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miR-33a-5p inhibits the growth and metastasis of melanoma cells by targeting 
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MicroRNAs have been verified as critical regulators in the development of melanoma. miR-33a-5p was significantly 
downregulated in melanoma, however, the specific role and regulatory mechanism of miR-33a-5p in melanoma were still 
unclear. The present study identified that miR-33a-5p was downregulated in melanoma tissues and cells, while SNAI2 was 
upregulated. miR-33a-5p directly targeted SNAI2 and negatively regulated its expression in melanoma cells. Overexpression 
of miR-33a-5p repressed proliferation, migration, invasion, EMT and promoted apoptosis of melanoma cell in vitro, these 
effects were partially reversed by SNAI2 overexpression. In addition, miR-33a-5p impaired melanoma growth in vivo by 
inhibiting SNAI2. Mechanistically, miR-33a-5p repressed activation of the PI3K/AKT/mTOR pathway by targeting SNAI2. 
In conclusion, miR-33a-5p repressed the progression of melanoma by targeting SNAI2 via inactivation of the PI3K/AKT/
mTOR signaling pathway, providing a potential molecular mechanism for the treatment of melanoma. 
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Malignant melanoma is an aggressive skin malignancy 
that originates from the transformation of melanocytes and 
leads to many skin cancer-related deaths [1]. And it ranks 
fifth in men and seventh in women in all malignant tumors 
[2]. The incidence of melanoma is increasing every year in 
the world [3]. Although treatments for melanoma were 
improved, advanced melanoma could not be well treated 
[4]. Therefore, it is necessary to find novel markers for the 
diagnosis of melanoma.

MicroRNAs (miRNAs) are small non-coding RNAs 
with 18–22 nucleotides [5]. miRNAs regulate the target 
genes expression by complementing the 3’ UTR region 
of mRNAs [6]. Numerous studies indicated that miRNAs 
could act as pivotal regulatory factors in various biological 
processes, including cell growth and metastasis [7, 8]. There-
fore, changes in miRNA expression were associated with 
tumor progression. A growing number of studies indicated 
that miRNAs were maladjusted in a variety of cancers 
including melanoma. For example, Yang et al. claimed that 
miR-150-5p suppressed cell growth, migration, and invasion 
by modulating SIX1 expression in melanoma [9]. Sun et al. 
declared that miR-431 impaired cell progression by targeting 
NOTCH2 in melanoma [10]. Ma et al. also demonstrated 
that miR-23a-3p inhibited mucosal melanoma progress 
via targeting adenylate cyclase 1 and impairing cAMP and 

MAPK pathways [11]. Therefore, it is of great significance 
to study the mechanism of miRNAs in melanoma for the 
diagnosis and treatment of this disease.

Previous studies identified that miR-33a-5p served as 
an anti-tumor factor in most cancers, including colorectal 
cancer [12], glioma [13] and tongue squamous carcinoma 
[14]. Although Cao et al. found that miR-33a-5p was drasti-
cally downregulated and enhanced the radiosensitivity by 
repressing glycolysis in melanoma [15], the idiographic 
mechanism of miR-33a-5p action in melanoma is still unclear.

The SNAIL family is the most widely studied epithe-
lial-mesenchymal transition (EMT) associated transcrip-
tion factor [16]. Snail Family Transcriptional Repressor 2 
(SNAI2), also known as a slug, was found to be critical in 
chick embryo mesoderm formation and neural crest emigra-
tion [17]. More recently, it has been reported that SNAI2 was 
significantly aggrandized in various cancers [18, 19]. Also, it 
was shown that SNAI2 functioned as a melanocyte-specific 
factor; which was required for the metastases of melanoma 
[20]. However, the exact role of SNAI2 in melanoma remains 
unclear. Some studies have demonstrated that the PI3K/
AKT/mTOR signaling pathway could regulate the growth 
and metastasis of melanoma cells [21, 22]. However, whether 
miR-33a-5p could regulate the PI3K/AKT/mTOR signaling 
pathway in melanoma has not been investigated.



814 Z. R. ZHANG, N. YANG

To date, the molecular mechanism of miR-33a-5p in 
regulating SNAI2 in melanoma has not been studied. The 
study was mainly to explore the impact of miR-33a-5p/
SNAI2 axis on the development of melanoma, providing a 
new clue for the treatment of melanoma.

Patients and methods

Clinical specimens and cell lines. Melanoma tissues and 
normal tissues were acquired from 29 patients at the Affiliated 
Hospital of Beihua University. All patients signed informed 
consent, and the experiments were approved by the Ethics 
Committee of the Affiliated Hospital of Beihua University. 
Tissues were separated and kept in liquid nitrogen.

Human melanoma cell lines (SKMEL-28, A375, WM35, 
and SKMEL-1) and melanocyte cell line PIG1 were purchased 
from TongPai (Shanghai, China). They were grown in 
RPMI 1640, including 10% FBS (Thermo Fisher Scientific, 
Waltham, MA, USA), 1% penicillin/streptomycin at 37 °C 
with 5% CO2.

Transfection assay. miR-33a-5p mimic, miR-33a-5p 
inhibitor and their NCs (mimic-NC and inhibitor-NC) 
were synthesized by GenePharma (Shanghai, China). 
SNAI2 overexpression vectors and control pcDNA were 
bought from SyngenTech (Beijing, China). Cells that had 
not undergone any treatment were used as controls. For 
transfection, Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) was used.

Reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR). RNA from melanoma tissues and cells 
was isolated by Trizol (Thermo Fisher Scientific). RNA was 
reverse-transcribed into cDNA by a PrimerScript RT kit 
(TaKaRa Bio Technology, Wuhan, China). RT-qPCR was 

conducted on Real-Time PCR System (Applied Biosystems, 
Carlsbad, CA, USA). SNAI2 expression was standardized to 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and 
the relative expression of miR-33a-5p was standardized to U6. 
The 2−∆∆Ct method was applied to calculate the data. Sequence of 
primers: miR-33a-5p Forward: 5’-GATCCTCAGTGCATT-
GTAGTTGC-3’, Reverse: 5’-CTCTGTCTCTCGTCTTGTT-
GGTAT-3’. U6 Forward: 5’-ATTGGAACGATACAGAGAA-
GATT-3’; Reverse: 5’-GGAACGCTTCACGAATTTG-3’. 
SNAI2 Forward: 5’-CTGGGCTGGCCAAACATAAG-3’; 
Reverse: 5’-CCTTGTCACAGTATTTACAGCTGAAAG-3’. 
GAPDH Forward: 5’-GGCTGTTGTCATACTTCT-
CATGG-3’; Reverse: 5’-AGGAAAAGCATCACCCGGAG-3’.

Cell proliferation and apoptosis assays. For cell prolif-
eration of SKMEL-28 and WM35, cells were grown in plates 
at the density of 2 000 cells/well. At 0 h, 24 h, 48 h, and 72 h 
post-transfection, 10 µl (5 mg/ml) of methylthiazolyldi-
phenyl-tetrazolium bromide (MTT) (Gefanbio, Wuhan, 
China) were added to each well and cells were cultivated for 
3 h. Then, 150 µl of dimethyl sulfoxide (DMSO) was used to 
solubilize the formazan salt. Cells that had not undergone 
any treatment were used as controls. Finally, the absorbance 
at 490 nm was measured using a microplate reader.

For apoptotic rate detection, 5×104 of SKMEL-28 and 
WM35 cells were inoculated in plates. The plasmid was trans-
fected. 48 h later, cells were washed and dyed with Annexin 
V-FITC and propidium iodide (PI) (BD Biosciences, Franklin 
Lake, NJ, USA), followed by flow cytometry. Cells that had 
not undergone any treatment were used as controls.

Western blot assay. Total protein from melanoma tissues 
and cells was collected, lysed by using the RIPA buffer 
(Beyotime, Jiangsu, China) and measured by a BCA kit 
(Thermo Fisher Scientific). Protein was then separated and 
transferred to a polyvinylidene fluoride (PVDF) membrane 
(Thermo Fisher Scientific). The bands were incubated with 
skim milk powder and incubated by primary antibodies at 
4 °C for 12 h. Next, the bands were probed with the secondary 
antibodies and visualized via the ECL reagent (Amersham 
Biosciences, Buckinghamshire, UK). Antibodies were as 
follows: Bcl-2 (1:50, MA5-11757, Invitrogen), Bax (1:2000, 
ab53154, Abcam, Cambridge, UK), cleaved-caspase3 
(1:1000, ab32042, Abcam), N-cadherin (1:100, ab18203, 
Abcam), E-cadherin (1:50, ab1416, Abcam), Vimentin 
(1:1000, ab137321, Abcam), Snail (1:1000, ab53519, 
Abcam), SNAI2 (1:500, ab180714, Abcam), PI3K (1:1000, 
ab1678, Abcam), p-AKT308 (1:1000, #2965, Santa Cruz 
Biotechnology, Shanghai, China), AKT (1:3000, ab179463, 
Abcam), mTOR (1:2000, ab2732, Abcam), GAPDH 
(1:3000, MA5-15738-HRP, Thermo Fisher Scientific) and 
HRP-labeled secondary antibody (1:5000, ab52614, Abcam).

Transwell assay. SKMEL-28 and WM35 cells were starved 
for 12 h before inoculation and were then sowed into the 
upper chamber of 24-well plates containing an uncoated 
or Matrigel-coated insert (BD Biosciences) with 100 µl of 
serum-free medium to detect cell migration and invasion, 

Table 1. The relationship between miR-33a-5p expression level and the 
clinicopathological factors in melanoma tissues.

Parameter Case
miR-33a-5p expression

p-valuea

High (n=29) Low (n=29)
Gender

Male 25 15 10 0.124
Female 32 15 17

Age (years)
≤54 25 14 9 0.314
>54 38 16 22

Tumor size (mm)
≤1 cm 25 16 9 0.024*
>1 cm 33 14 19

STM stage
I–II 26 17 8 0.005*
III 30 9 22

Lymph node metastasis
No 33 19 14 0.024*
Yes 24 14 10

*Indicated statistical significance (p<0.05)
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respectively. 600 µl of DMEM containing fetal bovine serum 
was added to the lower chambers. After one day, the cells 
on the lower surface of the upper chamber were fixed in 4% 
polyoxymethylene and stained with 0.1% crystal violet. Cells 
that had not undergone any treatment were used as controls. 
The migratory or invading SKMEL-28 and WM35 cells were 
observed under a microscope.

Dual-luciferase reporter assay. First, the binding sites 
of the SNAI2 3’UTR region and miR-33a-5p were predicted 
by TargetScan. The wild type (WT-3’UTR) and mutant type 
(MUT-3’UTR) plasmids of SNAI2 containing miR-33a-5p 
binding sites or not were transfected into cells using 
Lipofectamine 2000 (Invitrogen). Two days later, the lucif-
erase activity was assessed using a dual-luciferase reporter 
system (Promega, Madison, WI, USA).

Tumor xenograft assay. SKMEL-28 cells (8×106) trans-
fected with miR-33a-5p mimic or mimic-NC were subcu-
taneously injected into the five-week old nude mice. One 
week later, the tumor volume was estimated every week for 4 
weeks. After 28 d, the mice were euthanized, and the formed 
tumors were resected and weighed. The resected tumors were 
frozen in liquid nitrogen. The protocol of animal experi-
ments was approved by the Animal Care Committee of the 
Affiliated Hospital of Beihua University.

Statistical analysis. All results were presented as mean 
± standard deviation (SD) and conducted at least three self-
governed replicates. Pearson’s coefficient assay was applied 
for expression correlation. Student’s t-test was used to 
estimate obvious differences. *p<0.05 indicated a statistically 
significant difference.

Results

miR-33a-5p was downregulated in melanoma tissues 
and cell lines. To explore the expression of miR-33a-5p 
in melanoma, qRT-PCR was performed. The results 
showed that the expression of miR-33a-5p was remark-
ably downregulated in melanoma tissues compared with 
normal tissues (Figure 1A). Further analysis of the relation-

ship between clinicopathological features of melanoma and 
miR-33a-5p expression demonstrated that the low expres-
sion of miR-33a-5p in melanoma tissues contributed to the 
lymph-node metastasis, tumor size, and high STM stage 
(Table 1). Next, the expression of miR-33a-5p was measured 
in human normal melanocytes and melanoma cells. The 
results indicated that miR-33a-5p was obviously downregu-
lated in SKMEL-28, A375, WM35, and SKMEL-1 melanoma 
cell lines compared with the PIG1 cell line (Figure 1B). The 
results demonstrated that the expression of miR-33a-5p was 
decreased in melanoma tissues and cell lines.

miR-33a-5p repressed proliferation and promoted 
apoptosis of melanoma cells in vitro. To investigate the 
functional role of miR-33a-5p in melanoma cells, gain-
of-function experiments were performed by transfecting 
miR-33a-5p mimic into SKMEL-28 and WM35 cells. 
miR-33a-5p expression was significantly upregulated in 
SKMEL-28 and WM35 cells transfected with miR-33a-5p 
mimic (Figures 2A, 2B). MTT assay revealed that the prolif-
eration of SKMEL-28 and WM35 cells transfected with 
miR-33a-5p mimic was significantly inhibited compared 
with the control (Figures 2C, 2D). Flow cytometry assay 
showed that the apoptotic rates of SKMEL-28 and WM35 
cells transfected with miR-33a-5p mimic were significantly 
increased compared with NCs (Figure 2E). Meanwhile, the 
results of western blot showed a notably decreased Bcl-2 
expression and a markedly increased Bax and cleaved-
caspase3 expression in SKMEL-28 and WM35 cells trans-
fected with miR-33a-5p mimic, while there was no obvious 
change in caspase 3 expression (Figures 2F, 2G). All data 
supported that miR-33a-5p effectively inhibited proliferation 
but promoted apoptosis of melanoma cells, indicating that 
miR-33a-5p impaired the growth of melanoma cells.

miR-33a-5p impeded migration, invasion, and EMT of 
melanoma cells in vitro. In order to explore the metastatic 
effect of miR-33a-5p on melanoma cells, transwell assay and 
western blot were used. The results showed that the migra-
tion and invasion of SKMEL-28 and WM35 cells were excep-
tionally constrained after overexpression of miR-33a-5p 

Figure 1. miR-33a-5p was downregulated in melanoma tissues and cell lines. A) The expression of miR-33a-5p in melanoma tissues was measured by 
qRT-PCR in comparison with corresponding normal tissues (n=29). B) miR-33a-5p expression in human melanocyte cell line PIG1 and melanoma cell 
lines SKMEL-28, A375, WM35, and SKMEL-1 was detected by qRT-PCR. *p<0.05
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Moreover, we analyzed the mRNA and protein levels of 
SNAI2 in SKMEL-28 and WM35 cells transfected with 
miR-33a-5p mimic or inhibitor. We found that interference 
with miR-33a-5p significantly augmented the SNAI2 expres-
sion in SKMEL-28 and WM35 cells, at both the mRNA and 
protein levels, and vice versa (Figures 4D, 4G). Furthermore, 
the RT-qPCR analysis indicated that the expression of SNAI2 
in melanoma tissues was drastically increased and negatively 
correlated with the expression of miR-33a-5p (Figures 4H, 
4I). Consistently, the mRNA and protein expression levels 
of SNAI2 were obviously upregulated in melanoma cell lines 
compared with normal cells (Figures 4J, 4K). These data 
supported that miR-33a-5p directly targeted SNAI2.

miR-33a-5p inhibited proliferation and promoted 
apoptosis of melanoma cells by regulating SNAI2. To 
determine whether SNAI2 was involved in miR-33a-5p-
mediated regulation on melanoma progression, we restored 
SNAI2 expression in SKMEL-28 and WM35 cells trans-
fected with miR-33a-5p mimic (miR-33a-5p). First, the 

(Figures 3A, 3B). In addition, overexpression of miR-33a-5p 
in SKMEL-28 and WM35 cells markedly decreased the 
expression levels of EMT-related protein Vimentin, 
N-cadherin and Snail, while the expression of E-cadherin 
was notably increased (Figures 3C, 3D). The above data 
indicated that miR-33a-5p could repress migration, invasion, 
and EMT of melanoma cells.

SNAI2 was a direct target of miR-33a-5p. To identify the 
potential targets of miR-33a-5p that might contribute to its 
tumor growth-inhibitory effects, we predicted its target genes 
through bioinformatics. It was predicted by TargetScan that 
there were binding sites between miR-33a-5p and SNAI2 
3’UTR (Figure 4A). Besides, the dual-luciferase reporter 
assay showed that the luciferase activity in SKMEL-28 
and WM35 cells transfected with SNAI2-3’ UTR-WT and 
miR-33a-5p mimic was strikingly constrained compared 
to that in cells transfected with SNAI2-3’ UTR-WT and 
miR-NC, while there was no obvious change in the cells 
transfected with SNAI2-3’ UTR-MUT (Figures 4B, 4C). 

Figure 2. miR-33a-5p repressed proliferation and promoted apoptosis of melanoma cells in vitro. A, B) miR-33a-5p expression was determined by 
qRT-PCR in SKMEL-28 and WM35 cells transfected with control, mimic NC or miR-33a-5p mimic. C, D) The proliferation of SKMEL-28 and WM35 
cells transfected with control, mimic NC or miR-33a-5p mimic was measured by MTT assay. E) The apoptotic rate of SKMEL-28 and WM35 cells was 
measured by flow cytometry. F, G) The protein expression levels of Bcl-2, Bax, caspase 3, and cleaved-caspase 3 in SKMEL-28 and WM35 cells were 
detected by western blot. *p<0.05



MIR-33A-5P SUPPRESSES MELANOMA PROGRESSION 817

mRNA and protein expression levels of SNAI2 were signifi-
cantly repressed in SKMEL-28 and WM35 cells transfected 
with miR-33a-5p, and overexpression of SNAI2 inverted 
this inhibition (Figures 5A–C). As expected, MTT assay 

showed that the overexpression of SNAI2 in SKMEL-28 
and WM35 cells enhanced the effects on cell proliferation 
(Figures 5D, 5E). Besides, the apoptotic rate was notably 
impaired in SKMEL-28 and WM35 cells transfected with 

Figure 3. miR-33a-5p hindered migration, invasion, and EMT of melanoma cells in vitro. A, B) Transwell assay was applied to detect migration and 
invasion of SKMEL-28 and WM35 cells transfected with control, mimic NC or miR-33a-5p mimic. C, D) Western blot assay was conducted to measure 
the protein expression levels of N-cadherin, E-cadherin, Vimentin, and Snail in SKMEL-28 and WM35 cells. *p<0.05
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SNAI2 and miR-33a-5p compared with cells transfected 
with pcDNA-NC and miR-33a-5p (Figure 5F). Additionally, 
the increased expression levels of Bax and cleaved-caspase 
3 mediated by miR-33a-5p and the decreased expression 
of Bcl-2 induced by miR-33a-5p were able to recover after 
overexpression of SNAI2 in SKMEL-28 and WM35 cells 
(Figures 5G, 5H). These results indicated that miR-33a-5p 
suppressed the growth of melanoma cells by targeting SNAI2.

Overexpression of SNAI2 rescued the migration, 
invasion, and EMT impeded by miR-33a-5p. To investi-
gate whether miR-33a-5p directly regulates the metastasis of 
melanoma cells by targeting SNAI2, transwell and western blot 
assays were used. The results showed that miR-33a-5p could 
inhibit the migration and invasion of SKMEL-28 and WM35 
cells, whereas the inhibitory effects of miR-33a-5p could be 

restored by the overexpression of SNAI2 (Figures  6A, 6B). 
In addition, the overexpression of miR-33a-5p in SKMEL-28 
and WM35 cells markedly decreased the protein levels of 
Vimentin, N-cadherin, Snail and increased the E-cadherin 
expression, while this inhibition or promotion could be 
regained after the overexpression of SNAI2 (Figures 6C, 6D). 
Taken together, our results demonstrated that miR-33a-5p 
suppressed the migration, invasion, and EMT of melanoma 
cells by targeting SNAI2.

miR-33a-5p inhibited tumor growth in vivo. To 
evaluate the impact of miR-33a-5p on tumor growth in 
vivo, we performed a xenograft experiment. Consistent 
with the results in vitro, we found that the overexpres-
sion of miR-33a-5p retarded the tumor volume and weight 
(Figures  7A, 7B). Moreover, we also analyzed the changes 

Figure 4. Identification of miR-33a-5p targeting SNAI2. A) The binding sites of miR-33a-5p in the 3’UTR region of SNAI2 were predicted by Tar-
getScan. B, C) The luciferase activity of SKMEL-28 and WM35 cells co-transfected SNAI2-3’ UTR-WT or SNAI2-3’ UTR-MUT with miR-33a-5p or 
mimic NC was checked by dual-luciferase reporter assay. D, E) The mRNA expression of SNAI2 in SKMEL-28 and WM35 cells transfected with miR-
33a-5p inhibitor, miR-33a-5p mimic, control or their NCs was measured by qRT-PCR. F, G) The protein expression of SNAI2 in SKMEL-28 and WM35 
cells was measured by western blot. H) The expression of SNAI2 in melanoma tissues was measured by qRT-PCR compared with normal tissues (n=29). 
I) Correlation between the expression levels of miR-33a-5p and SNAI2 was analyzed by Spearman’s test (R2=0.670, p<0.0001). J, K) The mRNA and 
protein expression levels of SNAI2 were detected by qRT-PCR in melanoma cell lines SKMEL-28 and WM35 and melanocyte cell line PIG1. *p<0.05
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in the expression levels of miR-33a-5p and SNAI2 in the 
resected tumor tissues by qRT-PCR and western blot. The 
results indicated that miR-33a-5p expression was upregu-
lated (Figure 7C), and the mRNA and protein expres-
sion levels of SNAI2 were markedly declined (Figures 7D, 
7E), suggesting that miR-33a-5p acted as an inhibitor of 
melanoma by regulating SNAI2 in vivo.

miR-33a-5p inhibited the PI3K/AKT/mTOR signaling 
pathway by regulation of SNAI2 in melanoma. To inves-
tigate the role of the PI3K/AKT/mTOR signaling pathway 
and miR-33a-5p in melanoma, western blot was performed 
to detect the protein expression levels of key members of the 
PI3K/AKT/mTOR signaling pathway. The results demon-
strated that the overexpression of miR-33a-5p remarkably 
inhibited the levels of p-PI3K, p-AKT308, and mTOR in 

SKMEL-28 and WM35 cells compared with the controls, 
and the inhibitory effect of miR-33a-5p recovered by SNAI2 
overexpression (Figures 8A, 8B). Therefore, the data verified 
that miR-33a-5p negatively regulated the PI3K/AKT/mTOR 
signaling pathway by targeting SNAI2 in melanoma.

Discussion

Accumulating data have indicated that miRNAs have 
pivotal impacts on the occurrence and development of 
melanoma [23]. Many studies have shown that miRNAs 
could be used as markers for the diagnosis and treatment of 
melanoma [24]. Hence, it is necessary to study the molec-
ular mechanism of how miRNAs modulated the progress 

Figure 5. miR-33a-5p regulated the proliferation and apoptosis of melanoma cells by regulating SNAI2. A–C) The mRNA and protein expression levels 
of SNAI2 were detected in SKMEL-28 and WM35 cells transfected with control, mimic NC, miR-33a-5p mimic + pcDNA-NC or miR-33a-5p mimic + 
SNAI2 by qRT-PCR and western blot assays. D, E) The proliferation of SKMEL-28 and WM35 cells was measured by MTT assay. F) The apoptotic rate 
of SKMEL-28 and WM35 cells was measured by flow cytometry. G, H) The protein levels of Bcl-2, Bax, caspase 3, and cleaved-caspase 3 in SKMEL-28 
and WM35 cells were detected by western blot. *p<0.05
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Figure 6. Overexpression of SNAI2 could regain the migration, invasion, and EMT repressed by miR-33a-5p. A, B) The migration and invasion of 
SKMEL-28 and WM35 cells transfected with control, mimic NC, miR-33a-5p mimic + pcDNA-NC or miR-33a-5p mimic + SNAI2 were measured by 
Transwell assay. C, D) The protein expression levels of N-cadherin, E-cadherin, Vimentin, and Snail in SKMEL-28 and WM35 cells were measured by 
western blot. *p<0.05

of melanoma. Our data indicated that miR-33a-5p was 
notably reduced in melanoma. Besides, miR-33a-5p mimic 
has retarded the growth, migration, invasion, and EMT of 
melanoma cells by targeting SNAI2. miR-33a-5p could 

also inhibit the PI3K/AKT/mTOR signaling pathway by 
regulating SNAI2. Our results identified that miR-33a-5p 
could serve as a novel key regulator of melanoma progres-
sion.
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Figure 7. miR-33a-5p could impair tumor growth in vivo. A) Tumor volume was measured at the indicated time points after injection of SKMEL-28 
cells transfected miR-33a-5p mimic or mimic NC. B) Tumor weight was measured at the endpoint of the xenograft experiments, and images of tumors 
from nude mice at autopsy are presented. C, D) The expression levels of miR-33a-5p and SNAI2 were measured in the resected tumor tissues by qRT-
PCR. E) The protein level of SNAI2 was measured in the resected tumor tissues by western blot. *p<0.05

In previous studies, many miRNAs have been shown to 
participate in regulating the occurrence and development 
of melanoma. For example, miR-429 impeded melanoma 
cell proliferation and migration by targeting AKT1 [25]. 
miR-203 reinforced stemness properties in melanoma and 
enhanced tumorigenesis in vivo [26]. In our study, the results 
manifested that miR-33a-5p could regulate the progression 
of melanoma. The effect of miR-33a-5p in other types of 
tumors has been diffusely researched. It has been authen-
ticated as a tumor-inhibiting factor in lung cancer [27], 
hepatocellular carcinoma [28], and osteosarcoma [29]. More 
than that, miR-33a-5p could hinder melanoma cell prolif-
eration and elevated radiosensitivity by reversely modulating 
glycolysis in melanoma [15]. However, the impact of 
miR-33a-5p on melanoma progression was not clear enough. 
Our study showed that miR-33a-5p overexpression strikingly 
impaired growth, migration, invasion, and EMT. Addition-

ally, in vivo experiments supported that miR-33a-5p could 
result in reduced tumor volume and weight, implying that 
miR-33a-5p repressed the progression of melanoma.

SNAI2 was a member of the SNAIL family of EMT associ-
ated transcription factors and accepted as an oncogene. 
Abnormally high expression of SNAI2 has been found in 
various cancers, including breast cancer [30], colorectal 
cancer [31], and melanoma [32]. Interestingly, Zhao et al. 
first discovered that SNAI2 could act as a tumor suppressor 
by repressing multidrug resistance via decreasing ABC 
transporter genes in hepatocellular carcinoma cells [33]. 
In our study, we found that SNAI2 served as an oncogene 
and directly targeted by miR-33a-5p in melanoma, and 
miR-33a-5p could negatively modulate the expression of 
SNAI2. Moreover, the overexpression of SNAI2 recovered 
growth, metastasis, and EMT of melanoma cells suppressed 
by miR-33a-5p. Tian et al. indicated that SNAI2 regained 
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Figure 8. miR-33a-5p inhibited the PI3K/AKT/mTOR signaling pathway by regulating SNAI2 in melanoma. A, B) The protein expression levels of 
PI3K, p-AKT308, AKT, and mTOR were assessed by western blot in SKMEL-28 and WM35 cells transfected with control, mimic NC, miR-33a-5p 
mimic + pcDNA-NC or miR-33a-5p mimic + SNAI2. *p<0.05

the inhibitory impacts of miR-203 on the growth, metas-
tasis, and angiogenesis of prostate cancer cells [34], which 
was consistent with our findings. What’s more, the PI3K/
AKT/mTOR signaling pathway has important roles in 
apoptosis, metastasis, and tumor genesis [35, 36]. And 
our results manifested that the miR-33a-5p overexpres-
sion inhibited the PI3K/AKT/mTOR signaling pathway via 
targeting SNAI2 in vitro.

To sum up, our results deemed that miR-33a-5p, as a 
tumor-inhibiting factor, suppressed the growth, metastasis, 
EMT and PI3K/AKT/mTOR signaling pathway activation of 
melanoma by targeting SNAI2, providing a new perspective 
for the diagnosis and treatment of human melanoma.
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