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Summary

Purpose: To investigate the effects of micro ribonucleic acid 
(miR)-125b on the growth and apoptosis of malignant mela-
noma (MM) cells and related mechanisms.

Methods: The differences in the expressions of miR-125b 
and neural cell adhesion molecule-120 (NCAM-120), NCAM-
140 and NCAM-180 in 5 cases of MM tissues (MM group) 
and corresponding adjacent tissues (Paracancer group) as 
well as MM cells were detected via quantitative real-time pol-
ymerase chain reaction (qRT-PCR) and immunohistochemis-
try, respectively. Next, malignant melanoma A375 cells were 
selected to exogenously overexpress miR-125 (miR-125 mimic 
group). Then, in vitro functional assays were conducted to 
determine the influences of miR-125b on the proliferation, 
migration and apoptosis of MM cells, and the changes in the 
binding of miR-125b to the 3’-untranslated region (3’-UTR) 
of wild-type and mutant NCAM messenger RNAs (mRNAs) 
were verified using dual-luciferase assay. 

Results: MiR-125b was significantly lowly expressed in 
MM tissues and cells (p<0.01), while NCAM-120, NCAM-
140 and NCAM-180 were clearly highly expressed in MM 
tissues and cells (p<0.05). After miR-125b was exogenously 
overexpressed in A375 cells, the proliferation and migration 
ability of A375 cells was decreased, whereas the proportion 
of apoptotic cells rose (p<0.05). Besides, the results of dual-
luciferase reporter assay revealed that the luciferase activ-
ity of A375 cells in the 3’-UTR of wild-type NCAM mRNA 
was overtly lowered compared with that of mutant NCAM 
mRNA (p<0.05).

Conclusions: MiR-125b acts as a tumor suppressor in MM 
cells by targeting and binding to NCAM.
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miR-125b, NCAM

Introduction

 Micro ribonucleic acid (miR)-125b is a highly 
conserved small RNA consisting of 21-25 nucleo-
tides, which cannot encode proteins but can bind 
to the 3’-untranslated region (3’-UTR) of target 
messenger RNAs (mRNAs) to regulate their ex-
pressions at the transcription level [1,2]. MiRs are 
particularly crucial in restricting carcinogenicity 
by suppressing the translation of target mRNAs. 
In fact, according to the genetic maps known of 
miRs, miRs are mainly located in chromosomal 
loci that are prone to deletion or amplification 
[3]. These research findings suggest that miRs are 

located in the loci that are frequently deleted and 
mutated in oncogenes, and their chromosomal 
regions can be negatively regulated to weaken 
the ability of miRs to repress cancers. A study 
manifested that miR expression dysregulation has 
an association with the development, progression 
and metastasis of human malignancies [4]. In con-
trast, abnormal expression or mutation of miRs 
increases the possibility of metastasis [5]. Actu-
ally, research revealed that targeted changes in 
miR expressions are able to inhibit carcinogenic-
ity of tissues [6].
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 Cutaneous malignant melanoma (MM) is 
highly metastatic and thus becomes the most ag-
gressive cutaneous malignancy. MM is mainly 
detected in fair-skinned Caucasians, character-
ized by canceration of pigment-producing mel-
anocytes [7]. Traditionally, cutaneous MM has 
been proven to be resistant to chemotherapy and 
radiation therapy [8]. Since the induction of cell 
senescence has a great potential in treating ma-
lignant tumors, understanding the mechanism by 
which miRs affect the proliferation of cells will 
be conducive to the development of new therapies 
for cutaneous MM. The role of miR-125b in ma-
lignancies remains controversial. In other words, 
some studies have verified that miR-125b serves 
as an oncogene participating in malignant tumors 
like megakaryoblastic leukemia and prostate can-
cer [9,10]. Another study denoted that miR-125b 
facilitates the sensitivity of breast cancer cells to 
chemotherapeutic drugs and impedes the forma-
tion of drug-resistant phenotypes [11]. However, it 
is found in a study that miR-125b acts as a tumor 
suppressor in bladder cancer and MM, repress-
ing the proliferation and invasion of cancer cells 
[12]. The exact role of miR-125b as an inhibitor 
in malignant tumors, especially in MM, and in-
vasive diseases needs to be described. Therefore, 
it is necessary to discover the exact functioning 
mechanism of miR-125b in metastatic melanoma 
to target and regulate miRs, thereby treating mel-
anomas. Neural cell adhesion molecule (NCAM) 
belongs to the immunoglobulin-like CAM family 
and has three major subtypes, namely, NCAM120, 
NCAM140 and NCAM180 [13], originally discov-
ered to mediate cell adhesion in nerve cells [14]. 
However, it is reported that NCAM is expressed in 
various cancer cells, mainly plays the role of signal 
transmission, and participates in the proliferation, 

apoptosis and differentiation in various signaling 
pathways [15,16]. A study conducted by Zhang et 
al [17] showed that miR-125b targets NCAM to 
promote tau phosphorylation, thus participating 
in the progression of Alzheimer’s disease. In this 
study, therefore, it was speculated that miR-125b 
is involved in the progression of MM via targeted 
regulation on NCAM. 

Methods 

Experimental materials used

 MM tissues (collected in our hospital), A375 cell 
lines, miR isolation kits (Ambion, Austin, TX, USA), 
Lightcycler (Roche, Basel, Switzerland), HiPerFect trans-
fection reagent (Qiagen, Hilden, Germany), NCAM-140, 
NCAM-120 and NCAM-180 antibodies (Abcam, Cam-
bridge, MA, USA), and TRIzol reagent (Thermo Fisher 
Scientific, Waltham, MA, USA).

Objects of study

 MM tissues were selected as study subjects, with 
cancer tissues as MM group, and adjacent tissues as 
Paracancer group. Besides, A375 cells were chosen and 
transfected with miR-125b mimic (miR-125b mimic 
group) or mimic control (mimic control group). This 
study was approved by the Ethics Committee of the 
Fourth Affiliated Hospital of Harbin Medical University. 
Signed informed consents were obtained from all par-
ticipants before the study entry.

RNA extraction and quantitative real-time polymerase chain 
reaction (qRT-PCR)

 RNA samples were extracted using TRIzol reagent 
according to manufacturer’s instructions. Next, qRT-PCR 
was performed on Lightcycler using a 20 μL reaction 
system containing 500 ng of complementary deoxyri-
bose nucleic acid (cDNA) template, 0.5 μL of forward 
and reverse primers (20 μM) and 10 μL of Sybr Premix 
Ex Taq under the following PCR conditions: 95°C for 30 

Figure 1. MiR-125b expression changes in MM tissues and cells. A: Compared with that in Paracancer group, the ex-
pression of miR-125b is remarkably lowered in MM group (p<0.05). B: The expression of miR-125b is significantly lower 
in Mel Juso, Mel Im, Mel Ju, A375 and 1205 Lu cells than that in neonatal human epidermal melanocytes (NHEMs) 
(*p<0.05 vs. Paracancer group/NHEMs, **p<0.01. 
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s (initial denaturation) and 40 cycles of 95°C for 3 min, 
60°C for 5 s, and 72°C for 16 s at a temperature transi-
tion rate of 20°C/s. β-actin was used as an endogenous 
reference of target genes. The primer sequences used 
in this study are as follows: MiR-125b-F: 5’-AAAAA-
GCTTGCTGCCACACCAGTCACATG-3’; MiR-125b-R: 
5’-AAAACGCGTCCATCATCTGTGTAGAAGCAGG-3’. 
β-actin-F: 5’-CTACGTCGCCCTGGACTTCGAGC-3’; 
β-actin-R: 5’-GATGGAGCCGCCGATCCACACGG-3’.

Western blotting

 Total proteins were extracted from cells in miR-
125b mimic group and mimic control group using RIPA 
lysis cell buffer via ultrasonication, of which the concen-
tration was then detected with bicinchoninic acid (BCA) 
reagent (Pierce, Rockford, IL, USA). Thereafter, the 
target proteins were separated through sodium dode-
cyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE), and the gel was transferred to a polyvinylidene 
fluoride (PVDF) membrane (Millipore, Billerica, MA, 
USA) by wet transfer method, blocked on a shaker at 
room temperature for 1 h, and incubated with NCAM-
120, NCAM-140 and NCAM-180 primary antibodies 
in a refrigerator for 12-16 h. Afterwards, the gel was 

added with horse radish peroxidase (HRP)-conjugated 
secondary antibody, and washed with phosphate buff-
ered saline-tween (PBST) for three times, followed by 
observation of the brightness of bands with enhanced 
chemiluminescence solution. Lastly, ImageJ software 
was employed to determine the protein expression level 
via densitometry

Detection of apoptosis through flow cytometry

 According to the instructions of apoptosis detec-
tion reagent, the cell pellet in miR-125b mimic group 
and mimic control group was collected and added with 
Annexin V-FITC (fluorescein isothiocyanate) and pro-
pidium iodide (PI) staining solution (2: 1) for incuba-
tion in the dark for 30 min. Finally, cell apoptosis was 
analyzed by flow cytometry (Portec AG, Arlesheim, 
Switzerland). 

Cell counting kit-8 (CCK-8) proliferation assay

 The proliferation of different cell lines was deter-
mined via CCK-8 assay (Dojindo, Kumamoto, Japan) as 
per the manufacturer instructions. Briefly, 3000 MM 
cells were seeded in 100 μL of Dulbecco’s Modified Ea-
gle’s Medium (DMDM) in 96-well plates for triplicate 

Figure 2. Effects of miR-125b on the proliferation and migration of MM cells. A: Changes in miR-125b expression in 
A375 cells transfected with miR-125b mimic/mimic control. Compared with mimic control group, miR-125b mimic group 
displays a clearly raised miR-125b expression (p<0.05). B: Effect of miR-125b on the proliferation of A375 cells. The 
absorbance is significantly lower in miR-125b mimic group than that in mimic control group. C: Effect of miR-125b on 
the migration of A375 cells (magnification: 400×). The proportion of migrated cells in miR-125b mimic group is overtly 
lower than that in mimic control group (p<0.05) (*p<0.05 vs **p<0.01 mimic control group). 
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experiments, followed by incubation with DMEM con-
taining 10% CCK-8 in a 5% CO2 incubator at 37°C for 2 
h. Afterwards, the absorbance at 450 nm was read by a 
microplate reader (Bio-Pad, Hercules, CA, USA) to deter-
mine the changes in cell optical density (OD).

Wound healing assay

 Cells were evenly seeded in 6-well plates and cul-
tured in an incubator. When cells were confluent, they 
were scratched with a pipette tip to create wounds. 

Next, the cells were rinsed with phosphate buffered 
saline (PBS) to remove cell debris. The cell-free area 
was photographed at 0 and 24 h after scratching. T-
Scratch software was used to calculate the area of 
wound closure.

Dual-luciferase reporter assay

 A375 cells were co-transfected with 50 nM miR-
125b mimic or mimic control and 500 nM psiCHECK-
2-NCAM-3’-UTR-WT/NCAM-3’-UTR-MUT. Next, the 

Figure 3. Influence of miR-125b on the apoptosis of MM cells. Compared with that in mimic control group, the propor-
tion of apoptotic cells was significantly raised in miR-125b mimic group (p<0.05) (*p<0.05 vs. mimic control group).

Figure 4. NCAM expression changes in MM tissues and cells. A: NCAM expression in MM tissues detected via im-
munohistochemistry (magnification: 400×). Compared with Paracancer group, MM group exhibits enhanced staining 
intensity of NCAM protein (p<0.05). B: NCAM protein expression in cells detected through Western blotting. The protein 
expression levels of NCAM-120, NCAM-140 and NCAM-180 are notably higher in MM cells than those in NHEMs cells 
(p<0.05) (*p<0.05 vs. **p<0.01 vs. Paracancer group/NHEMs).
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changes in luciferase activity in both groups of cells 
were detected using a detection system.

Statistics

 SPSS Statistics v17.0 (IBM, Armonk, NY, USA) was 
adopted to process and analyze data and graphs. T-test 
was utilized for analysis of significant differences, and 
p<0.05 indicated a statistical difference.

Results

MiR-125b had a notably decreased expression in MM 
tissues and cells

 Based on the detection of the changes in miR-
125b expression in 5 cases of MM tissues and ma-
lignant melanocytes by qRT-PCR, miR-125b ex-

pression was evidently decreased in MM tissues 
(p<0.01) and cells (p<0.05) (Figure 1).

MiR-125b repressed the proliferation and migration 
of MM cells

 To explore the role of miR-125b in MM, A375 
cells were selected to exogenously overexpress 
miR-125b, and CCK-8 proliferation assay and 
wound healing assay were performed to detect the 
changes in the proliferation and migration of cells. 
It was discovered that compared with mimic con-
trol group, exogenous overexpression of miR-125b 
distinctly decreased the absorbance of cells at 450 
nm and the healing area (p<0.05) (Figure 2), sug-
gesting that cell proliferation and migration are 
inhibited after up-regulation of miR-125.

Figure 5. Interaction between miR-125b and NCAM determined via dual luciferase assay. A: SEED sequence cloned 
into the psiCHECK-2 vector. B: Changes in luciferase activity after co-transfection. In comparison with the cells trans-
fected with NCAM-MUT, luciferase activity was significantly reduced in the cells transfected with NCAM-WT (p<0.05).
C: Changes in NCAM expression in A375 cells exogenously expressing miR-125b. The expressions of NCAM-120, 
NCAM-140 and NCAM-180 were remarkably lower in miR-125b mimic group than those in mimic control group (p<0.05) 
(*p<0.05 vs. mimic control group, **p<0.01 vs. mimic control group). 
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MiR-125b impeded the apoptosis of MM cells

 In accordance with the results of flow cytom-
etry used to detect the influence of miR-125b on 
the apoptosis of MM cells, the proportion of apop-
totic cells was evidently reduced after exogenous 
overexpression of miR-125b (p<0.05) (Figure 3), 
implying that miR-125b serves as a tumor sup-
pressor in MM.

NCAM expression was significantly high in MM tis-
sues and cells

 Immunohistochemical staining assay was con-
ducted to measure the expression level of NCAM 
proteins in MM tissues. The results revealed that 
NCAM-120, NCAM-140 and NCAM-180 were 
mainly located in the cytoplasm of MM tissues, 
and the staining intensity was stronger in MM 
group than that in Paracancer group. Besides, sta-
tistics of gene expression in the two groups demon-
strated that NCAM was significantly overexpressed 
in MM tissues (p<0.05). In addition, Western blot-
ting results uncovered that the expressions of 
NCAM-120, NCAM-140 and NCAM-180 were also 
distinctly higher in MM (A375 and 1205 Lu) cells 
than those in NHEMs (p<0.05) (Figure 4), indicat-
ing that NCAM is significantly overexpressed in 
MM tissues and cells.

MiR-125b participated in the progression of MM by 
regulating NCAM protein expression

 To further investigate the relationship between 
miR-125b and NCAM, the dual luciferase reporter 
detection system was adopted to detect the inhibi-
tory effect of miR-125b on NCAM 3’-UTR “SEED 
sequence”. The SEED sequence was amplified into 
the psiCHECK-2 vector, and then A375 cells were 
co-transfected with miR-125b mimic/mimic con-
trol and psiCHECK-NCAM-MUT/NCAM-WT. It 
was discovered that 48 h after co-transfection, the 
Renilla luciferase activity was significantly lower 
in cells transfected with NCAM-WT than in those 
transfected with NCAM-MUT (p<0.05), and NCAM 
expression was overtly lowered in MM cells with 
exogenously overexpressed miR-125b (p<0.05) 
(Figure 5). These results suggest that miR-125b re-
presses NCAM expression by targeting the NCAM 
3’-UTR sequence.

Discussion

 As an aggressive tumor, MM tends to me-
tastasize in the early stage and is resistant to the 
majority of current treatments [18]. The abnormal 
expression of some miRs may contribute to the 
development and progression of melanoma [19]. 

Several miRs are known as “carcinomas” (miRs 
with carcinogenic or suppressive effects). It is 
demonstrated that miRs are involved in cell pro-
liferation and differentiation through specific gene 
regulatory networks. It is believed that hundreds 
of genes are regulated by a single miR, and one-
third of protein-coding genes are targets of miRs 
[20]. Calin et al [21] speculated that miR-125b is 
a major regulator of breast cancer, lung cancer, 
ovarian cancer, and cervical cancer. However, the 
regulatory process of miRs, as well as the possible 
regulatory potential of miR-125b in MM, is poorly 
understood at present.
 In this study, the experimental data indicated 
that the proliferation and migration potential of 
melanoma cells was affected by miR-125b. Based 
on in vitro functional assays, the proliferation and 
migration capability of A375 cells with over-ex-
pressed miR-125b was markedly inhibited, while 
their apoptosis capacity was enhanced. These find-
ings suggest that the miRs play a vital role in MM. 
In addition, it was determined in this study that 
miR-125b expression was downregulated in mela-
noma cells and tissues (primary melanoma and me-
tastases) compared with that in NHEMs, implying 
that miR-125b may be a potential target for the 
treatment of MM. Further research confirmed that 
miR-125b is downregulated in cutaneous MM cells 
and has an impact on cell survival and senescence 
[22]. The experimental data in this study revealed 
that miR-125b inhibited the growth in MM and 
acted as a potential tumor suppressor.
 Previous reports have denoted that the over-
expression of NCAM is correlated with inadequate 
response of many cancers to the treatment, which 
reduces the survival of cancer patients [23,24]. 
Moreover, a phase I study evaluating the efficacy 
of NCAM-targeted antibody-drug conjugates in 
treating patients with NCAM-positive solid tu-
mors uncovered that there are clinical benefits 
[25]. This study findings suggest that NCAM can 
be used as a potential marker for the diagnosis and 
treatment of various malignancies. However, the 
role of NCAM in human melanoma and its under-
lying mechanisms remain unclear despite these 
recent advances. A study conducted by Zhang et 
al [17] showed that miR-125b targets NCAM to 
promote tau phosphorylation, thus participating 
in the progression of Alzheimer’s disease. In this 
study, therefore, it was speculated that miR-125b 
can also target NCAM to participate in the progres-
sion of MM. It was detected that the expression of 
NCAM was notably high in the 5 cases of MM tis-
sues collected and MM cells. For this reason, it was 
speculated that NCAM may be one of the targets 
of miR-125b. To verify such a speculation, double 
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luciferase reporter assay was performed, and the 
results showed that the Renilla luciferase activ-
ity was significantly lower in the cells transfected 
with NCAM-WT than that in the cells transfected 
with NCAM-MUT, indicating that miR-125b inhib-
its Renilla luciferase activity by targeting NCAM 
3’-UTR sequence. NCAM expression was overtly 
decreased in A375 cells exogenously transfected 
with miR-125b, suggesting that miR-125b nega-
tively regulates NCAM expression. However, the 
effects of NCAM on the proliferation and migration 
of MM cells still need to be verified.

Conclusions

 In conclusion, miR-125b is under-expressed 
in MM and negatively modulates NCAM expres-
sion, resulting in abnormal expression of NCAM 
and affecting the proliferation and migration of 
cells. This study provides a basis for miR-125b and 
NCAM as potential therapeutic targets for MM.
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