit Protein Assay Kit and Qubit 2.0 Fluorometer

(Invitrogen, Carlsbad, USA). Approximately 50 mg of total pro-

tein was separated using 10% or 12% SDS-PAGE (Sodium dode-

cyl sulfate polyacrylamide gel electrophoresis) and then

transferred to polyvinylidene difluoride membrane, which was

incubated with the antibody for NDFIP1 (ab116124; Abcam,

Cambridge, Massachusetts) or GAPDH (Glyceraldehyde-3-

phosphate dehydrogenase; Cell Signaling Technology, Bev-

erly, Massachusetts). The membrane was washed and incubated

with horseradish peroxidase–conjugated secondary antibody.

Statistical Analysis

Data were presented as mean + standard deviation. The dif-

ferences between 2 groups were determined by Student t test

and the differences in more than 2 groups were determined by

1-way analysis of variance. All statistical analyses were per-

formed using SPSS 16.0 (SPSS Inc, Chicago, USA). A P < .05

was considered as statistically significant.

Figure 2. miR-155 mimic increases proliferation and invasion of uveal melanoma cells. A and B, CCK-8 assay was performed to measure the

OCM-1A (A) or MUM-2C (B) cell proliferation after transfection with miR-155 mimic or scramble. C and D, Invasion analysis of OCM-1A (C)

or MUM-2C (D) cells after treatment with miR-155 mimics or scramble. **P < .01.
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Results

miR-155 Expression Is Upregulated in Uveal Melanoma
Cells and Specimens

To determine whether miRNA was involved in the regulation

of tumorigenesis of uveal melanoma cells, we first compared

the expression of miR-155 between normal melanocytes and

uveal melanoma cells. Real-time qualitative reverse transcrip-

tion polymerase chain reaction (qRT-PCR) was performed to

detect the expression of miR-155 in 2 poorly invasive human

uveal melanoma cell lines, OCM-1A and MUM-2C, 2 highly

invasive human uveal melanoma cell lines, C918 and MUM-

2B, and the normal uveal melanocyte cell line D78. miR-155

was highly expressed in all the uveal melanoma cell lines

examined. In contrast, the expression of miR-155 was low in

the melanocytes (Figure 1A).

Specimens from 25 human patients with uveal melanoma

were analyzed to determine the expression pattern of miR-155

by using qRT-PCR. Consistent with the results from uveal

melanoma cell lines, miR-155 was also increased in human

uveal melanoma tissues in comparison with the normal uveal

tissues (Figure 1B). These results indicate that the expression

of miR-155 is upregulated in human uveal melanoma.

miR-155 Mimic Increases Proliferation and Invasion
of Uveal Melanoma Cells

The next step was to determine whether miR-155 had any

biological effect on melanoma cells. OCM-1A and MUM-2C

cells were transfected with mR-155 mimic or scrambled oligo-

nucleotides. After transfection, CCK-8 assay was carried out to

determine the growth ability of the cells. miR-155 caused a

Figure 3. miR-155 inhibitor decreases proliferation and invasion of uveal melanoma cells. A and B, CCK-8 assay was performed to measure the

MUM-2B (A) or C918 (B) cell proliferation after transfection with miR-155 inhibitor or negative control. C and D, Invasion analysis of MUM-

2B (C) or C918 (D) cells after treatment with miR-155 inhibitor or negative control. *P < .05, **P < .01.

Peng et al 1163



dramatic increase in proliferation in the melanoma cells com-

pared with that in the control cells (Figure 2A and B).

Consequently, we assessed the effect of miR-155 on

invasion, a prerequisite for malignant transformation and

metastasis, using transwell invasion assay. After transfection

of OCM-1A and MUM-2C cells with either miR-155 mimic or

scrambled oligonucleotides, invasion assays were performed.

As shown in Figure 2C and D, the invasive ability of the miR-

155 mimic-transfected cells increased significantly compared

with that of the negative control–transfected cells. Thus, the

results show that miR-155 promotes proliferation and invasion

of uveal melanoma cells.

miR-155 Inhibitor Decreases Proliferation and Invasion of
Uveal Melanoma Cells

Next, we also determined whether inhibition of miR-155 had

an impact on uveal melanoma cells. Two uveal melanoma cell

lines, MUM-2B and C918, were transfected with miR-155

inhibitor or negative control. The inhibition of miR-155 mark-

edly reduced proliferation in the 2 uveal melanoma cell lines

over a 5-day interval (Figure 3A and B).

We next performed transwell invasion assays. After

transfection of MUM-2B and C918 cells with miR-155 inhi-

bitor or negative control, the invasive capacity of the miR-

155 inhibitor-transfected cells was found to be significantly

lower than that of the negative control–transfected cells

(Figure 3C and D). Thus, these results indicate that miR-

155 inhibitor reduces cell proliferation and invasion of

uveal melanoma cells.

Figure 4. The NDFIP1 is a target of miR-155. A, The 30UTR of NDFIP1 contained the highly conserved putative miR-155 binding sites by using

TargetScan prediction software. B, Luciferase reporter analysis demonstrated that overexpression of miR-155 reduced luciferase activity in the

NDFIP1 wild-type reporter gene but not the mutant type in OCM-1A cells. C, Luciferase reporter analysis was performed in MUM-2C cells.

**P < .01. NDFIP1 indicates nedd4-family interacting protein 1; 30UTR, 30 untranslated regions.

Figure 5. miR-155 downregulates NDFIP1 expression in uveal mel-

anoma cells. A and B, Western blot analysis has shown that miR-155

mimic inhibited the protein expression of NDFIP1 in OCM-1A (A) or

MUM-2C (B) cells. GAPDH was also detected as a loading control. C

and D, Western blot analysis has shown that miR-155 inhibitor

increased the protein expression of NDFIP1 in MUM-2B (C) or C918

(D) cells. GAPDH was also detected as a loading control. NDFIP1

indicates nedd4-family interacting protein 1.
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Nedd4-Family Interacting Protein 1 Is a Target of
miR-155

After demonstrating the role of miR-155 in uveal melanoma,

we sought to determine the cellular mechanism underlying the

miR-155-induced decrease in cell proliferation and invasion.

We found that the 30UTR of NDFIP1 contained highly

conserved putative miR-155 binding sites (Figure 4A). As

expected, luciferase activity of the wild-type pLuc-NDFIP1

3’UTR construct was significantly inhibited after the introduc-

tion of miR-155 into OCM-1A and MUM-2C cells but not after

the introduction of the negative control (Figure 4B and C). The

mutant pLuc-NDFIP1 30UTR construct completely abolished

the ability of miR-155 to regulate the expression of luciferase

Figure 6. Ectopic expression of NDFIP1 restored the effects of miR-155 on cell proliferation and invasion of uveal melanoma cells. A and B,

Western blot analysis has shown that the protein expression of NDFIP1 in OCM-1A (A) or MUM-2C (B) cells. GAPDH was also detected as a

loading control. C and D, The CCK-8 assay was done to evaluate the reverse by NDFIP1 of miR-155-induced promotion of cell growth in

MUM-2B (C) or C918 (D) cells. E and F, The restorative effect of NDFIP1 on miR-155 upregulated invasion in MUM-2B (E) or C918 (F) cells.

**P < .01. CCK-8 indicates Cell Counting Kit-8; NDFIP1, nedd4-family interacting protein 1.
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(Figure 4B and C). These results demonstrate that NDFIP1 is a

potential target of miR-155.

miR-155 Downregulates NDFIP1 Expression in Uveal
Melanoma Cells

To confirm whether miR-155 was indeed responsible for the

downregulation of NDFIP1 in uveal melanoma cells, OCM-1A

and MUM-2C cells were transfected with miR-155 mimic or

scrambled oligonucleotides. Western blot analysis showed that

the expression of NDFIP1 was dramatically reduced when

OCM-1A and MUM-2C cells were transfected with miR-155

mimic (Figure 5A and B). In contrast, after the MUM-2B and

C918 cells were transfected with miR-155 inhibitor or negative

control, the expression of NDFIP1 was dramatically increased

due to the inhibition of miR-155 (Figure 5C and D). These

results demonstrate that miR-155 downregulates the expression

of NDFIP1 in uveal melanoma cells.

Ectopic Expression of NDFIP1 Restores the Effects of
miR-155 on Proliferation and Invasion of Uveal
Melanoma Cells

Finally, we studied the functional involvement of NDFIP1 in

the regulation of proliferation and invasion of uveal melanoma

cells in rescue experiments. We cotransfected OCM-1A and

MUM-2C cells with miR-155 and pcDNA3.1-NDFIP1 or

empty vector (pcDNA3.1). Western blot analysis was used to

confirm the transfection efficiency (Figure 6A and B). Subse-

quently, a CCK-8 assay was performed with the treated uveal

melanoma cells, and our results showed that NDFIP1 overex-

pression partially reversed the promotion of cell proliferation

caused by miR-155 in OCM-1A and MUM-2C cells (Figure 6C

and D). Furthermore, NDFIP1 overexpression overcame miR-

155-dependent promotion of cell invasion (Figure 6E and F) in

OCM-1A and MUM-2C cells. Collectively, our data reveal that

NDFIP1 participates in the miR-155-dependent negative regu-

lation of proliferation and invasion of uveal melanoma cells.

Discussion

According to recent evidence, miRNAs have a regulatory role

in the pathogenesis of cancer in humans. This is achieved

through the suppression of genes involved in cell proliferation,

differentiation, and invasion.23,24 The global suppression of

miRNAs leads to increased tumorigenesis and cellular trans-

formation. Recent studies have unveiled a list of potential can-

didates crucial for human tumors.25,26 Studies have

demonstrated that miR-155 promotes or inhibits the prolifera-

tion and invasion of many types of cancer cell lines via post-

transcriptional silencing of mRNAs.27-29 Thus far, there is no

known role of miR-155 in uveal melanoma cells.

In the present study, we found that the function of miR-155

is associated with NDFIP1. We compared the expression of

miR-155 between melanoma tissues and normal tissues. miR-

155 overexpression promoted proliferation and invasion of

uveal melanoma cells; inversely, the inhibition of miR-155

resulted in reverse effects. Furthermore, we identified that

NDFIP1 is a direct target of miR-155. Our results demonstrated

that ectopic expression of NDFIP1 restored the effects of miR-

155 on proliferation and invasion of uveal melanoma cells.

To explore the molecular mechanism of miR-155, we first

determined that the 30UTR of NDFIP1 contained highly puta-

tive miR-155 binding sites by using TargetScan prediction

software. Next, we revealed that ectopic expression of miR-

155 was linked to the suppression of luciferase activity. Addi-

tionally, we observed that miR-155 overexpression decreased

the level of NDFIP1 protein and the inhibition of miR-155

increased its level.

PTEN has been demonstrated to be a tumor suppressor and a

critical factor in the development and progression of various

cancers, including uveal melanoma.30-32 Nedd4-family inter-

acting protein 1 is required for both the ubiquitination and

nuclear translocation of PTEN on endosomes.21 Previous stud-

ies also identified that NDFIP1 inhibits cell proliferation by

regulating localization and signaling specificity of PTEN.22

The ability of miR-155 to target NDFIP1 may be one such

mechanism of posttranscriptional control of NDFIP1.

In conclusion, we demonstrated that miR-155 is frequently

overexpressed in uveal melanoma tissues and cell lines. miR-

155 plays a major role in the malignant progression of uveal

melanoma cells by directly regulating the expression of

NDFIP1. According to the above findings, it is possible that

miR-155 can be used as a therapeutic target to treat patients

with this disease.
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