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Abstract: Objective: To explore the genetic alterations, pathobiological functions, and downstream molecular me-
diators of RBM10 in endometrial cancer (EC) cells. Methods: Targeted sequencing and The Cancer Genome Atlas
(TCGA) dataset analysis were performed. Following knockout (KO) or exogenous overexpression of RBM10 in EC
cell lines, the biological functions and underlying mechanism of RBM10 in EC cells were evaluated by Western blot,
gRT-PCR, CCK-8, Transwell, RNA-sequencing (RNA-seq), and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis. Results: RBM10 mutation was present in a subset of ECs. RBM10 KO EC cells showed
increased growth, migration, and invasion, compared to parental cells. Conversely, RBM10 overexpression reduced
EC cell growth, migration, and invasion. KEGG pathway enrichment analysis showed that the expression of the
Hippo-YAP pathway downstream targets was markedly upregulated in RBM10 KO EC cells. Mechanistically, RBM10
suppressed Yes Kinase-associated Protein (YAP) activity by promoting YAP phosphorylation. Conclusion: RBM10
acts as tumor suppressor in EC by modulating the Hippo-YAP signaling pathway.
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Introduction

Endometrial cancer (EC) is a prevalent malig-
nancy in the female reproductive system, repre-
senting approximately 4.8% of all systemic
tumors in women [1]. The most common symp-
tom of the disease is irregular vaginal bleeding.
The average age of onset is 60 years old. It is
considered to mainly occur in postmenopausal
women, with around 14% of cases occurring in
premenopausal women, and 5% younger than
40 years old [1-3]. About 75% of the patients
are diagnosed early in stage FIGO or stage Il,
and the 5-year survival rate is about 74-91%
[4]. With the improvement of economic condi-
tions and the prolongation of the average life
span of the patients, the incidence rate of EC
has been rising annually [5]. In 2020, there
were 81,964 new cases of EC and 16,607
deaths reported in China [6]. Although the mor-
tality of EC can be effectively controlled and
reduced through early diagnosis, surgery and

chemotherapy, middle and advanced EC or che-
motherapy insensitive tumors still have a low
five-year survival rate [7]. Given this low five-
year survival rate, the development of new ther-
apeutic strategies for EC is urgently required.

RNA-binding motif protein 10 (RBM10), a mem-
ber of the RNA binding protein (RBP) family,
plays a crucial role in RNA splicing and gene
expression regulation [8]. RBM10 has a total
length of nearly 3500 bp and is divided into 24
exons, which is translated into a protein con-
taining 930 amino acids [8]. RBM10 is abnor-
mally expressed in cancers such as lung can-
cer, breast cancer, colorectal cancer, EC, cer-
vical cancer, and osteosarcoma [9]. Traditionally,
RBM10 is considered a tumor suppressor, pro-
moting apoptosis via p53, Bcl-2, Bax, and other
proteins, and inhibiting proliferation through
the Notch and Rapla/Akt/CREB pathways [10,
11]. Recently, it was demonstrated that RBM10
can also inhibit colonization [12]. Mutations in
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RBM10 cause TARP syndrome, a rare X-linked
syndrome often resulting in pre- or post-natal
lethality in affected males, indicating that RB-
M10 plays an important role in fetal develop-
ment [13]. RBM10 is reported to be mutated in
many types of tumors. For example, RBM10 is
mutated in nearly 7% of lung adenocarcinoma,
and the mutation rate in advanced lung adeno-
carcinoma reaches 21% [14]. Mutations in
RBM10 have also been found in pancreatic du-
ctal papillary mucinous gland tumors, pancre-
atic ductal adenocarcinoma, rectal cancer, and
undifferentiated thyroid cancer [10, 15-17].
The high occurrence of nonsense and frame-
shift mutations suggests RBM10’s potential
role as a tumor suppressor in EC. However, the
mechanisms of RBM10 mutation-induced tu-
morigenesis remain largely unknown.

In the present study, RBM10 mutation in EC
was examined by the targeted sequencing of
EC specimens. The biological function and un-
derlying molecular mechanisms of RBM10 in
the proliferation, migration and invasion of EC
cells were evaluated.

Materials and methods
Cell culture

Ishikawa, KLE, RL95-2, Hec-1A and Hec-1B
were purchased from American Type Culture
Collection or Shanghai Cell Bank. Ishikawa,
KLE, and RL95-2 cells were cultured in RPMI
1640 medium, while Hec-1A and Hec-1B cells
were cultured in Ham’s F12 nutrient medium
supplemented with 10% fetal bovine serum
(FBS; Thermo), 1% penicillin, and 1% streptomy-
cin at 37°C in a humidified incubator with 5%
CO,.
Construction of RBM10 knockout Ishikawa and
KLE cell lines

CRISPR/Cas9-mediated gene knockout was
conducted in Ishikawa and KLE cell lines. Guide
oligos targeting RBM10 were subcloned into
the pX459 plasmid (Addgene). The sgRNA con-
struct was transfected into the cells for 24 hou-
rs, followed by culture in 1 pg/ml puromycin for
3 days. Surviving cells were isolated as mono-
clonal cell lines in a 96-well plate by limited
dilution. Knockout (KO) cell clones were identi-
fied via Western blot and validated by Sanger
sequencing. The sequences of sgRNA and pri-
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mers for the amplification of the RBM10 gene’s
sgRNA-targeted sequence are listed in Supple-
mentary Table 1.

Quantitative reverse transcription-polymerase
chain reaction (QRT-PCR)

RBM10 expression levels in EC cell lines were
measured. Total RNA extracted using TRIzol re-
agent (Tiangen, China) was reverse-transcribed
into cDNA using miRNA-specific RT primers
(Thermo Fisher) and MultiScribe Reverse Tran-
scriptase (Thermo Fisher). qRT-PCR was con-
ducted with a TagMan miRNA gRT-PCR assay
(Applied Biosystem) using the ABI-Prism 7300
System (Applied Biosystem). GAPDH (Thermo)
was the internal control, and RBM10 expres-
sion was analyzed using the 2-AACt method.
Primers used in this study are shown in Sup-

plementary Table 2.

Doxycycline inducible expression of exogenous
RBM10

EC cell lines were infected with pGLV-FLAG-
RBM10 Ilentivirus in the presence of polybrene
(8 pg/ml) for 48 hours, and cells were selected
with puromycin (1.5 pg/ml) for 2 weeks to gen-
erate stable cell lines. Inducible FLAG-RBM10
expression was achieved by adding doxycycline
(DOX, 10 ng/ml) to the media for 24 hours.

Western blot

Total proteins were extracted from EC cell lines
using Radio Immunoprecipitation Assay (RIPA)
lysis buffer (Thermo). The supernatant was col-
lected after centrifugation at 12,000xg for 10
minutes at 4°C. Protein concentration was me-
asured using the Pierce BCA Protein Assay kit
(Thermo), and 30 ug of protein were separated
on a 12.5% SDS-PAGE gel and transferred to
a polyvinylidene fluoride (PVDF) membrane
(Thermo). The membrane was blocked with 5%
Bovine Serum Albumin (BSA) at 25°C for 2
hours, then incubated with primary antibodies:
RBM10 (1:1,000), phosphorylated YAP (p-YAP;
1:1,000), and GAPDH (1:1,000) overnight at
4°C. Secondary antibody incubation (1:3,000)
followed at 37°C for 2 hours. All antibodies
were from Proteintech Group, Inc. The immu-
noreactivity was visualized using Enhanced
Chemiluminescence (ECL) (Beyotime). Protein
density was normalized to GAPDH and quanti-
fied using ImageJ software 4.6 (National In-
stitutes of Health, Bethesda, MD, USA).
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Cell proliferation assay

Cell proliferation was assessed using the CCK-
8 Kit (Dojindo) following the manufacturer’s
instructions. Cells (1x102 cells/ml) were seed-
ed in 96-well plates. At various time points, 10
ul CCK-8 solution was added to each well for 2
hours at 37°C. Optical density at 450 nm was
recorded using a Multimode Plate Reader (Mo-
lecular Devices). Each treatment was perfor-
med in triplicate, and experiments were repeat-
ed three times.

Cell invasion and migration assays

Transwell chambers with and without Matrigel
coating were used to assess cell migration and
invasion. EC cell lines (1x10%/ml) were placed
into the upper chamber with a non-coated me-
mbrane for migration assays and in serum-free
medium for invasion assays. Cells were trans-
ferred to the tops of BD BioCoat Matrigel In-
vasion Chambers (BD Biosciences) as per the
manufacturer’s instructions. Cells were stained
with crystal violet solution (1%) for 30 minutes
at room temperature. Tumor cell invasion and
migration were counted in at least three ran-
domly stained fields per membrane under a
microscope.

Targeted sequencing of samples from EC
patients

Endometrioid adenocarcinoma samples from
2015 to 2018 were collected. The primary tis-
sue and blood samples were from EC patients
who had not undergone radiotherapy or chemo-
therapy. Genomic DNA was extracted, and 99
formalin-fixed, paraffin-embedded (FFPE) EC sp-
ecimens were collected for targeted sequenc-
ing. Targeted next-generation sequencing was
conducted usinga 520-gene panel (OncoScreen
Plus, Burning Rock Biotech) to identify genetic
alterations related to cancer development and
targeted therapy. An average reading depth of
1000x was produced on a MiSeq platform
(Illumina, USA). Sample collection was approved
by the ethics committee of Tongji University.

Bioinformatics analyses

Bioinformatics analyses of the EC from TCGA
dataset was performed. The potential prognos-
tic value of RBM10 mutations in EC was evalu-
ated. Total RNA of cell samples was extracted.
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Transcriptome libraries were constructed using
the NEBNext Ultra RNA Library Prep Kit and
sequenced on the Illumina NovaSeq platform
with paired-end 150 bp reads, yielding approxi-
mately 50 million reads per sample. Raw data
quality was assessed with FastQC, and low-
quality reads (bases with quality scores <20
and reads shorter than 50 bp) as well as adapt-
ersequences were removed using Trimmomatic.
The cleaned reads were aligned to the human
reference genome (GRCh38) using HISAT2,
achieving alignment rates exceeding 95%.
Gene expression levels were quantified us-
ing FeatureCounts, and differential expression
analysis was performed with DESeq2 (Fold
Change >2, FDR <0.05). Subsequently, KEGG
enrichment analyses of the differentially ex-
pressed genes were conducted using cluster-
Profiler, and heatmaps were generated to visu-
alize gene expression patterns. GSEA analysis
of the hippo signal pathway-related gene signa-
ture in wild-type and RBM10 KO Ishikawa cells
was performed as well.

Statistical analysis

Statistical Product and Service Solutions (SP-
SS) version 18.0 was used for data analysis.
Counting data were expressed as percentages,
and measurement data were described as
mean * standard deviation (SD). The t-test,
one-way ANOVA or Repeated measures ANOVA
followed by Bonferroni analysis were adopted
for data analysis. A P value <0.05 was consid-
ered significant.

Results
RBM10 is mutated in EC

Firstly, 99 primary EC specimens of patients
without chemotherapy in our hospital were col-
lected and sequenced. By targeted sequenc-
ing, we obtained 312 genes of whole exome
sequence and 208 genes of mutation sites in
hotspot mutation regions. Particularly, we fo-
und the genetic alternation of RBM10 was ob-
served in 9% of ECs, including 2 inframe muta-
tions and 7 missense mutations (Figure 1A).
Then, we performed bioinformatics analyses of
the EC samples from the TCGA dataset. A total
of 45 RBM10 mutations occurred in 546 EC tis-
sues (8.2%), including 40 missense mutations
(7.3%), 3 truncating mutations (0.5%), and 2
splice mutations (0.4%) (Figure 1B). We evalu-
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Figure 1. RBM10 mutation and prognostic value in the EC patients from TCGA database. A. Targeted next-generation
sequencing (lllumina) was performed on 99 EC patients without chemotherapy, and RBM mutation on these pa-
tients was analyzed. B. Positions of individual somatic mutations of RBM10 in EC patients from TCGA database.
C. KM survival curves of RBM10-mutated and wild-type EC patients. D. The mRNA expression of RBM10 in EC
tumor tissues and its adjacent normal tissues. E. KM survival curves of RBM10-high and -low mRNA expressed EC
patients. F. The co-occurrence of RBM10 mutation and EC histological grade in the EC patients from TCGA data-
base. G. The co-occurrence of RBM10 mutation and POLE mutation in the EC patients from TCGA database. H. KM
survival curves of RBM10-mutated and wild-type cohorts of EC patients with wild-type POLE. I. KM survival curves
of RBM10-mutated and wild-type cohorts of EC patients with POLE mutation. Note: EC: Endometrial cancer; TCGA:

The Cancer Genome Atlas.

ated the potential prognostic value of RBM10
mutations in EC and found that EC patients
with RBM10 mutations appeared to have a bet-
ter prognosis than patients without RBM10
mutations in their long-term survival cohorts,
though statistics was not significant (P=0.731,
Figure 1C). Meanwhile, there was no significant
difference in the RBM10 mRNA level between
EC and the adjacent normal tissues (Figure
1D). The mRNA expression level of RBM10 was
not correlated with the overall survival of EC
patients (Figure 1E). Moreover, RBM10 muta-
tion was more frequently observed in grade 3
(G3) and high-grade EC patients, while patients
without RBM10 mutations had a higher chance
for diagnosis with ECs of grade 2 (G2) and
grade 1 (G1) (Figure 1F). Previous study report-
ed that survival benefit was found in EC tumors
with  POLE mutations when compared with
other EC subtypes. We also observed the co-
occurrence of RBM10 and POLE mutations in
EC patients (Figure 1G). However, RBM10 mu-
tation was not a favorable factor in both the
POLE wild-type (Figure 1H, P=0.802) and POLE
mutations (Figure 1l, P=0.945). Collectively,
these data indicate that RBM10 is mutated in
subset of ECs, and its clinical prognostic value
in ECs requires further investigations.

Expression of RBM10 protein in EC cell lines

To explore the effect of RBM10 on the pheno-
type of EC cells, five EC cell lines including
Ishikawa, KLE, RL95-2, Hec-1A and Hec-1B
were collected. Then, protein expression of
RBM10 was measured by Western blot. As
shown in Figure 2A, RBM10 was ubiquitously
expressed in all tested EC cell lines. The high-
est protein expression of RBM10 was found in
Ishikawa and KLE cells, while lowest protein
expression of RBM10 was found in Hec-1B
cells. Therefore, we chose Ishikawa and KLE
cells for RBM10 KO and Hec1-B cells for RBM10
overexpression.
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Construction of RBM10 knockout Ishikawa and
KLE cell lines

We constructed RBM10 KO Ishikawa (sg-
RBM10#1 and sg-RBM10#2) and KLE cell lines
(sg-RBM10#3) using the CRISPR/Cas9 meth-
ods. Western blot results showed that RBM10
protein was significantly reduced in KO cell
lines (Figure 2B). The RBM10 mRNA levels were
also significantly decreased in KO cell lines
(Figure 2C). Then, we extracted the genomic
DNA in the RBM10 KO Ishikawa cells, designed
primers according to the target sequences of
two RBM10 sgRNAs, and performed Sanger
sequencing to confirm that we have knocked
out the RBM10 fragment at the gene level. The
results showed that the knockout strain sg-
RBM10#1 lost 28 bases and sg-RBM10#2 lost
8 bases, all of which caused frameshift muta-
tion (Figure 2D, 2E). The above results indicat-
ed that we had successfully obtained two
RBM10 KO Ishikawa cells. RBM10 KO KLE cell
line (sg-RBM10#3) was also constructed. Wes-
tern blot, gRT-PCR and Sanger sequencing con-
firmed RBM10 knockout at protein level (Figure
3A), mRNA level (Figure 3B), and genomic DNA
level (Figure 3C, 3D).

Exogenous RBM10 can be induced by DOX in
EC cell lines

Exogenous RBM10 expression was induced by
DOX in RBM10 KO Ishikawa cells and Hec-1B
cells with low RBM10 expression. Western blot
confirmed that the high expression level of
exogenous RBM10 was induced by DOX in both
RBM10 KO Ishikawa cells (Figure 4A) and | Hec-
1B cells (Figure 5A).

Effect of RBM10 on EC cell growth
In order to explore the biological functions of

RBM10 in EC cells, the effect of RBM10 on ce-
Il growth of EC cell lines was determined by
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Figure 2. Identification of RBM10 knockout Ishikawa cell line. A. Expression of RBM10 protein in endometrial cancer cell lines, including Ishikawa, KLE, RL95-2,
Hec-1A and Hec-1B (Western blot). B. Expression level of RBM10 protein in two RBM10 knockout Ishikawa cells (Western blot). C. The expression of RBM10 mRNA in
two RBM10 knockout Ishikawa cells (QRT-PCR). D, E. DNA base deletion of two RBM10 knockout Ishikawa cells (Sanger sequencing). Note: Compared with parental
group, “"P<0.001.
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Figure 3. Identification of RBM10 knockout KLE cell line. A. The expression level of RBM10 protein in RBM10 knock-
out KLE cells (Western blot). B. The expression of RBM10 mRNA in RBM10 knockout KLE cells (qRT-PCR). C, D. DNA
base deletion of RBM10 knockout KLE cells (Sanger sequencing). Note: Compared with parental group, “*"P<0.001.

CCK-8 method and colony formation assays.
Compared with wild-type EC cells, the prolifera-
tion ability (Figure 4B, 4C) and the number of
clones (Figure 4F, 4G) was significantly en-
hanced in RBM10 KO Ishikawa and KLE cell
lines (all P<0.01). In addition, we found that
after exogenous induction of RBM10 expres-
sion in RBM10 KO Ishikawa and KLE cells by
DOX induction, the proliferation ability (Figure
4D, 4E) and the number of clones (Figure 4F,
4G) were down-regulated, similar to those in
wild-type cells (all P<0.01). Similarly, there were
no significant differences in the proliferation
ability (Figure 5B) and the number of clones
(Figure 5D) between non-exogenous induction
of RBM10 expression Hec-1B cells and wild-
type cells. However, after exogenous induction
of RBM10 expression by DOX, the proliferation
ability (Figure 5C) and the number of clones
(Figure 5D) were significantly down-regulated
when compared to those in the wild-type cells
(all P<0.01). Taken together, these data indi-
cate that RBM10 negatively regulates EC cell
growth.
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Effect of RBM10 on migration and invasion of
EC cell lines

The effect of RBM10 on the migration and inva-
sion of EC cells was evaluated following RBM-
10 knockdown or overexpression. The results
showed that compared with wild-type cells, the
migration and invasion ability was markedly
increased in RBM10 KO Ishikawa (Figure 6A,
P<0.01) and KLE (Figure 6B, P<0.01) cells, whi-
le markedly decreased in RBM10-overexpress-
ed Hec-1B cells (Figure 6C, P<0.01). Meanwhile,
after being induced by DOX in RBM10 KO Is-
hikawa (Figure 6A) and KLE cells, the migration
and invasion ability of cells was weakened, sim-
ilar to wild-type cells (all P<0.01) (Figure 6B).
Taken together, these data suggest that RBM10
suppresses EC cell migration and invasion.

Gene expression profile of RBM10 KO EC cell
lines

In order to clarify the molecular mechanisms of
malignant transformation of EC cells induced

Am J Transl Res 2025;17(2):1480-1494
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Figure 4. Effects of RBM10 on growth of endometrial cancer cell lines after RBM10 knockout and overexpression
induced by doxycycline (DOX). A. RBM10 knockout Ishikawa cells were treated with virus and DOX (20 ng/mL) for
24 h, and the expression level of RBM10 protein (Western blot). B, C. The growth of wild-type and RBM10 knockout
Ishikawa cells or KLE cells (CCK-8 assay). D, E. Overexpression of RBM10 of RBM10 knockout Ishikawa cells or KLE
cells induced by DOX (cell growth was measured by CCK-8 assay). F, G. The colony number of cells RBM10 knockout
Ishikawa and KLE cells with or without DOX induction. Note: "**P<0.001; ***P<0.0001; ns: no significance.
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Figure 5. Effects of RBM10 on growth of Hec-1B cells after RBM10 overexpression induced by doxycycline (DOX).
(A) Hec-1B cells were treated with virus and DOX (20 ng/mL) for 24 h, and the expression level of RBM10 protein
was measured by Western blot. (B, C) The proliferation and (D) colony number of Hec-1B cells were measured after
RBM10 overexpression induced by DOX. Note: “"P<0.001; “*P<0.0001; ns: no significance.

by RBM10 KO, we used the mixed cell pool of
wild-type Ishikawa cells and two independent
RBM10 knockout monoclones for transcrip-
tome sequencing to analyze the changes of
MRNA expression profile. Compared with wild-
type cells, a total of 622 protein coding genes
were differentially expressed in RBM10 knock-
out cells (Figure 7A). Among them, 341 genes
were up-regulated (>2-fold) and 281 genes
were down regulated (<2 times). Through clus-
ter analysis of differential genes, we obtained
the signal pathway and biological process aff-
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ected by RBM10 knockout. Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrich-
ment analysis showed that a variety of signal
pathways in RBM10 knockout cells had signifi-
cant changes, including signaling pathways
regulating pluripotency of stem cells, transcrip-
tional misregulation in cancer, focal adhesion,
and Hippo signal pathway (Figure 7B), suggest-
ing that RBM10 was likely to interfere with
these pathways. In this study, we aimed to ex-
plore the potential role of RBM10 in the Hippo/
YAP signaling pathway which has an important

Am J Transl Res 2025;17(2):1480-1494
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Figure 6. Effects of RBM10 on cell migration and invasion in endometrial cancer cell lines. The EC cell lines were
treated with virus and DOX (20 ng/mL) for 24 h, and the migration and invasion of cells was determined in RBM10
knockout Ishikawa cells (A), KLE cells (B), and RBM10 overexpressed Hec-1B cells (C). Note: *"*P<0.001; ns: no

significance.

role in homeostasis and tumorigenesis. Gene
set enrichment analysis (GSEA) suggested that
RBM10 knockout upregulated 23 genes and
downregulated 27 genes that are related to the
hippo signal pathway in Ishikawa cells (Figure
7C, 7D). Taken together, these data suggest
that RBM10 regulates the transcriptional out-
puts of the Hippo/YAP pathway.
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RBM10 KO affects the expression of YAP
target genes

The mRNA expression of Hippo signal pathway-
related genes after RBM10 KO was measured
to confirm the above findings. The transcrip-
tional targets of the Hippo signaling pathway,
including ANKRD1, CTGF, CYR61, THBS1, AR-

Am J Transl Res 2025;17(2):1480-1494
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Figure 7. Gene expression profile of RBM10 knockout EC cell lines. A. RNA-seq analysis of differential genes be-
tween wild-type and RBM10 knockout Ishikawa cells. B. The signal pathway changes mediated by RBM10 knockout
in Ishikawa cells (KEGG pathway enrichment). C. Heatmap showing 23 upregulated genes and 27 downregulated
genes that were related to the hippo signal pathway in Ishikawa cells after RBM10 knockout. D. GSEA analysis of the
hippo signal pathway-related gene signature in wild-type and RBM10 knockout (KO) Ishikawa cells. Note: WT: wild
type; KEGG: Kyoto Encyclopedia of Genes and Genomes; GSEA: Gene Set Enrichment Analysis.

HGAP29, TAGLN, and CDH2, were significantly
upregulated (Figure 8A). Accumulated evidence
has proven the critical roles of the Hippo/YAP
signaling pathway in tumor growth, angiogene-
sis, epithelial-mesenchymal transition (EMT),
and metastatic dissemination. YAP Ser127 ph-
osphorylation has been widely used as an indi-
cator of YAP inactivation. We found that the ex-
pression of p-YAP in the RBM10 KO cell line was
down-regulated, while the expression of p-YAP
increased after exogenous induction of RBM10
expression (Figure 8B), indicating that RBM10
can promote YAP phosphorylation to inactivate
YAP activity. Figure 9 shows a schematic dia-
gram of the effect and molecular mechanism of
RBM10 on EC.

Discussion

Over the last two decades, research has been
conducted to identify biomarkers to predict dis-
ease recurrence and targets in ECs [3-5]. RB-
M10, a member of the RBP family, is reported
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to be involved in different kinds of cancers [9].
In this study, we explored the biological func-
tion of RBM10, and suggests that RBM10 can
suppress EC growth, migration, and invasion
through the Hippo/YAP signaling pathway.

Functional studies have found that the expres-
sion of RBM10 is related to accelerating cell
apoptosis, and reducing cell proliferation, clone
formation, and tumor growth [18-20]. The first
functional study on RBM10 found that the ex-
pression of RBM10 was related to the decre-
ased proliferation and increased apoptosis of
hypertrophic primary chondrocytes [21]. RBM-
10 was further found to inhibit cell proliferation
through either the Notch signaling pathway or
the RAP1/Akt/CREB signaling pathway [20,
22]. Overexpression of RBM10 reduces prolif-
eration and colony formation of osteosarcoma
cells, inhibits migration and invasion by down-
regulating Bcl-2 expression, and upregulating
caspase-3 and TNF-a production [9]. Over-ex-

Am J Transl Res 2025;17(2):1480-1494
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Figure 8. Analysis of the expression of Hippo-YAP pathway target gene. A. The mRNA expression levels of Hippo-YAP
pathway target genes in wild-type Ishikawa cells and RBM10 knockout cells (qRT-PCR). B. The expression of p-YAP in
Ishikawa cells after RBM10 knockout (Western blot). Note: Compared with parental group, “*P<0.001.

Growth
Migration
Invasion

Figure 9. Schematic diagram of the effect and molec-
ular mechanism of RBM10 on endometrial cancer.

pression of RBM10 can reduce the protein lev-
els of EGFR and p-ERK, inhibit the prolifera-
tion and invasion of Hepatocellular carcinomas
[23]. RBM1O is also a new p53 regulator. Over-
expression of RBM10 can reduce the migration
and EMT of tumor cells [24]. However, recent
studies have found that RBM10 may play a can-
cer promoting role in some tumors because
RBM10 is related to the increased expression
of angiogenesis by promoting VEGF [25-27].
RBM5 regulated the expression of RBM10 by
directly acting on specific RBM splice variants
at the post transcriptional level in small cell
lung cancer. RBM10 participates in transcrip-
tion and hypoxia related processes in RBM5 KO
small cell lung cancer cell lines, thus promoting
tumor growth and metastasis. In particular,
RBM10 KO can induce the reduction of glycoly-
sis, EMT, and angiogenesis, which may directly
regulate cell metabolism and oxidative phos-
phorylation [28]. In addition, RBM10 is found to
be involved in inhibiting the invasion and me-
tastasis of lung cancer and liver cancer cells
[14, 29]. RBM10v1 and RBM10v2, sharing 49%
and 54% identity respectively, bind different
RNAs. The variants may exhibit divergent func-
tions; for instance, RBM5-RBM10v2 regulates
cell cycle progression and apoptosis, while RB-
M10v1 inhibits tumor apoptosis in breast can-
cer. The differential proportions of these vari-
ants in tumor cells warrant further investigation
into upstream regulatory mechanisms of RB-
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M10 expression. Our study found that RBM10
knockout can enhance EC cell growth, migra-
tion, and invasion, whereas RBM10 overexpres-
sion suppresses these activities.

The Hippo pathway, an evolutionarily conserved
kinase signaling cascade involving MST and
LATS kinases, phosphorylates and inhibits YAP/
TAZ, promoting cytoplasmic retention [30]. Phy-
siological or pathological inactivation of these
kinases leads to YAP/TAZ dephosphorylation,
nuclear accumulation, and activation of target
gene transcription by binding TEA/ATTS domain
transcription factors (TEAD1-4) [31]. The Hippo
pathway regulates tissue homeostasis, cell pro-
liferation, and apoptosis [32]. Considering the
critical roles of the YAP/TAZ-TEAD complex in
cancer initiation, progression, metastasis, and
recurrence, these proteins and their upstream
regulators can serve as potential therapeutic
targets [33]. Regulation disorder of the Hippo-
YAP/TEAD signal pathway is closely related to
tumorigenesis and progression by affecting cell
proliferation, EMT, migration, and invasion [34,
35]. In the current study, we showed that many
YAP-targeted genes were up-regulated after
RBM10 knockout, and phosphorylation level of
YAP was positively correlated with RBM10 ex-
pression level, suggesting that RBM10 can pro-
mote Yap phosphorylation to activate the Hi-
ppo-YAP signal pathway to achieve growth inhi-
bition. There were also some limitations in this
study. For example, the underlying mechanisms
are still not totally understood. Future studies
are needed to further evaluate the mechanis-
ms.

Conclusions

In conclusion, we found that RBM10 KO incre-
ased EC cells growth, migration, and invasion,
while RBM10 overexpression decreased the
growth, migration, and invasion ability of EC
cells. We further clarified the regulatory roles
of RBM10 in the Hippo/YAP signaling pathway.
Our findings suggest that RBM10 can be used
as a therapeutic target for precise treatment of
EC patients in the future.
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Supplementary Table 1. The sequences of sgRNA and primers for amplification of the sgRNA-target-
ed sequence of the RBM10 gene

Name Sequences (5’ to 3’)
RBM10-sg-1-F CACCGGGTCCCGATAGTCGCCGTCT
RBM10-sg-1-R AAACAGACGGCGACTATCGGGACCC
RBM10-sg-2-F CACCGGCAGCCGAGACCACGACTAC
RBM10-sg-2-R AAACGTAGTCGTGGTCTCGGCTGCC
RBM10-sg-3-F CACCGCGTTCATATCCTCGCGAGTA
RBM10-sg-3-R AAACTACTCGCGAGGATATGAACGC

RBM10-PCMV-FLag-F GCCATGGAGGCCCGAATTCGGATGGAGTATGAAAGACGTACG
RBM10-PCMV-Flag-R GTCTGGATCCCCGCGGCCGCTCACTGGGCCTCGTTGAAGCG
RBM10-PGLV-E-FLAG-F CCTACCCTCGTAAAGAATTCATGGACTACAAGGACGACGATGGAGTATGAAAGACGTACG

RBM10-PGLV-B-R CAGCGAGCTCTAGGGATCCTCACTGGGCCTCGTTGAAGCG

Supplementary Table 2. The primers used in this study

Name Sequences (5’ to 3')
RBM10-F CTCTACTATGACCCCAACTCCCA
RBM10-R GTCCGCCTCTCCCCATCCCA
hmGAPDH-F ATGACATCAAGAAGGTGGTG
hmGAPDH-R CATACCAGGAAATGAGCTTG
CYR6G1-F ATGAATTGATTGCAGTTGGAAA
CYR61-R TAAAGGGTTGTATAGGATGCGA
ARHGAP29-F GGAATCAGAACGCAAGCAAAATGCG
ARHGAP29-R GGGATGCTGATTCAGCCTCTTGG
CTGF-F CCCAAGGACCCAAACCGTG
CTGF-R CTAATCATAGTTGGGTCTGGGC
THBS1-F AGCGTCTTCACCAGAGACCT
THBS1-R CATTCACCACGTTGTTGTCA
ANKRD1-F ACGCCAAAGACAGAGAAGGA
ANKRD1-R TTCTGCCAGTGTAGCACCAG




