G9a blockade uncovers therapeutic vulnerabilities in advanced prostate cancer – Moreira-Silva, F. et al

Supplementary Figures
[image: ]
Supplementary Figure 1. G9a inhibition displayed anti-tumoral effects in BM18 PDXOs. a. Baseline EHMT2/G9a expression levels in BM18 PDX in both intact and DHT-replaced settings, obtained from bulk RNA sequencing analysis. Each dot represents one mouse. N=3 for intact; n=2 for DHT-replaced. b. EHMT2/G9a expression, presented as log2(TPM+1), in prostate cancer and normal prostate tissue samples, obtained from GEPIA dataset. N=492 PCa cases. N=52 normal prostate cases. c. EHMT2/G9a expression, presented as normalized log2(CPM), across different PCa disease stages. Data obtained from PCA profiler. d. DFS of prostate cancer patients, stratified by EHMT2/G9a high (quartile=70) versus low expression levels (quartile=30), obtained from GEPIA dataset. N=148 cases per group. e. Enrichment of AR, NE, WNT, and SCL signature genes in BM18 PDX samples across different DHT availability conditions, based on Tang et al scores 14F. N=4 mice per group. Dose-dependent effect of 48h of CM-272 treatment on (f.) BM18 PDXOs viability and (g.) organoid area, perimeter, and diameter. N=3 independent experiments. h. Immunofluorescence images of G9a, H3K9me2, 5mC, Ki-67, PSA, and ECAD expression, upon 48h of treatment with CM-272 (IC50), compared with untreated organoids. Images were acquired in a ZEISS LSM 980 confocal microscope (ZEISS, Germany). Scale bar 50μm. Quantification (i.) and representative images (j.) of the dose- and time-dependent CM-272 effect on BM18 PDXOs early (pSIVA/Annexin XII+) and late (PI+) apoptosis. N=2 independent experiments. Images were obtained with CellVoyager™ CQ1 Benchtop High-Content Analysis System (Yokogawa Electric Corporation, Japan). Scale bar 50μm. All data are presented as mean±SD. Statistical significance is given by p-value<0.05 (*p<0.05). Abbreviations: TPM – transcripts per million; CPM – copies per million.
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Supplementary Figure 2. In vivo G9a inhibition delayed BM18 PDX tumor growth with no overt toxicity. a. Individual tumor size, in mm, from the BM18 PDX vehicle and CM-272 groups, from implantation until experimental endpoint. N=6 mice per group. b. Collected BM18 PDX tumors at endpoint, from the left and right sides. N=6 mice per group. Tumor volume, in mm3 (c.), and tumor weight, in g (d.), measured at endpoint, from vehicle and CM-272-treated BM18 PDX. N=6 mice per group. e. Individual mice’s body weight, in g, from BM18 PDX vehicle and CM-272 groups, from implantation until the experimental endpoint. N=6 mice per group. f. BM18 PDX liver weight, in g, measured at endpoint. N=6 mice per group. g. Representative HE from the liver, kidney, and spleen of BM18 PDX, from each experimental group. Images were acquired in the Pannoramic 250FLASH III Digital Scanner (3DHISTECK, Hungary). Scale bar 20μm and 100μm. h. WB analysis and quantification depicting the levels of G9a and H3K9me2 across all tumors. Quantification was performed on ImageJ and normalized to the loading control 𝛽-actin or total H3. N=3 mice per group. Quantification (i.) and representative images (j.) of G9a and H3K9me2 % of positive cells, at endpoint, in liver and kidney tissues from both experimental groups, by IHC. N=4 mice per group. Images were acquired in the Pannoramic 250 FLASH III Digital Scanner (3DHISTECK, Hungary). Scale bar 20μm and 100μm. All data are presented as mean±SD. Statistical significance is given by p<0.05.
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Supplementary Figure 3. CM-272-mediated G9a inhibition reshaped the transcriptome of BM18 PDX tumors. a. Differentially expressed genes in CM-272-treated, versus untreated BM18 PDX tumors, given by RNA sequencing analysis. padj>0.05 and Log2 fold-change>1. N=4 mice per group. b. PCA of RNA sequencing profiles from vehicle and CM272-treated BM18 PDX tumor samples, displayed according to the first two principal components (PC1 and PC2). N=4 mice per group. c. WB analysis and quantification depicting the levels of AR-fl across all tumor samples. Quantification was performed on ImageJ and normalized to the loading control 𝛽-actin. N=3 mice per group. Quantification (d.) and representative images (e.) of AR % of positive cells, at endpoint, in treated and untreated tumors, by IHC. N=4 mice per group. Images were acquired in the Pannoramic 250 FLASH III Digital Scanner (3DHISTECK, Hungary). Scale bar 20μm and 100μm. f. Genes underlying AR VIPER pathway enrichment, from treated BM18 PDX. N=4 mice per group. g. DFS of PCa patients, stratified by AZGP1, STK39, and DPP4 high versus low expression levels, obtained from GEPIA dataset. N=246 cases per group. Representative images (h.) and quantification (i.) of 5mC % of positive cells, at endpoint, in treated and untreated tumors, by immunofluorescence. N=4 mice per group. Images were acquired in the Pannoramic 250 FLASH III Digital Scanner (3DHISTECK, Hungary). Scale bar 20μm and 100μm. j. AZGP1, STK39, and DPP4 DNA methylation levels,  given by the 𝛽-values of aggregate CGs at the gene promoter. Data was obtained from the Shiny Methylation Analysis Resource Tool (SMARTapp). All data are presented as mean±SD. Statistical significance is given by p<0.05. Abbreviations: AR-fl – AR full length.
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Supplementary Figure 4. CM-272 treatment for 10 days impaired  BM18 PDX tumor growth. a.  Individual tumor size, in mm, from both intact and DHT-replaced BM18 PDX vehicle and CM-272 groups, from implantation until experimental endpoint. b. Collected BM18 PDX tumors at intact and DHT-replaced endpoints, from the left and right sides. Tumor volume, in mm3 (c.), and tumor weight, in g (d.), measured at intact and DHT-replaced endpoints, from vehicle and CM-272-treated BM18 PDX. e. Individual mice’s body weight, in g, from both intact and DHT-replaced BM18 PDX vehicle and CM-272 groups, from implantation until experimental endpoint. All data are presented as mean±SD. N≥2 mice per group. Statistical significance is given by p-value<0.05.
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Supplementary Figure 5. G9a inhibition by CM-272 for 10 days revealed no detectable toxicity. BM18 PDX (a.) liver and (b.) prostate weight, in g, measured at intact and DHT-replaced endpoints. c. Representative HE from the liver, kidney, spleen, and prostate of BM18 intact and DHT-replaced PDX, from each experimental group. Images were acquired in the Pannoramic 250 FLASHIII Digital Scanner (3DHISTECK, Hungary). Scale bar 20μm and 100μm. d. WB analysis and quantification depicting the levels of G9a and H3K9me2 across all treated and untreated tumors. Quantification was performed on ImageJ and normalized to the loading control 𝛽-actin or total H3. Quantification (e.) and representative images (f.) of G9a and H3K9me2 % of positive cells, at endpoint, in prostate tissues from all experimental groups, by IHC. Images were acquired in the Pannoramic 250FLASH III Digital Scanner (3DHISTECK, Hungary). Scale bar 20μm and 100μm. All data are presented as mean±SD. N≥2mice per group.
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Supplementary Figure 6. G9a inhibition for 10 days triggered significant transcriptomic changes in BM18PDX tumors, in both intact and DHT-replaced settings. a. Differentially expressed genes in CM-272-treated versus untreated BM18 PDX tumors, in both intact and DHT-replaced settings, given by RNA sequencing analysis. padj>0.05 and Log2 fold-change>1. N≥2 mice per group. b. PCA of RNA sequencing profiles from vehicle and CM272-treated BM18 PDX tumor samples, in intact and DHT-replaced settings, displayed according to the first two principal components (PC1 and PC2). N≥2 mice per group. c. VIPER analysis depicting the enrichment score of significantly altered master regulators in treated versus untreated BM18 PDX tumor samples, from both settings. N≥2 mice per group. d. Top 5 MSigDB Hallmark gene sets downregulated in CM-272-treated samples versus untreated tumors, in both settings. Bars show −log10(adjusted p-value) for each pathway. The vertical dashed line depicts the significance threshold (FDR‑adjusted p-value=0.05). N≥2 mice per group. e. Genes underlying androgen VIPER pathway enrichment, from treated BM18 intact and DHT-replaced PDX. N≥2 mice per group. f. Expression of the AR-driven oncogenes SGK1, MAOA, NCAPD3, and CENPN in the prolonged CM-272 exposure dataset (Figure 1C experiment). Data retrieved from the RNA sequencing analysis and presented as fold-change to vehicle-treated tumors. N=4 mice per group. Quantification (g.) and representative images (h.) of AR % of positive cells, at both endpoints, in treated and untreated tumors, by IHC. N≥2 mice per group. Images were acquired in the Pannoramic 250 FLASH III Digital Scanner (3D HISTECK, Hungary). Scale bar 20μm and 100μm. i. WB analysis and quantification depicting the levels of AR-fl across all treated and untreated tumor settings. Quantification was performed on ImageJ and normalized to the loading control 𝛽-actin. N≥2 mice per group. j. Representative co-IP of G9a followed by WB analysis of associated AR-fl and H3K9me2 levels in short-term CM272-treated and untreated BM18 PDX tumors (intact and DHT-replaced). All data are presented as mean±SD. N≥2 mice per group. Statistical significance is given by p-value<0.05.
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Supplementary Figure 7. Effect of G9a inhibition by CM-272 in the CRPC PDX model cLAPC9. a. Schematic representation of CM-272 short-term treatment scheme, in vivo, in cLAPC9 PDX. b. Tumor growth, given by diameter (mm) quantification, followed post-single cell injection (left), and evolution of tumor growth, in mm, normalized to the first day of treatment (right), in both experimental groups. c. Individual tumor size, in mm, from both vehicle and CM-272 groups, from single cell injection until experimental endpoint. d. Mice's body weight, in g, throughout the experiment, in both CM-272- and vehicle-treated groups. e. Individual mice’s body weight, in g, from both vehicle and CM-272 groups, from single cell injection until experimental endpoint. f. Differentially expressed genes in CM-272-treated versus untreated cLAPC9 PDX tumors given by RNA sequencing analysis. All data are presented as mean±SD. N=3 mice per group. Statistical significance is given by p-value<0.05. Abbreviations: s.c. – subcutaneous.
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Supplementary Figure 8. G9a inhibition uncovers therapeutic vulnerabilities to TRAIL and enzalutamide in vitro. a. Genes underlying Trail VIPER pathway enrichment, from treated BM18 PDX, in both intact and DHT-replaced settings. N≥2 mice per group. b. Representative cell cycle dot plots from treated and untreated BM18 PDX tumor tissue (intact and DHT-replaced settings) analyzed by FACS DAPI staining. N=4 independent experiments per group. Each color represents one experiment. c. Representative cell cycle dot plots from BM18 PDXOs treated with CM-272 at different timepoints, analyzed by FACS DAPI staining. N=4 independent experiments per group. Each color represents one experiment. d. Representative Annexin V/PI dot plots from BM18 PDXOs treated with CM-272 and hTrail, alone or in combination, analyzed by FACS. N=4 independent experiments per group. Each color represents one experiment. e. Heatmap showing BM18 PDXOs’ viability after 96h of combination treatment with increasing concentrations of CM‑272 and enzalutamide. Data is presented as % of CM-272 single-treated conditions. Numbers within each cell represent mean viability values for the corresponding drug combination. N≥3 independent experiments.


Supplementary Tables
Supplementary Table 1. Antibodies used for whole-mount immunofluorescence staining of PDXOs samples.
	Antibody
	Company
	Cat. Number
	Dilution

	G9a *
	Novus Biologicals, USA
	PP-A8620A-00
	1:250

	H3K9me2
	Cell Signaling, USA
	4658
	1:300

	5mC
	Sigma-Aldrich, USA
	MABE146
	1:150

	Ki-67
	GeneTex, USA
	GTX16667
	1:100

	clCASP3
	Cell Signaling, USA
	9661
	1:400

	PSA
	Zymed, USA
	18-0044
	1:100

	CK8
	Invitrogen, USA
	MA1-06318
	1:100

	ECAD
	R&D Systems, USA
	AF648
	1:300


* G9a antibody was previously validated by siRNA knockdown in cell lines of PCa 26. The same conditions were used in this current work.

Supplementary Table 2. Antibodies and antigen retrieval methods used for immunohistochemistry (IHC) and immunofluorescence analysis of formalin-fixed, paraffin-embedded (FFPE) samples.
	Antibody
	Company
	Cat. Number
	Antigen retrieval method
	Dilution

	G9a *
	Novus Biologicals, USA
	PP-A8620A-00
	Citrate buffer (pH = 6), 10min, pressure cooker
	1:200

	H3K9me2
	Cell Signaling, USA
	4658
	Citrate buffer (pH = 6), 10min, pressure cooker
	1:250

	Ki-67
	GeneTex, USA
	GTX16667
	Citrate buffer (pH = 6), 10min, pressure cooker
	1:400

	AR
	Abcam, United Kingdom
	ab133273
	Citrate buffer (pH = 6), 10min, pressure cooker
	1:100

	5mC
	Sigma-Aldrich, USA
	MABE146
	Citrate buffer (pH = 6), 20min, microwave
	1:150


* G9a antibody was previously validated by siRNA knockdown in cell lines of PCa 26. The same conditions were used in this current work.

Supplementary Table 3. Primers used for RTqPCR analysis.
	Gene
	Forward primer (5’ – 3’)
	Reverse primer (5’ – 3’)

	AZGP1
	AACGACAGTAACGGGTCTCAC
	TTGGTTATCTGGGCTGCTGG

	STK39
	CTTCTTGTGCCGTGAACCTCGT
	GCTCCTGAGATACACCATCTGC

	DPP4
	AAGGGATGGCAAGATGTGGG
	GACAGTAGCCTGCTCGTGTT

	KLK3
	ATTTCCAATGACGTGTGTGCG
	GATCAGAATGACCCACGAGC

	FKBP5
	GCAACAGTAGAAATCCACCTG
	CTCCAGAGCTTTGTCAATTCC

	UBE2C
	TGGTCTGCCCTGTATGATGT
	AAAAGCTGTGGGGTTTTTCC

	EXT2
	ATATGCTGTGTGGAAGTCTGGG
	GAAACAATGTCGTGTCCTGCTC

	AMOTL1
	TGAGTTTGACTCCACAAGGCTT
	AGAGTAATGACTGGCTGCTCTG

	RBM33
	CAGACTTGCGTCATCTCGTTTC
	CACAGCAAACGCCACTTTAGAA

	ZBTB20
	CTGTCCACCTGGTCTTACTGTC
	CCACCTTTCCATAGCCTCACTT

	XBP1s
	GCTGAGTCCGCAGCAGG
	GTCCAGAATGCCCAACAGGA

	HSD17B14
	CGGAAGAGTCAAGGGAATGTCA
	CTTTGGTCATGGCTGTTACTGC

	KLF9
	AAGCAGATGTTCTGTTTGGCAC
	ACACTACCCTCCTTCTCCTTCA

	SGK1
	AGGAGGATGGGTCTGAACGA
	ACTTGGTGGAGGAGAAGGGT

	MAOA
	AAATCTGCTGGACAAAGACTGC
	ACATACCACAAGAACCACAGGG

	NCAPD3
	CTGCTGATGCTGACCACTCA
	GGGCTGGGATGCTCTTCTTT

	CENPN
	GAGCATCTTGGCTGAGAGGG
	AGCAGTGGAGAAAGTGGAGC

	HPRT
	AGACTTTGCTTTCCTTGGTCAGG
	GTCTGGCTTATATCCAACACTTCG



Supplementary Table 4. Antibodies used for Chromatin Immunoprecipitation (ChIP).
	Antibody
	Company
	Cat. Number
	Dilution

	H3K9me2
	Cell Signaling, USA
	4658
	1:50

	AR
	Abcam, United Kingdom
	ab133273
	1:100

	H3
	Abcam, United Kingdom
	ab1791
	1:100

	IgG control (Rbt / Ms)
	Vector Laboratories, USA
	I-1000-5 / I-2000-1
	1:500


Abbreviations: Rbt – rabbit; Ms - mouse
Supplementary Table 5. Primers used for Chromatin Immunoprecipitation followed by qPCR (ChIP-qPCR).
	Gene
	Primer designation
	Amplicon position from TSS (bp)
	Forward primer (5’ – 3’)
	Reverse primer (5’ – 3’)

	AZGP1
	R1
	267-389
	AAGGCAGGGATACAGTGTGG
	GTAGGAGGTGCGTGTGATGG

	
	R2
	497-641
	CACGCCTTTAATCCCAGCATTT
	GTCACATTCCCATCTCTCCCTC

	
	R3
	821-934
	AGACGAGGTTTCATCATGTTGC
	GCGGTGACTCATGCTTGTAATC

	
	R4
	1,340-1,445
	TGTTCTGGGGTAACAAAGGGAT
	ATACAGGCTGAGACAATGGGTG

	STK39
	R2
	563-682
	TAGGCAAGGTGGGAAAGGGATA
	TACAAGTTGACGAGCGGGATAC

	
	R3
	1,119-1,222
	TCTTCAGCAGTCCTAGCAATG
	TCCACCGTTCTTGTCTCCAA

	
	R4
	1,266-1,405
	TAAGTGCCCTCATCTTCAGTGG
	CATGATTTTGTCTCCCGAGTGT

	DPP4
	R1
	285-400
	GGAGTCCTGGGTTTCAGTTCC
	CAGCTCCTCCAACCTCACG

	
	R2
	427-529
	AGGGAGGGTGAATCCAGATACT
	GAAGCAGTGAGGGGTCTAAAGC

	
	R3
	804-936
	CTGGCACATTGTAACCACTCAA
	AGATCAGGTATGGCTTCTCCCT

	
	R4
	1,337-1,473
	CAAAATGCTGAGAGTGAAGGGC
	CCAACTGCTGAGGAAGATGAGT

	SGK1
	R1
	219-365
	TAATGACAAGTAGGGGAGGGGA
	GCCTCTCAACGGAAATGTAATCAC

	
	R2
	736-817
	TTTATGGATGAGGCAGTGTCCG
	TAAACTTGGCATCTGACCTGGC

	
	R3
	1,432-1,575
	GGAGTGGCAATGGGACGAAA
	CATGATGATGGTGGTGGTTACA

	
	R4
	1,880-2,011
	AGTCCGTTCTCACACTGCTAAT
	CTTCCCCTTCTGCTCTGATTGT

	MAOA
	R1
	150-326
	CTCCTGCACCCAGTAATCCTTT
	GAACCCTTTTGCTGATACTCCG

	
	R2
	547-670
	GTTTGGTAAAAGGACCGACCCT
	GTGCTTGTATTGACACTTGCGA

	
	R3
	923-1,039
	AATGGAGCGTCCGTTCTGAG
	GATTGGGGAGTGTATGCTGGAG

	
	R4
	1,264-1,374
	GCTGGTCTCTAAGAGTGGGTAC
	CGTTTGTGCTCATGTTTCTGGA

	NCAPD3
	R1
	224-370
	GAGGGCAAAGGTGACAGTTACT
	GTGTTCCGCTAATTCGTTCGAG

	
	R2
	420-527
	CTGCAGTTGTCTTGTCTTCTCG
	CTCGAACAGCGTAATATCCGAA

	
	R3
	1,193-1,297
	TTCTTCCCGTCCTCCGTCTT
	GCGATGAGCTTCTTCGGCTT

	
	R4
	1,591-1,739
	GACAAGAAGCAAAGCCGAGTG
	TCCTCCCTGCCAAAAGTGAC

	CENPN
	R1
	104-255
	AGCACATAAGCCAGGTCCTAAC
	ATCAGGCTGTGTCTTGGGCA

	
	R2
	885-1,026
	TTGGTGGGTTCTCACATCACAG
	CAACACAGGGTTTGACACGATG

	
	R3
	1,412-1,521
	CGCAGCTTTCCCTGAATAAACA
	GCGTTCCTTGAGATGTGTGAAC

	
	R4
	1,643-1,757
	TCAAGCTATGAGCCATACTGCA
	TCGCTTTCTTAGTGGTATCGGT


Abbreviations: TSS – transcription start site ; bp – base pair ; R – region.
Supplementary Table 6. Antibodies used for Western Blot analysis.
	Antibody
	Company
	Cat. Number
	Dilution

	G9a *
	Novus Biologicals, USA
	PP-A8620A-00
	1:500 in 5% NFDM

	AR
	Abcam, United Kingdom
	ab133273
	1:2,000 in 5% NFDM

	clCASP3
	Cell Signaling, USA
	9661
	1:1,000 in 5%NFDM

	H3K9me2
	Cell Signaling, USA
	4658
	1:1,000 in 5%BSA

	H3
	Abcam, United Kingdom
	ab1791
	1:5,000 in 5% BSA

	-actin
	Cell Signaling, USA
	4967
	1:1,000 in 5% BSA

	Mouse Anti-Rabbit IgG
	Cell Signaling, USA
	93702
	1:3,000 in 5% BSA

	Rabbit Anti-Mouse IgG
	Cell Signaling, USA
	58802
	1:3,000 in 5% BSA


           * G9a antibody was previously validated by siRNA knockdown in cell lines of PCa 26. The same conditions were used in this current work. Abbreviations: NFDM – non-fat dry milk; BSA – bovine serum albumin.

Supplementary Table 7. Antibodies used for co-Immunoprecipitation (co-IP) analysis.
	Antibody
	Company
	Cat. Number
	Dilution

	G9a *
	Novus Biologicals, USA
	PP-A8620A-00
	1:100

	Mouse IgG control
	Vector Laboratories, USA
	I-2000-1
	1:500


	* G9a antibody was previously validated by siRNA knockdown in cell lines of PCa [26].
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