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Abstract

Background/Aim: Recent advancements in omics analysis have significantly enhanced our understanding of the molecular
pathology of malignant melanoma, leading to the development of novel therapeutic strategies that target specific
vulnerabilities within the disease. Despite these improvements, the factors contributing to the poor prognosis of patients
with malignant melanoma remain incompletely understood. The aim of this study was to investigate the role of C1orf50
(Chromosome 1 open reading frame 50), a gene previously of unknown function, as a prognostic biomarker in melanoma.
Materials and Methods: We performed comprehensive transcriptome data analysis and subsequent functional
validation of the human Skin Cutaneous Melanoma project from The Cancer Genome Atlas (TCGA).

Results: Elevated expression levels of C1orf50 correlated with worse survival outcomes. Mechanistically, we revealed
that C1orf50 plays a significant role in the regulation of cell cycle processes and cancer cell stemness, providing a
potential avenue for novel therapeutic interventions in melanoma.

Conclusion: This study is the first to identify C1orf50 as a prognostic biomarker in melanoma. The clinical relevance
of our results sheds light on the importance of further investigation into the biological mechanisms underpinning
Clorf50’s impact on melanoma progression and patient prognosis.
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Introduction

Recent advancements in cancer therapy have been
achieved not only through traditional genetic analysis
methods but also via the emergence of multi omics
approaches, significantly facilitating the discovery of novel
therapeutic targets (1 5). Integrating multiple omics
datasets have enabled detailed analyses of tumor
molecular profiles at the individual patient level, thereby
advancing personalized medicine (6). Despite these
advancements, the incidence of malignant melanoma
continues to rise. Even with the development of new
molecularly targeted therapies and immunotherapies for
primary skin tumors, melanoma remains a highly lethal
disease (7, 8). To further improve the prognosis of patients
with melanoma, it is crucial to identify novel therapeutic
targets beyond current treatment options. In this context,
we have focused on the previously uncharacterized gene
Clorf50. Although C1orf50 has been identified as a protein
coding gene (9), and shown to be involved in breast cancer
prognosis (10), specifically, biological roles and underlying
mechanisms have remained mainly unknown. In the
Human Protein Atlas (Version 23), high expression of
Clorf50 is considered prognostic, and is associated with
an unfavorable prognosis in malignant melanoma. Our
study utilized transcriptome data from The Cancer
Genome Atlas (TCGA) melanoma project to investigate the
potential association between C1orf50 and the prognosis
of melanoma patients. Our analysis suggests that C1lorf50
may regulate cancer cell stemness, a critical factor in
tumor recurrence and treatment resistance. We
hypothesize that C1orf50 contributes to these processes
by modulating cancer stem cell properties, thereby
influencing the progression and prognosis of melanoma.
To explore this hypothesis, we conducted a series of
cellular experiments using malignant melanoma cell lines
to elucidate the functions of Clorf50, specifically
examining the effects of C1lorf50 knockdown on cancer
stemness. Our findings indicate that C1orf50 plays a role
in maintaining cancer stem cell characteristics, which
could contribute to the aggressive nature and poor

prognosis of malignant melanoma. These analyses help to
improve treatment outcomes by identifying new
therapeutic targets and prognostic factors in malignant
melanoma.

Materials and Methods

TCGA data acquisition. All analyses utilizing TCGA
transcriptome data, including counts and transcripts per
kilobase million (TPM) values, were conducted using R
(version 4.3.2, University of Auckland, Auckland, North
Island, New Zealand). Transcriptome and clinical data
from TCGA Skin Cutaneous Melanoma (TCGA SKCM)
dataset were retrieved using the R package, TCGAbiolinks
(version 2.30.0). Based on mRNA TPM values, primary
melanoma samples were categorized into two groups —
Clorf50 low (n=62) and Clorf50 high (n=41) — based on
mRNA TPM values, with the cutoff point determined to
achieve the minimum p value in the log rank test. The
downstream analysis of transcriptome data employed log

transformed TPM values [Log2(TPM+1)]. One sample in
the C1orf50 low group lacked survival data.

Differential expression analysis and gene set enrichment.
Differential expression analysis was performed using
transcriptome count data from the TCGA dataset, utilizing
edgeR (version 4.0.7). Fold change values and q values were
calculated to determine significant differences between the
specified groups. For the Clorf50 comparison, primary
melanoma samples were divided into C1orf50 low (n=62)
and Clorf50 high (n=41) groups. To identify enriched
pathways and biological processes, clusterProfiler (version
4.10.1) was employed with ranked gene lists ordered by
fold change values. Gene sets from the Molecular Signature
Database (MSigDB, v2023.2.Hs) were used to perform
enrichment tests and calculate normalized enrichment
scores (NES) for each term. For functional characterization
of each sample, we performed gene set variation analysis
(GSVA) with MSigDB via the R GSVA package (version
1.50.1) and the calculated enrichment scores of gene sets
for each sample.
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Protein-protein interaction analysis. For the top 500 genes
with the largest fold changes between the C1orf50 high and
Clorf50 low groups, protein protein interaction enrichment
analysis was performed with the following databases:
STRINGS6, BioGrid7, OmniPath8, InWeb IM9. When the
network contains more than three proteins, the Molecular
Complex Detection (MCODE) algorithm was applied to
identify densely connected network components.

Mutation data acquisition and mutation signature analysis.
Mutation Annotation File (MAF) files were downloaded
using TCGAbiolinks. Mutation frequencies between the
Clorf50 high and Clorf50 low groups were compared
using bar plots created with maftools (version 2.18.0).
Mutational signatures and tumor mutation burden were
calculated using COSMIC (v100).

Cell cultures and treatments. Human melanoma cell lines
A2058, G 361, and Mewo were obtained from the Japanese
Collection of Research Bioresources (JCRB, Ibaraki, Osaka,
Japan) and cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Fujifilm Wako, Osaka, Osaka, Japan) supplemented
with 10% fetal bovine serum (FBS, Corning, Corning,
NY, USA) and 1% penicillin/streptomycin/L glutamine
(Fujifilm Wako).

RNAI experiments were performed using either siRNA
or shRNA. For siRNA transfection, Lipofectamine
RNAIMAX and Opti MEM (Thermo Fisher Scientific,
Waltham, MA, USA) were used. The following siRNA
sequences were used in this study, listed as (Target
gene/Source/Identifier): (negative control/Thermo
Fisher Scientific/4390844); (human Clorf50/Thermo
Fisher Scientific/s35534); (human Clorf50/Thermo
Fisher Scientific/s35535); (human Clorf50/Thermo
Fisher Scientific/s35536). For the preparation of
lentiviruses harboring shRNA, 293FT cells were
transfected with pLKO.1 puro backbone plasmid, psPAX2,
and pMD2.G using TransIT LT1 (TaKaRa Bio, Kusatsu,
Shiga, Japan). The virus containing medium was
harvested and filtered with a polysulfone membrane. The
following sequences of shRNA were used in this study:

Control (CCTAAGGTTAAGTCGCCCTCG); Human Clorf50
#1 (CTGCACCATGTAGCTTGTAAT); Human Clorf50 #2
(GTCAGTCAGTTTCAGAGTATT).

Sphere-formation assay. The sphere formation assay
experiments were performed as previously reported with
minor modifications. The cells were trypsinized and
resuspended in serum free medium, Neurobasal medium
supplemented with 1xB 27 supplement, 1xN 2
supplement, 20 ng/ml human epidermal growth factor
(Fujifilm Wako), 20 ng/ml human basic fibroblast growth
factor (Fujifilm Wako), 10 pg/ml heparin (Sigma Aldrich,
St. Louis, MO, USA) and 1% penicillin/streptomycin/
L glutamine). A total of 1,000 cells per well were seeded
on ultra low attachment 24 well plates (Corning) in 1.5 ml
of serum free medium and cultured for seven days at 37°
in an atmosphere of 5% CO..

Immunofluorescent analysis and confocal microscopy.
Immunofluorescent analysis of melanoma cells was
performed as previously described (11) with minor
modifications. Briefly, cells fixed with 4% paraformaldehyde
(PFA) for 15 min at room temperature (approximately 25°)
and blocked with 1% bovine serum albumin in phosphate

buffered saline (BSA PBS) for 1 h at room temperature.
Then, the samples were incubated with the primary
antibody diluted with BSA PBS for 16 hat 4°C. The samples
were washed three times with PBS and incubated with the
secondary antibodies diluted with BSA PBS for 1 h. After
three washes with PBS, the samples were embedded with
DAPI Fluoromount G (Southern Biotech Co., Ltd,
Birmingham, AL, USA). Immunofluorescent analysis on the
melanoma tissue array was performed as previously
described (12). The melanoma tissue array was purchased
from TissueArray.com (catalog hnumber: ME1921, Derwood,
MD, USA). After deparaffinization and antigen retrieval with
HistoVT One (Nacalai Tesque, Kyoto, Japan), the slide was
blocked and stained as described above. The stained
samples were observed using a confocal microscope,
LSM780 (Carl Zeiss AG, Neubeuern, Rosenheim, Germany)
and analyzed with ZEN software (Carl Zeiss AG). The
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analyses of mean fluorescent intensity were performed
with Image) software (National Institutes of Health,
Bethesda, MD, USA). The following antibodies are used in
immunofluorescent analyses, listed as (Antigen/Source/
Identifier/Dilution): [C1orf50/Proteintech (Rosemont, IL,
USA)/20957 1 AP/1:100]; [YAP TAZ/Santa Cruz (Dallas,
TX, USA)/sc 101199/1:50]; [TAZ/BD Biosciences
(Franklin Lakes, NJ, USA)/560235/1:50]; (SOX 2/Santa
Cruz/Y 17/1:100); (Donkey anti mouse IgG Alexa Fluor
Plus 488/Thermo Fisher Scientific/A32766/1:500);

Percent of cases

W Multi-hit mutation
B Nonsense mutation
I Splice site mutation

Tumor sampling site

M Frameshift deletion
M Frameshift insertion
M Inframe insertions
M Missense mutation

Figure 1. Continued

(Donkey anti rabbit 1gG Alexa Fluor Plus 594/Thermo
Fisher Scientific/A32754/1:500); (Donkey anti goat 1gG
Alexa Fluor Plus 647/Thermo Fisher Scientific/
A32849/1:500).

Western blotting analysis. Western blotting experiments
were performed as previously described (13). Protein
extracts were obtained using cell lysis buffer [20 mM Tris
HCI (pH 7.5), 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1%
Triton X 100] and boiled in sample buffer [50 mM Tris
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Figure 1. Continued

HCI (pH 6.5), 100 mM dithiothreitol, 2% SDS, 1.5 mM  onto Immobilon P membrane (Millipore, Burlington, MA,
bromophenol blue, 1.075 M glycerol]. Equal amounts of  USA). The membranes were blocked with 0.5% skim milk
proteins were loaded onto acrylamide gel and transferred  in Tris buffered saline with tween20 (TBST) at room
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Figure 1. Analysis of C1orf50 expression and its correlation with clinical
and genomic features in primary malignant melanoma. (A) Kaplan—
Meier curves for 3-year overall survival in the Clorf50-high and
Clorf50-low groups of primary malignant melanoma. (B, C) Mean
fluorescence intensity of C1orf50 in primary tumors and lymph node
metastases compared to normal tissues. (D) Expression level of C1orf50
in metastatic sites (n=368) versus primary sites (n=103) in the TCGA Skin
Cutaneous Melanoma (TCGA-SKCM) dataset. (E) Barplot showing
mutation frequencies in the Clorf50-high and Clorf50-low groups. (F)
Boxplot depicting changes in C1orf50 values depending on mutations in
BRAF, BRAF V600E, NRAS, KIT, NF1, and PTEN. WT: Wild Type, mut:
mutation. (G) Heatmap illustrating expression levels of single-base
substitutions in COSMIC. (H) Differences between Clorf50-low and
Clorf50-high groups in SBS7a and7b. (1) Tumor mutation burden (log10)
differences between Clorf50-high and Clorf50-low groups. COSMIC:
Catalogue Of Somatic Mutations In Cancer; SBS: single-base substitution.

temperature for 1 h and incubated with the primary
antibodies diluted with 0.1% skim milk in TBST for 16 h
at4’. After three brief TBST washes, the membranes were
incubated with HRP conjugated secondary antibodies for
1 h at room temperature. The signals were developed with
Clarity Western enhanced chemiluminescence substrate
(Bio Rad, Hercules, CA, USA) and were detected using a
ChemiDoc Touch Imaging System (Bio Rad). The following
antibodies were used in this study, listed as (Antigen/
Source/Identifier/Dilution): (Clorf50/Proteintech/
20957 1 AP/1:100); (Vinculin/Proteintech/66305 1

19/1:20,000); (YAP TAZ/Santa Cruz/sc 101199/1:2,000);
(AXL/CST/4939/1:2,000); (CYR61/CST/39382/1:2,000);
(c MYC/CST/5605/1:2,000);  (Nestin/Sigma Aldrich/
N5413 100UG/1:2,000); (SOX 2/Santa Cruz/Y 17/1:2,000);
(CD133/Proteintech/18470 1 AP/1:2,000); (Anti Mouse

1gG, HRP linked/Sigma Aldrich/A9044/1:20,000); (Anti
Rabbit IgG, HRP linked/CST/7074/1:2,000); (Anti Goat
1gG, HRP linked/Sigma Aldrich/A4174/1:20,000).

Statistical analysis. Comparisons of numerical values
between two groups were performed using the Wilcoxon
Test. Comparisons of numerical values between three or
more groups were performed using one way ANOVA
(analysis of variance) with Bonferroni's multiple
comparisons. The comparison test details are written in
each figure legend. A p value less than 0.05 was
considered to be statistically significant. The significance
levels are defined as *p<0.05, **p<0.01, ***p<0.001, NS.:
not significant. The Kaplan Meier curves were visualized
using the survminer R package (version 0.4.9). The log

rank test was used to compare the two groups,
C1orf50 high and C1orf50 low, in all survival analyses. The
box plots were created using the ggpubr package (version
0.6.0) in R. In the heatmaps, we used Spearman’s rank
correlation coefficient to assess the strength and direction
of association between two ranked variables.

Results

Impact of C1orf50 expression on the survival of patients with
melanoma and tissue-specific expression analysis. Analysis
of 102 primary malignant melanoma samples for whom
survival data from TCGAbiolink was available showed that
Clorf50 expression levels significantly influenced patient
survival. Patients were classified into groups based on high
and low Clorf50 expression. A comparison of 3 year
survival rates showed a statistically significant difference,
with Clorf50 high showing a worse prognosis (p=0.045)
(Figure 1A). Further analysis of samples of patients with
human melanoma showed that C1orf50 protein expression
levels, measured by mean fluorescence intensity (MFI),
were significantly higher in both primary and lymph node
metastatic tissues than in normal tissues (Figure 1B and
C). Furthermore, a comparison of Clorf50 mRNA
expression levels between 103 primary and 368 metastatic
site samples from the TCGA dataset revealed that C1orf50
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expression was significantly elevated in metastatic sites
(p=0.033) (Figure 1D). These results suggest a potential
association between C1orf50 expression and prognosis in
patients with melanoma.

Association of C1orf50 expression with genomic mutations.
Considering the known association between gene
mutations such as BRAF, NRAS, and KIT and tumor
progression in melanoma (14), we examined whether
mutation frequencies differed between the high and low
Clorf50 expression groups. Our analysis did not reveal
significant differences in the overall mutation profile in the
high C1lorf50 group compared to the low C1orf50 group
(Figure 1E). Using Fisher’s exact test, we analyzed the
frequency of mutations associated with melanoma
progression and treatment; however, no statistically
significant differences were found. Specifically, we
observed no significant differences in C1orf50 expression
levels based on the presence or absence of all BRAF
mutations, the BRAF V600E mutation alone, and mutations
in NRAS, KIT, NF1, and PTEN (Figure 1F). We further
analyzed mutational signatures in the C1orf50 high and low
groups using data from the Catalogue Of Somatic Mutations
In Cancer (COSMIC) version 100. Analysis of COSMIC
single base substitution (SBS) signatures, including SBS7a
and SBS7b — associated with sun exposed skin cancers —
showed no significant differences between the two groups
(Figure 1G and H). Additionally, there was no significant
difference in tumor mutation burden between the high and
low Clorf50 groups (Figure 11). These data suggest that
there is no association of Clorf50 expression with well
known genetic mutations in melanoma biology.

Pathway analysis and protein-protein interaction (PPI)
network analysis. To elucidate the molecular mechanisms
by which C1orf50 promotes melanoma progression, we
conducted pathway analysis using the TCGA melanoma
dataset. The study divided patients with primary malignant
melanoma into Clorf50 high and Clorf50 low groups,
following the classifications used in the Kaplan Meier
survival analysis in the section Materials and Methods. Gene

Set Enrichment Analysis (GSEA) revealed up regulation of
gene sets related to “Cell cycle” and “Melanoma” in the
C1orf50 high group (Figure 2A). Additionally, gene sets
associated with “Signaling pathways regulating pluripotency
of stem cells” were highly expressed, suggesting a role of
Clorf50 in stem cell pluripotency. The HALLMARK gene sets
showed notable up regulation in “G2M_CHECKPOINT",
“MITOTIC SPINDLE” and “E2F TARGETS” in the C1orf50
high group (Figure 2B). These results imply a strong
association between C1orf50 and the regulation of the cell
cycle and maintenance of cancer stem cell properties. Using
Metascape (v3.5.20240101), we performed protein protein
interaction enrichment analysis for further exploration. We
selected the top 500 genes with the largest fold changes
between the C1lorf50 high and C1orf50 low groups for this
analysis. This analysis identified protein modules related to
embryonic morphogenesis, tissue morphogenesis, actin
mediated cell contraction, cell cycle, cell division, calcium
signaling pathway, and ABC transporters (Figure 2C). These
motifs are consistent with the expression patterns observed
in the C1orf50 high group.

Impact of C1orf50 on cell cycle and DNA repair. Given the
up regulation of cell cycle related pathways in the
Clorf50 high group of primary melanoma (Figure 2), we
further investigated the RNA expression levels of genes
and pathways associated with the cell cycle (Figure 3A).
Consistent with the predictions from pathway analysis, we
observed a correlation between C1orf50 RNA levels and
cell cycle related genes and pathways, as shown in the
heatmap. Additionally, gene expression of CDK1-9 except
CDK2, 5, 9 showed a significant increase in the C1orf50
high expression group (Figure 3B). Furthermore, in the
heatmap (Figure 3A), the pathway score of
GOBP_CELL CYCLE calculated by Gene Set Variation
Analysis (GSVA) positively correlated with Clorf50
expression level (p=0.56, p<0.001). We also noted an
elevation in the expression of DNA damage sensor genes
(ATM, ATR) and downstream genes (BRCA1/BRCAZ2,
RAD50, RAD51, RAD52, etc.) (Figure 3C). These findings
suggest that cells with high Clorf50 expression could
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exhibit increased cell cycle activity and enhanced DNA  (Figure 2A) and embryonic morphogenesis in PPl networks
damage repair mechanisms, as observed in primary (Figure 2C) led us to investigate the potential role of
malignant melanoma samples from the TCGA dataset. Clorf50 in cancer stem cell traits. Additionally, since PPI

analysis indicated the up regulation of proteins related to
Association of C1lorf50 expression with cancer stemnessand  actin mediated cell contraction, we focused on YAP1/TAZ
YAP-related pathways. The previously observed up  (yes associated protein 1/transcriptional coactivator with
regulation of stemness related terms in KEGG pathways  PDZ biding motif), amechanotransducer regulated by actin
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(15, 16). YAP1/TAZ interacts with the cytoskeleton,
specifically actin, and is critical in regulating cell shape and
movement. In melanoma, YAP1/TAZ is involved in the
YAP1/PAX3/MITF and YAP1/TEAD/SMAD pathways (17).
Clorf50 expression correlated significantly with these
genes and stem cell markers (Figure 3D). Furthermore,
genes with a Spearman rank correlation coefficient of 0.2

Figure 2. Continued

or higher with C1orf50 expression, excluding CCN2, showed
significant expression differences in the YAP1/TEAD/SMAD
and YAP1/PAX3/MITF pathways, as well as in cancer stem
cell markers, based on Wilcoxon rank sum test
comparisons between the two groups (Figure 3E and F).
These data indicate that C1lorf50 determines melanoma
stem cell related properties via YAP/TAZ activation.
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