
Table S1 Functional enrichment of DEMs

Terms Count P value BH method

Biological Process

Regulation of nucleobase, nucleoside, nucleotide 
and nucleic acid metabolism

876 1.83E-14 3.26E-12

Signal transduction 1123 2.82E-08 2.51E-06

Cell communication 1037 9.43E-06 0.000559

Regulation of cell growth 13 0.000397 0.017676

Regulation of gene expression, epigenetic 29 0.000678 0.024135

Carbohydrate metabolism 6 0.004384 0.130048

Regulation of cell cycle 23 0.008366 0.212742

Cell organization and biogenesis 5 0.013274 0.228087

Protein modification 10 0.014531 0.228087

Transport 338 0.015945 0.228087

Endosome transport 3 0.015951 0.228087

Morphogenesis 3 0.015951 0.228087

Cell differentiation 13 0.016658 0.228087

Regulation of signal transduction 11 0.022384 0.284592

Regulation of immune response 5 0.028092 0.333361

Hemopoiesis 3 0.051761 0.484916

Peptide metabolism 3 0.051761 0.484916

Neurotransmitter transport 3 0.051761 0.484916

Regulation of development 3 0.051761 0.484916

Chromosome segregation 4 0.072159 0.642216

Regulation of translation 6 0.08253 0.69954

Cell proliferation 14 0.090172 0.729574

Apoptosis 64 0.103669 0.779986

Cell motility 8 0.105167 0.779986

Protein transport 5 0.117415 0.835997

Cellular morphogenesis during differentiation 2 0.158225 0.901539

Intracellular signaling cascade 2 0.158225 0.901539

Regulation of cellular process 2 0.158225 0.901539

Steroid metabolism 2 0.158225 0.901539

Transcription 15 0.160033 0.901539

Fatty acid metabolism 5 0.16124 0.901539

Organogenesis 4 0.168989 0.901539

Development 3 0.172204 0.901539

Electron transport 3 0.172204 0.901539

Lipid metabolism 11 0.187287 0.923821

Cell development 5 0.210433 0.923821

Nucleobase, nucleoside, nucleotide and nucleic 
acid transport

3 0.247238 0.923821

Immune cell migration 1 0.251766 0.923821

Lymphocyte proliferation 1 0.251766 0.923821

Lymphocyte activation 1 0.251766 0.923821

Phosphoinositide-mediated signaling 1 0.251766 0.923821

Antigen presentation 1 0.251766 0.923821

Learning and/or memory 1 0.251766 0.923821

Plasma membrane organization and biogenesis 1 0.251766 0.923821

Enzyme linked receptor protein signaling pathway 1 0.251766 0.923821

Regulation of hormone secretion 1 0.251766 0.923821

Regulation of viral life cycle 1 0.251766 0.923821

Cytoskeleton organization and biogenesis 7 0.262556 0.923821

Cell fate commitment 2 0.26469 0.923821

Skeletal development 2 0.26469 0.923821

Cytokine and chemokine mediated signaling 
pathway

2 0.26469 0.923821

Anti-apoptosis 10 0.27099 0.92762

Cell surface receptor linked signal transduction 3 0.325845 1

Regulation of cell proliferation 7 0.353651 1

Cell-cell adhesion 4 0.356676 1

Regulation of metabolism 2 0.370912 1

Regulation of exocytosis 2 0.370912 1

Mitosis 2 0.370912 1

Regulation of enzyme activity 2 0.370912 1

Mitochondrial transport 2 0.370912 1

Protein targeting 2 0.370912 1

Carbohydrate mediated signaling 1 0.440156 1

Steroid hormone receptor signaling pathway 1 0.440156 1

CAMP-mediated signaling 1 0.440156 1

RNA localization 1 0.440156 1

Cell death 2 0.470266 1

Cell cycle 6 0.490964 1

Protein metabolism 332 0.53972 1

Cell migration 4 0.545112 1

Lipid transport 2 0.559478 1

Neurogenesis 2 0.559478 1

Wound healing 1 0.581121 1

Bone remodeling 1 0.581121 1

Amino acid transport 1 0.581121 1

Signal complex formation 1 0.581121 1

Gene silencing 1 0.581121 1

Protein localization 1 0.581121 1

Hormone metabolism 1 0.581121 1

Cell adhesion 13 0.625591 1

Vesicle-mediated transport 4 0.653291 1

Cell growth and/or maintenance 278 0.656359 1

RNA metabolism 6 0.670515 1

Amino acid and derivative metabolism 1 0.686598 1

Cytoskeletal anchoring 1 0.686598 1

Regulation of endocytosis 1 0.686598 1

Vesicle docking 1 0.686598 1

Ribosome biogenesis and assembly 1 0.686598 1

Innate immune response 1 0.686598 1

Cell recognition 1 0.686598 1

Ion transport 11 0.693821 1

G-protein coupled receptor protein signaling 
pathway

2 0.760006 1

Microtubule-based process 1 0.765519 1

Regulation of physiological process 1 0.765519 1

Embryonic development 2 0.806608 1

Protein folding 3 0.807377 1

Proteolysis and peptidolysis 3 0.807377 1

Cell-cell signaling 3 0.807377 1

DNA replication 2 0.876266 1

DNA repair 11 0.896196 1

Calcium-mediated signaling 1 0.92654 1

Metabolism 338 1 1

Energy pathways 320 1 1

Immune response 59 1 1

Biological_process unknown 1009 1 1

Biological Pathways

Glypican pathway 532 4.98E-30 4.83E-27

Proteoglycan syndecan-mediated signaling events 534 5.79E-30 4.83E-27

TRAIL signaling pathway 527 2E-29 9.03E-27

Syndecan-1-mediated signaling events 518 2.29E-29 9.03E-27

ErbB receptor signaling network 521 3.25E-29 9.03E-27

Sphingosine 1-phosphate (S1P) pathway 521 3.25E-29 9.03E-27

Beta1 integrin cell surface interactions 533 4.96E-29 1.14E-26

VEGF and VEGFR signaling network 518 5.88E-29 1.14E-26

Plasma membrane estrogen receptor signaling 517 6.13E-29 1.14E-26

Alpha9 beta1 integrin signaling events 518 7.44E-29 1.24E-26

Signaling events mediated by Hepatocyte Growth 
Factor Receptor (c-Met)

514 8.75E-29 1.33E-26

Signaling events mediated by VEGFR1 and 
VEGFR2

514 1.77E-28 2.36E-26

PDGF receptor signaling network 513 1.84E-28 2.36E-26

IGF1 pathway 512 2.42E-28 2.75E-26

Nectin adhesion pathway 513 2.93E-28 2.75E-26

IL5-mediated signaling events 512 3.05E-28 2.75E-26

Glypican 1 network 514 3.55E-28 2.75E-26

IFN-gamma pathway 513 3.7E-28 2.75E-26

EGF receptor (ErbB1) signaling pathway 510 5.27E-28 2.75E-26

Signaling events mediated by focal adhesion 
kinase

510 5.27E-28 2.75E-26

Arf6 downstream pathway 510 5.27E-28 2.75E-26

Internalization of ErbB1 510 5.27E-28 2.75E-26

Insulin Pathway 510 5.27E-28 2.75E-26

Urokinase-type plasminogen activator (uPA) and 
uPAR-mediated signaling

510 5.27E-28 2.75E-26

S1P1 pathway 510 5.27E-28 2.75E-26

Class I PI3K signaling events 510 5.27E-28 2.75E-26

PDGFR-beta signaling pathway 510 5.27E-28 2.75E-26

Arf6 signaling events 510 5.27E-28 2.75E-26

ErbB1 downstream signaling 510 5.27E-28 2.75E-26

Arf6 trafficking events 510 5.27E-28 2.75E-26

Class I PI3K signaling events mediated by Akt 510 5.27E-28 2.75E-26

mTOR signaling pathway 510 5.27E-28 2.75E-26

GMCSF-mediated signaling events 511 6.38E-28 3.22E-26

EGFR-dependent Endothelin signaling events 510 6.64E-28 3.26E-26

Integrin family cell surface interactions 537 1.25E-27 5.9E-26

IL3-mediated signaling events 511 1.27E-27 5.9E-26

Endothelins 514 2.23E-27 1E-25

LKB1 signaling events 514 2.8E-27 1.23E-25

PAR1-mediated thrombin signaling events 511 3.17E-27 1.36E-25

Thrombin/protease-activated receptor (PAR) 
pathway

511 3.98E-27 1.66E-25

Regulation of CDC42 activity 321 7.71E-21 3.14E-19

CDC42 signaling events 316 1.31E-20 5.18E-19

Integrin-linked kinase signaling 282 1.48E-20 5.76E-19

AP-1 transcription factor network 270 2.84E-20 1.08E-18

TGF-beta receptor signaling 148 3.74E-16 1.33E-14

Regulation of nuclear SMAD2/3 signaling 148 3.74E-16 1.33E-14

Regulation of cytoplasmic and nuclear SMAD2/3 
signaling

148 3.74E-16 1.33E-14

ALK1 signaling events 153 8.57E-16 2.98E-14

ALK1 pathway 154 9.34E-16 3.18E-14

TGFBR 69 2.61E-11 8.7E-10

BMP receptor signaling 104 5.89E-10 1.93E-08

TNF receptor signaling pathway 126 8.71E-09 2.79E-07

Signaling by EGFR 53 1.41E-08 4.45E-07

p38 MAPK signaling pathway 86 3.62E-08 1.12E-06

Regulation of p38-alpha and p38-beta 76 8.95E-08 2.72E-06

IL1-mediated signaling events 99 2.9E-07 8.65E-06

Wnt signaling network 87 3.65E-07 1.07E-05

EGFR1 65 3.7E-07 1.07E-05

Glypican 3 network 89 3.87E-07 1.1E-05

N-cadherin signaling events 104 4.96E-07 1.38E-05

NGF signalling via TRKA from the plasma 
membrane

53 6.27E-07 1.69E-05

EPHB forward signaling 26 6.28E-07 1.69E-05

Syndecan-4-mediated signaling events 89 8.34E-07 2.21E-05

Neurotrophic factor-mediated Trk receptor 
signaling

50 1.33E-06 3.46E-05

Epithelial-to-mesenchymal transition 79 3.04E-06 7.81E-05

Signalling by NGF 64 4.11E-06 0.000104

p75(NTR)-mediated signaling 76 4.71E-06 0.000116

EphrinB-EPHB pathway 33 4.74E-06 0.000116

Trk receptor signaling mediated by the MAPK 
pathway

22 5.23E-06 0.000126

Trk receptor signaling mediated by PI3K and PLC-
gamma

34 5.99E-06 0.000143

Noncanonical Wnt signaling pathway 77 6.16E-06 0.000145

Posttranslational regulation of adherens junction 
stability and dissassembly

93 8.54E-06 0.000196

Axon guidance 89 8.58E-06 0.000196

Stabilization and expansion of the E-cadherin 
adherens junction

107 1.12E-05 0.00025

E-cadherin signaling in the nascent adherens 
junction

107 1.12E-05 0.00025

CXCR4-mediated signaling events 78 2.01E-05 0.000424

Regulation of RhoA activity 83 2.03E-05 0.000424

RAC1 signaling pathway 83 2.03E-05 0.000424

RhoA signaling pathway 83 2.03E-05 0.000424

Regulation of RAC1 activity 83 2.03E-05 0.000424

Regulation of retinoblastoma protein 34 2.25E-05 0.000463

Wnt 40 2.35E-05 0.000478

E-cadherin signaling events 107 2.8E-05 0.000563

Notch signaling pathway 44 3.43E-05 0.000674

Notch-mediated HES/HEY network 44 3.43E-05 0.000674

AndrogenReceptor 38 3.88E-05 0.000753

Canonical Wnt signaling pathway 65 4.5E-05 0.000863

Signaling by FGFR 44 4.73E-05 0.000897

Regulation of nuclear beta catenin signaling and 
target gene transcription

58 5.03E-05 0.000943

TCR signaling in na&#xef;ve CD4+ T cells 57 6.34E-05 0.001174

Insulin receptor signalling cascade 29 7.9E-05 0.001448

IRS-mediated signalling 27 8.46E-05 0.001533

DARPP-32 events 13 8.88E-05 0.001592

Downstream signal transduction 36 9.14E-05 0.001621

ATF-2 transcription factor network 30 9.28E-05 0.001629

Signaling by PDGF 37 0.0001 0.001743

HIF-2-alpha transcription factor network 20 0.000103 0.001773

IL2-mediated signaling events 50 0.000114 0.001936

Signaling events mediated by Stem cell factor 
receptor (c-Kit)

27 0.000131 0.002203

Signalling to ERKs 18 0.000162 0.002695

Downstream signaling of activated FGFR 32 0.000175 0.002863

Signaling by SCF-KIT 32 0.000175 0.002863

IRS-related events 27 0.000198 0.003209

Integrins in angiogenesis 31 0.000225 0.003612

Role of Calcineurin-dependent NFAT signaling in 
lymphocytes

42 0.000253 0.004023

SOS-mediated signalling 11 0.000261 0.004109

EPHA forward signaling 18 0.000288 0.004486

Developmental Biology 149 0.000355 0.005484

VEGFR1 specific signals 17 0.000363 0.005562

Retinoic acid receptors-mediated signaling 24 0.000425 0.006438

EGFR downregulation 16 0.000458 0.00688

Signaling mediated by p38-alpha and p38-beta 25 0.00049 0.007256

Netrin-mediated signaling events 18 0.000492 0.007256

Growth hormone receptor signaling 12 0.000539 0.007894

VEGFR3 signaling in lymphatic endothelium 15 0.000575 0.008337

EphrinA-EPHA pathway 22 0.000707 0.010173

ErbB2/ErbB3 signaling events 20 0.000771 0.01099

FoxO family signaling 24 0.000924 0.013057

Syndecan-2-mediated signaling events 34 0.000981 0.013744

NOD1/2 Signaling Pathway 15 0.001019 0.014163

G1 Phase 17 0.00104 0.014218

Cyclin D associated events in G1 17 0.00104 0.014218

Frs2-mediated activation 12 0.001103 0.014952

EPO signaling pathway 18 0.001285 0.01729

S1P3 pathway 16 0.001338 0.017848

JNK signaling in the CD4+ TCR pathway 21 0.001365 0.017946

Membrane Trafficking 36 0.001366 0.017946

FRS2-mediated cascade 10 0.00162 0.020946

GRB2 events in EGFR signaling 10 0.00162 0.020946

MyD88 cascade initiated on plasma membrane 27 0.001671 0.021279

TRAF6 mediated induction of NFkB and MAP 
kinases upon TLR7/8 or 9 activation

27 0.001671 0.021279

L1CAM interactions 34 0.001684 0.021279

Signaling by TGF beta 9 0.001906 0.02372

SHC-mediated signalling 9 0.001906 0.02372

Prolonged ERK activation events 12 0.002077 0.025666

MAP kinase activation in TLR cascade 16 0.002149 0.026164

PLC-gamma1 signalling 16 0.002149 0.026164

MyD88 dependent cascade initiated on endosome 27 0.002263 0.026965

Toll Like Receptor 5 (TLR5) Cascade 27 0.002263 0.026965

Toll Like Receptor 10 (TLR10) Cascade 27 0.002263 0.026965

Signaling events mediated by TCPTP 38 0.002295 0.027149

Ceramide signaling pathway 23 0.002402 0.028213

Transcriptional Regulation of White Adipocyte 
Differentiation

30 0.002553 0.029782

Validated targets of C-MYC transcriptional 
activation

34 0.002788 0.03229

Signaling events mediated by PRL 13 0.002845 0.032722

IL6-mediated signaling events 22 0.003095 0.035363

Androgen-mediated signaling 50 0.003204 0.035883

BCR signaling pathway 29 0.00324 0.035883

Platelet calcium homeostasis 10 0.00327 0.035883

Signalling to p38 via RIT and RIN 10 0.00327 0.035883

Regulation of Insulin Secretion by Glucagon-like 
Peptide-1

10 0.00327 0.035883

SHC1 events in EGFR signaling 10 0.00327 0.035883

RXR and RAR heterodimerization with other 
nuclear receptor

14 0.003605 0.039044

S1P2 pathway 14 0.003605 0.039044

Signalling to RAS 12 0.003656 0.039338

Ras signaling in the CD4+ TCR pathway 20 0.00368 0.039352

MyD88:Mal cascade initiated on plasma 
membrane

27 0.003993 0.041893

Toll Like Receptor 7/8 (TLR7/8) Cascade 27 0.003993 0.041893

IL4-mediated signaling events 27 0.003993 0.041893

Toll Like Receptor 9 (TLR9) Cascade 28 0.00411 0.042842

EGFR interacts with phospholipase C-gamma 15 0.00433 0.044857

Signaling by BMP 11 0.004694 0.047738

Citric acid cycle (TCA cycle) 11 0.004694 0.047738

PKA activation 11 0.004694 0.047738

KitReceptor 24 0.004731 0.047829

ERK/MAPK targets 8 0.004943 0.049664

Circadian Clock 16 0.005003 0.049967

Beta3 integrin cell surface interactions 20 0.005148 0.051115

Signaling events regulated by Ret tyrosine kinase 29 0.005406 0.053357

FAS (CD95) signaling pathway 49 0.005563 0.054323

Signal transduction by L1 17 0.005615 0.054323

Phospholipase C-mediated cascade 14 0.005634 0.054323

DAG and IP3 signaling 14 0.005634 0.054323

C-MYC pathway 55 0.005717 0.054807

Activation of BH3-only proteins 10 0.006018 0.057357

PI3K Cascade 18 0.006162 0.058402

Aurora B signaling 19 0.006645 0.062619

Toll Like Receptor TLR1:TLR2 Cascade 27 0.00672 0.062619

Toll Like Receptor TLR6:TLR2 Cascade 27 0.00672 0.062619

E2F transcription factor network 30 0.006921 0.064032

Signaling by Insulin receptor 32 0.006948 0.064032

Clathrin derived vesicle budding 16 0.007295 0.066489

trans-Golgi Network Vesicle Budding 16 0.007295 0.066489

Lysosome Vesicle Biogenesis 9 0.007696 0.068966

CREB phosphorylation through the activation of 
CaMKII

9 0.007696 0.068966

Nuclear Events (kinase and transcription factor 
activation)

9 0.007696 0.068966

TRAF6 Mediated Induction of proinflammatory 
cytokines

22 0.007732 0.068966

PKA-mediated phosphorylation of CREB 11 0.007892 0.070016

Signaling by Aurora kinases 38 0.008115 0.071622

Toll Like Receptor 2 (TLR2) Cascade 27 0.008575 0.075276

Hypoxic and oxygen homeostasis regulation of 
HIF-1-alpha

32 0.008623 0.075305

FOXM1 transcription factor network 19 0.009095 0.079009

Regulation of Androgen receptor activity 41 0.00927 0.080115

G alpha (s) signalling events 15 0.00949 0.080763

Intrinsic Pathway for Apoptosis 15 0.00949 0.080763

Pyruvate metabolism and Citric Acid (TCA) cycle 15 0.00949 0.080763

Signaling by Robo receptor 12 0.00959 0.080788

heparan sulfate biosynthesis 12 0.00959 0.080788

N-glycan trimming in the ER and Calnexin/
Calreticulin cycle

8 0.009802 0.082157

ARMS-mediated activation 10 0.010272 0.085664

NFkB and MAP kinases activation mediated by 
TLR4 signaling repertoire

23 0.010401 0.08631

NOTCH 24 0.010575 0.086894

NCAM signaling for neurite out-growth 24 0.010575 0.086894

p73 transcription factor network 31 0.010706 0.087536

Activated TLR4 signalling 29 0.01082 0.088037

p53 pathway 66 0.011226 0.090895

Direct p53 effectors 50 0.012107 0.097556

Calcium signaling in the CD4+ TCR pathway 14 0.012366 0.098437

RAF/MAP kinase cascade 7 0.012393 0.098437

Signal attenuation 7 0.012393 0.098437

Calcineurin-regulated NFAT-dependent 
transcription in lymphocytes

21 0.012951 0.102379

SHC-related events 9 0.013387 0.104628

ErbB4 signaling events 15 0.01345 0.104628

Recycling pathway of L1 15 0.01345 0.104628

MyD88-independent cascade initiated on plasma 
membrane

24 0.013487 0.104628

Coregulation of Androgen receptor activity 25 0.013549 0.104628

pyrimidine ribonucleotides interconversion 6 0.015463 0.118315

Regulation of KIT signaling 6 0.015463 0.118315

Golgi Associated Vesicle Biogenesis 13 0.016142 0.121831

Ca-dependent events 13 0.016142 0.121831

mTOR signalling 13 0.016142 0.121831

TCR signaling 20 0.016482 0.123837

Angiopoietin receptor Tie2-mediated signaling 21 0.01673 0.125138

Opioid Signalling 22 0.016892 0.125323

Toll Like Receptor 3 (TLR3) Cascade 23 0.01698 0.125323

TRIF mediated TLR3 signaling 23 0.01698 0.125323

Synthesis of very long-chain fatty acyl-CoAs 8 0.01747 0.12725

S1P4 pathway 8 0.01747 0.12725

guanosine nucleotides de novo biosynthesis 8 0.01747 0.12725

C-MYB transcription factor network 32 0.01895 0.13683

Deadenylation of mRNA 11 0.019031 0.13683

Cellular roles of Anthrax toxin 11 0.019031 0.13683

Factors involved in megakaryocyte development 
and platelet production

43 0.019945 0.141379

ERK1 activation 3 0.020173 0.141379

Cam-PDE 1 activation 3 0.020173 0.141379

Binding of RNA by Insulin-like Growth Factor-2 
mRNA Binding Proteins (IGF2BPs/IMPs/VICKZs)

3 0.020173 0.141379

p75NTR negatively regulates cell cycle via SC1 3 0.020173 0.141379

ERKs are inactivated 3 0.020173 0.141379

HIF-1-alpha transcription factor network 26 0.020833 0.145393

Calmodulin induced events 12 0.021115 0.145494

CaM pathway 12 0.021115 0.145494

Alpha6Beta4Integrin 20 0.021196 0.145494

FGF signaling pathway 20 0.021196 0.145494

Botulinum neurotoxicity 4 0.021467 0.146389

Negative regulation of FGFR signaling 9 0.021677 0.146389

PKA activation in glucagon signalling 9 0.021677 0.146389

Ras activation uopn Ca2+ infux through NMDA 
receptor

9 0.021677 0.146389

CREB phosphorylation through the activation of 
Ras

13 0.022777 0.151675

IL2 signaling events mediated by STAT5 13 0.022777 0.151675

PKB-mediated events 13 0.022777 0.151675

Calnexin/calreticulin cycle 7 0.022824 0.151675

Lissencephaly gene (LIS1) in neuronal migration 
and development

14 0.024077 0.15916

Toll Like Receptor 4 (TLR4) Cascade 29 0.024141 0.15916

Activation of NMDA receptor upon glutamate 
binding and postsynaptic events

15 0.02507 0.163988

Post NMDA receptor activation events 15 0.02507 0.163988

Signaling by Interleukins 34 0.025592 0.166748

Hemostasis 119 0.026308 0.169505

Platelet homeostasis 17 0.02632 0.169505

G-protein mediated events 17 0.02632 0.169505

Signaling events mediated by PTP1B 21 0.026825 0.172094

BMAL1:CLOCK/NPAS2 Activates Gene Expression 11 0.027686 0.176262

APC-Cdc20 mediated degradation of Nek2A 11 0.027686 0.176262

Adaptive Immune System 78 0.028583 0.181278

Rap1 signalling 6 0.029834 0.187782

Reduction of cytosolic Ca++ levels 6 0.029834 0.187782

TNF alpha/NF-kB 58 0.030384 0.190526

Reelin signaling pathway 13 0.031235 0.195134

Tie2 Signaling 9 0.033083 0.205306

a6b1 and a6b4 Integrin signaling 15 0.03311 0.205306

ATM pathway 98 0.035362 0.218458

MAPK targets/ Nuclear events mediated by MAP 
kinases

10 0.036407 0.221628

PDGFR-alpha signaling pathway 10 0.036407 0.221628

Trafficking of AMPA receptors 10 0.036407 0.221628

Glutamate Binding, Activation of AMPA Receptors 
and Synaptic Plasticity

10 0.036407 0.221628

TCR signaling in na&#xef;ve CD8+ T cells 44 0.038614 0.234209

Role of DCC in regulating apoptosis 5 0.03895 0.235393

Validated transcriptional targets of AP1 family 
members Fra1 and Fra2

46 0.040866 0.24608

PI3K/AKT activation 13 0.041747 0.250483

Regulation of Insulin Secretion 19 0.042149 0.251557

Glucagon signaling in metabolic regulation 14 0.042484 0.251557

Alpha4 beta1 integrin signaling events 14 0.042484 0.251557

Netrin-1 signaling 18 0.04258 0.251557

p63 transcription factor network 37 0.042775 0.251557

Interleukin-1 signaling 16 0.042982 0.251557

PLC beta mediated events 16 0.042982 0.251557

Cell-extracellular matrix interactions 8 0.043894 0.25334

phosphatidylglycerol biosynthesis II (non-plastidic) 8 0.043894 0.25334

Spry regulation of FGF signaling 8 0.043894 0.25334

heparan sulfate biosynthesis (late stages) 8 0.043894 0.25334

Apoptosis 53 0.045312 0.26062

Polo-like kinase signaling events in the cell cycle 38 0.047368 0.271512

Fc-epsilon receptor I signaling in mast cells 23 0.047588 0.271836

EPHA2 forward signaling 9 0.048036 0.273462

ERK activation 4 0.050555 0.279202

activated TAK1 mediates p38 MAPK activation 4 0.050555 0.279202

SHC-mediated cascade 4 0.050555 0.279202

Elevation of cytosolic Ca2+ levels 4 0.050555 0.279202

Regulation of gene expression in early pancreatic 
precursor cells

4 0.050555 0.279202

S6K1-mediated signalling 6 0.050762 0.279202

Unblocking of NMDA receptor, glutamate binding 
and activation

6 0.050762 0.279202

pyrimidine ribonucleotides de novo biosynthesis 6 0.050762 0.279202

mTORC1-mediated signalling 6 0.050762 0.279202

Mitotic Metaphase/Anaphase Transition 10 0.050886 0.279202

APC/C:Cdc20 mediated degradation of Cyclin B 10 0.050886 0.279202

Cleavage of Growing Transcript in the Termination 
Region

17 0.053473 0.289587

Nucleotide-binding domain, leucine rich repeat 
containing receptor (NLR) signaling pathways

17 0.053473 0.289587

RNA Polymerase II Transcription Termination 17 0.053473 0.289587

Post-Elongation Processing of the Transcript 17 0.053473 0.289587

Endosomal Sorting Complex Required For 
Transport (ESCRT)

12 0.053917 0.291045

CXCR3-mediated signaling events 15 0.054509 0.293295

Cyclin E associated events during G1/S transition 28 0.057399 0.30785

PLK1 signaling events 36 0.057889 0.309482

Class I MHC mediated antigen processing & 
presentation

35 0.059957 0.319516

Integrin cell surface interactions 26 0.06118 0.324995

Glucocorticoid receptor signaling 30 0.062219 0.329467

Activation of PUMA and translocation to 
mitochondria

3 0.064231 0.33376

NADE modulates death signalling 3 0.064231 0.33376

Neurophilin interactions with VEGF and VEGFR 3 0.064231 0.33376

Localization of the PINCH-ILK-PARVIN complex to 
focal adhesions

3 0.064231 0.33376

Activation of NOXA and translocation to 
mitochondria

3 0.064231 0.33376

arginine degradation I (arginase pathway) 3 0.064231 0.33376

Effects of PIP2 hydrolysis 9 0.066846 0.346106

Serotonin Neurotransmitter Release Cycle 5 0.068308 0.346106

glycerol degradation I 5 0.068308 0.346106

Dopamine Neurotransmitter Release Cycle 5 0.068308 0.346106

Sodium/Calcium exchangers 5 0.068308 0.346106

Regulation of pyruvate dehydrogenase (PDH) 
complex

5 0.068308 0.346106

Nef mediated downregulation of MHC class I 
complex cell surface expression

5 0.068308 0.346106

Receptor-ligand binding initiates the second 
proteolytic cleavage of Notch receptor

5 0.068308 0.346106

Antigen Presentation: Folding, assembly and 
peptide loading of class I MHC

10 0.068731 0.346106

Neurotransmitter Receptor Binding And 
Downstream Transmission In The Postsynaptic 
Cell

31 0.069035 0.346106

Downstream TCR signaling 13 0.069675 0.346106

GAB1 signalosome 13 0.069675 0.346106

Insulin-mediated glucose transport 12 0.069927 0.346106

Nephrin interactions 12 0.069927 0.346106

Sphingolipid metabolism 12 0.069927 0.346106

Osteopontin-mediated events 12 0.069927 0.346106

Integration of energy metabolism 29 0.074101 0.355341

Transcriptional activation of cell cycle inhibitor p21 2 0.074136 0.355341

FGFR2c ligand binding and activation 2 0.074136 0.355341

FGFR3c ligand binding and activation 2 0.074136 0.355341

FGFR3b ligand binding and activation 2 0.074136 0.355341

FGFR3 ligand binding and activation 2 0.074136 0.355341

Assembly of Viral Components at the Budding Site 2 0.074136 0.355341

Virus Assembly and Release 2 0.074136 0.355341

Inhibition of Host mRNA Processing and RNA 
Silencing

2 0.074136 0.355341

Translocation of BoNT Light chain 2 0.074136 0.355341

Transcriptional activation of p53 responsive genes 2 0.074136 0.355341

SCF(Skp2)-mediated degradation of p27/p21 24 0.076228 0.363282

IL2 signaling events mediated by PI3K 24 0.076228 0.363282

Glucocorticoid receptor regulatory network 28 0.076778 0.36486

Signaling events mediated by HDAC Class I 38 0.077792 0.368629

Hormone-sensitive lipase (HSL)-mediated 
triacylglycerol hydrolysis

6 0.0787 0.370822

Tetrahydrobiopterin (BH4) synthesis, recycling, 
salvage and regulation

6 0.0787 0.370822

LPA receptor mediated events 34 0.080071 0.376219

Cell-Cell communication 39 0.083962 0.393396

CDP-diacylglycerol biosynthesis I 7 0.084746 0.395955

Neuronal System 60 0.085166 0.396806

Inactivation of APC/C via direct inhibition of the 
APC/C complex

8 0.088089 0.40366

Activated AMPK stimulates fatty-acid oxidation in 
muscle

8 0.088089 0.40366

Na+/Cl- dependent neurotransmitter transporters 8 0.088089 0.40366

Phosphorylation of the APC/C 8 0.088089 0.40366

Fatty Acyl-CoA Biosynthesis 8 0.088089 0.40366

Inhibition of the proteolytic activity of APC/C 
required for the onset of anaphase by mitotic 
spindle checkpoint components

8 0.088089 0.40366

G alpha (12/13) signalling events 9 0.089675 0.405008

p38 signaling mediated by MAPKAP kinases 9 0.089675 0.405008

Aquaporin-mediated transport 11 0.08968 0.405008

Sema4D in semaphorin signaling 11 0.08968 0.405008

CDO in myogenesis 10 0.090083 0.405008

Myogenesis 10 0.090083 0.405008

Regulation of Water Balance by Renal Aquaporins 10 0.090083 0.405008

Signaling events mediated by the Hedgehog family 23 0.091741 0.409976

JNK (c-Jun kinases) phosphorylation and 
activation mediated by activated human TAK1

4 0.092908 0.409976

FGFR2b ligand binding and activation 4 0.092908 0.409976

RAF phosphorylates MEK 4 0.092908 0.409976

FGFR2 ligand binding and activation 4 0.092908 0.409976

MEK activation 4 0.092908 0.409976

glycoaminoglycan-protein linkage region 
biosynthesis

4 0.092908 0.409976

Ion channel transport 17 0.095776 0.420405

Deadenylation-dependent mRNA decay 17 0.095776 0.420405

Regulation of Rheb GTPase activity by AMPK 5 0.106783 0.461437

IRAK1 recruits IKK complex 5 0.106783 0.461437

IRAK1 recruits IKK complex upon TLR7/8 or 9 
stimulation

5 0.106783 0.461437

Role of second messengers in netrin-1 signaling 5 0.106783 0.461437

GRB2:SOS provides linkage to MAPK signaling for 
Intergrins

5 0.106783 0.461437

Pyruvate metabolism 5 0.106783 0.461437

mRNA 3'-end processing 13 0.107578 0.462474

Post-Elongation Processing of Intron-Containing 
pre-mRNA

13 0.107578 0.462474

ATR signaling pathway 77 0.112049 0.480457

Transport to the Golgi and subsequent 
modification

11 0.112821 0.482527

Conversion from APC/C:Cdc20 to APC/C:Cdh1 in 
late anaphase

7 0.116519 0.493329

Regulation of AMPK activity via LKB1 7 0.116519 0.493329

LPA4-mediated signaling events 7 0.116519 0.493329

Sema4D induced cell migration and growth-cone 
collapse

9 0.11653 0.493329

Mitotic Spindle Checkpoint 8 0.117218 0.494986

Toll Receptor Cascades 30 0.118204 0.496635

Cyclin A:Cdk2-associated events at S phase entry 30 0.118204 0.496635

Asparagine N-linked glycosylation 26 0.122756 0.508627

Aurora A signaling 22 0.126389 0.508627

Semaphorin interactions 22 0.126389 0.508627

Validated transcriptional targets of deltaNp63 
isoforms

22 0.126389 0.508627

Transmission across Chemical Synapses 39 0.127137 0.508627

Activation of CaMK IV 3 0.128376 0.508627

Synthesis of UDP-N-acetyl-glucosamine 3 0.128376 0.508627

CaMK IV-mediated phosphorylation of CREB 3 0.128376 0.508627

Host Interactions with Influenza Factors 3 0.128376 0.508627

Gap junction trafficking 3 0.128376 0.508627

Electric Transmission Across Gap Junctions 3 0.128376 0.508627

GABA A receptor activation 3 0.128376 0.508627

Regulation of gene expression in endocrine-
committed (NEUROG3+) progenitor cells

3 0.128376 0.508627

Signaling by VEGF 3 0.128376 0.508627

VEGF ligand-receptor interactions 3 0.128376 0.508627

S6K1 signalling 3 0.128376 0.508627

Axonal growth stimulation 3 0.128376 0.508627

CHL1 interactions 3 0.128376 0.508627

UDP-N-acetyl-D-glucosamine biosynthesis II 3 0.128376 0.508627

Activation of BIM and translocation to 
mitochondria

3 0.128376 0.508627

RAF activation 3 0.128376 0.508627

FasL/ CD95L signaling 3 0.128376 0.508627

Transmission across Electrical Synapses 3 0.128376 0.508627

AMPK inhibits chREBP transcriptional activation 
activity

3 0.128376 0.508627

HIV-1 Nef: Negative effector of Fas and TNF-alpha 13 0.130344 0.515199

Ion transport by P-type ATPases 11 0.139034 0.548249

Nongenotropic Androgen signaling 10 0.143264 0.563596

Regulation of Apoptosis 25 0.144203 0.564455

Activation of Rac 4 0.146867 0.564455

p75NTR regulates axonogenesis 4 0.146867 0.564455

Import of palmitoyl-CoA into the mitochondrial 
matrix

4 0.146867 0.564455

Regulation of cytoskeletal remodeling and cell 
spreading by IPP complex components

4 0.146867 0.564455

Notch receptor binds with a ligand 4 0.146867 0.564455

S1P5 pathway 4 0.146867 0.564455

Rho GTPase cycle 4 0.146867 0.564455

Signaling by Rho GTPases 4 0.146867 0.564455

Interleukin-6 signaling 4 0.146867 0.564455

NCAM1 interactions 9 0.147257 0.564655

Costimulation by the CD28 family 18 0.148405 0.567752

Destabilization of mRNA by Butyrate Response 
Factor 1 (BRF1)

8 0.150799 0.56908

Nef-mediates down modulation of cell surface 
receptors by recruiting them to clathrin adapters

8 0.150799 0.56908

chondroitin sulfate biosynthesis 8 0.150799 0.56908

superpathway of D-myo-inositol 
(1,4,5)-trisphosphate metabolism

8 0.150799 0.56908

Integrin alphaIIb beta3 signaling 8 0.150799 0.56908

Phosphorylation of Emi1 8 0.150799 0.56908

Formation and Maturation of mRNA Transcript 57 0.152632 0.569098

ALK2 signaling events 5 0.153468 0.569098

Norepinephrine Neurotransmitter Release Cycle 5 0.153468 0.569098

dermatan sulfate biosynthesis 7 0.153534 0.569098

Beta5 beta6 beta7 and beta8 integrin cell surface 
interactions

7 0.153534 0.569098

Energy dependent regulation of mTOR by LKB1-
AMPK

7 0.153534 0.569098

GABA synthesis, release, reuptake and 
degradation

7 0.153534 0.569098

Destabilization of mRNA by Tristetraprolin (TTP) 7 0.153534 0.569098

NRIF signals cell death from the nucleus 6 0.154826 0.57009

ID 6 0.154826 0.57009

pyrimidine deoxyribonucleotides de novo 
biosynthesis

6 0.154826 0.57009

CD28 co-stimulation 13 0.155573 0.571577

Cell junction organization 23 0.156529 0.573826

Antigen processing-Cross presentation 28 0.159732 0.584284

Presenilin action in Notch and Wnt signaling 16 0.161188 0.588319

G1/S DNA Damage Checkpoints 25 0.161868 0.589509

Ephrin B reverse signaling 11 0.168168 0.61112

Immune System 152 0.168642 0.61148

mRNA Splicing - Major Pathway 34 0.169367 0.61148

mRNA Splicing 34 0.169367 0.61148

Platelet activation, signaling and aggregation 43 0.170453 0.614073

ER-Phagosome pathway 26 0.173334 0.623106

The role of Nef in HIV-1 replication and disease 
pathogenesis

10 0.174784 0.625623

PI-3K cascade 10 0.174784 0.625623

Regulation of mRNA Stability by Proteins that Bind 
AU-rich Elements

33 0.176118 0.626144

Smooth Muscle Contraction 9 0.181562 0.626144

Autointegration results in viral DNA circles 2 0.182062 0.626144

Class IB PI3K non-lipid kinase events 2 0.182062 0.626144

Proteolytic cleavage of SNARE complex proteins 2 0.182062 0.626144

Formation of the active cofactor, UDP-glucuronate 2 0.182062 0.626144

NFG and proNGF binds to p75NTR 2 0.182062 0.626144

NS1 Mediated Effects on Host Pathways 2 0.182062 0.626144

TWIK related potassium channel (TREK) 2 0.182062 0.626144

tetrahydrobiopterin biosynthesis II 2 0.182062 0.626144

BH3-only proteins associate with and inactivate 
anti-apoptotic BCL-2 members

2 0.182062 0.626144

Ceramide signalling 2 0.182062 0.626144

D-myo-inositol (1,4,5,6)-tetrakisphosphate 
biosynthesis

2 0.182062 0.626144

Signalling to STAT3 2 0.182062 0.626144

G2 Phase 2 0.182062 0.626144

tetrahydrobiopterin biosynthesis I 2 0.182062 0.626144

Progressive trimming of alpha-1,2-linked mannose 
residues from Man9/8/7GlcNAc2 to produce 
Man5GlcNAc2

2 0.182062 0.626144

Arachidonate production from DAG 2 0.182062 0.626144

Ephrin A reverse signaling 2 0.182062 0.626144

Cell death signalling via NRAGE, NRIF and NADE 8 0.188414 0.646656

Validated nuclear estrogen receptor alpha network 21 0.191616 0.656206

Regulation of mitotic cell cycle 26 0.192377 0.656206

APC/C-mediated degradation of cell cycle proteins 26 0.192377 0.656206

mRNA Processing 48 0.193636 0.657699

Validated transcriptional targets of TAp63 isoforms 18 0.193813 0.657699

Mitotic Telophase /Cytokinesis 7 0.19518 0.657699

Polo-like kinase mediated events 7 0.19518 0.657699

eNOS activation and regulation 7 0.19518 0.657699
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Figure S1 Functional enrichment analysis for DEGs. GO (A,B) and KEGG pathway (C,D) analysis for DEGs of GSE26155. GO (E,F) and KEGG pathway (G,H) analysis for DEGs of GSE9106. For bar plots, terms with top-10 significant adjusted P 
value were shown and were ordered according to adjusted P value. For dot plots, Terms with top-20 count number were ordered according to count number. For all these plots, redder color indicates smaller adjusted P value while bluer color indicates 
larger adjusted P value and all the adjusted P values of these terms were <0.05. 
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Figure S2 Construction of miRNA co-expression network for TAA. (A) No outlier was excluded in the analysis. (B,C) A soft threshold of 
β=5 was selected with a R2 cut-off of 0.9. (D,E) The constructed miRNA co-expression network met the requirement of scale-free topology. 
(F) Four miRNA modules were detected.
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Figure S3 Functional enrichment analysis for miRNAs in different miRNA modules detected in the WGCNA analysis. (A,B,C,D) The 
biological pathways for the blue, brown, turquoise and yellow modules. Terms with top-6 significance are shown. (E,F,G,H) The biological 
processes for the blue, brown, turquoise and yellow modules. Terms with top-6 significance are shown.
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Figure S4 Interactions between crucial miRNAs and target genes predicted by the miRTarbase database.



Table S2 Functional enrichment of target genes predicted by miRTarbase

Terms Count adjusted P

GO

protein stabilization 26 0.00178

intrinsic apoptotic signaling pathway in 
response to DNA damage by p53 class 
mediator

12 0.002192

regulation of protein stability 33 0.003663

regulation of apoptotic signaling pathway 41 0.00635

G1 DNA damage checkpoint 13 0.006533

intrinsic apoptotic signaling pathway 32 0.006533

DNA damage response, signal transduction 
by p53 class mediator resulting in cell cycle 
arrest

12 0.006533

signal transduction involved in mitotic G1 
DNA damage checkpoint

12 0.006533

intracellular signal transduction involved in 
G1 DNA damage checkpoint

12 0.006533

intrinsic apoptotic signaling pathway by p53 
class mediator

14 0.006533

embryonic organ development 41 0.006533

signal transduction involved in mitotic cell 
cycle checkpoint

12 0.006533

signal transduction involved in mitotic DNA 
damage checkpoint

12 0.006533

signal transduction involved in mitotic DNA 
integrity checkpoint

12 0.006533

morphogenesis of a branching epithelium 23 0.006533

negative regulation of response to DNA 
damage stimulus

14 0.007929

positive regulation of calcium-mediated 
signaling

10 0.007929

positive regulation of catabolic process 40 0.008028

protein homooligomerization 35 0.008028

intrinsic apoptotic signaling pathway in 
response to DNA damage

16 0.008028

nucleobase-containing compound transport 27 0.008028

mitotic G1 DNA damage checkpoint 12 0.008028

mitotic G1/S transition checkpoint 12 0.008028

regulation of intrinsic apoptotic signaling 
pathway

21 0.008315

RNA localization 26 0.008315

positive regulation of cellular catabolic 
process

35 0.011017

developmental growth involved in 
morphogenesis

26 0.011017

epithelial cell maturation 6 0.011017

morphogenesis of a branching structure 23 0.011017

cell growth 43 0.01138

signal transduction by p53 class mediator 28 0.01321

negative regulation of axonogenesis 12 0.014664

negative regulation of apoptotic signaling 
pathway

25 0.016657

viral gene expression 22 0.01758

positive regulation of mesenchymal cell 
proliferation

7 0.01758

positive regulation of cell cycle arrest 13 0.01758

regulation of developmental growth 33 0.01758

negative regulation of axon extension 9 0.01758

nucleic acid transport 22 0.01758

RNA transport 22 0.01758

developmental cell growth 25 0.017646

mammary gland development 18 0.018681

signal transduction involved in DNA integrity 
checkpoint

12 0.018681

signal transduction involved in DNA damage 
checkpoint

12 0.018681

establishment of RNA localization 22 0.01956

signal transduction involved in cell cycle 
checkpoint

12 0.020009

regulation of cell cycle arrest 15 0.020009

positive regulation of cyclin-dependent 
protein kinase activity

8 0.020628

regulation of cellular component size 34 0.020991

regulation of cell growth 37 0.021128

regulation of calcium-mediated signaling 14 0.021765

negative regulation of intrinsic apoptotic 
signaling pathway

14 0.021765

gland development 38 0.022541

proteasome-mediated ubiquitin-dependent 
protein catabolic process

37 0.022541

positive regulation of cell cycle 35 0.022711

cell cycle checkpoint 23 0.024683

regulation of protein complex disassembly 15 0.026528

negative regulation of developmental growth 15 0.026528

viral transcription 20 0.026528

embryonic skeletal system development 16 0.027225

interleukin-12-mediated signaling pathway 9 0.027225

anterior/posterior pattern specification 23 0.027225

mRNA transport 18 0.02759

negative regulation of growth 25 0.029546

proteasomal protein catabolic process 40 0.030875

cell aging 15 0.031475

neuron projection extension 19 0.03195

macroautophagy 28 0.03195

autophagy 41 0.03195

process utilizing autophagic mechanism 41 0.03195

thyroid gland development 6 0.03195

cellular response to interleukin-12 9 0.03195

embryonic skeletal system morphogenesis 13 0.03195

skeletal system morphogenesis 24 0.033093

negative regulation of neuron differentiation 23 0.033093

nose development 5 0.033189

cell cycle G1/S phase transition 28 0.033247

respiratory system development 21 0.033783

response to interleukin-12 9 0.033783

negative regulation of intrinsic apoptotic 
signaling pathway in response to DNA 
damage

7 0.033783

DNA damage checkpoint 17 0.034237

regulation of mRNA catabolic process 21 0.034237

ncRNA transcription 14 0.034237

negative regulation of cell growth 20 0.03512

gland morphogenesis 15 0.03512

regulation of proteolysis involved in cellular 
protein catabolic process

22 0.03512

axon extension 15 0.03721

negative regulation of neuron apoptotic 
process

17 0.03721

embryonic organ morphogenesis 27 0.03721

positive regulation of T cell activation 21 0.037819

regulation of cell cycle G1/S phase transition 21 0.037819

negative regulation of cell morphogenesis 
involved in differentiation

13 0.037819

mitotic DNA damage checkpoint 13 0.037819

regulation of ubiquitin-dependent protein 
catabolic process

17 0.04081

positive regulation of leukocyte cell-cell 
adhesion

22 0.04081

regulation of cellular protein catabolic 
process

24 0.040892

regulation of mesenchymal cell proliferation 7 0.041416

epithelial tube morphogenesis 29 0.041416

negative regulation of peptidyl-tyrosine 
phosphorylation

9 0.042403

G1/S transition of mitotic cell cycle 26 0.045173

mitotic cell cycle checkpoint 18 0.046059

regulation of protein tyrosine kinase activity 12 0.046059

regulation of response to interferon-gamma 6 0.046059

regulation of interferon-gamma-mediated 
signaling pathway

6 0.046059

regulation of calcineurin-NFAT signaling 
cascade

7 0.046059

regulation of calcineurin-mediated signaling 7 0.046059

negative regulation of neuron death 21 0.046968

regulation of signal transduction by p53 class 
mediator

19 0.046968

striated muscle tissue development 33 0.049507

response to hypoxia 31 0.049584

focal adhesion 42 0.000273

cell-substrate adherens junction 42 0.000273

cell-substrate junction 42 0.000273

ubiquitin ligase complex 29 0.007449

transferase complex, transferring 
phosphorus-containing groups

26 0.019143

transcription factor complex 33 0.019143

ubiquitin protein ligase binding 34 0.002369

ubiquitin-like protein ligase binding 35 0.002369

protein N-terminus binding 18 0.002369

cadherin binding 36 0.002614

protein kinase regulator activity 22 0.019133

protein kinase activator activity 13 0.023105

disordered domain specific binding 8 0.023105

cell adhesion molecule binding 44 0.024642

enhancer sequence-specific DNA binding 16 0.030572

kinase activator activity 13 0.031417

RNA polymerase II distal enhancer sequence-
specific DNA binding

14 0.034729

KEGG_Pathway

p53 signaling pathway 13

Transcriptional misregulation in cancer 23
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Figure S5 Calculation of miRNA risk score by LASSO regression. (A) LASSO coefficient profiles of 159 genes in MCODE cluster. (B) 
Ten-fold cross-validation for selecting minimal λ based on 1-SE criteria for recurrence. (C) A total of 11 miRNAs were selected to calculate 
a miRNA risk score.
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Table S3 Coefficients for lasso regression

miRNA Coef

hsa_miR_6882_5p 0.689211

hsa_miR_885_5p -0.38507

hsa_miR_7845_5p -1.76679

hsa_miR_7844_5p -0.40415

hsa_miR_6849_5p -0.03473

hsa_miR_6847_5p -0.14738

hsa_miR_206 -0.12108

hsa_miR_6807_5p -0.04007

hsa_miR_1306_3p -0.9693

hsa_miR_128_3p 0.326034

hsa_miR_551b_3p 0.311317


