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ABSTRACT

Background: Neuroendocrine prostate cancer (NEPC) is a lethal subtype of prostate cancer responsible for an estimated
20%-30% of castration-resistant prostate cancer (CRPC) deaths. While NEPC can arise spontaneously, the majority of these
cases emerge as treatment-induced NEPC (tNEPC). Our clinical and computational analyses identified increased expression of
protein methyltransferase 5 (PRMTS5) and its cofactor methylosome protein 50 (MEP50) in tNEPC.

Methods: Here we generated an in vitro cell culture and mouse model of prostate cancer to recapitulate tNEPC induced upon
treatment with the androgen receptor (AR) inhibitor, enzalutamide. The role of PRMTS5 and its cofactor MEP50 were deter-
mined by overexpression. Depletion of these genes and pharmacological inhibition of PRMTS5 were followed by analysis of cell
viability, neurite growth, and effects on neuroendocrine-related gene transcription using immunofluorescence, immuno-
histochemistry, and Western blot. PRMT5 and MEP50 protein expression levels were comprehensively analyzed for clinical
correlation in NEPC patient prostate tissue samples.

Results: Elevated PRMT5 and MEP50 correlated with increased recurrence in prostate cancer patients receiving androgen
deprivation therapy. Depletion of PRMT5 and MEP50 prevented neuroendocrine differentiation (NED)-induced by en-
zalutamide both in vitro and in a xenograft mouse model. Conversely, overexpression of PRMT5 and MEP50 was sufficient to
induce NED in prostate cancer cells. Evaluation of a genetically engineered mouse model, in which PRMT5 and MEP50 were
overexpressed in the prostate, similarly indicated NEPC development.

Conclusions: Our data suggest that PRMT5:MEP50 are regulators of tNEPC. PRMTS5/MEP50 expression could serve as a
predictive biomarker and therapeutic target for aggressive forms of prostate cancer.

1 | Introduction [1-4]. Potent AR inhibitors such as enzalutamide (ENZ) have

become first-line therapy for prostate cancer patients [5]. While
Over the last decade, advances in targeting androgen receptor (AR) these therapies are initially efficacious, 17%-30% of patients will
signaling have improved outcomes for prostate cancer patients progress to treatment-induced neuroendocrine prostate cancer
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(tNEPC), the most lethal histological subtype of prostate cancer [6].
Through the processes of neuroendocrine differentiation (NED),
AR-dependent luminal epithelial cells differentiate into AR-
independent basal-like cells [7]. Markers of NED include enhanced
expression of chromogranin A (CgA), synaptophysin (SYP), and
neuron-specific enolase (NSE) [8].

Accumulating evidence shows that NED is largely regulated
through epigenetic processes that control transcriptional repro-
gramming [9]. Epigenetic reprogramming includes the action of
multiple transcription factors, histone modifications, and alteration
of DNA methylation [10-12]. Other reports indicate that neuronal
transcription factors such as achaete-scute family bHLH transcrip-
tion factor 1 (ASCL1) and neuronal differentiation 1 (NEUROD1)
can drive NED in CRPC cells. ASCL1 increases H3K27me3 levels
through regulating EZH2 activity [13]. Similarly, master neuronal
transcription factors such as BRN2 and SOX2 can regulate the
global epigenetic landscape via histone 3 hypomethylation of
prostate cancer cells to induce NED [14, 15]. Together, these find-
ings highlight the importance of understanding the function of
epigenetic modifiers in prostate cancer cells undergoing NED.

Protein arginine methylation is a key posttranslational modification
with roles in maintaining cell homeostasis and disease phenotype.
Protein arginine methyltransferase-5 (PRMTS) is classified as a type
II protein arginine methyltransferease that symmetrically di-
methylates arginine residues of histones and non-histone substrates
[16]. By interacting with the N-terminal region of PRMTS5 to create
a heterooctameric complex, methylosome protein 50 (MEP50)
serves as a crucial PRMTS5 cofactor that aids in substrate recognition
and placement [17]. Since MEP50 increases PRMTS5 activity towards
SmD3 protein, MEP50 may interact to change substrate specificity
or activate PRMT5 methyltransferase activity [18]. In fact, we have
previously reported that PRMTS5 alongside with its cofactor MEP50
mediates chemotherapy-induced neuroendocrine differentiation in
non-small cell lung cancer (NSCLC) [19]. Additionally, we previ-
ously reported that PRMTS5 is overexpressed in high-grade tumors
of prostate cancer and that its expression correlates with the ex-
pression of AR [20-22]. PRMT5 can localize to the AR promoter
and methylate H4R3 to promote AR transcription [20, 23, 24].
Furthermore, we have also demonstrated that PRMTS5 expression is
essential for the repair of DNA double-strand break (DSB) and thus
can sensitize prostate cancer cells to radiation and chemotherapy
[25]. PRMTS5 can also regulate the expression and activity of MYCN
[26], p53 [27, 28], PTEN [29], and Rb [30]. These mechanistic
studies clearly point to a role of PRMTS5 in driving therapeutic
resistance and prostate cancer progression.

In the present study, we demonstrate that PRMT5, when in
conjunction with the cofactor MEP50, regulates tNEPC initia-
tion and disease progression. Our in vitro and in vivo studies
provide insights into the role of PRMT5:MEP50 in NED.

2 | Materials and Methods
2.1 | Cell Culture and Reagents
The LNCaP, C4-2, and NCI-H660 cell lines were purchased from

ATCC. Cells were stored as frozen stock in the vapor phase of LN2
and thawed before use. Cell lines were cultured in three passages

after thawing before experimentation and maintained for no longer
than 30 total passages. LNCaP cells were cultured in RPMI 1640
(Corning) supplemented with 10% FBS (Atlanta Biologicals), 1 mM
sodium pyruvate (Corning), penicillin (100 units/mL) and strepto-
mycin (100 pg/mL) combination (Gibco), and 2 mM/L L-glutamine
(Corning). C4-2 cells were cultured in DMEM/F12 (Gibco) sup-
plemented with 10% FBS (Atlanta Biologicals), 0.100 ug/mL insulin
(Sigma-Aldrich), 275ng/mL triiodothyronine (Sigma-Aldrich),
88.6 ng/mL apo-Transferrin (Sigma-Aldrich), 4.9 ng/mL d-Biotin
(Sigma-Aldrich), 251.8 ng/mL Adenine (Sigma-Aldrich), and peni-
cillin (100 units/mL) and streptomycin (100 ug/mL) combination
(Gibco). NCI-H660 cell lines were cultured in HITES media, for-
mulated as follows: RPMI-1640 (Corning), 5% FBS (Atlanta Biolo-
gicals), 10nM hydrocortisone (Sigma-Aldrich), 10nM {-estradiol
(Sigma-Aldrich), 1x Insulin-Transferrin-Selenium (Gibco), and
2mM/L r-glutamine (Corning). For NED induction, cells were
seeded at 80,000 cells per 6-well culture dish and allowed to attach
to the dish overnight before enzalutamide treatment. Enzalutamide
was purchased from MedchemExpress.

2.2 | Cell Transfection

LNCaP cells were seeded in 6 cm culture plates to be confluent
on the following day, with 3 mL medium in each well, and then
incubated in a CO, incubator overnight. Plasmid DNA and
FuGENE HD Reagent (Promega) in a 1:3 weight ratio were
mixed with 500 uL. of OPTMEM, and the mixture was incubated
for 20 min at room temperature. Finally, the mixture was
dropped into each well and incubated in the CO, incubator.

2.3 | Morphological Analysis

Percent of NED induction was calculated morphologically from
brightfield images acquired on the day as specified by obser-
vation. Images were acquired on a Nikon TE2000-U microscope
with a 10X objective. Images were analyzed with ImageJ. NE-
like cells were defined as cells with neurite extensions longer
than twice the length of the cell body as described.

2.4 | Microscopic Observation

For cellular images in Figure 3, cultured LNCaP cells were
directly observed under an Olympus 60-fold objective lens
microscope (Nikon). Fluorescence images were observed using
the GFP filter cube. Percent of NED induction was calculated as
described in Section 2.3 from GFP images.

2.5 | Western Blot Analysis

Cells were lysed in RIPA buffer for 1 h on ice. Cell lysates were
centrifuged at 12,000g for 20 min at 4°C, then 5x SDS sampling
buffer (100 mM Tris-HCI pH 6.8, 4% SDS and 20% glycerol with
bromophenol blue) was added and boiled at 95°C for 5 min. The
proteins were separated through 10% SDS-PAGE gels and were
transferred to a nitrocellulose membrane using Trans-Blot SD
wet transfer cell (Bio-Rad). The membrane was blocked in 5%
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nonfat dry milk-PBS for 2h, washed, and incubated with pri-
mary antibodies in PBS containing 0.1% Tween 20 (PBST)
overnight in agitation at 4°C. Unbound primary antibodies were
removed by washing the membrane three times in PBST. The
membrane was then incubated with a secondary antibody for
1h at RT. After three washes with PBST, membranes were
visualized with Odyssey XF Imaging System. The intensity of
bands was determined with Image Lab software (Bio-Rad,
Hercules, CA, USA). Antibodies against AR (1:2000, Cell Sig-
naling), ARV7 (1:1000, Abcam), CgA (1:5000, Abcam), NSE
(1:2000, Genetex), ASCL1 (1:1000, LS-Bio), NCAM1 (1:1000,
Genetex), B-actin (1:5000, Sigma-Aldrich), and LI-COR IRDye
800CW Goat anti-Rabbit IgG (H + L), 0.5 mg (1:20000, LI-COR)
and LI-COR IRDye 800CW Goat anti-Mouse IgG (H+ L),
0.5 mg (1:20000, LI-COR) were used for Western blot analysis
probing.

2.6 | Immunochistochemistry Analysis

Mouse genital urothelial tissues were collected and fixed in 10%
formalin and paraffin-embedded following with H&E staining
and immunohistochemical (IHC) staining. Antibodies against
NSE (1:100, GTX, N1C1), CgA (1:100, Abcam, ab45179), Ki-67
(1:100, Cell Signaling Technology, 9449), or Myc (1:100, Abcam,
ab32) were applied on sections overnight in 5% nonfat dry milk
in PBS. After three washes in PBS, sections were probed with
corresponding secondary HRP-conjugated antibodies diluted
(1:100) in 5% nonfat dry milk in PBS for 1h at room tempera-
ture. Sections were incubated with diaminobenzidine for
10 min and then counterstained with H&E. Image analysis and
quantification were performed using Fiji software.

2.7 | Animal Models

All procedures were conducted in accordance with the Purdue
University Animal Care and Use Committee. The coding sequences
for Myc tag PRMT5 (Myc-PRMT5) and Myc tag MEP50 (Myc-
MEP50) were cloned into the pBlueScript II SK (+ )-ARR2PB-
Intron-bGHPolyA plasmid using Nhel and EcoRV restriction sites
for Myc-PRMT5 and BmtI and Eagl for Myc-MEP50. Androgen-
dependent expression of the transgenes was independently vali-
dated in LNCaP cells via Fugene HD (Promega, Madison, WI,
USA)-mediated plasmid transfection, both in the presence and
absence of R1881, a synthetic androgen analog. Transgenic mice
were generated using the C57BL/6N strain at the Purdue Trans-
genic Mouse Core Facility. Founders were identified by PCR
screening of tail-tip DNA, utilizing specific primer pairs for PRMT5
(PRMT5-bGH-Fw and PRMT5-bGH-Rv, 312bp product) and
MEP50 (MEP50-bGH-Fw and MEP50-bGH-Rv, 332bp product),
along with T Cell Receptor (TCR) alpha -Fw and TCR-Rv
primers (206 bp product) as an internal PCR control. Primer sets
to identify PRMT5 are 5-TCTGCTATTCATAACCCCACAGGC-
3’ and 5-GCCTGCTATTGTCTTCCCAATCCTC-3’, MEP50 are
5'- TGGTGTTCTCCCCACACAGTGTTCC-3’ and 5-CAACTAGA
AGGCACAGTCGAGGCTGA-3, and TCR are 5-CAAATGTTGC
TTGTCTGGTG-3' and 5-GTCAGTCGAGTGCACAGTTT-3'. Male
transgenic founders were mated with wild-type (WT) C57BL/6N
females to confirm the inheritance of transgenes across at least

three generations. Once transgene stability was established, PB-
PRMTS5 and PB-MEP50 mice were interbred to produce cohorts of
double-transgenic (PB-PRMT5; PB-MEP50), single-transgenic (PB-
PRMTS5 or PB-MEP50), and WT mice for further studies.

2.8 | MTS Cell Growth Assay

NCI-H660 cells were diluted to 5000 cells/well in 100 pL/well
culture medium into 96-well plates. Cells were incubated for 24 h
at 37°C and 5% CO,. Twenty microlitres per well of CellTiter 96
AQueous One Solution Reagent (Promega) was added to each
well. Plates were incubated at 37°C and 5% CO, for 3 h. Absorb-
ance at 490 nm using a 96-well plate reader. Absorbance readings
from blank, culture medium without cells, were subtracted from
each reading and normalized to the control (DMSO-treated).

2.9 | Statistical Analysis

Statistical analysis was performed using GraphPad PRISM
software. For western blot, data were analyzed using a student
t-test.

3 | Results

3.1 | PRMT5 and MEP50 Are Upregulated in
Aggressive Prostate Cancer

We first sought to establish the relationship between PRMT5 and
MEP50 (WDR77) in aggressive subtypes of prostate cancer. We
found that expression between PRMT5 and MEP50 were posi-
tively correlated in high Gleason-score prostate cancer patients
(Figure 1A). PRMT5 mRNA expression was also positively cor-
related with MEP50 mRNA expression in neuroendocrine prostate
cancers (Figure 1B). Overall patient survival rate was significantly
decreased as a function of PRMT5 or MEP50 expression
(Figure 1C,D). Similar to mRNA levels, increased expression and
correlation of PRMT5 and MEP50 at the protein level were
observed in NEPC patient tissue samples when compared to
localized or benign lesions (Figure 1E-G). Taken together, these
data suggest dual expression of PRMT5 and MEP50 is associated
with more aggressive subtypes of prostate cancer.

3.2 | Suppression of PRMT5:MEP50 Reduces
Treatment-Induced NED and Resensitizes Cells to
Inhibition of Androgen Receptor

We next sought to investigate the functional role of PRMT5 and
MEP50 in NED. Therefore, we depleted PRMTS5 in the C4-2 cell
line in a doxycycline-inducible manner as previously reported
(Figure 2A) [24]. Depletion of PRMTS5 inhibited ENZ-induced
neurite outgrowth and increased cell death in these treatment-
resistant prostate cancer cells (Figure 2B,C, Figure S1A-D).
Similarly, depletion of MEP50 also inhibited NED and increased
cell death induced by either ENZ (Figure S1A-D) or androgen
deprivation, through the use of charcoal/dextran-stripped fetal
bovine serum (CDS-FBS) (Figure 2D-F). Genetic depletion of
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FIGURE 1 | PRMTS5 and MEP50 are upregulated in aggressive prostate cancer. (A) Scatter plot showing the correlation of PRMT5 and MEP50 mRNA
expression in groups of patients with indicated Gleason scores. Patient data was filtered to include only those individuals who underwent radical
prostatectomy. Data were analyzed using linear regression, yielding the indicated Spearman r and p-value. (B) Correlation of PRMT5 and MEP50
expression were similarly compared in neuroendocrine prostate cancer patients. (C and D) Kaplan-Meier survival curves comparing overall patient survival
based on PRMT5 or MEP50 (WDR77) expression. (E) Representative images of benign, localized prostate cancer, CRPC and NEPC patient tissue samples
stained for CgA, PRMTS5, and MEP50. (F) Quantification of PRMT5 and MEP50 expression intensities plotted across disease stage as shown in panel E.
(G) Correlation of PRMTS5 and MEP50 expression across disease stages shown in panel E. For panels F and G ITHC staining intensity was determined using
Fiji software. Results are mean + SD from three independent experiments, and multiple ¢-test was used for p-value determination. [Color figure can be
viewed at wileyonlinelibrary.com]
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PRMT5 and MEP50 under DMSO-treated or complete media
conditions did not show any changes in cell death or NED
(Figure 2C,F).

Next, we utilized the NCI-H660 cells, an NEPC cell line derived
from a patient tumor biopsy. These cells were treated with either
DMSO or the PRMTS5 inhibitor, BLL3.3 [22, 24]. Similar to our
shRNA approaches, BLL3.3 induced cell death and cell growth
inhibition (Figure S2A-C). Furthermore, the expression of the
NED markers, CgA and NSE were also downregulated by BLL3.3
treatment (Figure S2D,E). In contrast, BLL3.3 did not affect the
viability of the non-NEPC, LNCaP cell line (Figure S2F,G).

3.3 | PRMT5 and MEP50 Are Necessary and
Sufficient to Induce NED In Vitro

To further scrutinize the functional role of PRMT5:MEP50 in NED,
we independently or co-expressed PRMT5 and MEP50 in LNCaP
cells and quantified extended neurite outgrowth (Figure 3A). For
this approach, we utilized our GFP overexpressing LNCaP cell line,
which offers high sensitivity for detecting changes in cell mor-
phology. Co-expression of both PRMT5 and MEP50 initiated NED,
with 30% of cells exhibiting neurite extension outgrowth compared
to 11% from vector control (Figure 3B). In contrast to wild-type
proteins, co-expression of a catalytically inactive PRMT5 (R368A)
with MEP50 failed to induce extended neurite outgrowth
(Figure 3C,D) [31]. Similarly, co-expression of PRMT5 with a
MEP50 mutant (D99A) that is unable to interact with PRMTS5 also
did not induce extended neurite formation (Figure 3C,D) [32].
Consistent with these morphological changes, expression of NED-
marker proteins, CgA and NCAMI, were also significantly induced
upon co-expression of wild type PRMT5/MEP50, but not the
interaction-deficient mutants (Figure 3E-G, Figure S3A,B). These
findings suggest that co-expression of PRMT5 and MEP50 is suffi-
cient to induce NED in LNCaP cells. PRMT5 has additional co-
factors, such as pICIn and RIOK1 [17]. Therefore, we evaluated the
impact of PRMT5 overexpression with either pICln or RioK1 on
NED (Figure S3C). In contrast to MEP50, expression of pICln nor
RIOK1 did not induce CgA expression (Supplementary Fig-
ure 3C,D). These data together with those from Figure 2, suggest
that the formation of a catalytically active PRMT5/MEP50 com-
plexes are necessary and sufficient for the induction of NED in
LNCaP cells.

3.4 | PRMT5 and MEP50 Can Initiate and
Regulate NED Induction In Vivo

To define the role of PRMT5:MEP50 during in vivo initiation of
NED in prostate adenocarcinoma, we expressed PRMT5 and
MEP50 in the mouse prostate under control of the probasin
(PB) promoter. We first generated the PB-PRMT5 and PB-
MEP50 mouse model and crossbred them to develop PB-
PRMT5/PB-MEP50 mice. Animals expressing Myc-tagged
PRMT5 and MEP50 alone or together were evaluated for
induction of NED in the genital and urinary (GU) organs
(Figure 4A). At 52 weeks of age THC staining was performed on
GU tissues to monitor for confirmation and degree of PRMT5
and MEP50 overexpression and disease progression. Animals
expressing both PRMT5 and MEP50 had the highest prolifera-
tive index (Figure 4B). This hyperplasia was consistent with the
induction of mouse prostatic intraepithelial neoplasia (mPIN)
and invasive adenocarcinoma in different lobes of the prostate
(Figure 4C). Furthermore, more aggressive pathology was
observed in PRMT5:MEP50 expressing tumors (Figure 4D).
Finally, PRMT5:MEP50 expressing mice had significantly en-
hanced expression of the NED markers NCAM1 and ASCL1
(Figure 4E,F). These analyses indicate that combined expres-
sion of PRMT5:MEP50 in murine prostate epithelium is suffi-
cient to drive NEPC.

3.5 | Perturbation of PRMT5 Expression Inhibits
Treatment-Induced NED In Vivo

To further expand our findings, we analyzed our previously
reported PRMT5 knockdown (KD) 22rvl xenograft mouse
model (Figure 5A) [24]. Treatment of control 22rv1 tumors with
enzalutamide failed to reduce proliferation (Figure 5B,C).
However, enzalutamide treatment did enhance expression of
NED markers, NCAM1 and ASCL1 (Figure S5D,E and
Figure S4A). Depletion of PRMT5 sensitized these resistant
tumor cells to enzalutamide, resulting in a significant reduction
in Ki67 index and reduced ASCL1 and NCAM1 expression
(Figure 5D,E and Figure S4A). MEP50 expression remained
unchanged upon either PRMT5 depletion or enzalutamide
treatment (Figure S4B,C). Taken together, these findings sug-
gest that targeting PRMTS5 can reduce treatment-induced NED
and sensitize tumors to enzalutamide.

FIGURE 2 |

Depletion of PRMT5:MEP50 reduces treatment-induced NED and resensitizes cells to inhibition of androgen receptor.

(A) Immunoblot analyses for PRMTS5 in C4-2 cells expressing doxycycline (Dox) inducible shRNAs targeting PRMTS (shPRMTS5). Cells were treated
with Dox (1 pg/mL) for 7 days before analysis. Assessment of 8-Actin served as a loading control. (B) The cells described in panel A were treated with
either DMSO or enzalutamide (ENZ) as indicated. Red arrows indicate dead cells. (C) Cell death was determined using Trypan blue staining and NE-
like cells were determined by the two times longer neurites than cell body diameter. Data in panel C represent the quantified number of NE-like cells
and cell death from panel B images. (D-F) PRMTS5 expression was depleted by Dox-inducible shRNAs in LNCaP cells. These cells were cultured in
full media (FBS) or induced to undergo NED by CDS-FBS for 7 days with MEP50 gene downregulation (Dox +) or without gene downregulation
(Dox-). (D) Cells were treated with Dox (1 ug/mL) for 7 days before immunoblot analysis for PRMT5. Assessment of Actin served as a loading control.
(E) The cells described in panel D were grown in CDS-FBS media for 7 days. (F) The percentage of cell death and NE-like cells were quantified.
(G) Left schematic diagram shows the experimental time course. LNCaP cells were grown under CDS-FBS in the presence of either 10 uM of the
PRMTS5 inhibitor BLL3.3 or DMSO for 7 days. Cells were imaged by phase contrast microscopy (150x) and percent cell death was quantified. (H) Left
schematic diagram shows the experimental time course. LNCaP cells were first grown under CDS-FBS for 5 days to induce NED. Cells were
subsequently maintained by CDS-FBS for an additional 9 days in the presence of BLL3.3 or DMSO. Cells were imaged by phase contrast microscopy
(150x) and percent cell death was quantified. Results are mean + SD from three independent experiments, and multiple -test was used for p-value
determination. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3 | PRMTS5 and MEP50 are necessary and sufficient to induce NED in vitro. (A) Shown are representative images acquired 72 h after
transient transfection of LNCaP cells with pMyc-PRMT5 or pMyc-MEP50 expressing plasmids. Red arrows indicate extended neurite growth.
(B) Quantified NE-like cells from experiments in A. (C) Expression of a catalytic inactive mutant PRMT5 (R368A) or PRMTS5 interaction defective
MEP50 (D99A) failed to induce extended neurite outgrowth in LNCaP cells. (D) Quantified NE-like cells from experiments in C. (E) Representative
immunoblotting from experimental conditions described in panel A. (F and G) Densitometry analyses for NCAM1 and CgA from 3 independent
experiments. Band intensities were quantified by ImageStudio and normalized to Actin. Results are mean + SD from three independent experiments,
and multiple t-test was used for p-value determination. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 4 |

PRMTS5 and MEP50 can initiate and regulate in vivo NED induction. (A) Schematic plan of mouse studies. Created with Bior-

ender.com. Figures (B) Ki67 index from prostates of mice of the indicated genotype. (C) Bar graph representing the number of prostate glands with
normal, hyperplasia, mPIN, and invasive adenocarcinoma in the ventral prostate (VP), dorsolateral prostate (DLSP), and anterior prostate (AP).
(D) Number of mice of the indicated genotype that demonstrated a 4 + 4 Gleason score. (E) IHC staining intensities for NCAM1 and ASCL1 from
prostates of mice of the indicated genotype. (F) Representative hematoxylin and eosin (H&E) and IHC sections from data shown above. Red
arrowheads indicate cytoplasmic hyaline associated with atypia (VP). Results are mean + SD from at least 10 mice, and multiple ¢-test was used for
p-value determination. [Color figure can be viewed at wileyonlinelibrary.com]

4 | Discussion

Treatment approaches for advanced prostate cancer are
impacted by the occurrence of NEPC. Spontaneous occurrence
of NEPC is only 0.5%-2%; however, tNEPC is expected in
15%-30% of CRPC patients which will progress with increased
drug potency [33-38]. Treatment-induced NEPC preserves
CRPC genetic signatures (RB1/TP53/PTEN) alongside the

emergence of NE-related gene expression [39-41]. These find-
ings indicate a significant likelihood of impaired terminal dif-
ferentiation originating from a CRPC precursor cell, rather than
selection of a pre-existing NEPC subpopulation [42].

Previous studies report that long-term endocrine therapy can
induce transcriptome reprogramming via epigenetic modulators [9].
PRMTS5 is one of these regulators that plays a significant role in
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FIGURE 5 | Depletion of PRMTS5 expression inhibits treatment-induced NED in vivo. (A) Schematic showing experimental timeline of 22Rv1
xenograft treated with enzalutamide. Created with Biorender.com. (B and C) Representative IHC images and quantification of Ki67 index (D and E)
Quantification of NCAM1 and ASCL1 IHC staining from the indicated conditions. Results are the mean from at least five fields, and multiple ¢-test
was used for p-value determination. [Color figure can be viewed at wileyonlinelibrary.com]
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various cancers [20, 21, 43-45]. We previously reported that inhi-
bition of PRMTS5 can reduce CRPC cell growth and limit radiation-
induced NED [24, 25]. In this study, we observe that PRMT5 and
MEP50 gene expression is highly correlated with disease progres-
sion in prostate adenocarcinoma. Neuroendocrine prostate cancer is
an aggressive subtype of disease, which indicates the potential of
PRMT5:MEP50 as a predictive marker for future treatment. LNCaP
cells can and have previously been cultured in the presence of DHT.
However, we found that standard FBS is sufficient for these cells
thrive in culture and produce an epithelial phenotype. Inhibition of
androgen signaling through treating with ENZ or culturing in CBS-
FBS resulted in an NED phenotype. Inhibition of PRMT5 expres-
sion or its activity successfully reduced NED and increased cell
death induced by the AR inhibitor enzalutamide. Similar observa-
tions were made upon depletion of MEP50. These data explicitly
show that both PRMT5 and MEP50 are required in the initiation
and maintenance stages of drug induced NED.

Empowered by these observations, we sought to determine if
overexpression of PRMT5:MEP50 would be sufficient to induce
NED. Indeed, overexpression of PRMT5:MEP50 in androgen-
dependent LNCaP cell line was coupled with induction and
maintenance of NED. Use of a catalytically inactive form of
PRMTS5 or mutant of MEP50 that is incapable of interacting
with PRMTS5 failed to induce NED. In contrast to MEP50, co-
expression of other known PRMTS5 cofactors, pICln and RioK1,
did not induce NED. To expand beyond in vitro models, we
constructed a novel mouse model in which both PRMT5 and
MEP50 are specifically overexpressed in mouse prostate. Anal-
ysis of this model further supported that PRMT5:MEP50 are not
only sufficient to induce NED, but can also cause the initiation
and progression of prostate hyperplasia. Taken together, these
data indicate that the catalytic activity of PRMT5 while in
physical interaction with MEP50 contributes to induction and
maintenance of NEPC.

Our next goal was to assess the in vivo role of PRMTS5 in
enzalutamide-induced NED. Thus, we utilized a CRPC xeno-
graft model to assess enzalutamide response in the absence of
PRMTS5. This approach similarly demonstrated that depletion of
PRMTS5 inhibited enzalutamide-induced NED.

Despite these promising findings, the limitation of the cell
models raises the question of whether PRMT5:MEP50 co-
overexpression-induced NED truly resembles ASI therapy-
induced NED. Co-expression of PRMT5 and MEP50 may be
sufficient to induce a NE-like morphology and enhance the
expression of NE-related marker genes in prostate cancer cells;
however, further investigation is required to understand how
the PRMT5:MEP50 complex drives NED. Additionally, chro-
matin structure changes may disclose the epigenetic activities of
PRMT5:MEP50 in NED. Further research identifying the over-
lap between accessible chromatin areas and differential gene
expression might reveal the target genes involved in NED.
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