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Abstract: Recently intraductal carcinoma of the prostate (IDCP) has attracted increasing interest 

owing to its unfavorable prognoses. To effectively identify the IDCP-specific gene expression 

profile, we took a novel approach of characterizing a typical IDCP case using spatial gene expression 

analysis. A formalin-fixed, paraffin-embedded sample was subjected to Visium CytAssist Spatial 

Gene Expression analysis. IDCP within invasive prostate cancer sites was recognized as a distinct 

cluster separate from other invasive cancer clusters. Highly expressed genes defining the IDCP 

cluster, such as MUC6, MYO16, NPY, and KLK12, reflected the aggressive nature of high-grade 

prostate cancer. IDCP sites also showed increased hypoxia markers HIF1A, BNIP3L, PDK1, and 

POGLUT1; decreased fibroblast markers COL1A2, DCN, and LUM; and decreased immune cell 

markers CCR5 and FCGR3A. Overall, these findings indicate that the hypoxic tumor 

microenvironment and reduced accessibility to immune cells, which reflect the pathological 

characteristics of IDCP, may influence the aggressiveness of high-grade prostate cancer. 

Keywords: spatial gene expression analysis; intraductal carcinoma of the prostate (IDCP); hypoxic 
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1. Introduction 

Intraductal carcinoma of the prostate (IDCP) is a condition in which atypical cells from outside 

the glandular ducts invade and proliferate in normal glandular structures, leaving behind some basal 

cells and showing a cribriform morphology and extensive growth pattern. In 1996, McNeal et al. first 

reported IDCP with invasive cancer [1]. Since then, IDCP has received increasing attention because 

of its association with poor prognosis. The presence of IDCP during radical prostatectomy has been 

reported to be associated with a higher Gleason score, larger tumor volume, extraprostatic extension, 

squamous cell carcinoma at the resection margin, and accelerated disease progression [2–5]. Further, 

patients with localized and advanced prostate cancer (PCa) with IDCP have been reported to show 

significantly worse recurrence-free and overall survival rates [6–9]. 

For these reasons, IDCP was first described by the International Society of Urologic Pathology 

in 2014 [10] and subsequently included in the 2016 World Health Organization Prostate Tumor 

Classification [11], 2017 American Society of Pathology guidelines, and 2019 National 

Comprehensive Cancer Network (NCCN) guidelines [12]. 

Reports from Western countries have shown that homologous recombination (HR) gene 

mutations, including BRCA mutations, in addition to TMPRSS2-ERG fusion gene and TP53, RB1, and 

PTEN deletions, are frequently detected in patients with IDCP [13–16]. Interestingly, one study 
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reported the presence of BRCA2 mutations in approximately 42% of IDCP cases [17,18]; further, the 

NCCN guidelines state that early genetic testing should be considered in prostate cancer patients 

with IDCP. Therefore, identifying IDCP-specific genetic abnormalities will contribute to the 

elucidation of molecular mechanisms underlying IDCP pathogenesis and the promotion of precision 

medicine. 

Prostate cancer is extremely heterogeneous; therefore, gene expression analysis specific to IDCP 

lesions using conventional bulk gene analysis is impossible. Single-cell RNA-seq allows an 

understanding of tumor heterogeneity based on gene expression at the single-cell level. However, as 

IDCP is a morphology-based diagnosis, application of single-cell RNA-seq is unsuitable because of 

the loss of spatial information. Therefore, in this study, we made a groundbreaking attempt to 

analyze the gene abnormalities characteristic of IDCP sites while maintaining the spatial information 

of IDCP using spatial gene expression analysis technology.  

2. Materials and Methods 

2.1. IDCP Diagnosis 

We retrospectively reviewed patients who underwent total prostatectomy for PCa at Ehime 

University Hospital and selected suspected IDCP cases. For these patients, immunohistochemistry 

was performed on 10% neutral buffered formalin-fixed and paraffin‐embedded surgical tissue 

samples, which were sectioned on a microtome (3–5 μm thick) and stained according to standard 

protocols. An anti-basal cell antibody (p63 antibody + HMW cytokeratin antibody) purchased from 

Proteintech (US) was used to stain the basal cells, and Hoechst 33342 (dilution 1:2000; Molecular 

Probes) was used to stain the nuclei. 

Three pathologists from Ehime University Hospital, including a skilled U.S pathologist 

specializing in IDCP diagnosis, reviewed the pathology reports to identify cases suggestive of IDCP 

and to determine the presence of IDCP indicators. Finally, one case was used for the study.  

This study was approved by the Institutional Review Board of Ehime University (Nos. 2108006, 

2109014, and 2205001) and was conducted according to the principles of the Declaration of Helsinki. 

Written informed consent was obtained from the patient for publication of the case report and 

accompanying images. 

2.2. Spatial Transcriptomics (CytAssist Visium) 

Spatial transcriptomics analyses were performed as previously described (Watanabe et al. 2023) 

[19]. Formalin-fixed, paraffin-embedded (FFPE) samples that passed the RNA quality control (DV200 

> 50%) were used for spatial transcriptomic construction and sequencing. The tissues were prepared 

according to the Visium CytAssist Spatial Gene Expression for FFPE-Tissue Preparation Guide 

(CG000518, 10x Genomics, CA, USA). Sequencing was performed at the Research Institute for 

Microbial Diseases, Osaka University. Libraries were sequenced using an MGI DNBSEQ-G400RS 

(MGI Tech Co., SZX, CN). The Space Ranger pipeline v2022.0705.1 (10x Genomics, CA, USA) and the 

GRCh38-2020-A reference were used to process FASTQ files. The sequencing results were guaranteed 

to be accurate as follows. 

Number of reads: 366,120,606; number of spots under tissue: 4,763; median genes per spot: 5,665; 

mean number of reads under tissue per spot: 70,197. 

t-SNE plots and violin plots were run and plotted using the Loupe Browser (10x genomics, CA, 

USA). Trajectory and pathway enrichment analyses were performed and plotted using Partek flow 

software (Partek Incorporated, MO, USA). 

3. Results 

3.1. Diagnosis of IDCP and Clustering by Spatial Gene Expression Analysis 

A 62-year-old man diagnosed with prostate adenocarcinoma (cT3aN0M0, high risk, PSA 31.5 

ng/mL), underwent a robot-assisted laparoscopic prostatectomy. Basal cell staining was performed 
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on FFPE slides of total prostatectomy specimens with a Gleason score 4+5 prostate cancer 

background. Cribriform morphological growth of the tumor was evident in the normal glandular 

ducts with preserved basal cells, leading to a diagnosis of IDCP (Figure 1A,B). Spatial gene expression 

analysis (CytAssist Visium) categorized the prostate tissue cells into 10 clusters, with cluster 10 

identified as an independent cluster corresponding to the IDCP region (Figure 1C,D). Clusters of 

invasive cancer lesions proximal to IDCP on the pathology slides exhibited gene expression patterns 

similar to those of the IDCP clusters on the t-SNE plot, whereas distant clusters showed distinct 

patterns (Figure 1E,F). Trajectory analysis further confirmed the lineage similarity between IDCPs 

and the neighboring invasive carcinomas (Figure 1G). 

The 20 most highly expressed genes in the IDCP (cluster 10) and non-IDCP regions (Clusters 1-

9) are shown in Figure 1F. Notably, MUC6, MYO16, NPY, and KLK12 emerged as highly expressed 

genes defining the IDCP clusters, in contrast to genes from the tumor microenvironment, such as 

LTF, MMP, ELN, and COL3A1, which were relatively highly expressed in the non-IDCP clusters 

(Figure 1H). The volcano plot illustrates highly expressed genes in the IDCP and non-IDCP regions 

(Figure 1I). Additionally, heat maps underscored the differences in gene expression between the IDCP 

and non-IDCP regions (Figure 1J). 
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Figure 1. Diagnosis of IDCP and clustering by spatial gene expression analysis. (A) A 62-year-old man 

diagnosed with prostate adenocarcinoma (cT3aN0M0, high risk, PSA 31.5 ng/mL), underwent a robot-

assisted laparoscopic prostatectomy. HE staining reveals tumor invasion within normal glandular 
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ducts with surrounding invasive carcinoma (blue square; invasive cancer area, yellow square; IDCP 

area, yellow arrow; IDCP). (B) Basal cell staining was performed on a formalin-fixed paraffin-

embedded slide of the total prostatectomy specimen with a prostate cancer background showing 

Gleason Score 4+5. Cribriform morphological growth of the tumor was found in the normal glandular 

ducts with preserved basal cells, and IDCP was diagnosed (blue square; invasive cancer area, yellow 

square; IDCP area, yellow arrow; IDCP). (C, D) Spatial gene expression analysis (CytAssist Visium) 

classifies the cells of the prostate tissue into 10 clusters. Of these 10 clusters, cluster 19 matches the 

IDCP region. (E, F) The clusters of invasive cancer lesions outside normal glandular ducts that were 

close to those of IDCP on the pathology slides and were also close to IDCP clusters on the t-SNE plot, 

suggesting a similar gene expression pattern. (G) Trajectory analysis showed that IDCPs were similar 

in lineage to the neighboring invasive carcinomas. (H) The 20 most highly expressed genes in the 

IDCP (Cluster 10) and non-IDCP regions (Cluster 1-9). (I) The volcano plot shows the highly 

expressed genes in the IDCP and non-IDCP regions H) Heat maps showed differences in gene 

expression between the IDCP and non-IDCP regions. (J) Heatmap illustrates a clear distinction 

between gene expression in IDCP regions (cluster 10) and non-IDCP regions (clusters 1-9). 

3.2. Visualization of Epithelial Cell, Androgen Receptor (AR) Signature Gene,and Other Upregulated Gene 

Marker Expression in the IDCP Region 

Spatial gene expression analysis revealed upregulation of epithelial markers EPCAM and KRT8 

across all clusters (Figure 2A), consistent with the findings from the violin plots (Figure 2B). 

Moreover, examination of gene expression and violin plots demonstrated high expression of a group 

of AR signature genes, including KLK3, AR, TMPRSS2, NKX3.1, and AMACR across all clusters 

(Figure 2C,D), indicating their tumor origin. 

Furthermore, spatial gene expression analysis and violin plots showed the upregulation of 

MUC6, MYO16, NPY, and KLK12 in the IDCP region, with expression diminishing as the distance 

from the IDCP region increased (Figure 2E,F). Additionally, gene expression analysis and violin plots 

revealed a relatively high expression of homologous recombination repair (HRR) genes, such as 

CHEK2, TOP2A, TOP2B, PALB2, and SPOP, in the IDCP region (Figure 3A,B). However, upregulation 

of BRCA1 or BRCA2 was not observed. 

TMPRSS2, a known IDCP-associated gene, was highly expressed at the IDCP site without any 

evidence of PTEN downregulation (Figure 3C,D). 

 

Figure 2. Visualization of the expression of epithelial marker genes, AR signature genes, and other 

upregulated genes in the IDCP region. (A, B) Spatial gene expression analysis showing that the 

epithelial markers were upregulated in all clusters (A), with similar findings in the violin plot (B). (C, 

D) Spatial gene expression analysis (C) and violin plot (D) showing the expression of a group of AR 
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signature genes. (E, F) Spatial gene expression analysis (E) and violin plots (F) demonstrating the 

expression of MUC6, MYO16, NPY, and KLK12. 

 

Figure 3. Visualization of the expression of HRR genes. (A, B) Spatial gene expression analysis (A) 

and violin plot (B) showing homologous recombination repair (HRR) gene expression. (C, D) Spatial 

gene expression analysis (C) and violin plot (D) showing TMPRSS2 and PTEN expression. 
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3.3. Visualization of the Expression of IDCP Fibroblast Markers, Immune Cell Markers, and Hypoxia 

Markers 

Spatial gene expression analysis and violin plots indicated downregulation of the fibroblast 

markers COL1A2, DCN, and LUM in the IDCP cluster (Figure 4A,B). Moreover, spatial gene 

expression analysis and violin plots demonstrated a low expression of the immune cell markers CCL5, 

FCG3A, and TRAC in the IDCP cluster (Figure 4C,D). Spatial gene expression analysis and violin 

plots revealed no significant differences in the epithelial cell markers between the clusters (Figure 

4E,F). Additionally, analysis of the gene expression and violin plots revealed high expression of the 

hypoxia markers HIF1A, BNIP3L, PDK1, and POGLUT1 in the IDCP cluster (Figure 4G,H). This 

suggested that the loss of immune cells and accumulation of hypoxic markers limited to the IDCP 

site may be attributed to the anatomic isolation of the IDCP site. 
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Figure 4. Visualization of the expression of fibroblast, immune cell, endothelial cell, and hypoxia 

markers. (A, B) Spatial gene expression analysis (A) and the violin plot (B) showing fibroblast marker 

gene expression. (C, D) Spatial gene expression analysis (C) and the violin plot (D) showing immune 

cell marker gene expression. (E, F) Spatial gene expression analysis (E) and the violin plot (F) showing 

endothelial cell marker gene expression. (G, H) Spatial gene expression analysis (G) and the violin 

plot (H) showing hypoxia marker gene expression. 

4. Discussion 

IDCP is a significant pathological finding with clinical prognostic implications. Haffner et al. 

conducted microdissection of both IDCP and surrounding invasive carcinoma sites and discerned 

site-specific gene expression patterns through their comparison. Consequently, they proposed a 

retrograde colony formation model wherein the TMPRSS2-ERG fusion gene-positive/PTEN loss 

component of invasive carcinoma infiltrates normal glandular ducts, forming IDCPs [2]. However, 

the precise sampling of lesion sites via microdissection is challenging and labor-intensive. Through 

single-cell analysis, Wong et al. compared cribriform carcinoma tissues with benign prostate tissues 

to elucidate the gene expression characteristics of cribriform prostate cancer [20]. Nonetheless, this 

study associated invasive cribriform carcinoma with IDCP but did not examine IDCP-specific gene 

abnormalities. Moreover, single-cell analyses lack spatial information, which impedes the 

identification of IDCP-derived cells. Therefore, we endeavored to identify IDCP-specific gene 

aberrations using spatial gene expression analysis. 

An accurate diagnosis of IDCP is imperative for suitable treatment. IDCP has a significant 

prognostic value even in low-grade prostate cancer and should not be disregarded [21–23]. However, 

the classification of precursor-like (isolated) IDCP, a borderline lesion resembling HGPIN without a 

discernible cribriform pattern—remains contentious [24]. Therefore, in our study, we included 

samples from patients with a typical IDCP morphology, associated with high-grade prostate cancer. 

Following the IDCP diagnosis by two pathologists at our institution, the final diagnosis was 

confirmed by a pathologist in the United States who was experienced in diagnosing IDCP. The 

diagnosed case presented a typical IDCP morphology with surrounding invasive carcinoma, 
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featuring a Gleason Score of 4+5 and a cribriform pattern tumor infiltrating the normal glandular 

ducts while retaining basal cells [25]. 

Spatial gene expression analysis revealed genetically similar tumors in and around the IDCP 

site. These tumors were TMPRSS2-positive but did not exhibit PTEN downregulation. As spatial gene 

expression analysis cannot identify mutations, potential PTEN mutations may have been overlooked. 

Nevertheless, genes upregulated at the IDCP site resembled those in clusters 1 and 5 adjacent to the 

IDCP. These findings support the hypothesis that the surrounding invasive carcinoma infiltrates 

normal glandular ducts. It is speculated that tumor cell clusters that have acquired high invasiveness 

form IDCP by invading and proliferating in normal glandular ducts with low tumor density. 

MUC6, MYO16, NPY, and KLK12 were upregulated at the IDCP site. MUC6, which encodes a 

member of the mucin protein family, is an organ specific antigen and plays a pivotal role in epithelial 

surface cryoprotection. Some literatures insists that MUC16 serves as a tumor marker in gastric and 

other cancers [26,27]. Compared to other KLK genes, both KLK6 and KLK12 are associated with 

increased invasive potential [28,29]. MYO16, which encodes the myosin XVI protein, regulates 

neuronal morphogenesis [30]. In addition, NPY (neuropeptide Y), a member of the NPY family, is 

widely expressed in the central nervous system, and its receptor, NPY-1R, is associated with the 

proliferative potential of prostate cancer [31,32]. These results indicate that IDCP may be involved in 

prostate cancer neuroendocrine differentiation, although the NE signature markers CHGA, SYP, 

NCAM1 (CD56), NKX2.1, MYCN, and AURKA were not elevated in the present case. 

Heterozygous deletions of PTEN, TP53, and RB1 are important genetic alterations associated 

with neuroendocrine prostate cancer (NEPC), and are frequently observed in IDCP, suggesting 

possible molecular similarities between NEPC and IDCP. In a limited case series, Ikeda et al. observed 

the components of IDCP in nine patients with NEPC for whom tissue specimens were available at 

diagnosis [33]. Thus, the identification of IDCP may serve as a potential predictor of NEPC 

development; however, the association between IDCP and NEPC remains unclear and warrants 

further investigation. 

IDCP upregulates several homologous recombination repair (HRR) genes. In the present case, 

increased expression of TOP2A, TOP2B, and SPOP was observed. In a previous report, accumulation 

of TOP2A induced by SPOP mutations was found to facilitate prostate cancer progression through 

the accumulation of DNA damage, and etoposide was found effective against SPOP-mutated prostate 

cancer [35]. In the present case, TOP2A upregulation and SPOP expression suggested the possible 

efficacy of TOP2A inhibitors, Chek2 and Palb2 were mildly upregulated at IDCP sites, but no overall 

upregulation was observed, further, high expression of HRR gene abnormalities suggested the 

potential efficacy of PARP inhibitors. 

The decreased expression of fibroblast markers COL1A2, DCN, and LUM, and immune cell 

markers CCR5 and FCGR3A at the IDCP site probably reflects poor cellular access to the tumor 

microenvironment owing to the anatomic isolation of IDCP. Fibroblast marker genes associated with 

stromal fibrosis contribute to malignant transformation through the proliferation of cancer-associated 

fibroblasts (CAFs) in various cancers [36–39]. However, considering the recent findings regarding the 

presence of cancer-promoting and cancer-suppressing fibroblasts [40], decreased numbers of tumor-

suppressing fibroblasts and immune cells in the IDCP region may contribute to malignant 

transformation. Furthermore, the elimination of immune cells from the inherently "immune-cold" 

tumor microenvironment of prostate cancer may render immune checkpoint inhibitors ineffective 

[41]. Furthermore, IDCP sites exhibited increased levels of hypoxia markers such as HIF1A, BNIP3L, 

PDK1, and POGLUT1. IDCPs growing within narrowly isolated normal glandular ducts are 

susceptible to hypoxia, which induces tumor cell starvation and hypoxic stress, increases glycolytic 

metabolism and angiogenesis, and increases the potential for metastasis and invasion. Thus, IDCP 

may promote malignant transformation and resistance to therapy by inducing hypoxia and 

inaccessibility of immune cells owing to its morphological features (Figure 5). Focusing on the 

hypoxic state of IDCP, patients with prostate cancer and IDCP may benefit from inhibitors targeting 

HIF1A. In the present study, no increase in endothelial cell marker levels was observed despite the 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 March 2024                   doi:10.20944/preprints202403.1037.v1



 10 

 

presence of hypoxia at the IDCP site. This implies that IDCP is an isolated and anomalous lesion, in 

which angiogenesis is less likely to be induced. 

As this was a comparative analysis between IDCP and tumor sites with similar gene expression 

levels, identifying dramatic differences in gene expression was difficult. However, this study clearly 

demonstrated that IDCP can be recognized as a distinct cluster that tends to show the characteristic 

expression of markers related to immune cells, fibroblasts, and hypoxia. Because this was a single 

case study, the need to examine more cases in the future is acknowledged. As spatial gene expression 

analysis is dot-based, each dot contains the gene expression of approximately 10 cells. In fact, all 10 

clusters of tumor cells classified in this study contained a mixture of immune cell and fibroblast 

markers. Integrating single-cell analysis data using the same sample through bioinformatics and 

introducing high-resolution spatial gene expression analysis at the single-cell level is thus necessary 

to perform a more accurate analysis. This will allow for a more accurate analysis. 

 

Figure 5. Graphical Summary. Intraductal carcinoma of the prostate may promote malignant 

transformation and increase resistance to therapy by causing hypoxia and immune cell inaccessibility 

owing to its morphological features. 

5. Conclusion 

Spatial gene expression analysis could identify IDCP-specific gene expression profiles 

effectively in a typical IDCP case. Our findings suggest that the morphological features of IDCP 

contribute to its poor accessibility for fibroblasts and immune cells, potentially playing a role in 

malignant transformation and therapeutic resistance. Overall, this study elucidates valuable markers 

and malignant mechanisms for diagnosing prostate cancer cases with IDCP, and provides novel 

personalized treatment options. Moving forward, we aim to further elucidate these mechanisms by 

expanding our sample size, integrating our data with single-cell analysis data, and implementing 

high-resolution spatial gene expression analysis techniques. 
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