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Background: Osteosarcoma (OS) is an exceptionally aggressive bone neoplasm that predominantly 
impacts the paediatric and adolescent population, exhibiting unfavourable prognosis. The importance of 
RNA binding motif protein 14 (RBM14) in the aetiology of OS is not well understood, despite its established 
involvement in several other types of cancer. 
Methods: In this study, we conducted an analysis of the expression profiles of RBM14 in cancer tissues 
and cell lines. To achieve this, we will utilised data obtained from various databases including The Cancer 
Genome Atlas Program (TCGA) project, The Genotype-Tissue Expression (GTEx) Project, Gene 
Expression Omnibus (GEO) database, and cancer cell line encyclopedia (CCLE) data. Furthermore, this 
study also aims to examine the effects of RBM14 on the proliferation, migration, and invasive properties of 
OS cells using cell functional gain and loss studies. In this study, we carried out an in-depth investigation to 
explore possible molecular pathways that underlie the regulation of the malignant phenotype found in OS 
by RBM14. This investigation involved integrating data from RBM14 overexpression, RBM14 knockdown 
RNA-seq experiments, and an array comprising 6,096 perturbed genes obtained from the Genetic 
Perturbation Similarity Analysis Database (GPSAdb). This research offers an opportunity to build a robust 
conceptual framework for the potential advancement of novel therapeutic approaches that are especially 
aimed at attacking OS. 
Results: RBM14 plays an active role in OS by significantly contributing to the enhancement of cellular 
proliferation, migration, and invasion. At the molecular level, it is probable that RBM14 exerts control over 
the malignant characteristics of OS through its modulation of the Hippo signalling system. 
Conclusions: The above-mentioned findings underscore the significant importance of RBM14 as an 
intriguing target for therapy for the mitigation and management of OS. This particular protein holds an 
excellent opportunity for the development of novel and efficacious therapeutic approaches that possess the 
potential to yield favorable results for patients affected with OS.
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Introduction

Osteosarcoma (OS) is a type of malignant tumour that is 
very uncommon but is extremely aggressive and can spread 
to other parts of the body (1,2). The majority of patients 
diagnosed with OS are children and teenagers. Although 
there has been significant progress in clinical treatment, 
many obstacles still need to be overcome (3,4). Traditional 
therapeutic approaches, including surgical resection, 
radiation, and chemotherapy, exhibit constrained efficacy 
and can potentially lead to negative outcomes and relapse 
(5,6). Because of this, it is now more important than ever to 
look into developing innovative treatment options.

In the past few years, gene-targeted therapy has received 
a considerable amount of interest as an innovative treatment 
option (7,8). In contrast to conventional therapeutic 
approaches, gene targeting therapy offers a more specific 
means of intervening in the abnormal signaling pathways or 
altered genes seen in cancer cells. This targeted approach 
effectively hinders the development and propagation 
of tumours (9,10). The implementation of such an 
individualised therapeutic strategy has created a renewed 
sense of optimism among individuals diagnosed with OS.

Gene-targeted therapy, also referred to as gene therapy, 
represents a propitious approach that seeks to combat or 
forestall diseases by selectively targeting specific genes. 

Diverging from conventional therapies, which primarily 
focus on symptom management or protein substitution, 
gene-targeted therapy entails modifying the genetic 
material within cells to directly address the underlying 
cause of the disease (7,8). One methodology employed 
in gene-targeted therapy involves the introduction of a 
functional copy of a gene into the patient’s cells using 
viral vectors or other delivery systems. This facilitates 
the production of the deficient or defective protein by 
the therapeutic gene, thereby reinstating normal cellular 
function (9,10). Alternatively, gene editing techniques such 
as clustered regularly interspaced short palindromic repeats 
(CRISPR) and CRISPR-associated protein 9 (CRISPR-
Cas9) can be utilized to precisely manipulate the patient’s 
own genes, rectifying mutations or disrupting deleterious 
genes (11,12). In comparison to traditional therapies, gene-
targeted therapy offers notable advantages, including the 
potential for long-term or permanent treatments that 
directly tackle the underlying genetic cause of the disease, 
as well as personalized treatments tailored to an individual’s 
genetic profile (13). This innovative therapeutic approach 
has garnered significant interest, particularly in the realm of 
cancer, where it exhibits efficacy in impeding tumor growth 
and propagation. In summary, the implementation of this 
personalized therapeutic strategy has instilled a renewed 
sense of optimism among individuals diagnosed with OS.

Transcriptome sequencing technology plays a crucial 
role in the investigation of gene targeted treatment (14,15). 
Through the examination of transcriptome data derived 
from samples obtained from patients, a full understanding 
of the variations of gene expression within tumour cells 
may be obtained. This analysis enables the identification 
of important target genes that are closely linked to the 
processes of carcinogenesis, progression, and resistance 
to therapy (16,17). This high-throughput sequencing 
method offers solid support for deciphering the oncogenic 
pathways of OS, which paves the way for a more in-
depth study of the molecular properties of this type of 
cancerous tumour. In addition, researchers may examine 
changes in cellular activities and behaviours brought about 
by gene overexpression or knockdown by combining 
several approaches for gene disruption. This allows them 
to deduce the potential roles that these genes play in the 
development of tumours (18,19). The utilisation of gene 
perturbation experiments facilitates the investigation of 
the impact of genetic differences on essential cellular 
behaviours such as cell signalling processes, proliferative 
capacity, invasiveness, and metastatic potential (20,21). This 
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approach offers invaluable knowledge into the development 
and advancement of OS.

In essence, the management of OS continues to 
face numerous hurdles, necessitating the exploration 
of innovative therapeutic strategies. Gene-targeted 
therapy emerges as a promising avenue, offering precise 
interventions that specifically target the aberrant signaling 
pathways exhibited by tumor cells.  Moreover, the 
integration of transcriptome sequencing, gene disruption 
experiments, and other methodologies provides invaluable 
insights into the oncogenic pathways underlying OS 
(22,23). Indeed, recent investigations have shed light on the 
disrupted expression of RBM14 in a diverse array of tumor 
types, thereby establishing its intimate correlation with the 
initiation and progression of malignant diseases (24-26).  
This genetic sequence encodes a ribonucleoprotein, 
an intricate entity that has garnered recognition as a 
multifaceted nuclear coactivator and a profound regulator 
of RNA splicing (27,28). The upregulated expression 
of RBM14 in diverse tumor types suggests its potential 
involvement in the complex process of tumorigenesis. For 
instance, the methyltransferase like 3 (METTL3) assumes 
a role in facilitating the m6A hypermethylation of RBM14, 
consequently propelling the advancement of hepatocellular 
carcinoma (24). Additionally, RBM14 formed a complex 
with non-POU domain containing octamer binding 
(NONO) and impeded the NONO-mediated exon 6 skipping 
of discs large MAGUK scaffold protein 1 (DLG1), thereby 
promoting the proliferation of gallbladder cancer cells (29). 
However, the functional role of RBM14 in OS remains 
unclear. 

To bridge this knowledge gap, our study aims to explore 
the role of RBM14 in the development and progression of 
OS, shedding light on the underlying mechanisms specific 
to this disease. We analyzed RBM14 expression profiles 
in cancerous tissues and cell populations using data from 
diverse databases such as The Cancer Genome Atlas 
(TCGA) project, The Genotype-Tissue Expression (GTEx) 
Project, Gene Expression Omnibus (GEO) database, and 
cancer cell line encyclopedia (CCLE) data. Additionally, 
functional gain and loss experiments was conducted using 
cellular models to evaluate the impact of RBM14 on OS 
cell proliferation, migration, and invasiveness. In parallel, 
the Genetic Perturbation Similarity Analysis Database 
(GPSAdb) has generated 6,096 gene sets from 3,048 gene 
perturbation RNA-seq datasets, categorized into up-
regulated and down-regulated gene sets. By leveraging gene 
set enrichment analysis (GSEA) with these meticulously 

curated gene sets, we have identified genes that exhibit 
similar downstream effects when RBM14 expression is 
perturbed, indicating their potential as downstream targets 
of RBM14 in modulating malignant characteristics in OS.

These investigations will establish a conceptual 
framework for the development of innovative therapeutic 
strategies in the management of OS. We present this article 
in accordance with the MDAR reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-23-
2070/rc). 

Methods

Expression analysis and data processing

RBM14 expression data were collected from several sources 
for transcriptional analysis and data processing. The 
transcription data from TCGA, GTEx, and CCLE, along 
with pertinent medical specimens, were acquired from The 
University of California Santa Cruz Xena (UCSC Xena) 
platform (30). The OS tissue and cell data were gathered 
from the GEO database, and whereas a gene perturbation 
dataset was acquired from the GPSAdb (31). The data 
processing as well as analysis were performed with R 
software, specifically version 4.2.2. 

Survival analysis

The Univariate Cox proportional hazard regression 
was utilised to evaluate the individual risk ratios (hazard 
ratio) for overall survival time (OS-time). The survival 
analysis was conducted using the R packages “survival” and 
“survminer”. The association between RBM14 expression 
and OS-time was assessed using the Kaplan-Meier method, 
enabling the graphical representation of survival curves. 
Furthermore, the log-rank test was employed to ascertain 
the statistical significance of the observed association. 

Cell lines and culture conditions

In our laboratory, the human OS cell lines U2OS (CL-0236, 
Pricella Life Science & Technology Co., Ltd., Wuhan, 
China) and MG63 (CL-0157, Pricella Life Science & 
Technology Co., Ltd.) were consistently cultivated for cell 
culture purposes. U2OS cells were cultivated in McCoy’s 5A 
medium, while MG63 cells were cultured in minimum essential 
medium (MEM) medium supplemented with non-essential 
amino acids (NEAA). Both media were supplemented with 

https://tcr.amegroups.com/article/view/10.21037/tcr-23-2070/rc
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10% fetal bovine serum (FBS), 100 units per millilitre (mL)  
of penicillin, and 100 milligrammes per millilitre (mg/mL) 
of streptomycin. The cells were subjected to incubation at 
a temperature of 37 ℃ in an environment with controlled 
humidity and a carbon dioxide concentration of 5%. 

Cell transfection

The RBM14  overexpression plasmid (pcDNA3.1-
RBM14 )  was  ob ta ined  f rom Shangha i  Hanheng 
Biotechnology Co., Ltd. (Shanghai, China) for the 
purpose of conducting gene overexpression studies. 
The siRNA molecule designed to specifically target 
R B M 1 4  w a s  o b t a i n e d  f r o m  S h a n g h a i  H a n h e n g 
Biotechnology Co., Ltd. The first si-RBM14 sequence 
was 5'-GCATTCTGGCCATAGAGCTCGTATT-3', 
w h i l e  t h e  s e c o n d  s i - R B M 1 4  s e q u e n c e  w a s 
5 ' - A A AT C T T C AT T T T G C C G C C G C A A C C - 3 ' . 
Furthermore, a siRNA with a scrambled sequence of 
5'-TGCTGACTCCAAAGCTCTG-3' was also included. 
The cell transfection method was conducted using 
Lipofectamine 3000 transfection reagent (Cat No. 
L3000015, Invitrogen, Thermo Fisher Scientific, Inc., 
Shanghai, China) following the guidelines provided by the 
manufacturer. The cells that had been collected were used 
for conducting further studies 48 hours after transfection. 

Western blot analysis

In order to conduct the Western blot analysis, we first 
extracted the proteins with radioimmunoprecipitation assay 
(RIPA) buffer and then used the bicinchoninic acid (BCA) 
assay to determine their concentration. Next, an equivalent 
quantity of protein was partitioned on sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
and subsequently deposited onto polyvinylidene difluoride 
(PVDF) membranes (Millipore). Subsequently, the 
membranes were blocked using a 5% fat-free milk solution 
and subjected to examination using primary antibodies, 
including RBM14 (Proteintech, Cat No. 10196-1-AP) 
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH, 
Proteintech, Cat No. 60004-1-Ig). This was then followed 
by washing the membranes in a solution with Tris-buffered 
saline including Tween-20. The membrane’s preparation 
was assisted by the use of specific horseradish peroxidase-
conjugated secondary antibodies prior to treatment with an 
enhanced chemiluminescence (ECL) kit manufactured by 
Millipore. The antibodies that were employed in the study 

were obtained from Wuhan Sanying Biotechnology Co., 
Ltd. (Wuhan, China). 

Cell proliferation analysis

In order to assess cell proliferation, cells were seeded at 
a density of 1×104 cells per well in a 96-well plate and 
subsequently cultivated under controlled conditions of 5% 
CO2 at 37 ℃. Cell proliferation was assessed at certain time 
points (24, 48, 72, and 96 hours after seeding) using a Cell 
Counting Kit 8 (CCK8) assay kit, following the guidelines 
provided by the manufacturer. To ensure the reliability of 
our findings, we performed a total of five separate trials for 
each group and subsequently graphed the average values 
obtained from these tests. 

5-ethynyl-2'-deoxyuridine (EdU) assay

In order to complete the EdU assay, we utilised the EdU 
assay kit that was provided to us by RiboBio Company 
(Guangzhou, China). The cells were seeded in a 96-well 
plate at a density of 2×104 cells per well and afterward 
treated with EdU at a concentration of 50 μM for a duration 
of two hours. Following a 30-minute fixation of the cells 
in a 4% paraformaldehyde solution (Leagene, Beijing, 
China), a permeabilization step was performed using a 0.3% 
Triton X-100 solution (Jiayan Biotech, Shanghai, China) 
for a duration of 10 minutes. The cells were subsequently 
exposed to glycine (2 mg/mL, Sangon Biotech, Shanghai, 
China) for a duration of five minutes, after which they were 
incubated with the Apollo reaction mixture for a period of 
30 minutes. Following the application of Hoechst33342 
(Invitrogen) for a duration of 30 minutes, the nuclei were 
subjected to microscopic examination. 

Cell migration and invasion assays

We used Transwell inserts with a pore size of 8 μm (provided 
by Guangzhou Jet Bio-Filtration Co., Ltd., Guangzhou, 
China) and BD BioCoat Matrigel invasion chambers 
(provided by BD Biosciences in Bedford, MA, USA) for 
the cell migration and invasion tests, respectively. After the 
transfection procedure, we extracted cells and suspended 
them in serum-free media. Then, we seeded roughly one log10 
cell (for the migration assay) or 1.5 log10 cells (for the invasion 
assay) into the appropriate inserts. After that, cells were kept 
in an incubating chamber at 37 ℃ for twenty-four hours  
with FBS acting as a chemoattractant. 
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Following the time span of incubation, any cells that had 
migrated or invaded the tissue were captured on camera 
after being fixed in methanol containing 20% and stained 
with crystal violet containing 0.1% from Invitrogen. After 
that, we used a microscope to determine the total number 
of cells that had migrated to a new location or invaded 
an existing one. The ratio of the number of migrated or 
invaded cells found in a designated sample to the number 
of cells found in a control sample was used to determine the 
cell migration and invasion rate. 

Differential gene expression analysis of RNA-seq

TRIzol was used to separate and purify the sample’s total 
RNA once it had been separated. The NanoDrop ND-1000 
was utilised in order to ascertain the total RNA’s quantity as 
well as its level of purity. The Bioanalyzer 2100 was utilised 
in order to perform an analysis on the RNA and validate 
its integrity. After fragmentation and synthesis of cDNA 
with the use of hexamer primers, qualified RNA samples 
were enriched in eukaryotic mRNA using magnetic beads. 
This was followed by the enrichment of the samples. After 
that, the double-stranded cDNA was cleaned up with the 
help of some magnetic beads called AMPure XP. After that, 
end repair, A-tailing, and adapter ligation were carried out, 
and AMPure XP magnetic beads were utilised in order to 
determine the appropriate fragment size. Finally, using Base 
Calling, the raw image data files that were collected from 
PE150 sequencing on the Illumina HiSeq 2500 platform 
were converted to FASTQ files.

A number of quality control tests were carried out with 
the assistance of FastQC just before the data analysis was 
carried out. The readings were processed by Trimmomatic 
in order to get rid of bases of poor quality, adaptor 
contamination, and ambiguous nucleotides. After the reads 
were trimmed, they were matched to a reference genome 
with the assistance of alignment tools such as HISAT2. 
After that, duplicate reads were identified with Picard Tools 
and eliminated from the data set. In order to acquire read 
counts at the gene level, the tool featureCounts was utilised. 
These read counts represent the total amount of reads that 
were mapped to each gene in the reference annotation. In 
order to take into consideration the changes in library size 
and RNA composition, the read counts were normalised 
with TMM or one of the other normalisation methods. In 
the final step, a differential gene expression analysis using 
DESeq2 (32) was performed on the read count matrix after 
it had been normalised. 

GSEA

In order to carry out GSEA (33), we first sorted the 
differentially expressed genes from the differential gene 
expression groups into decreasing order based on the 
logfold change (logFC) values. After that, we ran an 
enrichment analysis by making use of the GSEA function 
that was included in the “clusterProfile” R package (34,35). 
The GPSAdb was consulted in order to get perturbed gene 
sets. 

Functional and pathway enrichment analysis

Gene Ontology (GO) keywords and enrichment analyses 
have been carried with the help of Metascape (http://
metascape.org) (36) in order to determine the different 
functional and pathway classes contained within the 
Hallmark gene sets. The statistical thresholds that were 
utilised consisted of a minimum count of 3, a significance 
level of P less than 0.01, and an enrichment factor that was 
more than 1.5. 

Protein-protein interaction enrichment analysis

The following databases were utilised in the process of 
conducting protein-protein interaction enrichment analysis: 
STRING (37), BioGrid (38), OmniPath, and InWeb_
IM (39). The analysis was done on each gene list that was 
provided. In particular, this research took into account only 
the physical interactions that took place within STRING 
and BioGrid that received a physical score of 0.132 or 
higher. Proteins that are capable of forming physical 
interactions with at least one other member of the gene 
list that was provided are included in the network that was 
produced as a result. The Molecular Complex Detection 
(MCODE) algorithm (40) has been employed to determine 
which components of the network are tightly coupled when 
the network contains between 3 and 500 proteins. This aids 
in the discovery of clusters of proteins that, on the basis 
of their physical interactions, are strongly related to one 
another. 

Statistical analysis

R (version 4.2.2) and GraphPad Prism 8.0 were utilised 
throughout the statistical analysis process. The results of 
our study were reported as the mean accompanied by the 
standard deviation (SD). All experiments were performed 

http://metascape.org
http://metascape.org
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in triplicate (technical repeats). In order to analyse the 
differences between two sets of normally distributed data, 
we utilised independent Student’s t-tests. Chi-squared tests 
were utilised for the purpose of comparison in situations in 
which the data did not have a normal distribution. Every 
test of the hypothesis was conducted using a two-pronged 
approach, and a P value of less than 0.05 was determined to 
be statistically significant.

Results

RBM14 is a potential prognostic marker and therapeutic 
target in bone sarcoma

In order to investigate how RBM14 is expressed in various 
cancers, we searched the TCGA database for 33 distinct 
cancers and analysed the results. The findings demonstrated 
that in contrast to the standard control group, RBM14 
was increased in several types of cancer; this indicates that 
RBM14 may function as a factor that is detrimental for 
cancer patients who have the abovementioned cancers 
(Figure 1A). Following that, we carried out survival analysis 
and univariate regression analysis on these samples of 
cancer to compare their outcomes. According to the 
findings, the level of RBM14 expression did not appear to 
have a meaningful correlation with the general survival rate 
of the majority of cancer individuals. For instance, in the 
assessment of OS-time, RBM14 demonstrated noteworthy 
associations with the prognoses of four distinct cancer types, 
namely adenoid cystic carcinoma (ACC), liver hepatocellular 
carcinoma (LIHC), skin cutaneous melanoma (SKCM), and 
pheochromocytoma and paraganglioma (PCPG). However, 
among those four kinds of cancer, RBM14 exhibited a 
lower level of expression in ACC in comparison with 
standard samples (Figure 1B). As a consequence of the study 
described above, we came to the conclusion that RBM14 has 
been shown to be both an unfavorable prognostic factor and 
a viable therapeutic target for a subset of malignancies.

After comprehensive exploration of RBM14 expression 
in various cancer tissues and cell lines, we proceeded to 
integrate data from the TCGA and GTEx databases. 
This integration allowed us to analyze RBM14 expression 
levels in different organs of the human body under both 
normal and cancerous conditions. Remarkably, our 
research findings consistently demonstrated that RBM14 
exhibited the highest expression levels in bone tumor 
tissues, regardless of gender, when compared to normal 
samples. This observation strongly suggests a significant 

association between RBM14 and bone tumors (Figure 1C). 
Additionally, leveraging the CCLE database, we examined 
RBM14 expression in 40 cancer cell lines and found that its 
expression was notably elevated in bone tumors compared 
to other types of tumors (Figure 1D).

Based on these compelling findings, we determined 
OS as the primary focus of our subsequent study. We 
conducted further analysis of RBM14 expression in OS cell 
lines. Within the CCLE dataset, we observed heightened 
expression of RBM14 in HOS and U2-OS cell lines, 
whereas SAOS2 and MG63 cell lines exhibited lower 
expression levels (Figure 1E). Furthermore, utilizing the 
GEO database, we thoroughly examined RBM14 expression 
in both OS tissues and cell lines. Comparative analysis 
with the standard control group demonstrated a substantial 
upregulation of RBM14 expression in both OS cell lines and 
tissues (Figure 1F,1G), in stark contrast to the expression 
levels observed in the normal control group. These findings 
strongly suggest the involvement of RBM14 as a tumor-
promoting factor in OS, thereby emphasizing its potential 
role in the progression of this disease. In addition, we 
investigated whether or not there was a correlation among 
the magnitude of RBM14 expression and the amount of 
time patients with OS survived using the KM (Kaplan-
Meier) and COX analyses (Figure 1H). According to the 
outcomes, individuals who exhibited low levels of RBM14 
expression had significantly higher rates of survival than 
those who exhibited high levels of RBM14 expression 
(P>0.05). On the other hand, these findings might call 
for additional validation using a larger sample size. In 
conclusion, our research has shown that RBM14 has the 
potential to be both a therapeutic target and a determinant 
in determining the prognosis of OS.

Overexpression of RBM14 promotes proliferation, 
migration, and invasion abilities of OS cells

In order to provide evidence that RBM14 plays a role in 
OS, we conducted investigations in which RBM14 was 
overexpressed in U2OS and MG63 cell lines (Figure 2A, 
Figure S1A-S1D). After that, we determined the rate of 
cell division by using the CCK8 and the Edu assay. When 
compared to the group acting as a control, the results of our 
investigations showed that RBM14 overexpression greatly 
increased the proliferation of U2OS and MG63 cells; this 
demonstrates RBM14’s ability to enhance OS proliferation 
(Figure 2B-2E). The following step consisted of analysing 
the impact that RBM14 had on the migratory and invading 

https://cdn.amegroups.cn/static/public/TCR-23-2070-Supplementary.pdf
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Figure 1 RBM14 is a potential prognostic marker and therapeutic target in OS. (A) A comprehensive analysis encompassing multiple types 
of cancer was performed to investigate the expression patterns of the RBM14 gene in tumour tissues and normal tissues. This research 
utilized both the TCGA normal dataset and the GTEx dataset. The study was conducted utilizing TPM values for the purpose of evaluating 
the comparative levels of expression across various forms of cancer. (B) Pan-cancer analysis was undertaken in order to examine the link 
between RBM14 expression levels and prognosis in cancer patients. The graphic illustrates a heatmap on the left side, which represents 
different prognostic data. On the right side, there is a Cox univariate analysis plot that showcases the relationship between RBM14 
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capabilities of OS cells using Transwell assays. According 
to the findings of our research, RBM14 overexpression led 
to a significant rise in the total number of cells capable of 
migration and invasion in both the U2OS and MG63 cell 
lines when compared to the controls (Figure 2F,2G). As a 
result of these observations, we hypothesize that elevating 
RBM14 levels in OS cells can significantly improve their 
capacity for motility and infiltration. In the end, the findings 
from our experiments demonstrate that RBM14 is able 
to boost OS cells’ capabilities of proliferation, migration, 
and invasion, highlighting the potential significance of this 
protein in the pathogenesis of OS.

Suppression of RBM14 inhibits the proliferation, 
migration, and invasive abilities of OS cells

We conducted knockdown experiments of RBM14 in OS 
cell lines (U2OS and MG63) and evaluated cell proliferation 
ability using CCK8 and EDU assays in order to better 
examine the role of RBM14 in controlling the malignant 
phenotype of OS. This was done so that we could learn 
more about the role that RBM14 plays in regulating the 
malignant phenotype of OS. The findings demonstrated 
that inhibiting RBM14 with a knockdown (Figure 3A, Figure 
S1E-S1H) had a substantial impact on the ability of U2OS 
and MG63 cells to proliferate in comparison to the control 
group (Figure 3B-3E). Using the Transwell migration and 
invasion tests, the following step consisted of determining 
how the RBM14 knockdown affected the OS cells’ ability 
to migrate and invade new tissue. The findings showed that 
inhibiting RBM14 in U2OS and MG63 cells considerably 
reduced their capacity for migration and invasion  

(Figure 3F,3G). Because of this, the findings of our research 
indicate that inhibiting RBM14 can dramatically reduce 
the ability of OS cells to migrate and invade nearby 
tissues. In conclusion, we demonstrated that RBM14 plays 
a role in enhancing OS cell proliferation, motility, and 
invasion capabilities through tests involving both RBM14 
overexpression and RBM14 knockdown. These innovative 
findings give a theoretical framework for further exploring 
the functional processes of RBM14 in OS and utilising it as 
a therapeutic target.

GSEA identifies RBM14-regulated upregulated and 
downregulated genes and gene sets

We conducted RNA-seq sequencing on U2OS cells, 
both overexpressing and with knockdown of RBM14, 
aiming to delve deeper into the genetic and molecular 
mechanisms through which RBM14 governs the malignant 
characteristics of OS (table available at https://cdn.
amegroups.cn/static/public/tcr-23-2070-1.xlsx). In our quest 
to unravel the downstream regulatory genes influenced by 
RBM14, we employed these RNA-seq data as our input. By 
employing GSEA in conjunction with the aforementioned 
input data and the extensive collection of 6,096 gene sets 
from GPSAdb, we were able to identify genes that, upon 
knockdown or knockout, exhibited similar effects on 
downstream genes as observed in our input data. These 
genes hold significant potential as prospective downstream 
target genes of RBM14 (Figure 4). 

Initially, we identified RBM14 as the regulator of 
619 upregulated genes (logFC >0, adj.P value 0.05) and 
925 downregulated genes (logFC <0, adj.P value 0.05)  

expression levels and OS-time outcomes. (C) The process of integrating TCGA and GTEx data was conducted in order to produce RBM14 
expression distribution maps across various organs. This was achieved by utilising the R package “gganatogram”. The presented maps 
offer a complete depiction of the expression levels of RBM14 across different anatomical sites. (D) Analysis of RBM14 expression levels in 
tumor cell lines was conducted using data from the CCLE database. The present study offers valuable information regarding the expression 
patterns of RBM14 in a diverse array of cancer cell lines. (E) RBM14 expression levels in OS cell lines were specifically examined using 
data derived from the CCLE database. This analysis focuses on the expression levels of RBM14 in cell lines specific to OS. (F,G) RBM14 
expression levels in OS cells and tissues were analyzed using data sourced from the GEO database. The RBM14 expression levels were 
analyzed in OS and normal tissues obtained from persons below the age of 20 in the GSE70414 collection. The GSE218035 dataset was 
utilised to evaluate the expression levels of RBM14 in 18 pairs of OS and matched normal tissues. (H) Survival analysis was carried out using 
85 OS samples from the TCGA database that contained survival information. The “bestSeparation” method was employed for calculation, 
allowing for the evaluation of the relationship between RBM14 expression levels and patient survival outcomes. *, P<0.05; **, P<0.01; ****, 
P<0.0001; ns, no significance. RBM14, RNA binding motif protein 14; TCGA, The Cancer Genome Atlas Program; GTEx, The Genotype-
Tissue Expression; CCLE, cancer cell line encyclopedia; TPM, transcripts per million; OS, osteosarcoma; OS-time, overall survival time; 
DSS, disease-specific survival; DFI, disease-free interval; PFI, progression-free interval. 

https://cdn.amegroups.cn/static/public/TCR-23-2070-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-23-2070-Supplementary.pdf
https://cdn.amegroups.cn/static/public/tcr-23-2070-1.xlsx
https://cdn.amegroups.cn/static/public/tcr-23-2070-1.xlsx
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Figure 2 The effect of RBM14 overexpression on promoting the proliferation, migration, and invasion of OS cells. (A) Western blot analysis 
was conducted to examine RBM14 expression in U2OS and MG63 OS cell lines overexpressing RBM14. The findings indicate a notable 
augmentation in RBM14 expression within the RBM14-overexpression cohort in comparison to the control cohort. (B,C) The CCK8 assay, 
a commonly used method for assessing cellular viability, was employed to evaluate the impact of RBM14 overexpression on cell proliferation 
in U2OS and MG63 cell lines. Absorbance measurements at a wavelength of 450 nm were utilized as indicators of cellular vitality. The 
findings of this study demonstrate a significant increase in absorbance values within the RBM14-overexpression group in comparison to the 
control group that was transfected with pcDNA-NC. This observation indicates that the overexpression of RBM14 leads to enhanced cell 
viability and heightened rates of proliferation. In general, these data highlight the significant increase in cell proliferation that is enabled 
by the overexpression of RBM14. (D,E) The Edu proliferation assay was performed to investigate the impact of RBM14 overexpression on 
DNA replication activity in U2OS and MG63 cells. The cell nucleus were stained with EdU (Hoechst 33342). EdU ratio (edu/dapi_100%) 
was recorded under fluorescence microscope (Zeiss, 1:100 magnification). Through staining, an increased number of green particles in cells 
overexpressing RBM14 indicates active DNA replication processes. Rigorous statistical analysis has conclusively demonstrated that the RBM14-
overexpression group exhibited significantly higher levels of cell proliferation compared to the control group. This difference is statistically 
significant (***, P<0.001). These findings emphasize the considerable influence of RBM14 overexpression in promoting cellular proliferation 
in both U2OS and MG63 cell lines. (F,G) To further explore this phenomenon, transwell migration and invasion assays were conducted on 
U2OS and MG63 cells overexpressing RBM14. Cells on the Transwell membrane were stained with 0.5% crystal violet. Subsequently, images 
were captured using a microscope at a magnification of ×10. Panel F presents the findings of the Transwell migration and invasion assay 
conducted on U2OS cells. The results demonstrate a substantial increase in both migratory and invasive abilities when RBM14 is overexpressed, 
in comparison to the control group (***, P<0.001). In a similar vein, Panel G examines the impact of RBM14 overexpression on MG63 cells 
utilizing identical experimental procedures. The findings consistently indicate that the overexpression of RBM14 substantially augments the 
migratory and invasive capacities of MG63 cells in comparison to the control group (***, P<0.001). The aforementioned results emphasize 
the significant impact of RBM14 in facilitating the migratory and invasive characteristics of OS cells, hence underscoring its importance in 
driving the aggressive behavior of these cells. **, P<0.01; ***, P<0.001. RBM14, RNA binding motif protein 14; OS, osteosarcoma; CCK8, Cell 
Counting Kit 8; Edu, 5-ethynyl-2'-deoxyuridine. 
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Figure 3 Inhibition of RBM14 suppresses proliferation, migration, and invasion of OS cells. In order to examine the impact of RBM14 
knockdown on the proliferation, migration, and invasion of OS cells, the study utilised a range of experimental methodologies. (A) Western 
blot analysis was performed in order to evaluate the expression levels of RBM14 in OS cell lines subsequent to the knockdown of RBM14. The 
findings of this study indicate a statistically significant reduction in the expression of RBM14 in the group where RBM14 was knocked down, as 
compared to the control group. (B,C) The research employed the CCK8 assay, a commonly employed technique for assessing cellular viability, 
to assess the influence of RBM14 knockdown on the proliferation of OS cells. The measurements of absorbance at a wavelength of 450 nm were 
utilised as a means to assess the vitality of the cells. The results demonstrated a significant decrease in absorbance values within the RBM14-
knockdown group as compared to the control group. This suggests a decrease in cell viability and hindered proliferation. The results of this 
study highlight the suppressive impact of RBM14 knockdown on the proliferation of OS cells. (D,E) In order to conduct a more comprehensive 
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examination of the impact of RBM14 knockdown on the DNA replication activity within OS cells, the study utilised the Edu proliferation 
assay. The cell nucleus were stained with EdU (Hoechst 33342). EdU ratio (edu/dapi_100%) was recorded under fluorescence microscope 
(Zeiss, 1:100 magnification). The results of the statistical analysis indicated a statistically significant decrease in cell proliferation in the group with 
RBM14-knockdown in comparison to the control group. The present study revealed a statistically significant difference (***, P<0.001) in OS cell 
proliferation, indicating the inhibitory effect of RBM14 knockdown. (F,G) The study employed transwell migration and invasion tests to investigate 
the effects of RBM14 knockdown on the migratory and invasive capabilities of OS cells. Cells on the Transwell membrane were stained with 0.5% 
crystal violet. Subsequently, images were captured using a microscope at a magnification of ×10. The findings presented in Panel F indicate that the 
migratory and invasive capabilities of OS cells were significantly diminished following RBM14 knockdown, as observed in the transwell migration 
and invasion assay. This reduction was found to be statistically significant when compared to the control group (***, P<0.001). In a similar vein, 
the effects of RBM14 knockdown on an additional OS cell line were examined by Panel G, employing same techniques. Once more, the findings 
demonstrated a noteworthy suppressive impact of RBM14 depletion on the migratory and invasive capacities (***, P<0.001). The aforementioned 
results underscore the significant contribution of RBM14 in facilitating the proliferation, migration, and invasion of OS cells. Additionally, they 
provide evidence that the suppression of RBM14 can effectively impede these biological processes. **, P<0.01; ***, P<0.001. RBM14, RNA binding 
motif protein 14; OS, osteosarcoma; CCK8, Cell Counting Kit 8; Edu, 5-ethynyl-2'-deoxyuridine. 
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Figure 4 Study selection process. The pipeline of GSEA used to identify RBM14-regulated activated or inhibited genes and gene sets. RBM14, 
RNA binding motif protein 14; DEGs, differential expression genes; GSEA, gene set enrichment analysis; KEGG, Kyoto Encyclopaedia of 
Genes and Genomes; GO, Gene Ontology; BP, biological process; MF, molecular function; CC, cellular component.

(Figure 5A,5B). Additionally, we obtained RNA-seq sequencing 
data for 3048 perturbed genes from the GPSAdb, which 
included 1458 perturbed genes. Through differential 
analysis of these perturbed genes, we discovered 158 
downregulated perturbed genes and 48 upregulated 

perturbed genes that were under the control of RBM14. 
Based on this differential analysis, we established a 
collection of upregulated genes known as the Perturbation 
Gene Upsets, as well as a set of downregulated genes 
referred to as the Perturbation Gene Downsets, both 
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Figure 5 RBM14-regulated activated or inhibited genes and gene sets. (A,B) The RNA-seq data analysis was conducted on cells that were 
either overexpressing RBM14 (referred to as RBM14-OE) or cells in which RBM14 was knocked down (referred to as si-RBM14). This study 
facilitated the identification of genes that exhibited differential expression, commonly referred to as DEGs. To acquire the genes that were 
elevated by RBM14 overexpression, we identified the intersection between the upregulated genes and the downregulated genes upon RBM14 
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of which constitute the Perturbation Gene Regulatory 
Network.

Subsequently, we conducted a GSEA using these gene 
sets to explore the genes whose expression levels were 
affected by RBM14 knockdown or overexpression. This 
investigation allowed us to identify disrupted genes and 
gene sets that RBM14 has the potential to activate or 
inhibit (Table 1). Specifically, within the dataset of RBM14 
upregulated perturbed genes, we defined a gene set as 
being active under RBM14 regulation if the Perturbation 
Gene Upsets were triggered upon RBM14 overexpression 
and suppressed upon RBM14 knockdown. In other words, 
the Perturbation Gene Upsets were activated by RBM14 
overexpression and inhibited by RBM14 knockdown. 

Similarly, in the context of the Perturbation Gene 
Downsets, we considered a gene set to be suppressed under 
RBM14 regulation if it was repressed following RBM14 
overexpression but activated after RBM14 knockdown. 
Likewise, within the dataset of RBM14 downregulated 
perturbed genes, we defined a gene set as being suppressed 
under RBM14 regulation if the Perturbation Gene Upsets 
were inhibited by RBM14 overexpression and activated by 
RBM14 knockdown. 

Finally, we found two genes (TCF4 and ANXA4) that 
were affected by RBM14’s activation, as well as six gene 

sets that were affected by RBM14’s activation: TCF4_
upset, ANXA4_upset, CEBPZ_downset, DOT1L_downset, 
PPM1G_downset, and FOSL1_downset. In addition, we 
found that RBM14 decreased the expression of 4 disrupted 
genes (CEBPZ, DOT1L, PPM1G, and FOSL1) and 6 
perturbed gene sets (TCF4_downset, ANXA4_downset, 
CEBPZ_upset, DOT1L_upset, PPM1G_upset, and FOSL1_
upset). After then, we analysed the survival of the RBM14-
regulated genes that had been altered before in relation to 
OS (Figure 5C). TCF4, which is a gene that is triggered by 
RBM14, was found to have a strong link with the prognosis 
of OS patients once the findings were analysed. FPSL1 
and DOT1L revealed substantial connections with the 
prognosis of OS patients. On the other hand, the RBM14-
suppressed gene collection contained genes that showed no 
such associations. An upset plot (Figure 5D,5E) was used to 
visualize the total amount of genes that were shared by both 
these two affected gene sets. 

Functional enrichment and protein network analysis 
reveals the potential regulatory molecular mechanisms of 
RBM14

In order to gain a deeper understanding of the molecular 
pathways that are controlled by RBM14, we carried out GO 

knockdown. These genes are referred to as RBM14 upregulated genes or DEGs upregulated by RBM14. In a similar vein, the genes that were 
downregulated as a result of RBM14 overexpression were compared with the genes that were upregulated upon RBM14 knockdown. This 
comparison allowed for the identification of the RBM14 downregulated genes, which are genes that are downregulated by RBM14. (C) A 
survival analysis was conducted on the genes that were affected by the activation or inhibition of RBM14. The objective of this investigation was 
to examine the potential association between these genes and patient survival outcomes in OS. (D,E) The investigation focused on analysing 
the gene distribution patterns of the gene sets that were altered by RBM14, namely those that were either activated or inhibited. These profiles 
offer valuable insights on the distributions of the detected gene sets throughout OS, hence enhancing our comprehension of the potential 
associations that exist between these gene sets. RBM14, RNA binding motif protein 14; OS, osteosarcoma; RBM14-OE, overexpression of 
RBM14; si-RBM14, expression knocked-down of RBM14; DEGs, differential expression genes. 

Table 1 GSEA identifies RBM14-regulated upregulated and downregulated genes and gene sets

Perturbation genes 
regulated by RBM14

Up or down geneset regulated 
by perturbation gene

GSEA results* Genes and gene sets  
activated/inhibited by RBM14Overexpression RBM14 Knocked-down RBM14

Upregulated 
perturbation gene

Perturbation gene upsets NES >0 NES <0 Activated

Perturbation gene downsets NES <0 NES >0 Inhibited

Downregulated 
perturbation gene

Perturbation gene upsets NES <0 NES >0 Inhibited

Perturbation gene downsets NES >0 NES <0 Activated

GSEA results*: all GSEA enriched gene sets meet adj.P value <0.05. GSEA, gene set enrichment analysis; RBM14, RNA binding motif 
protein 14; NES, normalized enrichment score.
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and Kyoto Encyclopaedia of Genes and Genomes (KEGG) 
enrichment studies on the altered gene sets that had either 
been activated or inhibited. On the RBM14-activated gene 
sets that were disrupted, we carried out GO enrichment 
analysis (which included Biological Process, Molecular 
Function, and Cellular Component) as well as protein-
protein interaction network analysis, as can be shown in 
Figure 6A,6B. The most significantly enriched GO terms 
were “response to hormone”, “kidney development”, “tube 
morphogenesis”, and “extracellular matrix”, followed by 
“enzyme-linked receptor protein signalling pathway”. In 
addition, “p53 signalling pathway”, “Hepatitis B”, “Prostate 
cancer”, “Pathways in cancer”, and “Hippo signalling 
pathway-multiple species” were the top five enriched terms 
in the results of the KEGG pathway analysis (Figure 6C,6D). 
After that, we repeated the previous step with the RBM14-
inhibited, perturbed gene sets and got the same results. 
The terms “ribonucleoprotein complex biogenesis”, 
“ribosomal large subunit biogenesis”, “focal adhesion”, “90S 
preribosome”, and “snoRNA binding” were the top five 
enriched GO terms (Figure 6E,6F). “Ribosome biogenesis 
in eukaryotes”, “Pathogenic Escherichia coli infection”, 
“Focal adhesion”, “Nucleocytoplasmic transport”, 
and “Spliceosome” were some of the enriched KEGG 
terms (Figure 6G,6H). It is interesting to note that while 
conducting the enrichment analysis described above, we 
came to the conclusion that the Hippo signalling pathway 
is enriched in the RBM14 activated or inhibited perturbed 
gene sets. This lends credence to the idea that there is a 
close connection between this pathway and the regulation 
molecular processes of RBM14.

Discussion

RBM14 is an RNA binding protein that plays a significant 
part in the development and progression of several different 
types of cancer. It does this by controlling the production 
of downstream genes of interest and modifying erratically 
stimulated signaling pathways, which in turn influences 
the proliferation and metastasis of tumour cells (26). On 
the contrary hand, it is not yet known whether RBM14 
demonstrates a similarly important role in OS. In light of 
this, we decided to carry out an exhaustive investigation 
of the biological processes and activities of RBM14 in OS. 
According to the results of our investigation, RBM14 is 
significantly expressed in OS tissues and cells and correlated 
with the likelihood of survival of people who have OS. The 
overproduction of RBM14 in OS cells has been shown to 

considerably boost OS cell proliferation, migration, and 
invasion, whilst the knockdown of RBM14 in OS cells has 
been demonstrated to significantly reduce these processes. 
Based on these data, RBM14 may provide an intriguing 
target for the treatment of OS because it appears to play 
an important part in the disease’s progression. It is possible 
that advances in the clinical management of OS will 
become possible as a result of further research into the 
molecular regulatory mechanisms of RBM14 in OS and the 
development of therapeutic techniques targeting RBM14. 

Initial investigations suggest that RBM14 plays a 
role in the regulation of a variety of physiological and 
pathological processes. RBM14, for example, is an example 
of a new inhibitor of the assembly of the centrosomal 
protein complex. Through the activity of the STIL/CPAP 
complex, the loss of RBM14 in human cells can induce 
ectopic development of the centrosomal protein complex, 
which can lead to genomic instability and cancer (41). 
According to the findings of another study, RBM14 is an 
essential factor in the maturation process of oocytes. When 
RBM14 is knocked down, the oocyte’s -tubulin can become 
too acetylated, which can alter the spindle’s shape and the 
alignment of the chromosomes. This can lead to spindle 
abnormalities and chromosomal abnormalities throughout 
the maturation process of the egg. According to the findings 
of this investigation, RBM14 could serve both as a possible 
biomarker of oocyte quality and as a new therapeutic target for 
treating females whose oocytes do not mature properly (42).  
In addition to this, RBM14 is an essential factor in the 
embryonic stem cells’ (ESCs) capacity to preserve their 
pluripotency and initiate differentiation at an early stage. 
Mouse embryonic stem cells (mESCs) have their gene 
expression profile changed when RBM14 is depleted. 
This leads to the downregulation of genes associated 
with pluripotency as well as genes implicated in the Wnt 
and TGF-signalling pathways, which in turn affects the 
pluripotency and differentiation of mESCs (43). Based 
on these findings, it appears that a defect in RBM14 plays 
an important part in both physiological and pathological 
processes, and that it is a significant target in the biological 
processes that were previously discussed. However, our 
understanding of the role that RBM14 plays in tumours is 
still in its infancy at this point.

Recent findings point to the possibility that RBM14 plays 
a role in the DNA damage response (DDR). Defects in the 
DDR are linked to a number of illnesses, including cancer 
and neurological conditions. According to the findings of 
this research, RBM14 has the ability to efficiently recruit 
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Figure 6 Functional enrichment and protein network analysis. (A-D) In order to obtain additional knowledge regarding the potential molecular 
mechanisms underlying RBM14’s control of malignant characteristics in osteosarcoma, we conducted a GO enrichment analysis on the 
gene sets that were activated (A,B) or inhibited (C,D) by RBM14. The present investigation incorporated the utilisation of GO enrichment 
analysis to examine BP, MF, and CC. Through the analysis of the enrichment of these gene sets under certain GO categories, we can elucidate 
the functional annotations and biological processes that are linked to the effects mediated by RBM14 in OS. (E-H) In addition to the GO 
enrichment analysis, KEGG pathway enrichment analysis was conducted on the gene sets activated (E,F) or inhibited (G,H) by RBM14. This 
study facilitates the investigation of the molecular pathways that could potentially play a role in the regulation of malignant phenotypes in 
osteosarcoma by RBM14. Through the identification of enhanced KEGG pathways, a deeper understanding can be obtained of the precise 
molecular mechanisms and signalling pathways by which RBM14 exerts its impact in OS. RBM14, RNA binding motif protein 14; OS, 
osteosarcoma; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological process; MF, molecular function; CC, 
cellular component. 
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XRCC4 and XLF to chromatin in the event that DNA has 
been damaged. This has the impact of controlling non-
homologous end joining (NHEJ) and influencing DNA 
damage repair (44). Further investigation has revealed 
that the radioresistance and recurrence of glioblastoma 
multiforme (GBM) tumours are caused, at least in part, 
by the preferential activation of stemness and DDR in 
the tumor-initiating cells of the cancer. Controlling the 
DNA-PK-dependent NHEJ pathway is one method that 
RBM14 can facilitate the repair of DNA. These findings 
shed light on a previously unknown role of the RNA-binding 
protein RBM14, which is the regulation of DNA repair and 
the maintenance of cells that can initiate tumours. Targeting 
the pathways that are dependent on RBM14 might stop the 
growth of new tumours and put an end to this fatal disease (45). 

In the study that we did on OS, we used data from 
sample sequencing to investigate possible target molecules 
and regulatory pathways of RBM14 in patients with 
metastatic disease. Our research suggests that RBM14 may 
influence the growth of malignant cells in OS via modifying 
the Hippo signalling system. In order to elucidate RBM14’s 
molecular regulation mechanism and provide a theoretical 
and experimental basis for targeted treatment and clinical 
application of RBM14 in OS, further research into the 
molecular mechanisms that underlie the functions that these 
molecules play in OS is required.

Translating the findings regarding RBM14-targeted 
therapies into clinical practice poses several challenges that 
need to be addressed. Firstly, there is a need to establish the 
safety and feasibility of these therapies through meticulous 
validation studies (46). This involves conducting rigorous 
research with larger sample sizes to substantiate the 
effectiveness and potential risks associated with RBM14-
targeted treatments. However, acquiring a larger sample size 
can be challenging due to the inclusion of diverse patient 
populations. Variations in age, sex, genetic background, 
and disease subtypes introduce complexities in data 
analysis and interpretation, requiring careful consideration 
during the validation process. Additionally, ensuring the 
reproducibility of results is crucial. Independent replication 
studies, standardized protocols, and stringent experimental 
designs are necessary to validate the findings and confirm 
the efficacy of RBM14-targeted therapies. Reproducibility 
not only strengthens the reliability of the research but also 
enhances the generalizability of the findings to broader 
patient populations. Furthermore, in the case of targeting 
RBM14 in OS, several challenges may arise during the 
translation process. One challenge is the development of 

effective delivery methods to specifically target RBM14 in 
tumor cells while minimizing off-target effects. Additionally, 
understanding the potential resistance mechanisms that 
may arise during treatment is important for developing 
strategies to overcome or prevent resistance. In essence, 
tackling the obstacles inherent in the translation of research 
findings, encompassing aspects like delivery modalities and 
resistance mechanisms, alongside the exploration of novel 
research avenues, will undoubtedly foster the advancement 
of targeted therapies for OS and conceivably other 
malignancies.

In conclusion, RBM14 unquestionably plays a pivotal 
role in the development of OS, which is a pathological 
process. The therapeutic targeting of this protein holds 
tremendous potential for the effective treatment of OS 
and other malignancies that are connected with it. We may 
anticipate the development of cancer therapy strategies that 
are both more effective and more specific as research into 
RBM14 and its mechanisms of action in cancer continues 
to progress at a deeper level. This will be excellent news 
for a very large number of people, and it will also make 
significant contributions to the advancement of both 
medicine and science.

Conclusions

Our findings imply that RBM14 serves as an activator in OS 
and exerts a major impact on boosting cellular proliferation, 
migration, and invasion. In a nutshell, these are the 
conclusions that we have drawn from our research. By 
altering the Hippo signalling system, RBM14 may be able 
to modulate the malignant phenotype of OS at the cellular 
level. 

These discoveries highlight the potential significance of 
RBM14 as an appealing therapeutic target for the treatment 
of OS and its management. We may be able to develop 
unique and highly successful therapeutic techniques for 
patients suffering from OS if we focus our attention on this 
protein.
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Supplementary

Figure S1 Western blot analysis of RBM14 overexpression or knockdown. We performed protein-level detection in U2 and MG63 cells 
by either overexpressing or knocking down RBM14. The Western blot (WB) method was employed, with GAPDH protein serving as 
the internal reference control. The following are the results under each experimental condition. (A,B) In U2OS cells, we observed the 
overexpression of RBM14 protein (band A) and detected GAPDH protein as an internal loading control in the same sample (band B). (C,D) 
In MG63 cells, we observed the expression of RBM14 protein (band C) and detected GAPDH protein as an internal loading control in 
the same sample (band D). (E,F) In U2OS cells, we observed the knockdown of RBM14 protein (band E) and detected GAPDH protein as 
an internal loading control in the same sample (band F). (G,H) In MG63 cells, we observed the knockdown of RBM14 protein (band G) 
and detected GAPDH protein as an internal loading control in the same sample (band H). RBM14, RNA binding motif protein 14; OS, 
osteosarcoma; GAPDH, glyceraldehyde 3-phosphate dehydrogenase. 


