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RNF8 up-regulates AR/ARV7 action to contribute to advanced
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Androgen receptor (AR) signaling drives prostate cancer (PC) progression. Androgen deprivation therapy (ADT) is temporally
effective, whereas drug resistance inevitably develops. Abnormal expression of AR/ARV7 (the most common AR splicing
variant) is critical for endocrine resistance, while the detailed mechanism is still elusive. In this study, bioinformatics and
immunohistochemical analyses demonstrate that RNF8 is high expressed in PC and castration-resistant PC (CRPC) samples and
the expression of RNF8 is positively correlated with the Gleason score. The high expression of RNF8 in PCs predicts a poor
prognosis. These results provide a potential function of RNF8 in PC progression. Furthermore, the mRNA expression of RNF8 is
positively correlated with that of AR in PC. Mechanistically, we find that RNF8 upregulates c-Myc-induced AR transcription via
altering histone modifications at the c-Myc binding site within the AR gene. RNF8 also acts as a co-activator of AR, promoting
the recruitment of AR/ARV7 to the KLK3 (PSA) promoter, where RNF8 modulates histone modifications. These functions of RNF8
are dependent on its E3 ligase activity. RNF8 knockdown further reduces AR transactivation and PSA expression in CRPC cells
with enzalutamide treatment. RNF8 depletion restrains cell proliferation and alleviates enzalutamide resistance in CRPC cells.
Our findings indicate that RNF8 may be a potential therapeutic target for endocrine resistance in PC.
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INTRODUCTION
Prostate cancer (PC) is the second most prevalent malignancy in
men worldwide [1]. As a ligand-dependent transcription factor (TF),
androgen receptor (AR) is essential for normal prostate epithelial
growth and maintenance. AR signaling is persistently active during
PC progression. Thus, androgen deprivation therapy (ADT) is the
most effective treatment for PC. However, the effect is temporary.
The incurable castration-resistant prostate cancer (CRPC) frequently
emerges and becomes a treatment obstruction [2].
Enzalutamide, a potent AR antagonist, has been approved to

treat CRPC by the US Food and Drug Administration (FDA) [3, 4].
Although enzalutamide significantly prolongs the survival of
CRPC patients, drug resistance inevitably occurs [5, 6]. The
relapse of PC after ADT and the resistance to enzalutamide are
mainly associated with AR amplification, ligand-independent AR
splice variants (AR-Vs), aberrant expression of co-regulators, and
proliferation pathways activation [5–10]. Nevertheless, only
10–20% of CRPC patients with overexpressed AR carry amplifi-
cation of the AR gene [7], suggesting that other mechanisms
upregulate AR expression. ARV7, as one of the most common
AR-Vs, exhibits increased expression in CRPC patients [11].

High expression of AR and ARV7 is closely associated with
androgen-independent PC progression [12–14]. Moreover,
several AR co-regulators with abnormal expression in PC can
reactivate AR signaling to promote PC progression [15–18].
However, the underlying mechanisms contributing to AR/AR-Vs
overexpression and AR signaling reactivation remain enigmatic
and need further study.
RING finger E3 ligases are frequently reported to be involved in

cancer development with various mechanisms [19–22], appeal-
ing to concern about this family regarding carcinogenesis. RNF8,
as a RING finger E3 ligase, regulates histone H2A and H2B
ubiquitination (uH2A and uH2B) involved in transducing DNA
double-strand breaks (DSBs) signals [23, 24]. RNF8 also functions
in transcriptional regulation, cell cycle regulation, and tumor-
igenesis [25–35]. Recent studies have also reported the positive
role of RNF8 in promoting tumor progression [30, 31, 34, 36–39].
We have previously identified that RNF8 regulates the activity of
ERα through protein stability and acts as an ERα co-factor
promoting breast cancer proliferation [35]. However, whether
RNF8 participates in the progression of PC by regulating AR
activity is currently unknown.
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To broaden the comprehension of the mechanism of PC
progression, we identify that RNF8 acts as a ligand-independent
activator of AR/ARV7. High expression of RNF8 predicts poor
survival in PC patients. The expression of RNF8 is high in clinical PC
samples and positively correlated with the Gleason score (GS) of
PC. Moreover, RNF8 is high expressed in AR-positive PC and CRPC
cell lines. The mRNA expression of RNF8 is positively correlated
with that of AR in PC. These findings suggest the role of RNF8 in
regulating AR signaling and PC progression. Mechanically, RNF8
enhances AR transcription via forming a complex with c-Myc and
modulates the histone modifications at the c-Myc binding site in
the AR gene. Unexpectedly, RNF8 also acts as a co-activator of AR,
promoting AR/ARV7 recruitment to the AR response element (ARE)
of the KLK3 (PSA) promoter and modulating histone modifications
at the ARE to regulate the transcription of various AR target genes.
Silencing RNF8 further reduces AR transactivation and PSA
expression in CRPC cells treated with enzalutamide. Furthermore,
RNF8 knockdown retards the proliferation of AR-positive PC cells
and sensitizes CRPC cells to enzalutamide.
Collectively, our results identify RNF8 as an activator of the AR/

ARV7 ligand independently. Our findings imply an essential role of
RNF8 in the progression of PC and ADT therapy resistance.

RESULTS
The expression of RNF8 is increased in advanced prostate
cancer and positively correlated with that of AR
Based on microarray staining data from The Human Protein Atlas,
75% of the PC samples show high/medium expression of RNF8,
which is the highest staining frequency among several cases of
cancers [40]. The survival analysis by GEPIA [41] exhibits that RNF8
mRNA expression is inversely correlated with the overall and
disease-free survival outcomes (Fig. 1A, B). Then, we evaluated the
impact of clinicopathological characteristics and RNF8 mRNA
expression on the overall survival (OS) of PC patients by COX
regression analysis (Supplementary Table 1). The results indicated
that RNF8 is not an independent predictor of OS. Whereas, a
Jonckheere–Terpstra test for ordered alternatives demonstrated
that there was a statistically significant trend of higher median
RNF8 mRNA expression with higher GS (from “<7”, “=7”, to “>7”)
(Supplementary Table 2). The percentage of positive staining of
RNF8 increased in PC tissues compared with that in normal
prostate and BPH tissues (Fig. 1C, D, Supplementary Fig. 1A, B, and
Table 3), and RNF8 expression exhibited a positive trend with GS
(Supplementary Table 2).
Compared to AR-negative PC cells (DU145 and PC3), RNF8 was

dominantly expressed in AR-positive ones (LNCaP, 22Rv1, and
VCaP) (Fig. 1E). RNF8 expression was higher in CRPC cells (22Rv1
and VCaP) than that in androgen-dependent cells (LNCaP) (Fig.
1E). Analysis from GEO data (GSE86532, GSE110903) [42] demon-
strated that RNF8mRNA expression was higher in AR-positive than
that in AR-negative PC samples (Fig. 1F). GEO data (GSE74367) [43]
analysis exhibited that both RNF8 and AR mRNA expressions were
increased in CRPC compared with that in primary PC (Fig. 1G).
Furthermore, it was shown that RNF8 mRNA expression is
positively correlated with AR mRNA expression in PC samples
analyzed by GEPIA (Fig. 1H).
The above results indicate a positive relationship between RNF8

and AR in PC progression.

RNF8 enhances AR transcription dependent on its E3 ligase
activity
To study whether RNF8 regulates AR transcription, RNF8 was
knocked down in androgen-sensitive LNCaP, CRPC 22Rv1, and
established enzalutamide-resistant LNCaP-EnzR cells by specific
siRNA (Fig. 2A and Supplementary Fig. 3A). The efficacy of
enzalutamide resistance of LNCaP-EnzR cells was determined by
the CCK8 assay (Supplementary Fig. 2). RNF8 knockdown resulted

in reduced expression of AR pre-mRNA in these PC cells detected
by qRT-PCR with primers flanking AR gene exon 1 and intron 1
(Fig. 2B, C and Supplementary Fig. 3B). The mature mRNA levels of
AR and ARV7 also declined in RNF8 silenced cells (Fig. 2D and
Supplementary Fig. 3C). The downregulation of AR and ARV7
protein levels was also observed in RNF8 silenced cells (Supple-
mentary Fig. 4A, E). In contrast, overexpression of RNF8 increased
the mRNA and protein levels of AR and ARV7 in PC cells (Fig. 2E, F
and Supplementary Figs. 3D, 4B).
To detect whether the induction of AR transcription relied on

the E3 ligase activity of RNF8, we examined that this effect of
wild-type RNF8 was reduced by E3 ligase inactivation
(RNF8C403S) (Fig. 2G, H and Supplementary Fig. 3E).
However, we observed no significant effects of RNF8 on AR and

AR-Vs stability in 22Rv1 cells with protein synthesis inhibitor
cycloheximide (CHX) treatment (Supplementary Fig. 4C, D). In
addition, MG132 treatment could not reverse the reduction of AR
and ARV7 expression by RNF8 depletion (Supplementary Fig. 4E).
These findings indicate that RNF8 promotes AR gene

transcription via its E3 ligase activity and increases subsequent
expression of AR and ARV7 in PC cell lines without affecting the
protein stability.

RNF8 interacts with c-Myc and modulates histone
modifications at the c-Myc binding site in the AR gene
Several TFs have been identified to regulate AR gene transcription
[44]. We searched for the potential interactors of RNF8 in PrePPI
[45, 46] and investigated whether they act as AR’s TF. Among
them, c-Myc was selected as a candidate [13, 44].
We confirmed the colocalization and association between

RNF8 and c-Myc in 22Rv1 cells (Fig. 3A–C). However, RNF8
depletion did not influence MYC transcription in the PC cell lines
(Supplementary Fig. 5A–C). It was reported that c-Myc binds to a
350-bp consensus site (c-Myc binding site) within the AR gene
(Fig. 3D). This region is vital for inducing AR transcription [47, 48].
Consequently, the ChIP re-IP assay using RNF8 and c-Myc
antibodies demonstrated that they were recruited together to
this region (Fig. 3E, F).
As an E3 ligase, RNF8 classically ubiquitinates histone H2A and

H2B [38]. The acetylation of histones H3 and H4 (H3Ac and H4Ac)
was closely associated with epigenetic activation of transcription
[49–52]. Here, the ChIP assay showed that uH2A/uH2B and H3Ac/
H4Ac were inhibited at the c-Myc binding site within the AR gene
when RNF8 was knockdown (Fig. 3G), implying crosstalk between
RNF8-mediated ubiquitination of H2A/H2B and the acetylation
of H3/H4.
These results indicate that RNF8 upregulates AR gene transcrip-

tion by forming a complex with c-Myc to regulate histone
modifications at the c-Myc binding site in the AR gene.

RNF8 co-activates AR/ARV7-induced transactivation
The Dual-luciferase reporter assay showed that overexpression of
RNF8 induced the transactivation of AR in the presence of DHT
(Fig. 4A). Luciferase activity of ARE driven by endogenous AR was
reduced when RNF8 was silenced in LNCaP cells without or with
DHT treatment (Fig. 4B). Knocking down of RNF8 also decreased
endogenous AR transactivation in 22Rv1 cells in the absence of
DHT (Fig. 4C), implying that RNF8 enhanced AR transactivation
independent of androgen.
To investigate the effect of RNF8 on the transactivation-

mediated by different transcription regions of AR (androgen-
independent transcription region ARAF1 and androgen-
dependent transcription region ARAF2) [53] (Fig. 4D upper), we
separately detected the transactivation of ARAF1 and ARAF2.
Compared to the control group, overexpression of RNF8 increased
the transactivation of ARAF1, whereas it barely affected the
transactivation of ARAF2 in the presence of DHT (Fig. 4D lower).
This result indicated a potent effect of RNF8 on regulating the
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activity of the AR N-terminal. ARV7, which lacks the LBD domain in
AR C-terminal, is involved in persistently transcription activation
without androgen [54]. We found that RNF8 overexpression
enhanced ARV7 transactivation in the absence of DHT (Fig. 4E).
Furthermore, we observed that the induction of endogenous

AR transactivation by RNF8 overexpression was impaired by E3
ligase inactivation of RNF8 (RNF8C403S) (Fig. 4F). This result

suggested that RNF8 promoted AR transactivation in an E3
ligase-dependent manner. Moreover, silencing RNF8 further
attenuated AR transactivation in enzalutamide-resistant
22Rv1 and LNCaP-EnzR cells with enzalutamide treatment
(Fig. 4G, H). On the contrary, overexpression of RNF8 reversed
the reduction of AR transactivation by enzalutamide in LNCaP
cells (Fig. 4I).

Fig. 1 The expression of RNF8 is increased in advanced prostate cancer and positively correlated with that of AR. A, B Kaplan–Meier
analysis of overall survival (A) and disease-free survival (B) of PC patients (n= 246) with low or high expression of RNF8 in TCGA.
C Representative images of RNF8 immunohistochemical staining in normal prostate and PC tissues. Scale bar, 50 μm. D Statistical analysis of
the median staining score of RNF8 in normal prostate (n= 14), BPH (n= 36), and PC tissues (n= 105). **P < 0.01; ****P < 0.0001 (two-sided
Mann–Whitney test). E Upper: the protein levels of RNF8 in LNCaP, 22Rv1, VCaP, DU145, and PC3 cells were determined by western blot.
Lower: the result is presented as the relative gray value normalized to GAPDH (means ± SEM, n= 3). ***P < 0.001; ****P < 0.0001 (One-way
ANOVA). F Quantification analysis of RNF8 mRNA expression in AR-positive (n= 286) and AR-negative (n= 273) PC. P= 0.002945 (two-sided
unpaired t-test). G Quantification analysis of RNF8 and AR mRNA expression in primary PC (n= 11) and CRPC tissues (n= 45). ****P < 0.0001
(two-sided unpaired t-test). H Scatter plot analysis of the correlation between RNF8 versus AR mRNA expression in PC was determined by
Pearson correlation coefficient analysis. P= 0, R= 0.38.
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These results suggest that RNF8 induces AR/ARV7 transactiva-
tion androgen independently. Inducing AR transactivation by
RNF8 relies on its E3 ligase activity. These functions of RNF8 confer
PC cell’s resistance to the inhibitory effect of enzalutamide on AR/
ARV7 transactivation.

RNF8 upregulates the transcription of endogenous AR target
genes in prostate cancer cells
To examine whether RNF8 regulated AR-mediated genes tran-
scription, we performed transcriptome profiling by mRNA-
sequencing in control and RNF8 knockdown 22Rv1 cells treated
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without or with DHT (SRP074464, GSE149581) [18]. The analysis
showed that 771 differentially expressed genes (DEGs) were
partially regulated by RNF8 silencing in the absence or presence of
DHT (Fig. 5A and Supplementary Table 4), suggesting a role of
RNF8 in regulating global AR target genes transcription. The Venn
diagram exhibited that knockdown of RNF8 altered the expression
of 296 and 287 DEGs without and with DHT treatment,
respectively (Fig. 5B). Among these genes, RNF8 silencing
modulated 126 DEGs in both the absence and presence of DHT,
implying that RNF8 participated in AR- and AR-Vs-mediated
transcription regulation. The enrichment analysis of the KEGG
pathway showed that these DEGs were involved in several inner-
or inter-cellular processes and human diseases in the absence or
presence of DHT (Fig. 5C).
Subsequently, we examine the transcription of a subset of AR

target genes in RNF8 silencing 22Rv1 cells without or with DHT
treatment by the qRT-PCR. The transcription of KLK3 (PSA), FASN,
SLC45A3, ALDH1A3, CCND1, KLK4, NKX3.1, VCL, UBE2C, CUX2, and
B4GALT1 decreased when RNF8 was knockdown in both the
absence and presence of DHT (Fig. 5D, Supplementary Fig. 6A),
while the transcription of FKBP5, TACC2, GTSE1, CCNA2, ABHD2,
KRT18, and TMPRSS2 declined in RNF8 silencing cells without or
with DHT treatment (Fig. 5D and Supplementary Fig. 6A–C),
confirming the role of RNF8 in regulating AR- and AR-Vs-
mediated transcription. Some of these genes expression was
positively correlated with the expression of RNF8 in PC samples
analyzed by GEPIA (Supplementary Table 5). The siRNA-
mediated RNF8 knockdown efficacy was also determined
(Supplementary Fig. 6B, C).
RNF8 silencing further decreased the mRNA and protein levels

of KLK3 (PSA) in 22Rv1 cells treated with enzalutamide (Fig. 5E, F
and Supplementary Fig. 6D). In addition, ectopic expression of
RNF8C403S compromised the induction effect of RNF8 on KLK3
(PSA) expression (Fig. 5G, H and Supplementary Fig. 6E), indicating
that RNF8 upregulated AR targets relying on its E3 ligase activity.
The above results suggest that RNF8 globally activates AR/AR-

Vs-mediated transcription activity in an E3 ligase-dependent
manner.

RNF8 promotes the recruitment of AR/ARV7 to the KLK3
promoter
Surprisingly, we detected that RNF8 interacted with AR in LNCaP
cells both with and without DHT (Fig. 6A). We also observed the
interaction and colocalization of RNF8 and AR/AR-Vs in 22Rv1 cells
without DHT treatment (Fig. 6B, C). Furthermore, RNF8 colocalized
and interacted with ARV7 (Fig. 6D, E).
The ChIP re-IP assay, performed in 22Rv1 cells treated without or

with DHT by RNF8 and AR antibodies, showed that RNF8 and AR
both appeared at the ARE of the KLK3 (PSA) promoter (KLK3-AREI/II)
(Fig. 6F, G), confirming that they formed a complex at this region.
In the ChIP assays targeting KLK3-AREI/II in control and RNF8
knockdown cells in the absence or presence of DHT, both AR and
ARV7 recruitment was reduced by RNF8 silencing (Fig. 6H, I). The
uH2A/uH2B and H3Ac/H4Ac decreased in RNF8 knockdown cells
(Fig. 6H). However, the transcriptionally repressive tri-methylation

level of H3K27 (H3K27me3) [55] increased in RNF8 silencing cells
with DHT treatment (Fig. 6H).
These results imply that RNF8 promotes AR/ARV7 recruitment at

the ARE, where RNF8-dependent ubiquitination of H2A/H2B may
cause transcriptionally active histone modifications to increase but
repressive ones to decrease.

RNF8 depletion inhibits cell proliferation and enhances
enzalutamide sensitivity in prostate cancer cell lines
AR signal acts as the critical driver of PC and CRPC develop-
ment. Thus, we investigate whether RNF8 is essential for AR-
dependent PC and CRPC growth. We examined that
RNF8 silencing inhibited the growth of LNCaP and 22Rv1 cells
both without and with DHT treatment (Fig. 7A, B), which was
confirmed by the growth curve analyses in control and RNF8
knockdown LNCaP and 22Rv1 cells (Fig. 7C, D). The efficacy of
RNF8 knockdown in LNCaP and 22Rv1 cells was determined by
western blot (Supplementary Fig. 7A, B). However, RNF8
depletion might only affect the proliferation of AR-positive PC
cells, as there was no significant change in AR-negative DU145
cells growth with RNF8 silencing (Fig. 7E).
Subsequently, we injected stable RNF8 knockdown or control

22Rv1 cells subcutaneously into male NOD/SCID mice and
measured the tumor volume every week. The size of tumors
grown from control cells was bigger in contrast to that from RNF8
knockdown cells (Fig. 7F). The volume increasing rate and the
weight of control cells exhibited greater than that of RNF8
knockdown cells (Fig. 7G, H). Furthermore, the expression of AR
target genes FASN and ALDH1A3 declined in RNF8 silenced
tumors (Fig. 7I, J and Supplementary Figs. 1C, 7C).
Moreover, compared to the control group, RNF8 knockdown

further reduced the proliferation of enzalutamide-resistant 22Rv1
and LNCaP-EnzR cells with enzalutamide treatment (Fig. 7K–M),
indicating that RNF8 depletion enhanced enzalutamide sensitivity
in CRPC cell lines.
Generally, these results suggest that RNF8 is required for cell

growth and enzalutamide resistance in advanced PC progression.

DISCUSSIONS
Our study identifies RNF8 as an activator of AR/ARV7, which
undergoes an unexpected mechanism participating in advanced
PC progression and enzalutamide resistance with important
clinical implications. Our data demonstrate that RNF8 upregulates
AR gene transcription by forming a complex with c-Myc,
increasing the ubiquitination of H2A/H2B and acetylation of H3/
H4 at the c-Myc binding site in the AR gene. Furthermore, RNF8
interacts with AR/ARV7 to be recruited together to the ARE and
regulates histone modifications around this region. RNF8 co-
activates the transcription of AR target genes, which may be
responsible for the progression of advanced PC and enzalutamide
resistance (Fig. 8).
The bioinformatic analysis suggests that the high expression of

RNF8 is positively associated with poor survival of PC patients
(Fig. 1A, B). In line with this, we find that there was a significant

Fig. 2 RNF8 enhances AR transcription dependent on its E3 ligase activity. A The efficacy of siRNA targeting RNF8 in LNCaP, 22Rv1, and
LNCaP-EnzR cells was determined by qRT-PCR (n= 3). B Histogram of primer binding sites on AR pre-mRNA based on AR genomic DNA
sequence. C The transcription levels of AR pre-mRNA were detected by three pairs of primers in control and RNF8 silencing LNCaP (n= 6),
22Rv1 (n= 3), and LNCaP-EnzR (n= 3) cells. D The transcription levels of AR and ARV7 in control and RNF8 silenced LNCaP (n= 6), 22Rv1 (n=
6), and LNCaP-EnzR (n= 3) cells. E The transcription levels of AR and ARV7 in 22Rv1 cells with RNF8 overexpression (n= 3). F The protein levels
of AR and AR-Vs in RNF8 overexpressed 22Rv1 cells were determined by western blot. G Upper: schematic representation of RNF8 ligase
inactivation point mutation (RNF8C403S). Numbers indicate amino acid positions. Lower: the mRNA expressions of AR and ARV7 were
detected in 22Rv1 cells transfected with RNF8 or RNF8C403S (n= 3). H AR and ARV7 protein expression levels in 22Rv1 cells transfected with
RNF8 and RNF8C403S. Data of the qRT-PCR are presented as the ratio normalized to RPS18 (means ± SEM). The statistical analysis is one-way
ANOVA for (A, C); a two-sided unpaired t-test for (D, E, and G). *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. Numbers below the western
blot result indicate the relative gray value normalized to the internal control (α-tubulin or β-actin).
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Fig. 3 RNF8 interacts with c-Myc and modulates histone modifications at the c-Myc binding site in the AR gene. A Colocalization of Flag-
RNF8 (green) and endogenous c-Myc (red) in 22Rv1 cells was detected by confocal. Scale bar, 10 µm. B The 22Rv1 cells were transfected with
BFP-RNF8 and 3×Flag-c-Myc. The whole-cell lysates were performed immunoprecipitation by Flag M2 resin. BFP-RNF8 in the
immunoprecipitated complex was detected by western blot using the RNF8 antibody. The asterisk indicates the heavy chain. C The 22Rv1
cell lysates were immunoprecipitated with RNF8 or c-Myc antibody followed by western blot. The asterisk indicates the specific bands.
D Schematic representation of the c-Myc binding site in the AR gene. The letters A to H indicate the exons of the AR gene. E, F ChIP re-IP assay
was utilized to examine RNF8 and c-Myc forming a complex on the c-Myc binding site of the AR gene. The precipitated chromatin was
analyzed by the qRT-PCR using primers flanking the region in (D). G ChIP assay was performed in control and RNF8 silenced 22Rv1 cells by
indicated antibodies. Data were presented as the fold enrichment relative to IgG control for ChIP re-IP (means ± SEM, n= 3); %input relative to
the adjusted input for ChIP (means ± SEM, n= 3). *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001 (two-sided unpaired t-test).
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trend of higher RNF8 expression with higher GS in human PC
tissues (Fig. 1C, D and Supplementary Table 2). RNF8 expression
is high in AR-positive PC and CRPC cells (Fig. 1E), consistent with
bioinformatics analyses in PC (Fig. 1F, G). Furthermore, RNF8
mRNA expression is positively correlated with AR in PC (Fig. 1H).

These findings indicate a significant role of RNF8 in advanced PC
progression and the positive relationship with AR in PC.
Corresponding to our hypothesis, silencing RNF8 causes a

reduction of AR pre-mRNA expression, and subsequent AR/ARV7
mRNA and protein levels in hormone-sensitive, CRPC, and
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enzalutamide-resistant PC cells (Fig. 2A–D and Supplementary
Figs. 3A–C, 4A, E). On the contrary, overexpression of RNF8
increases the mRNA and protein levels of AR/ARV7 in PC cells
(Fig. 2E, F and Supplementary Figs. 3D, 4B). Since AR and ARV7
mature mRNA are both derived from the same AR pre-mRNA, the
alterations of AR and ARV7 expressions by RNF8 silencing or
overexpression primarily result from the changes in AR pre-mRNA
expression. Notably, the E3 ligase activity of RNF8 is required for
its function in the regulation of AR transcription (Fig. 2G, H and
Supplementary Fig. 3E). Although RNF8 participates in protein
ubiquitination and degradation [31, 56], we find no significant
changes in protein stability of AR/ARV7 by RNF8 overexpression or
knockdown (Supplementary Fig. 4C–E). These results suggest the
upregulation function of RNF8 on AR gene transcription in an E3
ligase-dependent manner.
Concerning how RNF8 upregulates AR transcription, we search for

an interactor of RNF8 which is a TF of AR. As a predicted interactor of
RNF8, c-Myc acting as an influential TF of AR [13, 44] has been
selected for further study. Although we have reported in our
previous study that RNF8 is an activator for MYC transcription via
regulating β-catenin nuclear translocation in WNT/APC construc-
tively activated colon cancer (CCR) cells [39], c-Myc mRNA and
protein levels are not changed substantially in RNF8 silencing PC
cells (Supplementary Fig. 5A–C), which may be due to the different
activation extent of WNT signaling between CCR and PC cells. We
provide evidence that RNF8 interacts with c-Myc and forms a
complex at the c-Myc binding site within the AR gene (Fig. 3A–F).
Furthermore, RNF8 increases the ubiquitination of H2A/H2B and

the acetylation of H3/H4 around the c-Myc binding site in the AR
gene (Fig. 3G). Moreover, we identify the association between
RNF8 and AR/ARV7, forming a complex at the ARE (Fig. 6A–G). The
depletion of RNF8 inhibits the recruitment of AR/ARV7 at the ARE
in 22Rv1 cells (Fig. 6H, I), which may be caused by the decrease of
AR/ARV7 expression in RNF8 silencing cells (Fig. 2D and
Supplementary Figs. 3C, 4A, E). Moreover, H2A/H2B ubiquitination
and H3/H4 acetylation decreased, while H3K27 tri-methylation
increased around the ARE in RNF8 knockdown cells (Fig. 6H). H2A
and H2B are well-known targets for RNF8-mediated ubiquitination
[57, 58]. Although the uH2A at K119 is linked to polycomb-
repressive complex (PRC) mediated gene silencing, uH2A also
provides a signal for ZRF1 recruitment, which displaces PRC1 from
chromatin to activate transcription [59, 60], suggesting a possible
role of uH2A in transcriptional activation via recruitment of other
proteins. The uH2B at K120 is a noted histone modification for
transcription activation by offering a signal hub for downstream
histone modification or direct decompacting of high-order
chromatin structure [60, 61]. Thus, in PC cells, RNF8-induced
uH2A/uH2B may ultimately cause “trans-histone” crosstalk with

other histone modifications around the c-Myc binding site in the
AR gene and the ARE, upregulating AR/ARV7 action in an E3 ligase-
dependent manner (Figs. 4, 5).
Active AR signaling is essential for the proliferation of PC [2]. We

observe that silencing RNF8 inhibits the growth of AR-positive
LNCaP and 22Rv1 cells both without and with DHT treatment
(Fig. 7A–D). However, knockdown RNF8 has barely any effect on
AR-negative DU145 cells growth (Fig. 7E). These results suggest
that RNF8 promotes PC growth by targeting AR signaling.
Moreover, RNF8 knockdown retards the proliferation of CRPC
xenograft tumors by reducing the expression of AR target genes
FASN and ALDH1A3 (Fig. 7F–J).
The enzalutamide is a potent AR inhibitor, approved by FDA for

treating CRPC [4]. Unfortunately, drug resistance ultimately devel-
ops with mechanisms including AR amplification, AR mutation, and
AR splice variants [5, 6]. As discussed above, RNF8 increases AR/
ARV7 expression in CRPC and enzalutamide-resistant PC cells
(Fig. 2D–F and Supplementary Figs. 3C, D, 4A–E). Silencing RNF8
further reduces AR/ARV7 transactivation and PSA expression in
enzalutamide-resistant PC cells treated with enzalutamide (Figs. 4G,
H, 5E, F and Supplementary Fig. 6D). Overexpression of RNF8
impairs the inhibitory effect of enzalutamide on AR transactivation
in androgen-dependent PC cells (Fig. 4I). Subsequently, RNF8
knockdown sensitizes enzalutamide-resistant PC cells 22Rv1 and
LNCaP-EnzR to enzalutamide treatment (Fig. 7K–M). These results
imply that RNF8 may confer PC cell’s resistance to ADT via
activating AR/ARV7, indicating that RNF8 may be an effective target
for ameliorating the enzalutamide resistance.
Collectively, the modulation effect of RNF8 on AR/ARV7 action in

our work unravels novel molecular and pathological functions of
RNF8 in advanced PC progression and enzalutamide resistance. Our
data provide new insights into understanding the progression of
advanced PC, raising RNF8 as a candidate for developing a therapy
to treat advanced PC and overcome enzalutamide resistance.

MATERIALS AND METHODS
Bioinformatics analysis
Overall survival and disease-free survival data of RNF8 mRNA low
expression or high expression patients and the correlation of RNF8 and
AR mRNA expression were analyzed by the GEPIA database [41].
RNF8 mRNA expression and clinicopathological characteristics of PC

patients were downloaded from TCGA, preprocessed, and integrated by R.
The evaluation of the effect of clinicopathological characteristics and RNF8
mRNA expression on the OS of PC patients was analyzed in SPSS using the
ROC curve, UV COX, and MV COX regression. The trend of RNF8 mRNA
expression with GS was analyzed by the Jonckheere–Terpstra test in SPSS.
Transcriptome data of NCBI GEO datasets of PC were downloaded,

preprocessed, and integrated. Groups were separated as AR-positive and

Fig. 4 RNF8 co-activates AR/ARV7-induced transactivation. A HEK293 cells transfected with ARE-tk-luc, AR, vector, Flag-RNF8, and pRL-CMV
treated with vehicle or DHT (10−8 M) for 24 h were measured luciferase activity. The expressions of AR and Flag-RNF8 were detected by
western blot. B Luciferase activity was detected in the control and RNF8 silencing LNCaP cells with or without DHT treatment (10−8 M, 24 h).
The efficacy of RNF8 silencing was examined by western blot. C RNF8 knockdown 22Rv1 cells and the control cells with ARE-tk-luc and pRL-
CMV co-transfected were maintained in RPMI-1640 with 5% charcoal-stripped serum (CSS) for 24 h and then examined luciferase activity. RNF8
knockdown efficacy was determined by western blot. D Upper: schematic diagram of full-length AR and its mutations (ARAF1 and ARAF2).
Numbers indicate amino acid positions; Lower: HEK293 cells were transfected with ARE-tk-luc, ARAF1, ARAF2, vector, Flag-RNF8, and pRL-CMV
and measured luciferase activity. The expression of Flag-RNF8 was detected by western blot. E HEK293 cells were transfected with ARV7, ARE-
tk-luc, vector, Flag-RNF8, and pRL-CMV. The cells were maintained in DMEM with 5% CSS for 24 h and examined luciferase activity. The
expression of ARV7 and Flag-RNF8 were detected by western blot. F 22Rv1 cells were transfected with vector, Flag-RNF8, Flag-RNF8C403S,
ARE-tk-luc, and pRL-CMV. The cells were treated with DHT (10−8 M) for 24 h. Then, luciferase activity was detected. Flag-RNF8 and Flag-
RNF8C403S expressions were determined by western blot. G, H 22Rv1 and LNCaP-EnzR cells were transfected with control siRNA or siRNA
targeting RNF8 for 24 h and then transfected with ARE-tk-luc and pRL-CMV for 24 h. The cells were treated with the vehicle, DHT (10−8 M), or
enzalutamide (10 µM) for 24 h. Then luciferase activity was detected. RNF8 silencing was determined by western blot. I LNCaP cells were
transfected with vector, Flag-RNF8, ARE-tk-luc, and pRL-CMV treated with the vehicle, DHT (10−8 M), or enzalutamide (10 µM). 24 h later, the
cells were harvested for detecting luciferase activity. Flag-RNF8 expression was examined by western blot. Data were shown as mean relative
LUC units ± SEM from three independent experiments. ns no significance, *P < 0.05, **P < 0.01, ***P < 0.001; ****P < 0.0001 (two-sided unpaired
t-test). Numbers below the western blot result indicate the relative gray value normalized to the internal control (β-actin or GAPDH).
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Fig. 5 RNF8 upregulates the transcription of endogenous AR target genes in prostate cancer cells. A mRNA-seq analysis profile of control
and RNF8 silencing 22Rv1 cells treated without or with DHT (10−8 M) for 24 h. The heat map displays gene expression change of DHT-induced
genes upon RNF8 knockdown. Fold change is indicated as left. B Venn diagram showed DHT-regulated genes in shCtrl and shRNF8 cells in the
absence or presence of DHT (10−8 M). C Biological processes of DHT-induced transcripts impacted by RNF8 knockdown without or with DHT
(10−8 M) treatment as revealed by KEGG pathway analysis. D The transcription levels of indicated genes in control or RNF8 silencing
22Rv1 cells treated without or with DHT (10−8 M) for 24 h (n= 3). E, F The mRNA and protein levels of KLK3 (PSA) in control or RNF8 silencing
22Rv1 cells with the vehicle, DHT (10−8 M) or enzalutamide (10 µM) treatment for 24 h. G, H The mRNA and protein levels of KLK3 (PSA) in
22Rv1 cells transfected with Flag-RNF8 or Flag-RNF8C403S treated with DHT (10−8 M) for 24 h (n= 3). Data of the qRT-PCR were presented as
the ratio normalized to RPS18 (means ± SEM). *P < 0.05; **P < 0.01; ***P < 0.001; ****P< 0.0001 (two-sided unpaired t-test). Numbers below the
western blot result indicate the relative gray value normalized to the internal control (α-tubulin).
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AR-negative PC. The mean expression for RNF8 in both groups was
calculated and compared.
Datasets of primary PC and CRPC tissues (GSE74367) [43] were

downloaded from NCBI Gene Expression Omnibus (GEO) databases and
analyzed by using RNF8 and AR signatures.

Plasmids construction
Flag-RNF8 and Flag-RNF8C403S were reconstructed from His-RNF8 friendly
donated by Yukihiko Takano [33]. AR and ARE-tk-luc plasmids were
constructed as described previously [62, 63]. The pcDNA-ARV7 plasmid was
a gift from Dr. Luo [64].
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Cell culture
LNCaP, CWR22Rv1 (22Rv1), PC3, DU145, and HEK293 cells were gifts from
the Key Laboratory of Cell Biology of China Medical University. VCaP cells
were obtained from the Chinese Academy of Sciences. These cell lines
were authenticated by STR profiling. LNCaP, 22Rv1, and DU145 cells were
routinely maintained in RPMI-1640. VCaP and HEK293 cells were cultured
in DMEM and PC3 in Ham’s F12K. LNCaP-EnzR cells were maintained in
RPMI-1640 plus enzalutamide (10 μM). Media were supplemented with
10% fetal bovine serum (FBS) and 10 g/L streptomycin and penicillin.

The siRNA transfection
The siRNA against RNF8 and a control siRNA (designed and synthesized by
Damaracon) were transfected in LNCaP, LNCaP-EnzR, and 22Rv1 cells using
Lipofectamine 3000 transfection reagent (Thermo Fisher) following the
manufacturer’s instructions. Followed by incubation for 48 h to allow
degradation of targeted mRNA, and the cells were harvested for the qRT-
PCR, western blot, ChIP assays, and luciferase assay (Promega). The siRNA
sequences targeting RNF8 were shown in Supplementary Table 7.

Lentiviral production and infection
RNF8 shRNA and control shRNA lentivirus were purchased from Shanghai
GENECHEM Company. Stable RNF8 silencing and control cells were
selected with puromycin (2 μg/ml) after infection. The shRNA sequences
against RNF8 were shown in Supplementary Table 8.

Immunohistochemical analysis of prostate cancer tissues
The prostate/PC tissue specimens from clinical prostatectomy specimens in
the First Hospital and the Second Hospital Affiliated to China Medical
University and 463 Military Hospital and the xenograft tumor sections were
formalin-fixed and paraffin-embedded. Multicentre ethical approval for
data collection and tissue utility was granted by the Human Research
Ethics Committee of the above hospitals. In these tissue sections, anti-RNF8
(ab65739 Abcam), anti-FASN (10624-2-AP Proteintech), anti-ALDH1A3
(25167-1-AP Proteintech), goat anti-rabbit/mouse IgG (AS070, AS071
ABclonal), and avidin-biotin-conjugated second antibodies (Vectastain
ABC Elite kit; Vector Laboratories) were used to detect indicated proteins
expression levels. The signals were visualized with diaminobenzidine, and
the nuclei were counterstained with hematoxylin. The slides were also
stained with hematoxylin-eosin (H&E).
For clinical tissue, the RNF8 staining was assessed by double-blinded

evaluation by two observers in an intra-observer way [65]. The nuclear
staining intensity of RNF8 was scored as 0–3 (0 for negative; 1 for light
brown; 2 for brown; 3 for dark brown). The staining score was used to
assess the level of staining. Staining score is the sum of intensity score
multiple by the percentage of positive staining cells. The intra-observer
variability is assessed by the interclass correlation coefficient (ICCC) of
RNF8 staining evaluation by two observers, which is summarized in
Supplementary Table 9. The trend of RNF8 staining score with GS in PC
samples was analyzed by the Jonckheere–Terpstra test.
For the xenograft tumor section, the staining intensity (IOD value) of

RNF8, FASN, or ALDH1A3 was assessed by Image-Pro Plus 6.0.

Antibodies, immunoprecipitation, and immunofluorescence
The first antibodies used in this study are anti-RNF8 (ab65739 Abcam,
#09-813 Millipore, and sc-271462 Santa Cruz Biotechnology), anti-AR-N20
(22089-1-AP Proteintech), anti-AR-441 (MA5-13426 Thermo scientific),

anti-ARV7 (31-1109-00 RevMab Biosciences), anti-c-Myc (10828-1-AP Pro-
teintech, ab32072 Abcam), anti-Flag (M2, F3165 Sigma and A00187
Genescript), anti-GAPDH (#KC5G4 Shanghai Kangchen), anti-α-tubulin
(AC012 ABclonal), anti-uH2A-K119 (#05-678 Millipore), anti-uH2B-K120
(#5546 Cell Signaling Technology), anti-H3Ac (06-599 Upstate Biotechnology)
anti-H4Ac (06-866 Upstate Biotechnology), anti-H3K27me3 (ab6002 Abcam),
anti-PSA (10679-1-AP Proteintech), and anti-β-actin (AC004 ABclonal).
In the immunoprecipitation experiment, for 22Rv1 and LNCaP cells, the

whole-cell extracts were prepared using TNE buffer (10mM Tris-HCl, pH
7.5; 1% NP-40; 0.15 M NaCl; 1 mM EDTA, pH8.0) with 1×protease inhibitor
cocktail (Roche Molecular Biochemicals). For 22Rv1 and HEK293 cells, BFP-
RNF8/3×Flag-c-Myc or Flag-RNF8/pcDNA-ARV7 expression plasmids were
transiently transfected using the jetPRIME reagent (Polyplus) or HiGene
transfection agent (Applygen). The equal protein amounts were immuno-
precipitated with anti-RNF8, anti-AR (441), anti-c-Myc antibody, or anti-Flag
M2 resin. The immunoprecipitated protein complexes were washed three
times with TNE buffer supplemented with the protease inhibitor cocktail.
The whole-cell lysates and immune complexes were detected by western
blot using indicated primary and secondary antibodies. For endogenous
immunoprecipitation of RNF8 and c-Myc/AR, light-chain-specific secondary
antibody (ab99697 Abcam, A25012 IPKine) was used. And chemilumines-
cence detection was performed according to the manufacturer’s instruc-
tions (GE-Healthcare). The protein concentration of the whole-cell extracts
was determined by a standard Bradford assay.
In the immunofluorescence experiment, HEK293 cells were transfected

with Flag-RNF8 together with AR or ARV7 expression plasmids. Four to six
hours after transfection, the culture media were replaced with fresh
indicated media with 5% charcoal-stripped serum (CSS) and supplemented
with vehicle (ethanol) or DHT (10−8 M). 22Rv1 cells were transfected with
Flag-RNF8 for 4–6 h and changed with fresh media. Twenty-four hours
later, the cells were divided into 12-well culture plates with polylysine-
coated slides. HEK293 cells were maintained in media containing 5% CSS
and supplemented with vehicle (ethanol) or DHT (10−8 M), while
22Rv1 cells were cultured in normal media for 24 h. The cells were fixed
with 4% paraformaldehyde and permeabilized with 0.1% TritonX-100.
HEK293 cells and 22Rv1 cells were incubated with anti-AR (AR-N20), anti-
Flag, or anti-c-Myc antibodies. Incubation was followed by washing in
1×PBS, and the cells were then incubated with relevant secondary FITC-/
Alexa Fluor 488, or Cy5/Alexa Fluor 594-conjugated antibodies (Jackson
Immunoresearch Laboraories Inc and Thermo Fisher). The nuclei were
stained with DAPI (Roche). Immunofluorescence staining was visualized
using Zeiss confocal laser scanning system 510.

Chromatin immunoprecipitation
RNF8 knockdown and control 22Rv1 cells were cultured in RPMI-1640
containing 5% CSS and with ethanol or DHT (10−8 M) for 24 h. The cells were
cross-linked with 1% formaldehyde in a 37 °C incubator for 10min. Then, the
cells were resuspended in SDS lysis buffer (1% SDS; 10mM EDTA; 50mM Tris-
HCl, pH8.1) with a protease inhibitor cocktail (Roche Molecular Biochemicals)
and sonicated six times for 10 s at 60% attitude (Handy Sonic, Model UR-20P)
followed by centrifugation at 12,000 rpm at 4 °C for 10min. Supernatants
were diluted in ChIP dilution buffer (0.01% SDS; 1.1% TritonX-100; 1.2mM
EDTA; 16.7mM Tris-HCl, pH8.1) followed by immunoclearing with the
Protein A Agarose/Salmon Sperm DNA (Millipore) for 30min at 4 °C. The
immunoprecipitates were incubated with specific antibodies overnight at
4 °C. Then, the Protein A Agarose/Salmon Sperm DNA was added, and the
protein–DNA complexes were washed sequentially with low-salt buffer,
high-salt buffer, LiCl buffer, and TE buffer. The protein–DNA complexes

Fig. 6 RNF8 promotes the recruitment of AR/ARV7 to the KLK3 promoter. A The lysates from LNCaP cells treated without or with DHT (10−8

M) for 24 h were immunoprecipitated by RNF8 or IgG antibody. Precipitated proteins were detected by western blot. B 22Rv1 cells were
maintained in RPMI-1640 with 5% CSS for 24 h, and the cell lysates were immunoprecipitated by indicated antibodies. Precipitated proteins
were detected by western blot. C 22Rv1 cells were co-expressed with AR and Flag-RNF8 and treated with DHT (10−8 M) for 24 h. Then, the cells
were stained with indicated antibodies. Scale bar, 10 µm. D HEK293 cells with Flag-RNF8 and ARV7 co-transfected were cultured in DMEM with
5% CSS for 24 h, and the cell lysates were immunoprecipitated by anti-Flag M2 resin and IgG. The precipitates were immunoblotted by
indicated antibodies. E HEK293 cells were co-transfected with Flag-RNF8 and ARV7 and were maintained in RPMI-1640 with 5% CSS for 24 h.
Then, the cells were stained with indicated antibodies. Scale bar, 10 µm. F, G ChIP re-IP was performed in 22Rv1 cells treated without or with
DHT (10−8 M) for 24 h using RNF8/AR antibody and IgG as a negative control. The precipitated chromatin was analyzed by the qRT-PCR using
primers flanking the KLK3 (PSA) AREI/II. H, I ChIP assays were performed in control or RNF8 knockdown 22Rv1 cells treated without or with DHT
(10−8 M) for 24 h by indicated antibodies Data were presented as the fold enrichment relative to IgG control for ChIP re-IP (means ± SEM, n=
3); %input relative to the adjusted input for ChIP (means ± SEM, n= 3). *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; ns no significance
(two-sided unpaired t-test).
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were eluted and reversed crosslinking at 65 °C overnight. DNA fragments
were purified by phenol/chloroform and absolute ethyl alcohol and then
were analyzed by the qRT-PCR. The primer sequences of KLK3-AREI/II were as
follows: forward 5′-GCCAAGACATCTATTTCAGGAGC-3′, and reverse 5′-CCCAC
ACCCAGAGCTGTGGAAGG-3′; the primer sequences of the c-Myc binding site
in the AR gene were as described previously [48].

ChIP re-IP
The ChIP aspects were performed for 22Rv1 cells treated without or with
DHT (10−8 M) as described above. The complexes were eluted from the
primary IP by incubation with 10mM DTT at 37 °C for 30min and diluted in
Re-ChIP buffer (1% TritonX-100; 2 mM EDTA; 150mM NaCl; 20 mM Tris-HCl,
pH8.1) with 1×protease inhibitor cocktail (Roche Molecular Biochemicals)
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followed by re-IP with second antibodies. DNA was analyzed by the qRT-
PCR using KLK3 promoter primers as described in the ChIP experiment.

Transfection and luciferase assay
Before transfection, LNCaP, LNCaP-EnzR, 22Rv1, and HEK293 cells were
grown in indicated media with 5% CSS. Cells were transfected with
indicated plasmids/siRNA, pRL-CMV, and the reporter gene carrying ARE
using jetPRIME reagent (Polyplus). Four to six hours later, the media was
changed for fresh ones with 5% CSS and vehicle (ethanol) or DHT (10−8 M).
After 24 h, cells were conducted to detect luciferase activities by the Dual-
Luciferase Reporter Assay System (Promega) as the manufacturer described.

RNA-seq analysis, differentially expressed genes, and
bioinformatics analysis
Total RNA was extracted from stable RNF8 knockdown 22Rv1 cells
pretreated with ethanol or DHT (10−8 M) for 24 h. Each experiment was
repeated three times. RNA quality and quantity were evaluated by
NanoDrop ND-2000 (Thermo Fisher Scientific, Waltham, MA, USA). RNA
integrity was analyzed by non-denaturing agarose gel electrophoresis.
The quality library of RNA was detected by Agilent 2100 Bioanalyzer. After
removing the rRNAs from 1 μg total RNA, libraries were constructed using
TruSeq Stranded Total RNA Library Prep Kit (Illumina, San Diego, CA, USA).
The library quality was controlled by the BioAnalyzer 2100 system
(Agilent Technologies, Inc., USA). About 10 pM libraries were sequenced
for 150 cycles on Illumina HiSeq Sequencer according to the manufac-
turer’s instructions. Paired-end reads were harvested from Illumina
HiSeq 4000 sequencer and were quality controlled by Q30. After 3′
adapter-trimming and the low-quality reads removed by cut-adapt
software, the high-quality clean reads were aligned to the reference

genome (UCSC hg19) with hisat2 software. Guiding by the Ensembl gtf
gene annotation file, the gene-level FPKM getting by cuffdiff software
(part of cufflinks) was used as mRNA expression profiles, and fold change
and p value were calculated based on FPKM by t-test, differentially
expressed mRNA were identified. Genes with fold change ≥2.0 and
p value ≤0.05 between two populations were kept in the heat map. GO
(Gene Ontology) and Pathway enrichment analysis was performed based
on the differentially expressed mRNAs. All the above analysis was
performed by Cloud-Seq Biotech (Shanghai, China).

Accession number
The mRNA sequencing data have been deposited in the NCBI GEO
database with the accession GSE149581.

RNA isolation, reverse transcription, and qRT-PCR
Total RNA was isolated using RNAiso plus (TAKARA). According to the
manufacturer’s instruction, reverse transcription was performed using
PrimeScript™ RT reagent kit with gDNA Eraser (Perfect Real Time) (TAKARA).
The cDNAs were quantified by the qRT-PCR using TB Green®Premix Ex Taq™

II (Tli RNaseH Plus) (TAKARA) on LightCycler 96 instrument (Roche). Primers
used to detect mRNA expression were designed by Sangon Biotech (the
sequence of the primers was shown in Supplementary Table 6). Gene
expression levels were calculated relative to the housekeeping genes
RPS18, PPIA, and ACTB. The PPIA and ACTB primer pairs are finished
products purchased from Sangon Biotech.

In vitro cell growth assay and cell proliferation assay
For in vitro cell growth assay, 2 × 104 stable RNF8 knockdown or control
LNCaP and 22Rv1 cells were plated in 35-mm dishes and maintained in

Fig. 7 RNF8 depletion inhibits cell proliferation and enhances enzalutamide sensitivity in prostate cancer cell lines. A, B Control and
stable RNF8 knockdown LNCaP (A) and 22Rv1 (B) cells were treated with vehicle or DHT (10−8 M) for 10 days. The cell colonies were stained
with Coomassie blue. C, D Control and stable RNF8 knockdown LNCaP (C) and 22Rv1 (D) cells were treated with vehicle or DHT (10−8 M) for 0,
1, 2, 3 days. The cell viability was detected by the CCK8 proliferation assay. Data were means ± SEM (n= 3). **P < 0.01; ***P < 0.001; **** P <
0.0001 (two-sided unpaired t-test). E The proliferation of control and stable RNF8 knockdown DU145 cells was examined by the CCK8 assay.
Data were means ± SEM (n= 3). ns no significance (two-sided unpaired t-test). RNF8 knockdown efficacy was determined by western blot.
Numbers under the western blot bands indicate the relative gray value normalized to β-actin. F The photograph for the xenografts from NOD/
SCID mice injected subcutaneously with control and stable RNF8 knockdown 22Rv1 cells (n= 8). G, H The median of tumor volume (G) and
tumor weight (H) from (F). **P < 0.01 (two-sided Mann–Whitney test). I Representative images of xenograft tumor tissues in (F) staining with
RNF8, FASN, and ALDH1A3. The H&E staining was also presented. Scale bar, 50 μm. J Statistical analysis of the mean staining intensity of RNF8,
FASN, and ALDH1A3 in xenograft tumor tissues in (I). **P < 0.01; ***P < 0.001; ****P < 0.0001 (two-sided unpaired t-test). K Control and stable
RNF8 knockdown 22Rv1 cells were treated with vehicle or enzalutamide (10 µM) for 10 days. The cell colonies were stained with Coomassie
blue. L, M Control and stable RNF8 knockdown 22Rv1 (L) and LNCaP-EnzR (M) cells were treated with vehicle or enzalutamide (10 µM) for 0, 1,
2, 3 days. The cell viability was detected by the CCK8 assay. Data were means ± SEM (n= 3). *P < 0.05; ***P < 0.001; ****P < 0.0001 (two-sided
unpaired t-test).

Fig. 8 Schematic representation of RNF8 upregulating AR/ARV7 action. RNF8 forms a complex with c-Myc being recruited together to the
c-Myc binding site in the AR gene, inducing the ubiquitination of H2A/H2B and acetylation of H3/H4. This effect causes increased transcription
of the AR pre-mRNA, resulting in enhanced AR/ARV7 expression. RNF8 interacts with AR/ARV7 binding onto the ARE of AR target gene,
promoting H2A/H2B ubiquitination and H3/H4 acetylation while attenuating H3K27 tri-methylation around this region. This effect ultimately
leads to increased expression of AR target genes, which may accelerate advanced PC progression and enzalutamide resistance.
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RPMI-1640 with 5% CSS supplemented with ethanol or DHT (10−8 M) for
10 days or cultured in RPMI-1640 with 10% FBS plus DMSO or
enzalutamide (10 μM) for 10 days. The cells were then stained with
Coomassie blue and photographed.
For cell proliferation assay, 1 × 104 stable RNF8 knockdown or control

LNCaP, LNCaP-EnzR, and 22Rv1 cells, 5 × 103 stable RNF8 knockdown or
control DU145 cells were divided into 96-well per well cultured in RPMI-
1640 with 5% CSS and ethanol or DHT (10−8 M) or maintained with RPMI-
1640 with 10% FBS with DMSO or enzalutamide (10 μM) with triple-well.
The cell viability was detected by the CCK8 assay.

In vivo tumor growth in xenograft models
The 5 × 106 stable RNF8 knockdown and control 22Rv1 cells coated with
50% matrigel were injected subcutaneously in 4–5-week age male NOD/
SCID mice (Charles River, Beijing). The tumor growth was monitored for
4 weeks as described previously [66]. The tumor volume was measured by
the formula 0.5236 × r1

2 × r2 (where r1 < r2) [16].

Statistics
The number of replicates was presented by individual data points in each bar
graph. Data were described as mean ± SEM and p values were determined by
t-test, Mann–Whitney test, or one-way ANOVA test in Prism 9. RNF8 staining in
clinical prostate, BPH, and PC samples was presented as median. RNF8, FASN,
and ALDH1A3 staining in xenograft tumor sections was presented as mean.
RNF8 staining characteristics of PC patients were assessed by the Chi-square
test. The effect of clinicopathological characteristics and RNF8 expression on
the OS of PC patients was analyzed by ROC curve, UV COX, and MV COX
regression in SPSS 26. The trend of RNF8 mRNA and protein expression with
GS in PC was evaluated by the Jonckheere–Terpstra test in SPSS 26. The
xenograft tumor volume and weight were presented as median. The
significance is denoted as *P< 0.05, **P< 0.01, ***P< 0.001, ****P< 0.0001.
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