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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:

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

o 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.)

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

o 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 )(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

Are tests one-sided or two-sided?

Are there adjustments for multiple comparisons?

Statistical test results, e.g., P values

Definition of ‘center values’ as median or mean;

Definition of error bars as s.d. or s.e.m. or c.i.
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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 Sera from patients with BPH (23 samples), primary prostate
adequate power to detect a pre-specified effect | cancer (16 samples), and CRPC (eight samples) were
size? (Give section/paragraph or page #) collected from the Taipei Medical University Biobank

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

The protocols of this assay were based on Guidelines for
Care and Use of Laboratory Animals by the Council of
Agriculture, Executive Yuan, Taiwan, and approved by the

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

The protocols of this assay were based on Guidelines for
Care and Use of Laboratory Animals by the Council of
Agriculture, Executive Yuan, Taiwan, and approved by the
Taipei Medical University Institutional Animal Care and Use

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 #)

The protocols of this assay were based on Guidelines for
Care and Use of Laboratory Animals by the Council of
Agriculture, Executive Yuan, Taiwan, and approved by the
Taipei Medical University Institutional Animal Care and Use

For animal studies, include a statement about
randomization even if no randomization was
used.

The protocols of this assay were based on Guidelines for
Care and Use of Laboratory Animals by the Council of
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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

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

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.

The protocols of this assay were based on Guidelines for
Care and Use of Laboratory Animals by the Council of
Agriculture, Executive Yuan, Taiwan, and approved by the
Taipei Medical University Institutional Animal Care and Use

Confirmed

Yes

Yes

Yes

Yes

Reported in section/paragraph or page #

Supplementary Table S3. Western blotting antibodies.
Source and dilution of each antibody used for Western

Cell culture and reagents

AR-positive prostate cancer cell lines (LNCaP, C4-2, and
22Rv1) and AR-negative prostate cancer cell line (PC3)
were obtained from ATCC and cultured in RPMI-1640

Reported in section/paragraph or page #

The protocols of this assay were based on Guidelines for
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The protocols of this assay were based on Guidelines for
Care and Use of Laboratory Animals by the Council of
Agriculture, Executive Yuan, Taiwan, and approved by the
Taipei Medical University Institutional Animal Care and Use

10. We recommend consulting the ARRIVE guidelines (PLoS Biol. 8(6), €1000412,2010) to ensure that other
relevant aspects of animal studies are adequately reported.
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Human subjects

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).

Reported in section/paragraph or page #

Enzyme-linked immunosorbent assay (ELISA)
Sera from patients with BPH (23 samples), primary prostate

Enzyme-linked immunosorbent assay (ELISA)
Sera from patients with BPH (23 samples), primary prostate

N/A

N/A

15. For phase Il and lll 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

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

Reported in section/paragraph or page #

N/A

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.

N/A
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	sample size: Sera from patients with BPH (23 samples), primary prostate cancer (16 samples), and CRPC (eight samples) were collected from the Taipei Medical University Biobank (Taipei, Taiwan). Written informed consent was obtained from all the patients, and the study was approved by the Taipei Medical University Joint Institutional Review Board (approval no. N202201101), in accordance with the Declaration of Helsinki. (Materials and Methods section/page 19, lines 19-23)
	sample size: animals: The protocols of this assay were based on Guidelines for Care and Use of Laboratory Animals by the Council of Agriculture, Executive Yuan, Taiwan, and approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0410). Under double-blind conditions, 6-week-old male nude mice (Academia Sinica, Taipei, Taiwan) were subcutaneously injected with 106 PC3/NC or PC3/shCHRM4 cells into the right flank. The cells were suspended in 100 ul of a mixture of 50% Matrigel matrix and 50% complete medium. For ceritinib treatment, two weeks after the subcutaneous injection of 106 cells/site of LASCPC01 cells, mice received an intraperitoneal injection of 2.5 mg/kg ceritinib or DMSO (control) once weekly. Tumor size and mouse body weight were measured weekly for 8 weeks. Mice were sacrificed via CO2 anesthetization, and tumors were collected, weighed, sliced, and stained with CHRM4, IFNA17, MYCN, KI67, ENO2, CHGA, and PDL1 by IHC staining. All the antibodies used for IHC staining are listed in Supplementary Table S4. The tumor volume was calculated using the following formula: V=0.5236xHxWxL, where V, H, W, and L are the volume, height, width, and length, respectively. (Materials and Methods section/page 19, lines 3-16)
	randomization: The protocols of this assay were based on Guidelines for Care and Use of Laboratory Animals by the Council of Agriculture, Executive Yuan, Taiwan, and approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0410). Under double-blind conditions, 6-week-old male nude mice (Academia Sinica, Taipei, Taiwan) were subcutaneously injected with 106 PC3/NC or PC3/shCHRM4 cells into the right flank. The cells were suspended in 100 ul of a mixture of 50% Matrigel matrix and 50% complete medium. For ceritinib treatment, two weeks after the subcutaneous injection of 106 cells/site of LASCPC01 cells, mice received an intraperitoneal injection of 2.5 mg/kg ceritinib or DMSO (control) once weekly. Tumor size and mouse body weight were measured weekly for 8 weeks. Mice were sacrificed via CO2 anesthetization, and tumors were collected, weighed, sliced, and stained with CHRM4, IFNA17, MYCN, KI67, ENO2, CHGA, and PDL1 by IHC staining. All the antibodies used for IHC staining are listed in Supplementary Table S4. The tumor volume was calculated using the following formula: V=0.5236xHxWxL, where V, H, W, and L are the volume, height, width, and length, respectively. (Materials and Methods section/page 19, lines 3-16)
	randomization: animals: The protocols of this assay were based on Guidelines for Care and Use of Laboratory Animals by the Council of Agriculture, Executive Yuan, Taiwan, and approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0410). Under double-blind conditions, 6-week-old male nude mice (Academia Sinica, Taipei, Taiwan) were subcutaneously injected with 106 PC3/NC or PC3/shCHRM4 cells into the right flank. The cells were suspended in 100 ul of a mixture of 50% Matrigel matrix and 50% complete medium. For ceritinib treatment, two weeks after the subcutaneous injection of 106 cells/site of LASCPC01 cells, mice received an intraperitoneal injection of 2.5 mg/kg ceritinib or DMSO (control) once weekly. Tumor size and mouse body weight were measured weekly for 8 weeks. Mice were sacrificed via CO2 anesthetization, and tumors were collected, weighed, sliced, and stained with CHRM4, IFNA17, MYCN, KI67, ENO2, CHGA, and PDL1 by IHC staining. All the antibodies used for IHC staining are listed in Supplementary Table S4. The tumor volume was calculated using the following formula: V=0.5236xHxWxL, where V, H, W, and L are the volume, height, width, and length, respectively. (Materials and Methods section/page 19, lines 3-16)
	inclusion/exclusion criteria: The protocols of this assay were based on Guidelines for Care and Use of Laboratory Animals by the Council of Agriculture, Executive Yuan, Taiwan, and approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0410). Under double-blind conditions, 6-week-old male nude mice (Academia Sinica, Taipei, Taiwan) were subcutaneously injected with 106 PC3/NC or PC3/shCHRM4 cells into the right flank. The cells were suspended in 100 ul of a mixture of 50% Matrigel matrix and 50% complete medium. For ceritinib treatment, two weeks after the subcutaneous injection of 106 cells/site of LASCPC01 cells, mice received an intraperitoneal injection of 2.5 mg/kg ceritinib or DMSO (control) once weekly. Tumor size and mouse body weight were measured weekly for 8 weeks. Mice were sacrificed via CO2 anesthetization, and tumors were collected, weighed, sliced, and stained with CHRM4, IFNA17, MYCN, KI67, ENO2, CHGA, and PDL1 by IHC staining. All the antibodies used for IHC staining are listed in Supplementary Table S4. The tumor volume was calculated using the following formula: V=0.5236xHxWxL, where V, H, W, and L are the volume, height, width, and length, respectively. (Materials and Methods section/page 19, lines 3-16)
	statistical tests: Yes
	data meet assumptions: Yes
	blinding: animals: Confirmed
	estimate of variation: Yes
	variance similar: Yes
	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 /Supplementary Tables/Supplementary Table S3/page 7)
Supplementary 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/Supplementary Tables/Supplementary Table S4/page 7)
	blinding: The protocols of this assay were based on Guidelines for Care and Use of Laboratory Animals by the Council of Agriculture, Executive Yuan, Taiwan, and approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0410). Under double-blind conditions, 6-week-old male nude mice (Academia Sinica, Taipei, Taiwan) were subcutaneously injected with 106 PC3/NC or PC3/shCHRM4 cells into the right flank. The cells were suspended in 100 ul of a mixture of 50% Matrigel matrix and 50% complete medium. For ceritinib treatment, two weeks after the subcutaneous injection of 106 cells/site of LASCPC01 cells, mice received an intraperitoneal injection of 2.5 mg/kg ceritinib or DMSO (control) once weekly. Tumor size and mouse body weight were measured weekly for 8 weeks. Mice were sacrificed via CO2 anesthetization, and tumors were collected, weighed, sliced, and stained with CHRM4, IFNA17, MYCN, KI67, ENO2, CHGA, and PDL1 by IHC staining. All the antibodies used for IHC staining are listed in Supplementary Table S4. The tumor volume was calculated using the following formula: V=0.5236xHxWxL, where V, H, W, and L are the volume, height, width, and length, respectively. (Materials and Methods section/page 19, lines 3-16)
	species, strain, sex, age: The protocols of this assay were based on Guidelines for Care and Use of Laboratory Animals by the Council of Agriculture, Executive Yuan, Taiwan, and approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0410). Under double-blind conditions, 6-week-old male nude mice (Academia Sinica, Taipei, Taiwan) were subcutaneously injected with 106 PC3/NC or PC3/shCHRM4 cells into the right flank. The cells were suspended in 100 ul of a mixture of 50% Matrigel matrix and 50% complete medium. For ceritinib treatment, two weeks after the subcutaneous injection of 106 cells/site of LASCPC01 cells, mice received an intraperitoneal injection of 2.5 mg/kg ceritinib or DMSO (control) once weekly. Tumor size and mouse body weight were measured weekly for 8 weeks. Mice were sacrificed via CO2 anesthetization, and tumors were collected, weighed, sliced, and stained with CHRM4, IFNA17, MYCN, KI67, ENO2, CHGA, and PDL1 by IHC staining. All the antibodies used for IHC staining are listed in Supplementary Table S4. The tumor volume was calculated using the following formula: V=0.5236xHxWxL, where V, H, W, and L are the volume, height, width, and length, respectively. (Materials and Methods section/page 19, lines 3-16)
	source of cell lines: Cell culture and reagents
AR-positive prostate cancer cell lines (LNCaP, C4-2, and 22Rv1) and AR-negative prostate cancer cell line (PC3) were obtained from ATCC and cultured in RPMI-1640 medium (Thermo Fisher Scientific, 11875-085) supplemented with 5% fetal bovine serum (FBS; EMD Millipore, TMS-013-BKR) and 1% penicillin. NEPC-like LASCPC01 cells were obtained from ATCC and cultured in RPMI-1640 medium supplemented with 10 nM hydrocortisone (Sigma-Aldrich, H0888), 1 tube insulin/transferrin/selenite (Thermo Fisher Scientific, 41400-045), 200 nM estradiol (Sigma-Aldrich, E2758), 5% FBS, and 1% penicillin. The PZ-HPV-7 normal prostate epithelial cell line was purchased from ATCC and 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). C4-2-MDVR cells are an ADT-resistant cell line generated from C4-2 cells maintained for six months in RPMI-1640 medium with 5% FBS and 20 M MDV3100. All cell lines were routinely checked for mycoplasma contamination using a Mycoplasma PCR Detection Kit (Omicsbio, G238) within six months before the experiments. To mimic ADT, cells were cultured in 10% charcoal-stripped serum (CSS; ThermoFisher, 12676-029)-containing RPMI-1640 medium under standard culture conditions. Treatment with an AR antagonist was performed using 20 M enzalutamide (MDV3100; Selleckchem, S1250). Treatment with the AR ligand was administered using 10 nM dihydrotestosterone (DHT; Selleckchem, S4757) for 24 h. Candidate CHRM4 inhibitors (ceritinib, LY-2033298, and PD-102807) were purchased from MedChemExpress, and concentrations of each candidate medicine for the cell viability assay were 0, 1, 5, 10, 25, 50, and 100 M for 24 h. 
(Materials and Methods/page 17)
	statement of compliance: The protocols of this assay were based on Guidelines for Care and Use of Laboratory Animals by the Council of Agriculture, Executive Yuan, Taiwan, and approved by the Taipei Medical University Institutional Animal Care and Use Committee (approval ID: LAC-2020-0410). Under double-blind conditions, 6-week-old male nude mice (Academia Sinica, Taipei, Taiwan) were subcutaneously injected with 106 PC3/NC or PC3/shCHRM4 cells into the right flank. The cells were suspended in 100 ul of a mixture of 50% Matrigel matrix and 50% complete medium. For ceritinib treatment, two weeks after the subcutaneous injection of 106 cells/site of LASCPC01 cells, mice received an intraperitoneal injection of 2.5 mg/kg ceritinib or DMSO (control) once weekly. Tumor size and mouse body weight were measured weekly for 8 weeks. Mice were sacrificed via CO2 anesthetization, and tumors were collected, weighed, sliced, and stained with CHRM4, IFNA17, MYCN, KI67, ENO2, CHGA, and PDL1 by IHC staining. All the antibodies used for IHC staining are listed in Supplementary Table S4. The tumor volume was calculated using the following formula: V=0.5236xHxWxL, where V, H, W, and L are the volume, height, width, and length, respectively. (Materials and Methods section/page 19, lines 3-16)
	informed consent: Enzyme-linked immunosorbent assay (ELISA)
Sera from patients with BPH (23 samples), primary prostate cancer (16 samples), and CRPC (eight samples) were collected from the Taipei Medical University Biobank (Taipei, Taiwan). Written informed consent was obtained from all the patients, and the study was approved by the Taipei Medical University Joint Institutional Review Board (approval no. N202201101), in accordance with the Declaration of Helsinki. After drawing blood, whole-blood tubes were allowed to sit for 30 min to clot, and then the serum was centrifuged for 20 min at 1000 g. To eliminate particles from the cell culture supernatants, the supernatants were centrifuged for 20 min at 1000 g. Serum samples were divided into aliquots and stored at -80 °C until further use. The samples were then thawed twice. IFNA17 levels were measured using a human IFNA17 ELISA kit (Biobool/E020241 for cell lines and MyBiosource/MBS9311549 for human serum). According to the manufacturer’s instructions, the average of duplicate readings for each standard, control, and sample was subtracted from the average zero-standard optical density. Using computer software capable of constructing a four-parameter logistic fit curve, a standard curve was generated and the level of samples was then calculated.
(Materials and Methods/page 19, line 18 to page 20, line 2)

Immunohistochemical (IHC) staining
Prostate tumor samples selected from patients with BPH, primary prostate cancer, and CRPC were collected from the Taipei Medical University Biobank. The study protocol was approved by the Taipei Medical University Joint Institutional Review Board (approval no. N202201101). Before IHC staining, the tumor slices were deparaffinized, rehydrated, and heated. Slices were then stained with the primary antibodies, as described in Supplementary Table S4, including CHRM4 and CHGA. Tris-buffered saline (TBS) buffer with 0.1% Triton X-100, conjugated with avidin, and colored with 3.3'-diaminobenzidine reagent was used as the washing solution. After washing, the slices were stained with a secondary antibody, dried, and mounted with glycerol. Pathological diagnoses and intensities were determined by a pathologist (Wei-Yu Chen). For histomorphometric analysis of tissue sections, 10 bright-field microscopic images of IHC-stained sections were captured in each core using a phase-contrast microscope at 200X magnification (Olympus IX73). The intensity of the targets was defined as 0 (negative), 1+ (weakly positive), 2+ (moderately positive), and 3+ (strongly positive). The range of intensity scoring values varied from zero to 300 and were determined by the following formula:1  (% of 1+ cells) + 2  (% of 2+ cells) + 3  (% of 3+ cells).
(Materials and Methods/page 20, lines 4-19)
	committee approving: Enzyme-linked immunosorbent assay (ELISA)
Sera from patients with BPH (23 samples), primary prostate cancer (16 samples), and CRPC (eight samples) were collected from the Taipei Medical University Biobank (Taipei, Taiwan). Written informed consent was obtained from all the patients, and the study was approved by the Taipei Medical University Joint Institutional Review Board (approval no. N202201101), in accordance with the Declaration of Helsinki. After drawing blood, whole-blood tubes were allowed to sit for 30 min to clot, and then the serum was centrifuged for 20 min at 1000 g. To eliminate particles from the cell culture supernatants, the supernatants were centrifuged for 20 min at 1000 g. Serum samples were divided into aliquots and stored at -80 °C until further use. The samples were then thawed twice. IFNA17 levels were measured using a human IFNA17 ELISA kit (Biobool/E020241 for cell lines and MyBiosource/MBS9311549 for human serum). According to the manufacturer’s instructions, the average of duplicate readings for each standard, control, and sample was subtracted from the average zero-standard optical density. Using computer software capable of constructing a four-parameter logistic fit curve, a standard curve was generated and the level of samples was then calculated.
(Materials and Methods/page 19, line 18 to page 20, line 2)

Immunohistochemical (IHC) staining
Prostate tumor samples selected from patients with BPH, primary prostate cancer, and CRPC were collected from the Taipei Medical University Biobank. The study protocol was approved by the Taipei Medical University Joint Institutional Review Board (approval no. N202201101). Before IHC staining, the tumor slices were deparaffinized, rehydrated, and heated. Slices were then stained with the primary antibodies, as described in Supplementary Table S4, including CHRM4 and CHGA. Tris-buffered saline (TBS) buffer with 0.1% Triton X-100, conjugated with avidin, and colored with 3.3'-diaminobenzidine reagent was used as the washing solution. After washing, the slices were stained with a secondary antibody, dried, and mounted with glycerol. Pathological diagnoses and intensities were determined by a pathologist (Wei-Yu Chen). For histomorphometric analysis of tissue sections, 10 bright-field microscopic images of IHC-stained sections were captured in each core using a phase-contrast microscope at 200X magnification (Olympus IX73). The intensity of the targets was defined as 0 (negative), 1+ (weakly positive), 2+ (moderately positive), and 3+ (strongly positive). The range of intensity scoring values varied from zero to 300 and were determined by the following formula:1  (% of 1+ cells) + 2  (% of 2+ cells) + 3  (% of 3+ cells).
(Materials and Methods/page 20, lines 4-19)
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