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Abstract. Previous studies have explored the functions of 
microRNA (miR)-146a in different types of cancer through 
mediating different targets. However, the roles of miR-146a 
in malignant melanoma (MM) cell migration and invasion 
remain largely elusive. In the present study, the potential 
molecular function of miR-146a in MM was investigated. 
Reverse transcription-quantitative polymerase chain reaction 
was utilized to detect miR-146a expression in MM tissues 
and cell lines. A Transwell assay was performed to confirm 
the ability of migration and invasion. A luciferase assay and 
biological analysis were used to predict and determine the 
targets of miR-146a. The expression of miR-146a was upregu-
lated in melanoma tissues and cell lines. Clinicopathological 
analysis indicated that the miR-146a level was negatively 
correlated with the progression of melanoma. Abnormal 
expression of miR-146a promoted cell migration and invasion 
in MM cells. Additionally, it was also observed that Mothers 
against decapentaplegic homolog 4 (SMAD4) was a novel 
target of miR-146a in MM. SMAD4 was negatively associated 
with miR-146a in MM and abnormal expression of SMAD4 
attenuated miR-146a-mediated promotion of cell migra-
tion and invasion. In conclusion, miR-146a functioned as an 
oncogene by directly targeting SMAD4 and it may be a novel 
diagnostic and therapeutic marker of MM.

Introduction

Malignant melanoma (MM) is an aggressive form of human 
skin cancer and arises from malignant transformation of 

melanocytes. It usually metastasizes to other organs, for 
example to brain and bone; metastasis to lung can occur, 
and the lungs can also be the primary site as in previous 
reports (1,2). Metastatic melanoma occurs when tumor cells 
dissociate from the primary lesion, migrate through the 
surrounding stroma, and invade blood vessels and lymphatics 
to form a tumor at a distant site (3). The incidence of MM has 
risen in the recent past, and the survival rate has been observed 
to be very low (4,5). Therefore, it becomes very important to 
find out the exact molecular mechanisms behind MM and the 
right diagnostic strategies for the detection of MM.

In recent years, microRNAs (miRNAs/miRs) have 
been reported in various cancers. miRNAs are endogenous, 
small non-coding RNAs containing 18-25 nucleotides (6). 
Usually, miRNAs mediate gene expression by targeting to 
the 3'UTR of mRNA to repress target gene expression (7). 
Increasing numbers of reports have indicated that miRNA is 
involved in various types of developments and progressions 
in carcinomas, including metastasis, differentiation and cell 
proliferation (8-10). The miRNAs function as oncogene or 
tumor suppressors in cancers through targeting different 
genes (11-13). Among these miRNAs, miR-146a has been 
reported to be involved in different kinds of tumors, including 
MM. However, the effect of miR-146a in mediating cell migra-
tion and invasion ability of MM cells remains largely elusive.

Mothers against decapentaplegic homolog 4 (SMAD4) was 
identified on human chromosome 18q21.1 and is a member of 
the Smad family. SMAD4 is a tumor suppressor and a key 
mediator of TGF-β signaling pathway (14,15). Previous studies 
indicated that loss of SMAD4 frequently occurred in multiple 
cancers, such as lung, colon, breast and gastric cancers (16-19). 
Moreover, SMAD4 plays critical roles in cell differentiation, 
migration, invasion and apoptosis in various cancers (14,19,20). 
Although the roles of SMAD4 in various cancers are impor-
tant, the regulation effect of SMAD4 mediated by miRNA in 
MM is still unclear.

In this study, we observed that miR-146a was frequently 
upregulated in MM tissues compared with the adjacent normal 
tissues and the same result was found in MM cell lines. 
The abnormal expression of miR-146a could promote cell 
migration and invasion by targeting the 3'UTR of SMAD4. 
Additionally, the protein expression level of SMAD4 was 
decreased in MM tissues, and SMAD4 expression was nega-
tively associated with miR-146a in MM. Moreover, SMAD4 
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expression could attenuate miR-146a-mediated promotion on 
MM cell migration and invasion. Therefore, our results illus-
trated that miR-146a functioned as an oncogene in MM and 
miR-146a-SMAD4 may be the novel therapeutic strategies in 
MM.

Materials and methods

Patients and tissues. We collected 55 pairs of human MM 
tissues and the matched normal tissues from patients with 
MM who underwent surgery at the Central Hospital of Zibo 
(Zibo, China) from 2014 to 2016. All the tissues were stored 
at ‑80˚C. This study was approved by the Ethics Committee of 
the Central Hospital of Zibo, and all patients provided written 
informed consent.

Cell culture and transfection. Human melanoma cells A375, 
WM115, M14 and G361 were purchased from American Type 
Culture Collection (ATCC; Rockville, MD, USA). Human 
normal skin cell HACAT was obtained from Zibo Traditional 
Chinese Medicine Hospital. All cells were cultured in 
RPMI-1640 (Gibco-BRL, Karlsruhe, Germany) supplemented 
with 15% fetal bovine serum (FBS; Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). All cultures were main-
tained at 37˚C with 5% CO2.

miR-146a inhibitor or miR-146a mimic and the control 
were purchased from RiboBio (Guangzhou, China). Human 
melanoma cell lines A375 and G361 were transfected with 
miRNA inhibitor or mimics using Lipofectamine 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.. 72 h after transfec-
tions, the cells were collected for further assays. The sequences 
for miR-146a mimics and inhibitor are as follows: miR-146a 
mimics 5'-UGA GAA CUG AAU UCC AUG GGU U-3'; 5'-CCC 
AUG GAA UUC AGU UCU CAU U-3'; miR-146a inhibitor 
5'-AACCCAUGGAAUUCAGUUCUCA-3'; the control is a 
kind of scrambled miR-control.

RNA extraction and RT‑qPCR. The total RNA in MM cell 
lines or human samples was extracted using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. cDNA was synthesized from 2 µg 
total RNA with random primers or miRNA‑specific primers 
and MMLV reverse transcription (RT) (Fermentas; Thermo 
Fisher Scientific, Inc., Pittsburgh, PA, USA). The expression of 
genes was detected by RT-quantitative polymerase chain reac-
tion (RT-qPCR) with SYBR-Green kit (Takara Biotechnology 
Co., Ltd., Dalian, China) using Bio-Rad CFX96TM Real-Time 
PCR System (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
U6 was used as internal controls for miRNA‑146a quantifi-
cation and β-actin was used as internal controls for mRNA 
quantification. All of the reactions were performed three times 
and the relative expression of mRNA was analysed using 
2-ΔΔCq. Primers were designed for miR-146a (forward 5'-CAT 
GGG TTG TGT CAG TGT CAG AGC T-3'3 and reverse 5'-TGC 
CTT CTG TCT CCA GTC TTC CAA-3'), SMAD4 (forward 
5'-CGG ACA TTA CTG GCC TGT TC-3' and reverse 5'-TAG 
GGC AGC TTG AAG GAA ACC-3'), U6 (forward 5'-CTC GCT 
TCG GCA GCA CA-3' and reverse 5'-AACG CTT CAC GAA 
TTT GCG T-3') and GAPDH (forward 5'-CAG CCT CAA GAT 
CAT CAG CA-3' and reverse 5'-TGT GGT CAT GAG TCC TTC 

CA‑3'). The conditions for PCR were as follows: 95˚C for 
5 min, 40 cycles of denaturation at 95˚C (15 sec), 50˚C (30 sec) 
and 72˚C (30 sec).

Western blot analysis. Cells were lysed with RIPA lysis buffer 
supplemented with protease and phosphatase inhibitors (Roche 
Diagnostics, Basel, Switzerland). The concentration of protein 
was determined by Pierce® BCA Protein Assay kit (Thermo 
Fisher Scientific, Inc., Shanghai, China). The proteins were 
separated with 10% sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), and then transferred onto the polyvinylidene 
difluoride (PVDF) membranes (EMD Millipore, Billerica, 
MA, USA). The membranes were blocked for 1 h with 5% 
bovine serum albumin in TBS at room temperature. Then 
we incubated the PVDF membranes with rabbit anti-SMAD4 
polyclonal antibody (1:500; cat. no. ab110175; Abcam, 
Cambridge, UK, ) and anti-GAPDH polyclonal antibody 
(1:1,200; cat. no. ab9485; Abcam) in TBST (0.1% Tween-20 
in TBS) at 4˚C overnight, followed by incubation with rabbit 
antibody for 2 h at room temperature. GAPDH was used as 
an endogenous reference for normalization. The proteins 
were detected using chemiluminescence method (ECL; EMD 
Millipore).

Transwell assay. Transwell assay was performed to detect 
the migration and invasion abilities of MM cells. Firstly, 
Transwell Assay was performed to detect the migration and 
invasion abilities of A375 and G361 transfected with miR-146a 
mimics or miR-146a inhibitor. At the same time, the migration 
and invasion abilities of A375 cells transfected with SMAD4 
and miR-146a mimics were also detected by Transwell Assays. 
Melanoma cells A375 and G361 were seeded into 6-well 
plates with the different transfection treatments. 48 h after the 
transfection, the cells were harvested and re-suspended with 
DMEM culture medium with FBS. A total of 1x105 cells/ml 
was prepared in DMEM, 150 µl cell suspensions was added into 
the upper 24-well transwell chamber (EMD Millipore) with or 
without Matrigel (Clontech Laboratories, Inc., Mountainview, 
CA, USA). Then, we added 600 µl DMEM with 10% FBS to 
the lower chambers. After a 24 h incubation period at 37˚C, 
the cotton swabs were used to wipe out the non-migratory or 
non-invasive cells on the upper chambers. The cells on the 
lower chambers were fixed with 100% methanol for 20 min, 
after that, the cells were stained with 0.1% crystal violet 
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 
30 min. The cells were counted under an inverted microscope 
(Olympus Corporation, Tokyo, Japan).

Luciferase assay. The 3'-UTR sequence of SMAD4 gene 
containing miR-146a binding sites was amplified by PCR. 
The 3'-UTR of SMAD4 was cloned into the pMIR-REPORT 
luciferase vector named pMIR-SMAD4-wild type. The 
mutation of the binding site (CAAGA) in 3'UTR of SMAD4 
was amplified by PCR and cloned into the plasmid named 
pMIR-SMAD4-mutant. miR-146a mimics and luciferase 
plasmid pMIR-SMAD4 (wild-type/mutant, wt/mut) were 
transfected into A375 and G361 cells using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) on the basis of the 
manufacture's instruction. Being cultivated for 48 h, the cells 
were harvested and lysed. Luciferase activity in the cell lysates 
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was measured by the Dual Luciferase Reporter Assay System 
(Promega Corporation, Madison, WI, USA). Firefly luciferase 
activity was normalized to renilla luciferase activity. The 
experiments were performed in triplicate.

Statistical analysis. Statistical analysis was performed using 
SPSS statistical software, version 17.0 (SPSS, Inc., Chicago, IL, 
USA) with Student's t-test or ANOVA and Scheffe post-hoc 
test. P<0.05 was considered to indicate a statistically signifi-
cant difference. Correlation between mRNA and miRNA were 
estimated using the Spearman's correlation method.

Results

miR‑146a expression was upregulated in melanoma and 
involved in the tumor progression. To explore the function of 
miR-146a in MM in vitro, we detected miR-146a expression 
in 55 paired of MM tissues and the adjacent normal tissues 
using RT-qPCR. The results demonstrated that miR-146a 
was significantly highly expressed in MM tissues compared 
to adjacent normal tissues (Fig. 1A). And then, we detected 
expression level of miR-146a in MM cell lines. As shown in 
Fig. 1B, miR-146a expression was remarkably high in four 
MM cells (A375, WM115, M14 and G361) compared with the 
human normal skin cells HACAT.

Additionally, the relationship between miR-146a expres-
sion and clinicopathological characteristics in those patients 
was analyzed. The increased levels of miR-146a were notably 
related to TNM stage and lymph node metastasis of MM 
(Table I). To investigate the potential associations between 

miR-146a expression and patients' clinicopathological variables, 
we divided the patients with melanoma into two groups based 
on mean value (1.323) of miR-146a expression: High expres-
sion group (>1.323, n=40), and low expression group (<1.323, 
n=15). Those results indicated that miR-146a was related to the 
progression of MM.

Ectopic expression of miR‑146a could promote MM cell 
migration and invasion. Clinicopathological analysis indi-
cated that miR-146a was related to the progression of MM. 
Among all the selected MM cell lines, the expression of 
miR-146a in A375 was the lowest while G361 has the highest 
miR-146a expression. To better and full understand the roles 
of miR-146a and SMAD4, we selected A375 and G361 for 
further assays. In addition, as the expression of miR-146a in 
A375 cells was low and in G361 was high, we transfected 
miR-146a mimics into A375 and miR-146a inhibitor into G361 
to further understand the biological roles of miR-146a in MM 
cells. The transfection efficiency was detected using RT‑qPCR 
(Fig. 2A and B). And then, we detected the migration and 
invasion abilities by transwell assays, the results showed that 
overexpression of miR-146a dramatically raised A375 cells 
migration and invasion (Fig. 2C). Knockdown of miR-146a 
by miR-146a inhibitor decreased cell migration and invasion 
in G361 (Fig. 2C). Those data suggested that miR-146a could 
promote cell migration and invasion of MM cells.

Figure 1. miR-146a expression was upregulated in melanoma. (A) The mRNA 
expression of miR-146a in 55 paired of MM tissues and corresponding 
non-cancerous tissues. ***P<0.001. (B) The mRNA expression of miR-146a 
in MM cells (HACAT cell line was human normal skin cells). *P<0.05 and 
**P<0.01 vs. HACAT group. MM, malignant melanoma; miR, microRNA.

Table I. Clinicopathological features and miR-146a expression 
in patients with malignant melanoma.

 miR-146a
 expression
 -----------------------------
Clinicopathological Cases High Low
features (n=55) (n=40) (n=15) P-value

Gender     0.2048
  Male 26 21   5
  Female 29 19 10
Age (years)     0.8257
  >60  27 20   7
  ≤60 28 20   8
Tumor thickness (mm)    0.2164
  ≥1.0 33 22 11
  <1.0 22 18   4
TNM stage    0.0039
  I + II 19 10   9
  III 36 30   6
Lymph node metastasis    0.0020
  Yes 33 29   4
  No  22 11 11

TNM, tumor-node-metastasis.
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miR‑146a downregulated the expression of SMAD4 through 
directly targeting the 3'UTR of SMAD4. To explore the under-
lying effects of miR-146a on cell migration and invasion in MM, 
Target Scan and miRanda were used to analyze the predicted 
targets of miR-146a. We found that one target gene for miR-146a 
was SMAD4, one putative binding site was found at 390-397 and 
this is highly conserved across species. As shown in Fig. 3A, the 
wild type or mutant 3'UTR of SMAD4 was cloned into a lucif-
erase vector. To further confirm that whether SMAD4 was a 
target of miR-146a, mimics or inhibitor of miR-146a were trans-
fected in A375 cells, and the effect of miR-146a on SMAD4 
was observed through detecting the mRNA and protein levels of 
SMAD4. The findings indicated that miR‑146a mimics down-
regulated SMAD4 mRNA and protein levels in A375 cells', 
whereas miR-146a inhibitor increased the mRNA and protein 
levels of SMAD4 in G361 cells (Fig. 3B and C).

Additionally, the luciferase reporter assay was applied to 
confirm the predications. We constructed the wild type (WT) 
3'UTR and the mutated type (Mut) 3'UTR of SMAD4 luciferase 
report vectors. A375 and G361 cells were co-transfected with 
miR-146a mimic and WT or Mut luciferase reporter vector. 
The relative luciferase activity was significantly reduced in 
MM cells co-transfected with miR-146a mimics and WT 
luciferase vector (Fig. 3D). The activity of Mut luciferase 
reporter activity was not affected by miR-146a mimics in 
A375 and G361 cell lines. Therefore, miR-146a directly binds 
to 3'UTR of SMAD4 of MM cells (Fig. 3D).

The expression of SMAD4 was decreased and negatively asso‑
ciated with miR‑146a in MM tissues. To further investigate the 
relationship between SMAD4 and miR-146a in MM tissues, 
we looked into the SMAD4 expression level of 55 paired of 

Figure 2. miR-146a promoted malignant melanoma cell migration and invasion. (A) The relative expression of miR-146a in A375 cell transfected miR-146a 
mimics or control. (B) The relative expression of miR-146a in G361 cell transfected with miR-146a inhibitor or control. (C) Transwell assay was performed to 
measure the migration and invasion ability in A375 and G361 cells transfected with miR-146a mimics or inhibitor. *P<0.05 and **P<0.01 vs. the control. miR, 
microRNA; con, control.
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MM tissues and adjacent normal tissues using RT-qPCR. The 
results showed that SMAD4 was remarkably downregulated in 
MM tissues (Fig. 4A). Interestingly, statistical analysis showed 
that miR-146a expression was negatively associated with 
SMAD4 mRNA expression in MM tissues (Fig. 4B).

Restoration of SMAD4 expression abrogated miR‑146a‑ 
mediated cell migration and invasion. Previous studies indi-
cated that SMAD4 was associated with cell migration and 
invasion. Next, we investigated the significance of SMAD4 in 
miR-146a mediated cell migration and invasion. Overexpression 
vector of SMAD4 and miR-146a mimic were co-transfected 
into A375 cells. RT-qPCR and western blot were used to detect 
the SMAD4 expression (Fig. 5A and B). And then, transwell 
assay was used to detect the migration and invasion abilities of 
MM cells, after the co-transfection with SMAD4 and miR-146a 
mimics. As shown in Fig. 5C, the migration and invasion abili-
ties of A375 cells co-transfected with miR-146a mimics and 
SMAD4 were remarkably lower than that only transfected 
with miR-146a mimics. Therefore, those results suggested that 
ectopic expression of SMAD4 partial attenuated miR-146a 
mediated promotion on cell migration and invasion.

Discussion

Recently, large numbers of studies indicated that miRNAs 
play critical roles in various cancers and participated in 

Figure 3. miR-146a decreased SMAD4 expression by directly targeting the 3'UTR of SMAD4. (A) The putative binding site of miR-146a in the SMAD4 
3'UTR region. The WT or Mut sequence was cloned into luciferase reporter vector. (B and C) Reverse transcription-quantitative polymerase chain reaction and 
western blot analysis were used to measure mRNA and protein level of SMAD4 in A375 cells transfected with miR-146a mimics and G361 cells transfected 
with miR-146a inhibitor. (D and E) MM cells were co-transfected with miR-146a mimics and luciferase reporter plasmid containing WT or Mut SMAD4 
3'UTR. **P<0.01 and ***P<0.001 vs. Con mimics; ###P<0.001 vs. Con inhibitor. WT, wild type; Mut, mutant; con, control; miR, microRNA; SMAD4, Mothers 
against decapentaplegic homolog 4; UTR, untranslated region.

Figure 4. SMAD4 was upregulated in MM tissues. (A) The mRNA expression 
of SMAD4 in 55 paired of MM tissues and corresponding non-cancerous 
tissues. (B) Statistical analysis of the correlation between miR-146a and 
SMAD4 in MM tissues. ***P<0.001. SMAD4, Mothers against decapen-
taplegic homolog 4; MM, malignant melanoma; miR, microRNA.
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many biological processes (21,22). Due to the important roles 
of miRNAs in the progression and development of cancers, 
more and more researchers are starting to pay attention 
to miRNAs (23). Accumulating evidence suggested that 
miR-146a acted as a tumor suppressor or an oncogene in 
multiple cancers. For example, miR-146a had a low expres-
sion in HCC tissues (24), breast cancer (25). On the contrary, 
miR-146a was found to be elevated in colorectal cancer (26), 
oral carcinoma (27). However, the biological function of 
miR-146a in MM remains unknown. In present report, we 
firstly measured miR‑146a expression in 55 paired MM tissues 
and the corresponding non-cancerous tissues. We found 
that miR‑146a was significantly upregulated in MM tissues. 
Moreover, we also detected the expression level of miR-146a 
in MM cells. The results showed that miR-146a was increased 
in MM cells compared to the normal cell lines.

Previous studies demonstrated that miR-146a was involved 
in the development and metastasis in cancers (26,28). Here, 
clinicopathological analysis suggested that the increased 
levels of miR-146a were notably related with TNM stage and 
lymph node metastasis in patients with MM. Subsequently, 
we studied the roles of miR-146a on tumor migration and 
invasion. The result showed that miR-146a abnormal expres-
sion increased cell migration and invasion in MM cell lines, 
and the deletion of miR-146a by transfecting cells with a 
specific miR-146a inhibitor, decreased cell migration and 
invasion. Moreover, we identified SMAD4 as a novel target 
of miR-146a in MM cell lines. SMAD4 belongs to the SMAD 

family, functioning as a tumor suppressor and playing impor-
tant roles in the progress (14,15). Zhang et al (28) indicated 
that SMAD4 inhibited cell migration through suppressing 
the activity of JNK in human pancreatic carcinoma cells. 
Yan et al (17) reported that SMAD4 loss was associated 
with poor survival in colon cancer. In the current study, we 
also measured the protein levels of SMAD4 in MM tissues. 
The results showed that SMAD4 was downregulated in MM 
tissues compared with non-cancerous tissues. Interestingly, 
statistical analysis showed that miR-146a was correlated with 
the SMAD4 expression in MM tissues. To further understand 
the functions of miR-146a and SMAD4 in MM, we performed 
rescue assay. The results suggested that abnormal expression 
of SMAD4 could attenuate the miR-146a-mediated promo-
tion on cell migration and invasion in MM. Although there 
were several studies about the correlation of miR-146a and 
SMAD4 (29), there was no relevant study about the corre-
lation of them in MM. The focus of our work was on the 
correlation of miR-146a and SMAD4 in MM, which was very 
different from previous studies, and this was also the major 
contribution of our study.

In conclusion, our study demonstrated that miR-146a was 
frequently over expressed and SMAD4 was downregulated in 
MM tissues and miR-146a has a negatively association with 
SMAD4 in MM tissues. Ectopic expression of miR-146a could 
promote MM cell migration and invasion. miR-146a nega-
tively regulates SMAD4 expression by targeting the 3'UTR 
of SMAD4. Moreover, the over-expression of SMAD4 could 

Figure 5. Restoration of SMAD4 expression abrogated miR-146a-mediated cell migration and invasion. (A and B) The SMAD4 mRNA or protein expres-
sion level was detected using western blotting or reverse transcription-quantitative polymerase chain reaction in A375 cells co-transfected with SMAD4 
overexpression vector and miR-146a mimics. (C) Transwell assay was performed to detect migration and invasion ability in A375 cells co-transfected with 
SMAD4 overexpression vector and miR-146a mimics. *P<0.05, **P<0.01 and ***P<0.001 vs. Con+pcDNA3.1 group; #P<0.05 and ##P<0.01 vs. miR-146a 
mimics+pcDNA3.1 group. SMAD4, Mothers against decapentaplegic homolog 4; miR, microRNA; Con, control.
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abrogate miR-146a-mediated cell migration and invasion in 
MM cells. Therefore, the results suggested that miR-146a 
functioned as an oncogene by directly targeting SMAD4 and 
it may be a novel diagnostic and therapeutic marker in MM.
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