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Ring-finger protein RNF126
promotes prostate cancer

progression via regulation of
MBNL1

Xin Jiang%*>, Ji Li%%, Jiali Zhang®?, Yulei Zhao?, Guogin He'*" & Xiaohui Yao**

Purpose Aberrant activation/overexpression of RNF126 is implicated as a driving event in tumor
progression. However, although some functions of RNF126 in prostate cancer (PCa) cell lines has been
reported, more biological functions and in-depth mechanisms should be further clarified in PCa.
Methods Here, we provide evidence that RNF126 expression is elevated in human PCa tissues and
cell lines, which is associated with tumor grades and prognosis. Cell proliferation was measured by the
CCK8 and colony-formation assays. Cell migration was performed by Transwell and wound-healing
assays. RNF126 target proteins were investigated via proteomic, co-immunoprecipitation and western
blot methods. Additionally, we knock-downed MBNL1 expression to perform rescue experiments. In
vivo, xenograft mice assay was used to verify the effect of RNF126 on the growth of PCa cell.

Results Here, we showed that RNF126 was highly expressed in PCa and its higher expression

was associated with worse patients’ prognosis. Expression modulation of RNF126 affects PCa

cells proliferation, migration, EMT and docetaxel (DTX) resistance in vitro or in vivo. Additionally,
RNF126 involves in the regulation of PI3K/AKT, MEK/ERK and EMT pathways. Mechanistically,
immunoprecipitation (IP) and coimmunoprecipitation (co-IP) assays indicated that RNF126 could bind
to MBNL1 directly. Our data also suggested that MBNL1 was a critical downstream event in RNF126-
mediated tumorigenesis and chemo-resistance and played a crucial role in driving the PI3K/AKT, MEK/
ERK and EMT pathways.

Conclusion Taken together, our findings reveal a novel biological and molecular functions of RNF126
and may provide a new treatment option for PCa patients.
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MBNLLI Muscleblind like splicing regulator 1

PCa Prostate cancer

DTX Docetaxel

1P Immunoprecipitation
co-IP Coimmunoprecipitation
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DOTIL DOT]1 like histone lysine methyltransferase
SETDIA  SET domain containing 1 A

EMT Epithelial-mesenchymal transition
TCGA The Cancer Genome Atlas

GEO Gene Expression Omnibus

IHC Immunohistochemistry

CCK8 Cell Counting Kit-8

GSEA Gene Set Enrichment Analysis

MAPK Mitogen activated kinase-like protein
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DEGs Differentially expressed genes

GEPIA Gene expression profiling interactive analysis
UPS Ubiquitin proteasome system

PTEN Phosphatase and tensin homolog

PFA Paraformaldehyde

Prostate cancer is one of the most common male-related malignant tumor worldwide and remains the second
leading cause of cancer-related deaths among men in Western countries'. Surgical resection, androgen
deprivation therapy and chemotherapy remain as the mainstays for PCa patients®. Although PCa progresses
slowly, most PCa patients will inevitably progress to advanced stages that requires endocrine therapy, which is
likely to lead to the emergency of a castration-resistant state®. Docetaxel is a first-line chemotherapeutic agent
for advanced PCa*. However, most PCa patients required inherent or acquired drug resistance to docetaxel®.
Therefore, an understanding of mechanisms by which contributes to chemoresistance will be important when
development new treatment strategies for PCa.

Ring-finger protein 126 (RNF126) belongs to RING E3 ubiquitin ligase subfamily and plays broad functions
in maintaining the protein stability by ubiquitinating misfolded proteins®. RNF126 has been reported to be
involved in diverse biological processes, including drug resistance’, DNA damage response®, homologous
recombination®, immunoregulatory effect'® and cell cycle!!. RNF126 seems to be associated with a series of
cellular processes in which its E3 ligase activity may or may not be involved'2. RNF126 and BCA1 E3 ligases
have similar protein structures, containing a RING finger at the C-terminal and a Zn finger at the N-terminal'>.
RNF126 has been reported to correlated with many malignant cancer, such as breast cancer®!'2, bladder cancer!?,
and nasopharyngeal cancer!’. Although Xu et al. has reported that RNF126 could promote the viability and cell
cycle of PCa cell lines'?, more functional phenotypes and a deeper mechanism should be further illuminated in
PCa.

The alternative splicing of pre-mRNA is a key mechanism regulating eukaryotic gene expression by
expanding genome coding diversity'>. The Muscleblind-like (MBNL) family of sequence-specific pre-mRNA
splicing factors bind RNA through pairs of highly conserved zinc finger, recognizing YGCY and similar motifs'®.
MBNLI was originally found to modulate transcriptomes by stabilizing, splicing, polyadenylating, and locating
its target mRNAs!”!8. Dysfunctional MBNLI causes myotonic dystrophy as well as defective erythrocyte
and myofibroblast development!. Abnormal RNA processing, especially splicing, is associated with cancer,
including PCa?. In addition to the molecular mechanisms involved in regulating MBNL1-mediated impacts
on tissue development, its influence on carcinogenesis was recently investigated. Recent study has also reported
that MBNLI regulates alternative splicing of several genes including those essential for MLL-rearranged
leukemogenesis, such as DOT1L and SETD1A?!. MBNLI inhibits glioblastoma tumor initiation and progression
by reducing hypoxia-induced stemness?>. MBNLLI also plays a suppressive role in breast cancer progression
by promoting transcripts stability of several onco-suppressors*>. Moreover, MBNL1 could destabilize snail
transcripts and, in turn, suppress the EMT process of colorectal cancer cells through the snail/E-cadherin axis?*.

In the present study, we found RNF126 was highly expressed and could be a prognostic biomarker in PCa.
In addition, targeting RNF126 inhibits PCa progression and docetaxel resistance both in vitro and in vivo.
By further exploration, we determined that RNF126 could regulate MBNLI protein expression via direct
interaction. Therefore, our study describes a novel RNF126/MBNLI axis that might be a promising therapeutic
target for PCa.

Methods and materials

Cell culture and reagents

BPH]1, LNCaP, 22Rvl, DU145, PC3 and 293T cells were purchased from American Type Culture Collection
(ATCC, USA). DTX-resistant DU145 cell (DU145-DR) and DTX-resistant PC3 cell (PC3-DR) were kindly
provided by Minghao Yu. Except for 293T cells cultured in DMEM medium, all the other cells were cultured in
1640 medium supplemented with 10% (v/v) fetal bovine serum (FBS) (Gibco, USA). PI3K inhibitor LY294002
(HY-10108), ERK inhibitor SCH772984 (HY-50846) and Docetaxel (HY-B0011) were purchased from
MedChemExpress (Monmouth Junction, NJ, USA). The study was conducted in accordance with the principles
set forth in the Declaration of Helsinki. All patients gave written informed consent before the study.

Transient and stable transfection

Transient transfection of siRNA or plasmids were performed using Lipofectamine 2000 (Invitrogen, USA) when
the cells reached 50-70% confluence. The shRNA sequences targeting RNF126 are shown below: shRNF126-1:
5-TGCATGGTTTGTGGCGGAAGA-3’; shRNF126-2: 5-GCAACGAGAACGCCACATGGT-3" The siRNA
sequences targeting MBNL1 are shown below: 5’-GCCAACCAGATACCCATAATA-3'. For lentivirus packaging,
293T cells were transfected with shNC and shRNF126 plasmids and viral packaging plasmids (psPAX-2 and
pMD2.G) using Lipofectamine 2000. After 48 h, the supernatant was collected and filtered. To generate DU145
and PC3 cell lines with stable RNF126 knockdown, lentivirus particles were infected into DU145 or PC3 cells.
After 24 IV infection, both cells were treated with puromycin (Beyotime, China) for 14 days to select stable cell
lines.

Western blot

After whole cell lysate was separated by SDS-PAGE gel, proteins were transferred to PVDF membrane and
blocked in 5% non-fat milk, then incubate with corresponding primary antibodies. The membranes were than
incubated with anti-rabbit or anti-mouse secondary antibodies (1:2000; CST). Protein content was detected
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using Amersham Imager 600 (GE Healthcare, USA). Primary antibodies used in this study were shown in
Supplementary Table SI.

gRT-PCR

RNA was isolated using a total RNA isolation kit (Life technologies; USA). cDNA synthesis was performed using
reverse transcriptase kit and qRT-PCR was carried out using SYBR Green master mix (TAKARA; Japan). Data
were analyzed using the AACt method. The sequences of the primers used for this assay are in Supplementary
Table S2.

Immunoprecipitation

The cells were lysed in precipitation lysis buffer (20 mM Tris-HCI, pH 7.5, 150 mM NaCl, 1 mM Na,EDTA, 1 mM
EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, I mM p-glycerophosphate, 1 mM Na,VO,) supplemented
with protease inhibitors. Cell lysates were immunoprecipitated and analyzed via western blot assay.

Immunofluorescence

The cells were fixed with 4% PFA (10 min) and then incubated in 1% BSA in 0.1% PBS-Tween for 1.0 h to
permeabilize the cells and block non-specific protein-protein interactions. The cells were then incubated with
the antibody for MBNL1 (Abcam; ab45899) and RNF126 (Abcam; ab234812) overnight at 4 °C. The secondary
antibody was Alexa Fluor 488 Goat anti-Rabbit IgG (H+L) (Abcam; ab150077) used at a 1/1000 dilution for
1.0 h. DAPI (Beyotime; P0131) was used to stain the cell nuclei. The fluorescence was visualized by a confocal
microscope.

Cell migration assays

For wound-healing assay, PCa cells were seeded in six-well plates. Cells were wounded with a 200-uL pipette
tip and cultured in medium with 1% serum for 24 h. Then we measured the narrowing of the wound via Image]
software. For Transwell migration assay, a total of 5x 10* cells were seeded in the upper chambers of 24-well
plates. Serum-free medium was added in the upper chambers when complete medium was added to the lower
chamber. After 24 h, the cells were fixed with 4% paraformaldehyde, stained by 0.2% crystal violet, and counted.

Cell proliferation assays

For CCKS8 assay, cells were seeded in 96-well plates at a density of 3x 10® cells per well and cultured for 24,
48 and 72 h. Cell viability was determined using Cell Counting Kit-8 kit (Dojindo, Japan) according to the
manufacturer’s instructions. For colony-formation assay, PCa cells were seeded in 6-well plates at 1500 cells/
well, then incubated in complete medium for 14 days. Colonies were fixed with 4% paraformaldehyde and then
were stained with 0.2% crystal violet for 15 min, respectively, followed by washing with PBS, photographing,
and counting.

Tumorigenicity assay in nude mice

A total of 10 male, 4-week-old BALB/C nude mice were bought from the Center of Comparative Medicine of
Yangzhou University in China (Quality certificate number: SCXK(Su)2012-0004). They were used to examine
tumorigenicity. The mice were randomly divided into two groups (n=>5/group). shNC or shRNF126 PC3 cells
were injected subcutaneously into the flanks of nude mice. At the ending days, the xenograft tumors were
excised, then the tumor weight and volume were measured. The tumor tissues were subjected to western blot. In
order to minimize any suffering of the animals, the mice were immediately sacrificed by intraperitoneal injection
of an excess of 2% pentobarbital sodium. All experimental procedures followed the strict the guidelines of the
Baoying People’s Hospital Animal Experimentation Committee on Animals in Research and ARRIVE guidelines
and acquired ethical approval from the Ethics Committee of Baoying People’s Hospital (NO. BYRY20221202)
for Animal Research.

Statistical analyses

The data are presented as the means + standard deviations (SDs). Tukey’s test or Student’s ¢-test for the unpaired
results was used to evaluate the differences among more than three groups or between two groups, respectively.
Differences were considered significant for values of p <0.05.

Results

RNF126 expression is upregulated in PCa tissues and is correlated with poor prognosis

To explore the role of RNF126 in PCa, the expression pattern of RNF126 in PCa samples was assessed. RNF126
mRNA level was higher in PCa tissues than in normal prostate tissues based on TCGA-PRAD and GDS4824
datasets (Fig. 1A, B). Furthermore, higher expression of RNF126 was also observed in PCa tissues compared
with normal prostate tissues by western blot and qRT-PCR assays (Fig. 1C, D). In addition, we performed
IHC assay to evaluate the difference of RNF126 protein expression and found that the expression of RNF126
in human PCa tissues was higher than that in non-tumor tissues (Fig. 1E). To evaluate the clinical relevance
of RNF126 expression, we analyzed its relationship with pathological features. As shown in Supplementary
Table S3, RNF126 expression in PCa was correlated with N classification and T classification. Kaplan-Meier
analysis showed that patients with low expression of RNF126 had a longer survival time than those with high
expression Fig. 1E These results revealed that RNF126 expression was upregulated in PCa and correlated with
poor prognosis.

Scientific Reports |

(2025) 15:23847 | https://doi.org/10.1038/s41598-025-04629-6 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

200 GAPDH ------

150

Expression of RNF126 in PRAD based on Sample types B GDS4824 C Nl T1 N2 T2 N3 T3
60— .
0.0368 RNFI26 [0 S e . - -|
5o 250,

N4 T4 N5 T5 N6 T6

— RNF126-—--‘-.|

o : GAPDH [WE S - - — -

TCGA samples PCa  Normal

D E F

Transcript per million

100

50

Expression levels of RNF126

Overall Survival

ogrank p=0.021
HR(igh)=7.9
P(HR)=0.051
nihigh)=246

n(low)=246

08

06

04

RNF126 scores

Expression levels of RNF126
Percent survival

02

o

Normal (8) Tumor (8)

T T
o 50 100 150
Months

Fig. 1. RNF126 expression is upregulated in PCa tissues and correlated with poor prognosis. A RNF126 levels
in PCa tissues and normal prostate tissues from TCGA-PRAD dataset. B GEO profiling of RNF126 levels

in PCa tissues and normal prostate tissues extracted from GEO dataset GDS4824. C A western blot showed
the relative expression of RNF126 protein in 6 PCa tissues compared with adjacent non-cancerous normal
tissues. D A qQRT-PCR result showed the relative expression of RNF126 mRNA in 6 PCa tissues compared
with adjacent non-cancerous normal tissues. E IHC staining of RNF126 was performed in 8 in PCa tissues
and 8 normal prostate tissues (bar, 50 um, left panel). Comparative analysis of RNF126 expression among PCa
tissues and normal prostate tissues was shown (right panel). F The relationship between RNF126 levels and
the prognosis of PCa patients based on TCGA-PRAD database. The data are shown as mean + SD. *P<0.05,
**P<0.01, **P<0.001.

RNF126 knockdown inhibits PCa cells proliferation, migration and EMT in vitro

To explore the function of RNF126 in PCa cells, western blot was used to examine the protein expression of
RNF126 in different PCa cell lines. As shown in Fig. 2A, RNF126 exhibits an obviously high expression in
DU145 and PC3 cells, two more malignant cell lines, while the prostate hyperplastic cell BPH1 had the lowest
RNF126 protein expression. To detect the putative malignant functions of RNF126, DU145 and PC3 cells were
transfected with shRNA-expression vector targeting RNF126 and the knockdown efficiencies were assessed via
qRT-PCR and western blot assays (Fig. 2B, C). Next, we performed CCK8 assays to assess the effect of RNF126
on PCa cells proliferation and the results showed that RNF126 knockdown reduced the cell viabilities of PCa
cells (Fig. 2D), which was consistent with the colony-formation assays (Fig. 2E). In subsequent experiments,
Transwell migration and wound-healing assays displayed that RNF126 knockdown inhibited the migration
capabilities of PCa cells (Fig. 2F, G).

It has been well known that migration and metastasis of PCa cells are largely dependent on EMT?*, which
prompts us to investigate whether EMT is involved in RNF126-mediated migration of PCa cells. As expected,
the mesenchymal biomarkers Vimentin and Slug were downregulated significantly, while the epithelial marker
E-cadherin was upregulated upon RNF126 knockdown via qRT-PCR and western blot assays (Fig. 2H, I),
suggesting RNF126’s inductive function in EMT.

RNF126 activates PI3K/AKT and MEK/ERK pathways to induce cell proliferation, migration
and EMT in PCa cells

To explore the signaling pathways by which RNF126 affects PCa cells proliferation and migration, we performed
GSEA analysis based on TCGA-PRAD databset and found that RNF126 was correlated with PI3K/AKT pathway
and MAPK pathway, which indicated that RNF126 was most likely to regulate tumor progression by both
pathways (Fig. 3A, B). Indeed, the above two pathways are classical pathways associated with cell proliferation
and migration in a various of tumors2®?7, Next, the protein levels of p-PI3K, t-PI3K, p-AKT and t-AKT were
detected. As a result, RNF126 knockdown remarkably reduced phosphorylated PI3K and AKT amounts, while
leaving total protein amounts intact (Fig. 3C). Similarly, levels of p-MEK and p-ERK were decreased while that
of t-MEK and t-ERK still unchanged after RNF126 knockdown (Fig. 3D).

Subsequently, treatment with PI3K inhibitor LY294002 or ERK inhibitor SCH772984 markedly abrogated
the enhanced proliferation, migration abilities and phosphorylation levels of AKT or ERK, as well as upregulated
Vimentin, Slug and downregulated E-cadherin expression induced by RNF126 overexpression Fig. 3E-I . These
results suggested that RNF126 promotes PCa cells growth, migration and EMT, at least partially, through
activation of PI3K/AKT and MEK/ERK signaling pathways.
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Fig. 2. RNF126 knockdown inhibits PCa cells proliferation, migration and EMT in vitro. A The protein level
of RNF126 was detected by western blot in PCa cell lines and BPH1 cell. B Western blot confirmed that the
protein levels of RNF126 in DU145 and PC3 cells were downregulated. C qRT-PCR confirmed that the mRNA
levels of RNF126 in DU145 and PC3 cells were downregulated. D, E CCK8 and colony-formation assays were
performed to assess the effects of RNF126 on cell proliferation abilities. F, G Wound-healing and Transwell
assays were performed to assess the effects of RNF126 on cell migration abilities. H, I The expression of
EMT-related markers was detected by western blot and qRT-PCR. The data are shown as mean +SD. *P<0.05,
**P<0.01, ***P<0.001.
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Fig. 3. RNF126 activates PI3K/AKT and MEK/ERK pathways to induce cell proliferation, migration and EMT
in PCa cells. A, B GSEA analysis showing differential enrichment of gene related to PI3K/AKT and MAPK
pathways. C, D Total and phosphorylated levels of PI3K, AKT, MEK and ERK were detected in PCa cells after
RNF126 knockdown. E, F CCK-8 and colony-formation assays were performed to detect cell proliferation of
PCa cells after RNF126 overexpression with LY294002 or SCH772984 treatment. G, H Wound-healing and
Transwell migration assays were performed to detect cell migration of PCa cells after RNF126 overexpression
with LY294002 or SCH772984 treatment. I EMT-related markers in PCa cells treated with both RNF126
overexpression and LY294002 or SCH772984. The data are shown as mean + SD. *P<0.05, **P<0.01,

**P<0.001.
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MBNL1 is the downstream target of RNF126

To further explore the molecular association of RNF126 action in PCa, we analyzed differentially expressed
genes (DEGs) based on TCGA-PRAD dataset (Supplementary Table S4). Among all the alterations, the MBNL1
constituted the most negatively correlated gene in PCa tissues (Fig. 4A). This observation was further confirmed
by other databases, GEPIA and UALCAN (Fig. 4B, C). Moreover, our results showed that the protein and mRNA
levels of MBNLI1 increased after RNF126 knockdown (Fig. 4D, E), indicating MBNL1 as a downstream target
of RNF126. Although MBNLI1 has been reported to act as a tumor-suppressor in several cancers>2*?, its role
in PCa has not been established. We first mined the TCGA and GEO databases and found that compared with
normal prostate tissues, the expression of MBNLLI in PCa tissues was significantly reduced (Fig. 4F, G), which
was consistent with our western blot and THC results (Fig. 4H, I).

RNF126 interacts with MBNL1 directly

To explore the mechanism of these changes in MBNL1 above, the co-IP analysis was utilized to determine the
association between RNF126 and MBNLI. First, we confirmed that endogenous RNF126 could directly interact
with MBNL1 (Fig. 5A). Moreover, we co-transfected exogenous Flag-tagged MBNLI1 plasmid and Myc-tagged
RNF126 plasmid into 293T cells. The results showed that RNF126 and MBNLI1 could also interact with each
other exogenously (Fig. 5B, C). More importantly, immunofluorescence assays also verified that RNF126 and
MBNLI were colocalized in DU145 and PC3 cells (Fig. 5D). Collectively, the above data demonstrated that
RNF126 serves as a binding partner of MBNLI1 and regulates the expression of MBNLI.

RNF126 promotes PCa cells proliferation, migration and EMT in a MBNL1-dependent
manner

To further examine whether RNF126 facilitates tumor progression through MBNLI in PCa cells, we co-
transfected shRNF126 and siMBNL1 into DU145 and PC3 cells. The CCK8 assays showed that MBNL1 silencing
could rescue the decrease in cell viability caused by RNF126 knockdown Fig. 6A. Moreover, the colony-
formation assays indicated that MBNLI silencing could reverse the RNF126 knockdown-induced inhibition of
proliferation (Fig. 6B). Furthermore, we examined the influence of MBNLI silencing on RNF126 knockdown-
induced migration inhibition. Silencing MBNLI impaired the RNF126 knockdown-mediated decrease in PCa
cells migration (Fig. 6C, D). Western blot confirmed that RNF126 and MBNL1 were decreased in shRNF126
and siMBNLL1 groups and demonstrated protein expression of several markers in PI3K/ANK, MEK/ERK and
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Fig. 4. MBNLI is a downstream target of RNF126. A-C Correlation analysis between RNF126 and MBNL1
was conducted based on TCGA, GEPIA and UALCAN databases, respectively. D, E The protein and mRNA
levels of MBNLL1 after RNF126 knockdown were detected via western blot or gRT-PCR. F, G MBNLI1
expression levels in PCa tissues and normal prostate tissues were assessed based on TCGA and GEO databases.
H MBNLI protein levels in PCa tissues and normal prostate tissues from six patients. I THC analysis of MBNL1
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**P<0.001.
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EMT pathways (Fig. 6E). All in all, RNF126 knockdown suppresses tumor cell phenotypes, in part by regulating
the expression of MBNLI, therefore silencing MBNLI on top of RNF126 knockdown rescues the inhibition in
tumor phenotypes by shRNF126.

RNF126 enhances docetaxel resistance in PCa cells via MBNL1

The GESA analysis showed that RNF126 was associated with multidrug resistance (Fig. 7A). Moreover, as
mentioned above, the PI3K/AKT pathway, a docetaxel-related pathwayszg, was also correlated with RNF126
and MBNLI. On this basis, we estimated that the RNF126/MBNLI axis may involve in docetaxel resistance.
Indeed, the protein expression of RNF126 in docetaxel-resistant cells (DU145-R, PC3-R) was higher than that
in their parental cells (DU145-P, PC3-P) (Fig. 7B). Results from the cell viability assays revealed that RNF126
knockdown led to resistance reduction to docetaxel in DU145 and PC3 cells (Fig. 7C, D). Furthermore, when
RNF126 was knocked down, cell viability decreased in the presence of docetaxel (Fig. 7E). To further explore
whether the RNF126 knockdown-induced PCa cells sensitivity to docetaxel was dependent on MBNLI, we
performed rescue experiments. RNF126-knockdown DU145 cells were transfected with siMBNL1 or not. IC50
value of docetaxel was decreased in the RNF126-knockdown group when compared with the control group.
However, when combined with siMBNLI, this resistance to docetaxel reactivated markedly (Fig. 7F). Similar
trend was also observed in colony-formation assay (Fig. 7G).

RNF126 knockdown repressed tumor growth in vivo

To confirm whether RNF126 was involved in the malignant growth of PCa cells in vivo, we first established
xenograft tumor models by subcutaneous injection of shNC- or shRNF126-treated PC3 cell into nude mice
respectively. We found that the tumor growth of RNF126-knockdown group was markedly inhibited, when
compared to the control group (Fig. 8A-C). WB analysis showed that the protein levels of RNF126, Vimentin
and Slug in shRNF126 group were lower than that in control group, while the protein levels of MBNL1 and
E-cadherin showed a contrary trend (Fig. 8D).

Discussion

PCa is one of the most common cancer diagnoses in men can progress rapidly after diagnosis®®3!. Disease
heterogeneity and the emergence of therapeutic resistance remain significant barriers, and there is still along way
to go to identify and apply new molecular biomarkers to guide treatment selection®. The ubiquitin-proteasome
system (UPS) plays a central role in regulating a variety of biological functions®*. UPS consists of ubiquitin
activating enzyme (E1), ubiquitin conjugating enzyme (E2) and ubiquitin ligase (E3)*%. There is ample evidence
that abnormal expression of E3 ligases can exert significant influence in cancer occurrence and progression,
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Fig. 6. RNF126 promotes PCa cells proliferation, migration and EMT in a MBNL1-dependent manner. A,

B CCK-8 and colony-formation assays were performed to detect cell proliferation of PCa cells after RNF126
knockdown with or without siMBNL1 treatment. C, D Wound-healing and Transwell migration assays

were performed to detected cell migration of PCa cells after RNF126 knockdown with or without siMBNL1
treatment. E The protein levels of EMT-, PI3K/AKT pathway- and MEK/ERK pathway-related markers were
detected after RNF126 knockdown with or without siMBNLI1 treatment in DU145 cell. The data are shown as
mean + SD. *P<0.05, **P<0.01, **P<0.001.
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Fig. 7. RNF126 enhances docetaxel resistance in PCa cells via MBNL1. A GSEA analysis showing differential
enrichment of genes related to multiple-drug resistance. B The protein expression of RNF126 in docetaxel-
resistant cells (DU145-R, PC3-R) and in their parental cells (DU145-P, PC3-P). C, D CCK-8 assays were used
to measure docetaxel sensitivity in DU145 and PC3 cells after transfected with shRNF126. E CCK-8 assay was
used to examine cell viability after RNF126 knockdown with or without docetaxel treatment. F CCK-8 assay
was used to examine cell viability after RNF126 knockdown with or without siMBNLI1 treatment at different
docetaxel doses. G DU145 cell after co-transfected with shRNF126 and siMBNLI with or without docetaxel
treatment was determined by colony-formation assay. The data are shown as mean+SD. *P<0.05, **P<0.01,
PP <0.001.
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suggesting that E3 ligases may help to explain the underlying mechanism of cancer potential®>3*¢. RNF126 is a
RING domain-containing E3 ligase, with the capability to interact with both RNA and protein and cause their
RING-dependent degradation®. For the first time, we highlight the importance and functional relevance of
RNF126 in PCa progression. In this study, we found that the expression level of RNF126 was upregulated in PCa
tissues when compared with non-tumor tissues, and that relatively high expression of RNF126 was associated
with poorer prognosis of PCa patients. And in vitro and in vivo studies demonstrated that RNF126 facilitated
PCa cells growth, migration, EMT and chemo-resistance via direct regulation of MBNLI1.

It is well-known that the PI3K/AKT and MEK/ERK pathways are regulated by receptor tyrosine kinases. It
has been reported that phosphorylation level of AKT decreased after RNF126 silencing in tongue cancer®. In
addition, RNF126 could facilitate the ubiquitin-mediated degradation of PTEN, an inhibitor of the PI3K/AKT
pathway!. Consistently, in this study, we found that RNF126 activated PI3K/AKT pathway via elevating the
phosphorylation levels of PI3K and AKT. Additionally, RNF126 also enhanced MEK/ERK pathway confirmed
by western blot assay and GSEA analysis.

Despite the well-defined role of MBNL1 as a tumor suppressor that functions in several cancer
progression>349, little is known about its function and regulation mechanism in PCa. Here, we revealed that
MBNLI acted as a tumor suppressor in PCa cells and knockdown of MBNLI exerted a promoting-cancer role
in PCa cells. In addition, Correlation analysis based on several databases revealed that MBNL1 was a potential
downstream target of RNA126 and could interact with each other. In this study, our experimental data suggested
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Fig. 8. RNF126 knockdown repressed tumor growth in vivo. A PC3 cells transfected with shRNF126 were
subcutaneously injected into nude mice. B, C The volumes and weights of xenograft tumors in two groups. D
Western blot assay was performed to measure RNF126, MBNL1 and EMT-related genes in different groups. E
Schematic diagram illustrated that RNF126/MBNLL1 axis regulates tumor progression and docetaxel resistance
in PCa. The data are shown as mean + SD. *P<0.05, **P<0.01, **P<0.001.

that RNF126 weaken the expression level of MBNLI via direct binding to augment the viability and migratory
ability of PCa cells.

However, it is worth mentioning that there are also several limitations in our study. Further investigation is
required to determine the precise binding domains between RNF126 and MBNLI1. In addition, it is unknown
whether RNF126, as an E3 ligase, mediates the ubiquitination degradation of MBNLL1 by directly binding to the
latter. Further research is needed to address these issues. In conclusion, our results demonstrated that RNF126
functions as a tumor oncogene, affecting PCa development and progression by altering malignant phenotypes
and docetaxel resistance through the directly modulation of MBNL1 (Fig. 8E).

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on
reasonable request.
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