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RNA-binding protein MBNL]1 regulates tumor growth,
chemosensitivity and antitumor immunity in lung adenocarcinoma
by controlling the expression of tumor suppressor RNF125
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Abstract. Ring finger protein 125 (RNF125), a ubiquitin E3
ligase, has been reported to act as a tumor suppressor in
several cancers, but its precise function in lung adenocarci-
noma (LUAD) has not been elucidated. In the present study,
through bioinformatics analysis and immunohistochemistry
in LUAD and non-cancerous samples, it was demonstrated
that RNF125 was significantly downregulated in lung cancer.
Low levels of RNF125 expression were associated with
metastatic status, advanced tumor stage and poor overall
survival in LUAD. The results of gain- and loss-of-function
experiments demonstrated that RNF125 inhibited prolif-
eration, colony formation, migration and invasion of LUAD
cells. In addition, RNF125 increased the sensitivity of LUAD
cells to cisplatin. Mechanistically, RNF125 interacted with
programmed cell death ligand 1 (PD-L1) and reduced PD-L1
expression levels in LUAD cells. Furthermore, IL-2 secre-
tion by Jurkat T cells was significantly suppressed when
co-cultured with RNF125-silenced LUAD cells. NK-92
cell lysis of RNF125-silenced LUAD cells was also weaker
compared with that of control LUAD cells, suggesting that
RNF125 knockdown enhanced the immune evasion ability of
LUAD cells. Notably, the results of the present study identified
that the RNA-binding protein muscleblind-like 1 (MBNL1)
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is the upstream regulator of RNF125 in LUAD. MBNLI1
increased the stability of the RNF125 transcript in LUAD
cells and knockdown of RNF125 reversed the antitumor
effect of MBNLI1 on LUAD cells. In conclusion, the present
study demonstrated the tumor suppressor role of RNF125 in
LUAD and implicated MBNLI as an upstream regulator of
RNF125 in LUAD. These findings contributed to an improved
understanding of the molecular features of LUAD progression.

Introduction

Lung cancer (LC) was the most frequently diagnosed
cancer and was responsible for the largest proportion of
all cancer-related deaths worldwide in 2022 (1-3). Lung
adenocarcinoma (LUAD) is the most common type of LC,
comprising almost one-half of all LC cases globally (4-6).
LUAD is typically diagnosed at an advanced stage and is
highly resistant to conventional radiotherapy and chemo-
therapy (4,7,8). Therefore, it is important to search for potential
therapeutic targets.

Ubiquitination is a highly conserved post-translational
modification in eukaryotes that is catalyzed by an enzymatic
cascade involving the sequential action of El, E2 and E3
enzymes (9). In previous decades, the role of E3 ubiquitin
ligase in regulating numerous cellular processes has attracted
increasing interest due to its essential function in determining
the specificity and fate of target proteins. Ring finger protein
125 (RNF125; also termed TRAC-1) functions as a ubiquitin
E3 ligase in lymphoid tissues that positively regulates T cell
activation (10,11). Previous studies have shown that RNF125
can suppress the progression of several cancers, including
hepatocellular carcinoma, head and neck squamous cell carci-
noma and melanoma (12-15). However, the functional role of
RNFI125 in LUAD is largely unknown.

Programmed cell death ligand 1 (PD-L1) is a trans-
membrane protein that is regarded as a co-suppressor of the
immune response (16). PD-L1 also serves a pro-oncogenic role
in various malignancies, including LC, by attenuating the host
immune response to tumor cells (17). Knockdown of GFAT]I,
a positive regulator upstream of PD-L1, has been shown to
significantly enhance T cell activation and NK cell killing
of LC cells (18). A previous study showed that high PD-L1
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expression was associated with poor prognosis in patients with
LUAD and correlated with immune-related pathways (19). A
previous study reported that RNF125 promoted K48-linked
polyubiquitination of PD-L1 and mediated its degrada-
tion (20). Therefore, it could be hypothesized that RNF125
enhances tumor immunity and reduces PD-L1 expression
levels in LUAD.

Muscleblind-like 1 (MBNLI1), an RNA-binding protein
(RBP), increases the stability of downstream gene transcripts
by binding to their 3' untranslated region (UTR), resulting in
the upregulation of gene expression levels (21,22). A number of
studies have shown that MBNL1 inhibits cancer cell prolifera-
tion, migration and invasion, and suppresses tumor progression
in breast cancer, gastric cancer and glioblastoma (21,23,24).
Additionally, MBNLI1 expression is reduced in LC tissues and
is associated with poor prognosis in patients (23). TIMER2.0
database (http:/timer.cistrome.org/) analysis revealed that
MBNLI was positively correlated with RNF125 expression
levels in LUAD tissues (25). Meanwhile, the RBPDB database
(http://rbpdb.ccbr.utoronto.ca/) predicted that the RNF125
transcript 3'UTR has putative MBNLI1-binding sites (26).
Whether MBNLI1 upregulates RNF125 expression levels by
increasing the stability of RNF125 transcripts needs to be
further clarified.

The present study aimed to investigate the role of RNF125
in LUAD progression, focusing on its effects on tumor growth,
chemosensitivity and antitumor immunity, as well as its
upstream and downstream molecular mechanisms.

Materials and methods

Bioinformatics. Gene Expression Omnibus Series datasets
GSE75037 (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=gse75037) (27), GSE31210 (https:/www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE31210) (28,29) and
GSE116959 (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE116959) (30) containing LUAD and corresponding
non-cancer samples were retrieved from the National Institutes
of Health Gene Expression Omnibus dataset database
(https://www.ncbi.nlm.nih.gov/geo/). Differentially expressed
genes (DEGs) were identified using the R package ‘limma’
(R version 4.3.0, limma version 3.58.1) under the threshold of
absolute value of log2 fold change =1 and adjusted P<0.01. The
protein expression of RNF125 in LUAD tissues was evaluated
using the Human Protein Atlas database (https:/www.protein-
atlas.org/) (31). Pan-cancer analysis of RNF125 was performed
using the TNMplot platform (https:/tnmplot.com/) (32).
RNF125 expression in different LUAD tumor stages was
analyzed using the Tumor-Immune System Interactions
Database web portal (http://cis.hku.hk/TISIDB/) (33). Survival
analysis was performed using the GSE30219 (https:/www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE30219) (34)
and GSE11969 (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE11969) (35,36) datasets via the PROGgeneV2
web portal (http:/www.compbio.iupui.edu/proggene) (37).
The gene list of RNF125 interactors reported in at least
two studies was downloaded from the BioGRID database
(https://thebiogrid.org/) (38). A protein-protein interaction
network of these RNF125 interactors was constructed using
the GeneMANIA database (https:/genemania.org/) (39).

Gene Ontology Biological Process and Reactome pathway
enrichment analysis of RNF125 interactors was performed
using the DAVID database (https://davidbioinformatics.nih.
gov/) (40). The gene list of RBPs with known pro- or anti-
tumor functions in LC was downloaded from the GeneCards
database (https://www.genecards.org/) (41). The potential
RNF125-binding RBPs were predicted using two RBP
databases: RBPDB (http://rbpdb.ccbr.utoronto.ca/) (26) and
RBPmap (http:/rbpmap.technion.ac.il/) (42). The gene list
of human E3 ubiquitin ligases was downloaded from the
UbiNet 2.0 database (https://awi.cuhk.edu.cn/~ubinet/index.
php) (43). Correlation analysis between immune cell infiltra-
tion or RBP expression and RNF125 expression was performed
using the TIMER?2.0 database (http://timer.cistrome.org/) (25).

Cell culture. LUAD cell lines (NCI-H1975, NCI-H2228,
NCI-H1395, HCC-827, CALU-3 and NCI-H1437), NK-92
and Jurkat T cells were purchased from iCell Bioscience,
Inc. NCI-H1975 (cat. no. iCell-h156), NCI-H2228 (cat.
no. iCell-h351), NCI-H1395 (cat. no. iCell-h154), HCC-827
(cat. no. iCell-h068), NCI-H1437 (cat. no. iCell-h284) and
Jurkat T (cat. no. iCell-h117) cells were cultured in RPMI-1640
medium (Beijing Solarbio Science & Technology Co., Ltd.)
containing 10% fetal bovine serum (FBS; Zhejiang Tianhang
Biotechnology Co., Ltd.). CALU-3 cells were cultured in
MEM medium (Procell Life Science & Technology Co.,
Ltd.) containing 10% FBS. NK-92 (cat. no. iCell-h0388) cells
were maintained under dedicated culture conditions [MEMa
(Wuhan Servicebio Technology Co., Ltd.) containing 12.5%
FBS and 12.5% horse serum (Beijing Solarbio Science &
Technology Co., Ltd.)]. Cells were cultured in a humidified
5% CO, atmosphere at 37°C. All media were supplemented
with 1% penicillin/streptomycin (cat. no. BL505A; Biosharp
Life Sciences). All the cell lines were authenticated by short
tandem repeats (STR) analysis.

Cell transfection. NCI-H1395 and HCC-827 cells were seeded
into a 6-well plate 1 day prior to transfection. The cell trans-
fection experiment was conducted when cells reached ~70%
confluence. NCI-H1395 and HCC-827 cells were transfected
with RNF125 overexpression plasmids or RNF125 small
hairpin (sh)RNA or small interfering (si)RNAs targeting
MBNLI using Lipofectamine® 3000 reagent (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
For each well, 2.5 pg of plasmids or 75 pmol of siRNA were
added to cells for transfection. Cells were then incubated at
37°C for 48 h, after which, cells were subjected to subsequent
experiments. pcDNA3.1-EGFP vector and pGCsi-H1-Neo-GFP
vector were obtained from Anhui General Biotech Co., Ltd.
and were used for constructing RNF125 overexpression
plasmid and RNF125 shRNA plasmid, respectively.

Stable cell lines were constructed by antibiotic selection
and used for subsequent experiments. The shRNA and siRNA
sequences used in the present study were as follows: shRNA
negative control (shNC) sense, 5-TTCTCCGAACGTGTC
ACGT-3' and antisense, 5-ACGTGACACGTTCGGAGAA-3";
sh1-RNF125 sense, 5-GAATGAAATCAGAGTATAA-3' and
antisense, 5-TTATACTCTGATTTCATTC-3";, sh2-RNF125
sense, 5'-GTCAGAAGTACATAGATAA-3' and antisense,
5" TTATCTATGTACTTCTGAC-3 si-NC sense, 5'-UUCUCC
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GAACGUGUCACGU-3' and antisense, 5'-ACGUGACAC
GUUCGGAGAA-3"; sil-MBNLI1 sense, 5-GCCAACCAG
AUACCCAUAAUA-3' and antisense, 5'-UAUUAUGGGUAU
CUGGUUGGC-3" and si2-MBNL1 sense, 5'-GCCUGCUUU
GAUUCAUUGAAA-3" and antisense, 5-UUUCAAUGAAUC
AAAGCAGGC-3".

Reverse transcription-quantitative PCR (RT-qPCR).
The extraction of RNA was performed using a standard
phenol/chloroform protocol. NCI-H1395 and HCC-827 cells
were lysed in 1 ml TRIpure Reagent (BioTeke Corporation).
After incubation for 5 min at room temperature, 200 ul of
chloroform was added, gently mixed and incubated for 3 min
at room temperature. After centrifugation at 10,000 x g for
10 min at 4°C, the aqueous phase was transferred to a new tube
and an equal volume of isopropanol was added, mixed and
incubated at -20°C overnight. The samples were centrifuged at
10,000 x g for 10 min at 4°C. The supernatant was discarded
and 1 ml of 75% ethanol was added. After centrifugation at
3,400 x g for 3 min at 4°C, the supernatant was discarded
and the resulting RNA pellet was dried for 5 min at room
temperature, then dissolved in 30 1 RNase-free ddH,O. The
concentration of RNA in each sample was determined using a
U V-visible NanoDrop2000 spectrophotometer (Thermo Fisher
Scientific, Inc.). The RNA samples were reverse transcribed
into cDNA using random primers, RNase inhibitor (Biosharp
Life Sciences), BeyoRT II M-MLV reverse transcriptase
(Beyotime Institute of Biotechnology) and 5x reaction buffer
provided with the reverse transcriptase. qPCR was performed
using a qPCR instrument (Bioneer Corporation) using 1 ul
cDNA template, 0.3 ul SYBR Green (Beijing Solarbio Science
& Technology Co., Ltd.), 1 ul forward and reverse primers
[General Biotech (Anhui) Co., Ltd.], 10 ul 2X Taq PCR
Mastermix (Beijing Solarbio Science & Technology Co., Ltd)
and ddH,0. The amplification protocol was 95°C for 5 min;
40 cycles of 95°C for 10 sec, 60°C for 10 sec and 72°C for
15 sec; followed by the melt curve analysis for verification of
primer specificity. The relative expression of target genes was
normalized to B-actin. The data analyses were performed using
the 2244 method (44). The primer sequences were: -actin
forward (F), 5'-GCACAGAGCCTCGCCTT-3' and reverse (R),
5'-CCTTGCACATGCCGGAG-3'; MBNLI F, 5-AAAACG
CAGTTGGAGATAA-3' and R, 5-GAGAAACAGGTCCCA
GATAG-3"; and RNF125 F, 5-CTGCCGTTCCTGTATTG-3'
and R, 5-CACCTTGCTGCTGTCTC-3".

Western blotting. After extracting the total protein from
the cells using RIPA lysis buffer (Beijing Solarbio Science
& Technology Co., Ltd) containing 1 mM PMSF (Beijing
Solarbio Science & Technology Co., Ltd), a BCA protein assay
kit (Beijing Solarbio Science & Technology Co., Ltd) was used
to measure the protein concentrations. A total of 10-20 ug
proteins were loaded per lane, separated by SDS-PAGE with
5% stacking gel and 8/13% separating gel and transferred to
PVDF membranes (MilliporeSigma). The membranes were
blocked with a Western blocking buffer (cat. no. SW3010;
Beijing Solarbio Science & Technology Co., Ltd) at room
temperature for 1 h, followed by incubation with primary
antibodies against RNF125 (cat. no. DF4024; 1:1,000; Affinity
Biosciences), cleaved poly ADP-ribose polymerase (PARP;
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cat. no. AF7023; 1:1,000; Affinity Biosciences), PD-L1
(cat. no. BF8035; 1:1,000; Affinity Biosciences), MBNLI
(cat. no. A8054; 1:1,000; ABclonal Biotech, Co., Ltd.) and
B-actin (cat. no. 66009-1-Ig; 1:10,000; Proteintech Group,
Inc.) at 4°C overnight. The following day, the membranes
were washed using TBST (0.15% Tween-20) and incubated
with horseradish peroxidase-conjugated secondary antibodies
goat anti-rabbit or anti-mouse IgG (cat nos. SE134 and SE131,
respectively; 1:3,000; Beijing Solarbio Science & Technology
Co., Ltd.) at 37°C for 1 h. The blots were visualized using the
ECL Western Blotting Substrate (Beijing Solarbio Science &
Technology Co., Ltd) and analyzed with the Gel-Pro-Analyzer
software (Media Cybernetics).

Colony formation assay. When the cultured NCI-H1395
and HCC-827 cells reached ~70% confluence, the cells were
then subjected to trypsin digestion with 0.25% trypsin/0.02%
EDTA for 2-5 min at 37°C, centrifugation at 150 x g for 3 min
at 4°C and resuspension. The cells were seeded in the 6-cm cell
culture dishes (300 cells/dish) and incubated for 2 weeks. Cells
were fixed with 4% paraformaldehyde (Shanghai Aladdin
Biochemical Technology Co., Ltd.) for 25 min at room temper-
ature and then stained using a Wright-Giemsa composite stain
kit for 5 min at room temperature (Nanjing Keygen Biotech,
Co., Ltd.). After washing, an inverted phase-contrast micro-
scope (Olympus Corporation) was used for cell photography
and counting to calculate the colony formation efficiency:
Colony formation efficiency (%)=(number of colonies/number
of cells seeded) x100. Quantification was performed by manual
counting under the microscope. Cell clusters containing
>50 cells were counted as colonies.

Transwell invasion and migration assays. Transwell chambers
(Beijing Landeco Technology Co., Ltd.) coated with (for inva-
sion assay) or without (for migration assay) Matrigel (Corning,
Inc.) at 37°C for 2 h were placed into 24-well plates. A total of
800 pl culture medium containing 10% FBS was added to the
lower chamber and 200 gl cell suspension (2,000 cells/well
for migration assay and 20,000 cells/well for invasion assay)
in serum-free RPMI-1640 medium was added to the upper
chamber. After 24 h incubation at 37°C, the cells that had
migrated or invaded to the lower surface of the Transwell
membrane were fixed with 4% paraformaldehyde for 20 min at
room temperature, stained with crystal violet staining solution
for 5 min at room temperature and imaged using an inverted
light microscope (Olympus Corporation).

Cisplatin sensitivity assay. NCI-H1395 and HCC-827 cells
were treated with different concentrations of cisplatin (0.0, 0.5,
1.0, 2.0, 5.0, 10.0, 20.0 and 50.0 yM; Dalian Meilun Biology
Technology Co., Ltd.) for 48 h at 37°C. Cisplatin-induced
changes in cell viability were measured with the MTT assay.

MTT assay. NCI-H1395 and HCC-827 Cells were inoculated
in 96-well plates at 5x10° cells/well and cultured for 0, 24,
48 and 72 h. Each group was set up with 5 multiple wells. At
the indicated time points, 50 yl MTT staining solution was
added to each well (Nanjing Keygen Biotech, Co., Ltd.) and
incubated for 4 h at 37°C. The supernatant was aspirated and
150 x1 DMSO (Nanjing Keygen Biotech, Co., Ltd.) was added
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to dissolve the purple-colored formazan crystals. The optical
density was measured at 490 nm using an Enzyme-labeled
Instrument (BioTek; Agilent Technologies, Inc.).

Caspase-3 activity assay. Caspase-3 activity was measured
using the Caspase-3 Activity Assay Kit (cat. no. C1116;
Beyotime Institute of Biotechnology) according to the manu-
facturer's protocol. The measurement of caspase-3 activity is
based on the ability of caspase-3 to change Ac-DEVD-pNA
into the yellow formazan product, p-nitroaniline (pNA).
NCI-H1395 and HCC-827 cells were lysed with lysis buffer
included in the kit in an ice bath for 15 min and centrifuged
at 16,000 x g for 15 min at 4°C. The supernatant was incu-
bated with Ac-DEVD-pNA (caspase-3 substrate) at 37°C for
2 h. Caspase-3 activity was measured by spectrophotometric
detection of pNA at a wavelength of 405 nm.

Co-immunoprecipitation (Co-IP). The total protein extraction
was performed as described in the western blotting section.
The total protein concentration was determined using the
BCA Protein Assay Kit (Beyotime Institute of Biotechnology)
following the manufacturer's instructions. Co-IP analysis was
performed according to the manufacturer's instructions for
Pierce Co-IP Kit (cat. no. 26149, Thermo Fisher Scientific,
Inc.). For each IP reaction, 2 pg anti-PD-L1 antibodies
(cat. no. BF8035; 1:100; Affinity Biosciences) or negative
control IgG (cat. no. A7016; 1:100; Beyotime) were crosslinked
to 20 #l AminoLink Plus Coupling Resin slurry. A total of
500 pg lysates were incubated with the antibody-coupled resin
at 4°C overnight. The following day, the samples were washed
using 200 ul IP Lysis/Wash buffer, 200 p1 Modified Dulbecco's
PBS and 100 ul Conditioning Buffer included in the Co-IP kit
and the flow-through was discarded. Next, the immunoprecipi-
tates were washed with 10 gl Elution Buffer included in the
Co-IP kit. Subsequently, 50 pl Elution Buffer was added and
incubated for 5 min at room temperature. Finally, the tube was
briefly centrifuged, and the flow-through was collected. The
protein samples were separated by SDS-PAGE as described in
the western blotting section.

Evaluation of Jurkat T cell activation. Evaluation of Jurkat
T cell activation was performed as previously described (18).
Jurkat T cells were resuspended in basal culture medium
(RPMI-1640 + 10% FBS) containing 20 ng/ml phorbol
12-myristate 13-acetate and 200 pg/ml ionomycin and
co-cultured with LUAD (NCI-H1395 and HCC-827) cells. The
ratio of cancer cells to T cells was 1:4. The level of IL-2 in the
cell culture supernatants was determined using an ELISA kit
(cat. no. EK102; Hangzhou Lianke Biotechnology Co., Ltd.)
according to the manufacturer's protocol.

NK cell cytotoxicity assay. NK cell cytotoxicity assay was
performed as previously described (17). In brief, NK-92 cells
were co-cultured with LUAD (NCI-H1395 and HCC-827) cells
at different cancer cell to NK cell ratios (1:0, 1:2.5, 1:5 and 1:10)
for 4 h. The viability of cancer cells was detected by MTT assay
after refreshing the culture medium to remove NK cells.

RNA stability analysis. RNA stability analysis was performed
as previously described (45). Cells were transfected with

MBNLI1 siRNA or the corresponding control siRNA. A total of
48 h after cell transfection, the cells were treated with 5 mg/ml
actinomycin D for different times at 37°C (0, 1, 2.5 and 5 h).
gPCR was performed to detect RNF125 mRNA levels, using
18S rRNA as the endogenous normalization control as previ-
ously described (46). The primer sequences of 18S rRNA were:
F, 5~ AGCGAAAGCATTTGCCAAGA-3' and R, 5"TATGGT
CGGAACTACGACGGT-3'". The percentage of remaining
RNF125 mRNA relative to O h at the indicated time points
was calculated.

RNA immunoprecipitation (RIP)-PCR. RIP-PCR experiments
were performed to verify the binding of the MBNLI protein
to the RNF125 transcript. The cells were resuspended in RIP
lysis buffer (MilliporeSigma). A total of 5 ug anti-MBNLI1
antibodies (cat. no. A8054, 1:1,000; ABclonal Biotech Co.,
Ltd.) were pre-bound to Protein A/G magnetic beads in
immunoprecipitation buffer and then incubated with cell
lysates for 12 h at 4°C. After washing the magnetic beads, the
RNA-protein complex was added to the proteinase K buffer
included in the RIP kit (cat. no. 17-701; MilliporeSigma).
The extraction of RNA was performed using a standard
phenol/chloroform protocol as previously described in the
RT-qPCR section of the manuscript. The extracted RNA was
reverse transcribed to cDNA using BeyoRT II M-MLV reverse
transcriptase (Beyotime Institute of Biotechnology) according
to the manufacturer's instructions. The resulting cDNA was
used as the template for PCR. The primer sequences were: F,
5-AAAAGGGACCACTGAAT-3' and R, 5'-CACCTACTT
GCCTACCA-3'". The amplification protocol was 95°C for
5 min; 40 cycles of 95°C for 15 sec, 55°C for 25 sec and 72°C
for 30 sec; followed by 25°C for 5 min. The PCR product was
electrophoresed on a 2% agarose gel. Electrophoresis images
were obtained using a gel imaging analysis system (Beijing
LIUYI Biotechnology Co., Ltd.

Immunohistochemical (IHC) staining and analysis. A total of
21 pairs of non-cancerous and cancerous tissues were collected
from patients with LUAD [8 men and 13 women; median age,
64 years (range, 32-74 years)] who underwent surgery at the
Harbin Medical University Cancer Hospital (Harbin, China)
in December 2024. These samples were collected as part of
an overall project on IHC staining and analysis of lung cancer
specimens.

Tissue specimens were fixed with 4% paraformaldehyde
for 24 h at 4°C, embedded with paraffin and sliced at a 5-um
thickness. The sections were then deparaffinized by baking at
64°C for 2-4 h and xylene and rehydrated by transfer through
a decreasing concentration gradient of ethanol solutions.
After antigen retrieval, the sections were incubated with 3%
H,0, solution for 15 min at room temperature to block the
endogenous peroxidase activity. Prior to immunostaining with
primary antibodies against RNF125 (cat. no. 13290-1-AP;
1:50; Proteintech Group, Inc.), the sections were blocked with
1% bovine serum albumin for 15 min at room temperature
(Sangon Biotech Co., Ltd.). After overnight incubation with
the primary antibodies at 4°C, the sections were washed
and incubated with the HRP-conjugated secondary goat
anti-rabbit IgG antibodies (cat. no. 31460; 1:500; Thermo
Fisher Scientific, Inc.) at 37°C for 1 h. The IHC signal was
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developed by 3,3'-diaminobenzidine substrates. The sections
were incubated in hematoxylin for 3 min at room temperature
for counterstaining. After which, the sections were observed
under a light microscope. The signal intensity and percentage
of stained cells were measured as previously described (47).
The staining intensity was manually scored from O (lowest) to
3 (highest). The number of stained cells was counted using the
Image-Pro Plus version 6.0 software (Media Cybernetics). The
[HC score was determined by the percentage of stained cells
multiplied by the staining intensity (IHC score=percentage of
stained cells x staining intensity).

Statistical analysis. Data were presented as the mean =+ stan-
dard deviation (SD) and analyzed using the GraphPad Prism
(version 9; Dotmatics). Each experiment was repeated in trip-
licate. The Wilcoxon matched pairs signed rank test was used
to compare the differences between the IHC staining scores of
RNF125. Unpaired student's t-tests were used to examine the
differences between two groups. A one- or two-way ANOVA
with Tukey's multiple comparison test was used to compare
the means of =3 groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

RNF125 is downregulated in human LC and predicts unfa-
vorable survival. To identify the differentially expressed
E3 ubiquitin ligases in LUAD, first three GSE cohorts
GSE75037 (27), GSE31210 (28,29) and GSE116959 (30)
containing LUAD and corresponding non-cancer samples
were analyzed. After which, the differentially expressed
genes (DEGs; absolute value of log2 fold change =1 and
adjusted P<0.01) were overlapped with the gene list of human
E3 ubiquitin ligases downloaded from the UbiNet 2.0 data-
base (https://awi.cuhk.edu.cn/~ubinet/index.php) (43). As a
result, 10 E3 ubiquitin ligases were found to be differentially
expressed in LUAD (Fig. 1A). The functions of most of these
ligases have been previously reported in LC (48-56), with
only RNF125 identified as a novel DEG in LC (Fig. 1A).
The expression of RNF125 was downregulated in LUAD
samples compared with non-cancerous samples (Fig. 1B).
Subsequently, IHC staining was performed for RNF125 in
21 pairs of LUAD tissue and adjacent non-cancerous tissue.
Compared with the non-cancerous tissues, LUAD tissues had
a lower IHC score for RNF125, suggesting that RNF125 was
downregulated in human LUAD tissues (Fig. 1C). Similarly,
the Human Protein Atlas database (https://www.proteinatlas.
org/) (31) was explored to assess the protein expression
of RNF125 in LUAD tissues, showing a low staining of
RNF125 in LUAD, which was consistent with the present
results (Fig. 1D).

Next, a pan-cancer analysis of RNF125 was performed
using the TNMplot platform and it was demonstrated
that RNF125 was significantly downregulated in several
cancers including LC (Fig. 2A) (32). Moreover, RNF125
expression was significantly gradually decreased in normal
lung tissues, primary tumor and metastatic LC tissues
(Fig. 2B) (32). After which, RNF125 expression was analyzed
in different LUAD tumor stages via the TISIDB web portal
(http://cis.hku.hk/TISIDB/) (33). These results showed a
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weak negative association between RNFI125 expression
and LUAD tumor stage (Fig. 2C). Survival analysis was
performed using two GSE cohorts: GSE30219 (https:/www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE30219) (34)
and GSE11969 (https:/www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE11969) (35,36) via the PROGgeneV2 web portal
(http://www.compbio.iupui.edu/proggene) (37). The results
indicated that increased expression of RNF125 was associated
with high overall survival of patients (Fig. 2D). These data
suggested that RNF125 expression was decreased in LC and
that reduced RNF125 levels predicted unfavorable survival.

RNF125 inhibits proliferation, colony formation, migration
and invasion of LUAD cells. The expression of RNF125 in
LUAD cells was detected by RT-qPCR. NCI-H1975 and
NCI-H2228 cells showed the highest levels of RNF125
expression; CALU-3 and NCI-H1437 cells showed the lowest
levels of RNF125 expression; and NCI-H1395 and HCC-827
cells showed moderate RNF125 expression levels (Fig. 3A).
Since the present study intended to determine the effects of
RNF125 deficiency or overexpression on the same LUAD cell
line, NCI-H1395 and HCC-827 cells with moderate RNF125
expression were selected to establish RNF125-silenced and
RNF125-overexpressing cell lines for subsequent experi-
ments. To address the role of RNF125 in LUAD, RNF125
overexpression or stable knockdown LUAD cells were
constructed to evaluate the effect of RNF125 on the prolifera-
tion, colony formation, migration and invasion of LUAD cells.
The results of RT-qPCR and western blotting demonstrated
that RNF125 was effectively overexpressed or knocked down
(Fig. 3B and C). Compared with the sh-NC group, silencing
of RNF125 significantly promoted proliferation of LUAD
cells (Fig. 3D). Conversely, compared with the Vector group,
the overexpression of RNF125 significantly inhibited prolif-
eration of LUAD cells (Fig. 3E). Compared with the sh-NC
group, RNF125 silencing significantly promoted colony
formation of NCI-H1395 cells and compared with the Vector
group, RNF125 overexpression significantly inhibited colony
formation of NCI-H1395 cells (Fig. 3F) Similar results were
observed in HCC-827 cells (Fig. 3G).

As demonstrated by the Transwell migration assay results,
the cell migration capacity was significantly enhanced in
RNF125-silenced NCI-H1395 cells compared with the sh-NC
group and suppressed in RNF125-overexpressing NCI-H1395
cells compared with the Vector group (Fig. 4A). Similar results
were observed in HCC-827 cells as well (Fig. 4B). Additionally,
the capabilities of cell invasion were significantly enhanced
in RNF125-silenced LUAD cells compared to the sh-NC
group and suppressed in RNF125-overexpressing LUAD cells
compared to the Vector group (Fig. 4C and D).

Taken together, these data suggested that RNF125
suppressed proliferation, colony formation, migration and
invasion of LUAD cells.

RNF125 enhances the efficacy of cisplatin in LUAD cells. The
role of RNF125 in the sensitization of LUAD cells to cisplatin
was investigated. Cells were treated with different concentra-
tions of cisplatin for 48 h and the MTT assay was used to
detect cell viability to calculate the relative inhibition rate.
After treatment with each indicated concentration of cisplatin,
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Figure 1. E3 ubiquitin ligase RNF125 is downregulated in LC. (A) GSE datasets showing the expression profile of LUAD and non-cancer samples were
downloaded and analyzed. DEGs in these three datasets were overlapped with the gene list of human E3 ubiquitin ligases downloaded from the UbiNet 2.0
database. A total of 10 overlapping genes were identified and RNF125 was the only novel gene in LC. (B) The heatmap shows the expression of RNF125 in
the three datasets. (C) Representative images of IHC staining for RNF125 in 21 pairs of LUAD tissues and adjacent non-cancerous tissues are shown. Scale
bar, 200 or 50 ym. The statistical analysis result of the THC score is shown in the right panel. “P<0.01. (D) The representative image of immunohistochemical
staining of RNF125 in LUAD tissues was downloaded from HPA. RNF125, ring finger protein 125; LUAD, lung adenocarcinoma; LC, lung cancer; DEG,

differentially expressed gene; HPA, Human Protein Atlas.

the inhibitory effect of cisplatin on LUAD cell viability was
significantly decreased in RNF125-silenced cells and signifi-
cantly promoted in RNF125-overexpressing cells compared
with the corresponding control groups (sh-NC group or
Vector group) (Fig. SA and B). Furthermore, compared with
the corresponding control groups (sh-NC group or Vector
group), the caspase-3 levels in cisplatin-treated LUAD cells
were significantly reduced by RNF125 knockdown (Fig. 5C)

but increased by RNF125 overexpression (Fig. 5D). Similarly,
compared with the corresponding control groups (sh-NC
group or Vector group), the protein expression levels of cleaved
PARP in cisplatin-treated LUAD cells was significantly
reduced by RNF125 knockdown (Fig. SE) but increased by
RNF125 overexpression (Fig. 5SF). Collectively, these results
showed that RNF125 enhanced the sensitivity of LUAD cells
to cisplatin.



e High RNF125 (n=141)
Low RNF125 (n=141)

Overall survival

0.0

T T T T T T T
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
Time (days)

a2 SPANDIDOS .
EJ PUBLICATIONS ONCOLOGY REPORTS 54: 74, 2025 7
A Pan-cancer analysis of RNF125 expression
40004
c
il
@ 3000-
[}
I
3
[}
£ 2000
=]
X
w
E 1000+
- ﬂéﬁ&qﬂhﬁﬁﬁﬁﬁm4#$$#ﬂé
Adrenal* AML* Bladder* Breast* Colon* Esoph Liver* Lung_AC* Lung_SC* Ovary* Pancreas* Prostate” Rectum Renal_CC*Renal_CH*Renal_PA Skin  Stomach* Testis* Thyroid* Uterus_CSUterus_EC*
E3 Normal (left) E3 Tumor (right)
B P=1.13e-20 P=0.0176 C rho=-0.097
! I ' 6 P=0.0296
5} 4
% 600 9(
o
> 2
2 £ 4
€ 400+ s
kel ‘®
a %}
{ d
o
x X
3 200 2
L iy
: JBy &
04
Normal Tumor Metastatic 04
Stage 1 Stage 2 Stage 3 Stage 4
3 Years 5 Years GSE30219 3 Years 5 Years
GSE11969
P=2.9¢-06 1.01
1 P=0.0214857

e High RNF 125 (n=45)
Low RNF125 (n=45)

0.8+ W ﬁ‘—\Li
1
|

©
2 it H
g 0.6+ \ I
() 1
©
o 0.4
>
(@)

0.24

0.0

T T T T T T
0 500 1,000 1,500 2,000 2,500 3,000
Time (days)

Figure 2. Clinical significance of RNF125 expression in human LC. (A) Pan-cancer analysis of RNF125 expression was performed using the TNMplot plat-
form. (B) RNF125 expression analysis based on the metastatic status of LC was performed using the TNMplot platform. (C) The association between RNF125
expression and LUAD tumor stage was performed using the TISIDB web portal. Spearman correlation analysis was performed using data from all tumor
stages. (D) Overall survival analysis based on RNF125 expression levels was performed using the Gene Expression Omnibus datasets via the PROGgeneV2
database. RNF125, ring finger protein 125; LUAD, lung adenocarcinoma; LC, lung cancer.

RNFI125 knockdown in LUAD cells increases PD-LI,
suppresses T-cell activation and attenuates NK cell killing of
cancer cells. To investigate the downstream molecular mecha-
nism of RNF125 in LUAD, the RNF125 interactors reported
by at least two studies were downloaded from the BioGRID
database (https://thebiogrid.org/) (38). A protein-protein inter-
action network of these RNF125 interactors was constructed
using the GeneM ANIA database (https://genemania.org/) (39),

in which CD274 (also termed PD-L1) was identified as an
important interactor of RNF125 (Fig. 6A). Gene Ontology
Biological Process and Reactome pathway enrichment
analysis revealed that these RNF125 interactors were
markedly enriched in protein ubiquitination and immune
response-related processes and pathways (Fig. 6B). These
findings were consistent with a previous study showing that
RNF125 facilitated PD-L1 ubiquitination and degradation
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Figure 3. RNF125 inhibits the proliferation and colony formation of LUAD cells. (A) RT-qPCR shows RNF125 expression in six LC cell lines (NCI-H1975,
NCI-H2228, NCI-H1395, HCC-827, CALU-3 and NCI-H1437). RT-qPCR and western blotting demonstrate plasmid-mediated RNF125 (B) knockdown or
(C) overexpression in NCI-H1395 and HCC-827 cells. MTT assays show the effect of RNF125 (D) knockdown or (E) overexpression on the proliferation of
NCI-H1395 and HCC-827 cells. Colony formation analysis shows the effect of RNF125 knockdown or overexpression on colony formation of (F) NCI-H1395
and (G) HCC-827 cells. Data are presented as mean + SD. “P<0.01 vs. shNC or vector. LUAD, lung adenocarcinoma; RT-qPCR, reverse transcription-quanti-
tative PCR; RNF125, ring finger protein 125; sh, short hairpin RNA; NC, negative control; OE, overexpression; OD, optical density.

and thereby suppressed immune evasion in head and neck
squamous cell carcinoma (14).

To investigate the effect of RNF125 on PD-LI expression,
Co-IP and western blotting assays were performed. Co-IP assay
results confirmed the interaction between RNF125 and PD-L1
(Fig. 6C). The results of the western blotting indicated that
RNF125 silencing increased the expression of PD-L1 (Fig. 6D).

The TIMER?2.0 database (http://timer.cistrome.org/) (25)
was used to investigate the association between RNF125

expression and immune cell infiltration in LUAD. A positive
correlation was observed between RNF125 expression and
CD8* T cell, NK cell and M1/M2 macrophage infiltration
levels in LUAD, suggesting the potential involvement of
RNFI125 in tumor immunity in LUAD (Fig. 6E).

Additionally, the effect of RNF125 knockdown on the anti-
tumor activity of Jurkat T cells and NK-92 cells was evaluated.
Compared with those co-cultured with sh-NC LUAD cells,
the activated Jurkat T cells co-cultured with RNF125-silenced



| SPANDIDOS ONCOLOGY REPORTS 54: 74, 2025 9

B HCC-827

@_5 R v
:[_]sh-NC

B: sh1-RNF125

C: 2 sh2-RNF125

5 800 o % L
:[Jsh-NC

. &) sh1-RNF125

. [ sh2-RNF125

D: [[] Vector : [ vector
E: RNF125 OE : RNF125 OE
400 — 200 — 300
— = == ] *% —
S 300 — £ 150 — 1 8 400 ** 3 1
£ € E £ 200
=) 3 =] = ]
c £ £ 300 E
8 200 8 100 3 3
° o o 200 °
8 S g g 100
2 100— S 50— =) _ i<
S s < 100 s
0 0 0 = 0
C NCI-H1395 D HCC-827

Lo %ae Wy
40 o oy 39

e

‘ P‘E\‘.’@%‘J]\;qéaa sy
LR Pa P o

A:[Jsh-NC
B: B&&) sh1-RNF125
C: sh2-RNF125
D: [ Vector
E: RNF125 OE

e <o,

A:[Jsh-NC
B: BZ&) sh1-RNF125

c: 77 she-RNF125

D:[] Vector
E:[53 RNF125 OE

200 — 200 —
L *k sk i o} 3 ) 1
3 8 150— L £ ; £ 150
§ 200 % § g 200 4 2
= 4 = — ‘4 =
3 7 3 100 — 3 % 8 100
o / o s RX] -
o % kel D .’j o]
S 100 % 3 g 100 (K& =
g / g 50 z 2 g 50—
= g E = % =
&4
%
0 Z / 0 o L 1b2 0

Figure 4. RNF125 inhibits migration and invasion of NCI-H1395 and HCC-827 cells. Transwell assays in the absence of Matrigel show the effect of RNF125
on the migration of (A) NCI-H1395 and (B) HCC-827 cells. Representative images (top) and the mean number of migrated cells (bottom) are shown. Transwell
assays in the presence of Matrigel show the effect of RNF125 on the invasion of (C) NCI-H1395 and (D) HCC-827 cells. Representative images (top) and the
mean number of invaded cells (bottom) are shown. Scale bar, 100 ym. Data are presented as mean + SD. “P<0.01 vs. shNC or vector. RNF125, ring finger
protein 125; sh, short hairpin RNA; NC, negative control; OE, overexpression.
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Figure 5. RNF125 increases the sensitivity of NCI-H1395 and HCC-827 cells to cisplatin. MTT assays show the effect of RNF125 on the sensitivity of
(A) NCI-H1395 and (B) HCC-827 cells to cisplatin at the indicated time points. Quantitative analysis demonstrates the effect of RNF125 (C) knockdown or
(D) overexpression on caspase-3 activity in NCI-H1395 and HCC-827 cells in the presence of cisplatin. The concentration of pNA indicates the activity of
caspase-3. Western blotting determines the levels of cleaved PARP in (E) RNF125-silenced or (F) RNF125-overexpressing NCI-H1395 and HCC-827 cells in
the presence of cisplatin. Data are presented as mean = SD. "P<0.05, “P<0.01 vs. shNC or vector. RNF125, ring finger protein 125; PARP, poly(ADP-ribose)
polymerase; pNA, p-nitroaniline; sh, short hairpin RNA; NC, negative control; OE, overexpression.

LUAD cells released significantly lower IL-2 (Fig. 6F).
Similarly, co-culture with NK cells resulted in the death of
sh-NC LUAD cells, which was significantly suppressed in
the LUAD cells with RNF125 knockdown (Fig. 6G). Taken
together, the loss of RNF125 enhanced the immune escape of
LUAD cells.

MBNLI is an upstream regulator of RNFI25 in LUAD. To
investigate the molecular mechanism underlying RNF125
expression regulation in LUAD, the potential RNF125-
binding RBPs were predicted using two RBP databases
RBPDB (http://rbpdb.ccbr.utoronto.ca/) (26) and RBPmap
(http://rtbpmap.technion.ac.il/) (42). In addition, the RBPs with
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Figure 6. Knockdown of RNF125 enhances immune evasion in LUAD. (A) The PPI network of RNF125 interactors was constructed using the GeneMANIA
database. (B) Gene Ontology Biological Process and Reactome pathway enrichment analysis of RNF125 interactors was performed using the DAVID database.
(C) Co-IP assays show the interactions between RNF125 and PD-L1 in NCI-H1395 and HCC-827 cells. (D) Western blotting determines that knockdown of
RNF125 reduces PD-L1 protein expression levels in NCI-H1395 and HCC-827 cells. (E) Correlation analysis between RNF125 expression and immune cell
infiltration in LUAD was performed using the TIMER2.0 database. (F) Co-culture of T cells and RNF125-silenced cancer cells decreased IL-2 secretion
from T cells. “P<0.01 vs. shNC. (G) Co-culture of NK cells and RNF125-silenced cancer cells attenuated NK cell-mediated lysis of NCI-H1395 and HCC-827
cells. P<0.01 vs. sh1-RNF125; "'P<0.01 vs. sh2-RNF125. Data are presented as mean + SD. PPI, protein-protein interaction; RNF1235, ring finger protein 125;
PD-L1, programmed cell death 1 ligand 1; LUAD, lung adenocarcinoma; sh, short hairpin RNA; NC, negative control; NK, natural killer; TPM, transcripts

per million.

known pro-tumor or anti-tumor functions in LC were searched
for in the GeneCards database (https://www.genecards.
org/) (41). A total of five RNF125-binding RBPs were obtained
(Fig. 7A). Furthermore, expression correlation analysis was

performed between RNF125 and these RBPs in LUAD using
the TIMER?2.0 database and it was found that MBNLI had the
highest correlation coefficient with RNF125 in LUAD (Fig. 7B).
Therefore, MBNLI was selected for further study.
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Figure 8. Schematic diagram of the function and molecular regulatory mechanism of RNF125 in LC. RNF125 is downregulated in lung cancer, and its low
expression is associated with advanced-stage disease. RNF125 inhibits the LUAD cell growth and invasiveness and enhances the chemosensitivity of LUAD
cells to cisplatin. RNF125 acts as an E3 ubiquitin ligase of PD-L1. Knockdown of RNF125 suppresses PD-L1 degradation, thereby impairing Tcell activation
and antitumor cytokine secretion. Mechanistically, the RBP MBNLI serves as an upstream regulator of RNF125 by stabilizing RNF125 mRNA. The figure
contains elements from Servier Medical Art (https:/smart.servier.com/) under a Creative Commons 3.0 license. MBNLI1, muscleblind-like 1; RNF125, ring
finger protein 125; PD-L1, programmed cell death 1 ligand 1; LUAD, lung adenocarcinoma.

The effect of MBNLI on RNF125 expression in LUAD
cells was examined. RT-qPCR and western blotting results
suggested that the expression levels of MBNLI and RNF125
were significantly upregulated upon MBNLI overexpression
and significantly downregulated upon MBNLI-silencing in
LUAD cells (Fig. 7C and D). RIP-PCR demonstrated that
MBNLI protein bound to the 3'UTR of RNFI125 transcripts
(Fig. 7E). To verify the effect of MBNLI on RNF125 transcript
stability, LUAD cells were treated with the transcriptional
inhibitor actinomycin D. Downregulation of MBNLI1
promoted the decay of RNF125 mRNA, whereas overexpres-
sion of MBNLI1 suppressed the decay of RNF125 mRNA, as
demonstrated by qPCR assay (Fig. 7F and G). Additionally,
MBNLI1 overexpression suppressed the proliferation of LUAD
cells compared with the empty vector control and RNF125
knockdown significantly eliminated the effect of MBNLI
overexpression compared with the corresponding control
(Fig. 7H). Similarly, MBNLI1 overexpression suppressed the
invasion of LUAD cells and RNF125 knockdown eliminated
the effect of MBNLI1 overexpression compared with the
corresponding control groups (Fig. 7). Overall, these results

suggested that MBNL1 may be an upstream regulator of
RNF125 in LUAD.

Fig. 8 depicts a schematic diagram of the function and
molecular regulatory mechanism of RNF125 in LC. In short,
RNF125 is downregulated in LC, and its low expression is
associated with advanced-stage disease. RNF125 inhibits
the LUAD cell growth and invasiveness and enhances the
chemosensitivity of LUAD cells to cisplatin. RNF125 acts
as an E3 ubiquitin ligase of PD-L1. Knockdown of RNF125
suppresses PD-L1 degradation, thereby impairing T-cell
activation and anti-tumor cytokine secretion. Mechanistically,
the RBP MBNLI serves as an upstream regulator of RNF125
by stabilizing RNF125 mRNA.

Discussion

Ubiquitin E3 ligases exert an important role in eukaryotes
by facilitating protein ubiquitination and degradation (57).
RNF125 is a ubiquitin E3 ligase that is aberrantly expressed in
several cancers, including hepatocellular carcinoma, head and
neck squamous cell carcinoma and melanoma, and has been
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reported to inhibit tumor progression (12-15). However, its
function in LUAD has not been reported. In the present study,
the tumor suppressor role of RNF125 in LUAD was described
and MBNLI1 was proposed as a potential upstream regulator of
RNF125 by controlling the stability of RNF125 mRNA.

Analysis based on clinical data showed that the RNF125
expression level was decreased and associated with metastatic
status, advanced tumor stage and poor overall survival in
LC, indicating a tumor suppressor role of RNF125 in LC.
Kodama et al (11) reported that RNF125 limited hepatocellular
carcinoma progression by inhibiting cancer cell proliferation.
Consistent with the aforementioned results, the data from
the present study showed that the overexpression of RNF125
inhibited LUAD cell growth. Moreover, it was demonstrated
that RNF125 overexpression also inhibited cell migration and
invasion. These findings suggested that RNF125 serves an
important role in suppressing LUAD progression.

Platinum-based chemotherapy, particularly the use of
cisplatin, is an important treatment for patients with advanced
LUAD (7,58). Yet, the application of this drug is hampered
by the poor response of patients with advanced LUAD to
chemotherapy (59,60). Therefore, it is warranted to develop
innovative and efficient strategies for increasing the sensi-
tivity of LUAD cells to drug therapy. In the present study,
it was demonstrated that knockdown of RNF125 decreased
cisplatin-mediated cell apoptosis which corresponded with
an increase in cell viability, whereas the overexpression of
RNF125 exerted antithetical effects. In terms of molecular
mechanisms, RNF125 knockdown reduced the activity of
caspase-3 and the expression levels of cleaved PARP in cispl-
atin-treated LUAD cells. Similarly, downregulated RNF125
has been found to contribute to the resistance of melanoma
to BRAF inhibitors (15). These findings support a potential
role for RNF125 in regulating the sensitivity of tumor cells
to therapeutic agents.

PD-L1I serves a critical role in regulating immune evasion,
particularly in suppressing T cell functions (17,61-64).
Previous research has shown that RNF125 suppresses
immune escape by reducing PD-L1 expression through
promoting PD-L1 ubiquitination and proteasomal degrada-
tion (14,20). In the present study, it was demonstrated that
knockdown of RNF125 downregulated PD-L1 in LUAD
cells and inhibited T cell activation. These findings suggest
a potential link to RNF125-mediated modulation of PD-L1
with the previously reported role of RNF125 as a positive
regulator of T cell activation (11). In addition, it was observed
that the knockdown of RNF125 impaired NK cell lysis of
LUAD cells. Taken together, these findings indicate that
RNF125 may be an important regulator of immune evasion
of LUAD. In addition, it was also hypothesized that the role
of RNFI125 in antitumor immunity might be associated with
macrophages. As shown in the THC staining of RNF125 in
the Human Protein Atlas database (https://www.proteinatlas.
org/ENSG00000101695-RNF125/tissue/lung) (31), medium
expression of RNF125 in the normal lung was observed in
macrophages, which requires further investigation into the
specific function of RNF125 in macrophages and immune
regulation.

RBP MBNLI is a class of RNA metabolism regulators
that control pre-mRNA splicing (65). Increasing MBNLI1

protein expression levels in tumors inhibits tumor progression,
resulting in notably prolonged survival of mice bearing human
glioma stem cell-derived orthotopic xenografts (22). A previous
study reported that MBNLI increased the mRNA stability of
metastasis suppressors debrin like (DBNL) and transforming
acidic coiled-coil containing protein 1 (TACCI) to inhibit the
invasiveness of breast cancer cells by binding to the 3'UTRs
of DBNL and TACC1 mRNA (21). In the present study, the
data showed that RNF125 knockdown abrogated the inhibi-
tory effects of MBNLI overexpression on proliferation and
invasion of LUAD cells. Mechanistically, the MBNLI1 protein
bound to the 3'UTR of RNF125 transcripts and enhanced its
stability, thereby promoting RNF125 expression. Correlation
analysis demonstrated a positive correlation between the
expression levels of RNF125 and MBNLI1 in tumor tissues
derived from patients with LUAD. These results indicated that
MBNLI1/RNF125 may serve an important role in regulating
LUAD progression.

In summary, the present study demonstrated that RNF125
served a tumor suppressor role in LUAD. Moreover, MBNLI
augmented RNF125 expression levels through binding to
the 3'UTR of RNF125 transcripts. Collectively, these find-
ings provided potential novel therapeutic targets for LUAD
treatment in the future.
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