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Reporting Summary
Springer Nature wishes to improve the reproducibility of the work that we publish. This checklist is used to ensure good 
reporting standards and to improve the reproducibility. Please respond completely to all questions relevant to your 
manuscript. For more information, please read the journal’s Guide to Authors. 

☐ Check here to confirm that the following information is available in the Material & Methods section:

 The exact sample size (n) for each experimental group/condition, given as a number, not a range

 A description of the sample collection allowing the reader to understand whether the samples represent
technical or biological replicates (including how many animals, litters, culture, etc.)

 A statement of how many times the experiment shown was replicated in the laboratory

 Definitions of statistical methods and measures: For small sample sizes (n<5) descriptive statistics are not
appropriate, instead plot individual data points

o Very common tests, such as t-test, simple χ
2
 tests, Wilcoxon and Mann-Whitney tests, can be

unambiguously identified by name only, but more complex techniques should be described in the
methods section

o Are tests one-sided or two-sided?
o Are there adjustments for multiple comparisons?
o Statistical test results, e.g., P values
o Definition of ‘center values’ as median or mean;
o Definition of error bars as s.d. or s.e.m. or c.i.

Please ensure that the answers to the following questions are reported in the manuscript itself.  We encourage you to 
include a specific subsection in the methods section for statistics, reagents and animal models.  Below, provide the 
page number or section and paragraph number. 

Statistics and general methods Reported in section/paragraph or page # 

1. How was the sample size chosen to ensure

adequate power to detect a pre-specified effect
size? (Give section/paragraph or page #)

For animal studies, include a statement about sample 
size estimate even if no statistical methods were 
used.  

2. Describe inclusion/exclusion criteria if samples or
animals were excluded from the analysis. Were
the criteria pre-established? (Give
section/paragraph or page #)

3. If a method of randomization was used to
determine how samples/animals were allocated
to experimental groups and processed, describe
it. (Give section/paragraph or page #)

For animal studies, include a statement about 
randomization even if no randomization was 
used. 
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4. If the investigator was blinded to the group
allocation during the experiment and/or when
assessing the outcome, state the extent of
blinding. (Give section/paragraph or page #)

For animal studies, include a statement about 
blinding even if no blinding was done. 

5. For every figure, are statistical tests justified as
appropriate?

Do the data meet the assumptions of the tests (e.g., 
normal distribution)? 

Is there an estimate of variation within each group of 
data? 

Is the variance similar between the groups that are 
being statistically compared? (Give 
section/paragraph or page #) 

Reagents Reported in section/paragraph or page # 

6. Report the source of antibodies (vendor and
catalog number)

7. Identify the source of cell lines and report if they
were recently authenticated (e.g., by STR
profiling) and tested for mycoplasma
contamination

Animal Models Reported in section/paragraph or page # 

8. Report species, strain, sex and age of animals

9. For experiments involving live vertebrates,
include a statement of compliance with ethical
regulations and identify the committee(s)
approving the experiments.

10. We recommend consulting the ARRIVE guidelines (PLoS Biol. 8(6), e1000412,2010) to ensure that other
relevant aspects of animal studies are adequately reported.
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Human subjects Reported in section/paragraph or page # 

11. Identify the committee(s) approving the study
protocol.

12. Include a statement confirming that informed
consent was obtained from all subjects.

13. For publication of patient photos, include a
statement confirming that consent to publish
was obtained.

14. Report the clinical trial registration number (at
ClinicalTrials.gov or equivalent).

15. For phase II and III randomized controlled trials, please refer to the CONSORT statement and submit the
CONSORT checklist with your submission.

16. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines.

Data deposition Reported in section/paragraph or page # 

17. Provide accession codes for deposited data.
Data deposition in a public repository is
mandatory for:
a. Protein, DNA and RNA sequences
b. Macromolecular structures
c. Crystallographic data for small molecules

d. Microarray data

Deposition is strongly recommended for many other datasets for which structured public repositories exist; more 
details on our data policy are available in the Guide to Authors. We encourage the provision of other source data 
in supplementary information or in unstructured repositories such as Figshare and Dryad. We encourage 
publication of Data Descriptors (see Scientific Data) to maximize data reuse. 

18. If computer code was used to generate results
that are central to the paper’s conclusions,
include a statement in the Methods section
under “Code availability” to indicate whether
and how the code can be accessed. Include
version information as necessary and any
restrictions on availability.
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	sample size: PCa TMA sections from Duke University School of Medicine (Durham, NC, USA) included 16 normal prostatic epithelial samples, 81 adenocarcinomas with a Gleason score of ≤ 7, 19 adenocarcinomas with a Gleason score of ≥ 8, and eight SCPC samples, and their use was approved by the Duke University School of Medicine Institutional Review Board (protocol ID: Pro00070193). PCa TMA sections comprising PKLR and ZBTB10 in 49 cases of primary prostate adenocarcinoma were purchased from Super Bio Chips (CA4). Tumor samples of 17 PCa patients before and after ADT treatment were collected from Taipei Medical University-associated Wan-Fang Hospital following a protocol based on the Declaration of Helsinki, and the study protocol was approved by the Taipei Medical University Joint Institutional Review Board (approval ID: N202001020).Materials and Methods section/Tissue samples/page #16
	sample size: animals: The protocol of the in vivo tumorigenicity assay was based on Guidelines for Care and Use of Laboratory Animals from the Council of Agriculture, Executive Yuan, Taiwan and was approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0032). Six-week-old CAnN.Cg-Foxn1nu/CrlNarl male mice were purchased from the National Laboratory Animal Center (NLAC, Taipei, Taiwan). Mice were randomized into three groups and subcutaneously injected with 106 cells/site (suspended in 100 μL of an aliquot mixture of Matrigel matrix and culture medium) of LASCPC01 and C4-2-MDVR cells in the right side of the flank, and the tumor diameter and mouse weight were monitored once a week. One month after injecting the cells, the mice were intraperitoneally injected with DMSO, vilanterol (25 mg/kg), or saquinavir (25 mg/kg) twice a week for 4 weeks under double-blind conditions. The tumor diameter was converted into a volume according to the following formula 20: V=0.5236×H×W×L; where V, H, W, and L are the volume, height, width, and length, respectively.Materials and Methods section/Tumorigenicity assays in mice/page #18
	randomization: The protocol of the in vivo tumorigenicity assay was based on Guidelines for Care and Use of Laboratory Animals from the Council of Agriculture, Executive Yuan, Taiwan and was approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0032). Six-week-old CAnN.Cg-Foxn1nu/CrlNarl male mice were purchased from the National Laboratory Animal Center (NLAC, Taipei, Taiwan). Mice were randomized into three groups and subcutaneously injected with 106 cells/site (suspended in 100 μL of an aliquot mixture of Matrigel matrix and culture medium) of LASCPC01 and C4-2-MDVR cells in the right side of the flank, and the tumor diameter and mouse weight were monitored once a week. One month after injecting the cells, the mice were intraperitoneally injected with DMSO, vilanterol (25 mg/kg), or saquinavir (25 mg/kg) twice a week for 4 weeks under double-blind conditions. The tumor diameter was converted into a volume according to the following formula 20: V=0.5236×H×W×L; where V, H, W, and L are the volume, height, width, and length, respectively.Materials and Methods section/Tumorigenicity assays in mice/page #18
	randomization: animals: The protocol of the in vivo tumorigenicity assay was based on Guidelines for Care and Use of Laboratory Animals from the Council of Agriculture, Executive Yuan, Taiwan and was approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0032). Six-week-old CAnN.Cg-Foxn1nu/CrlNarl male mice were purchased from the National Laboratory Animal Center (NLAC, Taipei, Taiwan). Mice were randomized into three groups and subcutaneously injected with 106 cells/site (suspended in 100 μL of an aliquot mixture of Matrigel matrix and culture medium) of LASCPC01 and C4-2-MDVR cells in the right side of the flank, and the tumor diameter and mouse weight were monitored once a week. One month after injecting the cells, the mice were intraperitoneally injected with DMSO, vilanterol (25 mg/kg), or saquinavir (25 mg/kg) twice a week for 4 weeks under double-blind conditions. The tumor diameter was converted into a volume according to the following formula 20: V=0.5236×H×W×L; where V, H, W, and L are the volume, height, width, and length, respectively.Materials and Methods section/Tumorigenicity assays in mice/page #18
	inclusion/exclusion criteria: The protocol of the in vivo tumorigenicity assay was based on Guidelines for Care and Use of Laboratory Animals from the Council of Agriculture, Executive Yuan, Taiwan and was approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0032). Six-week-old CAnN.Cg-Foxn1nu/CrlNarl male mice were purchased from the National Laboratory Animal Center (NLAC, Taipei, Taiwan). Mice were randomized into three groups and subcutaneously injected with 106 cells/site (suspended in 100 μL of an aliquot mixture of Matrigel matrix and culture medium) of LASCPC01 and C4-2-MDVR cells in the right side of the flank, and the tumor diameter and mouse weight were monitored once a week. One month after injecting the cells, the mice were intraperitoneally injected with DMSO, vilanterol (25 mg/kg), or saquinavir (25 mg/kg) twice a week for 4 weeks under double-blind conditions. The tumor diameter was converted into a volume according to the following formula 20: V=0.5236×H×W×L; where V, H, W, and L are the volume, height, width, and length, respectively.Materials and Methods section/Tumorigenicity assays in mice/page #18
	statistical tests: All experiments were independently carried out at least three times. Results of each experiment were collected and plotted using the standard error of the mean (SEM) with GraphPad Prism V8.0 (GraphPad Software). Statistical differences between individual groups were determined by a one- or two-way analysis of variance (ANOVA) followed by Bonferroni’s post-hoc test. For comparison of IHC staining of ADT samples, paired two-tailed Student’s t-tests were performed. For tumor grade association analysis of IHC staining of the CA9 TMA, p values were calculated by a Chi-squared test performed with SPSS statistical software vers. 18.0 (IBM SPSS). For correlations between IHC staining results of PKLR and ZBTB10, significance was determined by correlation XY analyses in GraphPad Prism. A log-rank test was used for the survival curve analysis in the Taylor 22 PCa clinical datasets with GraphPad Prism. The method for determining cutoffs was pre-decided by half of the number of patients. Tumors were mean-stratified by PKLR expression, and the overall survival of patients was determined in each group.
	data meet assumptions: Yes
	blinding: animals: The protocol of the in vivo tumorigenicity assay was based on Guidelines for Care and Use of Laboratory Animals from the Council of Agriculture, Executive Yuan, Taiwan and was approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0032). Six-week-old CAnN.Cg-Foxn1nu/CrlNarl male mice were purchased from the National Laboratory Animal Center (NLAC, Taipei, Taiwan). Mice were randomized into three groups and subcutaneously injected with 106 cells/site (suspended in 100 μL of an aliquot mixture of Matrigel matrix and culture medium) of LASCPC01 and C4-2-MDVR cells in the right side of the flank, and the tumor diameter and mouse weight were monitored once a week. One month after injecting the cells, the mice were intraperitoneally injected with DMSO, vilanterol (25 mg/kg), or saquinavir (25 mg/kg) twice a week for 4 weeks under double-blind conditions. The tumor diameter was converted into a volume according to the following formula 20: V=0.5236×H×W×L; where V, H, W, and L are the volume, height, width, and length, respectively.Materials and Methods section/Tumorigenicity assays in mice/page #18
	estimate of variation: Yes
	variance similar: N/A
	source of antibodies: Supplementary Table S3. Western blotting antibodies. Source and dilution of each antibody used for Western blotting in this study are listed.Supplemental File 1/Supplementary Tables/Supplementary Table S3/page #10Supplementary Table S4. ChIP antibodies and primer sequences. Source and dilution of each antibody and the sequences (5’-3’) of each primer used for ChIP in this study are listed.Supplemental File 1/Supplementary Tables/Supplementary Table S4/page #10
	blinding: The protocol of the in vivo tumorigenicity assay was based on Guidelines for Care and Use of Laboratory Animals from the Council of Agriculture, Executive Yuan, Taiwan and was approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0032). Six-week-old CAnN.Cg-Foxn1nu/CrlNarl male mice were purchased from the National Laboratory Animal Center (NLAC, Taipei, Taiwan). Mice were randomized into three groups and subcutaneously injected with 106 cells/site (suspended in 100 μL of an aliquot mixture of Matrigel matrix and culture medium) of LASCPC01 and C4-2-MDVR cells in the right side of the flank, and the tumor diameter and mouse weight were monitored once a week. One month after injecting the cells, the mice were intraperitoneally injected with DMSO, vilanterol (25 mg/kg), or saquinavir (25 mg/kg) twice a week for 4 weeks under double-blind conditions. The tumor diameter was converted into a volume according to the following formula 20: V=0.5236×H×W×L; where V, H, W, and L are the volume, height, width, and length, respectively.Materials and Methods section/Tumorigenicity assays in mice/page #18
	species, strain, sex, age: The protocol of the in vivo tumorigenicity assay was based on Guidelines for Care and Use of Laboratory Animals from the Council of Agriculture, Executive Yuan, Taiwan and was approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0032). Six-week-old CAnN.Cg-Foxn1nu/CrlNarl male mice were purchased from the National Laboratory Animal Center (NLAC, Taipei, Taiwan). Mice were randomized into three groups and subcutaneously injected with 106 cells/site (suspended in 100 μL of an aliquot mixture of Matrigel matrix and culture medium) of LASCPC01 and C4-2-MDVR cells in the right side of the flank, and the tumor diameter and mouse weight were monitored once a week. One month after injecting the cells, the mice were intraperitoneally injected with DMSO, vilanterol (25 mg/kg), or saquinavir (25 mg/kg) twice a week for 4 weeks under double-blind conditions. The tumor diameter was converted into a volume according to the following formula 20: V=0.5236×H×W×L; where V, H, W, and L are the volume, height, width, and length, respectively.Materials and Methods section/Tumorigenicity assays in mice/page #18
	source of cell lines: Cell lines used in this study were obtained from American Type Culture Collection (ATCC). Culture medium was distinct for each cell line. LNCaP cells were cultured in Roswell Park Memorial Institute (RPMI) medium 1640 (ThermoFisher, 11875-085), with 5% fetal bovine serum (FBS, US origin, EMD Millipore, TMS-013-BKR). C4-2 and PC3 cells were cultured in RPMI-1640 with 5% heat-inactivated FBS. VCaP cells were cultured in Dulbecco's modified Eagle medium (DMEM; Corning, 10-013-CV) with 5% FBS. LASCPC01 cells were cultured in HITES medium which is composed of RPMI-1640, 10 nM hydrocortisone (Sigma-Aldrich, H0888), 1 insulin/transferrin/selenite (ThermoFisher, 41400-045), 200 nM β-estradiol (Sigma-Aldrich, E2758), and 5% FBS. NCI-H660 cells were cultured in RPMI 1640 medium supplemented with 1 insulin/transferrin/selenite (ThermoFisher, 41400-045), 10 nM hydrocortisone (Sigma-Aldrich), 10 nM ß-estradiol (Sigma-Aldrich, E2758), 4 mM L-glutamine (Invitrogen), and 5% FBS. The PZ-HPV-7 normal prostate epithelial cell line was cultured in keratinocyte serum-free medium (K-SFM, ThermoFisher, 17005-042) supplemented with 0.05 mg/ml bovine pituitary extract (BPE, ThermoFisher) and 5 ng/ml human recombinant epidermal growth factor (EGF, ThermoFisher). MDV3100/enzalutamide-resistant LNCaP-MDVR and C4-2-MDVR cells were respectively derived from LNCaP and C4-2 cells cultured for 12 months in RPMI 1640 medium with 5% FBS containing 20 μM MDV3100 (Selleckchem, S1250). All cell lines tested negative for mycoplasma contamination. To mimic ADT, cells were cultured in RPMI-1640 medium with 5% CSS (ThermoFisher, 12676-029)-containing medium for 48 h or treated with 10 μM MDV3100 (Selleckchem, S1250) under standard culture conditions for 48 h. The AR ligand was treated with 10 nM DHT (Sigma-Aldrich) for 24 h. The candidate PKLR inhibitors (vilanterol, saquinavir, fosinopril, and salmeterol) were purchased from MedChemExpress (HY-14300, HY-17007, HY-B0382, and HY-14302), and the concentrations of each candidate drug for cell viability were treated with 0, 1, 5, 10, 25, and 50 μM for 24 h.Materials and Methods/Cell culture and reagents/page #15
	statement of compliance: The protocol of the in vivo tumorigenicity assay was based on Guidelines for Care and Use of Laboratory Animals from the Council of Agriculture, Executive Yuan, Taiwan and was approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0032). Six-week-old CAnN.Cg-Foxn1nu/CrlNarl male mice were purchased from the National Laboratory Animal Center (NLAC, Taipei, Taiwan). Mice were randomized into three groups and subcutaneously injected with 106 cells/site (suspended in 100 μL of an aliquot mixture of Matrigel matrix and culture medium) of LASCPC01 and C4-2-MDVR cells in the right side of the flank, and the tumor diameter and mouse weight were monitored once a week. One month after injecting the cells, the mice were intraperitoneally injected with DMSO, vilanterol (25 mg/kg), or saquinavir (25 mg/kg) twice a week for 4 weeks under double-blind conditions. The tumor diameter was converted into a volume according to the following formula 20: V=0.5236×H×W×L; where V, H, W, and L are the volume, height, width, and length, respectively.Materials and Methods section/Tumorigenicity assays in mice/page #18
	informed consent: PCa TMA sections from Duke University School of Medicine (Durham, NC, USA) included 16 normal prostatic epithelial samples, 81 adenocarcinomas with a Gleason score of ≤ 7, 19 adenocarcinomas with a Gleason score of ≥ 8, and eight SCPC samples, and their use was approved by the Duke University School of Medicine Institutional Review Board (protocol ID: Pro00070193). PCa TMA sections comprising PKLR and ZBTB10 in 49 cases of primary prostate adenocarcinoma were purchased from Super Bio Chips (CA4). Tumor samples of 17 PCa patients before and after ADT treatment were collected from Taipei Medical University-associated Wan-Fang Hospital following a protocol based on the Declaration of Helsinki, and the study protocol was approved by the Taipei Medical University Joint Institutional Review Board (approval ID: N202001020).Materials and Methods section/Tissue samples/page #16
	committee approving: PCa TMA sections from Duke University School of Medicine (Durham, NC, USA) included 16 normal prostatic epithelial samples, 81 adenocarcinomas with a Gleason score of ≤ 7, 19 adenocarcinomas with a Gleason score of ≥ 8, and eight SCPC samples, and their use was approved by the Duke University School of Medicine Institutional Review Board (protocol ID: Pro00070193). PCa TMA sections comprising PKLR and ZBTB10 in 49 cases of primary prostate adenocarcinoma were purchased from Super Bio Chips (CA4). Tumor samples of 17 PCa patients before and after ADT treatment were collected from Taipei Medical University-associated Wan-Fang Hospital following a protocol based on the Declaration of Helsinki, and the study protocol was approved by the Taipei Medical University Joint Institutional Review Board (approval ID: N202001020).Materials and Methods section/Tissue samples/page #16
	CT registration number: N/A
	informed consent: patient photos: N/A
	accession codes: To compare PKLR and ZBTB10 expression levels with prostate cancer (PCa) progression, we used messenger (m)RNA expression data from the Taylor 2, The Cancer Genome Atlas (TCGA) 3, Beltran 4, and Aggarwal 5 human PCa datasets. Expression data were log2-normalized. Gene set enrichment analysis (GSEA) software and gene signatures of androgen-upregulated (Gene Ontology (GO), Pathway Interaction Database (PID), Wang 6, Nelson 7, and Hallmark) and neuronal developmental-responsive (GO, Kyoto Encyclopedia of Genes and Genomes (KEGG), and Reactome) datasets were downloaded from the Broad Institute 8 and used to determine correlations with PKLR and ZBTB10 levels. Normalized enrichment scores (NESs) and false discovery rates (FDRs) were calculated using the GSEA program. Cutoff values used to identify “PKLR high”, or “ZBTB10 high” patients were pre-determined by half the number of patients from the GSEAs. Tumors were mean-stratified by PKLR and ZBTB10 expressions, and the mean expression of each gene was determined in each group. Pearson coefficient correlations among mRNA levels of PKLR, ZBTB10, MAF, ACSL3, APPBP2, PIAS1, neuroendocrine (NE), and stem cell markers, and androgen-responsive genes were validated using the Taylor 2 and TCGA 3 PCa datasets. For overall survival, the study used the Taylor clinical PCa dataset 2, which was accessed from the Memorial-Sloan Kettering Cancer Center (MSKCC) Cancer Genomics data portal (http://cbio.mskcc.org/cancergenomics/prostate/data/), from which we downloaded clinical and publicly available gene expression data on 98 primary and 13 metastatic PCa samples. In total, 110 patients (98 primary and 13 metastatic PCa samples) were divided into two groups according to their mean PCK1 expression: high PKLR expression (PKLR high, n=56) and low PKLR expression (PKLR low, n=55). A log-rank test was used for the survival curve analysis, and the hazard ratios of PKLR low/PKLR high and PKLR high/PKLR low were determined in each group.Supplemental File 1/Supplementary Materials and Methods/Clinical dataset analyses/page #1
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