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Objective: Progerin, the underlying cause of Hutchinson-Gilford Progeria Syndrome (HGPS), has been extensively studied for its 
impact on normal cells and premature aging patients. However, there is a lack of research on its specific effects on tumor cells. 
Melanoma is one of the most common malignant tumors with high morbidity and mortality. This study aimed to elucidate the potential 
therapeutic role of progerin in melanoma.
Materials and Methods: We constructed the melanoma A375 cell line and M14 cell line with stable expression of progerin. The 
expression of progerin, paxillin, and epithelial-mesenchymal transition (EMT) marker proteins in each cell group was measured using 
Western blot. The migration, proliferation, and cell cycle of cancer cells were assessed using the transwell assay, wound healing assay, 
colony formation assay, CCK 8 assay, and flow cytometry. RT-qPCR technology was used to examine the impact of progerin 
overexpression on microRNA expression. Finally, we transfected paxillin into the progerin overexpression cell group to verify whether 
progerin regulates the phenotype of tumor cells through paxillin.
Results: Our study demonstrated that overexpression of progerin leads to decreased expression of paxillin and inhibits cancer cell 
migration, proliferation, EMT process and cell cycle progression. Additionally, rescue experiments revealed that the migration, 
proliferation ability, and EMT marker protein expression in progerin overexpressing cancer cells could be partially restored by 
transfecting a plasmid containing the paxillin gene. Mechanistic investigations further revealed that progerin achieves this inhibition of 
paxillin expression by upregulating miR-212.
Conclusion: This study reveals that progerin may inhibit the migration and proliferation of melanoma cells through the miR-212/ 
paxillin axis, which provides a new approach for the future treatment of this disease.
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Introduction
Melanoma is a prevalent type of tumor that has been on the rise in recent years,1 posing a significant threat to human life. 
Currently, treatment options for melanoma consist of targeted therapy, immunotherapy, and surgical resection. However, 
these approaches have certain limitations. It is worth noting that aging, much like cancer, is a separate yet interconnected 
phenomenon. Senescence is both a tumor suppressor response and a cancer promoter.2,3

Hutchinson-Gilford Progeria Syndrome (HGPS) is a rare progeria disease, which is an ideal model for studying aging, 
and the average life expectancy of patients is only 14.6 years.4 HGPS is caused by a single base mutation (G608G) in the 
LMNA gene. This mutation leads to the permanent farnesylation of the lamin A precursor, resulting in the production of 
progerin.5–7 In comparison to lamin A, progerin is deficient in 50 amino acid residues in its C-terminus, resulting in the 
absence of the ZMPSTE24 protease cleavage site. This absence enables progerin to retain a farnesyl group at its 
C-terminus.8 The production of progerin triggers a cascade of events, including nuclear deformity, accumulation of 
DNA damage, and disruption of chromatin organization. These events lead to accelerated aging of cells, ultimately 
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resulting in premature aging of patients.9–11 As individuals age and accumulate DNA damage, the likelihood of 
developing tumors gradually increases. However, it is worth noting that individuals with HGPS do not develop childhood 
tumors.12 The HGPS model provides a unique opportunity to investigate the connection between aging and tumors. 
Consequently, many scholars have become interested in the potential of using cellular senescence induction as a method 
to treat cancer. Research has demonstrated that the administration of multiple chemotherapy drugs that induce senescence 
can effectively trigger senescence in cancer cells. Additionally, activating the senescence response through p53 activa-
tion, inhibition of c-MYC in tumors, or treatment with cyclin-dependent kinase (CDK) inhibitors has also shown promise 
in suppressing tumors.13,14 Considering the function of progerin and the observed correlation between aging and tumor 
development, it is plausible to hypothesize that introducing progerin into tumor cells could potentially inhibit tumor 
growth.

Paxillin is a multi-domain adapter protein, mainly composed of five leucine–aspartic acid (LD) domains at the 
N-terminal, four cysteine–histidine-rich Lin11, Isl-1, and Mec-3 (LIM) domains at the C-terminal, and a proline-rich 
sequence and some serine and tyrosine residues. It is the main component of focal adhesions, which can recruit a variety of 
signaling molecules in intracellular signaling and participate in a variety of signaling cascade reactions.15,16 The unique 
structure and function of paxillin contribute to its crucial role in cancer development. Numerous studies have consistently 
demonstrated that paxillin is frequently dysregulated in various types of malignant tumors,17 including breast cancer,18 

gastric cancer,19 and colorectal cancer. Furthermore, its dysregulation is closely associated with unfavorable prognosis, 
tumor occurrence, and metastasis. Pan-cancer analysis revealed that paxillin exhibits distinct regulatory mechanisms in 
various tumor types. The aberrant expression of paxillin is associated with the clinical prognosis and immune infiltration in 
different tumor types.20 Therefore, paxillin holds promise as a potential biomarker for tumor prognosis.

However, the role of progerin in melanoma is still not understood. This study utilizes progerin-overexpressing melanoma 
cells as a research model to explore the effect of progerin on paxillin expression and tumor cell migration and proliferation, and 
further identify the relevant molecular mechanisms to provide certain therapeutic reference value for the treatment of melanoma.

Materials and Methods
Cell Culture
Both A375 and M14 cell lines were obtained from the Chinese Academy of Sciences (Shanghai, China). The cells were 
cultured in DMEM medium (Gibco, USA) supplemented with 10% fetal bovine serum (Gibco, USA) and maintained in a 5% 
CO2 incubator at 37°C. The cells were passaged at a ratio of 1:3. All cells showed epithelial cell-like growth characteristics.

Lentiviral Infection
The lentivirus was obtained from Genechem (Shanghai, China). Following the manufacturer’s instructions, 5×104 A375 and 
M14 cells were seeded in 24-well plates one day prior to the experiment. After culturing overnight, the amount of virus with 
virus titer MOI=30 was added to infect the cells, and the fluorescence intensity and infection efficiency were observed after 72 
h. The cells were then transferred to 6-well plates and screened with puromycin to establish stable expression cell lines.

Wound Healing Assay
To initiate the experiment, harvest cells in the logarithmic growth phase and resuspend them. Inoculate 5×105 cells into 
each well of a 6-well plate and place the plate in an incubator set at 37°C and 5% CO2. Next, using a 200 µL gun tip, 
create three scratches perpendicular to the bottom of the plate with consistent force. After gently washing the cells with 
PBS, add serum-free medium. Finally, capture photographs of the cells at 0 h and 48 h using an inverted microscope 
(Olympus, Tokyo, Japan) at 40× magnification.

Transwell Migration Assay
A375 cells or M14 cells were resuspended in serum-free medium to achieve a cell concentration of 2×105 cells/mL. Next, 
250 µL of A375 cells or M14 cells suspension were inoculated into the upper chamber of a 24-well Transwell (Corning, 
USA). Subsequently, 750 µL of culture medium containing 20% FBS was added to the lower chamber. The cells were 
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cultured in a 37°C, 5% CO2 incubator for 24 hours. The chamber was removed and rinsed three times with PBS. It was 
then fixed with 4% paraformaldehyde and stained with 0.1% crystal violet. The number of cells that passed through the 
membrane was counted.

Cell Proliferation Assay
The cell proliferation ability was detected by CCK8 method. Take the cells in the logarithmic growth phase and add them to the 
medium to resuspend to prepare a cell concentration of 2×104 cells/mL. Then, 100 μL of the suspension was inoculated in a 96- 
well plate. The detection points were set at 0 h, 24 h, 48 h, and 72 h. At each detection point, 10 µL of CCK8 reagent (Tojin, 
Japan) was added to each well and incubated for 2 h. The absorbance value at a wavelength of 450 nm was then measured.

Colony Formation Assay
After counting the cells, 500 cells per well were inoculated in a 6-well plate. Then, 2 mL of medium containing 10% FBS 
was added for culturing purposes over a period of 10 days. The medium was changed every three days. Following this, 
the cells were washed three times with PBS, fixed with 4% paraformaldehyde and stained with 0.1% crystal violet, and 
then count the visible colonies (≥50 cells). Finally, the cells were dried and photographed using a camera (Sony, Japan).

Western Blot Assay
Cell lysates were prepared in RIPA buffer with protease inhibitors and then separated on 12% SDS-PAGE gels. The 
separated proteins were electroblotted onto PVDF membranes (Millipore, USA). The membrane was blocked with 5% 
milk in TBST and then incubated with specific primary antibodies: LaminA/C (1:1000, ab169532, Abcam, USA), 
Paxillin (1:1000, #2542, Cell Signaling, USA), Flag (1:1000, #TA180144, OriGene, USA), N-cadherin (1:2000, 
66219-1-Ig, Proteintech, USA), E-cadherin (1:5000, 20874-1-AP, Proteintech, China), vimentin (1:10000, 60330-1-1g, 
Proteintech, USA), and GAPDH (1:10000, 60004-1-Ig, Proteintech, USA). The primary antibody incubation was 
performed at 4°C. Subsequently, the membrane was incubated with either HRP-conjugated secondary antibody mouse 
(1:2000, A0216, Beyotime, China) or secondary antibody rabbit (1:2000, A0208, Beyotime, China) at room temperature. 
Finally, the protein bands were visualized using the ECL Western Blot Analysis System (Pierce, USA).

RT-qPCR Analysis
Total RNA was extracted from cancer cells using TRIzol reagent (Invitrogen, USA). Total RNA was reverse transcribed using 
the All-in-One miRNA RT-qPCR Detection Kit (GeneCopoeia, USA) and RT-qPCR was performed in a LightCycler 96 
System (Roche) following the manufacturer’s protocol. For qPCR analysis, U6 was used as the internal reference for miRNA, 
and the specific primers are listed in Table 1.The relative expression of genes was determined using the 2−ΔΔCT method.

Flow Cytometry Analysis
The cell cycle of each group was assessed using a cell cycle detection kit (Beyotime, China). Cells in six-well plates were 
collected in pre-cooled PBS and fixed overnight at 4°C with 70% ethanol. The staining solution was prepared following 
the manufacturer’s instructions. Then, 500 µL of the staining solution was added to each tube of cells, and the tubes were 
incubated at 37°C in the dark for 30 minutes. Flow cytometry analysis was performed using a Becton Dickinson 
FACSscan and analyzed with FlowJo software.

Dual-Luciferase Reporter Assay
The PXN 3’UTR fragments with and without miR-212 binding sites were synthesized and cloned into the luciferase 
reporter vector pmirGLO (Promega). These fragments were respectively referred to as PXN 3’UTR-WT and PXN 
3’UTR-Mut. The luciferase reporter vector was co-transfected into 293T cells with miR-212 mimic or negative control 
precursor using Lipofectamine 3000 reagent (Invitrogen). According to the manufacturer’s instructions, the relative 
luciferase activity was measured with the Dual Luciferase Reporter Assay Kit (Promega).
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Cell Transfection
Paxillin plasmids were obtained from Gene Pharma (Shanghai, China). To create A375 and M14 cell lines with stable 
overexpression of paxillin, pEX-6-paxillin or pEX-6 plasmids were transfected into A375 and M14 cells using 
Lipofectamine 3000 reagent (Invitrogen) following the manufacturer’s instructions. The transfected cells were then 
treated with G418 for 4 weeks.

Statistical Analysis
Statistical analysis was performed using SPSS 25.0 (IBM, USA) and GraphPad Prism 8.0 (GraphPad Software, USA), 
and data are shown as mean ± standard deviation (SD). Statistical results were analyzed using one-way analysis of 
variance (ANOVA) and Student’s t-test. P<0.05 was considered statistically significant.

Results
Progerin Inhibits the Migration of A375 Cells and M14 Cells
In a previous study conducted by our research group, it was demonstrated that progerin has the ability to inhibit the biological 
function of lung cancer cells.21 Building upon these findings, we sought to further investigate the impact of progerin on 
melanoma. To achieve this, we infected A375 cells and M14 cells with a lentivirus carrying the progerin gene. Through 
transwell experiments, we observed a significant reduction in the migration ability of cancer cells in the progerin (PG) group 
compared to the blank control group and negative control (NC) group (Figure 1A and B). Additionally, wound healing 
experiments further demonstrated that progerin had a significant inhibitory effect on the migration ability of A375 cells and 
M14 cells (Figure 1C and D). These findings indicate that progerin has the potential to inhibit the migration of cancer cells.

Progerin Alters the Expression of Epithelial-Mesenchymal Transition (EMT) Hallmark 
Proteins
To investigate the aforementioned phenomena, we conducted a study on EMT-related proteins. Given that EMT plays 
a crucial role in various physiological and pathological processes, such as wound healing and cancer metastasis,22 we 
formulated a hypothesis that progerin can reduce the migration ability of cancer cells by changing the EMT process in the 
context of inhibiting paxillin expression. Our findings from Western blot analysis revealed that the overexpression of 

Table 1 Related Primer Sequences

Name Sequence (5’- 3’)

U6 forward TGCGGGTGCTCGCTTCGGCAGC

U6 reverse CCAGTGCAGGGTCCGAGGT

miR-132 forward TGGATCCCCCCCAGTCCCCGTCCCTCAG

miR-132 reverse TGAATTCGGATACTTGGCCGGGAGGAC

miR-216b forward GCCGCGCTAAAGTGCTTATAGTG

miR-216b reverse CACCAGGGTCCGAGGT

miR-24 forward CCGTGGCTCAGTTCAGCAG

miR-24 reverse CAGTGCAGGGTCCGAGGTAT

miR-27a forward TTCACAGTGGCTAAGTTCCGC

miR-27a reverse GCGGAACTTAGCCACTGTGAA

miR-212 forward CGCTAACAGTCTCCAGTC

miR-212 reverse GTGCAGGGTCCGAGGT
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Figure 1 Progerin inhibits the migration ability of A375 cells and M14 cells. (A and B) Transwell assay was used to detect the migration ability of A375 cell group and M14 
cell group, and the cell magnification was 200×. (C and D) Migration ability of A375 cell group and M14 cell group was evaluated by wound scratch assay, cell magnification 
40×. Data are expressed as mean ± SD of three independent experiments. *P<0.05, **P <0.01.
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progerin in A375 cells resulted in an upregulation of the epithelial cell marker E-cadherin and a downregulation of the 
mesenchymal markers vimentin and N-cadherin (Figure 2A), all of which are associated with EMT. Similarly, in the M14 
cell group, the overexpression of progerin led to comparable alterations in EMT-related marker proteins (Figure 2B).

Progerin Inhibited the Proliferation Ability of A375 Cells and M14 Cells
Through clone formation experiments, it was observed that the overexpression of progerin significantly reduced the 
proliferation ability of A375 cells and M14 cells when compared to the blank group and negative control group 
(Figure 3A and B). Further analysis using the CCK 8 assay confirmed that overexpression of progerin can decrease 

Figure 2 Progerin altered the expression of EMT hallmark proteins in A375 cells and M14 cells. (A and B) Western blot was used to detect the changes in the expression 
levels of proteins (N-cadherin, E-cadherin, Vimentin, progerin) in the A375 cell group and the M14 cell group, and statistical analysis was performed on the protein 
expression levels. Histograms represent relative protein expression. Data are expressed as mean ± SD of three independent experiments. *P<0.05, **P <0.01.
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the proliferative ability of A375 cells and M14 cells (Figure 3C and D). Additionally, flow cytometry analysis revealed 
that the overexpression of progerin increased the number of cells in the G1 phase and decreased the number of cells in 
the S phase of A375 cells and M14 cells, when compared to the blank control group and negative control group 
(Figure 3E). These findings suggest that progerin has an inhibitory effect on the proliferation of tumor cells.

Figure 3 Progerin inhibits the proliferation ability of A375 cells and M14 cells. (A and B) Clonogenic experiments showed that progerin inhibited the proliferation of A375 
cells and M14 cells. (C and D) CCK 8 experiments further proved that progerin inhibited the proliferation of A375 cells and M14 cells. (E) Flow cytometry showed the 
distribution of cell cycle in A375 cell group and M14 cell group. Data are expressed as mean ± SD of three independent experiments. *P<0.05, **P <0.01.

OncoTargets and Therapy 2024:17                                                                                                 https://doi.org/10.2147/OTT.S442504                                                                                                                                                                                                                       

DovePress                                                                                                                         
233

Dovepress                                                                                                                                                               Liu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Overexpression of Progerin Inhibits the Expression of Paxillin in A375 and M14 Cells
In a previous study conducted by our research group,21 we discovered that the expression of paxillin was down-regulated 
in lung cancer A549 cells that overexpressed progerin, as determined by protein microarray analysis. An increasing 
number of studies have discovered that paxillin is frequently dysregulated in various human malignancies, and its 
abnormal expression is related to the clinical prognosis and immune infiltration of different tumor types.15,20 Therefore, 
to further explore whether paxillin plays a role in the effect of progerin on melanoma cells, we investigated the 
association of progerin and paxillin in melanoma. Similarly, in A375 cells and M14 cells, paxillin expression was down- 
regulated in progerin group compared with blank group and negative control group (Figure 4A and B).

Paxillin Partially Rescues the Migration Ability of Progerin-Overexpressing Cancer 
Cells
To investigate whether progerin inhibits the migration of cancer cells by influencing the expression of paxillin, we conducted 
a study where we transfected the progerin overexpression cell group with a plasmid containing the paxillin gene. Through 
transwell experiments, it was found that the paxillin overexpression group (PG-PXN) was compared with the progerin 
overexpression group and plasmid negative control group (PXN-NC). Transfection of paxillin partially rescued the migration 
ability of A375 cells and M14 cells (Figure 5A and B). Additionally, the wound healing experiment demonstrated that 
paxillin transfection also partially rescued the migration ability of cancer cells affected by progerin (Figure 5C and D). In 
summary, progerin can inhibit the migration of melanoma cells by inhibiting the expression of paxillin.

Paxillin Partially Rescues the Expression Levels of EMT Marker Proteins in 
Progerin-Overexpressing Cancer Cells
In order to verify whether progerin affects the EMT process through paxillin, we transfected the plasmid containing 
paxillin gene in the progerin overexpression group. Western blot analysis revealed that overexpressing paxillin effec-
tively restored the expression of EMT marker proteins in progerin-expressing A375 cells (Figure 6A). Similarly, in the 
M14 cell group, overexpression of paxillin rescued the expression of EMT marker proteins (Figure 6B). These findings 
indicate that progerin inhibits the EMT process by regulating the expression of paxillin.

Paxillin Partially Rescues the Proliferation Ability of Progerin-Overexpressing Cancer 
Cells
In order to prove whether progerin inhibits cancer cell proliferation and cell cycle progression by inhibiting paxillin expression, 
we performed proliferation rescue experiments. Through clone formation experiments, we found that overexpression of paxillin 
partially rescued the proliferation ability of progerin-affected A375 and M14 cells (Figure 7A and B). Subsequent CCK 8 
experiments also indicated that overexpression of paxillin partially rescued the proliferation ability of progerin-expressing cancer 
cells (Figure 7C and D). Moreover, flow cytometry analysis revealed that transfection of paxillin partially restored the cell cycle 
progression of progerin-expressing cancer cells (Figure 7E). In conclusion, the inhibition of paxillin expression by progerin 
hampers the proliferation of melanoma cells.

Progerin Affects Melanoma Progression by Regulating the miR-212/Paxillin Axis
Accumulating evidence shows that miRNA can promote tumor malignant progression by regulating the expression of 
paxillin.23 Therefore, in order to further explore how progerin regulates paxillin, we focused on the relationship between 
progerin/miRNA/paxillin. We utilized RT-qPCR to partially detect the relative expression of paxillin-related miRNAs. The 
results showed that in some detected miRNAs, overexpression of progerin increased the expression levels of miR-212 in 
A375 cells and M14 cells (Figure 8A and B). Additionally, transfection of miR-212 mimic and miR-212 inhibitor in A375 
cells and M14 cells respectively revealed that miR-212 mimic suppressed the expression of paxillin, whereas miR-212 
inhibitor had the opposite effect (Figure 8C and D). Furthermore, bioinformatics analysis and dual luciferase experiments 
provided evidence that miR-212 can decrease the luciferase activity of the WT group (Figure 8E), suggesting that paxillin is 
a target gene of miR-212. We further transfected miR-212 inhibitor into progerin overexpressing cells and found that miR- 
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Figure 4 Progerin inhibits the expression of paxillin in melanoma cells. (A) The protein levels of progerin and paxillin in A375 cell group were detected by Western blot. 
Histograms represent relative protein expression. (B) Western blot detection of progerin and paxillin protein levels in M14 cell group. Histograms represent relative protein 
expression. Data are expressed as mean ± SD of three independent experiments. **P<0.01, ***P<0.001, ****P<0.0001.
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Figure 5 Paxillin partially rescues the migration ability of progerin-overexpressing cancer cells. (A and B) Transwell experiments were conducted to assess the migration 
ability of progerin-expressing cancer cells and other groups of cells following paxillin transfection. The cells were magnified at 200×. (C and D) After paxillin was transfected 
in progerin-expressing cancer cells, the migration ability of cells in each group was detected by wound scratch assay, and the cell magnification was 40×. Data are expressed 
as mean ± SD of three independent experiments. *P<0.05, **P <0.01.
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212 inhibitor could partially rescue the expression of paxillin (Figure 8F and G), which indicated that progerin may regulate 
the migration and proliferation of melanoma cells through the miR-212/paxillin axis.

Discussion
Melanoma is a skin cancer formed by malignant melanocytes, the incidence of which is increasing rapidly worldwide.1 

Although chemotherapy is widely used for treating melanoma, its effectiveness is limited due to severe side effects. As 
a result, there is an urgent need for a new treatment approach. In recent years, many studies have shown that aging has 
a suppressive effect on tumors. Studies have shown that under the action of carcinogenic factors, progerin can play a role 

Figure 6 Paxillin partially rescued the expression levels of EMT marker proteins in progerin-overexpressing cancer cells. (A and B) Western blot assays showed that the 
expression levels of proteins (N-cadherin, E-cadherin, Vimentin, progerin) in progerin-expressing A375 cells and M14 cells could be partially rescued by restoring paxillin 
protein expression. Histograms represent relative protein expression. Data are expressed as mean ± SD of three independent experiments. *P<0.05, **P <0.01, ***P<0.001.
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in resisting tumors.24 The accumulation of prelamin A has been found to decrease the invasion of lung cancer and breast 
cancer, thereby exerting an anti-tumor effect.25

In this study, we investigated the impact of progerin on melanoma A375 cells and M14 cells, specifically examining 
its effects on tumor cell metastasis and proliferation. According to research, lamin plays a role in the phenotypic 
switching process of melanoma. This process can increase the likelihood of cancer cells metastasizing.26 Metastasis is 
a leading cause of cancer-related mortality, and the migration of cancer cells to neighboring tissues is a critical initial step 
in this process. Thus, evaluating the migratory capacity of tumors is crucial for assessing their malignancy. EMT is 
involved in the dissolution of adhesion between cells, the loss of apical and basal polarity, and the reorganization of the 
cytoskeleton, so EMT also plays a key role in cancer cell metastasis.27,28 Our study revealed that progerin has the ability 
to hinder the migration of A375 cells and M14 cells, as well as alter the expression levels of EMT marker proteins 
including N-cadherin, E-cadherin, and vimentin. Furthermore, the strong adaptability of cancer cells to environmental 
changes also promotes their growth. An abnormality in cell cycle progression is also a fundamental mechanism of 
tumorigenesis. At the same time, the abnormality of cell cycle progression is one of the basic mechanisms of 

Figure 7 Paxillin partially rescued the proliferation ability of progerin-overexpressing cancer cells. (A and B) Clonogenic experiments showed that transfection of paxillin 
could partially rescue the proliferation ability of progerinA375 cells and M14 cells. (C and D) CCK 8 experiments further demonstrated that the introduction of paxillin can 
partially restore the proliferation capacity of melanoma cells that express progerin. (E) After transfection with paxillin, flow cytometry showed the distribution of cell cycle 
in A375 cell group and M14 cell group. Data are expressed as mean ± SD of three independent experiments. *P<0.05, **P <0.01, ## P <0.01.
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tumorigenesis. Cancer cells primarily acquire the ability for continuous cell division by disrupting the control mechanism 
of the cell cycle.29 Previous studies have demonstrated that progerin can induce G1/S arrest in cancer cells through the 
CDK4-pRB pathway.21 And our study also showed that progerin can not only significantly reduce the proliferation ability 
of A375 cells and M14 cells, but also arrest the cell cycle of A375 cells and M14 cells in G1/S phase.

Figure 8 Progerin affects melanoma progression by regulating the miR-212/paxillin axis. (A and B) The expression of several miRNAs in the A375 cell group and M14 cell 
group was analyzed using RT-qPCR. (C and D) As determined by Western blot, transfection of miR-212 mimic or miR-212 inhibitor could respectively inhibit or promote the 
expression level of paxillin in A375 and M14 cells. (E) Schematic showing the PXN 3’UTR binding site of miR-212 predicted by bioinformatics. And paxillin was verified as 
miR-212 target gene by double luciferase assay. (F and G) Western blot assay showed that transfection of miR-212 inhibitor in progerin-expressing A375 cells and M14 cells 
could partially restore the expression level of paxillin. *P<0.05, **P <0.01, ***P<0.001.
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Paxillin, a vital component of focal adhesion and a signaling scaffold molecule, has been found to be abnormally 
expressed in numerous types of cancers. And this abnormal expression of paxillin is closely associated with prognosis, 
metastasis, survival, angiogenesis, and other aspects of malignant tumors. According to research, inhibiting the FAK- 
paxillin signaling pathway has been found to hinder the growth and metastasis capability of melanoma cells.30,31 

Knockdown of paxillin has been shown to reduce cancer cell metastasis by impairing N-cadherin-mediated 
adhesion.32 In another study, it was also shown that the expression of paxillin can inhibit the EMT process in melanoma 
cells, thereby inhibiting the migration of tumor cells.33 Therefore, paxillin may promote cancer cell metastasis by 
regulating the EMT process. In a previous study, it was discovered that the interaction of cold-associated tyrosine 
phosphorylated protein 1 with paxillin can also promote the anchorage-independent growth of cervical cancer HeLa 
cells.34 And the metastatic potential of tumor cells is associated with their ability to grow independently of anchorage. At 
the same time, paxillin can also regulate the cell cycle process by participating in the integrin β1-mediated AKT 
pathway.35 Based on previous research conducted by our research group,21 our hypothesis was whether progerin has 
an impact on the expression of paxillin, thus affecting tumor progression. To investigate this unknown question, we 
conducted experiments where we overexpressed progerin in melanoma A375 cells and M14 cells, and examined its effect 
on the expression of paxillin. The results revealed that progerin can inhibit the expression of paxillin. At the same time, 
we conducted rescue experiments which demonstrated that transfection of paxillin could partially rescue the migration, 
proliferation, EMT process, and cell cycle progression of progerin-expressing cancer cells. These findings indicate that 
paxillin plays a crucial role in the ability of progerin to hinder the migration and proliferation of melanoma cells.

MicroRNA is a type of endogenous small RNA that has the ability to bind to the mRNA of target genes.36 This 
binding can either inhibit the translation of the mRNA or induce its degradation, thereby playing a role in various 
physiological and pathological processes. Numerous studies have demonstrated that certain non-coding RNAs can 
regulate the expression of paxillin, thereby influencing the occurrence and progression of tumors. It has been reported 
that miR-216b, miR-137, and lncRNA XIST can respectively inhibit the development of gastric cancer, colorectal cancer, 
and non-small cell lung cancer by regulating the expression of paxillin.37–39 In this study, overexpression of progerin 
increased the expression levels of miR-212 in A375 cells and M14 cells. Through dual luciferase experiments, we 
identified paxillin as the target of miR-212. To further investigate the relationship between progerin and paxillin, we 
conducted experiments where we transfected miR-212 inhibitor into progerin-expressing cancer cells. The results showed 
that the transfection of miR-212 inhibitor significantly up-regulated paxillin, suggesting that progerin may regulate the 
expression of paxillin through miR-212. However, the mechanism by which progerin affects the expression of miR-212 
remains unclear. Studies have shown that the expression of progerin is associated with RNA interference mechanisms 
and cell cycle regulation. Progerin affects the levels and subnuclear localization of multiple transcriptional regulators, as 
well as changes in chromatin organization, potentially leading to epigenetic alterations in progeria cells.40 Furthermore, 
analysis of miRNA expression profiles in HGPS fibroblasts and control fibroblasts has demonstrated that the accumula-
tion of progerin can result in the overexpression of certain miRNA genes, which may be related to the effect of progerin 
on epigenetic modification.41 These findings suggest that the introduction of progerin into tumor cells could potentially 
impact gene expression through alterations in epigenetic modifications, including dysregulation of microRNAs.

Therefore, further exploration is needed to understand the specific mechanism by which progerin regulates miRNA 
expression. Additionally, animal experiments should be conducted to validate the impact of progerin on the malignant 
development of melanoma. In summary, our research results are anticipated to offer valuable insights for the future 
treatment of melanoma and the development of anticancer drugs targeting paxillin.

Conclusions
Our results demonstrate that the overexpression of progerin hinders the migration and proliferation of cancer cells by 
suppressing paxillin expression in melanoma A375 and M14 cells. Additionally, it alters the expression of EMT signature 
proteins and the distribution of cancer cell cycles. Further investigations into the mechanism suggest that progerin may 
impede tumor progression through the miR-212/paxillin axis. These significant findings offer novel insights for the 
development of future therapeutic strategies targeting melanoma.
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