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Abstract: Neuroendocrine prostate carcinoma (NEPC) accounts for less than 1% of prostate neo-
plasms and has extremely poorer prognosis than the typical androgen receptor pathway-positive
adenocarcinoma of the prostate (ARPC). However, very few cases in which de novo NEPC and
APRC are diagnosed simultaneously in the same tissue have been reported. We report herein a
78-year-old man of de novo metastatic NEPC coexisting with ARPC treated at Ehime University
Hospital. Visium CytAssist Spatial Gene Expression analysis (10 x genetics) was performed using
formalin-fixed, paraffin-embedded (FFPE) samples. The neuroendocrine signatures were upregulated
in NEPC sites, and androgen receptor signatures were upregulated in ARPC sites. TP53, RB1, or
PTEN and upregulation of the homologous recombination repair genes at NEPC sites were not
downregulated. Urothelial carcinoma markers were not elevated. Meanwhile, Rbfox3 and SFRTM2
levels were downregulated while the levels of the fibrosis markers HGF, HMOX1, ELN, and GREM1
were upregulated in the tumor microenvironment of NEPC. In conclusion, the findings of spatial
gene expression analysis in a patient with coexisting ARPC and de novo NEPC are reported. The
accumulation of cases and basic data will help with the development of novel treatments for NEPC
and improve the prognosis of patients with castration-resistant prostate cancer.

Keywords: AR pathway prostate cancer; CytAssist Visium; de novo NEPC; gene expression;
simultaneous occurrence; spatial transcriptomics; treatment-induced neuroendocrine prostate cancer

1. Introduction

Neuroendocrine prostate carcinoma (NEPC) is a rare disease that accounts for less
than 1% of prostate neoplasms [1] and has an extremely poorer prognosis than the typical
androgen receptor pathway-positive adenocarcinoma of the prostate (ARPC). NEPC is
the most lethal prostate cancer, characterized by resistance to hormone therapy, rapid
progression, and visceral metastases. The average survival time of patients with NEPC
is only 7 months [2]. Given that the disease progresses in an androgen-independent
manner, ADT has little efficacy for this malignancy. There is also no standard chemotherapy
specific for NEPC. Platinum-based chemotherapy agents such as cisplatin or carboplatin
are typically used to treat NEPC based on the protocol for small cell lung cancer. However,
their therapeutic effect is limited, and novel treatment options are urgently needed.

Although the disease can develop de novo, it occurs primarily after androgen depriva-
tion therapy (ADT) [3]. Treatment-induced NEPC (t-NEPC) has recently received attention
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owing to the development of novel antiandrogen therapies However, although alterations
in PTEN, TP53, RB1, and MYCN have been implicated in the development of NEPC. In a
recent report by Chen et al. the most frequently mutated gene in NEPC was TP53 (49.8%);
common copy number alterations in NEPC were RB1 loss (58.3%), TP53 loss (42.8%), PTEN
loss (37.0%), AURKA amplification (28.2%), and MYCN amplification (22.9%) [4]. However,
much remains to be learned about the genetic and molecular mechanisms underlying the
development of t-NEPC.

Given that prostate cancer is characterized by heterogeneity, its gene expression profile
varies from site to site even within the same tissue. Therefore, conventional bulk gene
analysis methods, which collectively analyze heterogeneous prostate tissues, have not been
able to fully elucidate the genetic complexity of prostate cancer. It is also difficult to focus
the analysis on cells of rare populations within the tumor microenvironment (TME) because
of the loss of information on cell location. Further, the genetic mechanisms underlying the
development of de novo NEPCs, as well as t-NEPCs, are unknown. The search for gene
expression characteristic of de novo NEPCs by spatial transcriptomics may expand future
options for targeted therapy.

This study aimed to examine the differences in spatial gene expression between
de novo NEPC coexisting ARPC and their gene expression in the TME. To overcome the
limitations of whole tumor analysis, we used the spatial gene expression analysis (CytAssist
Visium) (10x genomics) technology. CytAssist Visium enabled to spatially detect and
compare the gene expression of both de novo NEPC and ARPC in this coexisting case.

2. Results
2.1. Localization of De Novo NEPC and ARPC and High-Expression Genes in the Prostate Tissue

The HE specimen showed that the NEPC region is separated from the ARPC region
with intercalated noncancerous tissue between them, suggesting that ARPC and de novo
NEPC occurred simultaneously and ectopically in the same prostate. Spatial gene expres-
sion analysis (CytAssist Visium) classified the cells in the prostate tissue into 12 clusters.
Of the 12 clusters, cluster 8 matched the ARPC region, and cluster 3 matched the NEPC
region (Figure 1A).

The 20 most highly expressed genes in the ARPC and de novo NEPC regions are
shown in Figure 1B. The expression of AR signature genes such as KLK2, KLK3, and
ACPP was higher in the ARPC region than in the de novo NEPC region. Meanwhile, the
expression of NE signature genes such as PEG10 and TKTL1 was higher in the de novo
NEPC region than in the ARPC region (Figure 1B). The volcano plot in Figure 1C shows
the highly expressed genes in the ARPC and de novo NEPC regions. Similarly, heat map
analysis showed predominantly high expression of AR signature genes in the ARPC region
and NEPC signature genes in the de novo NEPC region (Figure 1D). Pathway enrichment
analysis additionally revealed cell cycle activation, TNF signaling, and PI3K-Akt signaling
in the de novo NEPC region (Figure 1E).

2.2. Visualization of the Expression of AR Signature Genes, NE Signature Genes, and Other Genes
in the Tissue

The spatial analysis of gene expression and the violin plot showed that a group of
AR signature genes including KLK2, KLK3, ACPP, TMPRSS2, NKX3.1, and AR showed
high expression in the ARPC region and very low expression in the de novo NEPC region
(Figure 2A,B). Similarly, the spatial analysis of gene expression and the violin plot showed
that NE signature genes such as NCAM1 (CD56), SYP, CHGA, MYCN, EZH2, PEG10,
DLL3, and TKTL1 were highly expressed in the de novo NEPC region but showed very
low expression in the ARPC region (Figure 2C,D).
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B. ARPC region de novo NEPC region
Upregulated gene top 20 Upregulated gene top 20
Gene Name Log2 FoldP-Value Gene Name Log2 Fold P-Value
KLK3 512 <0.001 PEGI10 2.88 <0.001
KLK2 4.97 <0.001 TOP2A 2.75 <0.001
SLC45A3 4.83 <0.001 TKTL1 2.75 <0.001
ACPP 4.84 <0.001 SEZ6 2.82 <0.001
KLK4 4.72 <0.001 BMX 2.68 <0.001
CPNE4 4.47 <0.001 NCMAP 2.73 <0.001
LMANIL 4.77 <0.001 CHAD 2.76 <0.001
MSMB 4.81 <0.001 CDK1 2.64 <0.001
NKX3-1 3.79 <0.001 GPR12 2.69 <0.001
FOLH1 4.09 <0.001 NTN1 26 <0.001
LRRC26 3.86 <0.001 CENPF 2.66 <0.001
TMPRSS2 3.67 <0.001 LRMP 2.58 <0.001
MYBPC1 3.87 <0.001 HEPACAM2 2.62 <0.001
SPDEF 3.69 <0.001 INA 2.63 <0.001
SORD 3.39 <0.001 KIF1A 2.6 <0.001
HMGCS2 43 <0.001 RIPPLY3 2.67 <0.001
BMPRIB 3.37 <0.001 RGS13 2.58 <0.001
ME of NEPC § ME of ARPC MLPH 3.13 <0.001 PSD2 2.59 <0.001
(Cluster 4) AZGP1 3.11 <0.001 COL2A1 2.66 <0.001
CPLIX3 35 <0.001 IGSF21 2.59 <0.001
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Figure 1. (A) Spatial gene expression analysis (CytAssist Visium) classifies the cells in the prostate
tissue into 12 clusters. Of the 12 clusters, cluster 8 matches the androgen receptor pathway-positive
adenocarcinoma of the prostate (ARPC) region, and cluster 3 matches the neuroendocrine prostate
carcinoma (NEPC) region. (B) The top 20 most highly expressed genes in the ARPC and de novo
NEPC regions. (C) The volcano plot demonstrating highly expressed genes in the ARPC and de
novo NEPC region. (D) Heat map analysis of high-expression genes of the ARPC region and the de
novo NEPC region. As markers defining ARPC and NEPC, gene sets accessible via GSEA (Gene Set
Enrichment Analysis) are used. “NELSON_RESPONSE_TO_ANDROGEN_UP” is used as a gene set
of the ARPC marker, and “KEGG_NEUROACTIVE_LIGAND_ RECEPTOR_INTERACTION” is used
as a gene set of the NEPC marker. (E) Pathway enrichment analysis showing cell cycle activation,
TNF signaling, and PI3K-Akt signaling in the de novo NEPC region.
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Figure 2. (A) Spatial analysis of gene expression of a group of AR signature genes. (B) Violin plot of
gene expression of a group of AR signature genes. (C) Spatial analysis of gene expression of a group
of NE signature genes. (D) Violin plot of gene expression of a group of NE signature genes.

Additionally, spatial analysis and the violin plot of gene expression showed that
homologous recombination repair (HRR)-related genes such as CHEK1, BRCA1, BRCA2,
TOP2A, FANCA, and PALB2 were highly expressed in the de novo NEPC region but very
lowly expressed in the ARPC region (Figure 3A,B).
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Figure 3. (A) Spatial analysis of gene expression of a group of HRR-related genes. (B) Violin plot of
gene expression of a group of HRR-related genes. (C) Spatial analysis of gene expression of a group
of treatment-induced neuroendocrine prostate carcinoma (t-NEPC)-related genes. (D) Violin plot
of gene expression of a group of t-NEPC-related genes. (E) Spatial analysis of gene expression of a
group of urothelial carcinoma marker genes. (F) Violin plot of gene expression of a group of urothelial
carcinoma marker genes. (G) UMAP analysis indicating that the de novo NEPC region predominantly
expresses the neuroendocrine tumor signature gene, while the ARPC region predominantly expresses
the androgen response gene, clearly distinguishing the two. (H) Trajectory analysis showing no
continuity in the genetic lineage of the ARPC and the de novo NEPC region, suggesting that they
arise separately rather than via transdifferentiation.

Meanwhile, spatial analysis of gene expression and the violin plot showed that the
expressions of TP53, PTEN, and RB1, as markers of treatment-induced NEPC (t-NEPC),
were similar between the de novo NEPC and ARPC regions (Figure 3C,D). This contrasted
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with the expectation that their expression would be lower in the de novo NEPC region than
in the ARPC region. High expression of NECTIN4 or GATA3 in de novo NEPC regions
is characteristic of urothelial carcinoma. However, spatial gene expression analysis and
the violin plot showed no elevated expression of NECTIN4 or GATA3 in de novo NEPC
regions (Figure 3E,F). Uniform Manifold Approximation and Projection (UMAP) analysis
indicated that the de novo NEPC region expressed the neuroendocrine tumor signature
gene, while the ARPC region predominantly expressed the androgen response gene, clearly
distinguishing the two (Figure 3G). Trajectory analysis showed no continuity in the genetic
lineage of ARPC and de novo NEPC, suggesting that they arose separately rather than via
transdifferentiation (Figure 3H).

2.3. Spatial Gene Expression Analysis within the Tumor Microenvironment around ARPC and De
Novo NEPC Cells

Of the 12 clusters, cluster 5 coincided with the TME region of the ARPC region and
cluster 4, with the TME region of the de novo NEPC region (Figure 1A). The top 20 genes
highly expressed in the tumor microenvironment region of ARPC (TME-ARPC) and de
novo NEPC (TME-de novo NEPC) are shown in Figure 4A. The expression of RBFOX3,
PAGE4, and SERTM2 were higher in the TME-ARPC region than in the TME-de novo
NEPC region. Meanwhile, the expression of CHRDL2, CCM3, GREM1, and ELN were
higher in the TME-de novo NEPC region than in the TME-ARPC region (Figure 4A).
The volcano plot demonstrating the distribution of highly expressed genes in the TME-
ARPC and the TME-de novo NEPC regions is shown in Figure 4B. Heat map analysis
also showed differences in gene expression between the TME-ARPC and TME-NEPC
(Figure 4C). Pathway enrichment analysis showed activation of ECM-receptor interaction
signaling and focal adhesion signaling in the de novo NEPC region (Figure 4D).

A ARPC microenvironment de novo NEPC microenvironment B. ARPC Microenvironment de novo NEPC microenvironment
Upregulated gene top 20 Upregulated gene top 20 Upregulated gene 100 Upregulated gene
[cHroL2 >,
Gene Name Log2 Fold P-Value Gene Name Log2 Fold P-Value e 20 Gaen\%m
PAGE4 3.04 <0.001 CHRDL2 3.11 <0.001 5o [GREM1 |
RBFOX3 3.14 <0.001 CCN3 3.04 <0.001 R 0 \
IGF1 2.64 <0.001 GREM1 2.91 <0.001 £ @ @/Z EN
C7 2.48 <0.001 CCN2 2.64 <0.001 9 50 _5:
SERTM2 2.74 <0.001 FILIP1L 2.53 <0.001 % “
SFRP1 2.37 <0.001 ELN 2.56 <0.001 £ /.4.,‘ w N
SRD5A2 2.6 <0.001 MGP 235 <0001  [seRma]| % » e\
ADRA2C 2.5 <0.001 IGHG1 2.62 <0.001 [Hrip W
HHIP 2.67 <0.001 SERPINE2 2.45 <0.001 . .
OGN 2.51 <0.001 HSPB7 2.5 <0.001 Log? Fold Change
FAIM2 2.55 <0.001 PLN 2.38 <0.001
SMOC1 2.49 <0.001 F13A1 2.42 <0.001 Pathway enrichment of
de novo NEPC microenvironment
PGMS5 2.26 <0.001 EFEMP1 2.25 <0.001
ALDHI1A2 2.28 <0.001 CCN1 2.23 <0.001
ACTG2 2.17 <0.001 TMEFF2 2.42 <0.001
MYHI11 2.16 <0.001 ITGAS 2.29 <0.001
MATN2 2.18 <0.001 IGKC 2.21 <0.001
PDK4 2.31 <0.001 COMP 2.38 <0.001
MYLK 2.09 <0.001 A2M 2.06 <0.001
FAM107A 2.27 <0.001 LTBP2 2.09 <0.001

Figure 4. (A) The top 20 most highly expressed genes in the TME-ARPC and TME-de novo NEPC.
(B) The volcano plot demonstrating the distribution of highly expressed genes in the TME-ARPC
and the TME-de novo NEPC regions. (C) Heat map analysis of highly expressed genes in the TME-
ARPC and TME-de novo NEPC regions. (D) Pathway enrichment analysis showing activation of
ECM-receptor interaction signaling and focal adhesion signaling in the de novo NEPC region.
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Spatial analysis of gene expression and violin plots revealed that fibrosis markers such
as GREM1, HMOX1, CCN3, HGF, ELN, and CHRD2 were highly expressed in the TME-de
novo NEPC region and lowly expressed in the de novo NEPC region (Figure 5A,B). Spatial
analysis and violin plots of gene expression showed that genes associated with neuronal
differentiation, such as PAGE4 and RBFOX3, were highly expressed in the TME-ARPC
region and lowly expressed in the TME-NEPC region (Figure 5C,D).

A. NEPC microenvironment gene expression (Spatial expression) C. ARPC microenvironment gene expression (Spatial expression)
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Figure 5. (A) Spatial analysis of gene expression of highly expressed genes in the tumor microen-
vironment around ARPC (TME-ARPC). (B) Violin plot of highly expressed genes in TME-ARPC.
(C) Spatial analysis of highly expressed genes in the tumor microenvironment around NEPC (TME-de
novo NEPC). (D) Violin plot of highly expressed genes in TME-de novo NEPC.

3. Discussion

The present study reports an extremely rare case of concurrent ARPC and de novo
NEPC diagnosed after cystoprostatectomy. The neuroendocrine carcinoma of the prostate
had invaded the prostatic urethra and was not an intra-urethral recurrence of bladder
cancer. ARPC and NEPC occurring within the same prostate were considered to have
different origins as there was no continuity between them. Given that the NEPC region is
differentiated from the ARPC area with intercalated noncancerous tissue between them
and hence has no mutual migration, it is thought that ARPC and de novo NEPC has
occurred ectopically and simultaneously in the same prostate (Figure 6B,C), representing
intra-nodular heterogeneity [5].

Numerous single-cell analysis studies have been conducted to elucidate the mecha-
nism of adeno-to-neuroendocrine transdifferentiation. Single cell RNA-seq by Wang et al.
showed that a hierarchical transcription factor network regulated by ASCL1 and FOXA2
and selective regulation by NKX2-2, POU3E2, and SOX2 could induce transdifferentia-
tion [6]. In addition, Han et al. analyzed mouse prostate cancer samples using single-
cell multiomics analyses and reported that FOXA2 coordinated prostate cancer adeno-to-
neuroendocrine lineage transition [7]. However, the current research is unique in that it
is not a study on t-NEPC, but a very rare case in which the spatial gene expression of
de novo NEPCs adjacent to ARPCs is the subject of analysis. The visual analysis of the
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differences in gene expression patterns of the microenvironments by spatial transcriptomics
is a novel approach.
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Figure 6. Case Presentation. (A) Preoperative bladder scope showing the non-papillary tumor.
(B) The resected specimen. Pathological findings show NEPC pT4N1MO0 and ARPC pT2aNOMO. The
neuroendocrine prostate carcinoma (NEPC) area is separated from the androgen receptor pathway-
positive adenocarcinoma of the prostate (ARPC) area. (C) Inmunohistochemistry reveals the presence
of ARPC and NEPC regions within the same section. (a) Hematoxylin-eosin (HE) staining (containing
both the ARPC and NEPC regions) in the low-power field. (b) HE staining of ARPC and NEPC
regions in the high-power field. (c) ARPC region; AR (+)/NCAM]1 (CD56) (—). (d) NEPC region; AR
(=)/NCAM1 (CD56) (+).

As shown in Figures 1 and 2, AR signature genes were highly expressed in the ARPC
region, while NE signature genes were highly expression in the de novo NEPC region,
as initially expected. KLK genes are known to be highly expressed in ARPC, and KLK2,
KLK3, and KLK11 were also highly expressed in ARPC in the current case. However, KLK6
and KLK12 were highly expressed in the de novo NEPC region, and their expression was
decreased in ARPC. KLK6 and KLK12 are reported to be markers associated with highly
aggressive prostate cancer [8,9], but future studies are still needed to validate these findings.
The high expression of ERG, which is derived from the TMPRSS2-ERG fusion gene and is
upregulated in response to androgen, is reported to be associated with malignancy [10],
but the high ERG expression was found in neither the ARPC region nor NEPC region in
the present case.

In the present case, ARPC did not have very strong gene expression of AR, and de
novo NEPC did not have very strong gene expression of CHGA. The expressions of SYP,
CHGA, and NCAM1 are commonly used in the pathological diagnosis of NEPC, but it is
rare for all three to be positive. Most cases are diagnosed by elevation of at least one NE
marker. In the present case, only NCAM1 (CD56) was positive on immunohistochemistry.
Among the top upregulated genes in NEPC, SYP ranks 57th; CHGA, 312nd; and NCAM1,
482nd. These genes are not upregulated gene in ARPC. Similarly, AR alone is insufficient for
pathological diagnosis because its expression level varies. In the current case, it is the 157th
most upregulated gene in the ARPC region but is not upregulated in the NEPC region.

The present case shows an elevated expression of PEG10, which is reported to be highly
expressed in NEPC. Akamatsu et al. reported that PEG10 is suppressed in the adaptive
response to AR interference and is very highly expressed in NEPC [11]. Furthermore, TKTL1
which was upregulated in the de novo NEPC region in the present case, is an important
protein that promotes invasion and metastasis and is highly expressed in neuroendocrine
tumors (NETs) [12]. Thus, it is not surprising that it is upregulated in the de novo NEPC
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in the current case. DLL3, a member of the NOTCH signaling pathway, is expressed in
76.7% of NEPCs and is also highly expressed in the current case. In an in vivo model,
treatment with SC16LD6.5 elicited a complete response in DLL3-positive tumors but
not in DLL3-negative tumors, making it an attractive modality for NEPC treatment [13].
Meanwhile, the expressions of TP53, RB1, and PTEN, which are known to be significantly
downregulated in t-NEPC, showed similar expression patterns in the ARPC and de novo
NEPC regions. The mechanism of transdifferentiation into t-NEPCs is multifactorial and
requires alterations in tumor suppressor genes, such as TP53, RB1, and PTEN [14-19].
Considering that the genomic information of NEPC is similar to that of castration-resistant
prostate cancer (CRPC) [10], most t-NEPCs are thought to arise from CRPC [20]. This
supports our results that the de novo NEPC region in the present case is not differentiated
from the ARPC region, but could be developed by other mechanism. However, further
investigation requires detailed analysis by RN A-seq because the CytAssist Visium cannot
detect transdifferentiation. In addition, the absence of elevated markers of urothelial
carcinoma such as NECTIN4 and GATA3 (shown in Figure 3E,F) in the present case
suggests that the malignancy is unlikely to be derived from bladder cancer.

In the present case, the HRR-related genes showed increased expression in the de novo
NEPC region. HRR genes have been recently suggested to be involved in the pathogenesis
of NETs such as small cell lung cancer and pancreatic NETs [21]. A possible mechanism of
NET development by HRR genes is the acquisition of the ability to grow unlimitedly due
to failure of efficient and accurate DNA repair [22]. However, to our best knowledge, the
involvement of HRR genes in the pathogenesis of de novo NEPC has not been reported.
Meanwhile, a high rate of HRR gene mutations has been reported in t-NEPC, which is
similar to the mutation profile in advanced prostate cancer [23]. This finding is novel
because it suggests that the HRR gene may be involved in the pathogenesis of de novo
NEPC. It also suggests that PARP inhibitors are likely to be effective for de novo NEPC. It
has been previously reported that TOP2A accumulation is induced by SPOP mutation and
contributes to prostate cancer progression from the accumulation of DNA damage, and
etoposide could be effective for SPOP mutation prostate cancer [24]. In the present case,
although TOP2A was upregulated, the SPOP gene was not mutated.

The role of the TME in tumor progression cannot be ignored [25]. In the present
case, the ECM-receptor interaction and focal adhesion pathways were the most enriched
functional annotations in genes upregulated in the TME-de novo NEPC region. These
pathways are involved in the interaction between tumor cells and the extracellular matrix,
cell adhesion, cell motility, morphological changes, cell growth, proliferation, invasion, and
metastasis, suggesting its high potential for promoting tumor invasiveness and metastasis.
Rbfox3 plays an important role in the regulation of TGF-f3-induced epithelial-mesenchymal
transition (EMT), and depletion of RBFOX3 increases the expression of a group of proteins
associated with EMT such as E-cadherin and Claudin-1, which enhance mesenchymal
morphology. In the present case, the elevated expression of RBFOX3 in TME-ARPCs and the
depletion of RBFOX3 in TME-de novo NEPCs may reflect the tumor progression potential
of de novo NEPCs [26]. The SFRTM2 gene plays a role in regulating the abnormal activation
of Wnt signaling in gastric and colorectal cancer [27], and the differentiation of ARPCs
into t-NEPCs is associated with the activation of Wnt signaling by therapeutic stimuli [28].
Hence, the upregulation of the SFRP gene in TME-ARPCs and its downregulation in
TME-de novo NEPCs in the present case is reasonable.

HGE HMOX]1, ELN, and GREM1 genes associate with stromal fibrosis and contribute
to malignancy through the proliferation of cancer-associated fibroblasts (CAFs) in various
kinds of cancers [29-32]. De Hosson et al. reported that neuroendocrine tumors originating
from the lung, pancreas, and stomach have very low levels of T-cells and high levels of CAFs,
which are involved in maintaining an “immune cold” environment and reduce the efficacy
of immune checkpoint inhibitors [33]. As immune cell access is impaired, therapeutic
approaches that improve the TME and enhance the efficacy of immune checkpoint inhibitors
are important. Although the analysis of only one case did not allow us to determine the



Int. J. Mol. Sci. 2023, 24, 8955

10 0f 13

detailed mechanism of development, it is worth mentioning that the downregulation of
Rbfox3 and SFRTM2 and upregulation of CAF markers (i.e., HGE, HMOX1, ELN, and
GREM]1) suggested the influence of the TME on de novo NEPC development.

Spatial transcriptomics, which enabled us to maintain the pathological location infor-
mation, was particularly useful in the current case, and more information was obtained.
The novelty of this study is that to our best knowledge, it is the first report to visually
compare gene expression of de novo NEPCs with that of adjacent ARPCs using spatial
transcriptomics analysis. Furthermore, spatial transcriptomics for the visual analysis of
the differences in gene expression patterns of the microenvironments is another novelty.
However, the limitation of this study is that only one case was analyzed, although the data
collected will be useful for a better understanding of the genetic mechanism of de novo
NEPC. There still might be many factors associated with the occurrence of NEPC, and
therefore, it is essential to accumulate more evidence from more cases and data. Elucidation
of the pathogenesis of NEPC will lead to the development of novel treatments and may
also contribute to improving the prognosis of patients with CRPC.

4. Patient and Methods

The study was approved by the Institutional Review Board of Ehime University
(No. 2108006, 2109014, 2205001) and was conducted according to the principles of the
Declaration of Helsinki. Written informed consent was obtained from the patient for the
publication of the case report and accompanying images.

4.1. Case Presentation

A 78-year-old man who had no family history of hereditary disease or cancer presented
to our hospital with gross hematuria and underwent transurethral resection of bladder
tumor (TUR-BT) for bladder tumor. A second TUR-BT was also performed after the first
TUR-BT. The pathological findings revealed invasive urothelial carcinoma, G3, and pT1
with CIS. Based on the diagnosis, Bacille Calmette-Guerin (BCG) therapy was adminis-
tered for non-muscle invasive urothelial carcinoma of the bladder. At 5 months after the
BCG therapy, a follow-up cystoscopy revealed a neoplastic lesion in the prostatic urethra
(Figure 6A), and hence, TUR was performed. Pathological findings revealed a neuroendocrine
carcinoma. Positron emission tomography-computed tomography (PET-CT) demonstrated
right external iliac lymph node metastasis and left obturator lymph node metastasis. Tu-
mor marker investigation revealed neuron-specific enolase (NSE) at 15.5 ng/mL (normal
value: <16.3 ng/mL), pro-gastrin-releasing peptide (proGRP) at 39.8 pg/mL (normal value:
<81 pg/mL), and prostate-specific antigen (PSA) at 2.57 ng/mL (normal value: <4 ng/mL).
Based on the diagnosis of neuroendocrine carcinoma of the prostatic urethra with lymph
node metastasis, robot-assisted laparoscopic cystectomy/prostatectomy with pelvic lym-
phadenectomy was performed. Pathological findings of the bladder/prostate samples
showed a mixed carcinoma of NEPC pT4N1MO0 and ARPC pT2aNOMO, Gleason score of
4 + 4, and without urothelial carcinoma in the bladder (Figure 6B,C). Lymph node dissection
revealed metastases of neuroendocrine tumor origin in the left internal and right external
iliac lymph nodes.

The lymph node specimens showed metastases of pure neuroendocrine carcinoma
in the left internal and right external iliac lymph nodes. Four courses of etoposide + cis-
platinum (EP) were administered as adjuvant chemotherapy. The patient then had superior
mediastinal lymph node metastasis and hence was started on pembrolizumab. The patient
maintained stable disease for 9 months.

4.2. Spatial Transcriptomics (CytAssist Visium)

Formalin-fixed, paraffin-embedded (FFPE) samples passing the RNA quality control
(DV200 > 50%) were used for spatial transcriptomic construction and sequencing. The tissue
was prepared according to the Visium CytAssist Spatial Gene Expression for FFPE-Tissue
Preparation Guide (CG000518, 10x Genomics, Pleasanton, CA, USA). The sequencing was
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performed by the Research Institute for Microbial Diseases at Osaka University. Libraries
were sequenced on an MGI DNBSEQ-G400RS (MGI Tech Co., Shenzhen, China). The Space
Ranger pipeline v2022.0705.1 (10x Genomics, Pleasanton, CA, USA) and the GRCh38-2020-
A reference were used to process FASTQ files. The sequence results were guaranteed to be
accurate as follows:

1. Number of spots under tissue: 4397; mean reads per spot: 74,832; median genes per
spot: 7195; number of reads: 329,038,054; valid barcodes: 94.0%; valid UMIs: 99.9%;
sequencing saturation: 48.0%

2. UMAP and violin plots were run and plotted using Loupe Browser (10x genomics,
Pleasanton, CA, USA). Trajectory analysis and pathway enrichment analysis were
performed and plotted using Partek flow software (Partek Incorporated, Chesterfield,
MO, USA).

5. Conclusions

The findings of spatial gene expression analysis in a patient with coexisting ARPC
and de novo NEPC is reported. The causative factors for the incidence of NEPC remain
unknown. The accumulation of cases and basic data will enable research and lead to the
development of novel treatments for NEPC and improve the prognosis of patients with
CRPC. The open data analyzed in this study can further our understanding of the genetics
of NEPC.
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