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Figure S1. ZNF397-deficiency has bifurcated effects on PCa with or without AR inhibition.
(A) Dot plot represents the results of MAGeCK algorithm-based re-analysis of the in vivo library
screening. ZNF397 is presented as red dot, CHD1 and SYNCRIP (previously identified top hits)
are presented as blue dots. p values were calculated with MAGeCK and green line represents the
statistical significance cutoff line (p<0.05). (B) Western blot of ZNF397 in a series of human PCa
cell lines with CRISPR-based ZNF397-KO. (C) Relative cell number fold change of CWR22Pc¢
cells transduced with Cas9 and annotated CRISPR guide RNAs, measured by FACS-based
competition assay. Enz denotes 1uM enzalutamide treatment for 15 days. (D) Relative cell number
fold change of MDA-PCa-2b cells transduced with Cas9 and annotated CRISPR guide RNAs,
measured by FACS-based competition assay. Enz denotes 10 uM enzalutamide treatment for 15
days. (E) Relative cell number fold change of LNCaP/AR cells transduced with Cas9 and
annotated CRISPR guide RNAs. Cells were treated with Vehicle (DMSO) or 5uM Apalutamide
for 4 days. (F) Relative cell number fold change of LNCaP/AR cells transduced with Cas9 and
annotated CRISPR guide RNAs. Cells were treated with Vehicle (DMSO) or 30uM Darolutamide
for 4 days. (G) Relative cell number fold change of LNCaP/AR cells transduced with Cas9 and
annotated CRISPR guide RNAs. Cells were treated with Vehicle (DMSO) or 80nM AR PROTAC
ACG67 for 4 days. (H) Tumor growth curve of xenografted wildtype LNCaP/AR cells treated with
annotated conditions. Veh denotes 0.5% CMC + 0.1% Tween 80. Number of tumors in each group
were annotated. (I-K) Bar plots represent the relative cell viability of LNCaP/AR (I), CWR22Pc
(J), and MDA-PCa-2b cells (K) transduced with Cas9 and annotated CRISPR guide RNAs and
treated with vehicle (Veh), measured as values of relative luminescence units (RLU) and
normalized to sgNT. Veh denotes DMSO. (L) Tumor growth curve of xenografted LNCaP/AR
cells transduced with annotated guide RNAs in castrated mice treated with vehicle. Veh denotes
0.5% CMC + 0.1% Tween 80. Number of tumors in each group were annotated. (M) Tumor growth
curve of xenografted LNCaP/AR cells transduced with annotated guide RNAs in intact mice
treated with vehicle. Veh denotes 0.5% CMC + 0.1% Tween 80. Number of tumors in each group
were annotated. For all panels unless otherwise noted, mean + s.e.m. is presented and p values
were calculated using two-way ANOVA with Bonferroni multiple-comparison test. Schematic
figure was created with BioRender.com.
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Figure S2. The impact of ZNF397-deficiency on AR protein and AR cistrome.

(A) Western blots represent canonical AR target proteins in sgNT and sgZNF397 LNCaP/AR cells.
(B) IHC staining for AR and AR target protein NKX3.1 in sgNT and sgZNF397 xenograft tumor
slides. A scale bar represents 50 um. (C) Representative IF staining for AR in LNCaP/AR cells
transduced with Cas9 and annotated guide RNAs. (D) Western blots represent the levels of AR
protein in the cytoplasmic, nuclear-soluble, and chromatin-bound fractions from annotated cells.
Cyto denotes cytoplasmic, nucl denotes nuclear and chro denotes chromatin. Histone H3
(chromatin) and cyclophilin B (cytoplasmic and nuclear) served as fractionation controls. (E) A
pie chart illustrates the number of shared and depleted AR binding peaks in ZNF397-KO cells
compared to wildtype cells, as determined by AR ChIP-Seq. (F) Motif enrichment analysis reveals
the most significantly lost motifs in ZNF397-KO cells, with the transcription factors binding to
the corresponding motifs annotated on the right. (G) A violin plot displays the number of enriched
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FOXA1 motif peaks per 20k ATAC-Seq peaks in annotated cells and treatment conditions. (H) A
violin plot displays the number of enriched FOXA1 and AR shared motif peaks per 20k ATAC-
Seq peaks in annotated cells and treatment conditions. p values were calculated using a two-tailed
t-test. (I) FOXA1 ChIP-qPCR results for canonical FOXA1 only sites and AR/FOXA1 shared sites
in LNCaP/AR cells transduced with annotated constructs. For all panels, unless otherwise noted,
the mean + s.e.m. is presented, and p values were calculated using two-way ANOVA with
Bonferroni multiple-comparison test.
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Figure S3. ZNF397 is required for the activation of canonical AR transcriptional program.
(A) Heatmap represents the most significantly upregulated genes in ZNF397-KO cells compared
to the control cells. (B) Volcano plot represents the genomic loci depleted or gained H3K27ac
peaks, in ZNF397-KO cells compared to the control cells. Significantly changed gene loci were
annotated as pink dots. (C) Volcano plot represents the genomic loci with depleted or gained
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H3K4me3 peaks, in ZNF397-KO cells compared to the control cells. Significantly changed gene
loci were annotated as pink dots. (D) Heatmap represents the H3K27ac enrichment score (CPM,
see Methods) in the genomic loci of AR Score genes in the sgZNF397 cells compared to sgNT
cells. (E) Heatmap represents the H3K4me3 enrichment score (CPM, see Methods) in the genomic
loci of AR Score genes in the sgZNF397 cells compared to sgNT cells. For all panels unless
otherwise noted, reads from two independent cell cultures/guide were plotted, matching input
controls were used for analysis.
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Figure S4. ZNF397-KO impairs DHT-induced AR signaling activation.

(A) Bar plot represents the relative cell viability of LNCaP/AR cells transduced with annotated
guide RNAs and treated with different doses of DHT for 7 days, measured as values of relative
luminescence units (RLU) and normalized to vehicle-treated conditions. (B) Representative FACS
results showing the percentage of apoptotic LNCaP/AR cells transduced with annotated guide



RNAs under annotated concentration of DHT-treatments, measured by a FACS-based Annexin-PI
apoptosis assay. (C) Bar plots represent the quantification of panel B, displaying the percentage of
apoptotic cells under annotated concentration of DHT-treatments. (D) Representative FACS
results showing the percentage of activated proliferating LNCaP/AR cells transduced with
annotated hairpins under annotated concentration of DHT-treatments, measured by a FACS-based
EdU-incorporation assay. (E) Bar plots represent the quantification of panel D, displaying the
percentage of EdU-positive and actively proliferating cells under annotated conditions. (F) Bar
plot representing the relative cell viability of LNCaP/AR cells transduced with annotated guide
RNAs and treated with different doses of R1881 for 4 days, measured as values of relative
luminescence units (RLU) and normalized to vehicle-treated conditions. (G) Relative gene
expression levels of canonical AR target genes in the LNCaP/AR cells transduced with empty or
ZNF397 overexpression constructs, measured by qPCR assay. Data are normalized to the average
expression in empty-vector transduced cells. For all panels unless otherwise noted, n=3
independently treated cell cultures and mean + s.e.m. is presented. p values were calculated using
two-way ANOVA with Bonferroni multiple-comparison test.
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Figure S5. ZNF397-KO promotes multilineage and lineage plastic gene expression.

(A) Principal-component analysis (PCA) plots of two human CRPC biopsy samples (3, 53). For
each sample, single cell transcriptomic profiles are colored by the expression (Log2CPM) of
lineage gene signatures. (B) Violin plots represent the expression scores of lineage gene signatures
in subclones with high vs low ZNF397 expression in both CRPC patient. p-values were calculated
by Mann-Whitney U test. (C) Western blots represent lineage-specific marker proteins in sgNT
and sgZNF397 LNCaP/AR cells, from the same western blot experiment as Fig.S2A. (D) Relative
gene expressions of lineage marker genes in LNCaP/AR cells transduced with Cas9 and annotated
guide RNAs, and treated with vehicle (Veh, DMSO) or enzalutamide (Enz, 10 uM) for 7 days,
normalized and compared to Veh group. (E) Relative gene expression levels of canonical lineage
specific marker genes in the CWR22Pc cells transduced with Cas9 and annotated guide RNAs,
measured by qPCR assay, normalized to sgNT cells. (F) Relative gene expression levels of
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canonical lineage specific marker genes in the MDA-PCa-2b cells transduced with Cas9 and
annotated guide RNAs, measured by qPCR assay, normalized to sgNT cells. For all panels , n=3
independently treated cell cultures and mean + s.e.m. is presented. p values were calculated using
two-way ANOVA with Bonferroni multiple-comparison test. Schematic figure was created with
BioRender.com.
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Figure S6. ZNF397-KO promotes stem-like and EMT-like transcriptional programs.

(A) Representative images of an LNCaP/AR cell wound healing assay from three independently
treated cell cultures. (B) Quantification of the occupied areas of invading cells from three
representative images, taken from three independently treated cell cultures for each of the cell lines.
(C) Representative images show the morphological changes in annotated LNCaP/AR cells treated
with TGF-B + EGF, derived from three independently treated cell cultures. (D) Quantification of
the percentage of "elongated and fusiform" cells from three representative images, taken from
three independently treated cell cultures for each cell line. p value was calculated with Fisher’s
Exact Test. (E) Relative gene expression levels of EMT-like lineage marker genes in LNCaP/AR
cells transduced with Cas9 and annotated guide RNAs, normalized to sgNT group. For all panels
unless otherwise noted, n=3 independently treated cell cultures and mean =+ s.e.m. is presented. p
values were calculated using multiple t-test with Benjamini correction.
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Figure S7. ZNF397-KO led to induction of TET2 downstream genes.
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(A) Relative cell number fold change of LNCaP/AR cells transduced with Cas9 and annotated
CRISPR guide RNAs, measured by FACS-based competition assay. Enz denotes 10 uM
enzalutamide treatment for 25 days. (B) Relative gene expression levels of canonical TET2 target
genes in the LNCaP/AR cells transduced with Cas9 and annotated guide RNAs, measured by
RNA-seq analysis, normalized to sgNT cells. (C) Relative cell number fold change of LNCaP/AR
cells transduced with Cas9 and annotated CRISPR guide RNAs and treated with vehicle. p values
were calculated using one-way ANOVA with Bonferroni multiple-comparison test. (D) Relative
cell number fold change of LNCaP/AR cells transduced with Cas9 and annotated CRISPR guide
RNAs and treated with vehicle or enzalutamide. (E) Relative cell number fold change of
LNCaP/AR cells transduced with annotated constructs expressing truncated version of TET2 and
treated with vehicle or enzalutamide. C: cysteine-rich domain of TET2; CD: catalytic domain of
TET2. (F) Schematic figure represents the establishment of patient-derived explant (PDE) models
treated with vehicle or 10 uM enzalutamide for 24 hours. (G) Western blots represent the protein
levels of ZNF397, AR, TET2 and lineage markers in independent PDEs (n=3) treated with vehicle
(Veh) or enzalutamide (Enz). (H) Relative gene expression of ZNF397, AR pathway and TET2
target in PDEs (n=4) treated with vehicle (Veh) or enzalutamide (Enz). For all panels unless
otherwise noted, n = 3 independently treated cell cultures and mean + s.e.m. is presented. p values
were calculated using multiple t-tests with Benjamini correction. Schematic figure was created
with BioRender.com.
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Figure S8. ZNF397-KO promotes transcriptional activation of TET2 downstream genes.
(A) Distribution of TET2 binding peaks on canonical lineage plastic and multilineage gene
signatures based on TET2 ChIP-seq results in LNCaP derived C4-2 cells (59). (B) Representative
TET?2 binding sites in the genomic loci of canonical lineage plastic signature genes in the C4-25%
Rys C4-2C0N cells, based on TET2 ChIP-seq analysis. The binding peak distances (kilo base pair)
to TSS (Transcriptional Start Site) are annotated in green. (C) Co-immunoprecipitation (Co-IP) of
ZNF397 and the TET2 CD domain with a Flag or Myc tag in HEK293T cells. (D) Heatmap
represents the H3K27ac enrichment score (CPM, see Methods) in the genomic loci of lineage-
specific signature genes in the sgZNF397 cells compared to sgNT cells. (E) Heatmap represents
the H3K4me3 enrichment score (CPM, see Methods) in the genomic loci of lineage-specific
signature genes in the sgZNF397 cells compared to sgNT cells. (F-H) Violin plot represents the
number of peaks belongs to motifs known to be correlated with enhanced TET2 activity: (F) KLF5
motif, (G) SLUG motif, (H) ERG motif, per 20k ATAC-Seq peaks in annotated cells and treatment
conditions. n = 3 independently treated cell cultures were used for the triplicates in ATAC-Seq
and mean + s.e.m. is presented. p values were calculated using two-tailed t-test. (I) Bar plots
represent the relative cell viability of LNCaP/AR cells transduced with annotated CRISPR guide
RNAs and rescue construct expressing ZNF397 SCAN domain, measured as values of relative
luminescence unit (RLU) and normalized to vehicle treated conditions. Enz denotes 10 uM
enzalutamide treatment for 7 days and Veh denotes DMSO.
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Figure S9. ZNF397-deficiency has bifurcated effects on AR-dependent vs AR-independent
PCas.

(A) Kaplan-Meier curves represent the progression-free survival of primary PCa patients with high
(above median) or low (below median) expression of ZNF397 in TCGA cohort. The p-value was
calculated using the log-rank test. (B) Multivariate Cox hazard ratio analysis represents the
significant risk factors associated with disease progression in TCGA patient cohort. The p value
was calculated with the log-rank test. (C, D) Box plots represent the relative expression of ZNF397
in patients with solid normal tissue, primary tumor, and mCRPC tumor in the TCGA and SU2C
cohorts, respectively. p-values were calculated using the Kruskal-Wallis test with Benjamini
correction. (E) Representative IHC staining for ZNF397 and TET2 proteins on FFPE slides of
solid normal tissue, primary tumor, and mCRPC tumor. A scale bar represents 25 pm. All
schematic figure was created with BioRender.com.
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Figure S10. Targeting TET2-driven epigenetic rewiring to overcome resistance.

(A) Bar plots represent the relative cell viability of LNCaP/AR cells transduced with Cas9 and
annotated CRISPR guide RNAs, measured as values of relative luminescence unit (RLU) and
normalized to sgNT. (B) Relative gene expression of lineage plasticity marker genes in MSK-
PCal0 treated with enzalutamide (Enz) and Bobcat339 (Bobcat). (C) IF staining for lineage
plasticity markers in MSK-PCal0 treated with enzalutamide (Enz) and Bobcat339 (Bobcat), with
representative images shown from n=3 independently treated cell cultures. (D) Schematic
representation of acute AR inhibition using enzalutamide and AR degraders. (E) Relative gene
expression of ZNF397 versus AR target genes in parental LNCaP/AR cells treated with
enzalutamide (Enz) or two AR degraders (AC67 and AC176) for 48 hours, normalized to
sgNT+Veh. For all panels, unless otherwise noted, n = 3 independently treated cell cultures and
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mean + s.e.m. is presented. p values were calculated using two-way ANOVA with Bonferroni
multiple-comparison test. Schematic figure was created with BioRender.com.

Supplemental Table Legends:

Table S1. Significantly Altered AR ChIP-seq Peaks in ZNF397-KO Cells

Table S2. Differentially Expressed Genes in ZNF397-KO Cells

Table S3. Significantly Enriched or Depleted Signaling Pathways in GSEA Analysis
Table S4. Candidate Resistance Driver Genes in ZNF397-KO Cells

Table S5. Lineage-Specific and AR Target Gene Signatures

Table S6. Key Resources
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