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A Pan-Cancer Driver Module Based on Transformer Feature Learning and Multi-Source Heterogeneous Data Fusion
Deng Shiyu
Guangxi Polytechnic University, Nanning 530000 Guangxi Zhuang Autonomous Region.

[ Abstract ] To address the limitations of traditional methods in processing high-dimensional sparse data, this paper proposes a deep

feature learning framework based on Transformers. Built upon TCGA pan-cancer data, the framework integrates

multi-source heterogeneous data including genomic, transcriptomic, and protein interaction networks. By employing a

multi-head self-attention mechanism to capture nonlinear and long-range dependencies between genes, it achieves deep

semantic representations of potential driver genes, providing novel insights for multi-omics data integration and the

elucidation of cancer molecular mechanisms.

Keywords: Cancer-driven module; Transformer; Multi-source heterogeneous data; Pan-cancer

1505

JEE RSN A Z YR | 22 IR AR R GE kR
i o MG 1N Z AR IS RN, 20 T AL
AR S VR P S GRIPOR h GER T LR o D, A
FEBOI TR B R G 22 IR MR A SRS, Sl etk
ARFAE S S HOAR , IR G BE AR AT SR N IR = B2 B, e
i 7 UK SRR A% o D BB B

2 Bl

R T RGeS E AR (A O e, AR T
B E SRR TS0 R . TCGA 12 PR 4 i 28 A8 45
FI4E 3110 MEEAEREATT 11 FPEAEZETAY 11565 P,
PPI W28 fdi I f9 2 HINT+HI2012" ) HAR B8 T 7ER 40 2
AR P RIS AR AR RO FE IR, AbBRS A AIENR - S AEREAREL
m=3110, ZEKF% n=6930, H%|E| = 25251, #iT
mirDIP $35 " 1] LA I —microRNA RIZ%, %M 45
6145 A | 2734 > microRNA LUK IR S microRNA fY
229135 S5 -

M —HIBIEREAR S =(s; 1i=1.2,...,m} RRLLE
G={g;|j=12,...,n}, & XIEAMPIRALFEE A vn
B PPL M4 PP = (V,E) LA B -microRNA 8 2%
PM = (V9,v™ EIm, Wwomy, JF5IANEJFE MEX(M) . 5
FE cov (M) BASHAIM K/ RS(M,) SEfats, HFEILIK
S B R S R . AEULIR I, MR A
MS(P) 5EERS cs(p) , W E LK B AEIR 4
DMSS(P) = MS(P) x CS(P) - %, FHIhE K shis b B
[ A — AL R4 PPL %S $PPS. 1A4H
IGEAEHERE Ay sy« FEPH-microRNA 2% PM, FEPERAS
B Totalg B/ MNIKE Mins FLRFMT, FHR—4A
AESWEEBY P = (M, M,,...,M,} , 143 DMSS(P)
KA,

4 Jjik:

AR T —Fh LT Transformer $FAE24 > AYJREAE YR B)
FEHGRB e, A A AR AR SIEL  FRAE

61



ACADEMIC
e

Modern Science and Technology Research MRXRHHZR £ 6% 5F 4 H1 2026 £

PR, RISFI AR SRR, i 1 B

FE— HiNE HW M
PPIFIEE FSREIIELRIR
Gene-microRNAEES GEERHE

HEaMiE

TransformerfiEh

AR Wivy, v BAHERLA

A1

B, ERNESTLIRT, 5IAKE K -microRNA L& 4T
PPI M2 AT INAL . 4 ST g; T gy, o ede Tt
JE[F] microRNA &RJE I EAGRE CF (g, 9;) » A5 HIFE
ME(g;, 9;) SHIEIE cov({g)}) » ESGANE w(v,v;). 4
JFBEMTHIE 0 i, AN 0,

JOR, TERHESIBUL IR, SRA Transformer Zifihaf Xt
T PPT 9 2 ep iy 45 A TRRAE SR I, Transformer f&— ik
FHEE PRI TREE 2= I8, B Vaswani %5 AfE 2017
AEAR IR 2 AL PPL M4 6 = (v, E,w) , HHh i 6930
ANEEPRT AL, E SR SR 6 AEIFIRHREMAFE (A4
BE L OIALEE . B ZARL. PageRank {H. 41)EF-XACE Koy

& 2
TERFMESRIGE T . FIH] DIANA J2UCRKF 0 B A
TR TR R 1 TR B 1Y AR R 1] fE ] )
ARRLRE , 3 kAR 20 7 2R B0 U 14 B — R PR g L 4 73
AR E R TR, TS 3 — 2B N AR o
R, FETREEAIRBOT T —Ma Kok i iR 4
RS IR IR AU BR Y AR T R AR 39 1
NS FE PRI R AR A e/ NI SR I 1 i, LR
JIT AR BR 0 DR RSOAN A e T PR R B, 528 A pl— 2
ANES | N B R RS e B B A e e 9K
ZFEHR . Transformer J5 ¥ i A I HLHHHHE 2R
LT Z S0 BEFE A SCRAAE , DA BTG R bR il 1 1Atk
EOGR, A RGE T IC B A SRR I 55

W= B SR WREHmE
DiANAR 2 MEE BREFE
- -
HEE Eihiike
Jrik I gR

fEI PR ), HNEERRE X € RO930%6, /5, XTHHE
FEREHEATARIEALAL B, (LR MFRIEIEZS 54345 o Transformer
gl MR 6 ERFIEWL 2 64 4EfAIZs ], Jf
TN B GRS USRHET SR B S . HiDanh 3 1
HAFZHEZ MR, 208 2k AR LR (4 MR
J13k, ARG 16 ) FIFTHPHZ M 4% (Bl = 4R 256 ),
JER G EEE S RH b BOALR B W Bl 25,
W E AR TR, Bk sRECH R 2E, ]
Adam RS EAYIZE 100 %6, VTS, TR RS
—JZ IR AE T IR 64 JERHIEFOR H € RO930%04 |5
2 JB/RT Transformer FRIERIU B AR

FHIEARBGRE

5 SRE RS0

AFTLL COSMIC FEAiEFE A (CGC) Hdi " e
FHMLE (NCG) " IS IR LTI . £ 1 RR T %
J7AE Totalg =100 BHRGI RN Y 12 AMEHe, #EHK/IE 3 3
24 ZIl, N TEFREGNE, fEF 1 ik COSMIC iz
T 25 S RS TAR e, 24 Totalg =100, 3t 60
ANIEHAE COSMIC HdR P,k 59 ANFEPH FEH e 56 K 19 2%

(NCG ) Hr, B DI ELA) DL H: R 9 AR A o3 e o G IR
W . AR S KEGC B E"Y |, KB4 K250
Hh AR T B 20 4 B0 DG 1

F 1 Totalg =100 T i1 R
8N S
PIK3CA PIK3CA PIK3R1 CTNNBI1 IGF1IR CCND1 CDH1 MDM2 MDM4 EGFR TLN1 ATM IKBKB CDK4 VHL
NEDD9 CDK6 ERBB2 CDKN2A IRS1 AKT1 RB1
MYC CCNE1 MYC FBXW7

62




Modern Science and Technology Research MRXRHHZR £ 6% 5F 4 H1 2026 £

KAT6A KAT6A NFE2L2 CREBBP

TP53 XPO1 ERCC6 TP53 NPM1 PTEN ING1

ABCAL1 ARHGEF11 ARHGEF12 ABCA1

NOTCH1 SETD2 ATN1 KIAA2026 LTBP1 SPEN BRCA1 ANKHD1 HIVEP1 CACNA1A ACACA RERE

SETD2 ATXNI

EP300 MEF2A KLF5 FLNA KDM6A REL NCOA3 EP300 NCOA6 ESR1 AR TCF3

PTK2 PTPN11 ITSN1 ITSN2 PTPRB PTPRC BRAF GTF3C1 PTPRK PTPRO EZH2 KIAA1549 INSR

FOFRS MYO5B HRAS FGFR3 MLLT4 MAP3K1 NEDD4 RASA1 ERBB4 KIT SOS1 SOS2
ARIDIA CHD4 ARID1A STK11 SMARCA2 SMARCA4

SMAD4 UHRF2 SMAD4 TFE3

CHD6 RBBP6 CHD6 ZFYVE9

STAG2 STAG2 SMC1A STAG1

PIK3CA il B EEHET FoxO, PI3K-Akt & p53 {55
W, W IGFIR, EGFR, AKT1, CDK4 Z5GHELH, H 6 5518
Hr, FoxO TERR RS T R AF L ZAE M, PIBK-Akt B9 Zh

981 R LAY TR 1 o MYC A 3232 5 PI3K-Akt 38 1%
(CCNE1, MYC); TP53 #iHedh & p53 KA fgiE M (TP53 .
PTEN ); EP300 #ib & 4 T HUR R0 5 ( ESR1. NCOA3

AR HRT Transformer P28 9K SRR U ik,
HZ sk AR AL BL e R R, A BN TILH
FREEE, 23R 1Sk N XA B sR A a] ik, 45

EP300 ). FGFR3 #7725 Ras. MAPK JZ PI3K-Akt i
#%, #5 HRAS, BRAF, KIT, SOS1 Z3L[K . Ras il 454
FE S e R A L, MAPK i 6 U IR ) 3847% CREB, M
M _EBE BT REAI IR P Cyelin D1 (33X,

£ DIANA RK5JFAAF D, W 11 Rz hislm
12 R ATEIR S, W E & T PI3K-Akt, MAPK %54
BB R, FFAE COSMIC & NCG B b A S S g, A
5T Ry 2412 E R A S REDL AT AL TR

P L)

[1]Das J, Yu H. HINT: High—quality protein interactomes and their applications in understanding human disease[J]. BMC systems
biology, 2012, 6(1): 1-12.

[2]Leiserson M D M, Vandin F, Wu H T, et al. Pan—cancer network analysis identifies combinations of rare somatic mutations across
pathways and protein complexes[J]. Nature genetics, 2015, 47(2): 106-114.

[3]Yu H, Tardivo L, Tam S, et al. Next—generation sequencing to generate interactome datasets[J]. Nature methods, 2011, 8(6): 478-480.
[4]Tokar T, Pastrello C, Rossos A E M, et al. mirDIP 4.1—integrative database of human microRNA target predictions[J]. Nucleic acids
research, 2018, 46(D1): D360-D370.

[S]Vaswani A, Shazeer N, Parmar N, et al. Attention is all you need[J]. Advances in neural information processing systems, 2017, 30:
5998-6008.

[6]McLachlan G J. Mahalanobis distance[J]. Resonance, 1999, 4(6): 20-26.

[7]Kanehisa, Minoru, and Susumu Goto. KEGG: kyoto encyclopedia of genes and genomes[J]. Nucleic acids research, 2000, 28(1):
27-30.

[81John G Tate, Sally Bamford, et al. COSMIC: the Catalogue Of Somatic Mutations In Cancer.[J]. Nucleic Acids Research, 2019, 47(D1):
D941-D9%47.

[9]Dressler L, Bortolomeazzi M, Keddar M R, et al. Comparative assessment of genes driving cancer and somatic evolution in non—cancer
tissues: an update of the Network of Cancer Genes (NCG) resource[J]. Genome Biol, 2022, 23(1): 35.

YR ABRFT°(1996-12), 5, FEWR, RGN, Wid, TR, #F5E05me . Bz, AEmiE R

PRI : BT Transformer MZURSAGEAS B2 SRS BB TE , DRAE S . GYKY2025021B,

63



