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Abbreviations: PSA – prostate specific antigen; TRUS – transrectal ultrasound guided; GG – gleason grade; LHS – left-hand side; RHS – right-hand side
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DMPs without a gene name denote lack of annotation in the EPIC array manifesto/ intergenic region. Abbreviations: DMPs – differentially methylated probes; US – urine sediment. 
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DMPs without a gene name denote lack of annotation in the EPIC array manifesto/intergenic region. Abbreviations: DMPs – differentially methylated probes; US – urine sediment. 
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Supplemental Figure 1
Quality control of study cohort. A, Total DNA yields from tissue and liquid biopsies ranged from 10.6 ng (subject 1 MN biopsy DNA) to 1,615 ng (subject 4, tumor DNA) and are shown on a logarithmic scale. B, DNA samples were subjected to quality control by absolute quantification using quantitative real-time PCR (HB-313) and again following bisulfite conversion (HB-365). Dashed lines indicate mean values across the cohort for each of the two qPCR reactions, respectively. C, Principal component analysis graph of the four subjects reveals greatest variation within cohort stems from whether samples are prostate or non-prostate, followed by whether samples are tumor or non-tumor. Abbreviations: MN: matched normal, US: urine sediment.
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Supplemental Figure 2
Description of study cohort. Study cohort of four men who presented with treatment-naïve metastatic prostate cancer. Peripheral blood and urine sediment were collected at time 0 months for DNA methylation analyses. Patients were followed-up to track their biochemical (PSA) responses to therapy.  GnRH agonists (goserelin, triptorelin) and analogues (leuprolin) are shown in orange. AR antagonists (bicalutamide) are shown in blue. Radiotherapy is shown in yellow.
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Supplemental Figure 3
Manhattan plot of PCa DMPs. Differentially methylated probes (DMPs) between tumor and MN, were obtained using EPIC array methylation values. Results are plotted as negative log10 transformed P-values. Odd chromosomes are in grey and even chromosomes in blue. A total of 32,452 DMPs exceed the significance threshold of 0.05 (red line).
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Supplemental Figure 4
Spearman’s correlation matrix. It shows DNA methylation profiles of matched tumor, plasma and US, for each individual subject, analyzed at the DMPs level (n=32,452). Each panel (A – D) corresponds to an individual subject (1-4) and shows a probe methylation scatter-plot (left hand-side), overall methylation distribution per sample (middle) and Spearman’s correlation values (upper hand-side). All values are statistically significant (P<0.001). Abbreviations: US – urine Sediment.
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Supplemental Figure 5
ZMIZ1 methylation detected across all sample types. Schematic methylation map for a ZMIZ1 tumor DMP (IlmnID: cg08058898) that was found to be picked up by the both plasma and US in all subjects. Gene structure and CpG islands (green) are indicated below the graph. Subjects methylation values are shown as a group in MN and tumor, and individually for Plasma and US. Abbreviations: DMP – Differentially methylated probe; MN – Matched normal; US – Urine Sediment.
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Supplemental Table 1. Clinicopathologic features of study cohort



Subject Age
(years)



PSA
(ng/ml)



TRUS-Biopsy



Metastasis
LHS RHS



% pos
cores



% tumor
content GG % pos



cores
% tumor
content GG



1 58 1,400 100 90 4 100 90 4 Bone



2 66 10.9 100 100 5 100 100 5 Bone



3 76 144 - - - 100 90 5 Bone



4 68 38.98 100 90 5 43 10 5 Bone
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Supplemental Table 2A. Tumor-DMPs (hyper) detected in the liquids of all subjects



IlmnID Chromosome Gene



cg15649956 1 SNX27



cg06186450 1 SHC1



cg12828504 1 PRKCZ



cg10503136 1 PCP4L1



cg24940889 1 NEGR1



cg14382215 1 ADAMTS4



cg00489772 1 KIAA0562



cg16773028 1 KCNA2



cg25340617 1 IFNLR1



cg08828627 1 GALNT2



cg15487498 1 GALNT2



cg18958135 1 ASAP3



cg23625458 1 AKR7L



cg02288964 1 AGRN



cg00687889 1



cg13037568 1



cg19752233 1



cg22580097 2 UBE2E3



cg15559849 2



cg16644301 2



cg19572912 2



cg21825848 2



cg05375685 3 RNF13;RNF13



cg10901633 3 ITPR1



cg09141280 3 BHLHE40-AS1



cg02116058 3



cg02592957 3



cg04579314 3



cg17077319 3



cg11777521 4 MAML3



cg03536316 4 CEP135



cg11005692 4



cg17671097 4



cg26474043 5 SH3TC2



cg01753263 5 SH3PXD2B



cg13039251 5 PDZD2



cg18254356 5 LOC153684



cg21306078 5 DPYSL3



cg09477886 5



cg13180351 6 STXBP5-AS1



cg08342194 6 LY6G6E



cg23346933 6 CLIC5



cg04825900 6



cg06184751 6



cg08180818 6



IlmnID Chromosome Gene



cg02288964 1 AGRN



cg06240106 1 MPZL1 



cg06705062 1 ECE1



cg10711145 1 PHACTR4



cg14382215 1 NDUFS2 



cg15487498 1 GALNT2



cg15649956 1 SNX27 



cg19752233 1



cg21860785 1 ESRRG 



cg24342696 1 MACF1



cg24535439 1 MMP23B



cg24940889 1 NEGR1



cg25340617 1 IFNLR1 



cg02795305 2 MAP4K4 



cg03672322 2 MIR4433B



cg05308867 2



cg09587345 2 MAP4K4 



cg10439859 2 RHBDD1 



cg13770573 2 AGAP1 



cg17534760 2



cg19041305 2



cg21825848 2



cg22057263 2



cg26175789 2



cg00690672 3 STAG1



cg01948850 3 VGLL4 



cg04579314 3



cg09141280 3 BHLHE40-AS1 



cg13341668 3 HYAL2 



cg17077319 3



cg21610839 3 UBE2E1 



cg03536316 4 CEP135



cg11777521 4 MAML3



cg13536107 4 FBXW7



cg14396758 4 RELL1 



cg17671097 4



cg03161912 5



cg06972724 5 RAPGEF6 



cg10879397 5 ABLIM3



cg21306078 5 DPYSL3



cg24269729 5



cg24842908 5 GABRA1 



cg26504529 5 SYNPO 



cg04076044 6



cg04570579 6 KIF13A 



Plasma
134 DMPs



US 
128 DMPs



IlmnID Chromosome Gene



cg20944115 6



cg21899640 6



cg07067952 7 TPST1



cg23768816 7 SRCRB4D



cg06783429 7 SND1



cg03762314 7 SLC29A4



cg08716380 7 MAD1L1



cg04596071 7 MAD1L1



cg21019085 7 EPHA1



cg23362622 7 COG5



cg10873171 7 AEBP1



cg08442364 7



cg11787397 7



cg24679992 7



cg27033231 7



cg11996592 8 ZC3H3



cg15168294 8 TSNARE1



cg16124670 8 TRAPPC9



cg02901522 8 PVT1



cg05962723 8 DPYS



cg02897690 8 ARHGAP39



cg00284585 8



cg07471614 8



cg11535178 8



cg16224755 8



cg25424986 8



cg06787544 9 TTLL11



cg04719926 9 ROR2



cg11355708 9 OR13J1



cg13951311 9



cg08058898 10 ZMIZ1



cg11521881 10 TLL2



cg27256866 10 SH3PXD2A



cg16365445 10 ITGB1



cg13321164 10 GDF2



cg04130844 10 FBXO18



cg01450600 10 FAM160B1



cg10960240 10 AIFM2



cg14562532 10



cg20447779 10



cg02046836 11 UVRAG



cg12513294 11 STIM1



cg20930815 11 SCUBE2



cg08376310 11 KCNQ1



cg11489945 11 CLMP



IlmnID Chromosome Gene



cg05584361 11 BRSK2



cg10652386 11



cg19801553 11



cg14277677 12 HIP1R



cg14295118 12 GRASP



cg24279017 12 ETV6



cg19641804 12 CBX5



cg12602161 12 CABP1



cg14537104 12 APOLD1



cg04357925 12



cg26632177 12



cg09887906 13 LOC121952



cg13009981 13 LINC00426



cg13226328 14 VRK1



cg27455034 14 NDRG2



cg23099476 14 FOS



cg01634664 14 C14orf159



cg14831448 14



cg18272640 14



cg21394729 15 TRPM1



cg06707286 15 PCSK6



cg07364962 15 PCSK6



cg03123448 15 LINC01169



cg03749813 15 CGNL1



cg07552731 15 AKAP13



cg12192499 16 VAC14



cg13597013 17 RPTOR



cg05824218 17 RARA



cg07760125 17 ETV4



cg22222799 17 DNAH17



cg03100191 17 ARHGAP23



cg01490163 17



cg13151483 18 MIB1



cg12776287 18 KCTD1



cg11244603 18 DLGAP1



cg07608084 18



cg22779717 19 URI1



cg15176487 19 EPS15L1



cg10074792 20 MROH8



cg17070800 20 CDS2



cg20874992 20 ACSS1



cg04661976 20



cg05421423 21 COL18A1



cg19611013 22



IlmnID Chromosome Gene



cg06184751 6



cg08180818 6



cg08342194 6 LY6G6E 



cg11737355 6



cg13180351 6 STXBP5-AS1



cg13667488 6



cg21899640 6



cg26548476 6



cg04596071 7 MAD1L1 



cg04663460 7 LOC101927630



cg06767187 7 IQCE 



cg08442364 7



cg10873171 7 AEBP1



cg11787397 7



cg12636421 7



cg14079365 7 CUX1 



cg15874704 7



cg19536459 7



cg21019085 7 EPHA1



cg24679992 7



cg24786658 7 GPR85 



cg26095262 7



cg26816748 7 CALD1 



cg02897690 8 ARHGAP39



cg02901522 8 PVT1



cg02923831 8 C8orf86



cg07471614 8



cg20819878 8 C8orf88



cg25673668 8



cg06787544 9 TTLL11



cg24545533 9 ABL1 



cg01450600 10 FAM160B1



cg02134095 10 ITGB1



cg04130844 10 FBXO18 



cg06840491 10 GDF2



cg14824052 10



cg16365445 10 ITGB1 



cg20447779 10



cg05584361 11 BRSK2



cg12513294 11 STIM1 



cg19801553 11



cg20930815 11 SCUBE2 



cg00490859 12 IFFO1 



cg03835959 12 ART4



cg04357925 12



IlmnID Chromosome Gene



cg09896814 12 MLXIP



cg12602161 12 CABP1 



cg14295118 12 GRASP



cg14537104 12 APOLD1



cg26632177 12



cg09887906 13 LOC121952



cg13009981 13 LINC00426



cg04147497 14 RAD51L1



cg08098650 14 RD3L 



cg13226328 14 VRK1



cg14831448 14



cg16048206 14 AKAP6



cg16997362 14 SUSD6



cg17747974 14 ARHGEF40 



cg18272640 14



cg06707286 15 PCSK6 



cg07364962 15 PCSK6 



cg07552731 15 AKAP13 



cg09581649 16 C16orf5



cg13135255 16 CREBBP 



cg20259531 16 RANBP10



cg10466699 17 SLC39A11 



cg13597013 17 RPTOR 



cg18802443 17 IFI35



cg22222799 17 DNAH17



cg11244603 18 DLGAP1-AS4 



cg13151483 18 MIB1



cg27246827 18 LPIN2



cg00214724 19 RFX2 



cg15176487 19 EPS15L1 



cg26457013 19 TMEM86B 



cg10074792 20 MROH8 



cg17070800 20 CDS2



cg20874992 20 ACSS1 



cg25170117 20



cg18479611 21 BRWD1-AS1



cg19611013 22



cg27440150 22 CABIN1










Supplemental Table 2A. Tumor-DMPs (hyper) detected in the liquids of all subjects

IlmnID Chromosome Gene

cg15649956 1

SNX27

cg06186450 1

SHC1

cg12828504 1

PRKCZ

cg10503136 1

PCP4L1

cg24940889 1

NEGR1

cg14382215 1

ADAMTS4

cg00489772 1

KIAA0562

cg16773028 1

KCNA2

cg25340617 1

IFNLR1

cg08828627 1

GALNT2

cg15487498 1

GALNT2

cg18958135 1

ASAP3

cg23625458 1

AKR7L

cg02288964 1

AGRN

cg00687889 1

cg13037568 1

cg19752233 1

cg22580097 2

UBE2E3

cg15559849 2

cg16644301 2

cg19572912 2

cg21825848 2

cg05375685 3

RNF13;RNF13

cg10901633 3

ITPR1

cg09141280 3

BHLHE40-AS1

cg02116058 3

cg02592957 3

cg04579314 3

cg17077319 3

cg11777521 4

MAML3

cg03536316 4

CEP135

cg11005692 4

cg17671097 4

cg26474043 5

SH3TC2

cg01753263 5

SH3PXD2B

cg13039251 5

PDZD2

cg18254356 5

LOC153684

cg21306078 5

DPYSL3

cg09477886 5

cg13180351 6

STXBP5-AS1

cg08342194 6

LY6G6E

cg23346933 6

CLIC5

cg04825900 6

cg06184751 6

cg08180818 6

IlmnID Chromosome Gene

cg02288964 1

AGRN

cg06240106 1

MPZL1 

cg06705062 1

ECE1

cg10711145 1

PHACTR4

cg14382215 1

NDUFS2 

cg15487498 1

GALNT2

cg15649956 1

SNX27 

cg19752233 1

cg21860785 1

ESRRG 

cg24342696 1

MACF1

cg24535439 1

MMP23B

cg24940889 1

NEGR1

cg25340617 1

IFNLR1 

cg02795305 2

MAP4K4 

cg03672322 2

MIR4433B

cg05308867 2

cg09587345 2

MAP4K4 

cg10439859 2

RHBDD1 

cg13770573 2

AGAP1 

cg17534760 2

cg19041305 2

cg21825848 2

cg22057263 2

cg26175789 2

cg00690672 3

STAG1

cg01948850 3

VGLL4 

cg04579314 3

cg09141280 3

BHLHE40-AS1 

cg13341668 3

HYAL2 

cg17077319 3

cg21610839 3

UBE2E1 

cg03536316 4

CEP135

cg11777521 4

MAML3

cg13536107 4

FBXW7

cg14396758 4

RELL1 

cg17671097 4

cg03161912 5

cg06972724 5

RAPGEF6 

cg10879397 5

ABLIM3

cg21306078 5

DPYSL3

cg24269729 5

cg24842908 5

GABRA1 

cg26504529 5

SYNPO 

cg04076044 6

cg04570579 6

KIF13A 

Plasma

134 DMPs

US 

128 DMPs

IlmnID Chromosome Gene

cg20944115 6

cg21899640 6

cg07067952 7

TPST1

cg23768816 7

SRCRB4D

cg06783429 7

SND1

cg03762314 7

SLC29A4

cg08716380 7

MAD1L1

cg04596071 7

MAD1L1

cg21019085 7

EPHA1

cg23362622 7

COG5

cg10873171 7

AEBP1

cg08442364 7

cg11787397 7

cg24679992 7

cg27033231 7

cg11996592 8

ZC3H3

cg15168294 8

TSNARE1

cg16124670 8

TRAPPC9

cg02901522 8

PVT1

cg05962723 8

DPYS

cg02897690 8

ARHGAP39

cg00284585 8

cg07471614 8

cg11535178 8

cg16224755 8

cg25424986 8

cg06787544 9

TTLL11

cg04719926 9

ROR2

cg11355708 9

OR13J1

cg13951311 9

cg08058898 10

ZMIZ1

cg11521881 10

TLL2

cg27256866 10

SH3PXD2A

cg16365445 10

ITGB1

cg13321164 10

GDF2

cg04130844 10

FBXO18

cg01450600 10

FAM160B1

cg10960240 10

AIFM2

cg14562532 10

cg20447779 10

cg02046836 11

UVRAG

cg12513294 11

STIM1

cg20930815 11

SCUBE2

cg08376310 11

KCNQ1

cg11489945 11

CLMP

IlmnID Chromosome Gene

cg05584361 11

BRSK2

cg10652386 11

cg19801553 11

cg14277677 12

HIP1R

cg14295118 12

GRASP

cg24279017 12

ETV6

cg19641804 12

CBX5

cg12602161 12

CABP1

cg14537104 12

APOLD1

cg04357925 12

cg26632177 12

cg09887906 13

LOC121952

cg13009981 13

LINC00426

cg13226328 14

VRK1

cg27455034 14

NDRG2

cg23099476 14

FOS

cg01634664 14

C14orf159

cg14831448 14

cg18272640 14

cg21394729 15

TRPM1

cg06707286 15

PCSK6

cg07364962 15

PCSK6

cg03123448 15

LINC01169

cg03749813 15

CGNL1

cg07552731 15

AKAP13

cg12192499 16

VAC14

cg13597013 17

RPTOR

cg05824218 17

RARA

cg07760125 17

ETV4

cg22222799 17

DNAH17

cg03100191 17

ARHGAP23

cg01490163 17

cg13151483 18

MIB1

cg12776287 18

KCTD1

cg11244603 18

DLGAP1

cg07608084 18

cg22779717 19

URI1

cg15176487 19

EPS15L1

cg10074792 20

MROH8

cg17070800 20

CDS2

cg20874992 20

ACSS1

cg04661976 20

cg05421423 21

COL18A1

cg19611013 22

IlmnID Chromosome Gene

cg06184751 6

cg08180818 6

cg08342194 6

LY6G6E 

cg11737355 6

cg13180351 6

STXBP5-AS1

cg13667488 6

cg21899640 6

cg26548476 6

cg04596071 7

MAD1L1 

cg04663460 7

LOC101927630

cg06767187 7

IQCE 

cg08442364 7

cg10873171 7

AEBP1

cg11787397 7

cg12636421 7

cg14079365 7

CUX1 

cg15874704 7

cg19536459 7

cg21019085 7

EPHA1

cg24679992 7

cg24786658 7

GPR85 

cg26095262 7

cg26816748 7

CALD1 

cg02897690 8

ARHGAP39

cg02901522 8

PVT1

cg02923831 8

C8orf86

cg07471614 8

cg20819878 8

C8orf88

cg25673668 8

cg06787544 9

TTLL11

cg24545533 9

ABL1 

cg01450600 10

FAM160B1

cg02134095 10

ITGB1

cg04130844 10

FBXO18 

cg06840491 10

GDF2

cg14824052 10

cg16365445 10

ITGB1 

cg20447779 10

cg05584361 11

BRSK2

cg12513294 11

STIM1 

cg19801553 11

cg20930815 11

SCUBE2 

cg00490859 12

IFFO1 

cg03835959 12

ART4

cg04357925 12

IlmnID Chromosome Gene

cg09896814 12

MLXIP

cg12602161 12

CABP1 

cg14295118 12

GRASP

cg14537104 12

APOLD1

cg26632177 12

cg09887906 13

LOC121952

cg13009981 13

LINC00426

cg04147497 14

RAD51L1

cg08098650 14

RD3L 

cg13226328 14

VRK1

cg14831448 14

cg16048206 14

AKAP6

cg16997362 14

SUSD6

cg17747974 14

ARHGEF40 

cg18272640 14

cg06707286 15

PCSK6 

cg07364962 15

PCSK6 

cg07552731 15

AKAP13 

cg09581649 16

C16orf5

cg13135255 16

CREBBP 

cg20259531 16

RANBP10

cg10466699 17

SLC39A11 

cg13597013 17

RPTOR 

cg18802443 17

IFI35

cg22222799 17

DNAH17

cg11244603 18

DLGAP1-AS4 

cg13151483 18

MIB1

cg27246827 18

LPIN2

cg00214724 19

RFX2 

cg15176487 19

EPS15L1 

cg26457013 19

TMEM86B 

cg10074792 20

MROH8 

cg17070800 20

CDS2

cg20874992 20

ACSS1 

cg25170117 20

cg18479611 21

BRWD1-AS1

cg19611013 22

cg27440150 22

CABIN1
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IlmnID Chromosome Gene



cg01393991 1 CITED4



cg03364760 1



cg09315735 1 WDR64



cg22439209 1 HMCN1



cg25475577 1 AMY2A



cg25525430 1



cg05238843 2 SRSF7



cg07553098 2 CERKL



cg17442477 5



cg02099154 6 SYNE1



cg27589932 7 LINC01446



cg02297967 8



cg14001858 8 SNTG1



cg19586804 8 HGSNAT



cg27546582 9



IlmnID Chromosome Gene



cg04035553 8



cg20766738 8



cg22644321 8 TRIB1



cg24032623 9 GOLM1



cg09228833 20 ZNF217



Plasma
29 DMPs



US
5 DMPs



IlmnID Chromosome Gene



cg08954948 10 IL2RA



cg18222240 10 ARMS2



cg12628672 11



cg19228683 11



cg05305603 12 MIR3974



cg08931917 12 GRIN2B



cg01963582 14



cg02944171 16



cg23525799 16 LOC101927580



cg02219451 17 MARCH10



cg00237080 19



cg16103029 20



cg25773464 20



cg10411143 21



Supplemental Table 2B. Tumor-DMPs (hypo) detected in the liquids of all subjects










IlmnID Chromosome Gene

cg01393991 1

CITED4

cg03364760 1

cg09315735 1

WDR64

cg22439209 1

HMCN1

cg25475577 1

AMY2A

cg25525430 1

cg05238843 2

SRSF7

cg07553098 2

CERKL

cg17442477 5

cg02099154 6

SYNE1

cg27589932 7

LINC01446

cg02297967 8

cg14001858 8

SNTG1

cg19586804 8

HGSNAT

cg27546582 9

IlmnID Chromosome Gene

cg04035553 8

cg20766738 8

cg22644321 8

TRIB1

cg24032623 9

GOLM1

cg09228833 20

ZNF217

Plasma

29 DMPs

US

5 DMPs

IlmnID Chromosome Gene

cg08954948 10

IL2RA

cg18222240 10

ARMS2

cg12628672 11

cg19228683 11

cg05305603 12

MIR3974

cg08931917 12

GRIN2B

cg01963582 14

cg02944171 16

cg23525799 16

LOC101927580

cg02219451 17

MARCH10

cg00237080 19

cg16103029 20

cg25773464 20

cg10411143 21

Supplemental Table 2B. Tumor-DMPs (hypo) detected in the liquids of all subjects
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