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7F AtE o ® 27w LOOCV(Leave-One-Out Cross Validation)& %3] H7lEdv). £F 2dS& AE37]
e mds FHste o AFEERA g2 59 dolH AECA RdS BAESU. 5§ dolEiE 1CGC dleol
B x99 IAEG(LIRILIP) dlolE]l AEA & 5a3itt.

st viel e AdS B, 10714 589 I B4 4,321 A2 pcPSNs9F cPSNsE &3S oH
pcPSNsell 4] BRCA, KIRC, LIHC, LUAD, PRAD % UCECel whal #z+z+ % 279, 51, 132, 117, 73 2 23709 FAA <
o Az s E&sh. UrA 47k @9 b fAAk A3 dEE p-ghel on gly] wiEel o+
ARy o] WA R kgl

T 4E By Q Aol w2l Kaplan-Meier &35 AHE&ste] AlZ48hst & 159 AE8&e B8k =HoR,
671419 oF frdelA =1 =9 H=ES p-gre]l P W AAAQl o5 A el dig F A aFe] A

A AEES UrEMlEP.

FaA0) dFEe va] 98 24N AF G144

= 5 v Ago wat Azl gF FAx o] AHEE RE FAAES gdeR 2o 49 HAEES A
3 AN =AFE ot

= 55 x5, KDMSB_TRADD 44+ 22 7 Hd 2k KDM5BF TRADDS] 44+ wHel 33 Wes)l =52 =
T dF2o] ¢l WA, KDMSB_TRADD - AF 22 BRCACI A wi-$- W& p-3k(5.80E-08)& HYIS & 4 Ur}.

E 12 BROAIA 1070e] FAA o F A4 3t AY K04 ol BAE AW FAd
3 AEs SR A 20 9 AAEe p-gd Uehdnh §a4 gaks 2, )
Gz dgsl £FE BE 20 59 A feldA e ARE $& pgte 71

_10_



[0068]

[0069]

[0070]

[0071]
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¥ 1

gene pair of psPSN gene expression DNA methylation
genel_gene2 p-value genel gene2 genel gene2
KDM5B_TRADD 5.80E-08 - - - -
EFNA3_STC2 3.47E-07 - 292E-03 | 141E-03 -
GSN_ZEB1 6.43E-07 - - - -
ESR1_MUC1 1.72E-06 - - 4.40E-04 -
CTCF_HSP90AA1  1.26E-05 - 1.27E-02 | 3.30E-02 -
CDKN2C_PIGR 4.78E-05 - 2.71E-03 - -
VWF_ZEB1 5.74E-05 - - - -
TGFBR3_ZEB1 6.00E-05 - - 9.99E-03 -
CASP9_ETS1 6.31E-05 | 8.82E-03 - 1.79E-02 -
PML_TRADD 6.39E-05 - - - -

Ly

a
[e)

‘IT

o] A APcorr gl &3l At ABUES Fo|t),

A

Ly
a

EYIaY FAAE AdeE A= APcorr = EE
Peorr= TF =3 A HE9 ZaaAe Aols
g & Bk MEVEN A ¥ ZA deRd,

62 2] KIRC 419 pcPSNoll A 2w

ANBUEYaES

Watele] EAlelE =

A2} 24 BIRC5_IL79] 3L APcorr &l &3l $xte] ABUES F0o]a,

APcorr 1E9] 3AxH(b)E 2,087Y o)A AESIAUTE.

62 Bz, (2)0 AnUENIE (b)) AuuEgZd 8| =
o]l o= GA= o ABUVEYIE §H2 Ao 2719

2 470 2Y2HE
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[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

ZIHSd 10-2023-0148944

* 2
high APcorr
Annotation cluster 1 Enrichment score: 6.11 #genes  p-value FDR
_PA AY hsa05200:Pathways in cancer 19 L55E-08  2.00E-U6

KEGG PATHWAY hsa05215: Prostate cancer 9 1.63E-06  7.54E-05

KEGG_PATHWAY hsa04151:PI3K-Akt signaling pathway 14 1.85E-05 4.57E-04

Annotation cluster 2 Enrichment score: 6.08

UP_KEYWORDS DNA damage 17 863E-12 3ME-10

UP_KEYWORDS DNA repair 15 1.00E-10  3.10E-09

GOTERM_BP_DIRECT  GO:0006281 DNA repair 10 7.96E-06 6.84E-04

Annotation cluster 3 Enrichment score; 5.62

UP_KEYWORDS Transcription regulation 32 454E-08 8.79E-07

UP_KEYWORDS Transcription 32 B62E-08 1.34E-06

UP_KEYWORDS DNA-binding 26 6.45E-06  7.15E-05

Annotation cluster 4 Enrichment score: 5.00

UP_KEYWORDS Apoptosis 14 T.39E-06 1.79E-05

GOTERM_BP_DIRECT  CO-U006919 activation of cysteine-type endopepfidase  ,  ,gop e aapod

activity involved in apoptotic process
COTERM_BP_DIRECT  GO:0006915 apoptotic process 13 9.22E-05 6.34E-03
low APcorr

Annotation cluster 1 Enrichment score: 5.06

UP_KEYWORDS Kinase 19 1.03E-08  6.59E-07

UP_SEQ FEATURE active site:Proton acceptor 18 1.82E-08 5.19E-06

INTERPRO IPR017441:Protein kinase, ATP bind.ing site 14 6.29E-08  1.82E-05

Annotation cluster 2 Enrichment score: 5.04

UP_SEQ FEATURE signal peptide 40 213E-08  5.19E-06

GOTERM_CC_DIRECT  GO:0005576 extracellular region 25 1.78E-06  3.1BE-04

UP_KEYWORDS Disulfide bond 36 4 ME-06  7.00E-05

Annotation cluster 3 Enrichment score: 4.35

UP_KEYWORDS Growth factor 10 1.27E-08 6.59E-07

GOTERM_ME_DIRECT  GO:0008083 growth factor activity 11 2.04E-08 2.98E-06

GOTERM_CC_DIRECT  GO:0031093 platelet alpha granule lumen 5 1.93E-04 4.93E-03

Annotation cluster 4 Enrichment score: 4.33

UP_KEYWORDS Kinase 14 1.03E-08  6.59E-07

INTERPRO IPR017441:Protein kinase, ATP h'md'mg site 14 6.29E-08  1.82E-05

UP_SEQ FEATURE domain: Protein kinase 13 6.31E-08 1.03E-05
3L APcorr 59 4 FY2H 1L 4 #EE HARE ¥t} PIK-Akt A4S AR AT AY, ofE
Az AE S v A% 4L S0, o PWelA Edvolsl M HEHY 42 F shpeld.
FA FY2E 28 DN ER/5T 7159 FAS Edetal, F4 S 2H 4v ol EALS d-dE FAS U

ehuic}

| Ty e-

Ao deA v

H

T 78 Rz, U3 F89 o] BE pePSNS OE §39] ¢ tE HEYan
3|

R=A
=
o
N
=
o
o,
o
Job
r o

W, A APcorr ZL&ol thsf

=
=
9, AE A £ AE Bt g F4s 2.

78 10744 o 89 4

,3217K pePSNel ATH S 2T das ZASh: mHoltt

A e o fReA AEe uA EnE Qs) U@ Felseo] WA oy
3]

e =F3 DNA Wesl 358 o] 83 F7F FYHAHAS
1,61570¢] MalaCards F2#=}e] 4=k
A= AREE AT, SHAEHY A

o, ARIS W= -1-1 ot} o7M 02 WY

Bl Aol o5d oF 33 Al oF FF Alole] ARIE HolEr.
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[0079]

[0080]

[0081]

[0082]
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X 3
foisbisia o linkage adjusted r:znd index (ARI)
- genes from Malacards  random genes
complete 1.000 0.977
pcPSN network average 1.000 0.943
single 1.000 0.931
complete 0.441 0.342
euclidean  average 0.131 0.043
single 0.000 0.000
gene expressiun h complele 3;%? g[]ﬂ.g
. . manhattan average A3 ;
+ DNA methylation singlg 0.000 0.000
complete 0470 U.366
cosine average 0.129 0.043
single 0.000 0.000
complete 0.421 0.355
euclidean average 0.133 0.043
single 0.000 0.000
complete 0.369 0.254
gene expression manhattan  average 0.133 0.043
single 0.000 0.000
complete 0.651 0.363
cosine average 0.129 0.043
single 0.000 0.000
complete 0.093 0.086
euclidean average 0.000 0.005
single 0.000 0.000
complete 0.076 0.087
DNA methylation manhattan  average 0.003 0.009
single 0.000 0.000
complete 0.087 0.102
cosine average 0.000 0.000
single 0.000 0.000
a2 2 B/ DNA mlE st s o] 83 S AE P ARI= pcPNS ARRSE S 2E "o ARIEY &
A e s & 5 Ark. olgd A= wjx aFvke] e wHSE 93 FAg olfr= ofHEte AL ¢
gy, 2k Gd 7 DNA wiEshe] 24 FE dddAlel vz & dwe EYAY) ol Fug T
gy Aol 7og AE &+ AUt

A, gy R mde] A5 s7]e ek 8 A ek 1302 AoHE Wi (sensitivity, SN), 5
o] (specificity, SP), ¢ o|=gk(positive predictive value, PPV), &2 <l53%k(negative predictive
value, NPV), A& % (accuracy, ACC) 2 wjF2 A5 (Matthews correlation coefficient, MCC)9] 67} A
e B9 HEAG. A7A, MCe B4 dlolE AECA o X xel vl Rde] H5s R A
B7FEE ¢ vk MCCe A3k WE e 65 ¥WE Abo]o] Foj At AlFolB® [-1, 1] W9 s Zet.
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#8149
TN
SP—
TN+ FP
[0083]
T84 10
TP
PPV =
[0084] TP + FP
8p4] 11
NPV = N
0085] TN + FN
T84 12
TP+ TN
ACC =
. TP+ FP+TN+FN
+8p4] 13
(TP-TN)— (FP-FN)
MCC=
\/(TP + FP)(TP + FN)(TN + FP)(TN + FN)
[0087]
[0088] H 4F BRCAOIAY SV REo H5S BojFEr}.
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[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

ZIHSdl 10-2023-0148944

¥ 4
year dead alive TP TN FP FN  sensitivity specificity PPV~ NPV accuracy MCC
pePSN
1 15 670 1] 667 3 15 0.000 0.996 0.000 0978 0.974 -0.010
v 3 427 10 397 30 20 0.333 0.930 0.250 0952 0.891 0.231
3 50 312 26 279 33 24 0.520 0.894 0.441 0921 0.843 0.387
4 61 233 22 223 10 39 0.361 0.957 0.688  0.851 0.833 0.414
5 72 179 57 157 2 15 0.792 0.877 0722 0913 0.853 0.651
cPSN
1 15 670 0 660 10 15 0.000 0.985 0.000 0978 0.964 -0.018
2 30 27 18 370 57 12 0.600 0.867 0.240  0.969 0.849 0.312
3 5 312 30 279 33 20 0.600 0.894 0.476 0933 0.854 0.450
4 61 233 3 198 35 25 0.590 0.850 0.507  0.888 0.796 0.417
5 72 179 45 153 26 27 0.625 0.855 0.634 0850 0.789 0.482

SW 2E2 19 AL dFdA 5d AL 4574 &7 295 9 U A4S B3tk pePSNe 5 e 7l
0 .877, PPV 0.722, NPV 0.913, A&X= 0.853 L MCC 0.6512 &A3Ac). olo] whal, cPSN
3 0.625, 5°]& 0.855, PPV 0.634, NPV 0.850, A% 0.789 = MCC 0.4825 EA33iT).
do] Aed BE AxoA PN Rdo Asrtl £ S & 5 drh. 53], 9= 2 PPVelA A

S Holxdl, o] pcPSN EH(FNR = 0.208)°] cPSN 2 (FNR = 0.37)Ht} @& A3l SAE
7

T 8S s, SWM B2 cPSNe] wifk=e} NPVE AlQst BE A ollA] FHare] d5S BATFH. cPSNE o]
43k SW 2de] m7tx = NPYZE W AL A3k vlhel 7ol FNRo] E7] wjEY 4

5y FZIEAA o5 Rde AFTS 8 1CGC dloly ™ol FFNEL(LIRD) HolH HEE FH3IT.
LIRT d©lo]E] M Eol|= DNA WEsl dlolel7t Xgs]o] A ¢7] wiol] 43 HuE s PN 37/ mds

AFEsle] 59 HAEZ 33190, LIRI 84 T 5 oA A& dkxl= 2iMolojd 51 AE 952 LIRI
Holg MERZ 314 %9tl. &= 9+= LIRI dlole AE<2] ROC I3 ROC A4 ol WAHS TASH=E o),

o
oo
oo
=~

I
o
ki
o
~
(1]
o
o)
)
-
o
(e}
o
o
=
v}
-
<
~
o
[@)]
o
Jot
k1

HAEo|A LINC $x1o] 43 AFE oF 2de WE 0. 5
0.847 2 MCC 0.622% 2Asdtt. S7 dolg MEZ AFE3 AFolA LOOCVE T ofzF o e A5 % (0.887
) 0.847)$F MCC(0.762 W) 0.622)E @Astg o}, A

1491 e o3 ¥e A% FES FASL Atk

% muel Yol U 7 54 ot 57 (5 ,
o APCC % Q1A fAlAe] f)ol s MES] SW BRE FHeke] o mue] Yol UE 2 549 JloE
& grssint

E 5 R B9 4d AE dlZo] e 2 549 A welEt)
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¥ 5

feature SN SP PPV NPV ACC MCC
LIHC leave-one-out cross validation

expression 0649 0746 0.822 0540 0684 0378
APCC 0868 0603 0798 0717 0774 0.493
#neighbors 0693 0857 0898 0607 0751 0527
total 1.000 0683 0851 1000 0887 0762

LIRL_JP independent test )

expression 0814 0625 0854 0556 0763 0424
APCC 0953 0375 0804 0750 0797 0427
#neighbors 0814 0.750 0897 0.600 0797 0.530
total 0884 0750 0905 0706 0847 0622

[0097]

[0098] 3 55k @ol A4 el APCC R A FAA4 F7b FA4 BA FEel vl Yvo] wor, RE 533 A
B A% P e e mgrh. 9o R0l we Asb} tha golsht A4 FuEA(APC)S A
FA FE fAA BH S22 U3 B BEES U T ASTS ¢ F AU,

0099] B =mEECA WAA AF G044 A AFS 98] 1060 HlolE AEolA et el AE A BA3)
A,

[0100] % 10& ekl tF F A AF A ol e F AL HolEl AEeIA ek B PEES wASE
Ewlew, AE B AEE o 44 4L Al TA LIHC dlol8 AEdA £%Eon 1C6C LIRT 8ol
B AENAE FA 58S RS s

101]  g%d wish e B el Axdo] wan, P ARRAS Fo 494 2@ S Ve ARE Ao
gomm aAE VENILE THT 5 Aot

[0102]

Woe mHe] EAE AAE FuE stel AYHAo ot dAH Aol s, Fa s1%ol L3
B0l AN 7R Ak olZRE B WY R FEE B WAt s 4 ol
Wby B owgel 1% 1%d BEUE okl SHATHA A1EH Aol ool aAlor @
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)

g

=0 o YE0M FHXA 5*04 HO|& 2 DNA O &
0|83t 2& |EA &0l Chgh 24t —‘?‘——E— oA

—

H 1 '—ﬂEOJEL(PcoIrn HESQT) =

A2 HEAIOAM 2xr 22 of2HH 9| p-2fol
71 28 E M1 A2 ool olXl MA - S130

v :
2Ot A= X[ X2 HIEHZL} M1 HEHZ AtO|Q] & EHEHAHL| | |
XO|(APcorr)E 08510 HAtYE FE AL W E R (pcPSN) 75 - S140

e & FE0M 2= 2HAHE RN HES RO ’“xH*PE S5 oA

! 21280f) T8l SHAFS 0] APcorrS AFSI0] S| 7 E A Al 5210
i v :
5 3|20 p-gt B L 5200
! S HE p-gfo] 7| SR M2 YA 0arol ofX|= i
: STNEOl o= QEA Hos My M 5230
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sample: n normal samples

node: gene, edge: Pcorr,

tiee - 1eeee

S

S2

Sz ...

Sn

add a tumor sample

sample: n normal samples + 1 tumor sample

node: gene, edge: Pcorty+

prede - f9900 & deeed - APPR0 6

St

S2

S3 | ees

BB

S2

S3 | .

Sn
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peidd-- p9e99 ¢

S1

S2

S31 ---

select edges with p-value of Pcorr,.; < 0.05
pcPSN node: gene, edge: 4Pcorr

APcorr = |Pcorry+; — Peorty|

W 2
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gene expression and DNA methylation data
from GDAC Firehose for 10 cancer types

v

MalaCards genes
of each cancer type

v

Patient-specific networks

v

Prognostic gene pairs
for each cancer type

v

v

v

v

1,615 merged MalaCards
genes from 10 cancer types

A 4

Patient-specific networks

A4

Network distance matrix

A4

Survival and
topological analyses
for each pair

Functional annotation
clustering analysis for
genes from pairs

Survival prediction
with gene pairs

Hierarchical clustering
of all tumor samples
in 10 cancer types
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KDMS5B_TRADD (BRCA)

BIRG5_IL7 (KIRC)

1 1
— high APcorr (254) = high APcorr (112)
081 — low APcorr (517) 08 — low 4Pcorr (206)
%
Sos 06
o
_g 04 0.4
c
=1
@
02 02
p = 5.80e-08 p=1.87e-07
0 ™ 0
0 2000 4000 6000 8000 10000 0 1000 2000 3000 4000 5000
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o
]

PTEN_PTENP1 (LIHC)

= high 4Pcorr (135)
— low 4Pcorr (229)

08

06

04

02

ALDOA_ENO1 (LUAD)

= high 4Pcorr (141)
— low 4Pcorr (302)

p =1.26e-07 p=1.03e-06
0 (1]
0 1000 2000 3000 4000 0 2000 4000 6000 8000
Time (days) Time (davs)
CASP7_KLK4 (PRAD) CDH3_E2F3 (UCEC)
Qo.e i 08
§
g 06 1 06
o
So4 ) 0.4 .
e - high APcorr (154) = high APcorr (164)
ﬁm‘ — low APcorr (341) 02 — low 4peorr (264)
p=513e-04 p=1.32e-06
0 T T v 0 .
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Time (days) Time (days)
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Survival Probability
o o o
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hed
N

Survival Probability
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SIHES

KDMSB_TRADD (pcPSN)
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— high APcorr (254)
.08 — low 4Pcorr (517)
%
06
e
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So4
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02
p =5.80e-08
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k1
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(a)

(b)

1
g
Z

BRCA BLCA COAD LUAD KIRC KIRP LIHC HNSC UCEC PRAD
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1l

ROC curve (area = 0.824)

False Positive Rate
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E2F2_NAA40 (LIRI)

— high APCC (88)
p =3.33e-05 — low APCC (144)
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