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Abstract: Metastatic and castration-resistant disease is a fatal manifestation of prostate cancer (PCa). The mecha-
nism through which resistance to androgen deprivation in PCa is developed remains largely unknown. Our un-
derstanding of the tumor microenvironment (TME) and key signaling pathways between tumors and their TME is
currently changing in light of the generation of new knowledge with regard to cancer progression. A disintegrin
and metalloproteinase domain-containing protein 9 (ADAM9) is a membranous bridge forming cell-cell and cell-
matrix connections that regulate tumor aggressiveness and metastasis. However, it is not known whether ADAM9
expressed in the TME contributes to the CRPC phenotype. In this study, we aimed to investigate the expression pat-
terns of ADAMO in prostate cancer-associated fibroblasts (CAFs). We also intended to elucidate the effects of both
stromal cell- and cancer cell-derived ADAM9 on the progression of CRPC and the implicated molecular pathways.
By using both clinical specimens and cell lines, we herein showed that unlike the membrane anchored ADAM9
overexpressed by both PCa cells and prostate CAFs, the secreted isoform of ADAM9 (sADAM9) was strongly de-
tected in CAFs, but rarely in tumor cells, and that could be a serum marker for PCa patients. We demonstrated that
functionally sSADAM9 are characterized as chemoattractant for the directed movement of androgen-independent
PCa cells through integrin downstream FAK/AKT pathway, supporting that elevated sSADAMO by prostate CAFs could
be responsible for the promotion of CRPC metastasis. Moreover, by stimulating PCa cells with sSADAM9, we found
that ubinuclein-2 (UBN2) expression was increased. A positive correlation of ADAM9 and UBN2 expression was
observed in androgen receptor-expressing PCa cell lines and further confirmed in clinical PCa specimens. Using a
genetic modification approach, we identified UBN2 as a downstream target gene of ADAMO that is critical for the
survival of androgen-dependent PCa cells in response to androgen deprivation, through the induction and effect of
the aldo-keto reductase family 1 member C3 (AKR1C3). Collectively, our results reveal a novel action of ADAM9 on
the transition of androgen-dependent PCa cells into an androgen-independent manner through the UBN2/AKR1C3
axis; the aforementioned action could contribute to the clinically-observed acquired androgen-deprivation therapy
resistance.

Keywords: Prostate cancer, castration resistant prostate cancer (CRPC), tumor microenvironment, cancer-asso-
ciated fibroblasts (CAFs), ADAM9, soluble ADAM9, ubinuclein-2 (UBN2), aldo-keto reductase family 1 member C3
(AKR1C3), androgen-deprivation therapy (ADT)
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Introduction

Prostate cancer (PCa) is the second most com-
monly diagnosed cancer and the fourth leading
cause of cancer-related deaths globally among
men [1]. The initiation and progression of PCa
are critically depend upon the androgen recep-
tor (AR) signaling. As a result, the androgen-
deprivation therapy (ADT) is the main treatment
strategy for advanced PCa, by reducing circulat-
ing androgens to castration levels [2]. However,
most hormone-sensitive PCa cases eventually
develop resistance to ADT, and become castra-
tion-resistant PCa (CRPC); the latter takes
place mostly within the 1st year of ADT in men
with metastatic PCa [3]. The bones are the
most common metastatic site in men with
CRPC [4]. An epidemiological analysis of PCa
has indicated that there is a 99% 5-year sur-
vival rate in cases characterized by local cancer
development with no metastasis. However, the
5-year survival rate becomes <30% when PCa
patients develop bone metastases [5]. Gaining
a comprehensive understanding of the mecha-
nism of tumor progression to the metastatic
and CRPC stage is a necessary step toward the
designing of effective therapeutic and reliable
prognostic schemes.

Tumor-stroma interactions play a major role in
both the primary tumor growth and the estab-
lishment of cancer metastasis [6]. With these
dynamic interactions, tumor cells drive chang-
es in their microenvironment by modifying both
the cellular and the extracellular matrix (ECM)
components, thereby providing a paracrine sig-
naling-mediated favorable environment for
tumor progression [7]. A tumor cell-induced
switch of normal fibroblasts into cancer-associ-
ated fibroblasts (CAFs), that are the main cellu-
lar components of the tumor microenvironment
(TME), contributes to cancer-associated ECM
remodeling; the latter is known to foster the
establishment of tumor metastasis [8, 9].
During the process of ECM remodeling, both
CAFs and tumor cells express increased levels
of ECM-degrading proteases, including mem-
bers of the matrix metalloproteinase (MMP)
and a disintegrin and metalloproteinase (ADAM)
families; these proteins cleave ECM macromol-
ecules and release and activate matrix-bound
growth factors, thus enabling tumor cell inva-
sion and metastasis [10, 11]. As such, ECM-
degrading proteases have emerged as novel
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biomarkers and potential therapeutic targets
for detecting and treating human cancers.

ADAM gene products are transmembrane cell
surface proteins consisting of eight conserved
domains, including a signal peptide, a prodo-
main, a metalloprotease domain, a disinte-
grin- or integrin-binding domain, a cysteine-rich
region, an epidermal growth factor (EGF)-like
domain, a transmembrane sequence, and a
cytoplasmic tail [12]. The metalloprotease
domains appear to serve two generic functions:
(@) as ectodomain sheddases that release
transmembrane-anchored cell surface pro-
teins, and (b) as proteases that cleave and
remodel ECM proteins. Their disintegrin- and
cysteine-rich domains have adhesive activities
that interact with integrins, heparan sulfate
proteoglycans, and ECM components [13]. Our
current understanding of cell-cell and cell-
matrix interactions suggests a role for ADAMs
in mediating tumor progression. In PCa, ADA-
M9 is a well-recognized ADAM protein whose
levels can be found elevated in malignant (com-
pared to benign) prostate tissues, and that is
significantly associated with shorter disease-
free relapse [14, 15]. In addition to membrane-
anchored ADAM9, a secreted variant of ADA-
M9 (sADAM9) generated through alternative
splicing of ADAMO transcripts was found to be
expressed by activated liver stromal cells, and
to be able to facilitate hepatic colon cancer
metastasis [16]. However, it is not known
whether sADAMO is expressed by CAFs in the
stroma of PCa tissues, and if so, whether it
could contribute to the induction of aggressive
tumor phenotypes through tumor-stromal
interactions.

We have previously demonstrated that ADAM9
levels increase during PCa progression, and we
have identified reactive oxygen species (ROS)
as key mediators regulating ADAM9 expres-
sion in PCa cells [14, 17]. We herein aimed to
further investigate the expression patterns of
ADAMO9 variants in CAFs in the prostate TME.
We also intended to elucidate the effects of
both stromal cell- and cancer cell-derived
ADAMO on the aggressiveness of PCa cells, as
well as to identify the implicated molecular
pathways. In this study, we demonstrate that
the elevated expression of sADAM9 by pro-
state CAFs is stimulated by ROS and is able to
induce directional migration of PCa cells as a
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chemoattractant through the integrin receptor
signaling. In addition to the pro-migratory effect
of ADAM9, we report for the first time that ubi-
nuclein-2 (UBN2), a member of a histone chap-
erone complex, is upregulated by ADAMO in
both the paracrine and autocrine mode by
which androgen-dependent PCa cells gain a
survival advantage to overcome androgen-
deprivation; the latter is enabled through the
downstream effect of aldo-keto reductase fam-
ily 1 member C3 (AKR1C3). Our results identify
an ADAM9/UBN2/AKR1C3 axis, and provide a
novel mechanism through which PCa tumor
progression to CRPC is facilitated.

Materials and methods
Cell lines and cell culture

Human prostate cancer cell lines including
LNCaP (ATCC CRL-1740), C4-2 (ATCC CRL-33-
14), C4-2B (ATCC CRL-3315), 22Rv1l (ATCC
CRL-2505), PC3 (ATCC CRL-1435), and DU145
(ATCC HTB-81) were originally obtained from
American Type Culture Collection (Manassas,
Va., USA), and have been frequently used in our
studies [17-20]. The benign prostatic hyperpla-
sia (BPH) epithelial cell line (BPH-1) was a kind
gift from Dr. Sue-Hwa Lin at the University of
Texas MD Anderson Cancer Center (Houston,
TX, USA). The previously established pairs of
patient-derived normal and cancer-associated
prostate fibroblasts [21] were a gift from Dr.
Leland W.K. Chung (Emory Winship Cancer
Institute, Atlanta, GA, USA). All these cell lines
were cultured in RPMI 1640 medium (Hyclone,
Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS) (VWR Life Science, Rad-
nor, PA, USA), and 1% penicillin-streptomycin
(Hyclone). To withdraw androgen, LNCaP cells
were cultured in charcoal-stripped bovine
serum (CSS) medium, comprising of phenol
red-free RPMI 1640 medium (Hyclone) supple-
mented with 5% CSS (Sigma-Aldrich, St. Louis,
MO, USA). The HEK 293FT cell line that was
used for producing recombinant lentiviruses
and sADAM9 was purchased from Invitrogen
(Carlsbad, CA, USA), and was grown in Dulbe-
cco’s modified Eagle medium (Hyclone).

Reagents and chemicals

Recombinant human ADAM9 protein (Cat#
939-AD-020) and human ADAM9 DuoSet ELISA
(Cat# DY939) were obtained from R&D Systems
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(Minneapolis, MN, USA); doxycycline hyclate
(Cat# D9891), R1881 (Cat# R0908) and en-
zalutamide (MDV3100; Cat# M199800) were
purchased from Sigma-Aldrich.

Gene knockdown (KD) and overexpression

To generate stable gene KD cell lines, a short
hairpin (sh)RNA lentiviral expression system
was used. The lentiviral vector pLKO.1-puro car-
rying shRNA sequences, including shADAM9
(clone CO1, TRCNOOOO046980, target sequ-
ence, GCCAGAATAACAAAGCCTATT; clone EO1,
TRCNOO0O0046982, target sequence: CCCAG-
AGAAGTTCCTATATAT), shAKR1C3 (clone 1, TR-
CNO000278349, target sequence: CCTAGAC-
AGAAATCTCCACTA; clone 2, TRCNO0O0O02784-
00, target sequence: CCAGAGGTTCCGAGAAG-
TAAA) and control shGFP (TRCNOOOOO72178,
target sequence: CAACAGCCACAACGTCTATAT),
were obtained from the National RNAi Core
Facility (Institute of Molecular Biology, Aca-
demia Sinica, Taipei, Taiwan). Lentiviral produc-
tion and infection were performed as previou-
sly described [22]. Doxycycline-inducible LN-
CaP cells expressing shUBN2 (clone 1, target
sequence: CCACTACCTCCAGTAACTATT; clone 2,
target sequence: ATGACAGAGTTACCGTATTAA)
were generated through the service of CRISPR
Gene Targeting Core Lab of Taipei Medical
University (Taipei, Taiwan). For AR KD, a small
interfering (si)RNA set targeting AR (GCUG-
ACAGUGUCACACAUUTT; AAUGUGUGACACUGU-
CAGCTT) was purchased from TOOLS Biotech
(New Taipei City, Taiwan) and transfected into
PC3 cells using the HiPerfect reagent (Qiagen,
Hilden, Germany) according to the manufactur-
er's instructions. For gene overexpression,
pCMV6-Entry vectors containing the cDNA of
UBN2 (NM_173569) and AKR1C3 (NM_0O-
3739) were obtained from OriGene (Rockville,
MD, USA), and an ADAM9 transcript variant 2
(SADAM9; NM_001005845.1)-expression con-
struct was synthesized by GenScript (New
Jersey, USA). Plasmids were stably transfected
into the indicated cells using the Maestrofectin
reagent (Omics Bio, Taipei, Taiwan) following
G418 selection. The pEGFP-N1 plasmid was
used as negative control.

Cell growth assay

The short-termed cell growth test was under-
taken by using the WST-1 (Roche, Mannheim,
Germany) cell proliferation assay according to
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Table 1. List of antibodies used in the study

Antibody Source CAT#
Anti-Active integrin 1 Merck, Darmstadt, Germany MAB2079Z
Anti-ADAMO (for IHC) Merck, Darmstadt, Germany HPAO04000
Anti-ADAM9 (for WB) R&D systems, Minneapolis, MN, USA AF939
Anti-AKR1C3 Merck, Darmstadt, Germany A6229
Anti-AKT Cell signaling technology, Danvers, MA, USA 9272
Anti-AR (N-20) Santa Cruz Biotechnology, Dallas, TX, USA SC-816
Anti-EF 1o Antibody, clone CBP-KK1 Merck, Darmstadt, Germany 05-235
Anti-FAK Cell signaling technology, Danvers, MA, USA 3284
Anti-Integrin B1 Merck, Darmstadt, Germany MABT529

Anti-pAKT (Ser473)

Cell signaling technology, Danvers, MA, USA 9271
Anti-pFAK (Ser 397) and pFAK (Ser 576/577) Cell signaling technology, Danvers, MA, USA

3283 and 3281

Anti-PSA Santa Cruz Biotechnology, TX, USA SC-7636

Anti-UBN2 (for IHC)
Anti-UBN2 (WB)

Anti-B-actin

Donkey Anti-Goat 1gG (H+L)
Donkey Anti-mouse IgG (H+L)
Donkey Anti-rabbit IgG (H+L)

Merck, Darmstadt, Germany
ProSci, Fort Collins, CO, USA 57-094
GeneTex, Irvine, CA, USA
Jackson Immuno Research, West Grove, PA, USA  705-215-147
Jackson Immuno Research, West Grove, PA, USA  715-195-150
Jackson Immuno Research, West Grove, PA, USA  711-005-152

HPA019743

GTX109639

the manufacturer’s instructions. Cells were
seeded into 96-well plates with 100 pL of
growth medium per well. Cells were incubated
with the WST-1 reagent for 90 min prior to
absorbance measurements at 440 nm and
650 nm (as a reference) with a CLARIOstar
microplate reader (BMG Labtech, Ortenberg,
Germany). For measuring androgen-depleted
cell growth, cells were grown in CSS medium
for 7-10 days followed by crystal violet staining
as described previously [19].

Cell migration assay

For the transwell migration assay, PC3 and
LNCaP cells were seeded into transwell inserts
(Millipore) in serum-free medium, and 0.5%
FBS-containing medium with or without addi-
tional rADAM9 or conditioned medium collect-
ed from 293FT cells transfected with SADAM9
plasmid was placed in the bottom chamber as
a chemoattractant. After incubation for 6 h
(for PC3) or 24 h (for LNCaP), inserts were
removed and the cells were fixed and subse-
quently stained with 0.5% crystal violet. Ten
random fields of each insert were photographed
at 20x magnification and quantified by cell
counting. For real-time chemotaxis measure-
ment, an p-slide chemotaxis system (ibidi
GmbH, Martinsried, Germany) was used follow-
ing the manufacturer’s instruction. Briefly, PC3
cells (1.5x10%/ml) were seeded into the obser-
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vation area of the p-slide chamber with or
without collagen | (2.5 ug/cm?) coating. After
cell attachment, serum-free medium contain-
ing O or 5 yg/ml rADAM9 was added in one res-
ervoir and pure serum-free medium in the
other. A phase-contrast video of cell migration
at x10 magnification was recorded every 10
min for a period of 8 h using a JuLl Smart fluo-
rescent cell analyzer (Digital Bio Technology,
Boston, USA), and the data were imported into
the Chemotaxis plugin for ImagelJ software (ver-
sion 2.3.0/1.53f) for analysis.

Western blot (WB) analysis

Proteins were extracted from cells with RIPA
lysis buffer and quantified using a BCA pro-
tein assay kit (ThermoFisher Scientific). Con-
ditioned media harvested from serum-free cul-
tures was concentrated using Vivaspin ultra-
centrifugation devices with a 3 kDa cutoff
(Sartorius AG, Germany). WB analyses were
performed as previously described [22] with
the primary antibodies listed in Table 1. After
incubation with an HRP-conjugated secondary
antibody (1:5000; Cell Signaling Technologies),
the target proteins were detected with chemilu-
minescent detection kit (T-Pro Biotechnology,
New Taipei, Taiwan), and signals were visual-
ized using an Amersham Imager 600 (GE
Healthcare Life). To normalize the secreted pro-
tein among conditioned media samples, the
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Table 2. The sequence of primers used for gPCR

RNA-sequence (RNA-Seq) analysis

Gene name Sequence

Probe

ADAM9 Forward TCC CCC AAA TTG TGA GAC TAA
Reverse TCC GTC CCT CAA TGC AGT AT

UBN2 Forward ACC CTC GAA AAT CCT GAA CA
Reverse TCC ACT GAT TGA GGG AAG TTG

AKR1C3 Forward CCA CAG ACC ATA TAAGAC TGCCTA 63

Reverse CCT GCA AAC TGA ATG ATG GTT
HSPCB Forward AGC CTA CGT TGC TCA CTATTA CG
Reverse GAA AGG CAA AAG TCT CCA CCT

Total RNA was extracted from cells, and
RNA quality and quantity were assessed
using a bioanalyzer and Qubit. Riboso-
mal (r)RNAs were removed by a NEBNext
rRNA depletion kit (NEBiolabs, Ipswich,
MA, USA), and the remaining RNA was
then ligated to an adaptor using an
[llumina TruSeq Stranded mRNA Kit (San
Diego, CA, USA) for further amplification.

loading amount was adjusted to represent the
same quantity of cell numbers (10° cells), and
ponceau S stain of the nitrocellulose mem-
branes was used to confirm equal levels of pro-
tein input.

RNA extraction and real-time quantitative poly-
merase chain reaction (qPCR)

Total cellular RNAs were isolated with a NC RNA
extraction reagent from EBL Biotechnology
(New Taipei City, Taiwan). The extracted RNAs
were reverse transcribed into cDNA by using a
PrimeScript RT reagent kit (Takara Bio, Shiga,
Japan). Real-time qPCR was performed using a
TagMan system with gene-specific primer-
probe sets (Table 2) in a LightCycler 96 (Roche),
as described in our previous study [22].

Tissue microarray (TMA) and immunohisto-
chemistry (IHC)

Paraffin-embedded tissue blocks were collect-
ed from prostatectomy of PCa patients who
were diagnosed and treated at Shuang-Ho
Hospital (New Taipei City, Taiwan) and gave
informed consent to provide prostate tissue
and data for research purposes. The use of
human specimens was approved by the
Institutional Review Board of Taipei Medical
University (TMU-JIRB N201612052). After
screening the hematoxylin- and eosin-stained
slides for optimal tumor tissues, TMA slides
were constructed through the services of
Catching Micro-Tech (Taipei, Taiwan). IHC stain-
ing was performed using the Novolink Polymer
Detection System (Leica Biosystems, Rich-
mond, IL, USA) according to the manufacturer’s
instructions. Digital images of stained slides
were acquired with the use of a MoticEasyScan
slide scanner (Motic, Hong Kong, China). The
intensity of IHC staining was semi-quantified
using IHC toolbox plugin in FlIl/imagel
software.
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All library preparation was performed in
the Translational Core Facility of Taipei
Medical University. After sequencing was com-
pleted, the reads files (fastq) were mapped to
the Hg19 reference using STAR (v2.6.1). Gene
expression levels were assessed using RSEM
(v1.3.1); the latter calculated the count for
each gene. Differential expression genes
(DEGs) were identified using the R (v3.6.1) and
the Bioconductor package DESeq2 (v1.26.0)
software. DEGs were then loaded into the
Ingenuity Pathway Analysis (IPA, QIAGEN) in
order to decipher gene ontologies and signifi-
cant regulatory pathways.

Data availability

RNA-Seq dataset GSE8702 [23] and GSE21-
887 [24] were retrieved from the Gene
Expression Omnibus. The mRNA expression
profiles and clinical information from WCM
2016 [25], PRAD_TCGA [26], PRAD_MSKCC
[27], and PRAD_SU2C_2019 [28] were down-
loaded from cBioportal (https://www.cbiopor-

tal.org/).

Statistical analysis

Data analyses were performed using the Prism
8.4.0 software (GraphPad, San Diego, CA, USA).
The performed statistical tests including t-test,
analysis of variance test, and Pearson correla-
tion are indicated in the figure legends. All data
are reported as the mean + standard deviation
(SD) or standard error of the mean (SEM).
Differences with a two-tailed P value of <0.05
were considered to be statistically significant.

Results

Soluble ADAM9 (sADAMO9) is elevated in PCa-
associated stromal cells, and it is a serum
marker for PCa

Our previous studies have demonstrated that
ADAMO is overexpressed in malignant PCa [14,
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18]. To further validate ADAM9 as a predictive
biomarker of cancer progression in clinical
specimens, we conducted a retrospective study
by collecting paired benign and cancer tissues
from six M, (no metastasis after prostatecto-
my) and six M, (metastasis after prostatecto-
my) stage PCa patients and submitting them
to a tissue array. Immunohistochemical (IHC)
staining of ADAM9 demonstrated an increased
overall intensity of ADAM9 expression in M,
(as compared to M) PCa tissues (Figure 1A).
Notably, elevated ADAM9 expression was
observed not only in cancerous epithelial cells,
but also in the tumor stromal region when com-
pared to the respective benign stromal region
of the same patient (Figure 1B). Consistent
with IHC results, an RT-gPCR analysis also
revealed an increased expression of ADAM9 in
three out of four cases of laser-captured micro-
dissected PCa-associated fibroblasts (PCFs),
compared to corresponding normal fibroblasts
(PNFs) collected from the same PCa tissue
(Figure 1C). Interestingly, a WB analysis of
ADAMO9 in two paired primary cell lines of pros-
tate stromal fibroblasts established in a previ-
ous study [19], indicated no significant chang-
es in cell lysate fraction between PCFs and
PNFs. However, we were able to detect an
increase in the expression of an ADAM9 of a
smaller molecular weight (~50-kDa) in condi-
tioned medium (CM) collected from cultured
PCFs but not PNFs: this was the none other
than the secreted variant of ADAMO9. Strictly
speaking, most PCa cell lines showed no
detectable ADAM9 in the CM with the exception
of DU145 cells (Figure 1D).

An elevation of secreted ADAM9 in PCF cells
was also observed in our previously establish-
ed genetically-relevant normal and PCa-
associated HS27A bone stromal fibroblast cell
lines deriving from a coculture cell model [20],
in which the ADAM9 protein (Figure 1E, left
panel) was secreted at higher levels by PCa-
associated HS27A (HS27A ... and HS27A_, )
cells as compared to normal stromal fibro-
blasts (HS27A,,,)- Moreover, in agreement with
our previous finding that oxidative stress-
generated intracellular ROS are able to induce
ADAM9 expression in PCa cells [14, 17], treat-
ment of HS27A stromal cells with hydrogen per-
oxide markedly increased the amount of
ADAMO protein detected in the CM (Figure 1E,
right panel).
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Due to the finding that ADAM9 can be released
into the culture medium by prostate CAFs, we
sought to verify the possibility of detecting
ADAM9 in patient sera. Sera from both BPH
(n=48) and PCa (n=49) patients were obtained
from the Joint Biobank of Taipei Medical
University. An ELISA of serum ADAM9 demon-
strated enhanced expression levels of sAD-
AMO9 in PCa patients (Figure 1F). The average
serum ADAM9 concentration was 6.253%
0.448 ng/mL in BPH patient samples versus
10.8940.953 ng/mL in PCa patient samples
(mean = SEM, Student’s t-test, P<0.0001), sug-
gesting that sADAM9 could be a potential
serum marker for PCa.

Soluble ADAMO9 serves as a chemoattractant
for the promotion of CRPC cell migration

In order to determine the biological function of
sADAMS in CRPC progression, both cell growth
and transwell migration assays were performed
in CRPC-like and highly metastatic PC3 cells
with recombinant human (r)ADAM9 protein
containing only the ectodomain, as the latter
mimics stromal cell-derived sADAM9. We found
that although cell proliferation was not affect-
ed by culturing with rADAM9 (Figure 2A), a
dose-dependent enhancement of rADAM9-
induced cell migratory activities was observed,
and the latter were antagonized by an ADAM9-
neutralizing antibody against the ectodomain
(Figure 2B). Consistently, cell migration was
also induced following treatment of PCa cells
with CM collected from HEK293 cells that
were transfected with an sADAM9 expressing
vector (Figure 2C). Furthermore, we were able
to establish a gradient chemotaxis assay in
order to differentiate the effect of SADAM9 on
cell motility using p-slide chemotaxis chambers
[29]. In the negative control, both chambers
were filled with serum-free medium without
additional rADAM9, and directional cell migra-
tion was not visible, as illustrated by the cell
trajectory (Figure 2D, left panel). Although
while cell movement, as calculated as by either
the accumulated distance (total cell path trav-
eled) or the Euclidean distance (the length of
the straight line between the cell start and end
points) did not increase when compared to
control, the Rayleigh test (P<0.0001) clearly
revealed an inhomogeneous distribution of cell
end points in the rADAM9 group, demonstrat-
ing a significant chemotactic migration toward
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Figure 1. Detection of ADAM9 expression pattern in human prostate cancer and prostatic stromal cells. (A) IHC
staining of ADAM9 in a PCa tissue microarray containing prostate tumors from patients who developed metastasis
(M1) or not (MO) after prostatectomy, with a total of six samples in each group. (B) Enlarged IHC images of cancer-
ous and non-cancerous areas in (A) M1 tissues from two individual patients at a magnification of 40x. The arrow-
heads indicate positive staining in the stromal cells. (C) Quantitative RT-PCR analysis of ADAM9 mRNA expression
in LCM-isolated fibromuscular stroma surrounding normal (PNF) and tumor (PCN) prostatic tissues deriving from
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4 patients (Pt#1-4). (D) WB analysis of ADAM9 expression in total lysates and conditioned media (CM) from PCa
patient-derived normal (Pt#1-N and Pt#2-N) and cancer-associated (Pt#1-C and Pt#2-C) fibroblasts and PCa cell
lines. A recombinant ectodomain of ADAM9 (rADAM9) was used as molecular weight marker of the mature soluble
isoform (50 kDa) of ADAM9 (sADAM9). (E) WB analysis of ADAM9 from the HS27A-derived normal (HS27A,,,) and
PCa-associated (HS27A .., and HS27A , ) CM or from the H,O,-treated HS27A_ CM. (F) ELISA determination of
ADAMO levels in the serum samples of patients diagnosed with benign prostatic hyperplasia (BPH) or PCa. WB of
actin and Ponceau S staining are showed as the loading control of cell lysates and CM, respectively. Data are repre-
sentative of three independent experiments and shown as mean + SD. *P<0.05, **P<0.001, "**P<0.0001.

rADAM9. On the other hand, when cells were
seeded on collagen | (2.5 yg/cm?) coated slides
(Figure 2D, right panel), the cell migration abili-
ty was found to be greater than that on no
collagen coating regardless of the rADAM9
used; a finding that was expected due to the
motility-promoting activity of collagen. Notice-
ably, upon the further addition of rADAM9, a
significant increase in Euclidean distance and a
much lower P-value in the Rayleigh test were
obtained. Collectively, these results indicate
that sADAM9 is a chemoattractant, but not a
motility stimulator, for PC3 cells.

The disintegrin domain of ADAM9 is known to
interact with the B1 subunit of multiple integ-
rins, and to be able to modulate cell-adhesion
and migration events [30, 31]. To determine
whether sADAM9-induced cancer cell migra-
tion is related to the integrin B1 downstream
signaling, immunoblot analyses of integrin 1
and several kinase pathways associated with
cell migration were conducted. We found stark
increases in active integrin 31, phosphorylated
focal adhesion kinase (FAK), and phosphory-
lated AKT (but not phosphorylated mammalian
target of rapamycin; mTOR) in PCa cells within
60 min of rADAMO treatment (Figure 2E), sup-
porting that the induction of cell migration
occurs through an activation of the integrin
B1/FAK/AKT signaling pathways. Interestingly,
additional treatment with rADAMO9 reduced the
ECM-induced integrin B1 activation, but still
triggered the FAK/AKT signal pathway, as dem-
onstrated by the group of cells grown on colla-
gen Il-coated plates.

Interestingly, unlike the effects of sADAM9
seen in PC3 cells, treatment of androgen-
dependent LNCaP cells with rADAM9 caused
no change in cell migration (Figure 2F) but
protected cell growth from serum starvation
(0.5% FBS) (Figure 2G). On the other hand,
additional rADAM9 did not increase LNCaP cell
proliferation under androgen deprivation condi-
tion (Figure 2H). Nevertheless, these results
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support the conclusion that the elevated
sADAMS9 expression by prostate CAFs could be
responsible, at least in part, for the promotion
of CRPC metastasis as demonstrated in our
previous studies [20, 21].

ADAM?9 induces UBN2 expression in androgen-
dependent and CRPC cells through isoform-
dependent activities

In order to identify intracellular mediators trig-
gered by environmental sADAM9, we conduct-
ed a mass spectrometry (MS)-based phospho-
protein proteomic analysis of PC3 cells treat-
ed for 2 h with rADAM9 under serum starvation
conditions. The phosphoprotein with a high
score of 47.23 and a 2.01-fold increased
expression in the ADAMO-treated group (as
compared to untreated control) was ubinucle-
in-2 (UBN2). This increase of UBN2 protein
expression by sSADAM9 was also validated in
CRPC-like cell lines, including the AR-positive
C4-2 cells and the 22Rvl and AR-negative
PC3 cells by WB analysis (Figure 3A). UBN2
belongs to the ubinuclein family and is identi-
fied as a component of the HIRA (histone regu-
lator A) complex [32]. The relationship between
UBN2 and tumorigenicity has not been well
defined, and so far it has only been demon-
strated in colorectal cancer [33, 34]. Thus, we
intended to investigate the possible involve-
ment of UBN2 in the malignancy of PCa. We
were able to identify a strong coexpression of
UBN2 and ADAM9 in AR-positive PCa cell
lines. In contrast, UBN2 expression was low in
AR-negative cell lines, including BPH1, PC3,
and DU145, and this expression was non-
dependent upon the ADAM9 status (Figure
3B). According to an IHC analysis of PCa tis-
sues, UBN2 expression was higher in PCa
tumors that were strongly immunostained for
ADAM9 in both the tumor cells and the sur-
rounding stroma, than that in weakly-stained
for ADAMO PCa tissues (Figure 3C). The clinical
relevance of the positive correlation between
ADAM9 and UBN2 gene expressions was also
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Figure 2. Effects of SADAMO on the cell growth and migratory ability of PCa cells. (A) WST-1 cell proliferation assay of PC3 cells cultured with different concentrations
of rADAMO for two days. (B) Transwell migration assay of PC3 cells incubated with different concentrations of rADAM9 in the presence of additional 1 pg/ml of an
ADAMO9 neutralizing antibody or control mouse IgG (mlIgG). (C) Transwell migration assay of PC3 cells with the CM from 293FT cells transfected with a plasmid con-
taining SADAM9 or EGFP cDNA. WB analysis of ADAM9 expression in these same CM is shown at the top. (D) Chemotaxis assay for PC3 cells toward rADAM9 using
the p-slide chemotaxis chamber, with or without collagen | slide coating. On average 47-53 cells were tracked per experiment for three independent experiments.
Trajectory plots (upper panel) was generated by the analysis of migration paths of individual cells and by normalizing the starting point to x=0 and y=0. The y-axis
represents the direction of the chemoattractant source. The Rayleigh test was used for controlling the uniformity of cell distribution. The data of the accumulated
and the Euclidean distance are represented as a box-whisker plot (lower panel) (by a t-test). (E) WB analysis of the activation of integrin 1 and the migration-related

185

Am J Cancer Res 2022;12(1):176-197



ADAM9/UBN2/AKR1C3 axis promotes ADT resistance in prostate cancer

signaling pathway in PC3 cells that were grown on collagen I-coated or uncoated plates, and were treated with 5
ug/ml rADAMO at the indicated time points. (F) Transwell migration assay and (G) cell proliferation assay by WST-1
of LNCaP cells cultured with O, 2, and 5 pyg/mL of rADAM9 in 0.5% FBS-containing medium. (H) Cell growth assay
and relative graph of LNCaP cells that were added with or without 5 ug/mL of rADAM9 in CSS medium for 7 days.
Quantitative data in figure are shown as the mean + SD of at least three independent experiments. The representa-
tive image of transwell migration (B, C) from each condition is shown at bottom. *P<0.05, **P<0.001, **P<0.0001,
ns: non-significant.
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Figure 3. Characterization of the relationship between ADAM9 and UBN2 in PCa cells. A. WB analysis of the UBN2 in-
duction in CRPC-like C4-2, 22Rv1, and PC3 cells after stimulation with rADAMO for the indicated time points. EF1-a

186 Am J Cancer Res 2022;12(1):176-197



ADAM9/UBN2/AKR1C3 axis promotes ADT resistance in prostate cancer

protein levels are shown for various loading quantities of cell lysates. B. WB analysis for the coexpression pattern of
ADAM9 and UBN2 in PCa cell lines; B-actin was used as loading control. C. IHC analysis for UBN2 and ADAM9 in a
serial section of the same tissues. The dashed lines indicate the junction between the tumor nests and the stroma.
D. Pearson correlation analysis between ADAM9 and UBN2 using the indicated database resources. The solid line
indicates the linear fit, while Pearson’s correlation coefficient (R) and the corresponding P value are indicated in the
panel. E. Comparison of the UBN2 expression levels between ADAM9-knockdown (shADAM9) and control (shGFP)
lines of androgen-dependent LNCAP and androgen-independent C4-2, as identified by qRT-PCR and WB analysis.
CO1 and EO1 represent two shRNAs targeting different regions of ADAM9 gene. "P<0.05, **P<0.001, "**P<0.0001,

ns: non-significant.

obtained by analyzing publicly-available RNA
Sequencing (RNA-seq) data from three inde-
pendent cohorts of PCa patients: the WCM
2016, the PRAD_TCGA and the PRAD-MSKCC
cohort (Figure 3D). In an attempt to assess
the regulatory role of tumor-derived ADAM9 in
UBN2 expression, we knocked down ADAM9
in LNCaP and its CRPC-like subline C4-2 by
using a small hairpin (sh)RNA approach.
Interestingly, while ADAM9 downregulation
caused a significant reduction of UBN2 in both
mRNA and protein levels in LNCaP, there was
minor effect on the UBN2 protein level and no
difference in terms of MRNA expression in the
C4-2 series (Figure 3E). Collectively, these
findings suggested a PCa subtype-dependent
UBN2 production by environmental sADAM9
and tumor-derived ADAM9, by which UBN2
induction was largely driven by the paracrine
effect of SADAM9 on CRPC cells and by the
autocrine effect of ADAM9 on androgen-depen-
dent PCa cells.

AR signaling modulates the coexpression of
ADAM9 and UBN2 in PCa cells

ADAMO expression has been shown to be medi-
ated by AR in PCa cells [17]. In line with the
expression pattern of UBN2 (that was highly
expressed in AR-positive PCa cell lines), we
investigated whether the AR pathway contrib-
utes to UBN2 expression as the upstream
regulator. We initially validated the relationship
between AR and UBN2 expression in clinical
PCa specimens. Results of an IHC analysis of
serial sections of PCa tissues (n=52) from two
microarrays revealed an elevated UBN2 ex-
pression in malignant tissues as compared to
normal prostatic glands, with the intensity cor-
relating to that of AR staining (Figures 4A, 5).
Other than protein levels, a moderate positive
correlation with mRNA expression was also
observed (Pearson’s r=0.28-0.56, P<0.0001)
in public PCa databases (WCM, PRAD_MSKCC,
PRAD_SU2C 2019, and PRAD_TCGA) (Figure
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4B). In addition to assessing their association,
we investigated whether the AR activation is
important for UBN2 gene expression. In order
to address this issue, we silenced the AR
expression by siRNA in the AR-positive LNCaP
and C4-2 cells, and the result showed that
knocking-down the AR expression decreased
UBN2 levels. Conversely, the forced AR expres-
sion in PC3 resulted in an increased UBN2
expression (as compared to the parental con-
trol) (Figure 4C). Furthermore, similarly to AR
and the AR downstream target prostate-specif-
ic antigen (PSA), we found that the synthetic
androgen R1881 was able to stimulate UBN2
expression in a dose-dependent manner in
LNCaP cells, and that this induction was an-
tagonized upon the addition of the AR antago-
nist enzalutamide (Figure 4D). On the other
hand, consistent with ADAM9, UBN2 express-
ed by the bone metastatic LNCaP-derivative
C4-2B (that harbors persistent AR signaling
activity independent of the ligand binding) [35]
exhibited much less sensitivity to either an-
drogen withdrawal or supplementation than
LNCaP (Figure 4E); the latter is supportive of
the assumption that UBN2 expression in PCa
cells is controlled, at least in part, by the AR
signaling pathway.

ADAM9-induced UBN2 upregulation contrib-
utes to cell survival of androgen-dependent
PCa cells during ADT

Considering our finding that the knockdown of
ADAMS9 causes extensive reduction of UBN2
expression in androgen-sensitive LNCaP but
not its CRPC derivative C4-2 cells (Figure 3E),
we thought that UBN2 might be one of
the contributing factors to ADAM9-mediated
androgen-dependent PCa progression. Interes-
tingly, we found that although UBN2 was dra-
matically downregulated in LNCaP cells upon
receiving a short-term (72 h) androgen depriva-
tion (Figure 4E), the expression level was
reversed and continually increased during the
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Figure 4. Effects of AR signaling on UBN2 expression in PCa cells. Detection of association between AR and UBN2
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was used as WB loading control.

period of 2-6 weeks, and then dramatically
dropped and remained at almost a consistent
level during the additional 10 weeks of follow-
up in a prolonged in vitro treatment (Figure 6A,
left panel). A similar kinetic pattern was also
observed for ADAM9 expression. This dynamic
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upregulation of ADAM9 and UBN2 mRNA levels
in cultured LNCaP cells during long-term andro-
gen-deprivation was also demonstrated by ana-
lyzing a dataset of GDS3358 (Figure 6A, right
panel), indicating a role of the ADAM9/UBN2
axis in the process of CRPC development.
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controlled by DOX. We found
that the cell proliferation cap-
acity was significantly lower
when UBN2 was downregulat-
ed (by DOX) (Figure 6C). Con-
versely, ectopic overexpres-
sion of UBN2 enhanced cell
growth under androgen-depri-
vation culture conditions for
1 week, as compared to the
respective EGFP control (Fi-
gure 6D, left), a result similar
to that of induced by ADAM9
overexpression (Figure 6D,
right). Our finding suggesting
a functional involvement of
UBN2 in antagonizing andro-
gen-deprivation-induced sen-
escence was supported by
a KUCaP xenograft model
(GDS4107), in which tumors
at the stage of the castra-
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In order to further assess the biological func-
tion of ADAM9-mediated UBN2 expression dur-
ing ADT, we compared the cell growth between
ADAMO9-knockdown (shADAM9) and shRNA
control (shGFP) cells in LNCaP and C4-2, in the
absence of androgen supply for 10 days. In
agreement with previous studies showing that
the inhibition of ADAMO expression suppresses
cell proliferation in many cancer types, silenc-
ing ADAM9 effectively inhibited cell growth in
both LNCaP and C4-2 cells. However, ectopic
overexpression of UBN2 was able to at least
partially restore growth inhibition caused by
ADAMO9 knockdown in LNCaP but not C4-2 cells
(Figure 6B), suggesting a novel mechanism of
ADAMO9 in supporting cell proliferation of andro-
gen-dependent PCa cells under ADT through
the induction of UBN2; a mechanism that is dis-
tinct from that in CRPC cells.

In our attempt to address the essential role of
UBN2 in driving LNCaP cell proliferation in
response to ADT, we intended to knockdown
UBN2 for a functional assessment. Interesting-
ly, a stable downregulation of UBN2 in LNCaP
resulted in severe growth inhibition and cell
death. Thus, a doxycycline (DOX)-inducible sys-
tem was used in order to establish two LNCaP
derivatives in which UBN2-shRNA was tightly
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tissues is shown at the bottom.

tion-induced regression nadir
showed highest levels of
UBN2 expression than those
at the stage of androgen-dependent growth,
only to then significantly decrease at the stage
of castration-resistant regrowth (Figure 6E).

AKR1C3 is a downstream effector for ADAM9/
UBN2-mediated cell survival of androgen-
dependent LNCaP in response to ADT

In order to better understand the pathophysio-
logical role of UBN2 in PCa, we determined the
signaling profile related to UBN2 using an RNA-
Seq analysis of LNCaP-shUBN2 cells after
DOX induction of UBN2 shRNA. A KEGG path-
way enrichment analysis showed that down-
regulated DEGs upon UBN2-KD were related to
20 pathways. Among these, the steroid hor-
mone biosynthesis signaling pathway, that is
highly associated with resistance to anti-andro-
gen treatment [36-38], might contribute to the
effect of UBN2 in converting from androgen-
dependence to CRPC. One of the most signifi-
cantly downregulated genes found in this path-
way was the aldo-keto reductase family 1 mem-
ber C3 (AKR1C3) (p=0.0001); a key enzyme
that converts weaker 17-keto androgenic pre-
cursors to more-potent 17-hydroxy andro-
gens, and that is upregulated during the devel-
opment of CRPC [39, 40]. Both RT-qPCR and
WB analyses confirmed the regulatory role of
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Figure 6. Effects of the ADAM9/UBN2 axis on LNCaP cell proliferation. (A) Expression pattern of ADAM9 and UBN2 mRNA in LNCaP cells during a period of long-term
culture in androgen-depleted media, as determined by RT-qPCR analysis in our cell model and by bioinformatic analysis of RNA-seq data from GDS3358 dataset.
(B, D) Crystal violet staining assay for cell growth comparison. (B) The ADAM9 knockdown (shADAM9) LNCaP and C4-2 cells with or without overexpression of UBN2,
and (D) the parental LNCaP cells stably expressing control (EGFP), UBN2, ADAM9 were cultured in androgen withdrawal media for 10 days and 1 week, respectively.
A representative image of culture plates from each condition is shown on the left. (C) WST-1 cell proliferation assay of LNCaP shGFP and shUBN2 derivatives treated
with or without DOX for UBN2 knockdown under normal culture conditions at the indicated time points. The WB analysis of the UBN2 knockdown efficiency by DOX
(0.1 ug/mL) induction at different time points is shown at the top. (E) Comparison of the UBN2 mRNA levels at different stages of a PCa tumor growth during the ADT
in a KUCaP xenograft model (GDS4107). The quantitative data are represented as mean + SD of absorbance values of triplicate wells after dye extraction from one
out of two independent experiments. *P<0.05, *"P<0.001, "**P<0.0001, ns: non-significant. AD: androgen-dependent, CIRN: castration-induced regression nadir,
CR: castration-resistant.
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UBN2 and its upstream ADAM9 on AKR1C3
expression in our ADAM9- and UBN2-modulat-
ed LNCaP derivatives, in which knockdown of
ADAM9 or UBN2 decreased and overexpres-
sion of ADAM9 or UBN2 increased AKR1C3
expression, respectively (Figure 7A-D). The clin-
ical association between ADAM9/UBN2 and
AKR1C3 was demonstrated by an analysis of
the WCM dataset that further supported this
relationship (Figure 7E). Moreover, the growth
inhibition of LNCaP caused by a ADAM9 or
UBN2 knockdown after 1 week of androgen
removal was able to be reversed by the overex-
pression of AKR1C3 (Figure 7F, 7G). Taken
together, these data indicate a causal relation-
ship of ADAM9/UBN2/AKR1C3 axis on the cell
survival of androgen-dependent PCa against
ADT.

Discussion

A critical role for ADAMS in the pathogenesis of
PCa was first revealed in ADAMO9-deficient
murine models [41], and then subsequently
described in humans [14, 15, 42, 43]. Previous
mechanistic studies have demonstrated that
ADAM9 knockdown in PCa cells leads to
decreased cell proliferation and metastatic
potential [18, 44], and to increased sensitivity
to radiation-induced cell death [45]; implying
an ubiquitous contribution of ADAM9 to PCa
tumor progression. Although using a relatively
small sample size, we herein revealed a prog-
nostic impact of ADAMO tissue staining for the
early prediction of metastasis progression in
PCa patients; a finding that is supportive of
the general notion of ADAM9 conferring meta-
static potential to cancer cells. Given the the
positive staining of ADAM9 in the stromal area
surrounding tumors, we have recorded the pro-
duction of its secreted isoform by CAFs, in
what we believe is the first time in the case of
PCa. The significant association of serum
ADAMO levels with PCa reported in this study
provides proof of the feasibility of SADAM9 utili-
zation as a noninvasive biomarker for PCa, and
thereby patients could benefit from an sAD-
AMO9-based early diagnosis of tumor progres-
sion and recurrence.

It is well-established that ROS are the by-prod-
ucts of aberrant metabolism in the tumor epi-
thelia, and that they are secreted by cancer
cells in order to induce oxidative stress in CAFs
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[46]; as a result, upregulated sADAM9 seen in
CAFs could be induced by the increased ROS
[47]. Interestingly and in contrast to trans-
membrane ADAM9, the secreted form of the
ADAMO protein (~50-kDa) is very rarely detect-
ed in PCa tumor cells with the use of WB analy-
sis; a fact demonstrated in PCa cell lines in the
present study and in PCa tissue specimens in a
previous study [15]. It is tempting to hypothe-
size that the intrinsic mechanism involved in
the alternative splicing of ADAMO is cell con-
text-dependent. Further molecular identifica-
tion of the controlling of spliced ADAM9 expres-
sion in CAFs remains to be investigated.

In agreement with the previous report suggest-
ing that sSADAM9 can induce a highly-invasive
phenotype of colon carcinoma cells by directly
binding to integrins on the surface of tumor
cells through the disintegrin domain [16], our
data demonstrated that sADAM9 directs PCa
cell chemotactic migration and can significan-
tly trigger the integrin B1 signaling pathway as
evidenced by an increase of the active integrin
B1 (130 kDa mature form) expression and the
phosphorylation of FAK at Tyr 397 and of AKT
at Ser 473. Interestingly, when cells were
attached on a collagen |-coated surface, the
strong activation of integrin B1 through the
ECM-cell interaction was reduced, but the
migration regulating FAK/AKT pathway was
enhanced by the presence of additional
sADAMSO. The latter may be explained by the
dominant action of sADAM9 on ECM sub-
strates’ focal degradation via its metalloprote-
ase activity [16], and thereby cells can freely
migrate. Alternatively, integrins other than 1
also interact with ADAM9 and regulate down-
stream FAK activity. Unlike cancer-derived
ADAM9 that is characterized by an ability to
modulate tumor cell proliferation in a variety of
cancer types [43], we found no effect of exoge-
nous sADAM9 on PCa cell growth. This func-
tional difference between these two forms of
ADAMO9 is most likely to be caused by the lack
of the cytoplasmic domain of sADAM9; a
structure critical for the ADAM9 catalytic activ-
ity on the ectodomain shedding of heparin-
binding EGF-like factor (HB-EGF), and its sub-
sequent activation of EGFR [48]. Collectively,
our study paves the way for new insights into
the molecular mechanisms through which
ADAMO drives PCa tumor metastasis within the
stromal-tumor interaction.
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The connection between UBN2 and tumorigen-
esis was recently described in colorectal can-
cer, in which UBN2 expression promoted tumor
cells’ proliferation through the upregulation of
the KRAS expression and signaling [33]. In this
study, we identified a unique role for ADAM9 as
an UBN2 regulator able to drive AKR1C3 gene
expression; the latter being particularly critical
for the survival of androgen-dependent LNCaP
cells in long-term androgen-deprivation condi-
tions. This finding is highly relevant to the clini-
cal observation that ADAMO9 is a negative prog-
nostic marker associated with PSA relapse-
free survival in patients who had previously
received ADT [15]. UBN2 belongs to the ubinu-
clein family, and it was recently identified as a
component of HIRA complex to specifically rec-
ognize and deposit histone H3.3 at cis-regula-
tory regions of active genes [32]. Thus, one
could suggest that the transcriptional regula-
tion of AKR1C3 by UBN2 might take place
through epigenetic mechanisms involving his-
tone chaperones. We are not yet aware of how
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ADAM9 contributes to UBNZ2 expression.
However, given that UBN2 was induced by
short-term exposure to sADAM9, it might be
possible that ADAM9 signaling enhances
UBN2 protein stability. This hypothesis might
be able to explain why lower levels of the UBN2
protein (but not of the corresponding mRNA
level) are found in C4-2 cells upon ADAM9
downregulation. The identification of UBN2 as
an ADAMO signaling downstream gene trans-
ducer provides the missing link between
ADAM9 and REG4 expression in androgen-
independent PCa cells, as demonstrated in our
previous study [18].

Castration-resistant disease is a fatal manifes-
tation of PCa. As androgen-deprivation is the
standard systemic treatment for advanced
PCa, it is important to identify and characterize
patients at risk of developing hormone-refrac-
tory PCa, and to be able to propose preventive
strategies in order to avert transition to this
phase of the pathology. Previous studies on the
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biological activity of ADAM9 in CRPC progres-
sion have focused mainly on its effects upon
promoting a more aggressive cellular pheno-
type in androgen-independent cells. In this
study, we further discovered a regulatory axis
of ADAM9, UBN2, and AKR1C3 in androgen-
dependent PCa cells, suggesting a feedback
mechanism that is able to counteract the
impairing AR signaling activation during the
ADT. The potentially contributing of CAF-derived
sADAM9 in PCa metastasis as well as the
ADAM9/UBN2/AKR1C3 axis to the onset of
CRPC (Figure 8) also represents a novel thera-
peutic target for the improvement of ADT.
Finally, in order to achieve an early prediction of
the patient’s response to ADT, further clinical
evaluation of the prognostic value of ADAM9
and UBN2, either alone or in combination,
should be prioritized.
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