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Introduction
Melanoma is one of the most dangerous types of skin cancer, 
primarily caused by UV rays exposure. The accumulation 
of melanin granules above the keratinocytes is the main 
cause of melanoma.1-5 MicroRNAs are single-stranded, 
non-coding RNA molecules regulating various biological 
processes.6-8 They have been implicated in melanoma 
progression, survival, and proliferation.9-11 MicroRNAs 
have been shown to modulate critical regulatory pathways 
involved in melanoma progression, suggesting their 
potential role in melanoma treatment.12-18 Let-7i has been 
identified as a tumor-suppressor microRNA that is down-
regulated in gastrointestinal, prostate, and lung cancer, 
and melanoma.2,6 Let-7i influences cell proliferation, 
metastasis, and invasion, indicating its potential as a 
prognostic, diagnostic, and therapeutic tool in cancers.1

Chemokine receptor type 4 (CXCR4) has been 

identified as a metastasis-promoting gene in cancers such 
as melanoma. It has been implicated in the progression of 
cancers by mediating metastasis.10,16 CXCR4, one of the 
defined oncogenes in cancer, mediates its role through 
extracellular matrix (ECM) degradation, leading to 
metastasis and invasion.15,19,20

In this study, we aimed to explore the role of Let7i in 
melanoma by transfecting its mimic oligonucleotides. 
We also strived to determine the impact of Let7 up-
regulation on proliferation, migration, apoptosis, and 
the expression of CXCR4 in SK-MEL-3 melanoma cells. 
Rescue experiments were performed to investigate the 
exact association between Let-7 and CXCR4 in melanoma 
pathogenesis. Finally, the correlation between Let-7 and 
CXCR4 expressions with the clinicopathological features 
of patients was assessed.
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Abstract
Background: Melanoma is a type of skin cancer that originates from the mutation of melanocytes. 
miRNAs are small non-coding RNA molecules that bind to their target mRNA and regulate 
many biological processes. Aberrant expression of microRNAs has been reported in different 
types of cancer. The present study aimed to determine the role of Let7i in melanoma cancer 
pathogenesis. 
Methods: In this study, we evaluated the expression level of Let-7 and its potential target genes 
in specimens obtained from melanoma patients. Then, we transfected the Let-7i mimic and 
assessed its effect on cell migration, proliferation, and apoptosis using the Scratch test, MTT 
assay, and Flow cytometry, respectively. Then, the impact of Let7i restoration on chemokine 
receptor type 4 (CXCR4) expression was assessed by real-time polymerase chain reaction (PCR) 
and Western blotting. A rescue experiment was performed to determine the association between 
Let-7 and CXCR4 in melanoma pathogenesis. Moreover, the correlation between Let-7a and 
CXCR4 expression and clinicopathological features of the patients was evaluated.
Results: The results indicated that Let-7a was down-regulated, while CXCR4 was up-regulated 
in specimens derived from melanoma patients. It was also discovered that transfection of Let-7i 
alleviated the proliferative and metastatic capacity of SK-MEL-3 melanoma cells and led to an 
increased apoptosis rate in these cells. Rescue experiments demonstrated that Let-7 reduced the 
metastatic potential of melanoma cells by directly targeting CXCR4. Additionally, a correlation 
was observed between Let-7 and CXCR4 with lymph node metastasis. 
Conclusion: This study reveals that Let-7 serves as a potential tumor-suppressor in melanoma by 
directly targeting CXCR4, indicating a possible therapeutic and diagnostic candidate for patients 
suffering from melanoma.
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Materials and Methods
Patient Samples
Fifty tissue samples from melanoma patients and 50 from 
adjacent non-tumor tissues were obtained. All samples 
were immediately frozen and preserved in liquid nitrogen. 
The included patients had no history of radiotherapy or 
chemotherapy. 

Cell Culture
SK-MEL-3 cells for this study were obtained from 
ACCEGEN (Fairfield, New Jersey 07004, USA). The 
cells were cultured and maintained in a moisture 
condition containing 5% CO2 at 37 °C . The culture 
medium comprised Dulbecco’s modified eagle medium 
(DMEM) supplemented with 10 fetal bovine serum 
(FBS) + penicillin-streptomycin.

Transfection of microRNA
After seeding cells in 6-well plates, Let7i oligonucleotide 
mimic (Eurogentec, Belgium) and a negative scramble 
control were transfected using the Polyplus transfection 
reagent (France) following the manufacturer’s protocol. 

RNA Isolation and Real-Time Polymerase Chain 
Reaction 
Cells were cultured in 6-well plates. RNA was extracted 
using a TRIzol reagent following the manufacturer’s 
protocol (PCR Biosystems Ltd, UK). RNAs were reverse-
transcribed into cDNAs by a conventional PCR step (PCR 
Biosystems Ltd, UK) using a cDNA synthesis kit. The ABI 
QuantStudio 3D Digital PCR System was used to perform 
the real-time PCR reaction using SYBR Premix Ex Taq 
(Bio-equip, China.), and the GAPDH gene was used as an 
internal control. 

Western Blotting
First, the proteins were extracted using 
radioimmunoprecipitation assay (RIPA) lysis buffer 
(Boster Bio, Pleasanton, CA, USA) and loaded onto sodium 
dodecyl sulfate (SDS) gels, which were then transferred 
to polyvinylidene fluoride (PVDF) membranes using a 
semi-dry transfer system. Membranes were then blocked 
with 0.5% Tween-20 solved in phosphate-buffered saline 
(PBS) and incubated for two hours with goat monoclonal 
antibodies against CXCR and Beta-actin (Boster 
Bio, Pleasanton, CA, USA). In addition, horseradish 
peroxidase (HRP)-conjugated rabbit anti-goat secondary 
antibodies (Boster Bio, Pleasanton, CA, USA) were used 
for one hour at room temperature. Finally, bands pictured 
by the western blot imaging instrument were visualized 
using an enhanced chemiluminescence kit, and the 
density of bands was qualified using ImageJ software.

As part of the rescue experiment, SK-MEL-3 cell lines 
were treated with either Let-7 or CXCR4 expression, and 
CXCR4 expression at the protein level was assessed via 
Western blotting as described above.

MTT Assay
To assess the viability of the melanoma cell line affected 
by Let-7i transfection, cells were seeded in 96-well plates, 
and the cell viability was measured by the MTT test carried 
out by a specific kit (MyBioSource, Southern California, 
San Diego, USA) following the manufacturer’s protocol 
at 570 nm.

In the rescue experiment, SK-MEL-3 cells were treated 
with either Let-7 or CXCR4 expression to determine the 
effect of their simultaneous transfection on cell viability.

Wound Healing Assay 
In 24-well plates, melanoma cell lines were transfected 
with the optimal dose of Let7i mimic and scratched with 
a sterile yellow pipette tip after being filled into the plates 
and incubated for 48 hours. Finally, a reverse microscope 
was used to monitor and capture images of cell migration 
into the scratched area.

Flow Cytometry
When the cells reached 80% confluence, Let7 mimics were 
transfected. Then, FITC Annexin V Apoptosis Detection 
(Elabscience, Biomedical Park, Wuhan, China) was used 
with a flow cytometry instrument (FACSVerse™ – BD 
Biosciences) according to the manufacturer’s protocol.

Statistical Analysis
GraphPad Prism software version 6.00 was used for 
statistical analysis based on ANOVA and Student’s t-tests. 
The chi-square test was used to assess possible correlations 
between target genes and patients’ clinicopathological 
features. In this study, a P value of less than 0.05 was 
considered significant.

Results
Let-7 was down-regulated, while chemokine receptor 
type 4 was up-regulated melanoma patients
qRT-PCR results showed a reduction in Let-7 expression 
in tissues obtained from melanoma patients, while 
CXCR4 expression was elevated (Figure 1). 

Let7 transfection caused up-regulation in melanoma 
cells
qRT-qPCR was used to measure Let-7 expression in 
melanoma cells. The results revealed that transfection with 
10 nmol (optimum dose) of Let-7 mimics induced up-
regulation compared to non-transfected cells (Figure 2).

Let-7 replacement alleviated chemokine receptor type 4 
expression 
qRT-PCR and western blotting results showed that 
transfection with Let-7 reduced CXCR4 expression at 
both the mRNA and protein levels (Figure 3).

Let-7 replacement decreased cell proliferation and 
increased apoptosis
MTT assay results indicated that Let7i could reduce 
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cell viability in melanoma cells compared to the control 
group. Flow-cytometry, combined with the MTT assay, 
demonstrated that Let7i induced apoptosis compared to 
untreated control cells. Dimethyl sulfoxide (DMSO) was 
used as a positive control in this study (Figure 4).

Let-7 replacement reduced migration ability of SK-
MEL-3 melanoma cells 
Wound healing assay results revealed that Let7 reduced 
the migration ability of cells compared to unscratched 
control cells (Figure 5).

Simultaneous transfection of Let-7 and chemokine 
receptor type 4 and their effect on chemokine receptor 
type 4 expression and cell viability
The results obtained from rescue experiments 
demonstrated that Let-7 transfection reduced CXCR4 

expression, while CXCR4 cDNA transfection induced 
its up-regulation. However, when both Let-7 and 
CXCR4 cDNA were transfected simultaneously, CXCR4 
expression remained untouched. Moreover, MTT assay 
results showed that Let-7 restoration reduced cell viability, 
while CXCR4 cDNA transfection increased cell viability. 
The simultaneous transfection showed a milder effect on 
cell viability. These results suggest that Let-7 modulates 
CXCR4 expression (Figure 6).

Let-7 and chemokine receptor type 4 expression 
correlated with clinicopathological features of patients
The results showed that Let-7 expression was significantly 
correlated with tumor subtype (P = 0038) and lymph node 
metastasis (P = 0.014). Regarding CXCR4, an association 
was observed between tumor size (P = 0.036) and lymph 
node metastasis (P < 0.0001), as depicted in Figure 7.

Discussion
Melanoma is a type of skin cancer that spreads rapidly 
throughout the body. Surgical excision is the main 
approach for treating primary melanoma; however, 
melanoma has a high recurrence rate. Consequently, 
understanding the exact molecular mechanism underlying 
this aggressive cancer may open a new horizon for its 

Figure 1. CXCR4 Gene Expression. Note. CXCR4: Chemokine receptor type 4

Figure 2. Let-7 Expression in Optimum Dose

Figure 3. Cell Viability



Sandoghchian Shotorbani et al

Biomed Res Bull. 2024;2(3)106

treatment.4

Previous studies have shown that Let-7 reduces 
cell viability either by decreasing cell proliferation or 
promoting apoptosis, revealing its role as a potential tumor 
suppressor in melanoma.12,13 Let 7 up-regulation has also 
been associated with reduced progression of melanoma.2 
A study conducted in 2015 showed that Let-7 transfection 
reduced the metastatic potential of melanoma cells in 
vitro.14 Similarly, Let-7 has been implicated in lowering 
the proliferative capacity of several types of cancers,3,17,21 
supporting the findings in our study.

Many genes have been implicated in the pathogenesis of 
melanoma and are regulated by Let-7. For example, in vitro 
studies have shown that Let-7 inhibits the differentiation 
and migration of melanoma cells by directly targeting 
MMP-9, a gene involved in cell metastasis.7 CXCR4 has 
also been identified as a potential mediator of melanoma 
metastasis. In this regard, as a predicted target gene of Let-
7, we sought to examine its association with melanoma 
carcinogenesis. Our findings suggested that restoring 
Let-7i expression can reduce melanoma cell metastasis 

and proliferation by directly targeting CXCR4 at both the 
mRNA and protein levels.9,19

Conclusion
In conclusion, this study showed that Let-7 serves as a 
potential tumor-modulating microRNA in melanoma 
carcinogenesis, reducing melanoma cell viability and 
metastasis in vitro. Moreover, CXCR4 was found to be 
up-regulated in melanoma patients. Furthermore, Let-
77 restoration reduced CXCR4 expression, a critical gene 
involved in melanoma carcinogenesis and metastatic 
pathways. Moreover, our findings suggest that Let-7 
mediates its anti-cancer effects by directly inhibiting 
CXCR4. To sum up, both Let-7 and CXCR4 may serve as 
potential therapeutic targets in melanoma pathogenesis. 

Figure 4. Apoptosis Rate With Let-7 Compared With DMSO. Note. DMSO: 
Dimethyl sulfoxide

Figure 5. Wound Healing Assay Result

Figure 6. Cell Viability

Figure 7. Let-7 Expression
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However, further studies are needed to determine their 
precise roles in melanoma pathogenesis.
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