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Fig. S1 Additional analysis of the normal mouse prostate atlas. A Alternative visualization of the
aggregated dataset in Fig. 1A to show the full contribution of each source dataset to each
population. Non-prostatic populations as well as populations that may correspond to cell states are
only shown for the individual datasets have been removed. B,C Additional subclustering
highlights a potential intermediate LumA/Basal cell state in a specific dataset [6], as shown by a

UMAP plot (B) and dot plot of detailed marker expression (C).
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Fig. S2 Additional subclustering of specific cell populations from the prostate and neighboring
tissues. A,B The immune compartment from [6] contains at least 5 distinct myeloid populations
(A); dot plot shows distinguishing markers (B). C,D The immune compartment from [7] contains
at least 4 distinct myeloid populations (C); dot plot showing distinguishing markers (D). E,F The
stromal compartment from [6] contains 4 distinct populations with potential further subdivision of
the Mes2 population. G,H The non-prostate cells from [6] primarily capture seminal vesicle and
reveal potential proximal/distal subdivision of the tissue. I,J The Foxil-positive ionocytes from

[6] show potential heterogeneity as well and are present in both prostate and seminal vesicle tissue.
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Fig. S3 Reference plots of mouse prostate sScCRNA-seq data generated by the Seurat pipeline. A
Shown are plots arranged as in Fig. 1, revealing 9 epithelial populations, 5 stromal populations,
and at least 4 immune populations across multiple datasets. This approach reproduced all epithelial
and stromal populations; however, it did not subcluster some low abundance and immune
populations, so these were labeled as combined populations. B-G Sources of the datasets that
compose the aggregate UMAP, showing intermixing of cells from different mouse strains and

processing methods within population clusters.
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Fig. S4 Gene Set Enrichment Analysis of the mouse prostate populations using Hallmark
Pathways. Pathway analysis of curated gene expression signatures shows the normalized
expression of gene sets involved in different processes by cell type. Of note, among the prostate
epithelial populations, distal luminal cells are the most enriched for genes involved in protein
secretion and androgen response, whereas proximal cell types display more enrichment for Wnt,
TGF-beta, and TNF-alpha pathway genes. Analyses for each pathway were performed on

aggregated mouse prostate data in the Seurat pipeline.
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Fig. S5 Analysis of a published dataset for the mouse urethral and periurethral regions. A t-SNE
visualization of the urethral dataset from [7] shows distal, proximal, periurethral, basal,
neuroendocrine, and ionocyte cells, mesenchymal and immune populations, and several non-
prostate populations such as the urethra. B Dot plot of differentially expressed markers between
LumP and PrU (mixed), and urethra-only populations in the urethral dataset. Although they are
visibly distinct, both the prostate PrU and LumP populations have gene expression overlap with
similar urethral populations. C-E Genes with enriched expression in the urothelium (C), prostatic

PrU (D), and prostatic LumP (E).
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Fig. S6 Gene expression changes during prostate regression and regeneration. Line plots generated
from meta-analysis of a regression-regeneration time course based on [6], where the line indicates
average gene expression across the population and the bar indicates the CI (+/- 95%). A-C Genes
that are enriched in urethral and not PrU cells, in Basal (A), LumA (B), and LumP (C) cells. LumA
and Basal cells generally did not gain expression of urothelial markers, with the exception of
Upk3a, which is specific to the urethra in C57BL/6 mice, whereas LumP cells gained expression
of a subset of urothelial markers in addition to the PrU markers. D,E Expression of distinguishing
markers for the Mes 1 (D) and Mes 2 (E) fibroblast populations over the regression and

regeneration time course.
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Fig. S7 Heatmaps of total gene expression profiles for individual cell populations during prostate
regression and regeneration. Profiles of LumA (A), LumP (B), Basal (C), as well as Mes 1 (D) and
Mes 2 (E) based on data from [6] are compared to the normal gene expression profiles from the
Tabula Sapiens. Measurements are given in Wasserstein distance, a metric of effort required to
convert one profile into the other; red indicates greater similarity, and blue indicates less similarity

between populations.
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Fig. S8 Additional analysis of the normal human prostate atlas. A Alternative visualization of the
aggregated dataset in Fig. 4A showing the source datasets. B,C UMAP of the data from [5] using
our descriptive nomenclature as shown in Fig. 4C (B), and the zonal identity of each cell (C).
Although each large epithelial population contains cells from each zone, proportionally fewer of
the LumAcinar cells were from the peripheral zone. D, E Human prostate nomenclature shown for
the Tabula Sapiens normal prostate dataset [13], comparing the proposed nomenclature (D) to the

nomenclature from [11] (E).
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Michael Shen
Figure S9


Fig. S9 Gene expression profiles and cohort details for LumAcinar cells from normal and
transformed prostates. A-C PHATE plots of LumAcinar cells corresponding to Fig. SA. A Data
contribution from the 6 cohorts [6, 7, 13-17]. B Disease state, subgroup, and tumor samples for
the patients within each cohort. CNV analyses are detailed in the Methods and in Fig. 6. C Average
expression of the gene sets associated with normal and transformed LumAcinar cell states.
Transformed and abnormal cells exhibit heterogeneous profiles that divide into those with high
androgen receptor signaling (AR-positive), ERG-positive, or low AR signaling. D Dot plot
displaying selected genes with differential expression between normal and transformed
LumAcinar cells, divided into those lost (left) or gained (right) during transformation. E Dot plot

of selected genes from the PrU and LumDuctal signatures.
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Michael Shen
Figure S10


Fig. S10 Gene expression profiles for AR-positive and AR-low transformed LumAcinar cells. A
Dot plot of the 90 most differently expressed genes in LumAcinar cells of the AR-low subgroup,
corresponding to the AR-low signature. B Dot plot of the Hallmark Androgen Response Signature
genes. C PHATE plot of the mean expression of the Hallmark Androgen Response gene set. D
Dot plot of the AR-positive signature from [33]. Both signatures depict a broad negative

correlation with the AR-low signature genes in (A).
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Michael Shen
Figure S11


Fig. S11 Markers of neuroendocrine differentiation in tumor and abnormal acinar cells. A PHATE
plot highlighting the location of two distinct subsets of cells expressing neuroendocrine markers
were identified through manual curation based on collective expression of genes associated with
neuroendocrine differentiation within the entire group. The ASCL2-positive subset predominantly
overlaps with the AR-low population, and the ONECUT2-positive subset aligns with the AR-
positive and ERG-positive populations. B, C Dot plots depicting selected genes that characterize

the ASCL2-positive (B) and ONECUT2-positive (C) subsets.
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Figure S12


Fig. S12 Meta-analysis of human prostate scRNA-seq data across disease states reveals altered
gene expression profiles and a LumAcinar bias of CNVs. A,B UMAP plots of RNA expression
(A) and CNV profiles (B) of epithelial populations in 2 normal prostates [13], 3 patients with BPH
[7], and 4 patients with treatment-naive PCa [6]. To identify tumor populations, inferCNV was
used to detect CNVs across the disease samples, normalized against all epithelial populations of
the normal prostate from Tabula Sapiens [13], and clusters with CNVs were labeled as definitive
tumors. C UMAP plot of CNV profiles for each acinar cluster shows that hyperplastic cells have
similar CNV profiles to abnormal acinar cells while definitive tumor cells are distinct. D-G Dot
plots of differentially expressed genes, for the LumAcinar and NE populations (D), LumDuctal
(E), PrU (F), and Basal cells (G) across these datasets. For LumAcinar and NE cells in which
tumor populations were detected, populations are listed in order of CNV enrichment. Population
names match the names used in the source datasets, including spatial regions for each sample from
[6]; additional classification was added in (D) to distinguish tumor acinar cells from abnormal

acinar cells.
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Figure S13


Fig. S13 Marker expression for the LumAcinar and NE populations across disease states. A-F Dot
plots of specific markers for BPH acinar cells (A), abnormal acinar cells (B), Tumor CNV group
1 acinar cells (C), Tumor CNV group 2 acinar cells (D), Neuroendocrine tumor cells (E), and both
BPH and Tumor 1 acinar cells (F). Note that BPH acinar cells uniquely express genes for many
heat shock proteins, and that abnormal acinar cells generally share several changes in gene
expression with definitive tumor acinar cells, even when these cells were isolated from different
regions of the prostate. For example, samples 11, 12, and 13 of HP98 have abnormal acinar cells
though definitive tumor cells are only found in sample 13, and samples 15 and 17 of patient HP99
have abnormal acinar cells though definitive tumor cells are found in only sample 17. G
Immunofluorescence analysis of cell type and LumAcinar markers indicates that transcriptomic
changes in acinar cells can be broadly observed, as shown by maintenance of luminal CK8/18
expression but loss of acinar-specific MSMB expression. (Left) MSMB is expressed in CK8/18-
positive LumAcinar cells in the peripheral zone, and is absent where Basal cells are still intact,
independent of proximity to NE cells. (Middle right) Reduced MSMB expression in LumAcinar
cells can also be observed in the transition zone, which is less frequently a site of prostate cancer.
(Right) Reduced MSMB expression can also be observed in the central zone, which has the lowest
rate of prostate cancer. A rare example of MSMB expression in a CK5+MSMB+ intermediate-like
cell is highlighted (white arrow). Notably, basal cells are intact in all samples, indicating that these

changes in LumAcinar gene expression are detected in benign prostate tissue regions.
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Figure S14


Fig. S14 InferCNV methodology to distinguish tumor and abnormal cell populations. A-D UMAP
plots of gene expression (A,C) and CNVs (B,D) in prostate cell populations from patient HP99
[6]. (A,B) show general cell populations and the Tabula Sapiens Luminal Ductal cells (used for
CNV normalization), and (C, D) show specific populations detected by the RMT pipeline. E
Heatmap of detected CN'Vs across sections 15 and 17 taken from HP99, as well as the control
LumDuctal cells [13] used for normalization. A population was determined to be a definitive tumor
population if over 25% of the cells within the population were enriched for the same CNV over a
control. HP99 has a Tumor 1 group population (CNVs on chromosomes 3,9 & 11) and additional
patient-specific CNVs, a Tumor 2 group population (CNVs on chromosomes 10, 13 & 16) and
additional CNVs, and a NE Tumor population (CNVs on chromosomes 10 & 16). This de novo
NE tumor population shares several CNVs with an acinar Tumor 2 population from the same
region. Definitive tumor populations for HP99 were all detected in section 17, though
transcriptomic changes could be detected throughout populations in both sections 15 and 17, which

have unique cell type compositions.
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Figure S15


Fig. S15 InferCNV analysis of prostate tumors from the Chen cohort. A,B UMAP plots of gene
expression (A) and CNVs (B) for the cell populations from [17] and a normalization control from
[13]. C Heatmap of CNV enrichment across pooled patient samples and control populations. Data
were pooled and CNVs were normalized as a group to both internal mesenchymal populations and
external normal LumAcinar cells from Tabula Sapiens. All definitive tumor populations are
LumAcinar, and this cohort has completely variable CNV patterns between patients. D Dot plot of
expression of Hallmark AR response genes in individual samples from the Chen cohort. These
authors stated that one of the patients in their cohort underwent androgen-deprivation therapy, but
it is unclear from their annotation whether this patient sample was sequenced or included in their
analysis. However, since each of these samples displays robust expression of AR response genes,

we conclude that all of the samples that we analyzed were from hormonally-intact patients.
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Fig. S16 InferCNV analysis of prostate tumors from the Ge cohort. A,B UMAP plots of gene
expression (A) and CNVs (B) for the cell populations from 12 PCa patients [16] and a
normalization control from [13]. C Heatmap of CNV enrichment across the patient samples. Data
were pooled and CNVs were normalized as a group to multiple internal mesenchymal and
epithelial populations as well as external normal LumAcinar cells from Tabula Sapiens. This
cohort has CNV patterns that are observed in several patients; further, many patients had multiple
tumor populations with distinct sets of CNVs, which we have labeled numerically. All definitive

tumor populations are LumAcinar.
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Fig. S17 Full InferCNV analysis of the patient 1 tumor from the Ge cohort. A UMAP plots of gene
expression for cell populations from patient 1 [16], showing two distinct tumor populations and
multiple abnormal epithelial cell types. B Dot plot of the normal LumAcinar cells (Tabula), and
Patient 1 LumAcinar Tumor 1 and Tumor 2 cells, showing that Patient 1 had both AR-positive and

AR-low tumor cells concurrently.



