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MicroRNA-145 suppresses uveal melanoma angiogenesis and growth
by targeting neuroblastoma RAS viral oncogene homolog and
vascular endothelial growth factor
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Abstract

Background: Uveal melanoma (UM) is the most common primary intraocular malignancy in adults. It has been demonstrated ;\
microRNA-145 (miR-1435) is correlated with the progression of various cancers by regulating the expression of multiple target genes,
especially a number of genes that regulate angiogenesis and proliferation. However, the underlying mechanisms of miR-145 in
tumor angiogenesis of UM are still not well illustrated. Thus, we aimed to explore the potential target genes or pathways regulated
by miR-145 in UM and the effect of miR-145 on invasion and angiogenesis.

Methods: Totally, 24 choroid samples were collected in our study, including 12 UM samples and 12 normal uveal tissues. The
expression of neuroblastoma RAS viral oncogene homolog (N-RAS), phosphorylated protein kinase B (p-AKT), and vascular
endothelial growth factor (VEGF) in UM tissues and normal uveal tissues was analyzed using Western blotting analysis. Lentivirus
expression system was used to construct MUM-2B and OCM-1 cell lines with stable overexpression of miR-145. Transwell and
endothelial cell tube formation assay were used to measure the effects of miR-145 on the invasion and angiogenesis of UM iz vitro.
The downstream target genes of miR-145 were predicted by bioinformatics and confirmed using a luciferase assay. BALB/c nude
mice models were established to investigate the mechanisms of miR-145 on tumor growth and angiogenesis i vivo. Group data
comparisons were performed using analysis of Student’s ¢ test. A two-tailed P < 0.05 was considered as statistically significant.
Results: The results of Western blotting analysis indicated that the expressions of N-RAS (1.10 + 0.35 vs. 0.41 +0.36, t=3.997,
P=0.012), p-AKT (1.16 £ 0.22 vs. 0.57 £ 0.03, t=7.05, P=0.001), and VEGF (0.97 +0.32 vs. 0.45 + 0.21, t=3.314, P=0.008)
in UM tumor tissues were significantly higher than those in normal uveal tissue. Luciferase assay demonstrated N-RAS and VEGF as
downstream targets of miR-145. Moreover, tube formation assay revealed that miR-145-transfected human microvascular
endothelial cell line formed shorter tube length (36.10 + 1.51 mm vs. 42.91 + 0.94 mm, = 6.603, P = 0.003) and less branch points
(350.00 +19.97 vs. 406.67 + 17.62, t=3.685, P =0.021) as compared with controls. In addition, the numbers of invaded MUM-
2B and OCM-1 cells with miR-145 overexpression were significantly lower than the controls (35.7 + 3.3 vs. 279.1 +4.9,¢=273.75,
P <0.001 and 69.5 +4.4 vs. 95.6 +4.7,t=21.27, P < 0.001, respectively). In vivo, xenografts expressing miR-145 had smaller
sizes (miR-145 vs. miR-scr, 717.41 + 502.62 mm> vs. 1694.80 + 904.33 mm?>, t = 2.314, P = 0.045) and lower weights (miR-145 vs.
miR-scr, 0.74 +0.46 g vs. 1.65 +£0.85 g, t=2.295, P=0.045).

Conclusion: Our results indicated that miR-145 is an important tumor suppressor and the inhibitory strategies against N-RAS/
VEGEF signaling pathway might be potential therapeutic applications for UM in the future.
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Introduction with higher metastasis and mortality rate in UM.!

Uveal mel UMD, which arises l ) However, the precise molecular underpinnings are still
veal melanoma (UM), which arises from melanocytes, is h\nown. Therefore, strategies based on antiangiogenic

tlzie 1mostdc‘ommor'l pzllme}rl?lf Lntzlaoc?lar mahgfnancy M and antimetastatic mechanisms may provide potential
adults and 1s assoclated with the development Of SyStemic  ¢reatment for UM. MicroRNAs (miRNAs) are a group of

. . ] . . .
metastases in over hglf of the patients."' Previous stgdles endogenous non-coding RNAs that regulate gene expres-
have revealed that increased angiogenesis is associated
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sion by repressing the stability of conventional mRNAs
and/or inhibiting their translation into proteins.”®! Recent
studies have demonstrated that miRNAs are differentially
expressed in lung, nasopharyngeal, gastric and breast
cancers, and may function as either oncogenes or tumor
suppressors by controlhng the expression of their target
genes.!*®! The overexpression of several miRNAs, such as
miR-145 and miR-224-5p, has been demonstrated an
1nh1b1t0ry role in migration, proliferation, and invasion of
UM cells.l”

MicroRNA-145 (miR-145), a Wldelg studied miRNA, is
downregulated in various tumors.® In our previous
study, we reported that miR-145 was downregulated in UM
tissues and cell lines "% In addition, both bioinformatics
prediction and experimental results indicated that miR-145
might inhibit tumor angiogenesis and growth in UM.
Angiogenesis is of great importance in tumorigenesis and
tumor development.''"! Vascular endothelial growth factor
(VEGF), regulated by Ras, is cruc1al in angiogenesis among
all the angiogenic factors.!"*! Thus, we may speculate that
miR-145 regulates the downstream genes of Ras signaling,
including neuroblastoma RAS viral oncogene homolog (N-
RAS) and VEGF. Nevertheless, whether these genes or
pathways are regulated by miR-145 in UM and the effect of
miR-145 on invasion and angiogenesis still needs further
study.

In this study, we aimed to explore the potential target genes
or pathways regulated by miR-145 in UM and the effect of
miR-145 on invasion and angiogenesis i vitro and in vivo.

Methods

Ethical approval

Animal studies were approved by the animal care committee
(No. GSZE0199323) and clinical studies were approved by
the ethics committee of Beijing Tongren Hospital of Capital
Medical University (No.TRECKY2015-017). All UM
patients provided written informed consent to this study.

Human tissue samples

Fresh UM tumor samples were obtained from Beijing
Tongren Hospital, China, from November 2016 to
December 2017. None of the UM patients were given
radiation or chemotherapy therapy prior to the surgery.
UM samples were collected at surgery, immediately frozen
in liquid nitrogen and stored overnight after removal, and
then were transferred to —80°C for storage until use. The
normal uveal tissues were obtained from Tongren Eye
Bank (Beijing, China).

Cell culture

Human UM cell lines (OCM-1 and MUM- 2B) were
purchased from Procell (PROCELL Life Science &
Technology Co., Ltd., Wuhan, China). MUM-2B and
OCM-1 cells were maintained in RPMI 1640 (Gibco,
California, USA) and Dulbecco’s modified Eagle’s medium
(Gibco, California, USA), respectively, supplemented with
10% fetal bovine serum (HyClone, Logan, Utah, USA) in a
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humidified atmosphere at 37°C under 5% CO,. For
experimental purposes, the cells were cultured in 35 or
60-mm plastic Petri dishes. Cells were seeded at a density of
3000-5000 cells/cm?, and experiments were initiated
when the cells had reached subconfluence.

Western blotting analysis

Cell lysates were collected using RIPA lysis buffer
(Shanghai Genechem Co., Ltd., China) supplemented
with protease inhibitor and phosphatase inhibitor. The
concentration of total protein was determined by the
Pierce Coomassie (Bradford) Protein Assay Kit (Thermo
Fisher Scientific, USA). Then, a total of 20 g protein
samples were electrophoresed on polyacrylamide gels and
transferred to polyvinylidene fluoride membranes. The
membranes were blocked with 5% fat-free milk powder in
TBS-T (pH 7.6; 20 mmol/L Tris-HCI, 100 mmol/L NaCl,
and 0.01% Tween 20) at room temperature for 2 hours
and incubated with the primary antibodies targeting
human mammalian target of rapamycin (mTOR), p-
AKT, AKT (Cell Signaling Technology, USA), N-RAS, and
VEGFA (Thermo Fisher Scientific, USA) overnight at 4°C.
After washing three times, the membrane was hybridized
with horseradish peroxidase-conjugated secondary anti-
body (dilution factor, 1:10,000) at room temperature for
2 hours. The concentrations of all antibodies used in this
study were based on the manufacturer’s instructions. The
signal was developed using the Enhanced Chemilumines-
cence Plus kit. The images of Western blots were analyzed
using Image] software (National Institutes of Health,
Bethesda, MD, USA) for densitometry calculation.

Target gene prediction

The miRNA target prediction was performed by miRanda
(Memorial Sloan-Kettering Cancer Center, New York,
USA) and TargetScan (Department of Biology, MA Institute
of Technology, Cambridge, MA, USA) based on target
sequence, structure, and function.

Lentivirus expression system

Viral supernatant was obtained by the transfection of
HEK293T cells with pLemiR-145 or pLemiR-scrambled
control (pLemiR-scr). For stable transfection of miR-1435,
MUM-2B and OCM 1 cells were initially plated at a
density of 2 x 10° cells in a six-well plate for 24 hours and
then infected with lentiviral particles using polybrene
(8 mg/mL) (Sigma-Aldrich, Germany). After 24 hours of
incubation at 37°C, the medium was removed and fresh
medium was added. Stably transfected cells (miR-145
overexpressing or control) were selected using ampromy-
cin (100 pg/mL, Invitrogen, Madison, Wisconsin, USA) for
4 days. The miR-14S5 positive colonies were identified by
qRT-PCR.

Luciferase activity assay

The wild-type (WT) 3’untranslated region (3’-UTR) of
NRAS or VEGFA containing the miR-145-5p binding sites
was amplified and cloned downstream of the firefly
luciferase gene in the pGL3 control vector (Promega,
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WI, USA). MiR-145-5p mimics or miR-NC together with
pGL3-control vector carrying the WT or Mut 3’-UTR of
NRAS or VEGFA were co-transfected into HEK 293T cells
using Lipofectamine 2000 (Invitrogen). Luciferase activity
was assessed using the Dual-Luciferase H Reporter Assay
System (Promega) 48 hours after transfection.

Transwell and endothelial cell tube formation assays

OCM-1 (1x10°) and MUM-2B (1 x 10°) cells were
seeded in each well with an 8-wm pore membrane in the
upper chambers of transwell culture plates (Corning,
Shanghai, China). After 16 hours of incubation, the non-
invading cells on the upper chamber were scraped using a
cotton swab, and the membranes were then fixed with
100% methanol and stained with 0.5% crystal violet. The
cells attached to the lower surface were counted and
imaged under an inverted microscope (Shanghai Caikon
Optical Instrument Co., Ltd., China) at x 200 magnifica-
tion in nine randomly chosen fields.

For the endothelial cell tube formation assay, 55-mL
growth factor-reduced Matrigel was polymerized on 96-
well plates. Human microvascular endothelial cells
(HMEC-1) were serum-starved in medium for 2 hours.
The cells were suspended in the medium extracted from
each group, then added to the Matrigel-coated wells at a
density of 3 x 10* cells/well and incubated at 37°C for
24 hours. Tube formation of the endothelial cell was
defined as the appearance of intraluminal space inside the
tube and the quantiﬁcation of anti-angiogenic activity was
calculated by measuring the tube length and the number of
branch points under a light microscope with an image
analyzer (Confocal Quantitative Image Cytometer CQ1
software, Japan).

Animal care and tumor implantation

For the in vivo tumor growth assay, 12 four-week-old
female BALB/c nude mice (six per group), maintained
in pathogen-free conditions with standard diets, were
injected subcutaneously in the right side of the axilla with
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3 x 10 OCM-1 cells transfected with miR-145-5p mimic
vector or its negative control vector. Fifteen days after the
injections, the tumor volumes and body weights of the
animals were measured every 3 days. Mice were sacrificed
and the xenografts were removed at the indicated time. All
mice were sacrificed according to a standard procedure
after 30 days, and the tumors were harvested and weighed.
The volume of each tumor was calculated according to
the formula V=m/6 x L x W x W (L and W are the length
and the width of the tumor, respectively), measured with a
sliding caliper. Analysis of the targets and signaling
molecules, including N-RAS, AKT, p-AKT, mTOR, and
VEGF, in the xenografts were examined by Western
blotting.

Statistical analysis

All statistical analyses were performed using SPSS
statistical software (version 25.0 for Windows, SPSS
IBM, New York, USA). All experimental data are
represented as mean + standard deviation. Group data
comparisons were performed using Student’s #-test analy-
sis. A two-tailed P < 0.05 was considered as statistically
significant.

Results

Expression of N-RAS and VEGF in primary UM and normal
controls

In total, 24 choroid samples were collected in our study, of
which 12 were UM samples and 12 were normal uveal
tissues. The UM patients and normal controls did not differ
significantly in age or gender. No one has ciliary body
involved in UM group. The mean tumor basal diameter
was 15.14 +£3.85 mm and mean tumor thickness was
12.55 +£4.35 mm at diagnosis. Clinical and pathological
information of UM samples used in current work is listed
in Table 1. We examined the expression of N-RAS-VEGF
pathway components, including N-RAS, AKT, p-AKT,
mTOR, and VEGF, in UM tissues compared with normal
controls. The results indicated that the expression of

Table 1: Summary of clinical and pathological information of UM samples used in current work.

Age at Time to Tumor

Sample diagnosis Enucleation Tumor basal Thickness Tumor Scleral
number (years) (months) Gender Eye Location diameter (mm) (mm) cytology invasion
P1 53 2 Male OD Choroid 16.1 171 Spindle No

P2 52 4 Male (ON) Choroid 18.8 17.6 Epithelioid No

P3 28 12 Male (0N Choroid 15.4 6.3 Mixed No

P4 48 5 Male oS Choroid 11.7 10.1 Epithelioid No

PS 34 3 Male OD Choroid 10.1 12.9 Mixed No

P6 25 4 Male (0N Choroid 21.2 16.2 Mixed No

P7 47 9 Female oD Choroid 11.7 6.5 Mixed No

P8 35 3 Male OD Choroid 15.5 13.2 Mixed No

P9 52 3 Female oS Choroid 18.2 14.6 Spindle No
P10 48 12 Female (0N Choroid 10.6 6.1 Mixed No
P11 59 3 Female OD Choroid 12.3 12.9 Spindle No
P12 51 7 Male (0N Choroid 20.1 17.1 Mixed No

OD: Oculus dexter; OS: Oculus sinister; UM: Uveal melanoma.
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Figure 1: Expression of N-RAS-VEGF pathway, including N-RAS, AKT, p-AKT, mTOR, and VEGF, in 12 UM tissues and 12 normal uveal tissue (normal control) examined by Western blotting.
The B-actin level served as an internal control. *P < 0.05. AKT: Protein kinase B; mTOR: Mammalian target of rapamycin; N-RAS: neuroblastoma RAS viral oncogene homolog; p-AKT:

phosphorylated protein kinase B; VEGF: Vascular endothelial growth factor.

N-RAS (1.10 £ 0.35 vs. 0.41 £ 0.36,t=3.997, P=0.012),
p-AKT (1.16 £0.22 vs. 0.57 £0.03, t=7.05, P=0.001)
and VEGF (0.97+0.32 wvs. 0.45+0.21, t=3.314,
P=0.008) in UM tumor tissues was significantly higher
than that in normal uveal tissue, as examined by Western
blotting [Figure 1A and 1B].

MiR-145-5p directly targets N-RAS and VEGF

In our previous study,!'” we demonstrated that miR-
145-5p was significantly downregulated in UM tissues
compared with normal uveal tissues. Thus, it could be
speculated that miR-145-5p might directly modulate N-
RAS and VEGF expression in UM. To further understand
the molecular mechanism of miR-145 in inhibiting
angiogenesis and cell invasion, we searched for potential
targets of miR-145 using miRanda (Memorial Sloan-
Kettering Cancer Center, New York) and TargetScan
(Department of Biology, MA Institute of Technology,
Cambridge, MA). We found that NRAS and VEGFA could
be the potential targets of miR-145 [Figure 2A]. To
validate these miR-145 targets, luciferase activity assays
were performed in HEK 293T cells. The luciferase
activities of vectors carrying wild type VEGFA 3’-UTR
(WT) and NRAS 3>-UTR (WT) were attenuated by co-
transfection with miR-145-5p, while there was no
significant difference in groups transfected with mutant
3’-UTR of VEGFA or NRAS and the negative control
of miR-145-5p [Figure 2B]. These data demonstrated
that VEGFA and NRAS might be the direct targets of miR-
145-5p.

MiR-145 inhibits angiogenesis and invasion in vitro

Since our data demonstrated that VEGFA and N-RAS
were directly targeted genes regulated by miR-145-5p, we
next investigated the effects of miR-145 on tumor
angiogenesis and invasion iz vitro. A tube formation
assay using endothelial cells was performed and the
quantification of angiogenic activity was calculated by
measuring the tube length and number of branch points

under a light microscope. The results showed that miR-
145-transfected HMEC-1 cells formed shorter tube
length (36.10 £ 1.51 mm vs. 42.91 + 0.94 mm, ¢=6.603,
P =0.003) and decreased branch points (350.00 + 19.97
vs. 406.67 +17.62, t=3.685, P=0.021) as compared
with controls, indicating a decreased angiogenic activity
[Figure 3A]. Transwell assays were performed to investi-
gate the effects of upregulation of miR-145-5p on the
invasion of UM cells in vitro. MUM-2B and OCM-1
cells were transfected with miR-145-5p, which was
confirmed by qPCR assay [Figure 3B]. The numbers of
invaded MUM-2B and OCM-1 cells with miR-145
overexpression were significantly lower than the controls
(35.7+3.3 vs. 279.1+4.9, +=273.75, P<0.001 and
69.5+4.4vs.95.6+4.7,t=21.27, P < 0.001, respective-
ly). These results suggested that cell invasion ability
was significantly decreased by overexpression of miR-
145 in MUM-2B and OCM-1 cells [Figure 3C and
Figure 3D].

MiR-145 inhibits tumor growth and angiogenesis in vivo

To investigate the effect of miR-145 on tumor growth and
angiogenesis i vivo, we injected lentivirus-miR-scr- and
lentivirus-miR-145-transduced OCM-1 cells into nude
mice. We found that miR-145 expression in UM cells
significantly reduced xenograft tumor growth and angiogen-
esis compared with those transfected with empty vector
(mock). At 30 days after subcutaneous injection, xenografts
expressing miR-145 had smaller sizes (miR-145 vs. miR-scr,
71741+ 502.62 mm’ vs. 1694.80 + 904.33 mm’, t=2.314,
P =0.045) and lower weights (miR-145 vs. miR-scr, 0.74 +
0.46g vs. 1.65+0.85g, t=2.295, P=0.045) [Figure 4A
and 4B]. In addition, the expression of N-RAS (0.20 + 0.09
vs. 0.70+0.09, t=9.715, P<0.001), p-AKT (0.18 +
0.09 wvs. 0.72+0.11, r=9.304, P<0.001), m-TOR
(0.07+0.02 vs. 0.40+0.02, t=27.116, P < 0.001) and
VEGF (0.36 +0.07 vs. 0.76 +0.29, t=3.327, P=0.018)
were also reduced in stable miR-145 precursor transfected
xenografts compared with controls, as examined by Western
blotting. [Figure 4C].
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Figure 2: NRAS and VEGFA were directly targeted by miR-145. (A) Predicted miR-145-5p binding site in NRAS 3’ UTR and VEGFA 3’ UTR and miR-145-5p sequence. (B) The effect of miR-
145 on the luciferase activity assays of NRAS 3’ UTR and VEGFA 3’ UTR or NRAS 3’ UTR and VEGFA 3’ UTR with a mutated miR-145-5p binding site (mut). Overexpressed miR-145-5p
resulted in a significant decrease in luciferase activity of vectors carrying NRAS 3’ UTR and VEGFA 3’ UTR, while there was no significant difference in groups transfected with mutant 3’-UTR
of VEGFA or NRAS and negative control. *P < 0.001. miR: microRNA; NRAS: neuroblastoma RAS viral oncogene homolog; UTR: Untranslated regions; VEGFA: Vascular endothelial growth

factor A.

Discussion

It is well known that VEGF is produced by cells stimulating
vasculogenesis and angiogenesis. Overexpression of VEGF
could lead to disease when blood circulation is inadequate.
Tumors cannot grow beyond a limited size without
an adequate blood supply, while VEGF can promote
endothelial cell proliferation and Ela a significant role in
tumor angiogenesis and growth.!">'*! The VEGF gene has
been demonstrated to be correlated with the invasion and
metastasis of various cancers including UM.I">"'”! In the
current study, we investigated whether the VEGF and N-
RAS-VEGF pathway components, including N-RAS,
AKT, p-AKT, and mTOR, are involved in UM tissues.
The results indicated that the expression of N-RAS,
p-AKT, and VEGF in UM tumor tissues was significantly
higher than that in normal uveal tissue, as examined by
Western blotting. The results of our study were in
agreement with former studies showing that VEGF-A is
overexpressed in several UM cell lines, including MEL-
270, OM-431, OMM-2.3, and OMM-2.5.1'>!8-"°

It has been documented that the expression of miR-145 in
vascular smooth muscle cells has specific connection with the
proliferation of abnormal vascular intima.*”! MiR-145 is
correlated with the progression of various cancers by
regulating the expression of multiple target genes, especially
a number of genes that regulate angiogenesis and prolifera-
tion.!*"#3! Our previous work showed that the expression of
miR-145 was significantly lower in UM tissues than normal
uveal samples. Overexpression of miR-145 suppressed cell
proliferation by blocking cells in G1 phase from entering S
phase and promoted cell apoptosis in UM cells.'°! However,
the underlying mechanisms by which miR-145-5p regulates
UM angiogenesis remain unknown. To investigate the
function of miR-145 in the invasion and metastasis of the
cells, we performed transwell invasion assays and endothelial
cell tube formation assays. The results revealed that the
overexpression of miR-145 could inhibit the invasion and
angiopoiesis of UM cells. The inhibitory effects of miR-145-
Sp on tumor cell lines have also been confirmed in several
studies. Fan et al."* reported that VEGF expression in the
miR-145 transfected group was significantly downregulated
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Figure 3: Inhibiting effects of tumor angiogenesis and invasion caused by increasing expression of miR-145 in vitro. (A) Tube formation assay of HMEC-1 (original magnification, x 80).
Significant decrease of tube length and branch points was observed in the cells transfected with miR-145 precursor when comparing with the scrambled control (miR-scr). *P < 0.05.
P < 0.01. (B) Relative miR-145 expression in MUM-2B and OCM-1 cells transfected with miR-scr and miR-145. P < 0.001. (C and D) Transwell assays of MUM-2B and OCM-1 cells
transfected with miR-scr and miR-145 (original magnification, x 200). Cell invasion ability was significantly decreased by overexpression of miR-145-5p in MUM-2B and OCM-1 cells.
*P < 0.001. HMEC-1: Human microvascular endothelial cell line; miR: microRNA; miR-scr: microRNA-scrambled control.

compared with that in the blank group in osteosarcoma
cells. Boufraqech et al **! suggested that miR-145 could
regulate thyroid cancer growth by mediating the PI3K/Akt
pathway and may serve as a useful diagnostic marker for
thyroid cancer diagnosis. Therefore, miR-145 may be used
as a potential diagnostic biomarker that plays an important
role as a tumor suppressor in UM.

To further investigate the effect of miR-145 on tumor growth
and angiogenesis iz vivo, we injected lentivirus-miR-scr- and
lentivirus-miR-145-transduced OCM-1 cells into nude mice.
We found that xenografts expressing miR-145 had smaller
sizes and lower weights. In addition, the expression of p-AKT,
m-TOR, and VEGF was also reduced by stable transfection
of the miR-145 precursor. Furthermore, we constructed
luciferase-UTR vectors carrying VEGF 3’ UTR and N-RAS 3’
UTR as well as their corresponding mutants. The bioinfor-
matic analysis results indicated that VEGF and N-RAS might
be the direct targets of miR-145-5p in UM angiogenesis. These
results were consistent with the previous findings. Shi et al >
have revealed IGF-I/IRS1 as direct targets of miR-145 in colon
cancer, indicating the complex regulatory network of this
miRNA in tumors. It is also been demonstrated that miR-145
could suppress tumor angiogenesis and growth by tar%etin
NRAS signaling in breast cancer and colorectal cancer.***
The observed different effects of miR-145-5p in diverse

tumors are very promising for application as diagnostic or
prognostic biomarkers. To better understand the miR-145-
mediated network on tumor angiogenesis, emphasis should
be on searching for more target genes and exploring
potential target therapies. When the results of our study are
discussed, its limitations should be considered. First,
although the ration of the tumor growth is higher in
subcutaneous xenograft models and the lesions are easy to
be removed, inoculated xenograft models (such as anterior
chamber injection) could provide specific features of the
ocular immune system leading to an intraocular tumor
microenvironment. Further research on intraocular xeno-
graft models is strongly needed, so that we can better
understand the unique characteristics of UM. Second, since
liver metastases occur in 95% of patients with metastatic
UM, liver metastasis mouse models may offer a more
detailed investigation of the biological behavior of meta-
static UM cells. Such issues are expected to be addressed in
our future work.

In conclusion, our results suggest that miR-145 suppresses
tumor growth and invasion by directly targeting the N-
RAS and VEGF signaling pathways in UM. The findings of
our study also have identified miR-145 as an anti-
angiogenic factor both in vitro and in vivo, which could
have important implications for further understanding the
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Figure 4: Inhibiting effects of tumor angiogenesis and invasion caused by increasing expression of miR-145 in vivo. (A) At 30 days after subcutaneous injection, all mice were sacrificed and
the tumors were harvested, photographed, measured, and weighed. (B) The volume of each tumor was measured every 3 days, n=6. *P < 0.05. (C) Analysis of the targets and signaling
molecules, including N-RAS, AKT, p-AKT, mTOR, and VEGF were examined by Western blotting. GAPDH level served as an internal control. *P < 0.05. AKT: protein kinase B; GADPH:
Glyceraldehyde-3-phosphate dehydrogenase; miR: microRNA; miR-scr: microRNA-scrambled control; mTOR: mammalian target of rapamycin; N-RAS: neuroblastoma RAS viral oncogene
homolog; p-AKT: phosphorylated protein kinase B; VEGF: Vascular endothelial growth factor.

signaling mechanisms involved in regulating UM angio-
genesis. Accordingly, there is a good reason to speculate
that miR-145 is an important tumor suppressor and the
inhibitory strategies against the N-RAS/VEGF signaling
pathway might be potential therapeutic applications for
UM in the future.
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