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melanoma, nevi and normal skin whereas FLOT2 has an 
opposite trend. The level of miR-34a and FLOT2 in dif-
ferent melanoma cell lines was also texted and found that 
metastatic melanoma cell lines has lower miR-34a expres-
sion and higher FLOT2 expression compare to in situ 
melanoma cell line. MiR-34a overexpression profoundly 
inhibits WM451 cell proliferation and metastasis, whereas 
miR-34a reduction had a promoting effect to proliferation 
and metastasis of WM35. Results of Western blot, qRT-
RCR and dual luciferase reporter gene assays revealed that 
FLOT2 is a direct target gene of miR-34a. Furthermore, 
overexpression/blockage of FLOT2 could attenuate effect 
of miR-34a overexpression/inhibition which indicated 
miR-34a suppresses melanoma biological behavior par-
tially through FLOT2 inhibition.
Conclusions  Our study confirmed that miR-34a is 
involved in the tumor inhibition of melanoma by directly 
targeting FLOT2 gene. This finding provides potential 
novel strategies for therapeutic interventions of melanoma.

Keywords  MicroRNA-34a · Melanoma · Flotillin 2 · 
Proliferation · Metastasis

Abstract 
Purpose  To confirm whether flotillin 2 (FLOT2) is a 
direct target of miR-34a and miR-34a/FLOT2 pathway 
plays a key role in melanoma proliferation and metastasis.
Methods   First, miR-34a and FLOT2 expressions were 
both detected in human  tissues and cell lines by qRT-PCR. 
Then, after transfection of mimics/inhibitor of miR-34a into 
melanoma cell lines, MTT, colony formation, scratch migra-
tion assays and transwell invasion assays were performed 
to evaluate the impact of miR-34a on cell proliferation and 
metastasis. Western blot, qRT-RCR and dual luciferase 
reporter gene assays were carried out to confirm whether 
FLOT2 is a direct target gene of miR-34a. In functional 
recovery experiments, proliferation and metastasis ability of 
WM35 and WM451 was tested after being co-transfected 
with miR-34a inhibitor/si-FLOT2 or miR-34a mimics/FLOT2 
cDNA to confirm that FLOT2 is downregulated by miR-34a.
Results  The miR-34a significantly lower-expressed 
in metastasis melanoma tissues compared to in situ 
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Introduction

Malignant melanoma is the most dangerous type of skin 
cancer, which begins in skin and spreads quickly. The ten-
year survival rate drops dramatically with tumor metastasis 
(Bhatia and Thompson 2012) and the morbidity increases 
with age (Balch et  al. 2013). Local skin lesions can be 
cured by surgery, but for the majority of patients, chemo-
therapy, immunotherapy or small molecule inhibitors of 
BRAF do not have satisfied curative effects. As a result, 
the prognosis for advanced melanoma remains very poor 
(Siegel et al. 2012).

MicroRNAs are small noncoding RNAs of approxi-
mately 22 nucleotides in length, which posttranscription-
ally regulate the expression of thousands of genes (Lim 
et  al. 2005). In cancer, microRNAs act as oncogenes (He 
et  al. 2005) or oncosuppressor genes (Iorio and Croce 
2012). They play important roles in melanoma prolifera-
tion and metastasis. For example, mir-155 can downregu-
late SKI protein and inhibits melanoma cell growth in vitro 
(Levati et al. 2011) and miR-211 regulates melanoma cell 
invasiveness (Boyle et al. 2011). Nemlich et al. found over-
expression of miR-17 and miR-432 silences ADAR1 in 
melanoma (Nemlich et  al. 2013) and promotes metastatic 
melanoma tumor growth. Furthermore, we previously 
found that let-7b, miR-199a and miR-33 are significantly 
associated with metastatic melanoma (Xu et al. 2012).

Mir-34a can be activated by TP53 and plays an impor-
tant function in the TP53 tumor suppressor network (He 
et al. 2007a; Tarasov et al. 2007). Overexpression of miR-
34a can inhibit the invasiveness and growth of melanoma 
with stimulating apoptosis (Yamazaki et  al. 2012). How-
ever, the mechanism by which mir-34a inhibits melanoma 
metastasis has not been fully elucidated.

Flotillin 2 (FLOT2) was first identified in goldfish (Mal-
aga-Trillo et  al. 2002). It encodes an caveolae-associated 
membrane protein and is widely expressed in mammalian 
tissue (Volonte et  al. 1999). FLOT2 was found to partici-
pate in various physiological and pathological processes 
such as axon regeneration, neuronal differentiation, tumor 
progression and endocytosis (Zhao et al. 2011). Upregula-
tion of FLOT2 in SB2 melanoma cells can increase their 
tumorigenic and metastatic ability (Hazarika et  al. 2004). 
Furthermore, Doherty found that high expression of FLOT2 
is associated with melanoma lymph node metastasis and 
Breslow depth (Doherty et  al. 2006). Thus, in summary, 
FLOT2 was regarded as a tumor-promoting factor in mela-
noma. And in our study before, we found that inhibition of 
FLOT2 can suppress the cell proliferation, migration and 
invasion in gastric carcinoma cells (Cao et al. 2014a).

There are three possible binding sites of miR-34a in 
the 3’ UTR of human FLOT2, at positions 206–213  bp, 
1,171–1,177  bp and 1,179–1,185  bp, as identified using 

TargetScan bioinformatic software (Cambridge, MA). This 
indicates miR-34a may be an upstream regulator of FLOT2 
and influences the biological behavior of melanoma 
through it. Focusing on posttranscriptional mechanisms, we 
provided evidence herein that miR-34a can inhibit mela-
noma cell proliferation and metastasis through inhibition of 
FLOT2.

Materials and methods

Tissue and cell lines

Melanoma in situ (six cases), metastatic melanoma (six 
cases), nevi tissue (six cases) and adjacent normal skin 
(located >5 cm from tumors/nevus, 18 cases) tissues were 
collected in our department through surgery. This work 
was approved by the Ethics Committee of third Xiangya 
Hospital of Central South University, and all tumor sam-
ples were collected after written informed consent was 
obtained.

Human WM35 melanoma cells (ATCC, Manassas, VA) 
were established from a primary superficial spreading 
melanoma (SSM) in radial growth phase (RGP)/vertical 
(VGP) growth phase, considered as “early-stage” of mela-
noma. WM451 melanoma cells (Jennio Biotical Company, 
Guangzhou, China) were established from distant tumor 
metastasis that was considered as “advanced-stage” mela-
noma (Lu et al. 1993). A375 (from Cell Bank of Xiangya 
Hospital) is a human metastasis cell line, and HM is the pri-
mary culture of human nevi tissue cell. All cell lines were 
cultured in Dulbecco’s modified Eagle’s medium (DMEM, 
Gibco, Grand Island, NY) supplemented with 10  % fetal 
bovine serum (FBS, Gibco) and 1 % penicillin and strepto-
mycin (Gibco) and incubated at 37 °C in a humidified incu-
bator with 5 % CO2.

Cell transfection

MiR-34a mimics (Hsa-miR-34a-mimics:5′-UGGCAGUGU 
CUUAGCUGGUUGU-3′), miR-34a inhibitor (Hsa-miR-
34a-inhibitor:5′-ACAACCAGCUAAGACACUGCCA-3′), 
siRNA against FLOT2 (5′-GCCUGUCCCUUCUGGUAA 
ATT-3′) and their negative control were purchased from 
GenePharma Biotechnology Company (Shanghai, China). 
The GV230-FLOT2-cDNA plasmid (POSE 230002185) 
and the negative control were bought from GeneChem 
Biotechnology Company (Shanghai, China). Cells were 
transfected using Lipofectamine RNAiMAX (Invitrogen, 
Grand Island, NY) when cell confluence had reached 40–
50 % in 6 cm culture dishes. Forty-eight hours after trans-
fection, qRT-PCR was performed to check transfection 
efficiency.
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Quantitative real‑time PCR

MiR-34a and FLOT2 sequences were acquired from Gen-
Bank. The primer sequence for FLOT2 was as follows: 
forward, 5′-GGCAGTAGGAAACTGAGGAAGCT-3′, and  
reverse, 5′-GGACTGGTCTTCCCAGCCCTAAA-3′. The  
primer sequence of miR-34a was as follows: forward, 5′-AGC 
CGCTGGCAGTGTCTTA-3′, and reverse, 5′-CAGAGCA 
GGGTCCGAGGTA-3′. Total RNA was extracted from 
cells and tissue using TRIzol (Dingguo Biotechnology Com-
pany, Beijing, China). The purity and integrity of RNA were 
detected using micro-ultraviolet spectrophotometry and RNA 
electrophoresis after purification. After DNase treatment 
(RQ1 RNase-free DNase, Promega, Madison, WI), RNA was 
reverse transcribed into cDNA using a TOYOBO Reverse 
Transcription System (Japan) on a ABI-9600 PCR Amplifier 
(Grand Island, NY) and detected with a ABI PRISM 7700 
(Grand Island, NY). Samples were compared using the rela-
tive CT method, the relative expression of miR-34a was nor-
malized against U6 and FLOT2 was normalized against ACTB 
(β-actin). The fold change was determined relative to a control 
after normalizing to a housekeeping gene using 2−ΔΔCT.

Western blot

Cells were harvested 48  h after transfection, and proteins 
were extracted and then quantified with a BCA protein 
assay kit and separated by 10  % sodium dodecyl sulfate–
polyacrylamide gel electrophoresis. Gels were transferred to 
nitrocellulose membranes and probed with 0.5 mg/ml anti-
FLOT2/anti- PAR1 antibody (Bioss Biotechnology Com-
pany, Beijing, China). Following incubation with a rabbit 
radish peroxidase-conjugated secondary antibody, immu-
noreactive bands were visualized by electrochemilumines-
cence. The relative intensity of interest protein level is count 
by the formula: the gray value of interest protein band/the 
gray value of internal reference protein (β-actin) band.

MTT assay and colony formation assay

For MTT proliferation assays, cells were seeded into 
96-well plates (3,000/well) after transfection. MTT (5 mg/
ml) was added to the cells followed by 150 μl DMSO (4 h 
after MTT application) at 24, 48, 72, 96 and 120 h. Then 
the OD value was tested at 490  nm to produce a growth 
curve indicative of the ability of the cells to proliferate.

For colony formation assays, cells were seeded in 10 cm 
dishes (1,000/plates) after transfection and maintained in 
complete culture medium for 21  days. Then, cells were 
fixed in 4 % paraformaldehyde for 15 min and stained with 
Gimsa dye. The number of clones was record and calcu-
lated by the formula: colony formation rate = total colony 
number/1,000 × 100 %.

Scratch migration assays and transwell invasion assays

Cells were seeded in 6-well plates (5  ×  105/well) after 
transfection and cultured for 12 h. Then a straight scratch 
was made in the cell monolayer using a sterile 1 μl tip. 
Cells were continuously cultured and imaged at 0 and 
24  h. The relative migration area was calculated by the 
formula: relative migration area at 24  h  =  (scratch area 
at 0  h—remaining scratch area at 24  h)/scratch area at 
0 h × 100 %.

To measure invasive capacity, transwell invasion assays 
were performed using transfected cells plated on 8 µm pore 
size matrigel-coated membranes, at 1 × 105/well in serum-
free medium, which were in turn placed in the top chamber 
of 24-well transwell plates. DMEM containing 10 % FBS 
was added to the bottom chamber as a chemo-attractant. 
After 24 h, cells on the upper surface were removed, while 
cells attached on the bottom membranes were fixed in 4 % 
paraformaldehyde for 20 min and stained with hematoxy-
lin then fixed and stained. Cells were imaged and the num-
ber of cells was calculated under a microscope (choose 
five high power fields to count the number). Invaded cell 
number per field was calculated by the formula: invaded 
cell number per field =  the total count of five high power 
fields/5.

Dual luciferase reporter assays

Luciferase reporter assays were performed using the 
psiCHECK2-FLOT2-3′-UTR/MUT1/MUT2 vector. WM451  
cells were grown to approximately 80 % confluence in 6-well  
plates and co-transfected with 1 μg psiCHECK2-FLOT2-3′- 
UTR/MUT1/MUT1 vector (sequence as follows, FLOT2-
UTR: forward, AGGCCCACTCTCTTCAGCA(XhoI); 
reverse, GAGTTCTTTATTTTACCAGAAGGGAC(NotI);  
FLOT2-MUT1: forward, ACTTTCATCACCACTTTCATC 
AGTTTGTG, reverse, ACTTTCATCACCACTTTCATCA 
GTTTGTG; FLOT2-MUT2: forward, ATGTTGCATCACC 
CCATCACCTGTCCCTTCTGGTA, reverse, AAGGGAC 
AGGTGATGGGGTGATGCAACATCCAAGCC) plus Hsa- 
miR-34a-mimics/Hsa-miR-34a-mimics-NC (1  μg). Cells 
were incubated with transfection reagent/DNA complex 
for 3 h. In a separate set of experiments, cells were incu-
bated for 48 h after transfection. Firefly and Renilla lucif-
erase activities were evaluated using the Dual Luciferase 
Reporter Assay system (Promega), and Renilla luciferase 
activity was normalized to firefly luciferase activity.

Statistical analysis

All experiments were repeated independently at least in 
triplicate, and the results were expressed as the mean ± SD. 
The results were assessed by a one-way ANOVA or 
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Student’s t test. A value of P < 0.05 was accepted to indi-
cate statistical significance.

Results

MiR‑34a and FLOT2 expression in melanoma tissue 
and cell lines

To validate the expression levels of miR-34a in melanoma, 
we performed quantitative real-time PCR (qRT-PCR) of 
miR-34a and FLOT2 mRNA generated from nevi, in situ 
melanoma and metastasis melanoma tissue, and corre-
sponding normal skin tissue (located >5 cm away from the 
tumor/nevi) (Table  1). The results of miR-34a expression 
are similar to the results of Satzger (Satzger et al. 2010), its 
expression was significantly lowered in melanoma tissues, 
both in in situ (p < 0.01) and metastatic tumor (p < 0.001), 
whereas there was no obvious change in nevi (p  >  0.05). 
And metastatic melanoma tissues have lower miR-34a 
level compared to in situ melanoma (p  <  0.05) (Fig.  1a). 
The results of FLOT2 expression show an opposite trend 
to miR-34a. FLOT2 expresses higher in nevi (p  <  0.05), 
in situ melanoma (p  <  0.001) and metastatic melanoma 
(p  <  0.001) comparing to normal tissue, and metastatic 
melanoma has higher FLOT2 than in situ tumor (p < 0.001) 
(Fig.  1b). We make a correlation analysis between the 
FLOT2 and miR-34a expression and found it has an inverse 
relationship (r = −0.6140, p = 0.0148) (Fig. 1c).

We also tested miR-34a/FLOT2 expression in metasta-
sis melanoma cell lines A375/WM451, in situ melanoma 
WM35 cell lines and primary culture of human nevi tissue 
cell line HM. We found miR-34a exhibited lower expres-
sion in all the melanoma cell lines (A375 and WM451 
with p  <  0.001 and WM35 with p  <  0.05) comparing to 
normal nevi cell HM. What’s more, metastasis melanoma 

cell lines (A375 and WM451 with p < 0.001) express lower 
miR-34a than in situ melanoma cell (WM35) (Fig.  1d). 
The results similar to previous reports (Greenberg et  al. 
2011, Yamazaki et al. 2012) indicate that miR-34a has an 
important function in melanoma and may be associated 
with malignancy grade. Also FLOT2 has an opposite trend 
to miR-34a, it expresses higher in melanoma cell (WM35 
with p < 0.01 and A375, WM451 with p < 0.001) compare 
to normal nevi cell HM, and higher in advanced melanoma 
cell (A375 with p < 0.01 and WM451 with p < 0.001) com-
pare to early-stage melanoma cell WM35 (Fig. 1e).

Change of FLOT2 after overexpression/inhibition 
of miR‑34a in melanoma

We choose two cell lines for the further experiments: 
WM451, a metastatic melanoma cell line which has lower 
miR-34a/higher FLOT2, and WM35, an in situ melanoma 
cell line which has high miR-34a/low FLOT2 expression. 
The WM35 was transfected with miR-34a inhibitor, and the 
negative control (NC) and WM451 was transfected with 
miR-34a mimics and the negative control. After transfec-
tion, qRT-PCR for miR-34a was performed to make sure 
the success of transfection. The cells which were trans-
fected successfully have miR-34a overexpression in miR-
34a-mimics-WM451 (p < 0.05, Fig. 2a) and miR-34a inhi-
bition in miR-34a-inhibitor-WM35 (p < 0.05, Fig. 2d).

FLOT2 can promote the growth and metastasis of mul-
tiple tumor types. And in previous study, we found it can 
promote tumor cell proliferation, migration and invasion in 
gastric carcinoma cells (Cao et al. 2014a). Using microRNA 
target gene prediction software, we identified FLOT2 as a 
target gene of miR-34a. So we used Western blot and qRT-
PCR to confirm the level of FLOT2 in the above mentioned 
six groups. The results of qRT-PCR demonstrated FLOT2 
was downregulated when miR-34a was overexpressed in 
miR-34a-mimics-WM451 group comparing to the control 
group NC-WM451 (Set blank treatment group WM451 as 
1, p  <  0.05, Fig.  2b), and increased in miR-34a-mimics-
WM35 when miR-34a was inhibited (comparing to the con-
trol group NC-WM35, set blank treatment group WM35 as 
1, p < 0.001, Fig. 2e). We take β-actin as a reference gene 
to test the protein level of FLOT2 in the 6 groups of trans-
fected cells, and the results are similar to the qRT-PCR 
results (Fig. 2c, f). Taken together indicated that FLOT2 was 
inhibited by miR-34a and may be a target gene of miR-34a.

Effect of miR‑34a on melanoma cell proliferation

MiR-34a expression was significantly reduced in mela-
noma tissue and advanced-stage melanoma cells, thus 
we sought to confirm if it acted as a tumor suppressor in 
WM35 and WM451 cells.

Table 1   Clinical classification of 18 study subjects

Gender 18

 Male 10

 Female 8

Clinical classification 18

 Nevi 6

 Tumor in situ

  <1.0 mm 0 6

  1–2 mm 2

  2–4 mm 3

  >4 mm 1

 Metastasis

  Stage III (metastasis of lymph node) 4 6

  Stage IV (metastasis of distant) 2
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We used MTT assays to detect the cell proliferation 
of the six groups described before, from which we con-
structed proliferation curves in 120  h. Cells transfected 
with miR-34a precursor (miR-34a-mimics-WM451) grew 
much slower than the control group (NC-WM451) and 
blank group (WM451). To the opposite, cells transfected 
with miR-34a inhibitor (miR-34a-inhibitor-WM35) grew 
more rapidly than the control group (NC-WM35) and 
blank group (WM35) (Fig.  3a, b. The proliferative abil-
ity of miR-34a-mimics-WM451 was clearly restrained 
while the proliferation of miR-34a-inhibitor-WM35 was 
promoted.

We use colony formation assays to further confirm the 
inhibitory effect of miR-34a on melanoma growth. The col-
ony formation rate of miR-34a-mimics-WM451 was much 
lower than WM451 and NC-WM451, whereas miR-34a-in-
hibitor-WM35 demonstrated increased colony formation 
capacity compared with WM35 and NC-WM35 (Fig.  3c, 
d).

Thus, MTT and colony formation assays showed that 
miR-34a overexpression can limit WM451 cell prolifera-
tion and weakness of miR-34a can promote WM35 cell 
proliferation, indicating that miR-34a can inhibit mela-
noma growth.

Fig. 1   MiR-34a and FLOT2 expression in melanoma tissue and 
cell lines. a qRT-PCR for miR-34a was performed using six in situ 
melanoma tissue samples, six metastatic melanoma tissue samples, 
six nevi samples and matched adjacent non-tumor normal tissues; 
b qRT-PCR for FLOT2 mRNA was performed on the same 18 sam-
ples above; c the correlativity between miR-34a and FLOT2 using 

the same 18 samples above. d qRT-PCR for miR-34a was performed 
on HM (set as 1), WM35, A375 and WM451 cell lines. e qRT-PCR 
for FLOT2 mRNA was performed on the HM (set as 1), WM35, 
A375 and WM451 cell lines. (ns: p > 0.05; *p < 0.05; **p < 0.01; 
***p < 0.001)
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Fig. 2   Change of FLOT2 after overexpression/inhibition of miR-34a 
in melanoma. a miR-34a qRT-PCR results of the 3 Groups: WM451 
(a blank group without any treatment), NC-WM451 (a control group 
transfected with Hsa-miR34a-mimics-NC) and miR-34a-mimics-
WM451 (a treatment group transfected with Hsa-miR34a-mimics). 
We set the expression level of WM451 group as 1, and then calcu-
lated the 2−ΔΔCT value for each group to show the relative expression 
level. b FLOT2 mRNA qRT-PCR results of WM451, NC-WM451 
and miR-34a-mimics-WM451 groups after miR-34a transfection. 
c Western blot band image of the WM451, NC-WM451 and miR-
34a-mimics-WM451 group, the relative intensity of FLOT2/β-actin 
was showed under the band image. d miR-34a qRT-PCR results 

of the 3 Groups: WM35 (a blank group without any treatment), 
NC-WM35 (a control group transfected with Hsa-miR34a-inhib-
itor-NC) and miR-34a-inhibitor-WM35 (a treatment group trans-
fected with Hsa-miR34a-inhibitor). We set the expression level of 
WM35 group as 1, and then calculated the 2−ΔΔCT value for each 
group to show the relative expression level. e FLOT2 mRNA qRT-
PCR results of WM35, NC-WM35 and miR-34a-inhibitor-WM35 
groups after miR-34a transfection. f Western blot band image of the 
WM35, NC-WM35 and miR-34a-inhibitor-WM35 group, the relative 
intensity of FLOT2/β-actin was showed under the band image. (ns: 
p > 0.05; *p < 0.05; **p < 0.01; ***p < 0.001)
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Effect of miR‑34a on melanoma cell migration 
and invasion

After confirming miR-34a inhibition to melanoma cell 
proliferation, we wanted to investigate its effect on cell 
migration and invasion. We use a scratch migration assay 
to test the migratory ability of the six groups. The upper 
image showed the scratch area of each group at 0 or 24 h 
after scratch was made. And the migration area of WM451 
and NC-WM451 cells at 24 h after scratch are much larger 
than miR-34a-mimics-WM451 cells. Moreover, the migra-
tion area of WM35 and NC-WM35 cells were smaller than 
miR-34a-inhibitor-WM35 cells (Fig. 4a, b), indicating that 
the migratory ability of melanoma cells was inhibited by 
miR-34a and promoted by miR-34a inhibition.

Also, transwell invasion assays were performed to 
explore the impact of miR-34a on the invasive ability of 
WM451 and WM35 cells. The upper images are cells 
invaded on the bottom of membrane. And the invaded cell 
number per field was showed below. The results shows that 
cells overexpressing miR-34a (miR-34a-mimics-WM451) 
exhibited much lower invasion compared with WM451 and 
NC-WM451 cells, but the number of invading WM35 cells 

with inhibited miR-34a (miR-34a-inhibitor-WM35) was 
much higher than WM35 and NC-WM35 cells (Fig. 4c, d). 
These results are similar to the scratch assay findings.

In summary, miR-34a could inhibit WM451 migration 
and invasion, while inhibition of miR-34a could promote 
WM35 migration and invasion, indicating its ability to sup-
press the metastasis of melanoma cells.

FLOT2 is directly inhibited by miR‑34a acting  
on the 3′‑UTR

As we see that FLOT2 has an inverse relationship to 
miR-34a in melanoma tissue, and inhibition of miR-34a 
increased FLOT2 in WM35 while overexpression of miR-
34a inhibit FLOT2 in WM451. We have the hypothesis that 
FLOT2 is a downstream target gene of miR-34a, which 
means miR-34a can directly inhibit FLOT2 expression. 
Using TargetScan software, we found that there might be 
three possible binding site of miR-34a to FLOT2-3′UTR. 
We then use dual luciferase reporter assays to confirm that 
miR-34a can directly affect FLOT2-3′UTR. We ampli-
fied the FLOT2 3′-UTR (Supplement Fig.  1(a)), which 
has three possible biding sites (Supplement Fig.  1(b)), 

Fig. 3   Effect of miR-34a on 
melanoma cell proliferation. 
WM451 or WM35 cells were 
transfected with miR-34a 
precursor/inhibitor or the cor-
responding control. a, b At 24, 
48, 36, 72, 96 and 120 h after 
transfection, MTT assays were 
performed to examine WM451 
and WM35 proliferation, the 
OD value was record and was 
made a time-OD value curve 
to show the trend of growth; 
c, d colony formation assay in 
WM451 and WM35 cells trans-
fected with miR-34a precursor/
inhibitor, corresponding control 
or blank control. The colony 
formation rate was calculated 
as formula describe before. (ns: 
p > 0.05; *p < 0.05; **p < 0.01; 
***p < 0.001)
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Fig. 4   Effect of miR-34a on melanoma cell migration and invasion. 
a, b The scratch migration assay of WM451 and WM35 cells trans-
fected with miR-34a precursor/inhibitor. Representative microscopic 
images (×40) are shown on the upper row. The edge of scratch was 
showed by the black line on images. The relative migration area at 
24 h was calculated as formula mentioned before and showed under 

the image. c, d Transwell invasion assay of WM451 and WM35 cells 
transfected with miR-34a precursor/inhibitor. Representative micro-
scopic images (×200) are shown on the upper row. The invaded 
cell number per field was calculated as formula mentioned before 
and showed under the image. (ns: p > 0.05; *p < 0.05; **p < 0.01; 
***p < 0.001)
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then inserted it into a psiCHECK2 luciferase reporter vec-
tor (Fig. 5a) as wild type (WT). Also, we constructed two 
mutation sequences as MUT1 and MUT2 (Supplement 
Fig.  1(c)) which also be inserted into the psiCHECK2 
luciferase reporter vector. The vectors were, respectively, 
co-transfected into WM451 cell with miR-34a-mimics or 
the negative control. Then luciferase activity was tested 
(Fig.  5b, set the FLOT2-WT-miR-34a-NC group as 1, 
p < 0.05), the relative luciferase activity show only FLOT2-
WT-miR-34a-mimics has a reduced luciferase activity, and 
other groups have no significant difference, which means 
miR-34a could bind to FLOT2-3′UTR and can directly 
suppress its expression. Mutations in FLOT2-3′UTR will 
lead to failed combination and make miR-34a have no sup-
pressed effect. In conclusion, these results show FLOT2 
is a direct target gene of miR-34a, which acting on the 3′-
UTR of FLOT2 at the posttranscriptional level.

FLOT2 can promote melanoma progression and miR‑34a 
inhibit melanoma progression by targeting FLOT2

To further confirm that in melanoma, miR-34a inhibit 
tumor progression trough FLOT2 inhibition, we carried 
out functional recovery experiments. We co-transfected 
miR-34a-mimics/GV230-FLOT2-cDNA and their nega-
tive control into the WM451, which formed 6 groups: 
blank treatment group (WM451), two negative control 
groups (miR-34a-mimics-NC-WM451 and FLOT2-NC-
WM451), the group only transfected with miR-34a-mimics 
(miR-34a-mimics-WM451), the group only transfected 
GV230-FLOT2-cDNA (FLOT2-WM451) and the co-
transfection group (miR-34a-mimics-FLOT2-WM451). We 
also made a co-transfection of miR-34a-inhibitor/siFLOT2 
into WM35, which formed similar 6 groups as in WM451 
(WM35, miR-34a-inhibitor-NC-WM35, siFLOT2-NC-
WM35, miR-34a-inhibitor-WM35, siFLOT2-WM35 and 
miR-34a-inhibitor-siFLOT2-WM35).

After transfection, qRT-PCR (Fig.  6a, b) and Western 
blot (Fig. 6c, d) of FLOT2 were performed on each group. 

FLOT2 was downregulated when miR-34a overexpression 
in WM451 and co-transfection of FLOT2 cDNA could 
raise FLOT2 level. FLOT2 was upregulated when miR-
34a was inhibited in WM35. However, co-transfection of 
siFLOT2 can block the FLOT2 increasing caused by miR-
34a inhibition.

We next used MTT and colony formation assays to 
detect the proliferative ability of the groups. As shown in 
the MTT growth curve (Fig. 7a, b) and the colony forma-
tion rate (Fig. 7c, d), both in WM451 and WM35, the blank 
group and the two negative control groups had a similar 
proliferation curve or the colony formation rate. Compar-
ing to the blank and control group, miR-34a-mimics inhibit 
WM451′s proliferation while miR-34a-inhibitor pro-
motes WM35’s proliferation, and FLOT2 cDNA promotes 
WM451’s proliferation while siFLOT2 inhibit WM35’s 
proliferation. Compare the co-transfection group to the 
miR-34a-mimics/inhibitor group: In WM451, overexpres-
sion of FLOT2 could attenuate the anti-tumor effect of 
miR-34a overexpression, in WM35, inhibition of FLOT2 
could attenuate the tumor-promoting effect of miR-34a 
inhibition. These data show miR-34a inhibit melanoma’s 
growth targeting FLOT2 inhibiting.

Then scratch migration assays (Fig. 8a, b) and transwell 
invasion assays (Fig. 8c, d) also performed on the groups to 
detect the metastatic ability. Both in WM451 and WM35, the 
blank group and the two negative control groups had a simi-
lar migration area or invaded cell number. Comparing to the 
blank and control group, miR-34a-mimics inhibit WM451’s 
migration and invasion while miR-34a-inhibitor promotes 
WM35’s migration and invasion, and FLOT2 cDNA pro-
motes WM451’s metastasis while siFLOT2 inhibit WM35’s 
metastasis. Compare the co-transfection group to the miR-
34a-mimics/inhibitor group: In WM451, overexpression of 
FLOT2 could attenuate the anti-metastasis effect of miR-34a 
overexpression, in WM35, inhibition of FLOT2 could atten-
uate the metastasis-promoting effect of miR-34a inhibition. 
These data show miR-34a inhibit melanoma’s metastasis 
ability by targeting FLOT2 inhibition.

Fig. 5   Dual luciferase reporter 
assays. a The insertion situa-
tion and direction of FLOT2 
WT/MUT1/MUT2 sequence 
on psiCHECK2-FLOT2 vector. 
b Relative luciferase activity 
of FLOT2 WT/MUT co-trans-
fected with miR-34a-mimics 
or miR-34a-NC in WM451 
cell. (Set the FLOT2-WT-miR-
34a-NC group as 1, *p < 0.05)



1002	 J Cancer Res Clin Oncol (2015) 141:993–1006

1 3

All the data of functional recovery experiments indicate 
miR-34a inhibit melanoma’s biography behavior of prolif-
eration and metastasis by targeting FLOT2 inhibition.

Discussion

Melanoma, the malignant transformation of melano-
cytes, has the highest fatality and malignancy of all the 
skin cancers. Melanoma also can occur in some rare sites 
such as the uvea (Spagnolo et  al. 2012), mouth (Bhullar 
et  al. 2012), central nervous system (Shang et  al. 2013) 
and vagina (Kahr et  al. 2013). Cancer statistics in 2013 

reports an estimated 9,710 deaths owing to melanoma in 
2014 compared with 3,270 from non-epithelial skin cancer 
(Siegel et  al. 2014). From 1992 to 2010, the incidence of 
melanoma, which is on the increase, ranked 5th in males 
and 7th in females of all malignancies (Siegel et al. 2014). 
The mortality rate of melanoma has a close relationship 
with tumor metastasis. According to Cancer Facts and Fig-
ures 2013, in early-stage melanoma without lymph and 
organ metastasis the 5-year survival rate is 98 %; this drops 
to 62 % for lymph metastasis and to 15 % for metastasis 
to distant organs (Cancer Facts and Figures 2013). Hence, 
understanding the mechanism of melanoma metastasis is 
critical to improve survival rates.

Fig. 6   Expression of FLOT2 
in functional recovery experi-
ments. a qRT-PCR of FLOT2 
mRNA in WM451, miR-
34a-mimics-NC-WM451, 
FLOT2-NC-WM451, miR-
34a-mimics-WM451, FLOT2-
WM451 and miR-34a-mimics-
FLOT2-WM451. b qRT-PCR 
of FLOT2 mRNA in WM35, 
miR-34a-inhibitor-NC-WM35, 
siFLOT2-NC-WM35, miR-
34a-inhibitor-WM35, siFLOT2-
WM35 and miR-34a-inhibitor-
siFLOT2-WM35. c Western blot 
of WM451, miR-34a-mimics-
NC-WM451, FLOT2-NC-
WM451, miR-34a-mimics-
WM451, FLOT2-WM451 
and miR-34a-mimics-FLOT2-
WM451. d Western blot of 
WM35, miR-34a-inhibitor-NC-
WM35, siFLOT2-NC-WM35, 
miR-34a-inhibitor-WM35, 
siFLOT2-WM35 and miR-
34a-inhibitor-siFLOT2-WM35. 
(Set the FLOT2-WT-miR-
34a-NC group as 1, *p < 0.05)
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MicroRNAs are small noncoding RNAs of approxi-
mately 22 nucleotides that posttranscriptionally regulate the 
expression of thousands of genes (Cao et al. 2014b). Many 
studies have found specific microRNAs not only affect the 
development and invasion of tumors, but also play roles 
as tumor suppressor genes (Lu et  al. 2014) or oncogenes 
(Pritchard et  al. 2012). The study of microRNAs has also 
become a hotspot in melanoma research. A growing num-
ber of microRNAs have been found to be involved in mela-
noma progression, and associated signaling pathways and 
downstream genes have been identified. In our previous 
study, endostatin (Xiao et al. 2005), miR-199a, miR-33 and 
let-7b (Xu et al. 2012) were found to inhibit the growth and 
metastasis of melanoma.

The miR-34 family has an inhibitory effect on mela-
noma, and in humans, the family includes miR-34a, miR-
34b and miR-34c (He et al. 2007b). MiR-34a is located at 
1p36.23 and contains 110 nucleotides and can be triggered 
by TP53 (Tarasov et  al. 2007) to participate in a variety 
of pathological processes such as apoptosis of pancreas 
islet B cells (Nesca et  al. 2013), obesity and aging (Choi 
et al. 2013), glucose metabolism (Kim et al. 2013), tumor 

development [including breast cancer (Eichelser et  al. 
2013), pancreatic cancer (Chakraborty et al. 2013), cervical 
cancer (Gocze et al. 2013), melanoma, lung cancer (Garo-
falo et al. 2013)] and heart failure caused by acute myocar-
dial infarction (Matsumoto et al. 2013). In a study in 2008, 
miR-34a was found to be deactivated owing to abnormal 
methylation in a variety of cancers including melanoma 
(Lodygin et  al. 2008). Furthermore, it was also reported 
that compared with melanin nevus, expression of miR-34a 
in melanoma is much lower (Satzger et  al. 2010). Green-
berg (Greenberg et  al. 2011) and Yamasaki (Yamazaki 
et al. 2012) also found that in melanoma, lower expression 
of miR-34a indicated increased tumor aggressiveness and 
higher proliferative capacity. Ectopically overexpressed 
miR-34a can inhibit the growth of melanoma and promote 
melanoma cell apoptosis (Chen et al. 2010).

Our experiments verify that sequence of miR-34a’s 
expression level is nevi  >  in situ melanoma  >  metastasis 
melanoma, which of confirmed by tissue and cell line qRT-
PCR examination. As WM35 has the highest expression 
of miR-34a in tumor cell line and WM451 has the lowest 
miR-34a expression. We choose WM35 and WM451 for 

Fig. 7   Mir-34a inhibit mela-
noma proliferation targeting 
FLOT2 inhibition. a MTT pro-
liferation value curve for 120 h 
of WM451, miR-34a-mimics-
NC-WM451, FLOT2-NC-
WM451, miR-34a-mimics-
WM451, FLOT2-WM451 
and miR-34a-mimics-FLOT2-
WM451. b MTT proliferation 
value curve for 120 h of WM35, 
miR-34a-inhibitor-NC-WM35, 
siFLOT2-NC-WM35, miR-
34a-inhibitor-WM35, siFLOT2-
WM35 and miR-34a-inhibitor-
siFLOT2-WM35. c Results 
of colony formation assays of 
WM451, miR-34a-mimics-NC-
WM451, FLOT2-NC-WM451, 
miR-34a-mimics-WM451, 
FLOT2-WM451 and miR-
34a-mimics-FLOT2-WM451. 
d Results of colony formation 
assay of WM35, miR-34a-in-
hibitor-NC-WM35, siFLOT2-
NC-WM35, miR-34a-inhibitor-
WM35, siFLOT2-WM35 and 
miR-34a-inhibitor-siFLOT2-
WM35. (ns: p > 0.05; *p < 0.05; 
**p < 0.01; ***p < 0.001)
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the follow-up experiments which, respectively, to stand 
for in situ melanoma and metastasis melanoma. We fur-
ther used gene overexpression and silencing to upregulate 
miR-34a in WM451 and downregulate miR-34a in WM35, 
respectively. The experiment results of cell proliferation 
and metastasis tests suggest that miR-34a expression can 
significantly inhibit the proliferation and metastasis of 
WM451, while silencing of miR-34a can promote the pro-
liferation and metastasis of WM35.

The mechanism by which miR-34a inhibits melanoma 
growth and metastasis has been explored but not fully illus-
trated. A previous report suggested that C-MET is a down-
stream target gene of miR-34a, through which miR-34a 
inhibits the proliferation and migration of uveal melanoma 
(Yan et al. 2009). Furthermore, other researchers found that 
miR-34a/c may inhibit melanoma through inhibition of 
ULBP2 expression (Heinemann et al. 2012).

In the former experiments, we found that FLOT2 can sup-
press the cell proliferation, migration and invasion in gastric 
carcinoma cells (Cao et  al. 2014a). FLOT2 belongs to the 

flotillin family, which was first identified in goldfish (Mal-
aga-Trillo et al. 2002), and is a conserved protein expressed 
in vertebrates and invertebrates (Rivera-Milla et  al. 2006). 
FLOT2 is widely expressed in tissue (Volonte et  al. 1999) 
and encodes a cell membrane valve protein that participates 
in a variety of physiological and pathological process such 
as axonal regeneration and neural differentiation, endocyto-
sis, insulin signals, cell proliferation and tumor progression. 
FLOT2 is highly expressed in metastatic melanoma cell lines 
and melanoma tumor tissues. In an earlier study, SB2 mela-
noma cells transfected with FLOT2 exhibited significant 
upregulation of tumorigenicity and metastasis, as reflected 
in a nude mice transplantation tumor model (Hazarika et al. 
2004). In 2006, Doherty et al. found high FLOT2 expression 
was associated with lymph node metastasis of melanoma 
and Breslow depth (Doherty et  al. 2006). As show previ-
ously, qRT-PCR of tissues shows an increase FLOT2 from 
normal nevi to metastatic melanoma. Same situation occurs 
in melanoma cell lines. Therefore, FLOT2 acts as a promoter 
of melanoma metastasis and invasion.

Fig. 8   Mir-34a inhibits 
melanoma metastasis targeting 
FLOT2 inhibition. a The rela-
tive migration area at 24 h of 
WM451, miR-34a-mimics-NC-
WM451, FLOT2-NC-WM451, 
miR-34a-mimics-WM451, 
FLOT2-WM451 and miR-
34a-mimics-FLOT2-WM451. 
b The relative migration area 
at 24 h of WM35, miR-34a-in-
hibitor-NC-WM35, siFLOT2-
NC-WM35, miR-34a-inhibitor-
WM35, siFLOT2-WM35 and 
miR-34a-inhibitor-siFLOT2-
WM35. c Results of transwell 
invasion assay of WM451, 
miR-34a-mimics-NC-WM451, 
FLOT2-NC-WM451, miR-
34a-mimics-WM451, FLOT2-
WM451 and miR-34a-mimics-
FLOT2-WM451. d Results 
of transwell invasion assay of 
WM35, miR-34a-inhibitor-NC-
WM35, siFLOT2-NC-WM35, 
miR-34a-inhibitor-WM35, 
siFLOT2-WM35 and miR-
34a-inhibitor-siFLOT2-WM35. 
(ns: p > 0.05; *p < 0.05; 
**p < 0.01; ***p < 0.001)
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We found that there are possible miR-34a binding sites 
in FLOT2-3’UTR in vertebrate, located in the FLOT2 3′ 
UTR at 206–213 bps, 213–1177 bps and 1179–1179 bps, 
using TargetScan. What’s more an correlativity of miR-
34a to FLOT2 was found in the melanoma tissue and cell 
lines, which make us propose that in melanoma, miR-34a 
inhibits FLOT2, thereby inhibiting the invasion and metas-
tasis of melanoma cells. So we test FLOT2 mRNA and 
protein after miR-34a-mimics/inhibitor was transfected 
into WM451/WM35. The results of qRT-PCR and Western 
blot show that after overexpression of miR-34a in WM451, 
FLOT2 expression decreased; conversely, when miR-34a 
was inhibited in WM35 cells, FLOT2 mRNA and protein 
expression increased. To further confirm that miR-34a have 
a direct bind at FLOT2-3’-UTR, the dual luciferase reporter 
assays also performed and confirmed that miR-34a actually 
combined to FLOT2-3’-UTR and inhibit FLOT2 expres-
sion. Mutation at FLOT2-3’-UTR could stop this bind and 
make inhibition affect lose.

We then applied functional recovery experiments 
on WM451 and WM35 by co-transfection miR-34a-
mimics/FLOT2-cDNA to WM451 and miR-34a-
inhibitor/siFLOT2 to WM35, and then detect the change of 
melanoma cell proliferation ability and metastasis ability for 
confirming that miR-34a has an actually functional inhibition 
through FLOT2 to melanoma. These results of MTT assays, 
colony formation assays, scratch assays and transwell assays 
suggest that miR-34a inhibits melanoma progression through 
FLOT2.

As PAR-1 (Saleiban et  al. 2014; Villares et  al. 2011; 
Zigler et al. 2011) is famous metastasis promoter in mela-
noma. PAR-1(thrombin receptor protease activated recep-
tor-1) could be inhibited when FLOT2 was inhibited (Haz-
arika et  al. 2004) but has no report about its relation to 
miR-34a. To further investigate the fact that whether it plays 
a role in miR-34a/FLOT2 pathway in melanoma inhibition. 
We performed Western blot to test the PAR-1 expression in 
miR-34a-mimics-WM451 and in siFLOT-WM451 to see 
whether miR-34a could inhibit PAR-1 through FLOT2. We 
found that PAR-1 was significantly inhibited by siFLOT2 
(Suppl Fig. 2(a)), whereas miR-34a overexpression can also 
inhibit it, but less strong than siFLOT2 (Suppl Fig.  2(b)). 
That may because miR-34a affect to PAR-1 through FLOT2 
inhibition. These results suggest that PAR-1 may play a role 
in miR-34a/FLOT2 pathway.

In summary, we confirmed that miR-34a plays a role as 
a tumor suppressor in melanoma. As a target gene of miR-
34a, FLOT2-3’UTR could act with miR-34a and be inhib-
ited by miR-34a at the mRNA and protein levels then to 
affect the biology behavior of tumor cell. These findings 
also imply that miR-34a may regulate cell proliferation and 
invasion through lipid rafts on the cell membranes. PAR-1 

may play a role in this inhibition. Further experiments are 
required to expand upon these findings.

Conclusion

MiR-34a express at low levels in invasive melanoma, 
while its higher expression can inhibit the proliferation 
and metastasis of melanoma though suppressing FLOT2 
expression. Mir-34a directly binds to FLOT2-3’-UTR and 
inhibit its expression.
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