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Abstract

Liver cancer is one of the most common malignant tumours in humans, and a large proportion of patients are
diagnosed at an advanced stage due to rapid growth and distant metastasis; thus, there is an urgent need to iden-
tify critical genes involved in the development of liver cancer. In this study, we investigated the role of RING finger
protein 157 (RNF157) in liver cancer proliferation and the related mechanisms. First, we used bioinformatics counting
for database mining of RNF157 expression in hepatocellular carcinoma and paracancerous tissues and its relationship
with prognosis. We detected the expression level of RNF157 in human samples and different liver cancer cell lines

via fluorescence quantitative polymerase chain reaction (Q-PCR), Western blot, and immunohistochemistry (IHC). Sub-
sequently, virus transfection was used to construct knockdown and overexpressed stably transfected cell lines to test
the effect of RNF157 on the proliferation of liver cancer. Immunoprecipitation (Co-IP) was used to verify the binding
and regulatory relationship between RNF157 and RIG-I/DDX58. We found that RNF157 expression was significantly
upregulated in liver cancer tissues and correlated with poor prognosis. In addition, knockdown of RNF157 expression
inhibited liver cancer cell proliferation and overexpression of RNF157 promoted liver cancer cell proliferation. Co-IP
results revealed that RNF157 binds to and downregulates the expression level of RIG-I/DDX58, further suggesting
that RNF157 binds to and ubiquitinates RIG-I/DDX58 at residue 48 of the lysine, which leads to a significant increase
in the expression level of RIG-I/DDX58. In this study, we found that RNF157 is a tumour-promoting ubiquitin ligase
that promotes liver cancer growth by targeting RIG-I/DDX58 for degradation. Thus, RNF157 has the potential to be

a therapeutic target for liver cancer.
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Introduction

Liver cancer is one of the most prevalent malignant
tumours in China, and hepatocellular carcinoma (HCC)
is the most common type of liver cancer, accounting for
approximately 90% of all liver cancer cases [1]. Due to the
difficulty of early diagnosis of liver cancer and the lack
of characteristic tests, it is difficult to detect liver cancer
early, resulting in high mortality [2]. In recent years, an
increasing number of new biological markers have been
used for the diagnosis of early-stage liver cancer, such
as alpha-fetoprotein heterodimer (AFP-L3) [3], abnor-
mal plasminogen (DCP) [4], phosphatidylinositol pro-
teoglycan-3 (GPC3) [5], and Golgi apparatus-73 (GP73)
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[6], but all of these markers lack specificity and sensitiv-
ity. Therefore, exploring the mechanism of liver cancer
development and discovering new diagnostic and thera-
peutic targets are highly important for the treatment of
this disease.

Ubiquitin (Ub) is a highly conserved 76-amino-acid
protein in eukaryotes. As one of the most prevalent post-
translational modifiers of proteins, Ub binds to lysine
residues of a wide range of cellular proteins and plays
an important role in regulating cellular functions [7].
The process of ubiquitination is catalysed sequentially
by three enzymes, including E1Ub-activating enzyme,
E2Ub-binding enzyme and E3Ub protein ligase [8]. Dys-
function of the protein ubiquitination system is closely
associated with the generation and development of vari-
ous tumours, such as breast cancer [9]. Ring finger pro-
tein 157 (RNF157) belongs to the ring finger protein
family, has E3 ubiquitin ligase activity, and is involved
in a variety of cellular regulatory activities. Studies [10]
have shown that RNF157 promotes neuronal cell sur-
vival and is a key regulator. Moreover, RNF157 can play
an important role in tumour proliferation by regulating
the cell cycle and differentiation [11, 12]. For example,
exosome-mediated RNF157 mRNA in prostate cancer
cells promotes prostate tumour progression by disrupt-
ing the stability of HDAC1 and leading to the polariza-
tion of M2 macrophages [13]. RIG-I/DDX58 is a member
of the RIG-I-like receptor (RLR) family, and its activity
can be regulated by a variety of E3 ubiquitinases, which
play important roles in tumour progression. However,
the roles of RNF157 in liver tumours have rarely been
reported; therefore, this study aimed to investigate the
biological function and potential mechanism of action of
RNF157 in liver cancer. Our study revealed that RNF157
expression is significantly upregulated in liver cancer tis-
sues and is associated with poor prognosis. In addition,
knocking down RNF157 expression can inhibit the prolif-
eration of liver cancer cells and, conversely, promote the
proliferation of liver cancer cells. Furthermore, RNF157
was found to incorporate the ubiquitination of RIG-1/
DDX58 at lysine 48, resulting in RIG-I/DDX58 degrada-
tion to promote liver cancer cell proliferation.

Materials and methods

Cell culture and transfection

The liver tumour cell lines Huh-7, Hep-G2, HCCLMS3,
Hep-3B and SUN-387 were all imported from Wuhan
Punocai Life Technology Co., Ltd. All of them were
authenticated by STR profiling, and they were supple-
mented with 10% foetal bovine serum (FBS), streptomy-
cin (100 IU/mL), penicillin (100 pg/mL), and improved
Eagle medium (DMEM; HyClone) for Huh-7, Hep-G2,
and HCCLM3 cells. RPMI-1640 (1640; HyClone) was

Page 2 of 15

used for the Hep-3B and SUN-387 cell lines. The cells
were cultured in a constant-temperature humidified
incubator at 37 °C with 5% CO,. The RNF157-overex-
pressing cell line was constructed via virus transfection
of Huh-7 cells, and the RNF157-knockdown cell line was
constructed via virus transfection of HCCLM3 and Hep-
3B cells. The plasmid used for overexpression of RNF157:
Homo sapiens ring finger protein 157 (RNF157), tran-
script variant 1, mRNA NCBI Reference Sequence:
NM_052916.3. The over-expressed control virus is an
empty control virus without inserting foreign genes.
RNF157 was knocked down by lentivirus and trans-
fected into tumor cells. The sequence of the virus used
for RNF157 knockdown was RNF157 shRNA-1:GGA
TCCCATCCATCCTCAGAGAATATTTTCAAGAGA
AATATTCTCTGAGGATGGATGTTTTTTGAATTC;
RNF157  shRNA-2:GGATCCGGGTAGCCATCACCA
TCTATTTTCAAGAGAAATAGATGGTGATGGCTA
CCCTTTTTTGAATTC; negative control: GGATCC
ACTACCGTTGTTATAGGTGTTCAAGAGACACCT
ATAACAACGGTAGTTTTTTTGAATTC. Two thou-
sand cells were cultivated in a 6-well plate, the virus and
transfection reagents (Lipofectamine 8000, Beyotime,
C0533) were added, and the medium was changed 8 h
later. After 48 h, puromycin (5 pg/ml) was added, and the
cells were incubated for 72 h. After the untreated group
was completely killed with puromycin, the medium was
replaced with complete culture medium, the medium
was expanded, and the cells were frozen for later use.
The transfection efficiency was evaluated via quantitative
real-time polymerase chain reaction (q-PCR) and West-
ern blot.

Clinical tissue samples

All samples were from patients who underwent hepatec-
tomy in Chuzhou First People’s Hospital from December
2023 to March 2024, and the postoperative pathology
was confirmed as liver cancer. Six of the 8 patients were
HBV positive, all of whom were treated with antiviral
drugs, and 2 patients who were HBV negative had differ-
ent drinking histories. All patients were diagnosed with
liver cancer for the first time and had not received any
treatment (surgery, locoregional, systemic). The experi-
ment was approved by the Chuzhou first people’s hospital
medical ethics Committee (2023) Lun Shen [Biology]
No. (2).

Immunohistochemistry

The tissue microarray (TMA) was purchased from
Shanghai Xinultra Biotechnology Co., Ltd. The tissue
samples were fixed with 4% paraformaldehyde, dehy-
drated with gradient alcohol, treated with xylene trans-
parently, hydrated with gradient alcohol, repaired with
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antigens, inactivated with endogenous enzymes, sealed
with sealing solution, placed in an anti-wetting box at
4 °C overnight, incubated with secondary antibodies at
room temperature for 30 min, incubated with mycobio-
tin-hydrogen peroxide solution at room temperature for
10 min, washed and subjected to DAB staining.

Total protein extraction and Western blot detection

The cell suspension was collected and cleaved with RIPA
(32010A, Bebo Bio, Inc.) lysis buffer containing a pro-
tease inhibitor. After centrifugation, the supernatant was
harvested, and the protein concentration was measured
via the BCA method. An appropriate amount of 2 X load-
ing buffer (1,610,737, BIO RAD) was added, after which
the mixture was denatured in a water bath and cooled on
ice. The protein was separated by electrophoresis on a
10% sodium dodecyl sulfate-polyacrylamide gel and then
transferred to a PVDF membrane. After the samples were
blocked with 5% skim milk, RNF157 primary antibody
(YT6295, Immunoway Company), RIG-I/DDX58 pri-
mary antibody (3B10F5, Proteintech), GAPDH (AB0037,
Shanghai Bowan Biotechnology Co., Ltd.), HA-RNF157
(51,064—-2-AP, Proteintech), Myc-DDX58 (60,003-2-Ig,
Proteintech), and Ub-Flag (20543—-1-AP, Proteintech)
were incubated at 4 °C overnight. The membranes were
then incubated with a horseradish peroxidase-coupled
secondary antibody (AB0102, Shanghai Bowan Bio-
technology Co., Ltd.) at room temperature for 1 h. The
protein bands were visualized via an enhanced chemi-
luminescence kit (Beyotime, Shanghai), and the relative
grey values were calculated via Image]J software.

Total RNA extraction and real-time polymerase chain
reaction (q-PCR) detection

The cell suspension was placed in RNA lysis buffer (RNA
lysis buffer:p-oleophobic ethanol =1000:20), and the total
RNA was reverse-transcribed into complementary DNA
(cDNA) according to the SYBR fluorescent real-time
PCR kit. The analysis was carried out by Applied Bio-
systems (USA), and the cycle conditions were 37 °C for
15 min, 85 °C for 15 s, and cooling to 4 °C for 10 min.
Each reaction was repeated 3 times. The mRNA expres-
sion was analysed by the 2724¢ method, and glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) was used
as the reference gene. The sequences of primers used in
this assay were as follows: RNF157-F: GGCTTTGAT
TTAGACCGAGAA; RNF157-R: CTTCGTCTTCAG
CCACCTTA; GAPDH-F:GAGAAGTATGACAACAGC
CTCAA; GAPDH-R: GCCATCACGCCACAGTTT.

CCK-8 experiment
The exponentially grown Huh-7, HCCLM3, Hep-3B cells
(100 L, 1x10* cells/mL) were inoculated into 96-well
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plates. The samples were incubated with 5% CO, at 37 °C
overnight, 5 uL of CCK-8 (C0038, Beyotime) was added
to each well at 24, 48, 72, 96, and 120 h, the samples were
incubated at 37 °C for 2 h, and the absorbance at 450 nm
was measured via a spectrophotometer.

Plate cloning experiment

Huh-7, HCCLM3, Hep-3B cells were inoculated into
6-well plates (1*10° cells/well), 2 mL of complete cul-
ture medium was added, and the cells were cultured in
a humidified incubator at 37 °C and 5% CO,. The culture
medium was changed every 4 days, the cells were fixed
with 4% paraformaldehyde after 10 days, stained with
crystal violet, and photographed under an optical micro-
scope, and the experimental results were analysed via
Image] software.

Subcutaneous tumorigenesis in nude mice
Five-week-old athymic BALB/c nude mice were pur-
chased from Hangzhou Ziyuan Experimental Animal
Science and Technology Co., Ltd., and housed in SPF
class animal housing. Hep-G2 does not carry the genome
of the hepatitis B virus, and it does not cause tumors
in immunosuppressed mice. Therefore, we chose the
HCCLM3 and Hep-3B cells, which have a faster tumor
growth rate. Isoflurane inhalation anesthesia, use an
induction concentration of 3-5% with an oxygen flow
rate of 1-2 L/min for rapid induction. After achieving
anesthesia, reduce the concentration to 1-2% with an
oxygen flow rate of 0.5-1 L/min for maintenance. Adjust
the anesthetic concentration in real-time based on res-
piratory rate and responses to toe pinch reflex while con-
tinuously monitoring body temperature and other vital
parameters to ensure the safety of the mice. A total of
3% 10° /200ul control cells and RNF157-overexpressing
Huh7/knockdown HCCLM3 and Hep-3B hepatoma cells
were injected subcutaneously into the groin of nude mice,
There were 5 participants in the experimental group
and 5 participants in the control group. We observe the
health of the laboratory animals every day, The tumour
volume was measured each week, After about 4 weeks,
the tumors were isolated for analysis. The tumor volume.
was calculated as Length x Widthx Widthx0.5. It is
generally recommended that the tumor volume should
not exceed 10% of the body weight of the mice. The
tumor volume should be controlled below 1500 mm? All
mice were euthanized using cervical dislocation. Con-
firmed cervical dislocation with respiratory and cardiac
arrest. Because cervical dislocation is a physical method,
it is usually combined with pupillary reflex examina-
tion to ensure death. The subcutaneous tumours were
weighed, and a tumour growth curve was drawn. All ani-
mal experiments were undertaken and conducted with
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approval from the ethics review committee of Chuzhou
First People’s Hospital.

Coimmunoprecipitation (Co-IP)

HCCLM3 and Hep-3B cells were lysed with RIPA buffer,
and the supernatant was incubated with primary anti-
bodies against RNF157 and RIG-I/DDX58 at 4 °C over-
night; 5% was used as the input lysate, and the remaining
mixture was incubated at 4 °C with protein A/G mag-
netic beads. For exogenous immunoprecipitation, the
cell lysate was incubated with Myc beads (MedChem-
Express) and HA beads (MedChemExpress) overnight,
centrifuged and washed with IP lysis buffer three times,
and the protein expression level was detected via West-
ern blotting.

RNA sequencing

To explore the potential mechanism of RNF157 in liver
cancer, RNA sequencing was performed. A lentivirus was
used to construct stable RNF157 cells from Huh-7 cells,
and the overexpression efficiency was verified via g—-PCR.
The cells in the control group and RNF157 overexpres-
sion group were sent to Shanghai Oui Biomedical Tech-
nology Co., Ltd., for RNA-Seq detection. Sequencing
of the library produced a paired-end reading of 150 bp
(TruSeq Stranded mRNA LTSample Prep Kit, [llumina,
RS-122-2101; Agencourt AMPure XP, BECKMAN
COULTER, A63881; Qubit RNA Assay Kit, Life Tech-
nologies, Q32852; Qubit dsDNA Assay Kit, Life Tech-
nologies, Q328520; Bioanalyzer 2100 RNA-6000 Nano
Kit, Agilent, 5067-1511; Bioanalyzer 2100 DNA-1000
Kit Agilent, 5067-1504; SuperScript II Reverse Tran-
scriptase, Invitrogen, 18,064,014) on an Illumina HiSeq X
Ten platform (cat. no. DOE20221816; Illumina, Inc.). An
Agilent 2100 bioanalyzer was used to measure the length
and quality of the library. The Phred score determines
the base error rate in Illumina sequencing and is calcu-
lated by the model to predict the probability of errors in
base differentiation. Raw data in fastq format (raw read-
ings) are first processed via Trimmomatic (version 0.36),
and low-quality readings are removed for clean reading.
Subsequently, approximately 14,000 clean readings of
each sample were retained for analysis. Clean readings
were plotted onto the human genome (GRCh38) via
HISAT2 (version 2.2.1.0). Cufflinks (version 2.2.1) was
used to calculate the number of transcription fragments
per kilobase per million map readings for each gene, and
the reading for each gene was obtained via HTSeq count
(version 0.9.1). The concentration of RNA samples can be
quickly measured via a NanoDrop spectrophotometer,
and the purity of RNA can be assessed by the absorption
rate (A260/A280 and A260/A230). An A260/A280 ratio
close to 2.0 usually indicates less protein contamination,
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whereas an A260/A230 ratio greater than 2.0 indicates
less contamination from organic solvents or other impu-
rities. The DESeq (version 1.18.0) R software package
was used for differential expression analysis. P<0.05 and
FC>1.5 or<0.5 were set as thresholds for significant dif-
ferential expression. Systematic cluster analysis of DEGs
was performed to demonstrate the expression patterns of
genes in different groups and samples. Based on hyperge-
ometric distribution, gene ontology (http://geneontology.
org) enrichment analysis of DEGs and KEGG enrichment
analysis were performed via R (version 4.3.3, integrated R
archive network). The data are available via the Sequence
ReadArchive identifier PRINA1107826.

Proteomic sequencing

To explore the potential mechanism of RNF157 in liver
cancer, proteomic sequencing was performed. A lenti-
virus was used to construct stable RNF157 Huh-7 cells,
and the overexpression efficiency was detected by West-
ern blotting. The cells were then sent to Hangzhou Jin-
gjie Biotechnology Co., Ltd., for proteomic detection.
ProteomeXchange dataset has been made public via the
PRIDE database (http://www.ebi.ac.uk/pride/archive/
projects/PXD052805).

Immunofluorescence

The ordinary clean cover glass was placed in a 24-well
plate, HCCLM3 cells (2*10* cells/mL) were inoculated
and incubated with 5% CO, at 37 °C overnight so that the
cell density was approximately 50%, the culture medium
was removed, the mixture was washed twice with 1 ml of
PBS, 1 ml of paraformaldehyde was added, the mixture
was fixed at room temperature for 15 min, and the mix-
ture was sealed with sealing liquid (1 ml/well) for 60 min.
RNF157 and RIG-1/DDX58 antibodies were added to
0.5 ml/well diluted fluorescent secondary antibodies
overnight at 4 °C and incubated at room temperature
for 40 min in the dark. The samples were then incubated
with DAPI (50 ul/well) for 5 min in the dark and observed
via fluorescence microscopy.

Statistical analysis

The results are expressed as the mean + standard devia-
tion or the standard error of the mean and were analysed
with GraphPad Prism 8 software. After the normality of
the raw data was tested, Student’s t test was used to ana-
lyse the differences between two independent groups.
One-way analysis of variance (ANOVA) was used to
determine the differences between groups. p<0.05 was
considered statistically significant.
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Results

RNF157 is overexpressed in liver cancer

We first analysed RNF157 expression in liver cancer in
the TCGA database. Publicly available data revealed that
RNF157 was significantly elevated in liver cancer tissue
compared with normal liver tissue (Fig. 1A). To confirm
this finding, we collected 8 pairs of clinical liver cancer
and paracarcinoma tissue samples and examined protein
expression levels in these tissues via Western blot analy-
sis, as well as protein blotting to detect protein expres-
sion in different liver cancer cell lines, including Huh-7,
Hep-G2, HCCLM3, Hep-3B, and SUN-387, and Q-PCR,
to detect mRNA expression levels. These experiments
revealed elevated expression levels of RNF157 protein
and corresponding mRNA in liver cancer (Fig. 1B, C, D),
and further analysis revealed that RNF157 expression
was relatively high in Hep-G2, HCCLM3, and Hep-3B
cells and relatively low in Huh-7 cells. Immunohisto-
chemical staining of microarrays containing cancer and
adjacent samples from 75 liver cancer patients revealed
that high expression of RNF157 was detected in multiple
stages of liver cancer (Fig. 1E).

High expression of RNF157 is significantly associated

with poor prognosis in liver cancer

The TCGA database also revealed that the expression of
RNF157 is different in liver cancer with different degrees
of differentiation and stages. The expression of RNF157
is greater in poorly differentiated or undifferentiated
liver cancer, suggesting that RNF157 may be related
to the progression of liver cancer rather than the num-
ber of lymph node metastases in patients. There was
a significant difference in RNF157 expression among
patients with different TP53 mutation statuses (P <0.001)
(Fig. 2A). K-M analysis revealed that the RNF157 expres-
sion level in liver cancer is related to overall survival (OS),
progression-free survival (PFS), and recurrence-free sur-
vival (RES); that is, patients with high RNF157 expres-
sion have poorer outcomes, suggesting that high RNF157
expression is significantly associated with poor progno-
sis in cancer patients (Fig. 2B). Interestingly, a survival
follow-up of 29 patients treated with sorafenib revealed
that patients with different RNF157 expression levels did
not have the same survival time with sorafenib treatment,
although the difference was not statistically significant
(P=0.058). However, it is worthwhile to explore the pos-
sibility of following more patients, as the results suggest
that patients with high RNF157 expression levels may
be more resistant to sorafenib, which provides a good
opportunity for clinical sorafenib treatment for liver can-
cer patients and provides a potential strategy. The expres-
sion of different RNF157 levels is more clinically relevant
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in Asian populations than in Caucasian populations, sug-
gesting that low RNF157 levels may be a protective factor
in Asians (Fig. 2C).

Knockdown of RNF157 inhibits liver cancer proliferation

In HCCLM3 and Hep-3B cells, we used lentivirus trans-
fection to construct a stably transfected cell line in which
RNF157 was knocked down and used Western blotting
to detect the knockdown efficiency (Fig. 3A). CCK-8
and plate cloning experiments were subsequently per-
formed. Compared with the control, shRNF157 inhib-
ited the proliferation of liver cancer cells (Fig. 3B, C). In
xenograft mouse models, the inhibition of RNF157 sig-
nificantly slowed the growth of subcutaneous tumours
in mice. Compared with that in the control group, the
average tumour weight was lower in the shRNF157 group
(Fig. 3D).

Overexpression of RNF157 promotes liver cancer
proliferation

The corresponding lentivirus was used to construct
control and RNF157-overexpressing Huh-7 cells. The
overexpression efficiency was detected via Western blot
analysis (Fig. 4A). CCK-8 and plate colony formation
assays revealed that, compared with that in the control
group, liver cancer cell proliferation was greater in the
RNF157-OE group (Fig. 4C, D). Compared with those
in the control group, the tumours in the RNF157-OE
group were faster. In addition, the RNF157-OE group had
greater tumour weights compared with the other groups
(Fig. 4E). These results indicate that RNF157 can promote
the proliferation of liver cancer cells in vitro and in vivo.
The KEGG functional enrichment results of proteome
sequencing revealed that RNF157 may be involved in
extracellular matrix receptor interactions and signalling
pathways such as the Wnt and HIF-1 pathways (Fig. 4B).

RNF157 interacts with RIG-I/DDX58

To study the potential mechanism, RNF157-overexpress-
ing stably transfected Huh-7 cells were generated, and
the control group and Huh-7-OE histone proteins were
sequenced. RNF157 overexpression downregulated the
protein expression level of RIG-I/DDX58. Subsequent
immunofluorescence localization experiments revealed
that the binding of RNF157 and RIG-I/DDX58 was
located in the nucleus (Fig. 5D). For further coimmuno-
precipitation experiments, anti-RNF157, RIG-I/DDX58
and IgG antibodies were used to coimmunoprecipitate
HCCLM3 and Hep-3B cell lysates, and Western blot
analysis was used to detect the endogenous interaction
between RNF157 and RIG-I/DDX58. RNF157 and RIG-1/
DDX58 plasmids were cotransfected into HEK293T
cells, which were then cultured for 48 h. The cells were
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treated with MG132 6 h before lysis and then immuno-
precipitated with anti-HA or anti-Myc magnetic beads.
Western blot analysis was performed with anti-HA or
anti-Myc antibodies. Regarding the exogenous interac-
tion between RNF157 and RIG-I/DDX58, the results
revealed that RNF157 and RIG-I/DDX58 bind to each
other in HCCLM3, Hep-3B and HEK293T cells (Fig. 5A,
B, C).

RNF157 regulates RIG-I/DDX58 stability

in a ubiquitination-dependent manner

To clarify the regulatory effect of RNF157 on RIG-I/
DDX58, we used anti-RNF157 and anti-RIG-I/DDX58
antibodies to perform Western blot detection in
HCCLM3-knockdown, Hep-3B-overexpressing and
Huh-7-overexpressing cells. We found that the RNF157
level was negatively correlated with the RIG-I/DDX58
ratio. Specifically, knockdown of RNF157 can cause an
increase in RIG-I/DDX58, whereas overexpression of
RNF157 can cause a decrease in RIG-I/DDX58 (Fig. 6A).
After gradient transfection of HEK293T cells with dif-
ferent concentrations of the RNF157 plasmid, we also
found that the level of RIG-I/DDX58 decreased as the
concentration of RNF157 increased (Fig. 6B). To further
study the effect of RNF157 on the ubiquitination of the
RIG-I/DDX58 protein, we transiently cotransfected the
RNF157, RIG-I/DDX58 and Ub WT, Ub K48, and Ub
K63 plasmids into HEK293T cells. After being cultured
for 48 h, the cells were treated with MG132 for 6 h before
lysis. An anti-Myc magnetic bead antibody was used
for coimmunoprecipitation, and an anti-HA antibody,
anti-Myc antibody and anti-Flag antibody were used for
Western blot analysis and detection. RNF157 promoted
the overall polyubiquitination and lysine 48 (K48)-linked
ubiquitination of RIG-I/DDX58 in HEK293T cells but did
not change the lysine 63 (K63)-linked ubiquitination of
RIG-I/DDX58 (Fig. 6C).

Discussion

Although the pathogenesis of liver cancer is still poorly
understood, the posttranslational modification of pro-
teins is considered an important factor in liver cancer
pathogenesis. The UPS is the most important pathway

(See figure on next page.)
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for protein degradation in eukaryotic cells and is involved
in important physiological and biochemical processes,
such as cell growth, differentiation, DNA replication and
repair, cell metabolism, and the immune response. There
is increasing evidence that dysregulation of cycloubiqui-
tin protein ligase (E3), which acts as a tumour promoter
or suppressor in liver cancer under specific conditions, is
associated with the development of liver cancer. RNF157,
which has E3 ubiquitin ligase activity, plays important
roles not only in neuronal regulation but also in the
occurrence and development of ovarian epithelial can-
cer, thyroid cancer, oral squamous cell cancer and other
tumours [14—16]. It has also been reported to regulate
CD4 + T-cell-mediated autoimmune responses [17].
Although the potential role of RNF157 in a variety of dis-
eases, especially tumours, has gradually been discovered,
there is currently a lack of research on its role in liver
cancer. A prognostic study based on a TCGA cohort con-
sisting of 11 RNFPS genes (RNF220, RNF25, TRIM25,
BMI1, RNF216P1, RNF115, RNF2, TRAIP, RNF157,
RNF145, and RNF19B) revealed that RNFF-related gene
profiles could be used to evaluate liver cancer prognos-
tic indices [18] to guide the treatment of liver cancer,
but a detailed exploration of specific genes is lacking. In
this study, we found that RNF157 is highly expressed in
liver cancer and is closely related to prognosis at the tis-
sue and cell levels. The ubiquitin ligase E3 also plays an
important role in the tumour signal transduction path-
way. RNF43 and ZNRF3 are known negative regula-
tors of the Wnt pathway. By targeting the Wnt receptor
Frizzled, it induces ubiquitination-mediated lysosomal
degradation to control Wnt signal transduction, thus
controlling the activation of the Wnt signal transduc-
tion pathway [19]. RNF157 is involved in the activation
of multiple pathways and is the “connecting point” of the
MAPK/ERK and PI3K/AKT signalling pathways, among
which the ERK pathway is one of the classical pathways
related to the regulation of cell proliferation [20]. In the
overexpression group (OE) compared to the normal con-
trol group (NC), the top 20 significant pathways were
identified through statistical enrichment analysis. Our
RNA-seq analysis results revealed that RNF157 is related
to Wnt signalling, HIF-1 signalling, and ECM-receptor

Fig. 3 RNF157 knockdown inhibits liver cancer cell proliferation. A After lentiviral transfection, Western blot analysis of RNF157 knockdown
efficiency in HCCLM3 and Hep-3B cells was performed. B Proliferation levels of HCCLM3 and Hep-3B cells were assessed via a CCK-8 assay. C A plate
cloning experiment was performed to detect the proliferation of HCCLM3 and Hep-3B cells. D Images of tumours removed from nude mice four
weeks after subcutaneous injection of HCCLM3 and Hep-3B cells (n=5). The tumour weights of the two groups of nude mice were measured.
Tumour diameter was used to plot tumour volume curves. The images are from one representative experiment, and the data are expressed

as the means +SDs of three independent experiments (*p <0.05, **p <0.01, ***p <0.001). Ordinary one-way ANOVA with multiple comparisons
testing was used to examine the statistical significance of differences among the three independent groups
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interactions,The study revealed that “RNF157”may play
a potential role in cancer-related pathways, metabolic
pathways, and immune/inflammatory-related pathways.
The inhibition of “basal cell carcinoma”and “proteoglycan
pathways”’suggests possible activation of specific tumor
suppression mechanisms or disruption of tumor-related
signaling by the overexpressed gene. The downregulation
of metabolic pathways likely reflects weakened cellular
energy metabolism (e.g., glycolysis) and impaired amino
acid metabolism in the OE group. Reduced functionality
of the “complement system’, “B cells”, and “NK cells” may
compromise immune surveillance capacity, thereby pro-
moting tumor immune escape.

RIG-I, also known as DDX58, is a member of the RIG-
I-like receptor (RLR) family with RNA helicase activity
(including DEX/DH boxes) [21], which plays an impor-
tant role in viral infection. It can recognize viral double-
stranded RNA (dsRNA) to produce type I interferons
(IFN-a and IFN-b) to exert antiviral effects [22]. Among
hepatitis B viruses, novel coronavirus infections related
to neurological diseases are crucial [23, 24]. In addition,
RIGI was found to be significantly reduced in a mouse
model of nonalcoholic steatohepatitis (NASH), while its
stable overexpression protects cells from palmitic acid
toxicity and stimulates autophagy. Therefore, the acti-
vation of RIG-I-induced autophagy may be a treatment
method for nonalcoholic fatty liver disease (NAFLD)
[25]. In recent years, RIG-I has been recognized as a pat-
tern recognition receptor that recognizes nucleic acids
released by dead and damaged cancer cells. Moreover,
immune cells such as dendritic cells (DCs), CD8+T
cells and natural killer (NK) cells are recruited into the
tumour microenvironment to kill tumour cells [26, 27].
Another function of RIG-I is to exert antitumour effects
by binding to a variety of transcription factors; for exam-
ple, RIG-I regulates the STAT3/CSE signalling pathway
by interacting with STATS3, thus affecting the prolifera-
tion of colon cancer tumour cells [28]. The activity of
RIG-I can be enhanced by E3 ubiquitination enzymes
such as TRIM25 via K63-linked ubiquitination, thus
promoting the activation of downstream RIG-I signal-
ling [29]. Moreover, CD97 inhibits the antiviral response
by upregulating RNF125 expression and inducing RIG-I

(See figure on next page.)
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degradation through Lys181 ubiquitination linked to
K48 [30]. With the in-depth study of immune check-
point inhibitors, the treatment options for liver cancer
are becoming increasingly diverse; the recent treatment
approach for the systemic treatment of liver cancer
is based on the combination of immune checkpoint
inhibitors plus tyrosine kinase inhibitors to enhance the
anticancer immune response and block tumour cell pro-
liferation and neoangiogenesis, as described in a recent
comprehensive review [31]. In this study, via protein
interaction screening, we identified the E3 ubiquitin
ligase RNF157 as a novel protein that interacts with RIG-
I. RNF157 promotes the ubiquitination of RIG-I at the
lysine 48 residue and causes its degradation. This find-
ing suggests that RNF157 may be a negative regulator of
RIG-I at the posttranscriptional level. The downregula-
tion of RIG-I/DDX58 by RNF157 may affect the cell cycle
in liver cancer occurrence and development through a
DNA damage repair mechanism, providing ideas for fur-
ther research. Interestingly, patients with high levels of
RNF157 expression may be more resistant to sorafenib,
Although there was no statistical significance at present,
there may be different results with the increase of sample
size, which provides a potential target for genetic testing
and clinically targeted immunotherapy for liver cancer.
This may be particularly relevant in Asian populations
with low expression of RNF157. Considering the differ-
ence of RNF157 expression in different populations and
demographics, studying these factors can help to develop
more targeted treatment methods. Clinical trials can
stratify participants according to demographic factors
to obtain more accurate data about the effect of RNF157
targeted therapy in different populations. In addition, the
screening of RNF157 level in specific high-risk popula-
tion may be helpful for early intervention, thus improv-
ing the prognosis. Understanding the role of RNF157 in
different cancers and diseases from the perspective of
population and demographic differences may ultimately
help to improve the individualization of treatment and
provide a valuable direction for further research.
However, as a preliminary study, this study has several
limitations. Although this study suggested that RNF157
promotes liver cancer proliferation by targeting RIG-1/

Fig. 4 RNF157 overexpression promotes CC cell proliferation. A Western blotting and detection of RNF157 expression in Huh7 cells

after transfection of the overexpression sequence. B OE-control protein sequencing KEGG functional enrichment. € CCK-8 assay was used to assess
the proliferation level of Huh7 cells. D A plate colony formation assay was performed to detect the proliferation level of Huh7 cells. E Images

of tumours removed from nude mice four weeks after the subcutaneous injection of Huh-7 cells (n=5). The tumour weights of the two groups

of nude mice were measured. Tumour diameter was used to plot tumour volume curves. The images are from one representative experiment.

The data are expressed as the means + SDs of three independent experiments (*p < 0.05, **p <0.01, ***p <0.001). Ordinary one-way ANOVA

with multiple comparisons testing was used to examine the statistical significance of differences among the three independent groups
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Fig. 5 RNF157 binds to DDX58. Anti-RNF157, anti-DDX58, and IgG antibodies were used to coimmunoprecipitate HCCLM3 and Hep-3B cell lysates,
and Western blot analysis was performed to detect the endogenous interaction between RNF157 and DDX58 (Fig. 5 A, B). Lysates from HEK293T
cells cotransfected with HA-RNF157 or Myc-DDX58 were treated, immunoprecipitated with anti-HA or anti-Myc magnetic bead antibodies,

and then subjected to Western blotting with anti-HA or anti-Myc antibodies, respectively (Fig. 5 C). Assays to detect exogenous interactions
between RNF157 and DDX58 were performed. Immunofluorescence revealed the colocalization of RNF157 (green) and DDX58 (red) in HCCLM3

cells, and the nuclei were stained with DAPI (Fig. 5 D)
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Fig. 6 RNF157 mediates K48 ubiquitination of DDX58. A HCCLM3 and Hep-3B cells were knocked down, Huh7 cells were overexpressed,

and Western blot analysis was performed using RNF157 and DDX58 antibodies. Huh7-overexpressing cells were subjected to Western blot
analysis with an RNF157 antibody and a DDX58 antibody. B HEK293T cells were cotransfected with different doses (0, 1, 2, or 4 ug) of HA-RNF157
and 4 g of the Myc-DDX58 plasmid and cultured for 48 h. Western blot analysis was performed after treatment with MG132 (20 uM) for 6 h. C
Lysates from HEK293T cells transiently cotransfected with Flag-Ub (K48, K63, KWT), HA-RNF157, or Myc-DDX58 were treated, immunoprecipitated
with anti-Myc antibodies, and then treated with anti-HA, anti-Myc, or anti-Flag antibodies for Western blot analysis

DDX58, The relatively small sample size and overrepre-
sentation of HBV-positive cases in this study may restrict
the extrapolation of results to other etiologies (e.g.,
HCV, alcohol-related liver disease). Future large-scale,
multi-etiology prospective studies are required to vali-
date the universality of these findings. this study utilized
hepatocellular carcinoma cell lines (including HCCLM3
and Hep-3B) that do not fully represent the heteroge-
neity of liver cancer subtypes. Additionally, the reliance

on subcutaneous xenograft models in animal experi-
ments represents a limited approach. To address these
limitations, future studies will incorporate orthotopic
implantation models and broader HCC subtype cover-
age to enhance the robustness of conclusions. Moreover,
Immunofluorescence analysis revealed co-localization
of RNF157 with RIG-I/DDX58 in the nucleus. Nota-
bly, while RIG-I/DDX58 is predominantly localized in
the cytoplasm (where it mediates antiviral responses),
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its nuclear localization observed here suggests potential
involvement in transcriptional regulation or DNA dam-
age repair-related mechanisms. Further studies are war-
ranted to investigate the functional implications of this
nuclear compartmentalization. Therefore, it is neces-
sary to expand the sample size to improve the accuracy
of the experiment. In the future research, We will con-
struct a domain mutant of RNF157 protein to explore
the structural region of the interaction between RNF157
and RIG-I/DDX58, make a protein half-life experiment to
clarify the half-life of RIG-1/DDX58, and further explore
the possible ways of degradation of RIG-1/DDX58, such
as lysosomal dependence or autophagy.

Conclusion

In summary, we identified RNF157 as a tumour promoter
in liver cancer. It can target RIG-I/DDX58 for proteas-
ome-dependent degradation to promote liver cancer pro-
liferation. Our study revealed that targeting RNF157 may
be a potential treatment for liver cancer.
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