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LINCO01116 promotes nascent
protein synthesis and cellular
stemness through the miR-432-
5p/FKBP7/14 regulatory axis in
melanoma

Ying Sun?, Lin Li%, Hua Yang?!, ZhenJuan Wang?, HuiHuang Liu?, YuTing Zhu?, LiShengYing?,
Wen Yan?, Genglian Zhang?, Ying Yang3* & Wei Yuan?"**

Skin cutaneous melanoma (SKCM) is a highly aggressive and malignant neoplasm. A wealth of
evidence highlights the critical role of LINC01116 in tumorigenesis and progression. Additionally,
numerous small molecules within the FK506-binding protein (FKBP) family have been implicated

in cancer development. Herein, we interrogated the functional significance of IncRNA LINC01116

and FKBP7/14 in melanoma pathogenesis. This study aim to the expression of long non-coding RNA
(IncRNA) LINC01116 in melanoma and its mechanistic role in promoting de novo protein synthesis
and cancer stemness through the miR-432-5p/FKBP7/14 axis. A competing endogenous RNA (ceRNA)
network for LINC01116 was constructed through bioinformatics analysis. LINC01116 expression levels
were assessed in clinical melanoma tissues, adjacent normal tissues, and melanoma cell lines. In vitro
experiments included dual-luciferase reporter assays to validate miR-432-5p targeting of FKBP7/14,
quantitative PCR (qPCR) and western blotting (WB) to quantify gene/protein expression, and sphere-
forming assays to assess protein synthetic capacity and stemness. In vivo, xenograft mouse models
were employed to evaluate tumor growth. LINC01116 was significantly upregulated in melanoma
tissues and correlated with adverse clinical outcomes. Overexpression of LINC01116 enhanced
melanoma cell proliferation, spheroid formation, and invasive potential in vitro. Mechanistically,
LINC01116 acted as a sponge for miR-432-5p, thereby upregulating FKBP7/14. In vivo, LINC01116
overexpression accelerated tumor growth in xenograft models. Our findings unveil a novel LINC01116/
miR-432-5p/FKBP7/14 axis that drives melanoma stemness and protein synthesis addiction. These
insights identify promising therapeutic targets for melanoma intervention.

Keywo rds LINCO01116, Skin cutaneous melanoma, miR-432-5p, FKBP7/14, Nascent protein synthesis,
Stemness

SKCM is a highly aggressive malignant tumor arising from melanocytes and predominantly occurs in the skin'.
Epidemiological studies indicate that SKCM has the highest mortality rate among all cutaneous malignancies®>.
The use of systemic immunotherapy has improved outcomes for patients with advanced melanoma (stage III
and IV), increasing 5-year survival rates to over 70% and 30%, respectively*”. The melanomas were divided into
those etiologically related to sun exposure and those that are not, based on their mutational signatures, anatomic
site, and epidemiology®. The tumor-node-metastasis (TNM) staging system established by the American Joint
Committee on Cancer (AJCC)’categorizes melanomas into clinical stages I through IV8. However, current
TNM-based staging systems demonstrate limited prognostic precision for melanoma outcomes. This highlights
the urgent need to identify biomarkers and therapeutic targets with enhanced diagnostic, staging, and predictive

value.
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Extensive investigations into the molecular mechanisms underlying SKCM invasion, proliferation, and
metastasis have yielded significant advances’. Nevertheless, the precise molecular pathways driving SKCM
pathogenesis and progression remain incompletely understood. Current evidence confirms that the proliferative
phenotype of melanoma is regulated by SOX10/MITF signalling, whereas the invasive phenotype is governed by
AP1/TEAD transcription factors®. Although several protein-coding genes involved in the phenotypic switching
of melanoma have been characterized, the involvement of noncoding genes in this process remains poorly
characterized. An increasing number of studies have demonstrated that noncoding RNAs (ncRNAs) may perform
tumor-suppressive or oncogenic functions during malignant transformation, invasion, and metastasis'®12.
IncRNA, a subclass of nonprotein-coding RNA molecules, were historically regarded as “transcriptional noise”
during DNA transcription'®. However, emerging research has revealed their multifaceted roles in epigenetic
regulation, chromatin remodelling, and cellular differentiation'-!6, LINC01116 was first identified in 2017 as
an oncogenic IncRNA that is overexpressed in hepatocellular and prostate carcinomas, where it enhances colony
formation and invasive capacity in prostate cancer cells'”!8. A meta-analysis!® incorporating 12 original studies
(809 patients) across diverse malignancies—including gastric, breast, and colorectal cancers; osteosarcoma;
glioma; oral squamous cell carcinoma; and ovarian cancer—revealed that consistent LINC01116 upregulation
was correlated with poor prognosis. It has been demonstrated that LINC01116 promotes melanoma progression
by sequestering miR-3612 and targeting GDF11/SSD3 signalling?®. While bioinformatics analyses revealed
LINCO1116-associated differentially expressed genes and pathway enrichment in melanoma, the precise
regulatory mechanisms through which LINC01116 drives melanomagenesis and progression await further
experimental validation.

LINCO01116 may directly regulate downstream genes or signalling pathways to influence tumor cell behavior.
In our study, a ceRNA regulatory network for LINC01116 was constructed via the ENCORI/starBase (https:/
/rnasysu.com/encori/) for miRNA prediction, combined with RNA-seq/miRNA-seq data and bioinformatics
analyses. This approach identified FKBP7 and FKBP14 as key targets showing strong positive correlations with
LINCO1116 expression. Both FKBP7 and FKBP14 are critical regulators of posttranslational protein folding,
with documented roles in tumorigenesis, progression, and drug resistance??2. The FKBP family comprises
highly conserved proteins present across diverse eukaryotes, from yeast to humans?’. Multiple FKBP family
members, including prostate cancer, colorectal cancer, breast cancer, myeloma, non-small cell lung cancer,
and melanoma, have been implicated in cancer pathogenesis and therapeutic resistance, positioning them as
promising therapeutic targets*+%°.

Our findings demonstrate that miR-432-5p exerts antitumour effects on melanoma by targeting FKBP7/14.
Consistently, melanoma cell lines presented elevated expression of LINC01116, FKBP7/14 and reduced miR-
432-5p levels. During oncogenesis, active genes frequently reprogram cancer cells to activate stem cell-like
properties. Further in vivo experiments revealed that LINC01116 knockdown significantly attenuated tumor
growth, proliferation, and apoptosis while impairing nascent protein synthesis and melanoma cell stemness.

Materials and methods

Bioinformatics construction of the CeRNA network

All genomic and transcriptomic data utilized in this study were sourced from publicly available repositories to
ensure reproducibility and ethical compliance. First, melanoma-related gene expression data, utilized data from
previously published studies, were downloaded from The Cancer Genome Atlas (TCGA) Data Portal (https://
portal.gdc.cancer.gov/) on [2023-12-12] and the Gene Expression Omnibus (GEO) under accession GSE15605
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi? acc=GSE15605). The dataset with ID GSE15605 (Platform:
GPL570 [HG-U133_Plus_2] included 16 normal and 58 tumor samples. Differential expression analysis was
performed using the limma package in R 4.1.3. Genes with [logFC| > 1 and an adjusted p-value<0.05 were
considered significantly differentially expressed. The TCGA melanoma expression profile (RNA-Seq) was
downloaded and processed from UCSC Xena. A total of 473 samples were initially included, from which patients
lacking survival information were excluded. Transcriptomic data from skin tissues were also obtained from the
GTEx database. After merging and batch effect removal, differential expression analysis was conducted using
limma in R 4.1.3, comparing 557 normal and 472 tumor samples, with the same thresholds (|logFC| > 1, adjusted
p-value<0.05).

Using the TCGA transcriptomic data, samples were divided into two groups based on the median expression
level of LINCO01116. Differential analysis was carried out with limma (R 4.1.3), applying thresholds of |logFC| >
1 and adjusted p-value <0.05. Spearman correlation coefficients between LINC01116 and all other genes were
calculated. Genes with |cor| > 0.2 and p-value <0.05 were selected. A circos plot was generated for the top 10
positively correlated genes with LINCO01116. Functional enrichment analyses, including Gene Ontology (GO)
enrichment analysis annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, were
performed.

Potential downstream miRNAs of LINCO01116 were predicted using ENCORI/starBase (https://rnasysu.com
/encori/). Downstream target mRNAs of these miRNAs were predicted using miRDB, mirDIP, and TargetScan.
The intersection of these predicted mRNAs with the co-expressed genes yielded 87 overlapping genes, identified
as targeted co-expressed genes.

A ceRNA network was constructed using Cytoscape (v3.9.0). From the 87 targeted co-expressed genes, 17
upregulated differentially co-expressed genes were identified by intersection with the GEO#GSE15605, and 44
were obtained from the intersection with the combined TCGA and GTEx data. The overlap between these two
sets of upregulated genes resulted in 13 common target genes. Spearman correlation analysis was performed on
these 13 genes, and a correlation heatmap was generated. The heatmap revealed a strong positive correlation
between FKBP7/14 (cor=0.96). Finally, a ceRNA network centered on the LINC01116-miR-432-5p-FKBP7/14
axis was systematically constructed.
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Specimen collection and experimental materials

Tissue samples

Primary malignant melanoma tissues (n=20), normal tissues(n=20), and melanocytic nevi (n=20) were
collected from melanoma patients at the Affiliated Hospital of Zunyi Medical University and the Second
Affiliated Hospital of Zunyi Medical University. All specimens were histopathologically confirmed, with
diagnoses independently verified by two pathologists. Patients had not undergone prior chemotherapy or
radiotherapy, and written informed consent was obtained from all participants. This study was approved by the
Ethics Committee of the Second Affiliated Hospital of Zunyi Medical University (Approval No. KYLL-2022-
007). Confirmation of ethical approval from the Animal Welfare and Ethics Committee of the Zunyi Medical
University review board (Approval No. ZMU21-2405-001).

Cell lines

The human melanoma cell lines A375 (Procell, CL-0014) and SK-MEL-28 (Procell, CL-0717) were purchased
from Procell Life Science & Technology Co., Ltd. (Wuhan, China). The cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco) supplemented with 10% fetal bovine serum (FBS; Gibco) and 1%
penicillin-streptomycin (Gibco) and maintained at 37 °C in a humidified incubator with 5% CO..

RT-qPCR analysis

Total RNA was extracted using TRIzol reagent (15596026, Invitrogen, Carlsbad, CA, USA). For miRNA analysis,
reverse transcription was performed with the miRNA First Strand ¢cDNA Synthesis Kit (B532451, Sangon
Biotech, Shanghai, China). cDNA synthesis for mRNA analysis was carried out using the PrimeScript RT reagent
kit (RR037A, Takara, Shiga, Japan). Quantitative real-time PCR was conducted using SYBR Green PCR master
mix (4309155, Thermo Fisher Scientific, Waltham, MA, USA) on a Roche LightCycler 480 system (Roche, Basel,
Switzerland). miRNA (with 10 ng input) and mRNA (with 5 pg input) expression levels were normalized to
U6 and ACTB, respectively. The relative gene expression was calculated using the 2A(-~AACT) method, where
ACT =CT/(target gene) — CT(reference gene) and AACT = ACT (experimental group) — ACT(control group). All
samples were tested in triplicate. Primer sequences are provided in Table S1.

WB analysis

Protein separation was performed via the BioSci™ NewFlash Protein AnyKD PAGE Gel Kit (Dakewe, Cat#
8012011). Protein quantification was performed using the BCA assay. Proteins were extracted using RIPA buffer
containing a protease inhibitor cocktail and phosphatase inhibitors. Following extraction, protein concentration
was determined using the BCA assay. Equal amounts of protein (30 ug) were separated by 10% SDS-PAGE
and transferred to PVDF membranes.Antibodies FKBP7 (Rabbit polyclonal antibody; Thermo Fisher Scientific,
PA5-30629; 1:2000), FKBP14 (Rabbit monoclonal antibody [EPR16769]; Abcam, ab251703; 1:10000), Nestin
(Mouse monoclonal antibody [2C1.3A11]; Abcam, ab18102; 1:5000), ABCB5 (Rabbit polyclonal antibody;
Thermo Fisher Scientific, PA5-112068; 1:1000), CD133 (Rabbit monoclonal antibody [EPR16508]; Abcam,
ab222782; 1:2000), ALDHI1A1 (Rabbit monoclonal antibody [EP1933Y]; Abcam, ab52492; 1:5000), B-Actin
(Rabbit monoclonal antibody [EPR16769]; Abcam, ab179467; 1:5000)were used for normalization.

Dual-luciferase reporter assay

To validate the relationship between LINCO01116 and miR-432-5p, dual-luciferase reporter vectors containing
either the wild-type (Wt) or mutant type (Mut) binding sites of LINC01116 were constructed (Hanheng
Biotechnology Co., Ltd.). Each vector contained a respective 3’UTR (LINC01116, FKBP7, or FKBP14) cloned
downstream of the firefly luciferase gene. Wild-type(Wt) constructs preserved the native sequence containing
a single predicted miR-432-5p binding site, Mutant type(Mut) were generated by site-directed mutagenesis
(QuikChange method) to disrupt the seed region pairing:

LINCO1116-mut(CUCCAAG->GCGAUUC), FKBP7-mut(CUCCAAG->GAGGUUC), FKBP14-mut (CUC
CAAG->GAGGUUQ). These reporter plasmids were cotransfected with miR-432-5p mimics or inhibitors into
A375 and SK-MEL-28 cells, followed by measurement of luciferase activity via a dual-luciferase detection system.
The same methodology was used to confirm the interaction between miR-432-5p and the mRNA sequences of
FKBP7/14.The experiment was independently conducted in triplicate.

Viral transfection

HEK293 cells were co-transfected with lentiviral transfer plasmid, packaging plasmid (pSPAX2), and envelope
plasmid (pMD2.g) at a ratio of 4:3:1 using Lipofectamine 3000. Eighteen hours post-transfection, the culture
medium containing plasmids and transfection reagents was replaced with fresh complete DMEM. After 48 h of
transfection, supernatants containing lentiviral particles were harvested and used to infect A375 and SK-MEL-28
cells in the presence of polybrene (8 ug/mL). To determine viral titer, cell debris was removed by filtration
through a 0.45 pm membrane. Subsequently, 293T cells were seeded into 96-well plates with serial dilutions (=5
gradients) of viral suspensions, and viral titer was quantified using qPCR.

Functional assays

Click chemistry-based nascent protein synthesis detection

Nascent protein synthesis levels were assessed in A375 and SK-MEL-28 cells across four experimental groups
(sh-NC, sh-LINCO01116, sh-LINC01116+ Inh-NC, and sh-LINCO01116+miR-432-5p inhibitor) via a protein
synthesis assay kit (red) (Abcam, Cat# ab235634). The assay was performed in strict accordance with the
manufacturer’s protocol. The fluorescent signals were observed and documented via a fluorescence microscopy
system.
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CCK-8 proliferation assay

Cell suspensions were prepared and seeded into 5x 10° cells/well (96-well plate) culture plates for preculturing
under standard conditions (37 °C, 5% CO,). Following cell adherence, 10 uL of CCK-8 solution (Dojindo
Laboratories) was added to each well, followed by incubation for 2 h, and continuous detection at 24 h intervals.
The absorbance at 450 nm (optical density, OD) was quantified via a microplate reader (BioTek Instruments),
after which the IC50 was calculated via dose-response curve analysis.

Colony formation assay 30 min

Cells in the logarithmic growth phase were trypsinized, resuspended in complete medium supplemented with
10% fetal bovine serum (FBS; Gibco), and quantified. The cell suspensions were seeded into 5x 10* cells/well
(8 pum pore size, 24-well plate) culture plates and cultured until most individual colonies contained > 50 cells,
30 min at 37 °C for Matrigel polymerization. Colonies were photographed via phase-contrast microscopy (Leica
Microsystems), fixed with 1 mL of 4% paraformaldehyde (PFA; Solarbio) for 15 min and stained with 0.1%
crystal violet solution (Solarbio). After three washes with PBS, the plates were air-dried, and colonies were
documented via a digital imaging system (Nikon).

Flow cytometric cell cycle analysis

The cells were trypsinized, centrifuged, and washed, followed by RNase treatment and propidium iodide (PI)
staining. The cell cycle distribution was analysed via a Cell Cycle and Apoptosis Detection Kit (Beyotime
Biotechnology, Cat# C1052) according to the manufacturer’s protocol. DNA content quantification was
performed with FlowJo software (v10.8.1, BD Biosciences) through histogram deconvolution analysis.

3D tumor spheroid growth assay

A 24-well culture plate was prechilled on ice for 30 min. Following cell counting, the cells (2x10°-2x107)
were resuspended in 0.5 mL of 37 °C prewarmed culture medium and mixed with 0.5 mL of 37 °C basement
membrane matrix (Corning Matrigel) at a 1:1 ratio, achieving a final density of 1x10°-1x10 cells/mL. The
mixture (20-40 pL) was aliquoted onto a prechilled plate. Following hydrogel polymerization, 1 mL of ice-cold
stabilization buffer was added for 15 min of fixation. The cell-embedded hydrogels were subsequently cultured
at 37 °C in a 5% CO, incubator for 7-14 days, and spheroid formation was monitored daily via phase-contrast
microscopy (Olympus).

Xenograft tumor assay

Balb/c-nu/nu male nude mice (6-week-old, 15-20 g) were purchased from Zunyi Medical University (Zunyi,
China). SK-MEL-28 cells were divided into two experimental groups: the sh-NC group (negative control) and
the sh-LINCO01116 group (target gene silencing). For each group, 5x 106 cells were mixed with Matrigel at a 2:1
volume ratio to prepare a 100 pL cell suspension per mouse. This suspension was then subcutaneously inoculated
into the left flank of the mice. Tumor growth was monitored by measuring tumor volume every 3 days using
the formula 0.5 x length x width? and growth curves were plotted accordingly. No animals were excluded
from the final analysis. After 28 days, mice were euthanized via inhalation of isoflurane followed by cervical
dislocation, tumor tissues were harvested for subsequent analyses, including Ki-67 immunohistochemistry,
TUNEL staining, and WB analysis to evaluate stemness markers (Nestin, ABCB5, CD133, and ALDH]1). All
methods were performed in accordance with the relevant guidelines and regulations.

Statistical analysis

The data are presented as the means + standard deviations (SDs). Statistical analyses were performed via SPSS
software (version 26.0; IBM). Between-group comparisons were evaluated via Student’s t test or one-way analysis
of variance (ANOVA). Spearman’s correlation analysis and multivariate analyses were conducted with MATLAB
(version R2023a; MathWorks). Kaplan-Meier survival curves were generated to assess the association between
LINCO1116 expression and melanoma patient survival. Melanoma tissues were stratified into groups on the
basis of LINC01116 expression levels, with between-group differences analysed via the log-rank test. Survival
curves were plotted with GraphPad Prism software (version 9.0; GraphPad Software). Statistical significance was
defined as *P<0.05 and **P<0.01.

Results
LINC01116-associated differentially expressed genes and pathways
Analysis of the melanoma dataset (GEO#GSE15605) revealed significant upregulation of LINCO1116 in
melanoma tissues (Fig. 1A), which was further validated via data from TCGA (Fig. 1B). Integration of TCGA
clinical data (survival time and status) with transcriptomic profiles revealed that high LINC01116 expression
was correlated with poor 8-year overall survival (OS) in melanoma patients (Fig. 1C). K-M analysis of our
melanoma cohort confirmed significantly reduced survival rates in patients with elevated LINC01116 levels.
Using TCGA transcriptomic data, samples were stratified by median LINCO01116 expression. Spearman
correlation analysis further identified LINC01116-associated genes (Fig. 1D). A Venn diagram of the intersection
of LINCO01116-coexpressed genes, differential melanoma genes, and LINC01116-correlated genes revealed 129
differentially coexpressed genes (Fig. 1E). KEGG**%enrichment analysis of these genes revealed significant
associations with cancer-related pathways (Fig. 1F).

mRNAs positively correlated with LINC01116
Potential downstream miRNAs of LINC01116 were predicted via ENCORI/starBase (https://rnasysu.com/enc
ori/), resulting in candidates: hsa-miR-3614-5p, hsa-miR-432-5p, hsa-miR-6512-3p, hsa-miR-3690, hsa-miR-
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Fig. 1. LINCO01116-Associated Differentially Expressed Genes and Pathways (A) Volcano plot of differentially
expressed genes (DEGs) in melanoma from the GEO#GSE15605, highlighting LINC01116 upregulation.

(B) Validation of LINC01116 overexpression in melanoma using TCGA-derived DEG volcano plot. (C)
Kaplan-Meier survival curve demonstrating reduced 8-year overall survival in melanoma patients with high
LINCO01116 expression. (D) Spearman correlation Scatter Plot of LINC01116 co-expressed genes (|cor| >0.2,
P<0.05). (E) Venn diagram intersecting LINC01116-correlated genes, melanoma co-expressed genes, and
DEGs, identifying 129 overlapping genes. (F) KEGG pathway enrichment analysis of the 129 overlapping
genes, highlighting cancer-related signaling pathways.

6720-5p. Downstream mRNA targets of these miRNAs were further identified. Intersection analysis between the
predicted mRNAs and coexpressed genes yielded 87 overlapping target coexpressed genes (Fig. 2A). A ceRNA
network comprising LINC01116, 4 miRNAs, and 87 mRNAs was constructed via Cytoscape (v3.9.0) (Fig. 2B).
Venn diagram analysis of the DEGs from the GEO#GSE15605 and TCGA datasets revealed 13 intersecting genes
(Fig. 2C). Correlation heatmap analysis of the upregulated targets revealed that FKBP7 /14 exhibited strong
positive correlations (Fig. 2D).

LINCO01116 is significantly overexpressed in melanoma

The qPCR analysis of 60 clinical tissue samples—including normal, melanocytic nevus, and melanoma samples—
revealed significantly elevated mRNA levels of LINC01116, FKBP7/FKBP14 in melanoma tissues compared
with normal controls (P<0.01). Conversely, miR-432-5p expression was markedly reduced in melanoma tissues
(P<0.01) (Fig. 3A). WB analysis further confirmed greater protein expression of FKBP7/14 in melanoma tissues
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Fig. 2. LINCO01116-associated mRNA co-expression and regulatory networks. (A) Venn diagram illustrating
the intersection of predicted LINC01116-targeting miRNAs (identified via the Starbase database, http://starb
ase.sysu.edu.cn) and co-expressed mRNAs. (B) ceRNA (competing endogenous RNA) network constructed
using Cytoscape 3.9.0, comprising LINC01116, four miRNAs, and 87 mRNAs. (C) Heatmap analysis of
overlapping targets derived from the GEO dataset GSE15605 and TCGA database, revealing 13 shared genes in
the Venn diagram. (D) Correlation heatmap of overlapping targets, demonstrating a strong positive correlation
between FKBP7 /14 expression (r>0.8, p<0.001).

than in both normal skin tissues and melanocytic nevi, (P<0.01)(Fig. 3B). These findings collectively indicate
that LINC01116, FKBP7/14 are overexpressed in melanoma and may drive tumorigenesis and progression.

LINC01116 modulates FKBP7/14 expression via miR-432-5p

Bioinformatic analysis predicted binding sites between LINC01116 and miR-432-5p, as well as complementary
targeting regions in the 3’-UTRs of FKBP7/14. Dual-luciferase reporter assays confirmed the direct binding of
miR-432-5pto the WT 3'-UTR of LINCO01116, with MUT of the predicted binding sites abolishing this interaction
(Fig. 4A, B). Dual-luciferase assays demonstrating that miR-432-5p targets the 3’-UTR regions of FKBP7/14.
Mutations in the miR-432-5p seed-matching sequence (MUT) eliminated luciferase suppression, confirming
sequence-specific binding (Fig. 4C, D). qRT-PCR analysis of LINC01116, miR-432-5p, FKBP7/FKBP14 mRNA
levels in A375 and SK-MEL-28 melanoma cell lines transfected with sh-LINC01116 versus sh-NC was performed
(Fig. 4E). Rescue experiments evaluating the effects of miR-432-5p inhibition (via a miR-432-5p inhibitor) on
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Fig. 3. LINCO01116 is significantly overexpressed in melanoma. (A) qPCR analysis of LINC01116, miR-432-
5p, FKBP7/14 in clinical tissue samples (20 normal skin tissues, 20 melanocytic nevi, and 20 melanomas).
(B) WB analysis of FKBP7/14 protein levels in the same cohort of clinical tissues. Data were expressed as the
mean + SD, **P<0.01, **P<0.001,***P<0.0001.

FKBP7/14 expression in sh-LINCO1116-transfected cells. Cotransfection with Inh-NC served as a baseline.
The results demonstrated that miR-432-5p suppression reversed the downregulation of FKBP7/14 caused by
LINCO1116 knockdown (Fig. 4F). WB analysis of FKBP7/14 protein levels in the same experimental groups. p-
actin was used as a loading control. Densitometric quantification confirmed that LINC01116 silencing reduces
FKBP7/14 protein expression, which is rescued by miR-432-5p inhibition (Fig. 4G). Consistently, melanoma
cell lines presented high LINC01116/FKBP7/14 expression and low miR-432-5p levels, and these patterns were
reversed upon LINC01116 knockdown or miR-432-5p inhibition. These findings establish a LINC01116/miR-
432-5p/FKBP7/14 regulatory axis driving melanoma progression.

LINC01116 promotes nascent protein synthesis

Fluorescence intensity analysis of the A375 and SK-MEL-28 cell lines across four experimental groups—sh-
NC, sh-LINCO01116, sh-LINCO01116+Inh-NC, and sh-LINC01116 + miR-432-5p inhibitor—revealed distinct
protein synthesis levels (Fig. 5A). Posttransfection CCK-8 assays revealed that the sh-NC group had the highest
proliferation rate, followed by the sh-LINCO01116 + miR-432-5p inhibitor group, whereas the sh-LINC01116 and
sh-LINC01116 + Inh-NC groups had the lowest proliferation rate (Fig. 5B). Colony formation assays further
confirmed reduced clonogenic capacity in the sh-LINC01116 group, with partial rescue observed in the sh-
LINCO1116 + miR-432-5p inhibitor group compared with the sh-LINC01116 + Inh-NC group (Fig. 5C).

Cell cycle analysis revealed that LINC01116 knockdown induced G1/S phase arrest in melanoma cells,
and this effect was reversed by miR-432-5p inhibition (Fig. 5D). In 3D tumor spheroid assays, the sh-NC and
sh-LINC01116 + miR-432-5p inhibitor groups exhibited significantly enhanced spheroid-forming capacity
(Fig. 5E). These results collectively indicate that LINC01116 drives nascent protein synthesis and malignant
progression in melanoma through the miR-432-5p axis.

LINC01116 influences melanoma cell stemness

Cancer stem cells (CSCs) exhibit malignant biological properties, including self-renewal, multilineage
differentiation, and unlimited proliferative capacity.The presence of CSCs in melanoma has been extensively
demonstrated. We included four proteins related to melanoma cell stemness, and further investigated the
impact of LINCO01116 on these populations. WB analysis of cancer stemness markers, inclouding Nestin, ATP-
binding cassette, sub-family B5(ABCB5), CD133(Prominin-1), Aldehyde dehydrogenase 1 (ALDH1) in A375
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Fig. 4. LINC01116 Modulates FKBP7/14 Expression via miR-432-5p. (A-D) Dual-luciferase reporter assays
demonstrating the direct binding of miR-432-5p to the 3'-UTR regions of LINC01116, FKBP7/14. (E) qRT-
PCR analysis of LINC01116, miR-432-5p, FKBP7/14 expression in A375 and SK-MEL-28 melanoma cell
lines transfected with sh-LINC01116 versus sh-NC. (F) Rescue experiments evaluating the effects of miR-
432-5p inhibition (via miR-432-5p inhibitor) on FKBP7/14 expression in sh-LINCO01116-transfected cells.
Co-transfection with inhibitor negative control (Inh-NC) served as a baseline. (G) WB analysis of FKBP7/14

protein levels.
Data were expressed as the mean + SD, *P<0.05,**P<0.01, ***P<0.001,****P < 0.0001.
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Fig. 5. LINCO01116 Promotes Nascent Protein Synthesis and Influences Melanoma Cell Stemness. (A)
Fluorescence intensity analysis demonstrated successful transfection efficiency across experimental groups.
(B) CCK-8 proliferation assay revealed distinct growth dynamics: h-NC group exhibited the highest
proliferation rate. sh-LINC01116 and sh-LINC01116 + Inh-NC groups showed the suppression of proliferation.
(C) Clonogenic assay results demonstrated: sh-NC group displayed superior clonogenic potential. sh-
LINCO01116 + miR-432-5p inhibitor group exhibited partial restoration of clonogenicity compared to sh-
LINCO01116 and sh-LINC01116 + Inh-NC groups. (D) Cell cycle analysis via flow cytometry identified: G1/S
phase arrest in sh-LINC01116-transfected cells, miR-432-5p inhibitor rescued this arrest. (E) 3D tumor
spheroid assay:sh-NC and sh-LINC01116 + miR-432-5p inhibitor groups formed larger, more compact
spheroids. (F) WB analysis was performed to detect the protein levels of stemness genes Nestin, ABCBS5,
CD133, and ALDHI in the A375 and sk-mel-28 cell lines across the following groups: sh-NC, sh-LINC01116,
sh-LINC01116 + Inh-NC, and sh-LINC01116 + miR-432-5p inhibitor. The results showed that, with the
exception of ABCB5, the expression levels of the other genes were significantly lower in the sh-LINC01116 and
sh-LINC01116 + Inh-NC groups compared to the sh-NC and sh-LINC01116 + miR-432-5p inhibitor groups.

and SK-MEL-28 cell lines across four experimental groups—sh-NC, sh-LINC01116, sh-LINC01116 +Inh-NC,
and sh-LINCO01116 + miR-432-5p inhibitor—revealed significantly lower protein levels of Nestin, CD133, and
ALDHI1 (but not ABCB5) in the sh-LINC01116 and sh-LINC01116 + Inh-NC groups than in the sh-NC and sh-
LINCO01116 + miR-432-5p inhibitor groups. miR-432-5p inhibitor treatment partially restored the expression of
these markers, confirming that the LINC01116/miR-432-5p axis regulates melanoma stemness (Fig. 5F). These
results demonstrate that LINC01116 enhances melanoma stemness by promoting tumor cell self-renewal and

differentiation.

Functional validation using LINCO1116-knockdown and miR-432-5p inhibitor-treated A375 and SK-
MEL-28 cells revealed that miR-432-5p inhibition inhibits the effects of LINC01116 knockdown on proliferation,
cell cycle progression, clonogenicity, and 3D spheroid formation. Furthermore, LINC01116 depletion impairs

nascent protein synthesis and attenuates melanoma stemness properties.

In vivo validation of the protumorigenic role of LINC01116
Finally, we investigated the impact of LINC01116 on melanoma growth in vivo. SK-MEL-28 cells stably

expressing LINC01116 shRNA or lentiviral control were subcutaneously injected into six BALB/c nude mice per
group. The mice were euthanized 28 days postinoculation, and the tumor growth curves revealed significantly
slower progression in the sh-LINCO01116 group than in the sh-NC group (Fig. 6A). Gross tumor morphology
and volumetric analysis revealed markedly reduced tumor size in the sh-LINCO01116 group (P <0.0001; Fig. 6B).
Immunohistochemical (IHC) staining for Ki-67 showed decreased proliferative activity in the sh-LINC01116
group (P<0.001; Fig. 6C), whereas TUNEL staining indicated significantly elevated apoptosis in the same
group (P<0.001; Fig. 6D). WB analysis of tumor tissues revealed downregulated expression of cancer stem cell
markers, including Nestin, ABCB5, CD133, and ALDH]1, in the sh-LINC01116 group (Fig. 6E). These findings
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Fig. 6. In vivo validation of the pro-tumorigenic role of LINC01116. (A) Tumor growth curves in BALB/c
nude mice subcutaneously injected with SK-MEL-28 melanoma cells (sh-NC vs. sh-LINCO01116 groups). (B)
Gross tumor morphology and volumetric analysis at endpoint. Tumor volumes were calculated using the
formula: Volume = 0.5xlengthxwidth2. The sh-LINC01116 groupshowed markedly smaller tumors compared
to the sh-NC group(****P<0.0001). (C) IHC analysis of Ki67in tumor tissues. The sh-LINC01116 group
displayed significantly fewer Ki67-positive cells than the sh-NC group (***P<0.001). (D ) TUNEL staining

to assess apoptosis in tumor sections. The sh-LINC01116 group exhibited a higher percentage of TUNEL-
positive cells (green fluorescence) compared to the sh-NC group (***P <0.001). (E) WB analysis of stemness-
associated markers (Nestin, ABCB5, CD133, ALDH1) in tumor lysates. Data were expressed as the mean + SD,
PP <0.001,**P<0.0001.

collectively demonstrate that LINC01116 knockdown attenuates melanoma progression in vivo by suppressing
tumor growth, reducing proliferation, increasing apoptosis, and impairing cancer stemness and nascent protein
synthesis.

Discussion

Melanoma is the most aggressive and dangerous form of skin cancer, It is crucial to identify melanoma at its
early stages®**?. Management of advanced melanoma is complex, and multidisciplinary care is essential. In
recent years, the introduction of BRAF/MEK tyrosine kinase inhibitors and immune checkpoint inhibitors,
have substantially increased melanoma survival’’=33. The role of LINC01116 in tumorigenesis and cancer
progression has garnered increasing attention. LINC01116 can directly regulate downstream genes or signalling
pathways to influence tumor cell behavior while also functioning as a ceRNA to modulate microRNA (miRNA)
expression, thereby indirectly regulating cancer-associated genes or pathways!'*?. Aberrantly expressed mRNAs
are frequently implicated in melanoma pathogenesis and clinical prognosis**.

In this study, we first constructed a bioinformatics-predicted LINC01116-miRNA target gene network and
speculate a potential ceRNA interaction network involving LINC01116, miR-432-5p, FKBP7/14 in melanoma.
Among nevus-associated melanomas, which overall account for 20%-30% of all melanomas®. Since studies
have shown that identical oncogenic driver mutations are found in benign nevi and melanoma®’. and we
choose primary malignant melanoma tissues(n = 20), normal tissues(n = 20), and melanocytic nevi (n = 20) as
clinical tissue sample. Analysis revealed significantly higher protein expression levels of these molecules in the
melanoma group than in the normal and the melanocytic nevi group, indicating that LINC01116, FKBP7/14 are
overexpressed in melanoma and may contribute to tumorigenesis and progression.

Dual-luciferase reporter assays confirmed the direct binding betweenmiR-432-5p and LINCO01116, while
FKBP7/14 were confirmed as downstream targets of this regulatory axis. Notably, LINC01116 siRNA significantly
suppressed the luciferase activity of the FKBP7/14 3'UTR reporter construct, and this suppression was reversed
by the miR-432-5p inhibitor. Collectively, these findings demonstrate that LINC01116 promotes FKBP7/14
expression in melanoma by acting as a miRNA sponge for miR-432-5p, thereby driving oncogenic signalling.

Our study revealed a discrepancy in ABCB5 expression between in vivo and in vitro settings (Fig. 5F shows
no change in ABCB5, whereas Fig. 6E shows its downregulation). This inconsistency may be attributed to the
influence of the complex in vivo tumor microenvironment on the regulation of ABCB5 expression, which
differs from that under in vitro conditions. ABCB5 has been previously demonstrated to be regulated by an
interleukin (IL)1B/IL8/CXCR1 cytokine signaling pathway, through which IL8 mediates paracrine interactions
between ABCB5-positive (ABCB5*) cells. Furthermore, certain isoforms within the ABCB5 family do not
confer multidrug resistance®. Additionally, the differential sensitivity or expression kinetics of the ABCB5
marker compared to other stemness markers such as Nestin, CD133, and ALDH1 in response to LINC01116
knockdown may also contribute to the observed discrepancies.

As a tumor-suppressive miRNA, miR-432-5p is downregulated in multiple malignancies and participates
in tumor cell proliferation, migration, and invasion***. Our study revealed that miR-432-5p exerts anti-
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proliferative and anti-metastatic effects in melanoma by targeting FKBP7/14 expression. FKBP7/14, as immune-
associated proteins, may play critical roles in tumorigenesis and progression.The FKBP family belongs to the
immunophilin superfamily, with its prototype FKBP12 first isolated in 1989, representing the minimal structural
domain required for FKBP family membership?!**2. Previous studies reported that FKBP51 promotes melanoma
metastasis in vivo®’, FKBP7 is upregulated in melanoma®*!, FKBP10 may serve as a therapeutic target*, and
FKBP38 is selectively downregulated in highly metastatic B16-F10-plc melanoma clones*®. Among the FKBP
family members, FKBP38, FKBP51, FKBP52, and FKBP65 have also been implicated in cancer etiology and
chemoresistance?”. This study is the first to report the regulatory role of the LINC01116/miR-432-5p/FKBP7/14
axis in melanoma pathogenesis. However, the precise mechanistic roles of individual FKBP family members
require further investigation.

We observed that LINC01116 promotes cell proliferation, cell cycle progression, clonogenicity, 3D spheroid
formation, as well as tumor growth and proliferation, while inhibiting apoptosis in both in vivo and in vitro
experiments. Conversely, knockdown of LINC01116 was found to suppress de novo protein synthesis and
reduce stemness properties in melanoma cells. Additionally, melanoma cell lines were found to exhibit high
expression levels of LINC01116, FKBP7/14. FKBP7/14, which function as peptidyl-prolyl cis-trans isomerases
(PPIases), facilitate de novo protein synthesis. These proteins serve as common receptors for the natural products
FK506 and rapamycin. By binding to these drugs, they form complexes that protect cancer cells and induce
immunosuppressive effects?®. In contrast, FKBP5, another member of the FKBP family, can form complexes
with heat shock proteins Hsp90 and Hsp70. It plays a significant role in tumorigenesis and responses to anti-
cancer therapies by influencing steroid receptor maturation as well as modulating the NF-xB and AKT signaling
pathways.

Genes that are active during embryonic development play pivotal roles in reprogramming cancer cells to
activate stem-like properties®®. The first documentation of Nestin expression in melanoma dates to 1994%,
with subsequent studies demonstrating its expression in melanocytic hyperplasia—particularly in vascular
endothelial cells adjacent to advanced melanomas—but not in normal melanocytes**. Its expression intensity
and distribution correlate with tumor progression and reduced patient survival®'. ABCB5 is critically involved
in the chemoresistance of melanoma stem cells®>. ABCB5, a member of the ATP-binding cassette (ABC)
transporter superfamily comprising 48 transporters®, and it is ranks among the most frequently mutated genes in
melanoma®#3>.CD131, a pleiotropic cytokine receptor, regulates hematopoietic cell proliferation, differentiation,
and self-renewal homeostasis®®. ALDH1 overexpression is strongly correlated with poor prognosis and high
therapeutic resistance rates®’~%’. Targeted inhibition of ALDH1 in cancer stem cells enhances drug sensitivity
while suppressing proliferation, differentiation, and metastasis in solid tumors®'. WB revealed differential
protein expression levels of ABCB5 compared to other cancer stemness genes, suggesting this discrepancy may
be attributed to the fact that our melanoma patients have not yet undergone chemotherapy.

This study demonstrated that, compared with sh-NC, sh-LINC01116 significantly reduced the expression
of stemness-associated markers (Nestin, CD133, and ALDH1) and that cotreatment with a miR-432-5p
inhibitor (sh-LINC01116 + miR-432-5p inhibitor) partially reversed this suppression. These findings indicate
that LINC01116 enhances melanoma cell stemness by promoting self-renewal and differentiation, thereby
driving tumor progression. Substantial research has been conducted on the treatment of patients with advanced
melanoma, with available therapeutic agents including nivolumab and ipilimumab*®. Additionally, adoptive cell
therapy with tumor-infiltrating lymphocytes (TIL-ACT) has shown certain efficacy in advanced melanoma®2.
While the development of novel drugs has extended the overall survival (OS) rate in some patients, drug
resistance remains a challenge for others. Targeting LINC01116 or restoring miR-432-5p function holds potential
as a therapeutic strategy for melanoma, either as a monotherapy or in combination with existing regimens.
However, clinical translation may face several challenges, particularly related to nucleic acid-based therapies—
such as antisense oligonucleotides (ASOs) and miRNA mimics—including delivery efficiency, stability, tumor
specificity, potential off-target effects, as well as underlying mechanisms of drug resistance. This study provides
a solid theoretical foundation for subsequent translational research, identifies promising candidate targets, and
supports preclinical investigations into combination therapies and the development of improved drug delivery
systems targeting this axis.

Conclusion

In summary, this study integrates bioinformatics analysis, experimental validation, and functional investigations
to uncover the oncogenic role of LINC01116 in melanoma. Our findings demonstrate that LINC01116 is
significantly overexpressed in melanoma tissues and drives tumor progression by activating the miR-432-5p/
FKBP7/14 axis, which promotes neonatal protein synthesis and augments cancer stem cell-like properties. These
findings not only expand the understanding of melanoma pathogenesis but also provide a preclinical rationale
for developing therapeutic strategies targeting LINC01116.

Data availability
The RNA-seq data analyzed in this study were downloaded from TCGA (https://portal.gdc.cancer.gov/) and the
GEO under accession GSE15605 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi? acc=GSE15605).
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