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Supplementary Information

MINERVA Database:
The assembled MAP of TGFB induced EMT in MBC is available at
http://35.174.227.105:8080/minerva/?1d=Metastatic Breast Cancer 1

The Boolean model of the map developed using cell collective can be found here:

https://research.cellcollective.org/#b45902¢2-3958-47¢7-albb-2712dba8¢c453

The initial conditions used for the Dynamic model simulations were specified in

simulations section under the tab ‘Initial State’ labelled as Epithelial.


https://research.cellcollective.org/
http://35.174.227.105:8080/minerva/?id=Metastatic_Breast_Cancer_1

Supplementary Figures

Supplementary Figure 1. The complete orchestration of TGFp induced regulators and signaling pathways during EMT

promoting MBC visualised in Zones
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1 Cell Surface Receptors

Supplementary Figure 2. Sums up all the receptors activated by TGF-p and those involved in regulating TGF-3
(cross-regulation) towards modulating TGFp induced EMT in MBC
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Supplementary Figure 3. Captures the SMAD independent signaling pathways Such as c- 7 L
MYC, PI3K, P38, Rho, FAK involved in TGFf induced EMT il
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Supplementary Figure 6. Portrays the activation of RNAs Uv —~ E
(miRNAs, LncRNAs) that are further involved in the process o] i
of TGFP induced EMT in MBC I
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Supplementary Figure 7. TGFB by binding to its receptors can trigger the activation of SMAD
dependent and SMAD independent signaling which in turn leading to the activation of EMT related gene

SNAIL1/2 promoting tumor metastasis. Black arrows, red arrows indicate the activation, inhibition

respectively. TGFB dependent activation of SNAIL 1/2 which in turn regulates genes like E-Cadherin,
Z0O-1 and p53 in inducing EMT.
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Supplementary Figure 8. TGF by binding to its receptors can trigger EMT related genes TWIST1/2 and
ZEB1/2. Black arrows, red arrows indicate the activation, inhibition respectively. TGF@ parallely regulates
other signaling pathways like TNF-a, integrins, EGFR, in modulating the regulators associated with
mesenchymal phenotype and epithelial phenotype further moderating EM transition.
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Supplementary Figure 9. TGFf regulates the expression of MMPs transcriptionally. This transcriptional
activation occurs in a SMAD dependent or SMAD independent manner. Active MMPs further promotes
Latent TGF@ that amplifies (positive feedback) the signal and plays a crucial role in cleaving the cell-cell
adhesive junctions leading to cell invasion and motility. Black arrows, red arrows indicate the activation,
inhibition respectively.
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Supplementary Figure 10. TGF regulates the expression of several mRNAs and miRNAs which in turn
modulate TGF and its receptors in modulating EM transition. While the involvement of various RNAs in
EMT is understood, the precise molecular mechanisms through which TGFf regulates these RNAs remain
an ongoing area of investigation. Black arrows, red arrows indicate the activation, inhibition respectively.
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(a) , | . (b) , i

Supplementary Figure 11. Activity network of TGF@ induced EMT in metastatic breast cancer (a)

in absence of TGFf ,(b) in presence of TGFB. Green, red nodes represent the active and inactive
nodes respectively. There are more active (Green) nodes observed in the presence of TGF. While

simulating in Cell Collective the transition between E to M state can be observed clearly.
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Supplementary Figure 12. The assembled network map of Metastatic Breast Cancer (MBC),
imported and visualized in Cytoscape. This network comprises 746 nodes and 1344 edges,
highlighting the intricate interactions and relationships within the MBC. State Transitions were
observed in red squares which are the reasons for increased nodes compared to the original map
shown in the article Figure 1.
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Distribution analyzed for the assembled
MBC network using network analyzer
. plugin of Cytoscape (a) Overall degree
Distribution, (b) In degree Distribution, (c)
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Supplementary Figure 14. TGFf signal transduction attained from STRING database for the automated
search query of protein by name TGFf1 in homosapiens. Nodes represent proteins and edges represent
protein-protein associations from both curated and experimentally determined databases. STRING
retrieves all the associations of search query with other proteins and their associations. However, the
mechanism of interactions are not provided by STRING or any similar database.
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Supplementary Figure 15. TGFf signal transduction attained from STRING database for the automated
search query of multiple proteins (TGFB1, TGFf2, TGF@B3, SNAIL, SLUG, ZEB1, ZEB2, CDHI, ZO-1,
Goosecoid, GRHL2) in homosapiens. Nodes represent proteins and edges represent protein-protein
associations from both curated and experimentally determined databases. STRING retrieves the
information only between the search query and their associated interactions. However, the mechanism of
interactions are not provided by STRING or any similar database.
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Signaling by TGF-beta Receptor Complex * reactome

Supplementary Figure 16. The TGFB induced EMT signal transduction network acquired from
Reactome database for the search query ‘Signaling by TGFB family members’. The network contains
107 molecules and is curated from homosapiens. However, it is incomplete.
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Supplementary Figure 17. Transcriptome analysis of the hub genes. Expression levels of the hub genes
and their correlation with overall patient survival in invasive breast carcinoma (BRCA) obtained from the
GEPIA database. Genes with log p-value of less than 0.05 were considered to be prognostically significant

genes.
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Disease free Survival Analysis for the hub genes
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Supplementary Figure 18. Transcriptome analysis of the hub genes. Expression levels of the hub genes and
their correlation with disease-free patient survival in invasive breast carcinoma (BRCA) obtained from
GEPIA database. Genes with log p-value of less than 0.05 were considered to be prognostically significant

genes.
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Supplementary Tables

Supplementary Table 1. Downstream mediators of TGFp signaling involved and their corresponding

HGNC nomenclature in Metastatic Breast Cancer.

Given Symbol | Approved Symbol | Name ID Reference
MDM2 MDM2 MDM2 proto-oncogene HGNC:6973 |13
MEK-1 MAP2K1 mitogen-activated protein | ;e 6g40 | 45
kinase 1
MIC1 GDE15 growth differentiation HGNC:30142 | 6-8
factor 15
migration and invasion _ 9
MIEN1 MIEN1 enhancer 1 HGNC:28230
MIG-6 ERRFIL ERBB receptor feedback | 15 c18185 | 10
inhibitor 1
MIM MTSS1 MTSS ~I-BAR domain | 1 nc.o0a43 | 11
containing 1
MAP2K3 m_|togen-act|vated protein HGNC:6843
MKK Kinase 3 45
MAP2K4 mltogen—actlvated protein | |-\ c-6844
Kinase 4
MMP 9 MMP9 Matrix Metallopeptidase9 | HGNC:7176
MMP 7 MMP7 Matrix Metallopeptidase7 | HGNC:7174
4,5,12-22
MMP 3 MMP3 Matrix Metallopeptidase3 | HGNC:7173
MMP 2 MMP2 Matrix Metallopeptidase2 | HGNC:7166
MTA-3 MTA3 metastasis associated 1 HGNC:23784 | 23
family member 3
MUC-1 MUC1 mucin 1, cell surface | o758 | 24
associated
Metadherin MTDH metadherin HGNC:29608 | 2
NCoR1 NCOR1 nuclear eCeptor | ioNei7e72 | 26
corepressor 1
NEKB1 nuclea_r factor kappa B HGNC:7794
NFKB subunit 1 13,14,19,27-32
NEKB2 nuclea_r factor kappa B HGNC:7795
subunit 2
NOTCH 1 notch receptor 1 HGNC:7881
NOTCH 33-36
NOTCH 2 notch receptor 2 HGNC.:7882
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NOTCH 3 notch receptor 3 HGNC:7883
NOTCH 4 notch receptor 4 HGNC:7884
NOX-4 NOX4 NADPH oxidase 4 HGNC:7891 | 3738
nuclear receptor subfamily _ 39
NR4A1 NR4A1 4 group A member 1 HGNC:7980
OVvOL2 ovo like zinc finger 2 HGNC:15804
OVOL 2 ovo like transcriptional 0
OVOL1 P HGNC:8525
repressor 1
PAK?2 PAK?2 p2l ~(RACI) activated | |\ onc.gsgp | 41-43
kinase 2
PARL F2R coagulation  factor 11|\ onca5ay | 44
thrombin receptor
PD-L1 CD274 CD274 molecule HGNC:17635 | +°
PHACTR-1 PHACTR1 phosphatase  and  actin | -\ ~.onggq | 46
regulator 1
phosphatidylinositol-4,5-
PI3K PIK3CA bisphosphate ~ 3-kinase | HGNC:8975 | 4.5.12,27,47-50
catalytic subunit alpha
i protein interacting with _ 51,52
PICK -1 PICK1 PRKCA 1 HGNC:9394
PSPC1 PSPC1 paraspeckle component 1 | HGNC:20320 | 93
PTEN PTEN phosphatase and tensin HGNC:9588 | 27,5455
homolog
PTHIP PTHLH parathyroid hormone like HGNC:9607 | 56
hormone
RAC RACL 1Rac family small GTPase HGNC:9801 | 443
RACK1 RACK1 receptor for activated C | 1~nc4309 | 5758
Kinase 1
RAK FRK fyn related Src family | |, ncg955 | 42
tyrosine Kinase
RBM-38 RBM38 RNA = binding  motif | \~nc 95818 | 59
protein 38
RHO-C RHOC ras homolog  family | \~ncggg | 60
member C
ROCK1 ROCK1 Rho associated coiled-coil |, ~\~.1 0557 | 61
containing protein Kinase 1
ROS ROS1 ROS proto-oncogene 1, | ,-nc-10067 | 62

receptor tyrosine kinase
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RUNX

_ family . 18,63
RUNX - 2 RUNX2 transcription factor 2 HGNC:10472
Raf RAF1 Raf-1 ~ proto-oncogene, | |\ ~nc.gg0g | 45
serine/threonine Kinase
KRAS KRAS  proto-oncogene, HGNC:6407
GTPase 19,64-66
Ras !
HRAS HRas proto-oncogene, HGNC:5173
GTPase
Rho-A RHOA ras  homolog  family |\ ncge7 | 11436167
member A
SARA ZFYVE9 zinc finger  FYVE-type | |\ o\ o.6775 | 68-70
containing 9
SET domain bifurcated
SETDB1 SETDB1 histone lysine | HGNC:10761 | /1,72
methyltransferase 1
SHARP1 BHLHE41 basic helix-loop-helix | |\ <\ 16617 | 65
family member e41
SIRT1 SIRT1 sirtuin 1 HGNC:14929 | 2173
SIX-1 SIX1 SIX homeobox 1 HGNC:10887 |
SKI SKI SKI proto-oncogene HGNC:10896 | 777
SMAD2 SMAD2 SMAD family member 2 | HGNC:6768
SMAD3 SMAD3 SMAD family member 3 | HGNC:6769 | 78-80
SMAD4 SMAD4 SMAD family member 4 | HGNC:6770
SMAD? SMAD? SMAD family member 7 | HGNC:6773 | 8182
SMURF1 SMURF1 SMAD  specific B3|\, ~\ 16007 | 8384
ubiquitin protein ligase 1
SNAIL snail family transcriptional HGNC:11128
repressor 1 1,23,30,31,45,53
snail family transcriptional . T
SNAIL SNAI2 repressor 2 HGNC:11094 | g9 oc o5
SNAI3 snail family transcriptional HGNC:18411
repressor 3
SOX-4 SOX4 SRY-box transcription HGNC:11200 | 91-93
factor 4
SP1 SP1 Sp1 transcription factor HGNC:11205 | 94
STAT3 STAT3 signal  transducer and | 01564 | 9597

activator of transcription 3
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ADAM metallopeptidase _ 50
TACE ADAML17 domain 17 HGNC:195
TAK-1 MAP3K7 mitogen-activated protein | - ~ga5q | 28,29
kinase kinase kinase 7
TCF 39
TGEBL transforming growth factor HGNC 11766
beta 1
TGFB TGFB2 g:tr;sgorm'”ggm""thfa"tor HNGC:11768 | 70.98
TGEB3 transforming growth factor HNGC:11769
beta 3
LEF LEF1 lymphoid enhancer | | onciess1 | 1239
binding factor 1
0aré PAR-6 par-6 family cell polarity HGNC:15943 | 99
regulator alpha
transforming growth factor _ 100
TGFBRI TGFBRI beta receptor 1 HGNC:11772
TGFBRI - | 101
TGFBRII TGFBR2 transforming growth factor | -\ .19773 | 29,102-104
beta receptor 2
TGFBRIII TGFBR3 transforming growth factor | -ne.11774 | 105
beta receptor 3
prostate  transmembrane
TMEPAL1 PMEPAL1 protein, androgen induced | HGNC:14107 | 68.69
1
TNF-a TNF tumor necrosis factor HGNC:11892 | 28.106
TOPK PBK PDZ binding kinase HGNC:18282 | 31
TRAE 2 TRAE? TNF receptor associated HGNC:12032
factor 2 28,29
TRAF 6 TRAF6 TNF receptor associated | -\ 019036
factor 6
TWIST1 twist fam:c'y 1bH'-H HGNC:12428
TWIST tra_nscrlptlon _actor 36,106-108
TWIST?2 twist ~ family — bHLH | 600670
transcription factor 2
UCA 1 UCA1 urothelial Cancer | HeNc:ar126 | 109
associated 1
TRAF5 TRAFS5 TNF receptor associated | 19035 | 28.29
factor 5
USP USP4 ubiquitin specific | ione:12627 | 83
peptidase 4
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ubiquitin specific

USP11 . HGNC:12609
peptidase 11
USP15 ubiquitin SPECfic | |iaNC:12613
peptidase 15
USP19 ubiquitin specific | iaNc:12617
peptidase 19
WAVE 3 WASF3 WASP family member 3 | HGNC:12734 | 110,111
WNT 36
YAP1 YAPL Yesl ~ associated | o606y | 112
transcriptional regulator
YB1 YBX1 Y-box binding protein1 | HGNC:8014 | 113
CTBP CTBP1 g:—termmal binding protein HGNC:2494 | 112,114
ZEB1 zinc finger E-box binding HGNC:11642
ZEB homeobox 1 _ 64,115-117
ZEB? zinc finger E-box binding HGNC:14881
homeobox 2
ZO-1 TJP1 tight junction protein 1 HGNC:11827 | 9
b-Catenin CTNNB1 catenin beta 1 HGNC:2514 | 12.36,118,119
beta-transducin repeat
bTRCP BTRC containing E3 ubiquitin | HGNC:1144 o6
protein ligase
CPLA-2a PLA2GAA f\*}fpho"pase A2 grOWP | Liancigoss | 120
cdkn2b CDKN2B cyclin dependent kinase |\ o\c.q7gg | 121
inhibitor 2B
GRHL2 GRHL?2 grainyhead like | |igNCio7g | 122-124
transcription factor 2
14-3-3s YWHA group -
14-3-3z YWHAZ KCIP-1, HGNC:12855
AlE-1 AIF1 allograft inflammatory HGNC:352 125,126
factor 1
ANGPTL4 ANGPTL4 angiopoietin like 4 HGNC:16039 | 127
FOS Fos proto-oncogene, AP-1 |\~ -.3794
transcription factor subunit 128-130
AP-1 Jun proto-oncogene, AP-1
JUN P gene, HGNC:6204

transcription factor subunit
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JunD proto-oncogene, AP-

JUND 1 transcription  factor | HGNC:6206
subunit
FosB proto-oncogene, AP-
FOSB 1  transcription  factor | HGNC:3797
subunit
ARF-6 ARF6 ADP ribosylation factor 6 | HGNC:659 | 131
ATF2 ATF2 activating  transcription HGNC:784 45
factor 2
AXIN1 axin 1 HGNC:903
AXIN 39
AXIN2 axin2 HGNC:904
AKTL AKT serine/threonine HGNC:391
Kinase 1
Akt AKT? AKT serine/threonine HGNC:392 17.27,50,132,133
Kinase 2
AKT3 A_KT serine/threonine HGNC:393
Kinase 3
Annexin ANXA2 annexin A2 HGNC:537 | 957.95.134
Arkadia RNF111 ring finger protein 111 HGNC:17384 | 75,76
AvB3 ITGAS integrin subunit alpha 5 HGNC:6141
104,135
B3 ITGB3 integrin subunit beta 3 HGNC:6156
BIM-1 BCL2L11 BCL2 like 11 HGNC:994 | 136,137
_ MYC  proto-oncogene, : 53,107,138-140
C-Myc MYC bHLH transcription factor HGNC:7553
CEBPA CCAAT enhancer binding HGNC:1833
C/EBP protein alpha _
CEBPB CCAAT enhancer binding HGNC:1834 | 121,140
protein beta
CEBPD CCAAT enhancer binding HGNC:1835
protein delta
CD-44 CD44 CD44 molecule (Indian HGNC:1681 | 141-143
blood group)
CLCA 2 CLCA? ghlorlde channel accessory HGNC:2016 | 144
Cdc42 CDC42 cell division cycle 42 HGNC:1736 | 43
Ceb/P300 EP300 E1A binding protein p300 | HGNC:3373 | 89,121,140
CyD-19 89
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Cyclin G2 CCNG2 cyclin G2 HGNC:1593 |65
95,118,125,126,1
Cyclin-D1 CCND1 cyclin D1 HGNC:1582 45
DACH-1 DACHL dachshund family | | onCioe63 | 26
transcription factor 1
DDX21 DDX21 DExD-box helicase 21 HGNC:2744 | 146
CLCA 4 CLCA4 Zhlorlde channel accessory HGNC:2018 | 144
E-Cadherin CDH1 cadherin 1 HGNC:1748 | 73147148
E2F5 E2F5 E2F transcription factor 5 | HGNC:3119 | 140
epidermal growth factor ) 04,134
EGFR EGFR receptor HGNC:3236
ER-aR estrogen receptor 1 HGNC:3467
ESR1 84,86,87
ER-a ptn
ERK 2 MAPK1 mitogen-activated protein HGNC-6871
kinase 1 4,28,29
ERK 1 MAPK3 mitogen-activated protein HGNC:6877
Kinase 3
ERbB ERBB2 erb-b2 _receptor tyrosine |\ ncoaag0 | 27,113
Kinase 2
enhancer of zeste 2
EZH2 EZH2 polycomb repressive | HGNC:3527 | 146
complex 2 subunit
Ebpl PA2GA ggdlrlferatlon-assomated HGNC:8550 | 145
FAK PTK2 protein tyrosine kinase 2 | HGNC:9611 | 149
FKBP12 FKBP1A FKBP prolyl isomerase 1A | HGNC:3711 | 150-152
FOXC2 FOXC2 forkhead box C2 HGNC:3801 | 153
SOS Ras/Rho guanine
SOS SOS2 nucleotide exchange factor | HGNC:11188
2 19,135
SOS Ras/Rac guanine
SOS1 nucleotide exchange factor | HGNC:11187
1
FOXO FOXO1 forkhead box O1 HGNC:3819 140
FOXO03 forkhead box O3 HGNC:3821
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FOXO4 forkhead box O4 HGNC:7139
FOXQ-1 FOXQ1 forkhead box Q1 HGNC:20951 | 148
FUT-8 FUT8 fucosyltransferase 8 HGNC:4019 | 103
euchromatic histone lysine . 147
G9a EHMT2 methyltransferase 2 HGNC:14129
GATA3 GATA3 GATA binding protein3 | HGNC:4172 | 154
GCN-5 KAT2A lysine acetyltransferase 2A | HGNC:4201 17
KAT2B
GDE-10 GDE10 growth differentiation HGNC:4215 | 81
factor 10
GRB2 GRB2 growth  factor  receptor | -\ 0. 4566
bound protein 2 19,135
SHC-A SHC1 SHC adaptor protein 1 HGNC:10840
GSK-3B GSK3B glycogen synthase Kinase | o517 | 132
3 beta
GLI1 GLI family zinc finger 1 HGNC:4317
GLI2 GLI family zinc finger 2 HGNC:4318 -
Gli
GLI3 GLI family zinc finger 3 HGNC:4319
GLI4 GLI family zinc finger 4 HGNC:4320
Goosecoid GSC goosecoid homeobox HGNC:4612 | 195
HDAC1 HDAC1 histone deacetylase 1 HGNC:4852
63,75-77,88,156
HDAC3 HDAC3 histone deacetylase 3 HGNC:4854
HER3 ErBb3 HGNC:3431 | °0
hes related family bHLH
HEY1 HEY1 transcription factor with | HGNC:4880 | 33.34
YRPW motif 1
HIFE-1a HIF1A hypox_la inducible factor 1 HGNC:4910 | 157
subunit alpha
HMGAL high mobility group AT- HGNC:5010
hook 1 90
HMGA high mobility group AT-
HMGA?2 g y group HGNC:5009
hook 2
HMOX1 HMOX1 heme oxygenase 1 HGNC:5013 | 62
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microtubule

Jupiter _ 158

HN1 JPT1 associated homolog 1 HGNC:14569

HOXA-AS2 | HOXA-AS2 A cluster antisense | \\snc.43745 | 159

HOXD-10 HOXD10 homeobox D10 HGNC:5133 | 60
eukaryotic translation

Hemin EIF2AK1 initiation factor 2 alpha | HGNC:24921 | 62
Kinase 1

D1 D1 |1nh|b|tor of DNA binding HGNC:5360 | 90

IGF-1 IGF1 insulin like growth factor 1 | HGNC:5464 | 12
component of inhibitor of

IKK CHUK nuclear factor kappa B | HGNC:1974 28,29,32
kinase complex

IGE-1R IGFIR insulin like growth factor 1 HGNC:5465 | 12
receptor

IL-11 IL11 interleukin 11 HGNC:5966 | 128-130

IL-17 IL17A interleukin 17A HGNC:5981 | 160

IL-6 IL6 interleukin 6 HGNC:6018

27,143

IL-6R IL6R interleukin 6 receptor HGNC:6019

IL-8 CXCLS8 C-X-C motif chemokine | | 5nc.605 | 32
ligand 8

ILK ILK integrin linked kinase HGNC:6040 | 113132
RPTOR independent

RICTOR RICTOR companion of MTOR | HGNC:28611 | 132
complex 2

JAGL j_agged canonical Notch HGNC:6188
Jagged ligand 1 : 33,34,161
JAG? jfdgged canonical Notch HGNC:6189

ligand 2

KLF-8 KLF8 Kruppel like factor 8 HGNC:6351 | 1°
latent transforming growth

L-TGFB1 LTBP1 factor beta binding protein | HGNC:6714 | 12.20,105,108
1

LBX1 LBX1 ladybird homeobox 1 HGNC:16960 | 64

Linck 162

Lipocalin 2 LNC2 lipocalin 2 HGNC:6526 | 13163
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HNGC Group | 22
MAPK ID 651
PL30CAS BCARL BCARL scaffold protein, | |y \c.g71 | 164
Cas family member
p21 CDKN1A cyclin_dependent Kinase |\ -ncq7g4 | 107,138,130
inhibitor 1A
038 MAPK14 mitogen-activated protein HGNC:6876 | 22
kinase 14
p53 TP53 tumor protein p53 HGNC:11998 | 6-8.56,165
p63 TP63 tumor protein p63 HGNC:15979 | 6°
57,104,117,135,1
st SRC SRC proto-oncogene, non- | .19 9g3
receptor tyrosine kinase 66
UPA PLAU plasminogen  activator, | | nc.go5p | 20,143
urokinase
MTA-1 MTA1 metastasis associated 1 HGNC:7410 | 15
Suz12 polycomb
SUZz12 SuUz12 repressive complex 2 | HGNC:17101 | 146
subunit
CKla CSNK1A1 casein kinase 1 alpha 1 HGNC:2451 | 167
APC APC APC regulator of WNT | \,ono5g3 | 75,77,158
signaling pathway
charged multivesicular _ 168
CHMP3 CHMP3 body protein 3 HGNC:29865
FzZD2 FzZD2 frizzled class receptor 2 HGNC:4040 |35
HOTAIR HOTAIR Do transcript antisense | ync:gs10 | 1671169170
long intergenic  non- _ 109
AC026904.1 LINC02599 orotein coding RNA 2599 HGNC:53931
ATB LNCRNA-ATB | INCRNA —activated by | N e 50657 | 171172
TGF-beta
INcRNA in non-
LINP-1 LINP1 homologous end joining | HGNC:53170 173,174
pathway 1
metastasis associated lung
MALAT MALAT1 adenocarcinoma transcript | HGNC:29665 | 43.116
1
MEG3 MEG3 maternally expressed 3 HGNC:14575 | 78175
NKILA NKILA NF-kappaB interacting | 5 c.51509 | 30
InNcRNA
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long intergenic  non-

ROR LINC-ROR protein  coding  RNA, | | <\ ~.43773 | 131
regulator of
reprogramming
XIST XIST X inactive  Specific |\ one-10g1g | 176
transcrlpt
differentiation
ANCR DANCR antagonizing non-protein | HGNC:28964 | 63
coding RNA
miR-1 MIR1-1 microRNA 1-1 HGNC:31499 |43
miR-106b-25 MIR106B microRNA 106b HGNC:31495 | 74137
miR-10b MIR10B microRNA 10b HGNC:31498 | 60,177,178
miR-122-5p MIR122 microRNA 122 HGNC:31501 | 168
MIR124-1 microRNA 124-1 HGNC:31502
miR-124 MIR124-2 microRNA 124-2 HGNC:31503 | 179,180
MIR124-3 microRNA 124-3 HGNC:31504
miR-132 MIR132 microRNA 132 HGNC:31516 | 1°8
miR-133b MIR133B microRNA 133b HGNC:31759 | 181
miR-141-3p MIR141 microRNA 141 HGNC:31528 | 172,182
miR-145 MIR145 microRNA 145 HGNC:31532 | 24,131,183
miR-148 MIR148A microRNA 148a HGNC:31535 | 184
miR-153 MIR153-1 microRNA 153-1 HGNC:31539 | 185
miR-155 MIR155 microRNA 155 HGNC:31542 | 67,121
miR-181a MIR181A2 microRNA 181a-2 HGNC:31549 | 136,186
miR-182 MIR182 microRNA 182 HGNC:31553 | 11.82
miR-190 MIR190A microRNA 190a HGNC:31560 | 44
MIR200A microRNA 200a HGNC:31578
miR-200 MIR200B microRNA 200b HGNC:31579 | 45115187
MIR200C microRNA 200c HGNC:31580
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miR-203 MIR203A microRNA 203a HGNC:31581 | 85188
miR-204 MIR204 microRNA 204 HGNC:31582 | 116
miR-20a-5p MIR20A microRNA 20a HGNC:31577 | 16,170
miR-21 MIR21 microRNA 21 HGNC:31586 | 495,189
MIR218-1 microRNA 218-1 HGNC:31595
miR-218-5p 146
MIR218-2 microRNA 218-2 HGNC:31596
miR-23a MIR23A microRNA 23a HGNC:31605 | 119
miR-23b MIR23B microRNA 23b HGNC:31606 |41
I MIR29A microRNA 29a HGNC:31616 173474
MIR29C microRNA 29c HGNC:31621
MIR34A microRNA 34a HGNC:31635
miR-34 MIR34B microRNA 34b HGNC:31636 | 16.190,191
MIR34C microRNA 34c HGNC:31637
miR-373 MIR373 microRNA 373 HGNC:31787 | 102,192
miR-381-3p MIR381 microRNA 381 HGNC:31874 | 91
miR-421 MIR421 microRNA 421 HGNC:32793 | 175
miR-455-3p MIR455 microRNA 455 HGNC:32344 | 154
miR-520c MIR520C microRNA 520c HGNC:32108 | 102,159,192
miR-584 MIR584 microRNA 584 HGNC:32840 | 46
miR-615-3p MIR615 microRNA 615 HGNC:32871 |51
miR-630 MIR630 microRNA 630 HGNC:32886 | 25193
miR-644 MIR644A microRNA 644a HGNC:32900 | 114
MIR7-1 microRNA 7-1 HGNC:31638
miR-7 MIR7-2 microRNA 7-2 HGNC:31639 | 4271
MIR7-3 microRNA 7-3 HGNC:31640
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miR-9

MIR9-1 microRNA 9-1 HGNC:31641
MIR9-2 microRNA 9-2 HGNC:31642
MIR9-3 microRNA 9-3 HGNC:31646
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Supplementary Table 2. Hub regulators contributing to the invasiveness

Regulator References
P21 107,138,139
CD44 141-143
E-Cadherin 73,147,148
B-Catenin 12,36,118,119
P38 4,22,125,135,195
Cyclin D1 95,118,125,126,145
NE-kB 13,14,19,27-32
RAS 19,64-66
ERK 4,28,29
Annexin 2 9,57,95,134
PAK2 41-43
EGFR 94,134
MMPs 4,5,12-22
miR-7 42,71
L-TGFB1 12,20,105,108
TWIST 36,106-108
miR-200 45,115,187
P53 6-8,56,165
ZEB 64,115-117
SMAD2_SMAD4 78-80
SMAD3_SMAD4 78-80
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1,23,30,31,45,53,59,85-90

SNAIL
STAT3 95-97
-MYC 53,107,138-140
TGFB 70,98 100 29,102-104
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Supplementary Table 3: List of cell lines used in experiments from which the regulators and the regulatory

mechanisms are curated

Origin Triple Negative| Gene
. (Human Tissue Tumor Breast Cancer |Expression
Cell Line or Other Cell Type Status Status (ER, PR, Data Resource
animal) HER) (CCLE)
Breast, . . .
MCF-10A Human Mammary Gland Epithelial | Primary TNBC - yes ATCC
Breast,
BT474 Human | Duct,Mammary | Epithelial | Primary |[TNBC(ER,PR,HER) yes ATCC
Gland
Breast, . . .
MDA-MB-231 | Human Epithelial |Metastasis TNBC - yes ATCC
Mammary Gland
Hs578T Human Breast, Epithelial | Primar TNBC - es ATCC
Mammary Gland P M Y
Breast, . . .
T47D Human Mammary Gland Epithelial |Metastasis TNBC(ER) yes ATCC
Breast, . . .
MCF7 Human Mammary Gland Epithelial |Metastasis TNBC(ER) yes ATCC
MDA-MB-468 | Human Breast, Epithelial |Metastasis TNBC - yes ATCC
Mammary Gland
4T1 mouse Breast, Epithelial |Metastasis TNBC - no ATCC
Mammary Gland p
Breast, . . .
ZR75B Human Mammary Gland Epithelial |Metastasis TNBC(ER) yes OLS
BT549 Human Breast, Epithelial | Prima TNBC - es ATCC
Mammary Gland p Y Y
MDA-MB-436 | Human Breast, Epithelial |Metastasis TNBC - yes ATCC
Mammary Gland
Breast, . . .
SKBR3 Human Mammary Gland Epithelial |Metastasis TNBC(HER) yes ATCC
Mus Breast,
NMuMG musculus,|Mammary Gland| Epithelial |Metastasis no ATCC
mouse
Breast, . . .
BT-20 Human Mammary Gland Epithelial | Primary TNBC - yes ATCC
Breast, . . .
MDA-MB-453 | Human Mammary Gland Epithelial |Metastasis TNBC(HER) yes ATCC
Breast;
MDA-MB-157 | Human |[Mammary gland; Epithelial |Metastasis TNBC - yes ATCC
Medulla
Breast; Duct;
HCC70 Human | Mammary Epithelial | Primary TNBC - yes ATCC
gland
Breast; Duct;
HCC1937 Human | Mammary lymphoblast| Primary TNBC - yes ATCC
gland
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Breast, 1 . | TNBC(ER,partial
MDA-MB-361 | Human Mammary Gland Epithelial |Metastasis PR.HER) yes ATCC
MCF-12A | Human |, Dreast Epithelial es ATCC
Mammary Gland P Y
Breast; Duct; TNBC(ER,partial
ZR-75-1 Human | Mammary Epithelial |Metastasis PR) yes ATCC
gland
Breast, oy 1 . TNBC(ER,partial
BT-483 Human Mammary Gland Epithelial | Primary PR) yes ATCC
Breast, o . | TNBC(ER,partial
CAMA-1 Human Mammary Gland Epithelial |Metastasis PR) yes ATCC
Breast, . . .

AUS565 Human Mammary Gland Epithelial |Metastasis TNBC(HER) yes ATCC
SUM1315 Human Breast Epithelial |Metastasis TNBC - yes Cellosaurus
HBL-100 Human Breast Epithelial yes Cellosaurus

Mus Mammar
67NR musculus Y Epithelial | Primary TNBC(ER) no Cellosaurus
Gland
(Mouse)
Mus Mammar
168FARN musculus Y Epithelial | Primary no Cellosaurus
Gland
(Mouse)
Mus Mammar
4TO7 musculus Y Epithelial | Primary no Cellosaurus
Gland
(Mouse)
Mus |Breast,Mammary
EpH4 musculus Gland Epithelial no Cellosaurus
(Mouse)
MCF10CAla | Human Breast Epithelial |Metastasis no Cellosaurus
MCF10CA1ld | Human Breast Epithelial no Cellosaurus
MCF10CA1lh | Human Breast Epithelial no Cellosaurus
SUM159 Human Breast Epithelial | Primary TNBC- yes Cellosaurus
MCF7/LCC9 | Human Breast Epithelial |Metastasis no Cellosaurus
MDA-MB-435 | Human Breast hypodermis |Metastasis| TNBC(HER) no Cellosaurus
MDA-MB-231- oy 1 .
lucD3H2LN Human Breast Epithelial |Metastasis TNBC- no Cellosaurus
SKBR3-LR Human Breast Epithelial |Metastasis no Cellosaurus
HCC1954-LR | Human Breast Epithelial no Cellosaurus
MCF10A/HER2 | Human Breast Epithelial TNBC(HER) no Cellosaurus
MDA-MB-231 1 .
LM24175 Human Breast Epithelial |Metastasis TNBC- no Cellosaurus
Mus Mammar
4T1-Luc musculus y Epithelial no Cellosaurus
gland
(Mouse)
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MDA-MB231-

LucD3HI1 Human Breast Epithelial |Metastasis TNBC- no Cellosaurus
MCF10AT Human Breast Epithelial no Cellosaurus
SCP2 Mouse | Mammary Epithelial |Metastasis TNBC- no ATCC
gland
HMLE Human | Mammary Epithelial no lonza
gland
ZR75 Human | Mammary Epithelial | Primary ATCC
Gland
A549 Human Lung Epithelial | Primary yes ATCC
A375 Human skin Epithelial | Primary yes ATCC
Hela Human | Uterus; Cervix | Epithelial |Metastasis yes ATCC
Panc-1 Human | Pancreas; Duct | Epithelial | Primary yes ATCC
Hs766T Human Pancreas Epithelial |Metastasis yes ATCC
293T Human |kidney; Embryo | Epithelial | Primary no ATCC
Large
HCT116 Human intestine; Epithelial | Primary yes ATCC
Colon
U208 Human Bone Epithelial | Primary yes ATCC
HPAECs Human | Pulmonary endothelial no ATCC
artery cell
HLMVECs Human Lung endothelial no ols
cell
U937 Human Lung monocyte |Metastasis yes ATCC
Large
HCT15 Human intestine; Epithelial | Primary yes ATCC
Colon
HEK?293 Human |kidney; Embryo | Epithelial |Metastasis no ATCC
WI-38 Human Lung fibroblast no ATCC
H1299 Human Lung Epithelial |Metastasis yes ATCC
Large
LoVo Human intestine; Epithelial |Metastasis yes ATCC
Colon
T24 Human | Urinary bladder | Epithelial | Primary yes ATCC
MKN-45 Human Liver Epithelial |Metastasis yes Cellosaurus
AGS Human Stomach Epithelial | Primary yes ATCC
SKOV3 Human | Ovary; Ascites | Epithelial |Metastasis yes ATCC
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HepG2 Human Liver Epithelial | Primary yes ATCC
HacaT Human skin keratinocyte| Primary no Cellosaurus
MDCK Canis kidney Epithelial no ATCC
familiaris,
dog
HuH7 Human Liver Epithelial | Primary yes Cellosaurus
BoM-1833 h | Human Bone Epithelial |Metastasis no Cellosaurus
Dr26 Human Lung Epithelial no radioprotection
Mus kidney; mesangial
SV40 MES 13 | musculus ’ no ATCC
Glomerulus cell
(Mouse)
MDA-MB- Human skin melanocyte |Metastasis yes ATCC
435S
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