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Mechanism of RBM15 in Regulating PD-L1-Mediated Immune 
 Escape in Ovarian Cancer Through the JAK2/STAT3/STAT5 Pathway

Chengju Zhang1 · Tiantian Feng2 · Hu Wang1 · Deng He1 · Xi Wang2 · Shangqi Ni2 · Yuesong Wang3

Abstract

This paper elucidates the role of RNA-binding motif protein 15 (RBM15) in programmed death-ligand 1 (PD-L1)-mediated immune escape in ovarian cancer (OC), 
providing a novel immunotherapeutic strategy. RBM15/circFGFR3/JAK2/STAT3/STAT5 expression was assessed. OC cell progression was analyzed. OC cells 
were co-cultured with CD8+ T cells. The m6A enrichment on circRNA fibroblast growth factor receptor 3 (circFGFR3) was determined. The expression of p-JAK2, 
p-STAT3, and p-STAT5 was investigated. The bindings of circFGFR3 to EIF4A3 and EIF4A3 to JAK2, STAT3, or STAT5 were analyzed. In conclusion, RBM15 
promotes PD-L1-mediated immune escape and accelerates OC progression by upregulating circFGFR3 expression through m6A modification and activating the 
Janus kinase-signal transducer and activator of transcription (JAK/STAT) pathway.
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1. Introduction

Ovarian cancer (OC) persists as one of the most preva-
lent and lethal gynecologic malignancies in women, with 
a steadily increasing global incidence (Webb and Jordan 
2024). Characterized by non-specific early symptoms, OC is 
frequently diagnosed at advanced stages, resulting in chal-
lenges for curative treatment and poor survival outcomes 
in metastatic cases (Stewart et al. 2019). While surgery 
and platinum-based chemotherapy remain frontline thera-
pies, recurrence and chemoresistance plague the majority 
of patients (Kuroki and Guntupalli 2020). Emerging immu-
notherapies, particularly immune checkpoint inhibitors, 
have shown potential in augmenting antitumor immunity by 
disrupting programmed cell death protein 1/programmed 
death-ligand 1 (PD-1/PD-L1) interactions, thereby reactivat-
ing exhausted tumor-infiltrating lymphocytes (Morand et al. 
2021; Peng et al. 2023). Nevertheless, the immune micro-
environment can suppress both innate and adaptive immu-
nity, aid to the immune escape of tumor cells, and impaire 
the effectiveness of immunotherapy (Liu et al. 2025). 
Elucidating the molecular drivers of PD-L1 dysregulation 

and immune evasion thus represents a critical step toward 
optimizing OC immunotherapy.
RNA binding motif protein 15 (RBM15), a crucial cofactor of 
the N6-methyladenosine (m6A) writer complex, facilitates 
RNA target recognition and methylation processes (Jiang et 
al. 2021). Functioning as a key m6A regulator, RBM15 mainly 
drives tumor progression in malignancies, including laryn-
geal cancer (Wang et al. 2021), breast cancer (Park et al. 
2024), and gastric cancer (Cai et al. 2025). Notably, upregu-
lated RBM15 is observed in OC cell lines and OC tissues, 
correlating with unfavorable clinical outcomes in OC patients 
(Yuan et al. 2023). RBM15 enhances immune evasion in 
breast cancer cells through m6A methylation and boosting 
PD-L1 expression (Wang et al. 2025). However, there are 
no relevant reports on the mechanisms related to RBM15-
mediated immune escape.
Circular RNAs (CircRNAs) are single-stranded non-coding 
RNAs that form a circular conformation through atypical 
splicing or back-splicing events and exhibit dysregulated 
expression across multiple cancers (Chen and Shan 2021). 
Accumulating studies have demonstrated that circRNAs can 
be regulated by m6A modification and serve as key regula-
tory molecules in the oncogenesis of OC (Zhao et al. 2020; 
Tian et al. 2023; Li et al. 2024). Notably, circRNA fibroblast 
growth factor receptor 3 (circFGFR3) is upregulated in OC 
and drives the progression of cancer cells and associated 
with a lower survival rate and a higher recurrence rate (Zhou 
et al. 2020). Bioinformatic analyses predict the existence 
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of m6A modification in circFGFR3, but the role of RBM15-
mediated m6A modification on circFGFR3 remains to be 
elucidated.
Janus kinase-signal transducer and activator of transcription 
(JAK/STAT) pathway is a transmembrane signal-transduction 
mechanism closely related to immune regulation and can-
cer progression (Xue et al. 2023). The JAK family (JAK1-3 
and TYK2) can correspondingly activate the members of 
the STAT family (STAT1, STAT2, STAT3, STAT4, STAT5A, 
STAT5B, and STAT6) to regulate gene transcription (Hu et al. 
2023). The activation of the JAK/STAT signaling pathway may 
lead to cancer cell proliferation, survival, and tumorigenesis 
(Rah et al. 2022). Importantly, the JAK/STAT pathway pro-
motes immune escape by mediating the expression of PD-1/
PD-L1 (Hu et al. 2021). The JAK/STAT pathway is activated 
in OC and thus participates in the malignancy of cancer cells 
(Zhang et al. 2023). A recent report has shown that circRNA 
can activate the JAK/STAT pathway and increase PD-L1 
expression, leading to the immune escape of OC (Wang et 
al. 2023). Therefore, we hypothesize that circFGFR3 may 
interact with the JAK/STAT pathway-related proteins and be 
involved in the immune escape of OC cells.
In this study, we explored the mechanism of RBM15 in regu-
lating PD-L1-mediated immune escape through the JAK2/
STAT3/STAT5 pathway during the progression of OC, aiming 
to provide new theoretical knowledge for the immunotherapy 
of OC.

2.  Methods

2.1. Ethics approval

All animal experimental protocols were approved by the 
Ethics Committee of Affiliated Hospital of North Sichuan 
Medical College, and the experimental operations were car-
ried out in accordance with the Guidelines for the Care and 
Use of Laboratory Animals.

2.2. Cell culture

The human ovarian epithelial cell line (IOSE80) and human 
OC cell lines (SKOV3, A2780, OVCAR8, OVCAR3) were 
sourced from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). The mouse OC cell line (ID8) 
was purchased from Shanghai Jihe Biotechnology Co., Ltd. 
(Shanghai, China) CD8+ T cells were purchased from the 
American Type Culture Collection (Manassas, VA, USA). 
Human-derived cells (cultured in RPMI-1640 medium, Gibco, 
Grand Island, NY, USA) and ID8 and CD8+ T cells (cultured 
in Dulbecco’s Modified Eagle’s Medium) were incubated at 
37°C in a 5% CO2 incubator. All culture media contained10% 
fetal bovine serum (FBS) and 1% 100 U/mL penicillin and 
100 µg/mL streptomycin (Gibco).

2.3. Cell treatment

Small interfering RNAs targeting RBM15 (si-RBM15) and 
EIF4A3 (si-EIF4A3) were designed and synthesized by 
RiboBio (Guangzhou, China). The pcDNA3.1 vector target-
ing circFGFR3 (overexpressed-circFGFR3, oe-circFGFR3) 
was synthesized by GenePharma (Shanghai, China). OC 
cells were transfected employing Lipofectamine 3000 trans-
fection reagent (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s instructions. Cells were harvested 48  h 
post-transfection for downstream experiments.
RBM15 shRNA (sh-RBM15) and negative control shRNA 
(sh-NC) were synthesized by Genewiz (South Plainfield, NJ, 
USA) and cloned into lentiviral shRNA-overexpression plas-
mids (Hanbio Biotechnology Co., Ltd., Shanghai, China). ID8 
cells were seeded in 12-well plates, infected with the super-
natants of LV-sh-RBM15 or LV-sh-NC at 37°C for 48 h, and 
then used for subsequent experiments.

2.4. Cell counting kit-8 (CCK-8) method

CCK-8 method was used to measure cell viability (Yeasen, 
Shanghai, China). OC cells and CD8+ T cells were seeded 
in 96-well plates (1000 cells per well). At the specified time 
points, 10 µL of CCK-8 reagent was added to each well for 
a 3-h incubation. The absorbance at 450 nm was measured 
using an Infinite M200 (Tecan, Switzerland).

2.5. Colony formation assay

Cells were seeded into 6-well plates (500 cells per well) 
and cultured for approximately 2  weeks. When the cell 
colonies reached the optimal confluence, they were fixed 
with 4% paraformaldehyde at room temperature for 30 min. 
The colonies were then stained with a 1% crystal violet 
solution (Sigma, St. Louis, MO, USA) at room temperature 
for 30 min. The cell colonies were counted using ImageJ 
software (version 1.46r; National Institutes of Health, 
Bethesda, MD, USA). The images are shown in supple-
mentary figures.

2.6. Transwell assay

Transwell inserts (with an 8 µm pore size, Corning, NY, USA) 
were used to measure the migration and invasion of OC cells. 
Subsequently, 600 µL of medium containing 20% FBS was 
added to the lower chamber of the Transwell, either without 
or with a reconstituted polycarbonate membrane (coated with 
Matrigel). Afterwards, 5 × 105 OC cells were seeded into the 
upper chamber and cultured at 37°C with 5% CO2 for 24 h. 
The migrated or invaded cells were fixed with 4% parafor-
maldehyde for 30 min, then stained with 0.1% crystal violet. 
Photographs were taken, and the cells were quantified under 
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an inverted microscope (IX73, Olympus, Tokyo, Japan). The 
images are shown in supplementary figures.

2.7. Detection of CD8+ T cell apoptosis

OC cells were seeded into 6-well plates at a density of 
2 × 10⁵ cells per well. CD8+ T cells were co-cultured with OC 
cells for 24 h. A single-cell suspension was generated and 
incubated with a CD8 fluorescent antibody (PE; ab28017, 
Abcam, Cambridge, MA, USA) at 4°C in the dark for 45 min. 
Apoptosis of CD8+ T cells was detected by Annexin-V/PI 
staining and analyzed using CytExpert software (Beckman 
Coulter, Miami, FL, USA). The images are shown in supple-
mentary figures.

2.8. Enzyme-linked immunosorbent assay (ELISA)

The cell mixtures and the digested tumor tissues were cen-
trifuged at 1500 g for 5 min, and the supernatants were col-
lected. The concentrations of interferon (IFN)-γ (ab46025/
ab282874), interleukin (IL)-2 (ab100566/ab46096), and 
tumor necrosis factor (TNF)-α (ab181421/ab46105) were 
measured using ELISA kits (Abcam) according to the manu-
facturer’s instructions.

2.9. RNA stability assay

Total RNA (1 µg) from OC cells was treated with 3 U of 
RNase R (Epicentre Technologies, Madison, WI, USA) for 
15 min, and the products were analyzed by real-time quanti-
tative polymerase chain reaction (RT-qPCR). OC cells were 
incubated with 2 µg/mL actinomycin D (Sigma), and then 
detected at different time points (0 h, 4 h, 8 h, 12 h, or 24 h). 
Data are shown in supplementary figures.

2.10. m6A quantitative analysis

The m6A RNA methylation quantification kit (Abcam) was 
used to determine the RNA m6A levels in OC cells. First, 
the RNA was incubated in the experimental wells at 37°C for 
90 min. Then, the capture antibody, detection antibody, and 
enhancer solution were added. After adding the colorimet-
ric chromogenic solution, the absorbance at 450 nm wave-
length in each well was measured using a microplate reader 
to determine the RNA m6A levels.

2.11. �Methylated RNA immunoprecipitation (MeRIP) and 
RNA immunoprecipitation (RIP)

RIP was performed utilizing the Magna RIP RNA-binding 
protein immunoprecipitation (IP) kit (Millipore, Cambridge, 
MA, USA) following the manufacturer’s protocol. OC cells 

were collected and lysed in IP lysis buffer, and then mechani-
cally sheared using a homogenizer. Antibodies against the 
specified proteins (EIF4A3: ab180573, Abcam and m6A: 
ab208577; Abcam) and the negative control immunoglobulin 
G (ab170190; Abcam) were incubated with the cell lysates 
overnight at 4°C. After washing three times, streptavidin-
coated magnetic beads were added and incubated for 2 h. 
The extracted RNA was detected and analyzed by RT-qPCR.

2.12. RNA pull-down assay

The expression of RNA in OC cells was detected using 50 
nM biotin-labeled circFGFR3. The cells were harvested and 
washed with phosphate-buffered saline (PBS) and incubated 
in lysis buffer for 10 min. Then, streptavidin-coated agarose 
beads (Invitrogen) were added and further incubated at 
room temperature for 1 h. After washing with PBS, the pro-
teins were collected and subjected to Western blot analysis.

2.13. Mouse xenograft tumor model

Female C57BL/6 mice (4 weeks old, 20–22 g weight) were 
housed with free access to food and water, a constant humid-
ity of 45%–50%, and a constant temperature of 25–27°C. ID8 
cells (5  ×  10⁶) were subcutaneously injected into the right 
side of C57BL/6 mice after being mixed with Matrigel and 
PBS at a ratio of 1:1. When the tumors grew to be palpable 
(approximately 50  mm³), the tumor volume was evaluated 
every 5 days. Fifty days later, the mice were euthanized by 
intraperitoneal injection of 150 mg/kg sodium pentobarbital. 
The tumors were harvested, weighed, and subjected to fur-
ther examination.

2.14. Immunohistochemistry

Tissue sections were blocked with 5% bovine serum albu-
min (BSA) and incubated with primary antibodies against 
Ki67 (ab15580; Abcam), PD-L1 (ab213480; Abcam), and 
CD8 (ab217344; Abcam) at room temperature, followed by 
incubation with the secondary antibody (ab205718; Abcam) 
for 1 h at room temperature and staining with diaminobenzi-
dine. The sections were counterstained with Mayer’s hema-
toxylin, dehydrated, cleared, and mounted. Each section was 
observed under an optical microscope (Zeiss, Shanghai, 
China). The results were independently analyzed by two 
experienced pathologists (double-blind manner).

2.15. Database prediction analysis

The m6A modification status of circFGFR3 was predicted 
according to the sequence-based RNA adenosine methyla-
tion site predictor (SRAMP) database (http://www.cuilab.cn/



74, 9 (2026), DOI: 10.2478/aite-2026-0009
Archivum Immunologiae et Therapiae Experimentalis 

4

m6asiteapp/old) (Zhou et al. 2016). RNA binding proteins that 
bind to circFGFR3, JAK2, STAT3, and STAT5 were predicted 
according to the Starbase database (http://starbase.sysu.
edu.cn/index.php) (Li et al. 2014) and the CircInteractome 
database (https://circinteractome.nia.nih.gov/mirna_target_
sites.html) (Dudekula et al. 2016), and the intersection was 
taken. Results of the prediction are shown in supplementary 
figures.

2.16. RT-qPCR

Total RNA was extracted according to the instructions 
provided by the Trizol kit (Invitrogen). Then, the extracted 
RNA was reverse-transcribed into complementary DNA 
(cDNA) according to the manufacturer’s instructions 
of the Prime Script RT kit (Takara, Dalian, China). The 
obtained cDNA was stored at –80°C for subsequent 
experimental use. Real-time PCR analysis was per-
formed using SYBR Premix Ex Taq II (Takara) on an ABI 
7500 real-time PCR system (Applied Biosystems, Foster 
City, CA, USA). Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was used as an internal reference. The 
relative expression levels were calculated by the 2–ΔΔCt 
method (Livak and Schmittgen 2001). The primers are 
shown in Table 1. Some data are shown in supplemen-
tary figures.

2.17. Western blot

Proteins were extracted using radioimmunoprecipitation 
assay lysis buffer (Beijing Solarbio Science & Technology 
Co., Ltd., Beijing, China) containing phenylmethylsul-
fonyl fluoride, and then the protein concentration was 
measured using a bicinchoninic acid kit (Wuhan Boster 
Biological Technology Co., Ltd., Wuhan, Hubei, China). 
Subsequently, the proteins were separated by 10% 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
and transferred onto a polyvinylidene fluoride membrane 
(Sigma-Aldrich). Then, the membrane was blocked with 
5% BSA and incubated at room temperature for 1 h. After 
that, the membrane was incubated with diluted primary 
antibodies overnight at 4°C as follows: RBM15 (1:1000, 
ab96544), PD-L1 (1:1000, ab228415/ab213480), EIF4A3 
(1:1000, ab180573), JAK2 (1:5000, ab108596), STAT3 
(1:1000, ab68153), STAT5 (1:1000, ab230670), p-JAK2 
(1:1000, ab32101), p-STAT3 (1:2000, ab76315), p-STAT5 
(1:1000, ab278764), and GAPDH (1:2500, ab9485). All 
the above antibodies were purchased from Abcam. The 
next day, the membrane was washed three times with 
Tris-buffered saline with Tween-20 (TBST) (5  min each 
time), and then incubated with the corresponding sec-
ondary antibody (1:2000, ab205718/ab205719; Abcam) 
at room temperature for 1  h. After rinsing three times in 

TBST (5  min each time), the immunocomplexes on the 
membrane were visualized using enhanced chemilumi-
nescence reagents and a gel imager (Gel Doc EZ Imager; 
Bio-Rad Laboratories, Hercules, CA, USA). GAPDH was 
used as an internal reference, and the relative expression 
of the protein was presented as the ratio of the gray value 
of the target protein to that of the internal reference. The 
gray value intensity of the target protein bands was ana-
lyzed using ImageJ software. Some images are shown in 
supplementary figures.

2.18. Statistical methods

All data were statistically analyzed and plotted using SPSS 
21.0 statistical software (IBM SPSS Statistics, Chicago, IL, 
USA) and GraphPad Prism 8.0 software (GraphPad Software 
Inc., San Diego, CA, USA). Initially, normality and homoge-
neity of variance tests were performed, and the data were 
verified to be normally distributed with homogeneous vari-
ances. One-way or two-way analysis of variance (ANOVA) 
was used for data comparison among multiple groups, and 
Tukey’s multiple comparisons test was applied for post hoc 
testing. p < 0.05 was considered to indicate a statistically sig-
nificant difference.

Table 1. Primer sequences

Gene Sequences (5′-3′)

RBM15 (Human) F: GCCTTCCCACCTTGTGAGTT

R: TCAACCAGTTTTGCACGGAC

RBM15 (Mouse) F: TGCCAACCGGACACTTTTCT

R: GCCATAGGTACTGGTCTGGC

circFGFR3 (Human) F: TGGGCGCCTGCACGCAGGGCG

R: GGTCCTTGTCAGTGGCATCGT

circFGFR3 (Mouse) F: GATGACGAAGATGGGGAGGAC

R: GTCCCCACTGCCGAAGGCCAC

FGFR3 (Human) F: GGAGTTCCACTGCAAGGTGT

R: TCCTTGTCGGTGGTGTTAGC

EIF4A3 (Human) F: CAGCAACGAGCAATCAAGCA

R: GAGCAAGCAGCCCCTGAATA

JAK2 (Human) F: CCACCCAACCATGTCTTCCA

R: CCATGCCGATAGGCTCTGTT

STAT3 (Human) F: GGTGCCTGTGGGAAGAATCA

R: GACATCCTGAAGGTGCTGCT

STAT5 (Human) F: CCTGTGGTTGTCATCGTCCA

R: CACAGCACTTTGTCAGGCAC

GAPDH (Human) F: GTCAAGGCTGAGAACGGGAA

R: TCGCCCCACTTGATTTTGGA

GAPDH (Mouse) F: GGTCCCAGCTTAGGTTCATCA

R: AATCCGTTCACACCGACCTT
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3. Results

3.1. �RBM15 is upregulated in OC cells and promotes cell 
proliferation, migration, and invasion

To elucidate the impact of RBM15 on the progression of 
OC cells, RBM15 expression in cultured cells was detected. 
RBM15 was highly expressed in OC cell lines (p  <  0.05; 
Figures 1a,b). Subsequently, siRBM15 was transfected into 
A2780 and OVCAR8 cells with relatively high RBM15 expres-
sion (p  <  0.01; Figures 1c,d), and two siRNAs with better 
transfection efficiency were selected for subsequent detec-
tion. After the downregulation of RBM15, the proliferation and 
colony formation of the two OC cell lines were decreased 

(p < 0.01; Figures 1e,f; Figure 1a in Supplementary Material). 
Compared with the small interfering RNA negative control (si-
NC) group, migrated and invaded OC cells in the si-RBM15 
group were reduced (p  <  0.01; Figure  1g; Figure 1b in 
Supplementary Material). In conclusion, RBM15 is elevated 
in OC cell lines, while silencing RBM15 inhibits the prolifera-
tion, migration, and invasion of OC cells.

3.2. �Downregulation of RBM15 inhibits PD-L1-mediated 
immune escape of OC cells

The impact of RBM15 on the immune escape of OC cells 
remains unclear. Compared with the si-NC group, PD-L1 
expression in the si-RBM15 group was remarkably decreased 

Fig 1.  RBM15 is upregulated in OC cells and promotes cell proliferation, migration, and invasion. (A,B): The expression of RBM15 in each 
cell was detected by RT-qPCR and Western blot. si-RBM15 was transfected into A2780 and OVCAR8 cells, with si-NC transfection 
used as a negative control. (C,D): The expression of RBM15 in cells was detected by RT-qPCR and Western blot. (E,F): Cell prolifera-
tion was detected by CCK-8 and colony formation assays. (G) Cell migration and invasion were detected by Transwell. Three inde-
pendent repeated tests were carried out, and the data were expressed as mean ± standard deviation. One-way ANOVA was used for 
data comparison among multiple groups in panels (A,B), and two-way ANOVA was used for data comparison among multiple groups 
in panels (C–G). Tukey’s multiple comparisons test was used for post hoc test. *p < 0.05, and **p < 0.01. ANOVA, analysis of variance; 
CCK-8, cell counting kit-8; OC, ovarian cancer; RBM15, RNA binding motif protein 15; RT-qPCR, real-time quantitative polymerase 
chain reaction; si-RBM15, small interfering RNAs targeting RBM15.
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(p < 0.01; Figure 2a). Subsequently, we co-cultured the si-
RBM15-transfected OC cells with CD8+ T cells. After RBM15 
downregulation, CD8+ T cell activity was increased, apop-
tosis was decreased (p  <  0.05; Figure 2b,c; Figure 1c in 
Supplementary Material), and the concentrations of IFN-γ,  
IL-2, and TNF-α in the supernatant were upregulated 
(p  <  0.01; Figure 2d). These results suggest that RBM15 
downregulation inhibits PD-L1-mediated immune escape of 
OC cells.

3.3. �RBM15 upregulates circFGFR3 expression through 
m6A modification

The database prediction indicated that circFGFR3 has 
m6A modification (Figure 2a in Supplementary Material). 
CircFGFR3 is upregulated in OC (Zhou et al. 2020). 
However, the relationship between circFGFR3 and RBM15 
remains unclear. Firstly, circFGFR3 was upregulated in OC 
cell lines (p  <  0.01; Figure 3a), and further experiments 
verified the stability of circFGFR3 in OC cell lines (p < 0.01; 

Figure 2b,c in Supplementary Material). Additionally, the m6A 
level was decreased with the reduction of RBM15 expression 
(p  <  0.01; Figure 3b). MeRIP showed that after the down-
regulation of RBM15, the m6A enrichment on circFGFR3 
was decreased (p < 0.01; Figure 3c). Moreover, compared 
with the si-NC group, circFGFR3 expression in the si-RBM15 
group was decreased (p < 0.01; Figure 3d). In conclusion, 
RBM15 upregulates circFGFR3 expression through m6A 
modification.

3.4. �CircFGFR3 overexpression promotes immune 
escape and alleviates the inhibitory effect of RBM15 
downregulation on OC cell progression

Subsequently, circFGFR3 expression was upregulated in 
A2780 cells (p  <  0.01; Figure 4a) and combined with si-
RBM15-2. After overexpressing circFGFR3, the cell pro-
liferation and colony formation were increased (p  <  0.01; 
Figure  4b,c; Figure 2d in Supplementary Material), and 
migrated and invaded cells were elevated (p < 0.01; Figure 4d; 

Fig 2.  Downregulation of RBM15 inhibits PD-L1-mediated immune escape of OC cells. (A) The expression of PD-L1 in cells was detected 
by Western blot. A2780 and OVCAR8 cells in each group were co-cultured with CD8+ T cells. (B) CD8+ T cell viability was determined 
by the CCK-8 method. (C) Apoptosis of CD8+ T cells was detected by flow cytometry. (D) The secretion of cytokines was detected by 
the ELISA method. Three independent repeated tests were carried out, and the data were expressed as mean ± standard deviation. 
Two-way ANOVA was used for data comparison among multiple groups in panels (A–D), and Tukey’s multiple comparisons test was 
used for post hoc test. *p < 0.05, and **p < 0.01. ANOVA, analysis of variance; CCK-8, cell counting kit-8; ELISA, enzyme-linked 
immunosorbent assay; OC, ovarian cancer; PD-L1, programmed death-ligand 1; RBM15, RNA binding motif protein 15.



74, 9 (2026), DOI: 10.2478/aite-2026-0009
Archivum Immunologiae et Therapiae Experimentalis 

7

Figure 2e in Supplementary Material). In addition, circFGFR3 
overexpression upregulated PD-L1 expression (p  <  0.01; 
Figure 4e). The A2780 cells with combined treatment were 
co-cultured with CD8+ T cells. The results showed that the 

activity of CD8+ T cells was reduced and apoptosis was 
enhanced (p < 0.05; Figure 4f,g; Figure 2f in Supplementary 
Material). ELISA demonstrated that overexpression of cir-
cFGFR3 decreased the concentrations of IFN-γ, IL-2, and 

Fig 3.  RBM15 upregulates circFGFR3 expression through m6A modification. (A) The expression of circFGFR3 in each cell was detected by 
RT-qPCR. (B) The m6A level in cells was analyzed by m6A quantification. (C) The m6A enrichment of circFGFR3 in cells was ana-
lyzed by MeRIP. (D) The expression of circFGFR3 in cells was detected by RT-qPCR. Three independent repeated tests were carried 
out, and the data were expressed as mean ± standard deviation. One-way ANOVA was used for data comparison among multiple 
groups in panel (A), and two-way ANOVA was used for data comparison among multiple groups in panels (B–D). Tukey’s multiple 
comparisons test was used for post hoc test. **p < 0.01. ANOVA, analysis of variance; circFGFR3, circRNA fibroblast growth factor 
receptor 3; MeRIP, methylated RNA immunoprecipitation; RBM15, RNA binding motif protein 15; RT-qPCR, real-time quantitative 
polymerase chain reaction.

Fig 4.  CircFGFR3 overexpression promotes immune escape and alleviates the inhibitory effect of RBM15 downregulation on OC cell progres-
sion. oe-circFGFR3 was transfected into A2780 cells, with over-expression negative control (oe-NC) transfection used as a negative 
control. (A) The transfection efficiency of circFGFR3 in cells was detected by RT-qPCR. (B,C) Cell proliferation was detected by CCK-8 
and colony formation assays. (D) Cell migration and invasion were detected by Transwell. (E) The expression of PD-L1 in cells was 
detected by Western blot. A2780 cells in each group were co-cultured with CD8+ T cells. (F) The viability of CD8+ T cells was determined 
by the CCK-8 method. (G) Apoptosis of CD8+ T cells was detected by flow cytometry. (H) The secretion of cytokines was detected by 
the ELISA method. Three independent repeated tests were carried out, and the data were expressed as mean ± standard deviation. 
The t-test was used for data comparison between two groups in panel (A). One-way ANOVA was used for data comparison among mul-
tiple groups in panels (C–G), and two-way ANOVA was used for data comparison among multiple groups in panels (B) and (H). Tukey’s 
multiple comparisons test was used for post hoc test. *p < 0.05, and **p < 0.01. ANOVA, analysis of variance; CCK-8, cell counting kit-
8; circFGFR3; circRNA fibroblast growth factor receptor 3; ELISA, enzyme-linked immunosorbent assay; OC, ovarian cancer; PD-L1, 
programmed death-ligand 1; RBM15, RNA binding motif protein 15; RT-qPCR, real-time quantitative polymerase chain reaction.
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TNF-α (p < 0.01; Figure 4h). The above results indicate that 
overexpression of circFGFR3 promotes immune escape and 
attenuates the inhibitory effect of RBM15 knockdown on the 
progression of OC cells.

3.5. �RBM15 upregulates circFGFR3 to activate the JAK2/
STAT3/STAT5 signaling pathway

RNA-binding proteins that could bind to circFGFR3, 
JAK2, STAT3, and STAT5 (proteins related to the JAK/
STAT pathway) were predicted through the Starbase and 
CircInteractome databases. After taking the intersection, 
we obtained EIF4A3 (Figure 3a in Supplementary Material). 
RIP and RNA pull-down showed that circFGFR3 could bind 
to EIF4A3 (p  <  0.01; Figures 5a,b). The RIP results dem-
onstrated that circFGFR3 could bind to JAK2, STAT3, and 
STAT5 (p < 0.01; Figure 5c). In addition, circFGFR3 did not 
affect the expression of EIF4A3 (p > 0.05; Figure 5d; Figure 3b 
in Supplementary Material). Overexpression of circFGFR3 
stabilized the mRNAs of JAK2, STAT3, and STAT5 (p < 0.01; 
Figure 5e), but after downregulating EIF4A3 expression 
(p < 0.01; Figure 5d; Figure 3b in Supplementary Material), 
their messenger RNA (mRNA) stabilities were decreased 
(p < 0.05; Figure 5e). The expression of JAK2, STAT3, and 
STAT5 was increased after circFGFR3 upregulation, but was 
decreased after EIF4A3 downregulation (p  <  0.01; Figures 
5d,f). Moreover, after downregulating RBM15, the levels of 
p-JAK2/JAK2, p-STAT3/STAT3, and p-STAT5/STAT5 were 
decreased, which were reversed upon circFGFR3 overex-
pression (p < 0.05; Figure 3c in Supplementary Material). In 

conclusion, RBM15 upregulates circFGFR3 to activate the 
JAK2/STAT3/STAT5 signaling pathway.

3.6. �RBM15 activates the JAK/STAT signaling pathway 
via circFGFR3 to promote PD-L1-mediated immune 
escape in OC

Finally, we established a mouse xenograft tumor model 
using ID8 cells. RBM15 downregulation reduced the volume 
and weight of the tumors (p < 0.01; Figures 6a,b). Compared 
with the sh-NC group, the positive rates of Ki67 and PD-L1 
in the sh-RBM15 group were decreased, while the positive 
rate of CD8 was increased (p < 0.01; Figures 6c,d). ELISA 
revealed that after downregulating RBM15, the concentra-
tions of IFN-γ, IL-2, and TNF-α were elevated (p  <  0.01; 
Figure 6e). Silencing RBM15 led to the reduction of cir-
cFGFR3, p-JAK2/JAK2, p-STAT3/STAT3, and p-STAT5/
STAT5 (p < 0.05; Figures 6f,g). These results indicate that 
RBM15 downregulation suppresses the JAK/STAT signaling 
pathway by downregulating circFGFR3, thereby inhibiting 
PD-L1-mediated immune escape and reducing the prolifera-
tion of OC cells.

4. Discussion

Immunotherapy has demonstrated promising therapeutic 
effects in OC treatment, particularly anti-PD-L1/PD-1 thera-
pies (Peng et al. 2023). Nevertheless, the low response 
rate to PD-L1 inhibition in OC, as well as immune tolerance 
and resistance, still pose significant challenges to treatment 

Fig 5.  RBM15 upregulates circFGFR3 to activate the JAK2/STAT3/STAT5 signaling pathway. (A,B) The binding of circFGFR3 and EIF4A3 was 
analyzed by RIP or RNA pull-down assay. (C) The binding of EIF4A3 and proteins related to the JAK/STAT pathway was analyzed by 
RIP. (D) The expression of EIF4A3 and proteins related to the JAK/STAT pathway in cells was detected by Western blot. (E) After acti-
nomycin D treatment, the mRNA stability of proteins related to the JAK/STAT pathway was detected by RT-qPCR. (F) The expression 
of proteins related to the JAK/STAT pathway was detected by RT-qPCR. Three independent repeated tests were carried out, and the 
data were expressed as mean ± standard deviation. Two-way ANOVA was used for data comparison among multiple groups in panels 
(A,C,D–F). Tukey’s multiple comparisons test was used for post hoc test. *p < 0.05, and **p < 0.01. ANOVA, analysis of variance; cir-
cFGFR3, circRNA fibroblast growth factor receptor 3; JAK/STAT, Janus kinase-signal transducer and activator of transcription; RBM15, 
RNA binding motif protein 15; RIP, RNA immunoprecipitation; RT-qPCR, real-time quantitative polymerase chain reaction.
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(Chardin and Leary 2021). In this study, we uncovered a 
mechanism by which RBM15 promotes PD-L1-mediated 
immune evasion in OC. RBM15 upregulates circFGFR3 
expression through m6A modification, and circFGFR3 

recruits EIF4A3 to enhance the stability of JAK2, STAT3, and 
STAT5 mRNAs, thereby activating the JAK/STAT pathway, 
ultimately driving PD-L1-mediated immune evasion and OC 
progression (Figure 7).

Fig 6.  RBM15 activates the JAK/STAT signaling pathway via circFGFR3 to promote PD-L1-mediated immune escape in OC. (A) The volume 
of the tumor was recorded every 5 days. (B) After euthanizing the nude mice on the 50th day, the tumor tissues were collected, 
weighed, and representative photos were taken. (C,D) The positive rates of Ki67, PD-L1 and CD8 in the tissues were detected by 
immunohistochemistry. (E) The secretion of cytokines was detected by ELISA. (F) The expression of RBM15 and circFGFR3 was 
detected by RT-qPCR. (G) The expression of RBM15 and proteins related to the JAK/STAT pathway was detected by Western blot. 
N = 6, and the data were expressed as mean ± standard deviation. The t-test was used for data comparison between two groups in 
panel (B). Two-way ANOVA was used for data comparison among multiple groups in panels (A,D–G). Tukey’s multiple comparisons 
test was used for post hoc test. *p < 0.05, and **p < 0.01. ANOVA, analysis of variance; circFGFR3, circRNA fibroblast growth factor 
receptor 3; ELISA, enzyme-linked immunosorbent assay; JAK/STAT, Janus kinase-signal transducer and activator of transcription; 
OC, ovarian cancer; PD-L1, programmed death-ligand 1; RBM15, RNA binding motif protein 15; RT-qPCR, real-time quantitative 
polymerase chain reaction.
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RBM15 was highly expressed in OC cells. Silencing RBM15 
restricted OC cell migration and invasion, and attenuated 
tumor growth in xenograft models. Previous reports have 
indicated that RBM15 promotes various aspects of cancer 
progression in an m6A-dependent manner. In gastric cancer, 
RBM15 drives lipogenesis by promoting ATP citrate lyase  
activation through m6A modification, thereby enhancing can-
cer cell proliferation and invasion (Cai et al. 2025). RBM15-
mediated m6A modification of OTUB2 activates the AKT/
mTOR signaling pathway to promote malignant phenotypes in 
cervical cancer (Song and Wu 2023). RBM15 enhances m6A 
modification of SPOCK1 to activate epithelial-mesenchymal 
transition, leading to osimertinib resistance of lung cancer (Li 
et al. 2025). Notably, RBM15 can serve as a potential ther-
apeutic target for cancer immunotherapy by regulating the 
immune microenvironment and PD-L1 expression (Deng et 
al. 2023; Dong et al. 2023). For instance, RBM15 promotes 
PD-L1 expression by stabilizing KPNA2, which binds to PD-1 
on CD8+ T cells to inhibit immune cell activity and establish 
an immunosuppressive microenvironment for breast cancer 
immune evasion (Wang et al. 2025). Herein, knockdown of 
RBM15 in OC cells resulted in reduced PD-L1 expression, 
enhanced CD8+ T cell activity, suppressed immune evasion 
and tumorigenesis, and increased concentrations of IFN-γ, 
IL-2, and TNF-α. IFN-γ/IL-2/TNF-α are key anti-tumor fac-
tors that drive immune surveillance (Lin et al. 2017). In con-
clusion, RBM15 knockdown suppresses PD-L1-mediated 
immune evasion in OC cells, which may provide novel theo-
retical insights for clinical practice in OC immunotherapy.
Furthermore, RBM15 upregulated circFGFR3 expression 
through m6A modification, resulting in increased proliferation, 

migration, and invasion of OC cells. A recent study indicates 
that circFGFR3 induces malignant progression of OC by 
sponging miR-29a-3p to upregulate E2F1 expression (Zhou 
et al. 2020). Dysregulated expression of circRNAs is a cru-
cial factor in the activation of the JAK/STAT signaling pathway 
during tumorigenesis and cancer development. Among them, 
circSMA4 exerts oncogenic effects in gastrointestinal stro-
mal tumors by targeting miR-494-3p via the ceRNA mecha-
nism, upregulating KIT expression, and activating the JAK/
STAT signaling pathway (Zou et al. 2024). CircCHD7 stabi-
lizes PDGFRB expression to activate the JAK/STAT signaling 
pathway, thereby promoting endometrial cancer cell prolifera-
tion (Shi et al. 2024). Additionally, circRNAs can directly drive 
PD-L1 phosphorylation via the ceRNA mechanism to prevent 
PD-L1 degradation and restore PD-L1 expression, inactivate 
CD8+ T cells, and impair cancer immune responses (Miao et 
al. 2023). Here, we found that circFGFR3 upregulated JAK2, 
STAT3, and STAT5, activating the JAK/STAT signaling path-
way and leading to PD-L1-mediated immune evasion in OC. 
Therefore, we hypothesize that circFGFR3 may regulate the 
JAK/STAT signaling pathway by sponging miRNAs to affect 
the mRNA stability of downstream factors, thus modulating 
PD-L1 expression, which requires further validation in future 
studies.
JAK kinases (JAK1/2/3) activate STAT family members 
(STAT1-6) through phosphorylation, which form dimers 
and translocate to the nucleus to regulate gene expression 
(Erdogan et al. 2022). STAT3/5, the most frequently aber-
rantly activated members, act as oncogenes to promote 
cell proliferation, survival, invasion, and immune evasion 
(Groner and von Manstein 2017). Another study has found 

Fig 7.  The mechanism of RBM15 in promoting PD-L1-mediated immune escape of OC. RBM15 upregulates the expression of circFGFR3 
through m6A modification. circFGFR3 binds to EIF4A3, enhances the mRNA stability of JAK2, STAT3, and STAT5, activates the 
JAK/STAT signaling pathway, promotes PD-L1-mediated immune escape, and thus accelerates the progression of OC. circFGFR3, 
circRNA fibroblast growth factor receptor 3; JAK/STAT, Janus kinase-signal transducer and activator of transcription; OC, ovarian 
cancer; PD-L1, programmed death-ligand 1; RBM15, RNA binding motif protein 15.
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that knockdown of OTX1 in OC cells decreased protein lev-
els of p-JAK2/JAK2 and p-STAT3/STAT3, suppressed JAK/
STAT signaling, and attenuated cancer cell proliferation 
(Zhang et al. 2023). Inducing a reduction in phosphorylated 
JAK2 and STAT5 proteins blocks the JAK/STAT signaling 
pathway, thereby suppressing c-Myc expression, inhibiting 
OC cell proliferation, and triggering apoptosis (Bagratuni et 
al. 2020). Consistently, RT-qPCR and western blot analysis 
revealed that knockdown of RBM15 suppressed circFGFR3, 
concomitantly reducing the levels of p-JAK2/JAK2, p-STAT3/
STAT3, and p-STAT5/STAT5, finally suppressing PD-L1 
expression and reducing OC cell proliferation. Activation of 
the JAK/STAT signaling pathway in breast cancer increases 
phosphorylation levels of JAK1 and STAT3, thereby promot-
ing PD-L1 expression (Xu et al. 2023). Importantly, the com-
bination of PD-1/PD-L1 inhibitors and targeted JAK/STAT 
inhibitors has demonstrated promising clinical therapeutic 
potential (Chen and Wang 2024). Therefore, our study pro-
posed that RBM15 promoted PD-L1-mediated immune eva-
sion in OC by activating the JAK/STAT signaling pathway 
through circFGFR3, which may provide novel theoretical 
insights for OC immunotherapy.
Our study still has several limitations. The m6A reader 
proteins (YTHDF1/2/3) through which RBM15 regulates 
circFGFR3 remain unclear. The ceRNA mechanism of 
circFGFR3 awaits further investigation. The upstream regu-
latory mechanisms of RBM15 are unknown. The effects of 
RBM15 on pyroptosis and ferroptosis in OC cells were not 
examined. In the future, we plan to validate the impacts of 
RBM15 on pyroptosis and ferroptosis in OC cells, explore the 
upstream regulatory mechanisms of RBM15, and investigate 
the downstream ceRNA regulatory mechanism of circFGFR3 
to identify novel therapeutic targets for OC.
In conclusion, our study is the first to report the role of RBM15 
in OC immune escape and proposes a novel mechanism, 
revealing that RBM15 upregulates circFGFR3 expression 
through m6A modification and circFGFR3 binds to EIF4A3 
to enhance the mRNA stability of JAK2, STAT3, and STAT5, 
activating the JAK/STAT signaling pathway and promoting 

PD-L1-mediated immune evasion, thereby accelerating OC 
progression. These findings may provide novel research 
directions for OC immunotherapy.

Acknowledgments

Not applicable.

Funding

No funding was received for this study.

Ethics Approval

All animal experimental protocols were approved by the 
Ethics Committee of Affiliated Hospital of North Sichuan 
Medical College, and the experimental operations were car-
ried out in accordance with the Guidelines for the Care and 
Use of Laboratory Animals.

Author Contribution

Chengju Zhang, Tiantian Feng, and Yuesong Wang con-
ceived and designed the project, Hu Wang analyzed and 
interpreted the data, Deng He, Xi Wang, and Shangqi Ni com-
pleted the experiments and wrote the paper, Chengju Zhang 
and Yuesong Wang revised the manuscript. All authors have 
read and approved the manuscript.

Competing Interests

The authors state that there are no conflicts of interest to 
disclose.

Data Availability

The authors declare that all data supporting the findings of 
this study are available within the paper, and any raw data 
can be obtained from the corresponding author upon request.

References

Bagratuni T, Mavrianou N, Gavalas NG et al. (2020) JQ1 inhibits 
tumour growth in combination with cisplatin and suppresses 
JAK/STAT signalling pathway in ovarian cancer. Eur J Cancer 
126:125–135. https://doi.org/10.1016/j.ejca.2019.11.017

Cai X, Li X, Zhang M et al. (2025) RBM15 promotes lipo-
genesis and malignancy in gastric cancer by regulating 
N6-methyladenosine modification of ACLY mRNA in an 
IGF2BP2-dependent manner. Biochim Biophys Acta Mol 
Cell Biol Lipids 1870:159580. https://doi.org/10.1016/j.
bbalip.2024.159580

Chardin L, Leary A (2021) Immunotherapy in ovarian cancer: 
Thinking beyond PD-1/PD-L1. Front Oncol 11:795547. https://
doi.org/10.3389/fonc.2021.795547

Chen L, Shan G (2021) CircRNA in cancer: Fundamental mecha-
nism and clinical potential. Cancer Lett 505:49–57. https://doi.
org/10.1016/j.canlet.2021.02.004

Chen M, Wang S (2024) Preclinical development and clinical stud-
ies of targeted JAK/STAT combined Anti-PD-1/PD-L1 therapy. 
Int Immunopharmacol 130:111717. https://doi.org/10.1016/j.
intimp.2024.111717



74, 9 (2026), DOI: 10.2478/aite-2026-0009
Archivum Immunologiae et Therapiae Experimentalis 

12

Deng X, Sun X, Hu Z et al. (2023) Exploring the role of m6A methyla-
tion regulators in glioblastoma multiforme and their impact on the 
tumor immune microenvironment. FASEB J 37:e23155. https://
doi.org/10.1096/fj.202301343

Dong H, Zhang H, Mao X et al. (2023) RBM15 promates the prolif-
eration, migration and invasion of pancreatic cancer cell lines. 
Cancers 15:1084. https://doi.org/10.3390/cancers15041084

Dudekula DB, Panda AC, Grammatikakis I et al. (2016) 
CircInteractome: A web tool for exploring circular RNAs and their 
interacting proteins and microRNAs. RNA Biol 13:34–42. https://
doi.org/10.1080/15476286.2015.1128065

Erdogan F, Radu TB, Orlova A et al. (2022) JAK-STAT core cancer 
pathway: An integrative cancer interactome analysis. J Cell Mol 
Med 26:2049–2062. https://doi.org/10.1111/jcmm.17228

Groner B, von Manstein V (2017) JAK STAT signaling and can-
cer: Opportunities, benefits and side effects of targeted inhibi-
tion. Mol Cell Endocrinol 451:1–14. https://doi.org/10.1016/j.
mce.2017.05.033

Hu Q, Bian Q, Rong D et al. (2023) JAK/STAT pathway: Extracellular 
signals, diseases, immunity, and therapeutic regimens. 
Front Bioeng Biotechnol 11:1110765. https://doi.org/10.3389/
fbioe.2023.1110765

Hu X, Li J, Fu M et al. (2021) The JAK/STAT signaling pathway: From 
bench to clinic. Signal Transduct Target Ther 6:402. https://doi.
org/10.1038/s41392-021-00791-1

Jiang X, Liu B, Nie Z et al. (2021) The role of m6A modification in the 
biological functions and diseases. Signal Transduct Target Ther 
6:74. https://doi.org/10.1038/s41392-020-00450-x

Kuroki L, Guntupalli SR (2020) Treatment of epithelial ovarian can-
cer. BMJ 371:m3773. https://doi.org/10.1136/bmj.m3773

Li H, Lin R, Zhang Y et al. (2024) N6-methyladenosine-modified 
circPLPP4 sustains cisplatin resistance in ovarian cancer 
cells via PIK3R1 upregulation. Mol Cancer 23:5. https://doi.
org/10.1186/s12943-023-01917-5

Li JH, Liu S, Zhou H et al. (2014) starBase v2.0: Decoding miRNA-
ceRNA, miRNA-ncRNA and protein-RNA interaction networks 
from large-scale CLIP-Seq data. Nucleic Acids Res 42:D92–
D97. https://doi.org/10.1093/nar/gkt1248

Li H, Li Y, Zheng X et al. (2025) RBM15 facilitates osimertinib resis-
tance of lung adenocarcinoma through m6A-dependent epigen-
etic silencing of SPOCK1. Oncogene 44:307–321. https://doi.
org/10.1038/s41388-024-03220-z

Lin CF, Lin CM, Lee KY et al. (2017) Escape from IFN-gamma-
dependent immunosurveillance in tumorigenesis. J Biomed Sci 
24:10. https://doi.org/10.1186/s12929-017-0317-0

Liu C, Yin Q, Wu Z et al. (2025) Inflammation and immune escape 
in ovarian cancer: Pathways and therapeutic opportunities. J 
Inflamm Res 18:895–909. https://doi.org/10.2147/JIR.S503479

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta Delta 
C(T)) method. Methods 25:402–408. https://doi.org/10.1006/
meth.2001.1262

Miao Z, Li J, Wang Y et al. (2023) Hsa_circ_0136666 stimu-
lates gastric cancer progression and tumor immune escape 
by regulating the miR-375/PRKDC Axis and PD-L1 phos-
phorylation. Mol Cancer 22:205. https://doi.org/10.1186/
s12943-023-01883-y

Morand S, Devanaboyina M, Staats H et al. (2021) Ovarian can-
cer immunotherapy and personalized medicine. Int J Mol Sci 
22:6532. https://doi.org/10.3390/ijms22126532

Park SH, Ju JS, Woo H et al. (2024) The m(6)A writer RBM15 drives 
the growth of triple-negative breast cancer cells through the 
stimulation of serine and glycine metabolism. Exp Mol Med 56: 
1373–1387. https://doi.org/10.1038/s12276-024-01235-w

Peng Z, Li M, Li H et al. (2023) PD-1/PD-L1 immune check-
point blockade in ovarian cancer: Dilemmas and opportuni-
ties. Drug Discov Today 28:103666. https://doi.org/10.1016/j.
drudis.2023.103666

Rah B, Rather RA, Bhat GR et al. (2022) JAK/STAT signaling: 
Molecular targets, therapeutic opportunities, and limitations 
of targeted inhibitions in solid malignancies. Front Pharmacol 
13:821344. https://doi.org/10.3389/fphar.2022.821344

Shi R, Zhao R, Shen Y et al. (2024) IGF2BP2-modified circular 
RNA circCHD7 promotes endometrial cancer progression via 
stabilizing PDGFRB and activating JAK/STAT signaling path-
way. Cancer Gene Ther 31:1221–1236. https://doi.org/10.1038/
s41417-024-00781-9

Song Y, Wu Q (2023) RBM15 m(6) A modification-mediated OTUB2 
upregulation promotes cervical cancer progression via the AKT/
mTOR signaling. Environ Toxicol 38:2155–2164. https://doi.
org/10.1002/tox.23852

Stewart C, Ralyea C, Lockwood S (2019) Ovarian cancer: An inte-
grated review. Semin Oncol Nurs 35:151–156. https://doi.
org/10.1016/j.soncn.2019.02.001

Tian Q, Mu Q, Liu S et al. (2023) m6A-modified circASXL1 promotes 
proliferation and migration of ovarian cancer through the miR-
320d/RACGAP1 axis. Carcinogenesis 44:859–870. https://doi.
org/10.1093/carcin/bgad066

Wang H, Cao Y, Zhang L et al. (2025) RBM15 drives breast cancer 
cell progression and immune escape via m6A-dependent stabili-
zation of KPNA2 mRNA. Clin Breast Cancer 25:96–107. https://
doi.org/10.1016/j.clbc.2024.09.006

Wang X, Tian L, Li Y et al. (2021) RBM15 facilitates laryngeal squa-
mous cell carcinoma progression by regulating TMBIM6 stabil-
ity through IGF2BP3 dependent. J Exp Clin Cancer Res 40:80. 
https://doi.org/10.1186/s13046-021-01871-4

Wang R, Ye H, Yang B et al. (2023) m6A-modified circNFIX pro-
motes ovarian cancer progression and immune escape via acti-
vating IL-6R/JAK1/STAT3 signaling by sponging miR-647. Int 
Immunopharmacol 124(Pt A):110879. https://doi.org/10.1016/j.
intimp.2023.110879

Webb PM, Jordan SJ (2024) Global epidemiology of epithelial ovarian 
cancer. Nat Rev Clin Oncol 21:389–400. https://doi.org/10.1038/
s41571-024-00881-3



74, 9 (2026), DOI: 10.2478/aite-2026-0009
Archivum Immunologiae et Therapiae Experimentalis 

13

Xue C, Yao Q, Gu X et al. (2023) Evolving cognition of the JAK-
STAT signaling pathway: Autoimmune disorders and cancer. 
Signal Transduct Target Ther 8:204. https://doi.org/10.1038/
s41392-023-01468-7

Xu X, Li C, Zou J et al. (2023) MiR-34a targets SIRT1 to reduce 
53 deacetylation and promote sevoflurane inhalation anes-
thesia-induced neuronal autophagy and apoptosis in neona-
tal mice. Exp Neurol 368:114482. https://doi.org/10.1016/j.
expneurol.2023.114482

Yuan J, Guan W, Li X et al. (2023) RBM15‑mediating MDR1 mRNA 
m(6)A methylation regulated by the TGF‑beta signaling path-
way in paclitaxel‑resistant ovarian cancer. Int J Oncol 63:112. 
https://doi.org/10.3892/ijo.2023.5560

Zhang Q, Li X, Ren L et al. (2023) OTX1 silencing suppresses ovar-
ian cancer progression through inhibiting the JAK/STAT signaling. 
Tissue Cell 82:102082. https://doi.org/10.1016/j.tice.2023.102082

Zhao Y, Hu Y, Shen Q et al. (2020) CircRNA_MYLK promotes 
malignant progression of ovarian cancer through regulating 
microRNA-652. Eur Rev Med Pharmacol Sci 24:5281–5291. 
https://doi.org/10.26355/eurrev_202005_21310

Zhou J, Dong ZN, Qiu BQ et al. (2020) CircRNA FGFR3 induces 
epithelial-mesenchymal transition of ovarian cancer by regulat-
ing miR-29a-3p/E2F1 axis. Aging (Albany NY) 12:14080–14091. 
https://doi.org/10.18632/aging.103388

Zhou Y, Zeng P, Li YH et al. (2016) SRAMP: Prediction of mammalian 
N6-methyladenosine (m6A) sites based on sequence-derived 
features. Nucleic Acids Res 44:e91. https://doi.org/10.1093/nar/
gkw104

Zou FW, Tang YF, Li X et al. (2024) circ_SMA4 promotes gastro-
intestinal stromal tumors malignant progression by sponging 
miR-494-3p/KIT axis and activating JAK/STAT pathway. Sci Rep 
14:22004. https://doi.org/10.1038/s41598-024-73393-w



74, 9 (2026), DOI: 10.2478/aite-2026-0009
Archivum Immunologiae et Therapiae Experimentalis 

14

Fig S1. � Downregulation of RBM15 inhibits proliferation, migration, invasion, and immune escape of OC cells. (A) Colony formation assay and 
representative images. (B) Transwell migration and invasion assays and representative images. (C) Flow cytometry and representa-
tive images. OC, ovarian cancer; RBM15, RNA-binding motif protein 15.
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Fig S2. � RBM15 upregulates circFGFR3 to promote proliferation, migration, invasion, and immune escape of OC cells. (A) SRAMP database 
predicts the m6A modification status of circFGFR3. (B,C) After treatment with Actinomycin D or RNase R, RT-qPCR was used to 
detect the stability of circFGFR3 and FGFR3. (D) Colony formation assay and representative images. (E) Transwell migration and 
invasion assays and representative images. (F) Flow cytometry and representative images. Three independent repeated tests were 
carried out, and data are presented as mean ± standard deviation. Two-way ANOVA was used for comparisons among multiple 
groups in b,c, followed by Tukey’s multiple comparisons test. **p < 0.01. ANOVA, analysis of variance; circFGFR3, circRNA fibroblast 
growth factor receptor 3; OC, ovarian cancer; RBM15, RNA binding motif protein 15; RT-qPCR, real-time quantitative polymerase 
chain reaction.
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Fig S3. � RBM15 activates the JAK2/STAT3/STAT5 signaling pathway. (A) Databases predict RNA-binding proteins that interact with 
circFGFR3 and JAK/STAT pathway-related proteins, and take the intersection. (B) RT-qPCR detects the expression of EIF4A3 in 
various cells. (C) Western blot detects the expression of JAK/STAT pathway-related proteins. Three independent repeated tests 
were carried out, and data are presented as mean ± standard deviation. The t-test was used for comparison between two groups in 
panel (B). Two-way ANOVA was used for comparisons among multiple groups in panel (C), followed by Tukey’s multiple compari-
sons test. *p < 0.05, **p < 0.01. ANOVA, analysis of variance; circFGFR3, circRNA fibroblast growth factor receptor 3; JAK/STAT, 
Janus kinase-signal transducer and activator of transcription; RBM15, RNA binding motif protein 15;RT-qPCR, real-time quantitative 
polymerase chain reaction.


	REF_1
	Ref_Alpha_0001
	REF_2
	Ref_Alpha_0002
	REF_3
	Ref_Alpha_0003
	REF_4
	Ref_Alpha_0004
	REF_5
	Ref_Alpha_0005
	REF_6
	Ref_Alpha_0006
	REF_7
	Ref_Alpha_0007
	REF_8
	Ref_Alpha_0008
	REF_9
	Ref_Alpha_0009
	REF_10
	Ref_Alpha_0010
	REF_11
	Ref_Alpha_0011
	REF_12
	Ref_Alpha_0012
	REF_13
	Ref_Alpha_0013
	REF_14
	Ref_Alpha_0014
	REF_15
	Ref_Alpha_0015
	REF_16
	Ref_Alpha_0016
	REF_17
	Ref_Alpha_0017
	REF_18
	Ref_Alpha_0018
	REF_19
	Ref_Alpha_0019
	REF_20
	Ref_Alpha_0020
	REF_21
	Ref_Alpha_0021
	REF_22
	Ref_Alpha_0022
	REF_23
	Ref_Alpha_0023
	REF_24
	Ref_Alpha_0024
	REF_25
	Ref_Alpha_0025
	REF_26
	Ref_Alpha_0026
	REF_27
	Ref_Alpha_0027
	REF_28
	Ref_Alpha_0028
	REF_29
	Ref_Alpha_0029
	REF_30
	Ref_Alpha_0030
	REF_31
	Ref_Alpha_0031
	REF_32
	Ref_Alpha_0032
	REF_33
	Ref_Alpha_0033
	REF_34
	Ref_Alpha_0034
	REF_35
	Ref_Alpha_0035
	REF_36
	Ref_Alpha_0036
	REF_37
	Ref_Alpha_0037
	REF_38
	Ref_Alpha_0038
	REF_39
	Ref_Alpha_0039
	REF_40
	Ref_Alpha_0040
	REF_41
	Ref_Alpha_0041

