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Supplementary Methods
RNA-Seq analysis
[bookmark: _Hlk100920397][bookmark: _Hlk100920430]RNA-Seq analyses of LNCaP and LNCaP/MDVR cells were conducted by BioTools (New Taipei City, Taiwan) and the complete protocol was provided by BioTools. Briefly, an mRNA and complementary (c)DNA library was prepared using KAPA mRNA HyperPrep Kits (Roche) and sequenced using the NovaSeqTM 6000 sequencing system (Illumina) in 300~400-bp paired-end reads. In the data modulation step, the quality of raw reads was checked using FastQC and MultiQC, and then raw-paired end reads were trimmed with Trimommatic v0.38 (leading:3; trailing:3; sliding window:4:15; Minlen:30) followed by DIAMOND to detect contamination [1-3]. Clean reads were mapped to the reference genome (Homo sapiens GRCh38) using HISAT2 v2.1.0 [4]. FeatureCount v1.6.0 [5]. was used to map the count readings to an individual gene. Read counts were normalized to relative log expression using the DESeq2 v1.22.1 package in R [6]. Parameters and codes from each R package followed the default, except for those mentioned above. Differentially expressed genes (DEGs) were determined using DESeq2. The threshold of significance was set to log(fold change) of >2, and p was adjusted to <0.05, based on Benjamini and Hochberg’s approach [7]. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses of DEGs were performed using clusterProfiler v3.10.1 [8]. Gene set enrichment analysis (GSEA) was performed with 1000 permutations to identify the activated enriched pathways from MSigDB [9].

Clinical outcomes and dataset analyses
[bookmark: _Hlk99657710]The Cancer Genome Atlas (TCGA) PCa dataset contains 414 primary PCa samples from patients treated with radical prostatectomy under National Cancer Institute, National Institutes of Health Review Board approval, which consisted of level 3 normalized microarray gene mRNA expression data (UNC_AgilentG4502A_07). Expression data (and the resulting z-scores) were log2-normalized. For the GSEA, GSEA software was downloaded from the Broad Institute [10], and gene signature responses to hypoxia (Q1, Hallmark, Elvidge [11], Leonard [12], Winter [13], and Manalo [14], RB1 loss-of-function [15], p53 mutations [16], PCa progression (KEGG, Tomlins [17], and Ouyang [18]), cell migration (Wu [19]), metastasis (Cromer [20] and Sung [21]), EMT (GO and Chakrabarti [22]), small cell lung cancer (SCLC) progression (KEGG), and NEPC differentiation (Li [23] and Beltran [24]) were used to determine associations with mean expression levels of ZBTB46, HIF1A, FOXA2, and MCTP1. Cutoff values used to identify “ZBTB46-high,” “FOXA2-high,” “HIF1A-high,” or “MCTP1-high” patients were predetermined by half the number of patients from both the GSEA analyses. The normalized enrichment score (NES) and false discovery rate (FDR) were calculated using GSEA. To evaluate MCTP1 expression levels with PCa progression and survival, PSA levels were measured using mRNA expression data from the Taylor PCa dataset (GSE21036) [25], which included 28 normal prostate samples and 98 primary and 13 metastatic PCa samples. A log-rank test was used for the survival curve analysis of 111 PCa patients (98 primary and 13 metastatic samples), and the hazard ratios of MCTP1 high (n=56)/MCTP1 low (n=55) were determined for each group. The study was approved by the Memorial-Sloan Kettering Cancer Center (MSKCC) Institutional Review Board. Correlations among the mRNA levels of MCTP1, ZBTB46, and HIF1A were validated using the TCGA and GSE21036 PCa datasets.
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[bookmark: _Hlk102998447]Fig. 1. ADT-induced ZBTB46 is associated with a hypoxic pathway through HIF1A/FOXA2 upregulation. A Relative differentially expressed genes (DEGs) among upregulated KEGG enrichment pathways determined by RNA-Sequencing (Seq) analysis with MDV3100-resistant cells (LNCaP-MDVR) vs. parental LNCaP cells. HIF1 signaling pathway was robustly upregulated in cells with ADT-resistance based on a significant false discovery rate (FDR) and p adjusted value by the RNA-Seq analysis. B Gene set enrichment analysis (GSEA) of TCGA prostate cancer (PCa) dataset showing that higher ZBTB46 expression in PCa samples was positively correlated with the upregulated FOXA2-targeted or HIF1A/FOXA2-targeted gene signature. NES, normalized enrichment score; FDR, false discovery rate. C Pearson correlation coefficient analysis of mean mRNA expression of ZBTB46 relative HIF1A and FOXA2 in patients from the GSE21036 PCa dataset. The significance of the positive correlation among the mean mRNA expression of ZBTB46, FOXA2, and HIF1A was determined by two-tailed Pearson correlation XY analyses in GraphPad Prism. R, correlation coefficient, P, p (two-tailed) value.
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[bookmark: _Hlk82782825][bookmark: _Hlk96091337]Fig. 2. Upregulation of MCTP1 is possibly linked to hypoxia-associated HIF1A/FOXA2 signaling. A and B GSEA of TCGA PCa dataset showing that higher ZBTB46 and HIF1A expression levels in prostate tissues were positively correlated with the upregulated FOXA2-targeted gene signature. MCTP1 was a candidate gene at the top of both lists of upregulated FOXA2 target genes and was upregulated in tissues that highly expressed ZBTB46 and HIF1A. NES, normalized enrichment score; FDR, false discovery rate. C GSEAs of TCGA PCa dataset showing that higher MCTP1 expression of PCa samples was positively associated with multiple hypoxia-responsive gene signatures. D Pearson correlation coefficient analysis of mean mRNA expression of MCTP1 relative to HIF1A levels in PCa patients from the GSE21036 dataset. Significance was determined by two-tailed Pearson correlation XY analyses in GraphPad Prism. R, correlation coefficient, P, p (two-tailed) value. E ChIP-Seq analysis of the detected DNA-binding sites for HIF1A/B and FOXA2 of the MCTP1 gene. The ChIP-Seq data were from Gene Expression Omnibus (GEO) (GSM1462475, GSM1462476, GSM1617408, and GSM1617409) and analyzed it by Genome Browser (Genomics Institute, UCSC, CA, USA).
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[bookmark: _Hlk79756251]Fig. 3.  Hypoxia-induced MCTP1 may be linked to ADT-associated NED of PCa. A Mean expression of MCTP1 in LNCaP cells from the GDS3358 database during 11 months of androgen withdrawal. * vs. the control, by a one-way ANOVA. B MCTP1 mRNA levels in LNCaP and C4-2 cells during 5 months of 20 μM MDV3100 treatment compared to parental LNCaP and C4-2 cells, by an RT-qPCR analysis. * vs. parental LNCaP or C4-2, by a one-way ANOVA. C and D Relative mRNA levels of MCTP1 and NE markers in LNCaP (C) and C4-2 (D) cells following treatment with CSS-containing medium for 5 and 10 days and further treated with 10 nM DHT for 1 day. * vs. -CSS; # vs. +CSS/10 days, by a two-way ANOVA. Quantification of mRNA is presented as the mean ± SEM from three biological replicates. * p<0.05, ** p<0.01, *** p<0.001. E GSEA of TCGA PCa dataset showing that higher MCTP1 expression of PCa samples was positively associated with various neurodevelopment-responsive gene signatures. NES, normalized enrichment score; FDR, false discovery rate.
[bookmark: _Hlk102998554]
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[bookmark: _Hlk80191292][bookmark: _Hlk99858148]Fig. 4. SNAI1-associated EMT and NED of PCa may occur through upregulation of MCTP1-driven calcium/AKT signaling. A GSEA of TCGA PCa database showing that enrichment of MCTP1 expression was associated with upregulated expression of the EMT and metastasis-responsive gene signatures. NES, normalized enrichment score; FDR, false discovery rate. B and C Relative mRNA levels of MCTP1 and EMT-associated transcription factors in LNCaP (B) and C4-2 (C) cells following stable transfection with an empty vector (EV) or an MCTP1 cDNA vector. * vs. the EV, by a one-way ANOVA. D Relative mRNA levels of MCTP1 and EMT-associated transcription factors in PC3 cells stably transfected with a non-target control (Luc) or MCTP1 shRNA vector following treatment with 10 μM DMOG for 24 h. n=3 per group. * vs. -DMOG; # vs. shLuc, by a two-way ANOVA.  (E and F) Relative mRNA levels of SNAI1, NE (CHGA, SYP, and ENO2), and EMT (CD44 and VIM) markers in LNCaP (E) and C4-2 (F) cells expressing an EV or MCTP1 cDNA. * vs. the EV, by a two-way ANOVA. Quantification of mRNA is presented as the mean ± SEM from three biological replicates. * p<0.05, ** p<0.01, *** p<0.001.


[bookmark: _Hlk104385640]Supplementary tables 
[bookmark: _Hlk96328889]Table 1. Primer sequences of the DYK Flag-tagged FOXA2 protein and MCTP1-GFP reporter constructs.
	[bookmark: _Hlk96092792]Wild-type and mutants of Flag-tagged FOXA2 protein constructs

	DYK-FOXA2_FL F
	ATCCTTGTAATCAGAGGAGTTCATAATGGGCCG

	DYK-FOXA2_FL R
	GACGACGATAAGTAAGAAGACGACGGCTTCAGG

	DYK-FOXA2_361 F
	GATTACAAGGATGACGACGATAAGTAAGAAGACGACGGC

	DYK-FOXA2_361 R
	CTCAGGCGGCAGGCCCGG

	DYK-FOXA2_252 F
	GATTACAAGGATGACGACGATAAGTAAGAAGACGACGGC

	DYK-FOXA2_252 R
	CTGGCGGCGCAGGTAGCA

	DYK-FOXA2_113 F
	GATTACAAGGATGACGACGATAAGTAAGAAGACGACGGC

	DYK-FOXA2_113 R
	GAGCGGGCTCAGGCTGGG

	Wild-type and mutants of MCTP1 gene-GFP reporter constructs

	WT_MCTP1-GFP F
	GTGTGACCTTCACCCAATTTC

	WT_MCTP1-GFP R
	TCCACACTGAGCGATGAAC

	MCTP1_HRE1M F
	CTTATTCAGATGTCAATTGTTTATGTGCA

	MCTP1_HRE1M R
	ACATCTGAATAAGATAAGTTG

	MCTP1_HRE2M F
	GTTTCTCCATTCAATTGGCTCTTTT

	MCTP1_HRE2M R
	AATGGAGAAACTCTGGGCTG

	MCTP1_FRE1M F
	CCTTAGCTGACAATTGGTTTCACTACATCT

	MCTP1_FRE1M R
	TCAGCTAAGGGAGTGGGTCC

	MCTP1_FRE2M F
	TAGAAATTCCAATTGTTGTCTCGCATCA

	MCTP1_FRE2M R
	GAATTTCTAATATGCAAAAGT

	MCTP1_FRE3M F
	AAAGGTAACACAATTGAAACAAAACAA

	MCTP1_FRE3M R
	TGTTACCTTTATAACAAATATT

	MCTP1_FRE4M F
	AACAAAACACAATTGAAAACTTAGGTTG

	MCTP1_FRE4M R
	TGTTTTGTTTTTGTTACCTTT

	MCTP1_ZREM F
	GGGGCGGGGGCCAATTGCTTCAGCTTT

	MCTP1_ZREM R
	GCCCCCGCCCCGTTGCGCT



[bookmark: _Hlk96328906][bookmark: _Hlk96119932]Table 2. Immunoblot antibodies. The source and dilution of each antibody used for immunoblotting in this study are listed.
	Primary
antibody
	Clonality
	Source
(catalog no.)
	Dilution
	Secondary
antibody
	Source
	Dilution

	ZBTB46
	Polycloncal
	GeneTex (GTX121617)
	1:1000
	Rabbit
	Jackson
	1:10000

	HIF1A
	Polycloncal
	Affinity (AF1009)
	1:1000
	Rabbit
	Jackson
	1:10000

	FOXA2
	Monoclonal
	Santa Cruz (sc-374376)
	1:500
	Mouse
	Jackson
	1:10000

	ENO2
	Monoclonal
	Santa Cruz (sc-21738)
	1:500
	Mouse
	Jackson
	1:10000

	CHGA
	Monoclonal
	Cell signaling (85798)
	1:1000
	Rabbit
	Jackson
	1:10000

	NKX3-1
	Monoclonal
	Cell signaling (83700)
	1:1000
	Rabbit
	Jackson
	1:10000

	DYK
	Monoclonal
	Genescript (A00187S)
	1:1000
	Mouse
	Jackson
	1:10000

	SNAI1
	Monoclonal
	Santa Cruz (sc-271977)
	1:500
	Mouse
	Jackson
	1:10000

	SNAI2
	Monoclonal
	Cell Signaling (9585)
	1:1000
	Rabbit
	Jackson
	1:10000

	TWIST1
	Monoclonal
	Abcam (ab175430)
	1:1000
	Mouse
	Jackson
	1:10000

	CTNNB1
	Polycloncal
	Proteintech (51067-2-AP)
	1:1000
	Rabbit
	Jackson
	1:10000

	GAPDH
	Monoclonal
	Santa Cruz (sc-47724)
	1:1000
	Mouse
	Jackson
	1:10000


Table 3. Primer sequences for the RT-qPCR. Sequences of the primers used in the RT-qPCR assays in this study are listed 5’-3’. F, forward; R, reverse.
	Gene
	Primer sequence

	ZBTB46 F
	AGCAGGTGGAAGATGACAGC

	ZBTB46 R
	TGCTGGCTTCGGTGAC

	HIF1A F
	TATGAGCCAGAAGAACTTTTAGGCCG

	HIF1A R
	CACCTCTTTTGGCAAGCATCCTG

	FOXA2 F
	TGCACTCGGCTTCCAGTATG

	FOXA2 R
	GTTGCTCACGGAGGAGTAGC

	HSE6 F
	CTGAACTGAGTCAGGCTCCTG

	HSE6 R
	TCCAGACACTCCGGGCAATTTG

	SOX9 F
	AGGAAGCTCGCGGACCAGTAC

	SOX9 R
	GGTGGTCCTTCTTGTGCTGCAC

	KDM3A F
	GCCAACATTGGAGACCACTTCTG

	KDM3A R
	CTCGAACACCTTTGACAGCTCG

	NKX3-1 F
	CAGAGACCGAGCCAGAAACG

	NKX3-1 R
	CTGAGTGTGGGAGAAGGCAG

	KLK3 F
	TTTCCAATGACGTCTGTGCG

	KLK3 R
	CCAGAATCACCCGAGCAGG

	MCTP1 F
	GAAGATGACAAAGATGACAAGGACAGTG

	MCTP1 R
	TCAGCGGAATGCAGTACAGG

	CHGA F
	ACTGAAGGAGCTCCAAGACC

	CHGA R
	TCTGCCTCCTTGGAATCCTC

	CHGB F
	GCCACGTGCCTATTTCATGT

	CHGB R
	GCTCCTTCCTCACCGTAGTT

	ENO2 F
	CTTGGAGCTGGTGAAGGAAG

	ENO2 R
	GTCAAATGGGTCCTCAATGG

	SYP F
	TGCAATGGGTCTTCGCCATC

	SYP R
	CGGTCTTGTTGGCACAATCC

	MYCN F
	AGTTTGACTCGCTACAGCCC

	MYCN R
	TCAAGCAGCATCTCCGTGAC

	SNAI1 F
	GTTTACCTTCCAGCAGCCCT

	SNAI1 R
	TCCCAGATGAGCATTGGCAG

	SANI2 F
	GTTTTCCAGACCCTGGTTGCTTC

	SNAI2 R
	GAGCCCTCAGATTTGACCTGTC

	ZEB1 F
	GGCATACACCTACTCAACTACGG

	ZEB1 R
	TGGGCGGTGTAGAATCAGAGTC

	ZEB2 F
	AATGCACAGAGTGTGGCAAGGC

	ZEB2 R
	CTGCTGATGTGCGAACTGTAGG

	TWIST1 F
	GCCAGGTACATCGACTTCCTC

	TWIST1 R
	TCCATCCTCCAGACCGAGAAG

	CTNNB1 F
	CACAAGCAGAGTGCTGAAGGTG

	CTNNB1 R
	AGATTCCTGAGAGTCCAAAGACAGTTC



[bookmark: _Hlk64901772]Table 4. Antibodies for immunoprecipitation. The source and dilution of each antibody used for immunoprecipitation in this study are listed.
	Primary
antibody
	Species
	Clonality
	Source
(catalog no.)
	Dilution

	ZBTB46
	Mouse
	Monoclonal
	Santa Cruz (sc-390260)
	1:1000

	FOXA2
	Rabbit
	Polycloncal
	AVIVA (ARP39508_T100)
	1:1000

	DYK
	Mouse
	Monoclonal
	Genescript (A00187S)
	1:2000



Table 5. Antibodies for immunohistochemical staining. The source and dilution of each antibody used for immunohistochemical staining in this study are listed.
	Primary
antibody
	Species
	Clonality
	Source
(catalog no.)
	Dilution

	ZBTB46
	Mouse
	Monoclonal
	Santa Cruz (sc-390260)
	1:100

	FOXA2
	Rabbit
	Polycloncal
	Abcam (ab108422)
	1:100

	HIF1A
	Rabbit
	Polycloncal
	Affinity (AF1009)
	1:50

	MCTP1
	Rabbit
	Polycloncal
	AVIVA (ARP44441_P050)
	1:50

	CTNNB1
	Rabbit
	Polycloncal
	Proteintech (51067-2-AP)
	1:50

	SNAI1
	Rabbit
	Polycloncal
	IREAL (IR50-154)
	1:100

	ENO2
	Mouse
	Monoclonal
	Santa Cruz (sc-21738)
	1:50

	CHGA
	Mouse
	Monoclonal
	Santa Cruz (sc-393941)
	1:50

	PCNA
	Mouse
	Monoclonal
	Cell Signaling (2586)
	1:1000



Table 6. Chromatin immunoprecipitation (ChIP) antibodies and primer sequences. The source and dilution of each antibody and the sequences (5’-3’) of each primer used for ChIP in this study are listed.
	ChIP antibodies

	Primary antibody
	Species 
	Clonality 
	Source
	Dilution

	ZBTB46
	Mouse
	Monoclonal
	Santa Cruz (sc-390260)
	1:500

	HIF1A
	Rabbit
	Polycloncal
	Affinity (AF1009)
	1:1000

	FOXA2
	Mouse
	Monoclonal
	Santa Cruz (sc-374376)
	1:1000

	Acety-H3
	Rabbit
	Polycloncal
	Millipore (06-599B)
	1:1000

	IgG
	Rabbit
	Polycloncal
	Millipore (PP64B)
	1:1000

	ChIP primers

	Site
	Sequence

	MCTP1_HRE1 F
	GTGTGACCTTCACCCAATTTC

	MCTP1_HRE1 R
	ACAGGATAGGACTGCATAGAAC

	MCTP1_HRE2 F
	TACATTTGCCCCACCGCTAAC

	MCTP1_HRE2 R
	AGAGCAACGTGAATGGAGAAAC

	MCTP1_FRE1 F
	GAGGAAACATGGACTCTCACTCTGG

	MCTP1_FRE1 R
	GACTGGGCATATTCAAGGACAGAAC

	MCTP1_FRE2 F
	GAAAGTCAGTTTAATTGGGTGTCCTGC

	MCTP1_FRE2 R
	CTTATTGTGAGGGTGAGGGTTGG

	MCTP1_FRE3 F
	CATCCCCAGAGCCTATCACAG

	MCTP1_FRE3 R
	CAGTATGCTTTGGAGGTGTTACCAAC

	MCTP1_FRE4 F
	CAAATAAAGAAAAGGGAGGGGTGGATG

	MCTP1_FRE4 R
	AAGCGAGCTGGAGTGGAAACTATG

	MCTP1_ZRE F
	AGAAAAGGGAGGGGTGGATG

	MCTP1_ZRE R
	TCCACACTGAGCGATGAAC
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