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Abstract

The prevalence of neuroendocrine prostate cancer (NEPC) arising from adenocar-
cinoma (AC) upon potent androgen receptor (AR) pathway inhibition is increasing.
Deeper understanding of NEPC biology and development of novel therapeutic
agents are needed. However, research is hindered by the paucity of research models,
especially cell lines developed from NEPC patients. We established a novel NEPC
cell line, KUCaP13, from tissue of a patient initially diagnosed with AC which later
recurred as NEPC. The cell line has been maintained permanently in vitro under
regular cell culture conditions and is amenable to gene engineering with lentivirus.
KUCaP13 cells lack the expression of AR and overexpress NEPC-associated genes,
including SOX2, EZH2, AURKA, PEG10, POU3F2, ENO2, and FOXA2. Importantly, the
cell line maintains the homozygous deletion of CHD1, which was confirmed in the
primary AC of the index patient. Loss of heterozygosity of TP53 and PTEN, and an
allelic loss of RB1 with a transcriptomic signature compatible with Rb pathway aber-
ration were revealed. Knockdown of PEG10 using shRNA significantly suppressed
growth in vivo. Introduction of luciferase allowed serial monitoring of cells implanted
orthotopically or in the renal subcapsule. Although H3K27me was reduced by EZH2
inhibition, reversion to AC was not observed. KUCaP13 is the first patient-derived,
treatment-related NEPC cell line with triple loss of tumor suppressors critical for
NEPC development through lineage plasticity. It could be valuable in research to

deepen the understanding of NEPC.
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1 | INTRODUCTION

Prostate cancer is an androgen-driven disease and standard treat-
ment for advanced cases is androgen deprivation. However, tu-
mors eventually gain resistance and regrow as castration-resistant
prostate cancer (CRPC). Although the majority of CRPC are still
dependent on the androgen receptor (AR) pathway, tumor cells can
sometimes escape AR pathway inhibition by completely changing
their phenotype to become non-AR-expressing cells. These cells
are typically characterized by their resemblance to small cell carci-
noma of the lung and are called treatment-related neuroendocrine
prostate cancer (t-NEPC).! It has long been debated whether t-NEPC
arises from minor neuroendocrine cells pre-existing around prostatic
ducts, or by transdifferentiation of adenocarcinoma cells.>® Recent
genomic studies showed that t-NEPC shares major driver genomic
alterations with adenocarcinoma, such as TMPRSS-ERG gene fusion.*
Experimental models have shown that adenocarcinoma can indeed
transdifferentiate to NEPC by lineage pIasticity.S'7

Clinically, t-NEPC is very aggressive, does not express prostate-
specific antigen (PSA), often metastasizes to the liver, and displays lytic
bone metastasis. Based on treatment of small cell carcinoma of the
lung, platinum-based chemotherapy is administered. However, its ef-
ficacy is limited.® The incidence of t-NEPC has been rapidly increasing
recently due to the widespread use of potent AR axis-targeting agents
such as abiraterone and enzalutamide. The development of novel ther-
apeutic agents to treat t-NEPC is urgently needed but is hindered by
the lack of pertinent in vitro cell models of t-NEPCs.

In this study, we report the establishment of a novel patient-
derived xenograft (PDX) model of t-NEPC and the successful estab-
lishment of the KUCaP13 cell line. The cell line can be maintained
permanently in vitro under regular cell culture conditions and is
amenable to gene engineering. The cell line should be a valuable tool
for research to identify novel therapeutic targets of NEPC and to

develop effective therapeutic agents.

2 | MATERIALS AND METHODS
2.1 | Patient and tissue sample

The tissue sample for the establishment of PDX was obtained after
penectomy of a 60-year-old Japanese male patient with t-NEPC pe-
nile metastasis. Before the operation, the patient provided written
informed consent to use the surgical specimen as a bioresource for
future research purposes, signing the informed consent form ap-
proved by the ethics committee of Kyoto University Hospital (ap-
proval number G52).

2.2 | Patient-derived xenograft

A portion of the harvested penile tumor tissue was immediately sub-

merged in ice-cold normal saline solution, minced into 20-30 mm?

bits, and transplanted into subcutaneous tissue of anesthetized
C.B-17/IcrCrj SCID mice (Charles River Japan). Tumor sizes were cal-
culated as previously described.” All animal experiments were per-
formed in accordance with the Guidelines for Animal Experiments of
Kyoto University and approved by the Animal Research Committee

at Kyoto University Graduate School of Medicine.

2.3 | Establishment of cell line

Harvested xenograft tissues were washed in phosphate-buffered sa-
line (PBS), minced with scissors, transferred to microtubes, and cen-
trifuged at 400 g for 5 minutes at room temperature. Supernatants
were discarded, and samples were dissociated by gentle shaking for
30 minutes at 37°C in 1 mg/mL collagenase type | solution, followed
by 0.25% trypsin. Trypsin was inactivated by addition of four vol-
umes of growth medium consisting of RPMI1640, 10% fetal bovine
serum, 12.5 mmol/L HEPES, penicillin, and streptomycin. Cultures
were filtered through 100-um cell strainers and centrifuged, and the
supernatant was discarded. Cell pellet was resuspended in Pharm
Lyse (BD), incubated at room temperature for 15 minutes, and cen-
trifuged. The supernatant was removed, and the cell pellet resus-
pended in growth medium was seeded into dishes. The cells were
incubated at 37°C in an atmosphere of 5% CO,. Half the medium
was removed and replaced with fresh medium two to three times a
week. Cancer cells did not attach to the dishes but formed spherical
colonies. Colonies containing living cells settled to the bottom with-
out attachment to the culture dish, while dead cells tended to float.
Thus, periodically replacing the half of the supernatant medium was
efficient in maintaining the rate of living cells. Dilution passages were
performed when the cell concentration exceeded 10° cells/mL. The
colonies grown in excess were mechanically dissociated by pipetting.
Cells were suspended in CP-1 (Kyokuto Pharmaceutical Industrial)
according to the manufacturer's protocol, frozen overnight in Bicell
(Nihon Freezer) at -80°C, and stored in liquid nitrogen.

Detailed methods of genome sequencing, protein analysis,
and gene engineering can be found in Supplementary Methods
(Document S1).

3 | RESULTS
3.1 | Establishment of novel t-NEPC PDX

NEPC tissues were harvested from the penile metastasis of a patient
with localized prostatic adenocarcinoma who had metastatic recur-
rence to the lung and penis after 18 months of neoadjuvant hormone
therapy with a luteinizing hormone-releasing hormone agonist and
bicalutamide followed by radiation to the prostate (Figure 1A,B). At
the time of recurrence, serum testosterone was at the castrate level,
and PSA was undetectable. Both the penile tissue and subsequent
prostate biopsy specimen showed a small cell carcinoma morphol-

ogy (Figure 1C). The resected penile tumor tissues were implanted
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into the flanks of two SCID mice. One of the two grafts survived and
was serially passaged. The growth of the tumor was very rapid and
could not be suppressed by castration of the host mouse (Figure 1D).
After three stable passages, this PDX line was named KUCaP13 as

one of the series of PDXs established at our institution.”*

3.2 | Establishment of NEPC cell line

KUCaP13 PDX tumors were harvested, disseminated, and cultured
in vitro. On day 5, fibroblasts derived from mice were scattered and
attached to the bottom of the culture dish. On the other hand, can-
cer cells formed colonies and grew as floating cells even with plate
centrifugation or the use of collagen-coated dishes. One week after
starting culture, several colonies of cells could be observed, which
grew in size and number over time. The colonies eventually devel-

oped into spheres. Dissociation and passage at appropriate times

0 7 14 21 28
Days after transplantation

were necessary to avoid central necrosis of the growing spheres.
Because fibroblasts attached to the culture dish and cancer cells
were maintained in floating culture, it was easy to dissociate the
two types of cells, and the number of fibroblasts decreased over
time with serial passaging. The KUCaP13 cell line was maintained
in vitro for more than 2 years. Thus, we considered that an immortal
cell line was established. We confirmed that the KUCaP13 cell line
contained no reminiscent mouse-derived cells by PCR (Figure 2A)
using mouse- and human-specific primers. Short tandem repeats-
PCR analysis (Promega) showed that KUCaP13 is a genuine new
cell line without contamination by existing cell lines (Figure S1).
Chromosome analysis of KUCaP13 cells 6 months after beginning
in vitro culture showed chromosomal instability. The chromosome
number of 20 cells in metaphase was 56-78, and the modal number
was 62-64 (Figure 2B). Chromosome-doubling cells, defined as cells
with >100 chromosomes, were found in 12% (6/50) of the cells. A

representative karyogram is presented in Figure 2C. The established
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FIGURE 2 A, Confirmation of human origin of the KUCaP13
cell line. Cell lines and patient-derived xenograft (PDX) series
established in our laboratory were tested for mouse-specific
(mHprt1) and human-specific (GAPDH) genes. All the PDXs include
both mouse- and human-originated genes. In contrast, KUCaP13
and LNCaP cell lines only express human-originated gene. mHprt1:
mouse hypoxanthine guanine phosphoribosyl transferase 1.

B, Chromosome number of 20 KUCaP13 cells in metaphase.

Modal number was 62-64. 12% (6/50 cells) were tetraploid. C, A
representative karyogram of KUCaP13

cell line was also reimplanted into the subcutaneous tissue of SCID
mice to confirm growth in vivo. The xenograft derived from the cell

line (CDX) showed very rapid growth, similar to the original PDX.

3.3 | Genomic and transcriptomic
characterization of KUCaP13

KUCaP13 PDX and KUCaP13 cell lines were characterized by mul-

tiple methods, including whole-genome sequencing, whole-exome

sequencing (WES), RNA sequencing, Western blotting, and immuno-
histochemistry (IHC). Copy number alterations (CNAs) were evalu-
ated using shallow whole-genome sequencing (Figure 3A). The CNA
profiles of PDX and cell lines were similar. Notable alterations were
amplification of MYC at chromosome 8 and loss of PTEN, RB1, and
TP53. The overall CNA pattern of the patient penile tumor tissue
sample was also similar, albeit with changes of less magnitude due
to contamination by peripheral nontumor cells. Moreover, WES re-
vealed a nonsynonymous single-nucleotide variant of PTEN (H61R)
and frameshift deletion of TP53 (R77fs) with loss of heterozygosity
(LOH). The distribution of the types of genomic aberrations identi-
fied by WES is shown in Figure S2. Catalogue Of Somatic Mutations
In Cancer (COSMIC)-annotated variants are listed in Table 1. Notably,
a homozygous deletion of CHD1 in chromosome 5 was maintained
from patient tissue to the cell line (Figure 3B). The homozygous dele-
tion of CHD1 is one of the specific gene alterations in prostate ad-
enocarcinoma,*? and supports the origin of these models as prostate
adenocarcinoma.

We next assessed the transcriptome of the model by comparing
it with a series of well-characterized prostate cancer PDXs, includ-
ing those developed from patients with both adenocarcinoma and
NEPC. The PDX panel included LTL-331 and LTL-331R, which are a
pair of adenocarcinomas and t-NEPCs that developed upon castra-
tion of the host mouse.*® Unsupervised clustering by AR pathway
genes and NEPC-related genes'* showed a clear distinction between
adenocarcinoma and NEPC, and both KUCaP13 PDX and cell lines
were clustered with NEPC (Figure 3C). Interestingly, KUCaP13 PDX
and cell line did not show significant elevation of typical “neuronal”
genes such as SYP and CHGA. However, expression of key genes im-
plicated in NEPC, including SOX2, EZH2, AURKA, PEG10, POU3F2,
and FOXA2, were significantly elevated compared with those in ade-
nocarcinoma. Moreover, although only one allele of RB1 was lost and
LOH could not be confirmed by WES, clustering by the Rb pathway
signature®® showed that KUCaP13 models clustered together with
other NEPC PDXs with known RB1 alterations, indicating significant
aberration of the Rb pathway in KUCaP13 (Figure 3D).

3.4 | Characterization of KUCaP13 models by
analysis of protein expression

The morphology of patient tissues at recurrence and all KUCaP13
PDX tissues were small cell carcinoma by hematoxylin and eosin
staining, while the patient prostate needle biopsy tissue at ini-
tial diagnosis was adenocarcinoma (Figure 4A). IHC showed that
KUCaP13 tissues expressed NSE, PEG10, and SOX2, and did not
express AR. This protein expression pattern was maintained from
the patient's penile tumor tissue to CDX. Conversely, prostate bi-
opsy tissue at diagnosis expressed AR but not NSE. PEG10 and SOX2
were positive in only a minority of cells at diagnosis. Remarkably,
CHD1 expression was negative at diagnosis and remained nega-
tive in KUCaP13 PDX and cell line, corresponding to the loss of the

gene at the genomic level. Protein expression analysis indicated that
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FIGURE 3 A, Copy number alterations assessed by shallow whole-genome sequencing. DNA from patient penile tumor at recurrence,
KUCaP13 patient-derived xenograft (PDX), and cell line were compared. B, Loss of CHD1 locus at chromosome 5. C, Unsupervised clustering
of KUCaP13 PDX and cell line with prostate cancer PDX series (adenocarcinoma and neuroendocrine prostate cancer [NEPC]) for androgen
receptor (AR) pathway- and NEPC-associated genes. D, Unsupervised clustering of KUCaP13 PDX and cell line with prostate cancer PDX
series (adenocarcinoma and NEPC) for Rb pathway-associated genes. KUCaP13 clustered together with known NEPC PDXs

the KUCaP13 models represented features of NEPC derived from
prostate adenocarcinoma, and that the protein expression pattern
was maintained from patient penile tissue at recurrence to the cell
line and CDX. The protein expression patterns were confirmed by
Western blotting (Figure 4B).

3.5 | Feasibility of gene engineering using KUCaP13

We tested the feasibility of gene engineering using two approaches
to evaluate the utility of the KUCaP13 cell line as a research tool.
First, we evaluated whether gene knockdown using shRNA is pos-
sible. We knocked down PEG10, a gene we have previously reported
to be important in promoting the growth and invasion of NEPC.'*
PEG10 was successfully knocked down by lentiviral transduction
using shRNA (Figure 5A,B). Interestingly, in contrast to our previous
report using the PC3 and DU145 cell lines,** PEG10 knockdown did
not suppress the growth of KUCaP13 in vitro (Figure 5C). However,

in vivo growth was profoundly suppressed by PEG10 knockdown

in KUCaP13 (Figure 5D,E). CDX tumors from KUCaP13 shPEG10
and KUCaP13 control mice could easily be regrown in vitro. Again,
there was no difference in growth in vitro (Figure S3), confirming
that PEG10 exerted its growth-promoting effect only in vivo in the
t-NEPC-derived model.

Next, to assess the feasibility of gene introduction into KUCaP13,
firefly luciferase was successfully transduced using lentivirus. We
confirmed that KUCaP13 could also grow in the subrenal capsule or
orthotopically in the mouse prostate (Figure 5F). We also examined
whether KUCaP13 could be used as a model of metastasis by intrac-
ardiac injection of the luciferase-expressing KUCaP13. No metasta-

sis was observed after 3 months (data not shown).
3.6 | Utility of KUCaP13 as an in vitro preclinical
model to test drugs

We next tested whether KUCaP13 could be used as an in vitro

preclinical model to test drug efficacy in vitro. Equal numbers of
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FIGURE 4 A, Immunohistochemistry (A)

of KUCaP13. Prostate biopsy at diagnosis Prostate biopsy
showed typical adenocarcinoma with at diagnosis
AR expression, while the patient tumors
at recurrence as well as KUCaP13 PDX
and cells (cell line and cell line-derived
xenograft [CDX]) showed negative
expression of androgen receptor

(AR) and expression of NE-associated
genes (NSE, SOX2, PEG10). Note that
CHD1 expression is already absent at PDX
initial diagnostic biopsy. The CAMS5.2
cytokeratin was positive at diagnosis
and remained positive throughout the
transdifferentiation. B, Western blotting
of AR pathway- and NE-associated CDX
genes in KUCaP13. KUCaP2, a prostate
adenocarcinoma PDX established at our
laboratory, is included as a reference
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colonies were dispensed into 96-well plates. A dilution series of cis-
platin was added to the wells. After a 48-hour incubation, cell viabil-
ity was analyzed using the CellTiter-Glo 3D assay. We examined the
cell viability in decaplicate samples for each dilution. A clear dose-
response curve with reasonable standard deviations was obtained
(Figure 6A, Figure S4). Thus, we confirmed that KUCaP13 is a use-
ful tool to evaluate the effectiveness of the candidate compound.
Finally, given the controversy over whether neuroendocrine differ-
entiation is reversible with EZH2 inhibitors, we tested the effect of
the EZH2 inhibitor EPZ6438 (Tazemetostat) in KUCaP13. Although
H3K27me significantly decreased with administration of EPZ6438
at concentrations 20.1 umol/L, there was no change in the expres-
sion of AR or SOX2, and no difference in growth (Figure 6B,C). These
findings suggested that EZH2 inhibition alone was not sufficient to
reverse the lineage in this model.

4 | DISCUSSION

The biology of NEPC has been poorly understood until recently
due to the rarity of the disease and lack of pertinent study mod-
els. However, recent advances in genomic sequencing have revealed
some of the key features of NEPC. Genomic analysis of t-NEPC
tissues revealed that aberrations in the p53 and Rb pathways are

critically important for the development of t-NEPC.*® Another

pathway that may independently lead to t-NEPC development is
the amplification of MYCN and AURKA.Y Subsequent in vivo and in
vitro studies that reproduced these genetic aberrations in mice and
cell lines suggest that upon potent AR pathway inhibition, adeno-
carcinoma transdifferentiates to completely change its phenotype
and becomes t-NEPC.>42° This process is considered lineage plas-
ticity and may be driven by epigenetic factors that include SOX2
and EZH2, which are upregulated during the transdifferentiation
process.

Researchers have long attempted to replicate the transdiffer-
entiation process using cell lines. Many earlier studies focused on
placing cellular stress on LNCaP adenocarcinoma models. LNCaP
morphologically changes to a neuron-like appearance with some
expression of neuroendocrine (NE) markers when cultured in
an androgen-deprived medium. Other conditions induce similar
changes in LNCaP. These include treatments with cyclic adenosine
monophosphate, cytokines, and growth factors. As various stimuli
can induce similar NE-like phenotypes, it is possible that the NE
phenotype is a default state for LNCaP cells under cellular stress.?!
However, a critical difference between clinical t-NEPC and NE-like
LNCaP cells is that the latter are generally quiescent and nonpro-
liferative. Therefore, it is impossible to identify a therapeutic tar-
get for t-NEPC in these models. The most successful LNCaP model
of t-NEPC was established based on the results of recent genomic

studies. LNCaP cells with double or triple knockdown of major tumor
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FIGURE 5 A, PEG10 mRNA expression upon knockdown in the KUCaP13 cell line. PEG10 expression was normalized to human
glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Gene expression is shown relative to shCtrl_KUCaP13. B, PEG10 protein expression
upon knockdown in the KUCaP13 cell line. Both long (RF1b/2) and short (RF1b) isoforms of PEG10 are shown. C, In vitro growth assay upon
PEG10 knockdown in the KUCaP13 cell line. Colony size was measured in septuplicate. The error bars show standard deviation. Y-axis shows
average colony size in logarithmic scale. Doubling time of shCtrl and shPEG10 KUCaP13 cells were similar (2.17 and 1.99 days, respectively,
P > .05). D, In vivo growth of PEG10 knockdown KUCaP13. The average tumor size of four mice for each group is shown. Error bars show
standard error. There was a significant difference in doubling time between shCtrl and shPEG10 KUCaP13 CDX (11.5 and 25.6 days,
respectively, P = .03). E, PEG10 expression in CDX tumor tissue. PEG10 expression was decreased in shPEG10 KUCaP13 CDX compared
with shCtrl KUCaP13 CDX. F, Detection of KUCaP13 transduced with luciferase in vivo. KUCaP13 implanted both in the renal subcapsule

and orthotopically in the prostate is evaluable with luminescence

suppressors TP53, RB1, and PTEN were able to reproduce lineage
plasticity and transdifferentiate to t-NEPC with aggressive growth.’
The important role of EZH2 and SOX2 was clarified by the model,
and EZH2 is now a focus of new therapeutic targets for NEPC.??
Despite these advances, cell models to study the biology of t-
NEPCs are still scarce. In addition to engineered models, models
directly originating from clinical samples are valuable, as there is a
large heterogeneity among t-NEPCs that cannot be fully captured
by gene engineered cell models. The only widely used cell line es-
tablished from a patient with NEPC is NCI-H660. NCI-H660 was
initially established from a lymph node metastasis at autopsy in a

patient with extrapulmonary small cell lung cancer. The cell line was

later found to be of prostatic origin due to the presence of TMPRSS-
ERG fusion.”® However, NCI-H660, whose primary tumor was not
treated with androgen deprivation therapy for prostate cancer, is
not a genuine t-NEPC model.?* In contrast, KUCaP13 was estab-
lished from a patient tumor that transdifferentiated into t-NEPC
after androgen deprivation, and the clinical course of the index
patient is well known. We confirmed the homozygous deletion of
CHD1, a well-known genomic signature specific to prostate cancer,
in the patient tissue as well as in PDX and cell line of KUCaP13, con-
firming its origin as prostate adenocarcinoma. At the genomic level,
KUCaP13 harbored PTEN (H61R) and TP53 (R77fs) pathogenic mu-
tations with loss of the other allele for both genes, exhibiting LOH.
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(A) tumor. Therefore, it was not possible to determine whether the LOH
> % 1804 of PTEN was already present in the primary adenocarcinoma, or if it
g E occurred at a later stage, closer to the time of transdifferentiation to
g E; 50 1 NEPC when the cell lineage was altered in KUCaP13. Although only
E og monoallelic loss was present and LOH was not confirmed for RB1,
= transcriptomic analysis revealed a significant aberration in the Rb
0 T = pathway genes and KUCaP13 clustered together with other NEPC
1 10! 10? 10° PDXs with known Rb pathway aberrations. These results show that
Cisplatin (uM) KUCaP13 is the first patient-derived model of NEPC with dysfunc-
tional p53, PTEN, and Rb1l pathways. A recent study reported a

(B) LNCaP KUCaP13 . . . .
- circulating tumor cell (CTC)-derived eXplant and a cell line from a
DMSO - + + + + + 4+ CRPC patient resistant to enzalutamide. Although the patient tumor
EPZ6438 (UM) - -10%10%201 1 5 showed adenocarcinoma, the established eXplant from CTC showed
AR == an AR-null, neuroendocrine phenotype with TP53, PTEN, and RB1
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FIGURE 6 A, Dose-response curve of KUCaP13 treated with
cisplatin. IC50 was 45.4 umol/L. B, Protein expression of the
KUCaP13 cell line upon treatment with EZH inhibitor EPZ6438
(Tazemetostat). The target effect of EPZ6438 is evaluated by
H3K27me3 expression. Even though EPZ6438 was active at

20.1 umol/L, there was no change in androgen receptor (AR), SOX2,
and NSE expression. DMSO, dimethyl sulfoxide. C, In vitro growth
of the KUCaP13 cell line upon treatment with EZH2 inhibitor
EPZ6438 (Tazemetostat). There was no dose-dependent decline in
growth (P > .05 by one-way ANOVA test)

Experimentally, the loss of CHD1 is synthetically lethal in PTEN-
deficient prostate cancer.?>2® However, studies of human prostate
cancers have shown cases of combined CHD1 and PTEN protein
loss, suggesting that certain genomic backgrounds tolerate the dual
loss of these genes.?” As only a small archival formalin-fixed tissue of
prostate biopsy was available for the primary tumor in our study, we

could not examine the presence of the PTEN mutation in the primary

loss, again highlighting the importance of the loss of these tumor
suppressors in cells with the NEPC phenotype.?®

Although gene expression analysis demonstrated that KUCaP13
clustered together with other well-characterized PDXs of t-NEPC,
KUCaP13 was unique in that it did not overexpress typical neuronal
genes, such as CHGA and SYP. In addition, REST, one of the master
regulators of neuronal gene expression,?’ was not altered either.
However, KUCaP13 exhibited high expression of genes associated
with lineage plasticity and aggressive growth, such as SOX2, EZH2,
AURKA, PEG10, POU3F2 (encoding BRN2),%® and FOXA2, and showed
very rapid growth both in vitro and in vivo. Of the well-known NEPC
markers, ENO2 (encoding NSE) was also elevated. These expression
patterns indicate that genetic programs that promote NE marker ex-
pression and aggressive growth diverge at some point during trans-
differentiation, and each of these programs may contribute to the
heterogeneity observed in clinical t-NEPC.

Organoids are emerging as a valuable in vitro model derived from
patient tissues to study the biology of t-NEPC. In a recent report, a
series of t-NEPC organoids were developed and used to study the bi-
ological role of EZH2 in t-NEPC.3! EZH2 inhibition by shRNA or the
inhibitor drug GSK503 suppressed EZH2 target genes and down-
regulated stem cell and neuronal programs. However, re-expression
of AR was not observed. Lack of re-expression of AR upon EZH2
inhibition was compatible with our data using KUCaP13. However,
it contrasts to an earlier report using LNCaP with TP53 and RB1
knockdown,® possibly due to an earlier more “plastic” disease state
in the gene-engineered LNCaP model. One of the advantages of the
regular 2D cell culture over organoids is easier handling and lower
maintenance costs. While multiple expensive growth factors are
necessary for organoid culture, KUCaP13 can be maintained in reg-
ular growth medium. In addition, the results of chemical screening
may be modulated in organoids by additional growth factors that
are generally not required for regular cell culture. Therefore, a large-
scale, high-throughput chemical screening is easier with KUCaP13
than with organoids.

We confirmed that gene knockdown using shRNA was possi-
ble using KUCaP13. PEG10 is a placental gene that was previously
associated with the growth and invasion of NEPC.* In the origi-
nal study, we used DU145 and PC3 cell lines as models of NEPC.
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PEG10 knockdown suppressed both in vitro and in vivo growth. In
contrast, in the present study, PEG10 knockdown in KUCaP13 did
not affect cell growth in vitro. However, the knockdown significantly
suppressed in vivo tumor growth. This discrepancy in phenotype
observed between different cell lines highlights the importance of
using pertinent disease models when studying the role of a gene in
a certain disease state, and emphasizes the value of KUCaP13 in
studying the biology of t-NEPC. We also attempted to knock down
SOX2 by shRNA in KUCaP13 to evaluate its significance in t-NEPC.
However, SOX2 knockdown cells did not survive to propagate (data
not shown), suggesting that SOX2 may be crucial for the survival of
t-NEPCs. Another interpretation is that because SOX2 is also associ-
ated with stemness, it is possible that SOX2 knockdown specifically
affected the anchorage-independent growth of KUCaP13 in vitro.
Further studies are needed to elucidate the functional significance
of SOX2 in t-NEPC biology.

Similar to most small cell lung cancer cell lines and NCI-H660,
KUCaP13 grows as floating cells in culture dishes. Therefore, it is
important to establish a method to measure tumor growth in vitro.
We confirmed that measurement of colony size is a valid method to
evaluate tumor growth. However, manual measurement of colony
size is not suitable for high-throughput screening. In regular cell via-
bility assays, the measurement of spheroid-forming cells is generally
not possible. Therefore, we used the CellTiter-Glo 3D® assay. This is
a very sensitive assay that allows measurement of ATP in spheroid-
forming cells and organoids. We confirmed that the cytotoxicity of
the drugs could be accurately measured using this assay in KUCaP13.
The method can be applied in the future for chemical screening of
compounds to target t-NEPC.

Finally, we transduced KUCaP13 with luciferase, which allowed
in vivo quantification of tumor growth (KUCaP13_luc). One of the
disadvantages of PDX models is that the tumor volume must be mea-
sured manually. Therefore, it is difficult to precisely evaluate tumors
implanted into the subrenal capsule until the tumor grows to a cer-
tain extent, and it is impossible to measure tumor growth serially in
an orthotopic model. On the other hand, KUCaP13_luc grows both
in the subrenal capsule and orthotopically in the prostate, and its
growth can be monitored serially. As we can easily convert a PDX
to a cell line and create a mouse model (CDX) in the KUCaP13 mod-
els, it is now possible to knock down or overexpress a gene in the
model and study the function of the gene in a subrenal or orthotopic
model, which may contribute to a broader understanding of t-NEPC
biology. We also evaluated whether KUCaP13_luc could be used as
a metastasis model by intracardiac injection of the cells. However, no

metastasis was observed.

5 | CONCLUSIONS

We established a novel t-NEPC cell line, KUCaP13, from a PDX and
confirmed its origin as prostate adenocarcinoma. Genomic and tran-
scriptomic studies confirmed its characteristics as NEPC with aber-

rations in the PTEN, p53, and Rb pathways. The feasibility of gene

engineering using lentivirus and bidirectional conversion between in
vivo and in vitro models was confirmed. KUCaP13 could be a valua-
ble model to study the biology of t-NEPC and to develop novel ther-

apeutics, including its use in high-throughput compound screening.
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