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Abstract: Melanoma cells utilize multiple mechanisms to exit the primary tumor mass, invade the surroundings and 

subsequently distant tissues. We have previously reported that the expression of the RNA editing enzyme ADAR1 

(adenosine deaminase acting on RNA) is downregulated in metastatic melanoma, which facilitates proliferation and 

invasion. Here we show that ADAR1 controls melanoma invasiveness by regulating ITGB3 expression via miR-30a 

and miR-30d. ADAR1 overexpression or knockdown leads to an increase or decrease, respectively, in the expression 

of both microRNAs. The effect is independent of RNA-editing. Dual luciferase assays show that both microRNAs di-

rectly regulate the expression of the ITGB3 integrin. Overexpression of the miR-30a or miR-30d lead to a decrease in 

ITGB3 and a resultant decreased invasive and metastatic capacities. Neutralization of the endogenous miR-30a or 

miR-30d leads to the opposite effect. The microRNAs regulate ITGB3 levels probably through a post-transcriptional 

effect, as both mRNA and protein levels of ITGB3 are affected. These results further expand our knowledge on the 

ADAR1-ITGB3 network and its central role in acquisition of the invasive phenotype of metastatic melanoma.
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Introduction

Malignant melanoma is an aggressive tumor 

with a high metastatic potential as a very early 

event. Thus, understanding the acquisition of 

invasive behavior is of clear importance. It was 

previously shown that the transition from radial 

growth phase (RGP) to the vertical growth 

phase (VGP) enhances the metastatic potential 

[1]. One of the most important proteins associ-

ated with melanoma metastatic potential is 

beta-3 integrin (ITGB3) [1-3]. Together with the 

αV subunit, it forms the heterodimeric adhe-

sion receptor vitronectin. It is a major cell-

extracellular matrix (ECM) mediator that binds 

a range of ligands containing the amino acid 

sequence RGD, mainly collagen, laminin and 

fibronectin. Changes in the cytoskeleton orga-

nization and altered contacts with the ECM are 

required for increasing cell motility and intrava-

sation [4, 5]. Upregulation of αVβ3 expression 
has been associated with malignant potential. 

It was previously shown that the transcription 

factors SP1 [6], FoxC2 [7], and CDK11P58 [8] 

are involved in the regulation of ITGB3 expres-

sion. Additional studies show that miRNAs [9- 

16] and other regulatory elements, such as pro-

tein kinase C [17], activated RAF-MEK-ERK sig-

naling [18], and CCND1b [19] as putative regu-

lators of ITGB3 expression. 

Adenosine-to-inosine (A-to-I) RNA editing is a 

post-transcriptional mechanism through which 

RNA sequences are directly altered by mem-

bers of the family of adenosine deaminases 

that act on RNA (ADARs) enzymes, namely AD- 

AR1 and ADAR2 [20]. ADARs can affect multiple 

cellular functions by causing amino acid substi-

tutions [21], changes in splicing, RNA stabiliza-

tion, and nuclear retention [22], as well throu- 

gh general control of non-coding RNAs biogen-

esis and their target gene specificity [23, 24]. 
ADARs can also operate in an RNA editing-in- 

dependent manner by affecting processing of 
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miRNA [25-27], formation of protein-protein 

complexes [28], and decreasing protein kinase 

activities [29, 30]. We have previously shown 

that ADAR1 expression is downregulated along 

melanoma progression, particularly during the 

metastatic transition [26], thereby enhancing 

proliferation [26], resistance to tumor infiltrat-
ing lymphocytes [31], and invasiveness [32]. 

Downregulation of ADAR1 was also found to 

increase melanoma metastasis in vivo [33]. 

Network analysis identified ITGB3 as a prime 
member in the ADAR1-related network. Indeed, 

ADAR1 regulates melanoma cell invasion by 

controlling ITGB3 expression independently of 

RNA editing, at the transcriptional and post-

transcriptional levels via miR-22 and PAX6 tran-

scription factor, respectively [32]. 

Here we further expand the ADAR1-ITGB3-In- 

vasion network. We identify miR-30a and miR-

30d as ADAR1-regulated microRNAs, and de- 

fine their role as direct regulators of ITGB3 
expression and thereby of melanoma cell in- 

vasion. 

Methods

Cells and antibodies

In this study the following cell lines were used: 

624mel and 526mel (obtained from Dr. Steve 

Rosenberg, NCI), 003mel was generated and 

authenticated in our laboratories [31], and 

WM-115, WM-266-4, SKmel-5, SKmel-28, 

A375, MeWo, 526mel, and HEK293T were ob- 

tained from ATCC. Cells were maintained in 

RPMI-1640 supplemented with 10% heat-inac-

tivated FBS, 1 mM L-glutamine, 1 mM non-

essential amino acids, 1 mM pyruvate and 

penicillin-streptomycin (all from Biological In- 

dustries, Israel). Stably transfected cell lines 

were cultured with 1 μg/ml puromycin (Calbio- 
chem) or 2 mg/ml G418 (Alexis Biochemicals). 

The following antibodies were used: Mouse anti 

human-ITGB3 FITC (DAKO), Mouse anti human-

Isotype Control IgG1 FITC (DAKO), Rabbit anti 

human ADAR1 (Sigma-Aldrich), mouse anti 

human β-actin (MP Biochemicals).

Cohort of melanoma patients 

Formalin-fixed paraffin-embedded blocks of 
melanoma metastases obtained from 36 met-

astatic melanoma patients were used to ex- 

plore miR and ITGB3 expression, and investi-

gate the correlations with overall survival. Wri- 

tten informed consent was obtained based on 

approval of Israel Ministry of Health protocol 

3518/2004. 

RNA isolation and reverse transcription 

Total RNA from cell lines was isolated using  

Tri Reagent (Sigma) extraction method. Briefly, 
the cells pellet first homogenized in Trizol, and 
then 0.2 ml chloroform per ml Tri reagent was 

added, samples were centrifuged and the 

aqueous phase collected. Then 0.5 ml isopro-

panol per ml Tri reagent was added and the 

sample was again centrifuged. After discard- 

ing the supernatant, the pellet was re-susp- 

ended in 75% ethanol, centrifuged and re-sus-

pended in RNase free water. Integrity of the 

RNA was determined by spectrophotometry 

and electrophoresis. 

Prior to each biopsy block sectioning, the mi- 

crotome was meticulously cleaned using a  

70% ethanol solution followed by RNAase 

AWAY™ spray (Thermo Fischer, USA), and the 

water in the water plate were replaced. All 

tumor biopsy blocks were sectioned 10 tim- 

es, each section was 6 μm thick. An expert 
pathologist reviewed the H&E slides of each of 

the tumor biopsies to enable gross dissection 

of the tumor area into sterile 1.5 mL vials. 

miRNA were extracted with miRNeasy (Qiagen) 

and total RNA was extracted with RNeasy 

(Qiagen). 

The cDNA pools were generated with a Tran- 

scriptor high fidelity transcriptor kit (Roche) us- 
ing random hexamer primers or Universal cDNA 

synthesis kit Exiqon® microRNA cdna kit (Exi- 

qon). 

Real-time quantitative PCR analysis

Primers (Sigma-Aldrich) were designed accord-

ing to Primer-Express® software guidelines (Ap- 

plied Biosystems). Forward and reverse prim-

ers were designed from different exons to elimi-

nate possible DNA contamination [26]. miRNA 

expression was tested with custom Exiqon® 

primers (Exiqon). The real-time PCR (quantita-

tive PCR, qPCR) reactions were normalized to 

GAPDH or U6 endogenous control. Fold of 

expression was calculated with the accepted 

ΔΔCt method, as reported previously [26].
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Expression constructs and stable transfections

The expression systems used in this work were 

pQCXIP.puro and psiCheck2 (Promega). The 

various primers that were designed for clon- 

ing and introduction of mutations are described 

in Supplementary Table 1. Transfections were 

performed with Turbofect® (Fermentas) accord-

ing to manufacturer’s instructions. Retroviral 

transductions were performed as previously 

described [26]. Site directed mutagenesis was 

performed using QuickChange® kit (Stratagene) 

according to manufacturer’s instructions.

Anti-miR, oligos and transient transfection 

Anti-miR-30a or anti-miR-30d oligos were used 

along with proper negative control (Dharmacon). 

The various oligos were transiently transfect- 

ed (20 nM) with JetPrime® (polyplus) in 96 well 

microplates, and the cells were tested for 

miRNA and protein expression 48 hours post 

transfection.

Invasion assay

Melanoma cells (2×105) were seeded into the 

upper wells of Transwell invasion system (44) 

onto Matrigel (BD Biosciences) coated Thin- 

Certs® PET membranes containing 8-μm pores 
(Greiner-bio-one) in RPMI 1640 with 0.1% fetal 

bovine seru at invaded each membrane was 

measured by XTT staining as previously de- 

scribed. Percent of invasion was calculated as: 

(Total number of invading cells)/(Total number 

of seeded cells) ×100. The values were adjust-

ed to the relative growth ratio of cells within 24 

hrs evaluated by Net proliferation (standard-

ized XTT), as previously described [34].

Flow cytometry 

Staining for extracellular antigens was per-

formed on 1×105 cells with the appropriate flu-

orochrome-conjugated antibodies diluted in FA- 

CS medium (PBS, 0.02% sodium azide, 0.5% 

BSA) on ice for 30 min. Following incubation, 

cells were centrifuged (5 min, 500 g, 4°C), 

washed and re-suspended in 200 µl FACS 

medium and collected for FACS analysis. All 

experiments were performed using a FACSCali- 

bur® instrument (BD Biosciences) and data 

analysis using FlowJo® software (Tree Star Inc.). 

Western blot

Lysates of 5×106 cells were washed with PBS 

and lysed in RIPA (Sigma Aldrich) lysis buffer 

and protease inhibitor cocktail (Roche) on ice 

for 20 min. Insoluble material was removed by 

centrifugation at 14,000 rpm for 10 min at  

4°C. Protein concentration was measured us- 

ing Pierce™ BCA protein kit (Thermo Scienti- 

fic). Proteins were separated by 10-12% SDS-
PAGE, transferred onto Nitrocellulose membr- 

anes and incubated with specific antibodies. 
The antigen-antibody complexes were visual-

ized by standard ECL (Enhanced Chemilumi- 

nescence) reaction (Biological-Industries).

Luciferase reporter assay

HEK293T cells were co-transfected with 1 μg  
of psiCheck2-ITGB3 3’UTR (UTR), different psi-

Check2-ITGB3 mutated 3’UTR seed sequences 

(UTR-MUT-30A, UTR-MUT-30D) corresponding 

to the miRs binding site(s) or psiCheck2-empty 

vector (No UTR), and 0.1 μg of the pQCXIP-
miRs-30a, -30d or pQCXIP-empty vector (Mock) 

as control. Cells were harvested 48 hours post 

transfection and assayed with Dual Luciferase 

Reporter Assay System® (Promega) according 

to the manufacturer’s instructions. 

In vivo

Melanoma stable transfectants (Mock, miR-

30a or miR-30d) were labeled with Calcein 

Green (Thermo-Fisher) and 293 cells were la- 

beled with Calcein Red (Thermo-Fisher) accor- 

ding to the manufacturer’s instructions, and 

mixed in a 1:1 ratio. A total of 4×106 cells were 

injected to the tail vein of each SCID/NOD 

mouse, 6-8 weeks of age. Lungs were harvest-

ed after 12 h and were rendered into single cell 

suspension using mechanic mincing and en- 

zymatic digestion using Collagenase IV and 

DNAse I [35]. Single cell suspension was then 

analyzed by flow cytometry for the ratio between 
the green melanoma cells and the red 293 

cells that were used as an internal control. 

Animal experiments were performed in compli-

ance with the Animal Welfare Act.

Statistical analysis

Data were analyzed using the unpaired two-

tailed Student’s t test or one-way ANOVA. Cor- 
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relations were examined with Pearson’s corre-

lation test. Two tailed P value ≤0.05 was con-

sidered significant.

Results

Expression of miR-30a, miR-30d and ITGB3 in 

melanoma

High throughput analysis of microRNA expres-

sion in 624mel cells following ADAR1 knock-

down was performed and published previously 

[26]. Crossing this list together a list of miRNAs 

predicted to target ITGB3 3’UTR, based on 

TargetScan 7.2 [36] identified miR-30a and 
miR-30d as putative candidates as both AD- 

AR1-controlled and ITGB3 regulators. We have 

previously generated melanoma cell lines with 

ADAR1 overexpression (624/AD1-OX, 003/AD1- 

OX) or knockdown (624/AD1-KD, 003/AD1- 

KD). Transfectants with empty vector (624/

Mock, 003/Mock) or scrambled sequences 

(624/Scramble, 003/Scramble), respectively, 

serve as negative controls [31, 32]. We have 

previously shown that knockdown of ADAR1 

leads to an increase in ITGB3 at the protein 

level [32]. Here we show that overexpression of 

ADAR1 led to a decrease in ITGB3 at the pro-

tein level, as confirmed in western blot (Figure 

1A). Significant and consistent alterations in 
both microRNAs were validated using qPCR, as 

ADAR1 overexpression increased the expres-

sion levels of both microRNAs, whereas ADAR1 

knockdown led to the opposite effects (Figure 

1).

The expression of miR-30a, miR-30d and ITGB3 

was investigated in 9 melanoma lines and in 

normal melanocytes as a reference. The expr- 

ession levels of miR-30a and miR-30d were  

significantly lower than in the normal melano-

cytes in 9/9 and 7/9 of the melanoma lines 

tested, respectively (Figure 2A). This is in ac 

cordance with the lower ADAR1 levels in meta-

static melanoma lines as compared to normal 

melanocytes we reported in the past [26]. A 

statistically significant, strong negative corre- 
lation, was observed between each of the mi- 

croRNAs and ITGB3 at the RNA level (Figure  

2B, 2C). We further tested in 36 specimens 

derived from metastatic melanoma patients 

the expression levels of miR-30a, miR-30d, and 

of ITGB3 using real time PCR. miR-30a was 

negatively correlated with ITGB3 in a highly sig-

nificant manner (r=-0.519, P=0.0011), but not 
miR-30d (Figure 2D). 

ITGB3 is directly regulated by miR-30a and 

miR-30d

A portion of ITGB3 3’UTR containing the puta-

tive binding sites for miR-30a and miR-30d was 

cloned upstream to Renilla luciferase in a  

dual luciferase reporting psiCheck2 system. 

Figure 1. ADAR1 controls the expression of miR-30a and miR-30d in an RNA editing independent manner. A. Shows 
the effect of ADAR1 overexpression on ITGB3 expression. ADAR1 was stably overexpression (AD1-OX) in the indi-
cated cell lines. Mock overexpression (Mock) served as negative control. A representative Western Blot analysis of 
ADAR1, ITGB3 and Actin is shown. B. Shows the effect of ADAR1 on miR-30a and miR-30d expression. ADAR1 was 
stably overexpression (AD1-OX) or knocked down (AD1-KD) in the indicated cell lines. Mock overexpression (Mock) 
or scrambled sequence (Scramble) served as the respective negative controls. miRs expression levels relative to the 
appropriate negative control were determined by real time PCR. C. Shows that ADAR1 controls miR-30a and miR-
30d in an RNA editing independent manner. Overexpression of ADAR1 without the catalytic domain (DCat) or with 
a neutralizing mutation within the catalytic domain (Cat-mut) was compared to Mock and AD1-OX. Figure shows the 
average ± SE of three experiments on independent RNA purifications, each performed in triplicates. Student’s T-test 
was used to determine statistical significance. *denotes P<0.05.
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The putative binding sites were altered with 

three point mutations (UTR-MUT) for each miR. 

miRs were cloned into the pQCXIP expression 

vector. Empty psiCheck2 (NO-UTR) and pQCXIP 

(Mock) served as negative controls. The vari-

ous constructs were co-transfected into the 

easily transfectable HEK 293T cells. The lucif-

erase signal of cells co-transfected with both 

empty vectors served as point of reference. 

Forced expression of miRs-30a and -30d with 

the UTR construct significantly inhibited the 
luciferase signal while the inhibitory effect was 

abolished when the UTR-MUT construct was 

Figure 2. miR-30a and miR-30d are inversely correlated with ITGB3. Normalized miR-30a, miR-30d and ITGB3 
expression levels were determined in 10 melanoma cell lines, with the expression levels among melanocytes serv-
ing as reference level. A. Shows the expression of miR-30a and miR-30d; B. Shows the correlation of miR-30a and 
ITGB3; C. Shows the correlation of miR-30d and ITGB3. D. Shows the Peasron correlation R of ITGB3 with miR-30a 
or miR-30d in a cohort of 36 metastatic melanoma patients. Correlation was calculated using Pearson test; the 
mean ± SE of three experiments on independent RNA purifications, each performed in triplicates. ns denotes non-
significant.

Figure 3. ITGB3 expression is directly controlled by 
miR-30a and miR-30d. Figure shows the results of 

dual luciferase assays. UTRs (UTR-30A or UTR-30D) 
and MUT-UTRs (UTR-MUT-30A, UTR-MUT-30D) de-
note ITGB3 3’UTR segments containing the refer-
ence sequence or mutated sequence in the binding 
site of the respective miR. Each tested microRNA is 
indicated above the respective UTRs. The results are 
presented as normalized dual luciferase activity, and 
represent the mean ± SE of three biologically inde-
pendent experiments, each performed in triplicates. 
Asterisks represent P values: **P<0.01 (2-tailed t-
test).
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tested (Figure 3). These results show that both 

microRNAs directly regulate the 3’UTR of ITGB3.

Functional effect of miR-30a and miR-30d

The effect of miR-30a and miR-30d on ITGB3 

expression and subsequent function was test-

ed in six melanoma cell models. Each of the 

microRNAs was overexpressed in the melano-

ma cell lines 003mel, WM-266-4 and SK- 

mel-28 (Figure 4A). These melanoma lines ex- 

pressed miR-30a and miR-30d at the lowest 

levels (Figure 2A). In all three melanoma lines, 

miR-30d was more pronouncedly overexpress- 

ed than miR-30a (Figure 4A). In agreement 

with the luciferase experiments (Figure 3), in  

all three melanoma cell lines, both microRNAs 

caused downregulation of ITGB3 at the mRNA 

level (Figure 4B) and at the protein level (Figure 

4C). The downregulation was greater with miR-

30d, in correlation to its stronger overexpres-

sion. These results indicate that the regulation 

of ITGB3 by miR-30a and miR-30d occurs at 

the RNA level. Importantly, a significant reduc-

tion in the invasiveness through matrigel of was 

observed in all three melanoma lines tested 

with both microRNAs (Figure 4D). 

To further ratify these results in an even more 

physiologic intervention, the effect of neutral-

ization of miR-30a and miR-30d was investi-

gated. For that purpose, another set of three 

melanoma lines with the highest expression of 

the microRNAs was selected, including 624mel, 

WM-115 and SKmel-5 (Figure 2A). Introduction 

of anti-miR-30a and anti-miR-30d significantly 
reduced the endogenous corresponding mic- 

roRNA levels (Figure 4E). The reduction of each 

microRNA led to a significant increase in ITGB3 
expression in all three melanoma lines at the 

mRNA level (Figure 4F) and at the protein level 

(Figure 4G). Accordingly, the invasiveness th- 

rough matrigel of all melanoma lines was sig-

nificantly increased with both microRNAs (Fi- 

gure 4H). These collective observations con-

firm the regulation of ITGB3 by both microRNAs 
at the RNA level, and their functional impor-

tance on melanoma cell invasiveness.

Finally, the effect of miR-30a and miR-30d on 

metastasis was evaluated in vivo. Melanoma 

cell lines 003mel or WM-266-4 stably trans-

fected with Mock, miR-30a or miR-30d used in 

Figure 4 were labeled with green calcein, and 

were mixed with 293 cells labeled with red cal-

cein. A 1:1 mixture of the cells was injected into 

the tail vein of SCID/NOD mice, and the lungs 

were harvested 12 h afterwards. The 293 ser- 

ved as an internal control. Remarkably, stable 

transfection with miR-30a or miR-30d signifi-

cantly reduced the melanoma/293 ratio, in  

line with the results presented above. Due to 

the short time frame, these differences are 

less likely to be accounted to differences in 

proliferation. 

Discussion

ADAR1 plays an important role in melanoma 

cell invasion and in-vivo metastasis [32, 33]. 

ITGB3 is centrally involved in melanoma pro-

gression [32] and metastatic potential [1-3]. 

We have previously demonstrated robust net-

work interactions between ADAR1 and ITGB3, 

occurring at both the transcriptional and post-

transcription levels, as demonstrated in multi-

ple melanoma cell lines and clinical samples 

[32]. The existence of multiple regulatory mech-

anisms on ITGB3 expression via ADAR1 attests 

for its importance. Here we further uncover this 

network by pointing on miR-30a and miR-30d 

as ADAR1-controlled microRNAs, which play a 

direct role in controlling ITGB3 expression and 

invasion phenotype.

The role of miR-30a in inhibition melanoma cell 

invasion was recently described, by targeting 

E-Cadherin [37] or SOX4 [38]. A similar role for 

miR-30a was recently described in renal cell 

carcinoma by targeting ATG12 [39], in lung 

squamous cell carcinoma by targeting FoxD1 

[40] and in lung adenocarcinoma by targeting 

CNPY2 [41]. The role of miR-30d in inhibition of 

invasion was demonstrated in breast carcino-

ma by targeting KLF11 [42], in non-small cell 

lung carcinoma by targeting NFIB [43] and in 

colorectal cancer by targeting LRH-1 [44]. Th- 

ere is hardly any published information on the 

role of miR-30d in melanoma. Here we expand 

the knowledge on miR-30a or miR-30d by de- 

scribing their regulation via the ADAR1 enzyme. 

ADAR1 overexpression or knockdown results  

in upregulation or downregulation, respectively, 

of both miR-30a and miR-30d (Figure 1). More- 

over, the regulation of miR-30a and miR-30d by 

ADAR1 is independent of RNA-editing (Figure 

1), which is also consistent with our previous 

findings that ADAR1 controls the biogenesis of 
microRNAs in a similar manner [26]. We show 
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Figure 4. miR-30a or miR-30d control ITGB3 expression and melanoma cell invasion. (A) Overexpression of miR-30a and miR-30d in 3 indicated melanoma cell lines 
confirmed in real time PCR, as compared to Mock transfection; (B) Expression levels of ITGB3 mRNA determined with real time PCR or (C) protein determined with 
flow cytometry in each of the stably transfected constructs in the indicated cell lines; (D) Percent invasion in each of the stably transfected constructs in the indicated 
cell lines. (E) Expression of miR-30a and miR-30d in 3 indicated melanoma cell lines after transfection of the respective anti-miR, as determined by real time PCR. 
Control sequence served as reference; (F) Expression levels of ITGB3 mRNA determined with real time PCR or (G) protein determined with flow cytometry in each 
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that both miR-30a and miR-30d inhibit the 

invasion of melanoma cells (Figure 4) and their 

metastatic potential (Figure 5), by directly tar-

geting the central ITGB3 integrin (Figure 3). The 

role of ITGB3 in melanoma cell invasion was 

previously shown by using blocking monoclonal 

antibodies [32]. These results complement the 

understanding on how miR-30 family controls 

the invasiveness of melanoma cells. ITGB3 

expression is controlled by miR-30a and miR-

30d directly (Figure 3), probably at the mRNA 

level, as both mRNA and protein levels are 

affected (Figure 4). We provide substantial evi-

dence in several melanoma cell lines by over- 

expression of microRNAs (Figure 4) or by tar-

geting endogenous microRNAs with anti-miRs 

(Figure 4). A significant, inverse correlation bet- 
ween each of these microRNAs and ITGB3  

was indeed demonstrated in multiple melano-

ma cell lines and in a cohort of patients (Figure 

2). 

These collective results are in line with our past 

reports on the inhibitory role of invasion [32] 

and proliferation [26] of melanoma cells by 

ADAR1. Indeed, ADAR1 leads to increased miR-

30a and miR-30d expression (Figure 1), which 

down-modulates ITGB3 and thereby decreas- 

es melanoma cell invasiveness (Figure 4). On 

the other end, ADAR1 downregulation leads to 

decreased miR-30a and miR-30d expressi- 

on (Figure 1), which up-modulates ITGB3 and 

thereby enhances melanoma cell invasiveness 

(Figure 5). The latter corresponds to the fre-

quently observed ADAR1 downregulation oc- 

curring at the transition from primary to meta-

static melanoma [26]. As all components dem-

onstrated here, including ADAR1, miR-30a/d 

and ITGB3, are expressed in multiple types of  

cancer, it is reasonable to assume that this 

mechanism plays an important role in multi- 

ple malignancies.

In conclusion, here we further uncover the 

ADAR1-ITGB3 network by pointing on miR-30a 

and miR-30d as ADAR1-controlled microRNAs, 

which play a direct role in the post-transcrip-

tional expression control of ITGB3 and of the 

invasive melanoma cell phenotype. The results 

of this study could suggest on miR-30a or miR-

30d as promising therapeutic agents, capable 

of reducing the metastatic potential of mela-

noma cells. Investigation of the therapeutic 

value of these microRNAs is warranted.
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Supplementary Table 1. List of primers used in this study

PRIMER SEQUENCE

ITGB3 FORWARD 5’-ATTACCGGTGCCACCATGCGAGCGCGGCCGCGG-3’

ITGB3 REVERSED 5’-GACTTAATTAATTAAGTGCCCCGGTACGTGA-3’

ITGB3-UTR-FWD 5’-GCTCTCGAGTAAGCAGTCATCCTCAGATCATTATCA-3’ 

ITGB3-UTR-REV 5’-gtacGCGGCCGCAGGGCCAGGTATGTGGAGGT-3’

UTR-MIR30MUT-FWD 5’-CAGGAGTCCCTGCCATCATGCTGATAGAGGACAGTATTTGTGGGG-3’

UTR-MIR30MUT-REV 5’-CCCCACAAATACTGTCCTCTATCAGCATGATGGCAGGGACTCCTG-3’ 

MIR-30-FWD 5’-TGCACTTGGTGAACCACTTTC-3’

MIR-30-REV 5’-GGTTTTCCCACACATTTTATAGCC-3’


