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PAF15 drives melanoma progression by promoting proliferation concomitant 
with suppression of DNA damage and apoptosis: a novel therapeutic 
vulnerability 
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PAF15 is an oncogene and is overexpressed across multiple malignancies. However, its biological role in melanoma 
remains largely unclear. In this research, bioinformatics analysis (GEPIA2, TCGA, CancerSEA) confirmed transcriptional 
PAF15 overexpression in melanoma, correlating with a poor prognosis and implicating pathways involved in cell cycle, 
proliferation, DNA damage, and repair. Immunohistochemical analysis further confirmed high expression of PAF15 protein 
in clinical melanoma tissues. Subsequently, the impact of PAF15 on melanoma cell proliferation and cell cycle progression 
was quantified through MTT assay and propidium iodide staining. Annexin V staining and immunofluorescence were 
used to assess apoptosis and DNA damage. Markers associated with these biological pathways were evaluated by western 
blot. Evaluation of PAF15-mediated tumorigenic effects was performed using a subcutaneous xenograft model. The results 
revealed that PAF15 knockdown markedly suppressed melanoma cell proliferation through the induction of G0/G1 phase 
cell cycle arrest. Additionally, PAF15 knockdown triggered genomic instability, as evidenced by increased DNA damage 
markers, and promoted caspase-dependent apoptosis. Furthermore, PAF15 knockdown suppressed the growth of xenograft 
tumors in vivo. Notably, these tumor-inhibiting effects of PAF15 knockdown were effectively rescued upon PAF15 reconsti-
tution. Summed up, these findings establish PAF15 as both a prognostic indicator for unfavorable clinical outcomes and a 
promising therapeutic vulnerability in melanoma. 
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Melanoma is the most lethal type of skin cancer that 
originates from the malignant transformation of melano-
cytes [1]. The incidence rate of melanoma continues to 
increase steadily [2]. With the deepening of research on the 
pathogenesis and molecular basis of melanoma, a growing 
number of oncogenic genes have been identified as thera-
peutic targets [3, 4]. For example, the application of BRAF 
inhibitors and MEK inhibitors significantly improved the 
survival of melanoma patients. Unfortunately, many patients 
still do not respond to these treatments or develop resistance 
[3, 4]. Therefore, the identification and functional character-
ization of novel genetic markers with dual prognostic and 
therapeutic potential represents a critical unmet need in 
precision oncology.

Proliferating cell nuclear antigen (PCNA) – associated 
factor (PCLAF/PAF15, hereafter written as PAF15), also 
referred to as KIAA0101/NS5ATP9/OEACT-1, was initially 
identified as a PCNA binding partner [5]. It interacts with 
the PCNA ring via a conserved PCNA-interacting protein 
motif, which engages with the sliding surface of PCNA [6]. 
While the direct DNA-PCNA interaction is extremely weak 
and unspecific to be detected, PAF15 binds DNA through 
its histone-like N-terminal tail and therefore regulates 
PCNA sliding along the DNA [6]. Considering that PCNA 
can recruit various factors involved in DNA repair and cell 
cycle regulation to the replication fork [7], it is plausible that 
PAF15 may be implicated in DNA replication, DNA repair, 
and cell cycle regulation. Notably, PAF15 can also function 
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independently of PCNA. For instance, PAF15 has been 
shown to co-immunoprecipitate with p33ING1b, indicating 
a potential interaction between PAF15 and p33ING1b [8]. 
In pancreatic cancer, PAF15 drives tumorigenesis by hyper-
activating MAPK signaling through transcriptional activa-
tion of LAMTOR3, a scaffolding protein that enhances MEK 
and ERK phosphorylation dynamics [9]. It can also restrain 
the interaction between p53 and Sp1 in breast cancer, thus 
promoting cell proliferation [10]. A pan-cancer study 
showed that PAF15 was barely expressed in normal cells 
but frequently overexpressed in various cancer cells, and 
significantly correlated with poor prognosis [11]. Overall, 
PAF15 is associated with poor prognosis in multiple cancers 
and regulates cellular processes such as proliferation and 
apoptosis. However, its biological function in melanoma 
remains largely unclear.

This study systematically investigated the biological 
functions of PAF15 in melanoma pathogenesis. Clinical data 
analysis revealed that PAF15 is significantly overexpressed in 
melanoma tissues and strongly correlates with poor patient 
prognosis. Mechanistic studies demonstrated that PAF15 
knockdown markedly inhibits cell proliferation, induces G0/
G1 phase arrest, and promotes DNA damage and apoptosis. 
Furthermore, in vivo experiments confirmed that PAF15 
knockdown effectively suppresses tumorigenicity. These 
findings collectively establish PAF15 as a clinically relevant 
prognostic biomarker and a potential therapeutic target.

Materials and methods

Bioinformatics analyses. The expression levels of PAF15 
(KIAA0101) mRNA in melanoma and normal tissues were 
generated by the GEPIA2 online tool (http://gepia2.cancer-
pku.cn/#index) [12]. For survival analysis, the prognostic role 
of PAF15 on disease-specific survival (DSS) and progression-
free interval (PFI) of melanoma patients was explored. The 
expression data of PAF15 were derived from RNA-seq data 
of TCGA, and the “EBPlusPlusAdjustPANCAN_illumina-
HiSeq_SNASeqV2.geneExp.tsv” file was downloaded from 
PanCanAtlas (https://gdc.cancer.gov/about-data/publica-
tions/pancanatlas) [13]. Then the expression level of PAF15 
in melanoma was extracted and standardized to a z-score 
[14]. Kaplan-Meier survival analysis was subsequently 
performed using the R package “survival”; the optimal cut-off 
values of the high/low expression cohort were determined by 
the R package “survminer” (the minimum proportion of the 
high/low expression group should not be less than 0.2). The 
significance between the high and low expression groups was 
evaluated by the log-rank test using the survfit function. For 
functional analysis of PAF15, the package “TCGAplot” was 
used for PAF15 coexpression analysis and Gene Ontology 
(GO) enrichment [15]. Gene Set Enrichment Analysis 
(GSEA) by MAGeCKFlute of TCGA data was performed 
between PAF15-high and PAF15-low samples (the highest 
50% versus the lowest 50%), and results were shown by the 

GSEAVis package (https://github.com/junjunlab/GseaVis) 
[16, 17]. The CancerSEA database (http://biocc.hrbmu.
edu.cn/CancerSEA) was employed, which has compiled 14 
different functional states of tumor cells [18]. The Z-score is 
an algorithm proposed by Lee et al. [14] that integrates the 
expression of signature genes to reflect the activity of a given 
pathway. We used the z-score parameter in the R package 
GSVA to calculate the combined z-score of 14 functional state 
gene sets [19]. Pearson correlation analysis was performed 
to calculate the statistical correlation between the genes and 
each z-score.

Cell lines and cell culture. Human melanoma cell lines 
A375, SKMEL28, and human embryonic kidney (HEK) 
293T cell line were obtained from the American Type 
Culture Collection (ATCC, USA). All cells were fostered in 
a 37 °C incubator containing 5% CO2. A375, SKMEL28, and 
HEK293T cells were cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM, Gibco, USA) supplemented with 10% fetal 
bovine serum (FBS, Gibco) and 1% penicillin-streptomycin 
solution (Biological Industries, Israel). All cell lines used in 
this study were confirmed to be free of mycoplasma contam-
ination using the Luminescent Mycoplasma Detection Kit 
(Beyotime, China).

Transfection and infection. For PAF15 knockdown, 
lentiviral vectors containing PAF15 shRNA plasmids were 
procured from YouBio (China). The shRNA sequences 
used were as follows: shPAF15-1#: 5’-GCAACCTGAT-
CACACAAATGA-3’; shPAF15-2#: 5’-GCTTTGTTGAA- 
CAGGCATTTA-3’; shGFP: 5’-CAAGCTGACCCTGAAGT- 
TCAT-3’. For PAF15 re-expression, a PAF15-overexpression 
plasmid (pCDH-CMV-MCS-EF1-GFP-Puro-PAF15) was 
purchased from YouBio, and an empty vector was used as a 
control. Target plasmids, packaging plasmids (pLP1, pLP2, 
pLP/VSVG), and Lipofectamine were co-transferred into 
HEK293T cells. The virus was collected 48 h post-transfec-
tion. Melanoma cell lines A375 and SKMEL28 were then 
infected with the virus to generate stable transfected cells. 
PAF15 knockdown cells (shPAF15-2# targeting the 3’UTR 
sites) were infected with a PAF15 overexpression virus for 
PAF15 re-expression and rescue tests.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay. A 96-well plate was seeded with 
5×103 cells per well. After 24 h and 48 h of culturing, the 
MTT assay was performed to assess cell viability. Briefly, 
20 μl MTT (5 mg/ml) solution was added to each well and 
incubated for 4 h. After that, the medium was removed, and 
200 μl of DMSO was added to each well to dissolve the gener-
ated formazan. The absorbance at 560 nm was measured by a 
microplate reader (Thermo Fisher, USA).

Flow cytometric analysis. Cells were collected after 48 
h of culturing and washed twice with PBS. For cell cycle 
analysis, cells were fixed in 75% ethanol at 4 °C overnight. 
After PBS washing, the cells were then resuspended in 
PBS containing 50 µg/ml propidium iodide (PI, Beyotime) 
and 10 μg/ml RNase A (Beyotime), followed by 30 min of 
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incubation at room temperature in the dark. For apoptosis 
assessment, Annexin V-FITC&PI Apoptosis Detection Kit 
(Sangon Biotech, China) was utilized. Detailed operations 
were in accordance with the manufacturer’s protocol. Finally, 
the cells were analyzed via a flow cytometer (BD, USA) and 
FlowJo software.

Immunofluorescence staining. An immunofluorescence 
assay was performed to detect the expression of γ-H2AX in 
melanoma cells. Briefly, the cells were collected after 48 h of 
culturing and fixed with 4% paraformaldehyde for 20 min 
at room temperature, followed by 30 min of permeabiliza-
tion with 0.3% Triton X-100. Thereafter, blocked with 5% 
goat serum (Sigma, USA) for 2 h at room temperature and 
incubated with γ-H2AX antibody (1:400, #9718, CST, USA) 
at 4 °C overnight. Subsequently, the samples were incubated 
with Alexa Fluor 594-labeled secondary antibody (1:1000, 
#A-11005, Thermo Fisher) for 2 h in the dark. Finally, the 
nuclei were stained with DAPI for 20 min. The Olympus 
FV1000 confocal fluorescence microscope was used for 
observation and image acquisition.

Western blots. Cells were lysed in RIPA buffer (Beyotime) 
containing protease/phosphatase inhibitor cocktail 
(Beyotime). Protein concentration was measured using the 
BCA Protein Assay Kit (Beyotime). Equivalent amounts of 
each sample were loaded on 8–12% Bis-Tris gels (Beyotime), 
transferred to polyvinylidene difluoride (PVDF) membranes, 
and immunoblotted with following primary antibodies at the 
suggested dilutions: PAF15 (#sc-390515, Santa Cruz, USA), 
CDK4 (#66950-1-Ig, Proteintech, China), CDK6 (#14052-
1-AP, Proteintech), Cyclin D1 (#60186-1-Ig, Proteintech), 
Cleaved Caspase-3 (#9664, CST), Cleaved PARP (#5625, 
CST), γ-H2AX (#9718, CST), phospho-ATM (p-ATM, 
#5883, CST), α-Tubulin (#AF5012, Beyotime) for overnight 
at 4 °C. On the following day, the sections were washed three 
times with TBST, then incubated with secondary antibodies 
HRP-labeled goat anti-rabbit IgG (#A0208, Beyotime) or goat 
anti-mouse IgG (#A0216, Beyotime) at room temperature 
for 2 h. After the incubation, the sections were washed three 
times with TBST. Finally, images were captured using the 
Chemiscope imaging system (Clinx, China) with BeyoECL 
Plus reagent (Beyotime).

Tumor xenograft assay. Animal experiments were 
approved and supervised by the Institutional Animal Care 
and Use Committee of Hebei Medical University (Approval 
number: IACUC-Hebmu-P 2024135). Four-week-old female 
BALB/c nude mice were purchased from HFK Bioscience 
Co., Ltd. (China). Specific pathogen-free facilities were used 
for housing and care of all mice. After 7 days of environ-
mental adaptation, 18 mice were randomly distributed into 
three groups (6 in each group). Next, three types of A375 
cells (shGFP, shPAF15, and shPAF15+PAF15) were subcu-
taneously injected into the right flank region of the mice 
according to the predetermined grouping, 1 × 106 cells per 
mouse. Since the 10th day, tumor length (L) and width (W) 
were measured every 4 days, and the volume was calculated 

using the formula: Volume = L × W² × π/6. Thirty days after 
injection, the mice were euthanized, tumor from each mouse 
was weighed and stored for further analysis.

Immunohistochemical (IHC) staining. For the IHC 
staining assay of clinical melanoma (n=16) and benign nevi 
(n=20) tissues, samples were collected from Hebei Medical 
University Third Hospital. The use of patient material 
was approved and supervised by the Ethics Committee 
of Hebei Medical University Third Hospital (Approval 
number: 2024-041-1). For the IHC staining assay of mouse 
xenografts, the tumors were collected for subsequent experi-
ments. The tissues were fixed in 4% paraformaldehyde for 
72 h, and then dehydrated in an automatic dehydrator. 
After being embedded in paraffin, 4 μm-thick slices were 
made. Then, dewaxed through gradient xylene and alcohol, 
followed by antigen retrieval with 10 mM citrate buffer (pH 
6.0) under microwave heating for 10 min. Subsequently, the 
sections were incubated in 1% Triton for 1 h, then treated 
with endogenous peroxidase inhibitor at room tempera-
ture for 10 min. Following washing with PBS, the sections 
were blocked with 5% goat serum at room temperature for 
1 h and incubated overnight in the dark with PAF15 (1:200, 
#sc-390515, Santa Cruz) and Ki-67 (1:4000, #27309-1-AP, 
Proteintech) antibodies at 4 °C. Following this, HRP-labeled 
secondary antibodies were added for 20 min of further 
immune reaction at room temperature, and DAB was used 
for staining. Next, the slices were counterstained using 
hematoxylin and dehydrated through gradient alcohol and 
xylene. Finally, the sections were sealed with neutral resin 
and coverslips. Cell staining positivity rate was calculated 
after observation and photography under an optical micro-
scope.

Statistical analysis. Statistical analyses were conducted 
using GraphPad Prism 6.0. Data were expressed as mean ± 
SD or mean ± SEM of at least three independent repetitions. 
Comparisons between two groups were conducted using 
the unpaired two-tailed Student’s t-test. One-way ANOVA 
followed by Tukey’s test was done to determine the signifi-
cance of differences among multiple groups. The value of 
p<0.05 was considered statistically significant. Significance 
was denoted as: *p<0.05, **p<0.01, and ***p<0.001.

Results

Overexpression of PAF15 in melanoma is correlated 
with adverse clinical outcomes. We first used a publicly 
available dataset, GEPIA2, to assess the expression level of 
PAF15 in melanoma. PAF15 is overexpressed in melanoma 
compared to normal tissues (Figure 1A), consistent with its 
expression profile in multiple cancer types. Furthermore, 
comprehensive survival analysis of the TCGA skin cutaneous 
melanoma (SKCM) cohort revealed that elevated PAF15 
expression levels were significantly associated with reduced 
DSS and shorter PFI, underscoring its prognostic relevance 
in melanoma progression (Figures 1B, 1C). To validate the 
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was found to be mainly related to cell cycle, cell proliferation, 
DNA damage, and DNA repair (Figure 1F). GO enrichment 
analysis of PAF15 co-expressed genes in the TCGA-SKCM 
transcriptomic data revealed significant enrichment of cell 
cycle-related biological processes, like chromosome segre-
gation (Supplementary Figures S1A, S1B). Consistent with 

upregulation of PAF15 protein in melanoma, we collected 
clinical samples from patients with melanoma and benign 
nevi. IHC analysis revealed a significantly higher expres-
sion level of PAF15 protein in melanoma tissues compared 
to benign nevi (Figures 1D, 1E). We then explored the 
functions of PAF15 using the CancerSEA database. PAF15 

Figure 1. Expression level and roles of PAF15 in melanoma. A) The mRNA expression of PAF15 in melanoma and normal tissues. B, C) Disease-specific 
survival and progression-free interval of PAF15-high and PAF15-low patients in TCGA. D, E) Representative images of IHC staining of PAF15 in hu-
man melanoma and benign nevi tissues. Scale bar, 200 μm. PAF15 positive rate was calculated (mean ± SD, unpaired two-tailed Student’s t-test). F) 
Signature scores of cell cycle (R=0.77), cell proliferation (R=0.27), DNA damage (R=0.56), and DNA repair (R=0.66) pathways at single cell solution of 
melanoma defined by CancerSEA database. *p<0.05, ***p<0.001
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these results, GSEA between PAF15-high and PAF15-low 
TCGA-SKCM samples showed that PAF15 was closely linked 
to DNA replication, cell cycle regulation, and proliferation 
(Supplementary Figures S1C, S1D). Collectively, these data 
revealed that PAF15 is overexpressed in melanoma and is 
involved in proliferation-related cellular processes, which 
correlates with adverse clinical outcomes.

PAF15 knockdown inhibits cell proliferation and 
induces G0/G1 cell cycle arrest in melanoma. To establish 
stable PAF15-knockdown melanoma models, shRNAs were 
transfected into 2 melanoma cell lines, A375 and SKMEL28. 

Knockdown efficiency was evaluated by immunoblotting 
(Figure 2A). To evaluate the impact of PAF15 knockdown 
on proliferative capacity, MTT assays were performed after 
24 h and 48 h of culturing. PAF15 knockdown significantly 
reduced cell viability in a time-dependent manner (Figures 
2B, 2C). Furthermore, cell cycle analysis by flow cytometry 
showed that knockdown of PAF15 in A375 and SKMEL28 
cell lines resulted in an increased percentage of cells in the 
G0/G1 phase (Figures 2D, 2E). The activity of cyclin D1 
and CDK4/6 plays a central role in the promotion of cell 
cycle entry [20]; therefore, we evaluated their expression by 

Figure 2. PAF15 knockdown inhibits melanoma cell proliferation and induces cell cycle arrest. A) Western blot analyses show the knocking down of 
PAF15 in A375 and SKMEL28 cells. B, C) After 24 h and 48 h of cultivation, the viability of A375 and SKMEL28 cells with PAF15 or GFP knockdown 
was measured by MTT assay (mean ± SD, one-way ANOVA followed by Tukey’s test). D, E) Cell cycle assessment by flow cytometry analyses in A375 
and SKMEL28 cells with PAF15 or GFP knockdown. The cell population in each phase of the cell cycle was quantified (mean ± SD, one-way ANOVA 
followed by Tukey’s test). F) Western blot analyses of the CDK4, CDK6, and cyclin D1 expression levels in A375 and SKMEL28 cells with PAF15 or GFP 
knockdown. **p<0.01, ***p<0.001
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immunoblotting. As expected, CDK4, CDK6, and cyclin D1 
were downregulated in PAF15-knockdown melanoma cells 
(Figure 2F). These results showed that PAF15 knockdown 
significantly inhibited cell proliferation.

Attenuated PAF15 levels induce DNA repair deficiency 
and apoptosis in melanoma. Previous studies have shown 
that PAF15 deficiency impairs DNA repair and induces 

apoptosis in certain cellular contexts [21]. However, silencing 
of PAF15 does not affect apoptosis in some cancer models 
[22]. In our melanoma cell lines, knocking down PAF15 led 
to an increased proportion of apoptotic cells (Figures 3A, 
3B). Immunofluorescence staining revealed that the levels of 
γ-H2AX, a DNA damage marker, also significantly increased 
(Figures 3C, 3D). Immunoblotting of apoptosis (Cleaved 

Figure 3. PAF15 knockdown induces DNA damage and apoptosis in melanoma cells. A, B) Apoptosis assessment by flow cytometry analyses in A375 
and SKMEL28 cells with PAF15 or GFP knockdown. The apoptotic rate of the cells was quantified (mean ± SD, one-way ANOVA followed by Tukey’s 
test). C, D) Immunofluorescence assay was used to show the γ-H2AX in A375 and SKMEL28 cells with PAF15 or GFP knockdown. Scale bar, 5 μm. 
The number of foci per cell was calculated (mean ± SD, one-way ANOVA followed by Tukey’s test). E) Western blot analysis depicted the expression of 
apoptosis (Cleaved Caspase-3, Cleaved PARP) and DNA damage (γ-H2AX, P-ATM) markers in A375 and SKMEL28 cells with PAF15 or GFP knock-
down. **p<0.01, ***p<0.001
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Caspase-3, Cleaved PARP) and DNA damage (γ-H2AX, 
p-ATM) markers further confirmed the upregulation of 
DNA damage and apoptosis (Figure 3E). These data demon-
strate that knockdown of PAF15 hinders cellular DNA repair 
and induces apoptosis.

PAF15 re-expression restores proliferation, DNA 
repair, and reduces apoptosis. To validate the specificity of 
our findings and exclude potential shRNA off-target effects, 
we performed rescue experiments by overexpressing PAF15 
in knockdown cells (Figure 4A) and repeated the experi-
ments. As data show, PAF15 re-expression successfully 
rescued cell viability (Figures 4B, 4C) and alleviated G0/G1 
phase arrest (Figures 4D, 4E). To further substantiate this, 
we found that re-introducing PAF15 restored the expres-
sion levels of CDK4, CDK6, and cyclin D1, which had been 
altered by PAF15 knockdown (Figures 4F, 4G). Moreover, 
both apoptotic cell populations (Figures 5A, 5B) and DNA 
damage level (Figures 5C, 5D) were significantly decreased 

after PAF15 re-expression. Accordingly, the changes in 
Cleaved Caspase-3, Cleaved PARP, γ-H2AX, and p-ATM 
expression induced by PAF15 knockdown were restored 
(Figure 5E). These results conclusively demonstrate that 
PAF15 plays an essential role in regulating melanoma cell 
proliferation, genomic stability, and apoptosis.

PAF15 enhances melanoma tumor growth in vivo. To 
evaluate the role of PAF15 in melanoma progression in vivo, 
we established a subcutaneous xenograft model with A375 
cells in BALB/c nude mice. Compared to the control group, 
PAF15-knockdown tumors exhibited significantly reduced 
tumor volume and weight, which were partially rescued 
by PAF15 re-expression (Figures 6A, 6B). IHC analysis of 
tumor tissues revealed that PAF15 knockdown significantly 
decreased Ki-67-positive cells, and this proliferative suppres-
sion was reversed upon PAF15 overexpression (Figures 6C, 
6D). These data illustrated that PAF15 promotes tumor 
growth in vivo.

Figure 4. PAF15 overexpression restores cell viability and proliferation. A) Western blot analyses show the restoration of PAF15 expression in PAF15-
knockdown A375 and SKMEL28 cells. B, C) Viability of PAF15 restoration A375 and SKMEL28 cells measured by MTT assay after 24 h and 48 h of 
culturing (mean ± SD, unpaired two-tailed Student’s t-test). D, E) Cell cycle assessment by flow cytometry analyses in PAF15-knockdown A375 and 
SKMEL28 cells overexpressing PAF15 or not. The percentage of cells in G0/G1 phase is shown in a histogram (mean ± SD, unpaired two-tailed Student’s 
t-test). F, G) Western blot analyses of the CDK4, CDK6, and cyclin D1 expression levels in PAF15-knockdown A375 and SKMEL28 cells overexpressing 
PAF15 or not. *p<0.05, **p<0.01
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Discussion

Previous studies have found that PAF15 is highly expressed 
in a variety of tumors [11], such as lung cancer [22], neuro-
blastoma [23], pancreatic cancer [24], and breast cancer [25], 
which correlated with poor prognosis. However, conflicting 
evidence suggests that PAF15 is downregulated in hepato-
cellular carcinoma tissues, where its overexpression has 
been shown to suppress cancer cell proliferation [26]. These 
discrepancies may arise from individual differences or tumor 
heterogeneity, as indicated by contrasting findings in another 
study on hepatocellular carcinoma [27]. These observations 
suggest that the role of PAF15 may vary across different 
tumor types. In this study, by exploring public data, we 
discovered that PAF15 was highly expressed in melanoma, 
which significantly reduced the DSS and PFI of melanoma 
patients, suggesting that the high expression of PAF15 serves 
as a risk factor for melanoma progression. Additionally, the 
IHC study revealed that the expression of PAF15 protein in 
melanoma was significantly higher than in benign nevi. To 
the best of our knowledge, there are currently few reports on 
the expression level of PAF15 protein in human cutaneous 
melanoma tissues. Our study provides crucial evidence of its 

upregulation and highlights the potential diagnostic utility 
of PAF15 for the differential diagnosis between cutaneous 
melanoma and benign nevi.

In this study, knocking down PAF15 significantly inhib-
ited melanoma cell proliferation. Further mechanistic 
studies revealed that this may be attributed to the effect of 
PAF15 knockdown on the cell cycle and cell cycle-related 
proteins, such as CDK4/6. Previous studies have shown 
that blocking PAF15-PCNA interaction can inhibit pancre-
atic cancer cell proliferation [24], suggesting that PAF15 
promotes cell proliferation at least partially via PCNA. 
Mechanically, PAF15 hyperactivates a series of other 
signaling pathways, which promote tumor progression. 
Specifically, PAF15 inhibits the recruitment of p130 to the 
multi-vulval class B (MuvB) complex, which is essential 
for the transactivation of cell proliferation-related DREAM 
(dimerization partner, RB-like, E2F, and MuvB) complex 
target genes, thereby enabling cells to bypass cell cycle arrest 
[22]. Moreover, PAF15 regulates the expression of pituitary 
tumor-transforming gene 1 (PTTG1) via the transcription 
factor E2F1 and accelerates G1/S transition of neuroblas-
toma cell cycle [23]. These findings align with our observa-
tions that knockdown of PAF15 induces G0/G1 phase cell 

Figure 5. PAF15 overexpression restores DNA repair and apoptosis. A, B) Apoptosis assessment by flow cytometry analyses in PAF15-knockdown A375 
and SKMEL28 cells overexpressing PAF15 or not. The apoptotic rate of the cells was quantified (mean ± SD, unpaired two-tailed Student’s t-test). C, 
D) Immunofluorescence assay was used to show the γ-H2AX in PAF15-knockdown A375 and SKMEL28 cells overexpressing PAF15 or not. Scale bar, 
5 μm. The number of foci per cell was calculated (mean ± SD, unpaired two-tailed Student’s t-test). E) Western blot analyses depicted the expression of 
apoptosis (Cleaved Caspase-3, Cleaved PARP) and DNA damage (γ-H2AX, P-ATM) markers in PAF15-knockdown A375 and SKMEL28 cells overex-
pressing PAF15 or not. **p<0.01, ***p<0.001
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cycle arrest in melanoma cells. Interestingly, a recent single-
cell analysis study on acral melanoma (AM) found that a 
distinct PAF15+ melanoma cell subpopulation drives tumor 
progression [28]. This subpopulation exhibits high stemness, 
enhanced proliferation, and activated E2F transcription 
factors and glycolytic metabolism. Its specific interactions 
via the AGRN and TGF-β signaling pathways further under-
score the critical role of PAF15 in AM malignancy.

Our study revealed that PAF15 promoted melanoma 
progression, partially by inhibiting apoptosis; however, the 
detailed signaling pathway involved was not well understood. 
Recent mechanistic studies have provided insights into the 
molecular pathways underlying PAF15’s functional roles in 
cellular processes and cancer pathogenesis. For instance, 
PAF15 can inhibit the transcription of p53 [29], an important 
gene that mediates apoptosis in cells with DNA double-strand 
breaks [30], thus decreasing the expression of p53-targeting 
genes and preventing liver cancer cell apoptosis. In colorectal 
cancer, inhibition of PAF15 induces apoptosis, marked 
by increased caspase 3/7 activity and suppression of the 

anti-apoptotic protein Bcl-2 [31]. Similarly, another study 
demonstrated that PAF15 upregulates Bcl-2 and downregu-
lates key pro-apoptotic proteins, including cleaved caspase-9, 
cleaved caspase-7, cleaved PARP, and Bax, in ovarian cancer 
[32]. It was established that silencing PAF15 inhibited glycol-
ysis, suppressed cell proliferation, and induced apoptosis in 
ovarian cancer. These effects were effectively rescued by the 
pharmacological reactivation of YAP, confirming YAP as a 
key downstream effector of PAF15 [33]. Overall, in different 
cancers, PAF15 may promote cell proliferation and inhibit 
apoptosis through different mechanisms.

Several studies have explored cancer treatment strategies 
by inhibiting PAF15. Recently, drugs that promote PAF15 
degradation have been developed by proteolysis- targeting 
chimera (PROTACs) [34]. These compounds demonstrated 
potent antitumor activity in vitro, characterized by G0/G1 
cell cycle arrest and induction of apoptosis. The attenua-
tion of PAF15 has been shown to downregulate c-Myc, an 
important oncogene, and weaken the stemness of colorectal 
cancer cells, which is required for intestinal tumorigenesis 

Figure 6. PAF15 promotes melanoma growth in vivo. A, B) The diagram demonstrates the subcutaneous xenograft tumors in mice formed by PAF15-
knockdown A375 cells overexpressing PAF15 or not. The GFP-knockdown was used as a control group. The volumes and weights of the xenografts were 
measured (mean ± SEM, one-way ANOVA followed by Tukey’s test). C) Representative IHC staining images of PAF15 and Ki-67 of the subcutaneous 
tumors. Scale bar, 100 μm. D) PAF15 and Ki-67-positive rate in the xenografts were calculated (mean ± SD, One-way ANOVA followed by Tukey’s test). 
**p<0.01 and ***p<0.001
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[35]. Moreover, elevated PAF15 expression reduced chemo-
therapy sensitivity of esophageal cancer cells in vitro [36] 
and is a marker of recurrence in gastric cancer after surgery 
[37]. Knockdown of PAF15 increased radiosensitivity in 
non-small cell lung cancer [38], partially through the Wnt/β-
catenin signaling pathway. Therefore, targeting PAF15 may 
serve as a strategy to increase the efficiency of chemotherapy 
or radiotherapy. These studies, consistent with our results, 
which show that PAF15 knockdown inhibits melanoma 
cell proliferation and induces DNA damage and apoptosis, 
further confirm the druggable value of PAF15 in melanoma.

In conclusion, our study demonstrates that PAF15 knock-
down suppresses melanoma progression through multiple 
mechanisms, including induction of G0/G1 cell cycle arrest, 
promotion of DNA damage, and activation of apoptotic 
pathways. These findings suggest that PAF15 plays a critical 
role in melanoma pathogenesis and may serve as both a 
prognostic marker and a potential therapeutic target for 
melanoma treatment.

Supplementary information is available in the online version 
of the paper.
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Supplementary Figure S1. Enrichment analysis of TCGA-SKCM data. A) The expression levels of PAF15 in different SKCM patients in TCGA. Heat-
map depicting the differential expression of genes related to biological regulation in SKCM patients with high and low expression of the PAF15 gene. 
B) Bubble plots depicting GO enrichment analysis of co-expressed genes positively and negatively correlated with PAF15. C) GSEA of PAF15-high vs 
PAF15-low TCGA-SKCM transcriptomic data. D) Ridge plot of the enriched pathway “Double-Strand Break Repair Via Homologous Recombination”.
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