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1: Glossary of network terms.

Network Adjacency Matrix. The adjacency matrix A of a labeled graph is a matrix with rows and columns
labeled by graph vertices, with a 1 or O for (v;,v;) according to whether v; and v; are adjacent or not (Weisstein,
Wolfram Web Resource).

Node Degree Distribution. Measure that reflects the local connectivity of a node and indicates the number of
connections with other nodes, and is the probability distribution of degrees over the whole network. Most real world
networks exhibit the scale free property, and the degree distribution follows a power law.

N
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where a; is the generic element of A, and N is the total of nodes.

Clustering Coefficient. Is given by the proportions of links (interactions) between the neighbor nodes divided by
the maximum possible connection with the neighborhood.

0O = D

where g; is the number of edges between the neighbors of ‘i’, and k; is the number of neighbors.

Shortest Path length: The shortest possible path (distance) between two nodes in a network. The shortest paths
between all pairs of nodes are identified using the Dijkstra's algorithm (Dijkstra, 1959).

Average path length: Average of hops along the shortest paths for all pairs of nodes. It calculates the measure of
efficiency of information. Most real world networks exhibits very short average path length, from which the small
world concept comes (Watts and Strogatz, 1998;Freeman, 1977). Given the unweighted graph G of vertices V, let d
(vq,v3), (Where v,v,€ V denote the shortest distance between v, and v,). Assume that d (v4,v,) =0 if vy = v, or
v, cannot be reached from v,. Then, the average path length [; is:

1

Where n is the number of vertices in G.

Network Diameter: Longest shortest path length (maximum length of shortest paths) between two nodes in whole
network. It can be simply detected after the calculation of shortest path lengths from every node to all other nodes:
the longest of all calculated shortest path length is the diameter. Therefore, the network size.




Betweenness centrality: Global centrality measure computing the load placed on a given network node, or sum of
the fraction of shortest paths between all pairs of nodes that traverse through node i. By (Freeman, 1977):
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where gji is the n. of shortest paths between nodes j and k, and gj (i) is the n. of these shortest paths traversing
through node i.

Closeness Centrality: Global centrality metric used to determine critical nodes in networks and is defined as the
inverse of farness, which in turn, is the sum of distances to all other nodes (Opsahl et al, 2010). It provides
information on how fast information spreads from one particular node, say “S”, to all other nodes sequentially. The
closeness of node i is defined as inverse of average path length (shortest path) from node i to all other nodes in the
network. The measure for the connected component is as follows:
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where dj; is the shortest path from residue i to residue j, and N is the total number of nodes. (Guimera' et al, 2005)
rewrote the equation as the sum of inversed distances to all other nodes as an alternative of the inversed of the
sum of distances to all other nodes. The equation would then be:

C(i) =

Closeness (i) = Zj%
ij

Modular overlap. It is the participation of node i in effective number of modules a

Oli] = ny({d;[al},

Bridgeness measure : For links it is referred as the bridge whose deletion would increase the number of
components of the graph. This measure for node i between two (a and b) or more modules relative to the other
overlapping nodes can be computed as follows:
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Community centrality:

H;(n)H;)(n)
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where module membership values H;(n) and H;(n) were normalized to the centrality and Ojy(n) is proportional to
Hi(n) and H;(n), and c(n) is the centrality of node n, while the factor of 2 implies that bidirections are taken into
account between the modules.




2: Node classification and annotation in phenotypic multitype OS Networks.

Classification of Nodes: Nodes have been classified into different types according to their pattern of
intra- and inter-modular connectivity, thus offering a cartographic representation of networks and
measuring through well-known participation coefficients (how much a node overlaps with different
modules) and z-scores (how well connected a node is with other nodes in the module it belongs to)
(Guimera' et al, 2007; Mihalik et al, 2011).

Non-hub nodes:

1. Ultra-peripheral: with all their links within their module

2. Peripheral: with most links within their module
3. Connector: with many links to other modules
4. Kinless: with links homogeneously distributed among all modules

Hub nodes:

5. Provincial: with bulk of connections within their module

6. Connector: with many connections to most of the other modules

7. Kinless: with links homogeneously distributed among all modules.

The nodes classified in gene-gene co-expression networks show various evidences. In Tp there appear
non-hub kinless genes with multiple genes, see for instance TGM2, NPPB, and IL1A along with other
genes involved significantly in biological processes related to homeostasis. Also, non-hub connector
genes showed significant involvement in diverse biological processes such as blood vessel development,
ECM, and negative regulation of proliferation. No annotations were retrieved for very few peripheral and
ultra-peripheral nodes. Cp and Ip appear rich in peripheral nodes. Ip contains 50% of genes classified as
non-hub kinless and non-hub connector genes, showing very little involvement in biological processes.
Non-hub kinless genes COL1A2, ARHGDIB showed functions significantly related to the Rho Protein
signal transduction, while non-hub connector genes CCND1, LAMAS5, TSPAN31, GAL showed function
related to regulation of cell proliferation. The peripheral nodes in Ip show important functionality at a
genetic level in relation with ECM and regulation of cell adhesion, and also included are co-expressed
NDN and GASL1 genes involved in many different biological processes such as developmental growth.

Similarly, in Cp colony the co-expressed genes show in particular involvement in cell adhesion and



response to extracellular stimulus. In Pp, non-hub Kinless genes amount to 36.5%, and genes PLAT,
ENPP2, LAMAS5, GASL1 annotate for cell motion, while very few genes from the 31.5% of non-hub
connectors show involvement in biological processes. Genes IER3, IL1B, RRAGA, IL1A are
predominantly related to both apoptotic and non-apoptotic functions. Peripheral nodes show co-expressed
genes mostly showing variety of biological processes, such as estrogen stimulus, steroid hormone
stimulus, and positive regulation of cell cycle. The peripheral genes CCND1, TXNIP, CCND2 involved
in the above processes show high differential expression in OS cell lines.

3. Variation in PPINSs.

Mutations. Proteins containing missense mutations showed no interactions except for FARP1 in Cp,
whereas the COL protein family showed interactions and substitution of unknown type (SM Fig. 6). The
seed proteins in each phenotype listed in Supplementary Table 4 contain different types of variations:
missense, deletion — frame shift, unknown and substitution — coding silent showed no significant GO
molecular function terms with adj p-value = 0.01 for Tp, and contains variations in Ip, Cp, and Pp in
proteins having molecular functions related to platelet-derived growth factor binding, ECM structural
constituent and growth factor binding. Both PHLDAL and PPP2R2B, which have missense mutation
along with IL1A with coding silent variation, are involved in biological processes related to cell death in
Tp. Both FARP1 and FBN1 proteins, which show mutations, were DE in Cp. DEGs in Pp contained
missense mutation in EEF1A2, STMNZ2, deletion- frameshift in ENPP2 and substitution — coding silent in
IL1IA were seen involved in anti-apoptotic activity (no enrichment was found for proteins having

mutations in Cp and Ip.

DE Transcription factors in Cp. SP7: This gene encodes a member of the Sp subfamily of Sp/XKLF
transcription factors. Sp family proteins are sequence-specific DNA-binding proteins characterized by an
amino-terminal trans-activation domain and three carboxy-terminal zinc finger motifs. This protein is a
bone specific transcription factor and is required for osteoblast differentiation and bone formation. MYC:
The protein encoded by this gene is a multifunctional, nuclear phosphoprotein that plays a role in cell
cycle progression, apoptosis and cellular transformation. It functions as a transcription factor that
regulates transcription of specific target genes. HOXB9: This gene is a member of the Abd-B homeobox
family and encodes a protein with a homeobox DNA-binding domain. It is included in a cluster of

homeobox B genes located on chromosome 17. The encoded nuclear protein functions as a sequence-
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specific transcription factor that is involved in cell proliferation and differentiation. Increased expression
of this gene is associated with some cases of leukemia, prostate cancer and lung cancer. FOX: (Forkhead
box) proteins are a family of transcription factors that play important roles in regulating the expression of

genes involved in cell growth, proliferation, differentiation, and longevity.
4. 1*' PPIN: phenotypic characteristics.

The 1% order PPIN networks comprised many overlapping modules in each OS phenotype with hubs as
core nodes of the modules (see Supplementary file 6, molecular function annotations in modules). The Pp
1* order PPIN network is composed of 1447 proteins with on average 70.04 neighbors and higher CC, as
compared with the other phenotypes. The central proteins of overlapping modules are particularly
interesting, because of the crosslinks they enable (exerting global effects) and since they characterize
specific module functions (Segal et al, 2003;.Hydbring and Larsson, 2010). By looking at 26 overlapping
modules found in Tp, CDK2, KISS1, TGM2 and IL1A showed processes predominantly related to
nucleotide binding, enzyme regulator activity, cell cycle arrest and immune system process (Suppl Mat
Table 3A). We note the presence of proteins corresponding to cell cycle genes, such as CDK2 and MYC,
playing role in suppressing cellular senescence(Lawrenson et al, 2015), along with TP53, widely known

and involved in cell cycle arrest, apoptosis and DNA repair.

Notably, the highly down-regulated NPPB along with the thrombospondin family (THBS2 and THBS3)
mediating cell-to-cell and cell-to-matrix interactions and inhibiting tumor growth and angiogenesis,
present modular activity of OS relevance from cancer-associated fibroblasts, already observed in lung and
epithelial ovarian cancer (Aujollet et al, 2010; Bertin et al, 1997; Zhang et al, 2013). In Ip, CUL3 and
CDKG®6 proteins appearing in multiple modules are involved in enzyme regulator activity along with
protein and DNA binding. Then, PLAT, the KRT family proteins (KRT8, KRT31), and CXCL1 involve
modularity related to Pyrimidine deoxy-ribonucleotide binding and signal transducer activities. Other
modules refer to cytoskeletal protein binding, protein tyrosine kinases activity, and ECM structural
constituent (Suppl Mat Table 3B). In general, invasiveness depends on aberrant activities transcription
factors, protein kinases and phosphatases. We have noticed in modules both KISS1 and KISS1R, possibly
indicating mediation effects, in particular promoting tumor growth (Savvidis et al, 2010;Silva, 2004).
Moreover, the modular presence of the hyperactive Jak-Stat protein family in both Ip and Cp suggests
relevance of enhancing motility, migration and invasiveness processes, already known in different

cancers. Note that proliferation signaling often starts with growth factors activating receptor tyrosine



kinases, and subsequently other cascading pathways depending on the GPCR activation

(Chandhanayingyong et al, 2012).

In Cp, modularity mainly depended on MYC and NFKB, and in other cases on promoter binding. Both
GRB2 and MYC suggest OS involvement of the MAPK-ERK pathway (nhote that targeted inhibition of
EFGR reduces colony forming, invasion and motility in OS cell lines (Tari et al, 1999; Teixeira and Reed,
2013). Modularity around JUN, MAFB and STAT4 proteins imply transcriptional regulation activity,
whereas other proteins in the Stat family (STAT1, STAT3), FGFR3 and KRT8 underlie the modular
involvement of receptor signaling protein activity (Supplementary Table 3C). Notably, Pp intra-modular
proteins like for instance UBC, CDK2, CDK®6, CUL1 and CUL3, and the F box family (FBX0O4, FBXO5)
along with CTRC and SNURF proteins, are mainly related to ubiquitin-protein ligase activity. The
ubiquitin ligases are key players in cell cycle control and presence of proteins in Pp is relevant with
respect to aggressive OS (Mc Gary et al, 2002; Randle and Laman, 2016). PDGFRA, PDGFC and PLAT
formed modular activity and showed involvement in function related to platelet-derived growth factor
receptor binding, ECM structural constituent and endopeptidase activity (see Suppl data S5). Core
proteins PDGFRA, Fbox family proteins, CDK2, CUL1, along with proteins present in other modules
such as NFKB1, KISS1R, PPP2CA EGFR, are known to enhance proliferation in cancer (Mongre et al,
2014; Forman et al, 2005) (Suppl Mat Fig. 4C).
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SM Tables

SM Table 1. Cell Line specific evidences (DEGs) (top), followed by topological properties of DE miRNA-
gene target networks. A) Proteins coding (seed proteins) for DEGs showing interactions in Human proteome

(see methods) and n. of proteins and interactions in their 1st order networks composed of overlapping
modules. B) Proteins for DEGs showing interactions in Human proteome (see methods) and n. of proteins and
interactions in their 1st order networks composed of overlapping modules.
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A. gene - Nodes Links Clustering Characteristic =~ Average Network Diameter Density
miRNA target Coefficient Pathlength number of heterogeneity
networks neighbors
Tumorigenic 281 2381 0.28 2.759 14.512 1.200 5 0.052
Colony 309 2372 0.261 2.876 13.638 1.231 5 0.044
forming
Invasive 212 1168 0.243 2913 9.377 1.124 8 0.044
Proliferative 168 658 0.223 3.059 6.476 1.303 8 0.039
B. 1st order ) N. of Clustering  Characteristic Network . . Seed .
Nodes Links . . Diameter Density Links
PPIN modules  Coefficient Path length heterogeneity nodes
Tumorigenic 2032 58254 27 0.37 2.25 1.171 6 0.028 102 20
Invasive 1737 54097 24 0.38 2.24 1.122 6 0.036 82 32
Colony ~ »304 65197 17 0.36 2.25 1.259 6 0024 | 104 29
forming
Proliferation 1447 50675 26 0.43 2.17 1.004 5 0.048 56 9

SM Table 2. Biological processes of seed proteins showing interactions in PPI networks A)

Tp; B) Cp; C) Ip; D) Pp.

A) Tp

GO biological process complete N. of Fold Pvalue

proteins  Enrichment

involved
Collagen catabolic process 4 59.58 4.89E-03
Collagen metabolic process 4 51.53 8.69E-03
Multicellular organismal macromolecule 4 48.27 1.12E-02
metabolic process

Multicellular organism metabolic process 4 41.00 2.14E-02
Multicellular organism catabolic process 4 53.71 7.38E-03
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B) Cp

GO biological process complete N. of Fold P value
proteins  Enrichment
involved
Focal adhesion assembly 3 90.40 4.32e-02
Cell-matrix adhesion 5 30.13 5.24e-03
Cell-substrate adhesion 5 22.05 2.39e-02
Cell-substrate adherens junction 3 90.40 4.32e-02
assembly
Collagen catabolic process 4 45.20 1.56e-02
Collagen metabolic process 4 39.09 2.77e-02
Multicellular organismal macromolecule 4 36.62 3.58e-02
metabolic process
Single-multicellular organism process 25 3.43 6.32e-08
Multicellular organismal process 26 2.98 3.00e-07
Multicellular organism catabolic process 4 40.74 2.35e-02
Regulation of rho protein signal 5 32.58 3.58e-03
transduction
Regulation of ras protein signal 5 19.13 4.75e-02
transduction
Regulation of cellular process 26 1.83 3.98e-02
Regulation of biological process 27 1.81 1.27e-02
Regulation of response to stimulus 16 3.20 3.35e-02
Extracellular matrix organization 9 21.20 1.91e-06
Extracellular structure organization 9 21.13 1.97e-06
Response to acid chemical 6 14.91 2.08e-02
Response to stimulus 23 2.21 1.80e-02
Morphogenesis of an epithelium 7 12.50 8.67e-03
Tissue morphogenesis 9 12.86 1.44e-04
Tissue development 11 5.32 1.99e-02
Anatomical structure development 22 3.23 3.02e-05
Developmental process 22 3.15 5.03e-05
Anatomical structure morphogenesis 16 5.64 1.09e-05
Single-organism developmental process 22 3.23 3.00e-05
Tube development 8 10.29 5.56e-03
Multicellular organism development 22 3.54 4.96e-06
Regulation of body fluid levels 7 10.12 3.47e-02
Cell migration 9 8.51 4.75e-03
Cell motility 9 7.73 1.05e-02
Movement of cell or subcellular 11 6.18 4.59¢e-03

component
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Localization of cell 9 7.73 1.05e-02
Organ morphogenesis 9 7.58 1.24e-02
Animal organ development 18 4.66 1.12e-05
System development 21 3.89 3.42e-06
C) Ip
Go biological process complete N. of Fold P value
proteins enrichment
involved
Extracellular matrix organization 7 15.94 1.76e-03
Extracellular structure organization 7 15.89 1.80e-03
Single-organism process 29 1.63 2.80e-02
Wound healing 7 10.52 2.76e-02
Response to wounding 8 9.99 7.20e-03
Tissue development 12 5.61 3.52e-03
Anatomical structure development 19 2.70 3.04e-02
Developmental process 19 2.63 4.57e-02
System development 17 3.04 3.10e-02
Multicellular organism development 18 2.80 4.28e-02
Single-multicellular organism process 22 2.92 3.31e-04
Multicellular organismal process 22 2.43 1.08e-02
Biological regulation 28 1.72 2.96e-02
D) Pp
GO biological process complete N. of Fold P value
proteins Enrichment
involved
Extracellular matrix organization 6 25.62 5.60E-04
Extracellular structure organization 6 25.53 5.71E-04
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SM Table 3: Mutation in OS patients in PPI-miRNA networks.

Tp

Gene Type Amino Somatic status CDS Mutation
acid

mutation
COL6A3 Substitution - coding silent p.L1194L Confirmed c.3582G>A
COL6A3 Substitution - coding silent p.L988L Confirmed c.2964G>A
IL1A Substitution - coding silent p.vV122V Confirmed c.366G>A
PHLDA1 Substitution - Missense p.T277M Confirmed ¢.830C>T
PPP2R2B Substitution - Missense p.S78N Confirmed c.233G>A

Cp
OLFM1 Substitution - coding silent p.G385G Confirmed ¢.1155G>A
STEAP3 Substitution - coding silent p.S439S Confirmed c.1317A>G
LEPREL1 Unknown p.? Confirmed c.1549-8_1549-

7insC
LEPREL1 Unknown p.? Confirmed c.1549-8_1549-
7insT
FBN1 Substitution - coding silent p.G2811G Confirmed c.8433G>A
FBN1 Substitution - Missense p.V2823E Confirmed c.8468T>A
COL1A2 Unknown p.? Confirmed c.2133+3_2133+4in
sGT

FARP1 Substitution - Missense p.A854V Confirmed c.2561C>T
FARP1 Substitution - Missense p.-A885V Confirmed c.2654C>T
COL6A3 Substitution - coding silent p.L1194L Confirmed c.3582G>A
COL6A3 Substitution - coding silent p.L988L Confirmed c.2964G>A
COL4A1 Unknown p.? Confirmed c.652-5C>A
EEF1A2 Substitution - Missense p.T104M Confirmed c.311C>T
FAM46A Substitution - coding silent p.L240L Confirmed c.720T>C
FAM46A Substitution - coding silent p.L321L Confirmed €.963T>C
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Ip
COL1A2 Unknown p.? Confirmed c.2133+3_2133+4in
EEF1A2 Substitution - Missense p.T104M Confirmed c.351(i€>T
COL4A1 Unknown p.? Confirmed c.652-5C>A

Pp
ENPP2 Deletion - Frameshift p.V697fs*2 Confirmed €.2088_2097del10
ENPP2 Deletion - Frameshift p.V670fs*2 Confirmed c.2007_2016del10
COL1A2 Unknown p.? Confirmed €.2133+3_2133+4i

nsGT

STMNZ2 Substitution - Missense p.E115K Confirmed c.343G>A
IL1A Substitution - coding silent p.v122v Confirmed c.366G>A
EEF1A2 Substitution - Missense p.T104M Confirmed ¢.311C>T
COL4A1 Unknown p.? Confirmed €.652-5C>A

SM Table 4. Shared pathways (32) in all OS phenotypes and corresponding DEGs.

Pathway Terms Tp Ip Cp Pp

a6b1 and a6b4 Integrin  CD9, IL1A, LAMA4 LAMAS LAMAS IL1A, LAMAS, LAMC2
signaling

amb2 Integrin signaling PLAU, RHOA, THY1 PLAT, RHOA CTGF, PLAT PLAT

AP-1 transcription factor PLAU CCND1, CCND1, CCND1, COL1A2
network COL1A2 COL1A2, GJA1,
MYC
ATF-2 transcription CDK4, PLAU CCND1, CCND1, CSRP2 CCND1
factor network PDGFRA
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Betal integrin cell COL6A1, COL6A2, COL11A1, COL1A2, COL1A2, COL4A1,
surface interactions COL6A3, ITGA11, COL1AZ, COL3A1, ITGA11, LAMAS,
LAMA4, PLAU, COL4A1, COL4A1, LAMC?2
TGFBI, TGM2, COL4AZ2, COL6A3,
THBS2 LAMAS, MDK, ITGA11,
TGFBI LAMAS, TGM2,
THBS1
Beta2 integrin cell PLAU, TGFBI, THY1 PLAT, TGFBI PLAT PLAT
surface interactions
Beta3 integrin cell LAMA4, PLAU, COL1A2, COL1Az2, COL1A2, COL4A1
surface interactions SDC4, TGFBI, THY1 COL4A1, COL4A1, IBSP,
COL4A2, TGFBI THBS1
Caspase Cascade in KRT18 ARHGDIB, ARHGDIB ARHGDIB
Apoptosis KRT18
C-MYB transcription ADORAZ2B CCND1, CDKe, CCND1, CCND1, COL1A2
factor network COL1A2 COL1A2, MYC
Coregulation of FHLZ2 CCND1, CDKe, CCND1 CCND1, SNURF
Androgen receptor SNURF
activity
CXCR4-mediated ITGA11, RHOA, RHOA, RHOB, ITGA11 ITGA11
signaling events RHOB, RHOC RHOC
Direct p53 effectors DKK1, IGFBP3, CX3CL1 STEAP3, TAP1 NDRG1
NDRG1
E-cadherin signaling in RHOA CCND1,RHOA  CCND1, CTTN CCND1
the nascent adherens
junction
Endothelins RHOA COL1A2, RHOA COL1A2, COL1A2
COL3A1
FOXM1 transcription CDK4, GAS1, LAMA4 CCND1, GAS1 CCND1, MYC CCND1, GAS1
factor network
Glucocorticoid receptor KRT17, SGK1 KRT17 KRT17 KRT17

regulatory network
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IL4-mediated signaling THY1 COL1A2 COL1A2 COL1A2
events
Integrin-linked kinase RHOG CCND1, MYL9, CCND1 CCND1
signaling RHOG
Integrins in angiogenesis = COL6A1, COL6A2, COL11A1, COL10A1, COL1A2, COL4A1l
COL6A3, RHOA COL1AZ2, COL16A1,
COL4A1, COL1AZ2,
COL4AZ2, COL3A1,
COL8A1, RHOA COL4A1,
COL6A3
Neurotrophic factor- RHOA, RHOG CCND1, RHOA, CCND1 CCND1
mediated Trk receptor RHOG
signaling
Noncanonical Wnt RHOA RHOA CTHRC1 CTHRC1
signaling pathway
Presenilin action in DKK1 CCND1 CCND1, MYC CCND1
Notch and Wnt signaling
Regulation of nuclear DKK1 CCND1, CCND2 CCND1, MYC CCND1, CCND2
beta catenin signaling
and target gene
transcription
Regulation of nuclear CDK4 COL1A2 COL1A2, MYC COL1A2
SMAD2 /3 signaling
Regulation of CDK4 CCND1, CCND2, CCND1 CCND1, CCND2
retinoblastoma protein CDKe
Regulation of RhoA RHOA ARHGDIB, ARAP3, ARHGDIB
activity RHOA ARHGDIB,
DLC1, FARP1
Signaling events RHOA CCND1, RHOA CCND1 CCND1

mediated by focal
adhesion Kinase
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Syndecan-1-mediated @ COL6A1, COL6A2, COL11A1, COL10A1, COL1A2, COL4A1,
signaling events COL6A3 COL1A2, COL16A1, LAMAS
COL4A1, COL1A2,
COL4AZ2, COL3A1,
COL8A1, COL4A1,
LAMAS COL6A3,
LAMAS
Validated targets of C- CDK4 CCND2, MYC CCND2
MYC transcriptional SERPINI1
activation
Validated targets of C- DKK1, NDRG1, CCND1, CCND1, CCND1, COL1AZ2,
MYC transcriptional TMEFF2 COL1A2 COL1A2, MYC, NDRG1
repression SFRP1
Validated transcriptional ~ DCN, MGP, PLAU CCND1, CCND1, CCND1, COL1A2, DCN
targets of AP1 family COL1A2, DCN COL1AZ, GJA1
members Fral and Fra2
Wnt signaling network DKK1, IGFBP4 SOST CTHRC1, SOST CTHRC1

SM Table 5: Overlapping modular organization 1st order PPl networks characterizing each
phenotype on the basis of molecular functions assigned to each module (based on molecular
function of central proteins of the modules with significant p-value for phenotypes A) Tp; B) Ip;
C) Cp; D) Pp (complete list in Supplementary file 3).

A) Tp

module ppodule N-of Effecti Module Ten Molecular  Adj.P
9 Id name nodes Vven. size overlapping functl.on. value
> of (sum of core Description
S nodes module proteins of
= assign  module
- ment

values)

= | Module UBC 2026 582.2 1.68E+ UBGCELAVL1 Nucleotide  4.98E-02
- 1 07 ;FNL;APP;TP  binding
B 53;SUMO02;C
S TNNB1;HSP9
a 0AA1;CDK2;
E ESR1;
&| Module APP 2025 532.8 103933 APP;UBC;CU Enzyme 2.70E-02
5 2 0 L3;KISS1;HS  regulator
g PO0AA1;A2M  activity
= ;FBLN1;HSP

17




A5;CTNNB1;

YWHAZ;
Module ADM 2014 18.43 61658. ADM;MME;C Hormone 1.09E-03
3 57 FH;GPR182;  activity
RAMP2;EDN
1;EEF1A1;NP
PC;HSP90AA
1;TUBA1A;
Module ARRB2 1990 14.69 52401. ARRB2;CALC Alcitonin 2.95E-02
4 83 RL;RAMP2;T gene-related
GFBR3;CXCL  polypeptide
12;SDC3;CD receptor
K4;ARHGAP1 activity
7;CDC42;HD
AC2;
Module ITGA4 1999 36.38 69721. ITGA4;THBS Protein 3.28E-02
5 17 2;HDAC4;TH binding
BS3;ITGB1;A
DAM?2;CD53;
FCGR2C;MM
P2;NPPB;
Module SUMO1 1996 35.22 70296. SUMO1;PDG Platelet- 1.47E-03
6 2 FC,FZD8;MZ  derived
F1;0BSCN;SY growth
DE2;MAF; factor
IKBKB;SDF2; receptor
EGR1; binding
Module JUN 1987 19.83 31316. JUN;PLXNA2; Organ 4.31E-02
7 88 STAT4;MAF; developmen
PDZD2;CYP1 t
9A1;EGR1;SR
F;BBS7;VAV1
Module CAND1 1988 26.98 34297. CAND1;COL1 Extracellula 9.59E-04
8 27 9A1;COL3A1; r matrix
CD36;COL4A  structural
2;MMP2;CAL constituent
ML3;TF;F7;E
CT2;
Module GRB2 1990 28.04 42610. GRB2;SGCA; Protein 4.04E-02
9 52 FGF7;DAG1;  binding
CCL5;KRT34;
AMBP;ADAM

12;CFH;SS18

)
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Module
10

PPP2CA

1985

17.22

26152.

81

PPP2CA;KISS
1R;PIR;SCHI
P1;IER5;PTN
;PXDN;MYO9
A;RHOB;PAX
IP1;

No
annotations

Module
11

MYC

1983

34.86

57936.

12

MYC;ROBO2;
PLAU;ITGA1;
SLIT2;MYO09

A;NUCB1;UB
QLN4;PDZD2
:MRPL53;

Signaling
process

1.89E-04

Module
12

TUBA1A

1983

27.05

30697.

15

TUBA1A;NPP
C;MDK;SDC3;
STARD13;KR
T31;NPR3;N
CK1;GLA;AF
G3L2;

Regulation
of
multicellula
r organism
growth

3.87E-02

Module
13

CUL2

1966

21.03

24804.

75

CUL2;LOXL1;
ATXN1;MLP
H;ELN;APOD
;ARHGEF4;P
EPD;0SGEP;
CTSD;

No
annotations

Module
14

CUL1

1995

34.72

40013.

82

CUL1;SLC7A
9;TGM2;MYB
PC3;RPRM;M
MP2;FBX02;
SORL1;CDKN
1C;GPATCH4

Cell
arrest

cycle

6.19E-03

Module
15

IL1A

1926

18.27

32310.

IL1A;TRAF6;
IL1R2;CAPN
1;IRAK1;HAX
1;TOLLIP;TN
FRSF13B;NF
KBIE;MYD88

Immune
system
process

8.89E-05

Module
16

SFN

1958

14

18714.

41

SFN;ANPEP;
TMA4SF1;PKP
3;ZFYVE19;A
RHGEF16;DT
X2;ARHGEF1
7;TRIM25;R
HPN2;

Rho guanyl-
nucleotide
exchange
factor
activity

2.15E-02
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Module
17

HNRNP

1961

19.52

20789.

9

HNRNPC;LM
03;PDGFB;C
CDC85B;MD
FI;MBIP;IFIT
1;KHDRBS3;
ECT2;POLR2
K;

No
annotations

Module
18

CANX

1967

13.13

14957.

46

CANX;AMBN;
BGN;TF;SER
PINF2;SUMO
2;GRN;CD63;
CD9;TOR1A;

Zinc ion

binding

4.92E-02

Module
19

NUDC

1955

9.52

13789.

66

NUDC;LXN;C
PA4;GDIZ;EE
F1A1;KIAAO
101;ARIH1;R
ANBP2;RAN
GAP1;PRKAC
A;

Zinc ion

binding

4.92E-02

Module
20

DCUN1D
1

1958

7.87

13797.

48

DCUN1D1;KI
AA1199;GDI

1;EEF1A1;SO
CS5;SCRIB;C

ALM1;DAZA

P2;SMAD2;G
LRX3;

Protein
binding

3.56E-02

Module
21

CAV1

1970

14.8

18177.

69

CAV1;RAB27
B;UNC13D;M
LPH;WNT3A;
IGFBP3;KCN
A5;ACVRL1;
GJB2;PRNP;

Microtubule
binding

3.39E-02

Module
22

PAXIP1

1942

15.8

26996.

PAXIP1;SCA
MP5;FBLN5;
PLAU;ATN1;
GFI1B;A2M;
DNAJA1;EP3
00;TPM3;

Enzyme
binding

2.86E-02

Module
23

DCN

1951

10.57

19327.

41

DCN;SFTPD;
EGFR;FLNA;
BRCA1;WISP
1;ELN;DPT;
MMP3;GJA1;

Cytoskeletal
protein
binding

3.28E-02

Module
24

NFIX

1863

6.51

15516.

87

NFIX;ALKBH
3;RPS27A;1S
G15;HDAC1;

Transcriptio
n regulator
activity

1.44E-02
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RB1;POLRZE
;SUPT16H;R
PS6KA1;SKI;
Module LIG4 1892 10.49 13726. LIG4;CTSK;S Protein C- 3.31E-02
25 47 PARC;VKORC terminus
1;SERPINB1  binding
3;EEF1A1;CR
EBBP;UNC11
9;PRKDC;XR
CCé6;
Module GRN 1888 11.65 14407. GRN;DLK1;H No
26 02 K3;SLP;HOX annotations
A1;ZNF8;ELA
NE;FRAT1;G
FI1B;GAS1;
Module BMP2 1845 5.52 7984.2 BMP2;MGP;S SMAD 1.30E-09
27 49 MURF1;ACT  binding
R2;ACVR1;B
MP1;SMURF
2;SMAD4;SM
AD1;COL2A1
B) Ip
module Modul N.of Effect Module Ten overlapping Molecular Adj P
Id ename nodes iven. size(sum core proteinsof  function value
of of module Description
g nodes module
g assignme
5 nt
> values)
Module UBC 1730 5284 1.14E+07 UBC;FN1;APP; Protein 2.42E-02
£ 1 GRB2;CDK2;ES  binding
3 R1;CUL3;CDKG®;
2 TP53;EEF1AL,;
& | Module APP 1730 404.8 6354835 APP;UBC;KISS1 Enzyme 9.46E-03
= 2 2 :CUL3;BGN;YW regulator
B HAZ;COPS5;HS  activity
° P90AAL;SERPI
- NA3;HSPAS5;
2| Module FN1 1728 461.2 503463.2 FN1;SERPINA3; No
§ 3 8 EGFR;DCN;SU  annotations
= MO2;APP;ERBB
2:RAC1;UBC;N
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Module

Module
5

Module

Module
7

Module
8

Module
9

Module
10

Module
11

ELAVL1

HSP90A
Al

YWHAZ

MDK

NEDDS8

KRT8

PXN

CAND1

1723

1694

1696

1654

1684

1684

1692

1687

223.1

41.34

50.53

31.48

21.04

22.17

20.82

26.2

418983.9

87355.91

60933.57

68042.58

24518.74

32294

42156.5

30587.47

FKBI,

ELAVL1;GAL;S
UMO2;TP53;CD
K6;CUL3;CUL1;
CDC42;GRB2;K
IAA0101;
HSP90AA1;G6P
C;TRIM74;FBX
L2;METTL22;EP
HB6;STARD13;
ACVR2B;CNKS
R1;MMP2;
YWHAZ;LUM;
ADAM22;PKP3;
NOXAL;GP5;GP
9;:CBY1;GP1BB;
ARHGEF18;
MDK;TUBALA;
GPC2;ACTGI;N
CL;RPL18A;ST
AT1;JAK1;MAP
K6;JAK2;
NEDDS8;CTRC;R
HOBTB2;FBXO
4;ARHGEF4;DC
TPP1;KCTD13;
UBE2F;GDI1;H
RAS;
KRT8;QRSL1;T
CHP;PLAT;STA
M2;MOG;CLNS5;
FGFR3;DEDD;K
RT31;
PXN;COL8A1;C
OL8A2;VCL;CO
L5A2;UBQLN4;
KLHL12;ITGAZ;
ITGAL,PTPRZ1;
CAND1;COL19
Al1;COL3A1;CO
L6A2;COL4A2;
CD36;CALMLS;
MMP2;PMEPA1
:CEP97;

DNA binding

Enzyme
binding

No
annotations

No
annotations

Nucleotide
binding

Pyrimidine
deoxyribonuc
leotide
binding

No
annotations

Extracellular
matrix
structural
constituent

1.81E-02

3.48E-04

1.20E-02

2.65E-02

7.42E-04
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Module
12

Module
13

Module
14

Module
15

Module
16

Module
17

Module
18

Module
19

Module
20

PPP2CA

SUMO1

YWHAE

A2M

TRAF6

ACTB

SMAD3

CXCL9

ANXA2

1687

1692

1693

1639

1682

1689

1684

1604

1644

13.77

34.09

26.19

20.2

23.79

33.44

134

1351

10.6

17090.78

33279.24

26706.01

32214.73

35726.51

24327.51

18023.33

20933.21

9939.128

PPP2CA;KISS1R
:PPP2R5B;NPTN
:MYO9A;NUBP
2;RHOB;NXN;E
CT2;INTSI;
SUMO1;PDGFC;
RBM15B;MZF1;
ZNF174;0BSCN
:SYDE2;PTPRB;
PLAT;ST14;
YWHAE;ADH1
B:PML;RBMY1
Al;ADH4;CBY1
:PDE4DIP;ADH
1A;FBX04;GP1
BA;
A2M;CELAL;KL
KB1;KLK2;PDG
FA;PDGFB;TGF
BI;SHBG;MMP2
'KLKS3;

TRAF6; TNFRSF
19;1IL1A; TANK;
TOLLIP;NDN;N
GF;UEVLD;UB
E2D4;REXO2;
ACTB;TNNI2;C
ALM1;SHBG;N
CF2;TRIM63;TN
NT1;TAF11; TN
NC1;CTSG;
SMAD3;JPH3;C
HRD;ZNF8;PLG
:ZEB1;ISL1;GIT
2;GDNF;UBQL
N4,
CXCL9;CX3CR1
MAPKZ1;TXN;G
NAI2;CX3CL1;S
TATL;TNF,GNG
2:PLA2G1B;
ANXA2;ENAM;
AHSG;COL2A1;
COL5AL;PLG;P
LAT;MYOC;CC
NH;HNF1A;

No
annotations

No
annotations

Alcohol
dehydrogena
se  activity.
zinc-
dependent

Endopeptidas
e activity

Receptor
binding

Cytoskeletal
protein
binding

Seqguence-
specific DNA
binding

Signal
transducer
activity

Structural
molecule
activity

1.58E-08

4.52E-05

1.83E-02

9.70E-06

4.84E-02

3.92E-02

1.06E-02
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Module
21

Module
22

Module
23

Module
24

TNK2

AHSG

GRN

SHBG

1634

1591

1575

1575

8.63

6.99

8.59

4.33

10230.12

10270.34

7989.491

5421.888

TNK2;ARSE;ND
N;SYNJL,LTK;R
ASGRF1;BIN1;
ALK;RPL18A;M
CF2;
AHSG;AMELX;
VKORC1;ENA
M;DDB1;AKT1;
CDCA42,ATM;AT
F2;TTN;
GRN;DLK1;ZNF
8:GAS1;ELANE;
FRAT1;CDKZ2;K
IAA0101;TJP3;P
RKDC;
SHBG;KLK4;SR
F.LRP2:EIF3E;A
TP5A1;AP1B1;E
EF1A1;DSTN;A
CTG2Z;

Protein
tyrosine
kinase
activity

Identical
protein
binding

No
annotations

No
annotations

5.80E-03

1.19E-03

C)Cp

Module
Id

Phenotype

Modul
e name

N. of
nodes

Effective
n. of
nodes

Module
size
(sum of
module
assign
ment
values)

Ten
overlapping
core proteins
of module

Molecular
function
Description

Adj P
value

Module
1

UBC

2318 625.89

2.38E+
07

UBC;MYC;APP;
FN1;ELAVL1;G
RB2;CUL3;ESR
1;YWHAZ;TP5
3;

Promoter
binding

1.58E-
03

Module
2

Colony forming ability 1st

HSP90
AA1

2305 39.97

95549.
34

HSP90AA1;G6
PC;HOPX;CAM
K1G;FGFR3;M
MP2;EPHB6;TI
E1;IFIT1;ROR2

)

Transmembran
e receptor
protein
tyrosine kinase
activity

3.89E-
06
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Module HSP90 2288 28.24 37871 HSP90AB1;CY NADPH- 3.24E-
3 AB1 P17A1;PPP2R  hemoprotein 02
4;FGFR3;POR;I reductase
FIT1;LGALS4;  activity
TNNT1;STARD
13;MKNK1;
Module NEDD8 2272 19.71 29408. NEDDS8;CTRC; No annotations
4 03 SERPINA3;RH
OBTB2;FBX04
;TST; TFE3;AR
HGEF4;HIST1
H2BG;NDUFS6
Module JUN 2298 24.07 39717. JUN;PLXNAZ; Transcription 4.85E-
5 32 MAFB;DHX37; regulator 03
HOOKZ2;FOSB;  activity
SHANK1;STAT
4;HAP1;MAF;
Module PPP2CA 2283 15.18 24471. PPP2CA;KISS1 Protein 1.81E-
6 55 R;KISS1;PTN;C phosphatase 02
TTNBP2;NPTN regulator
;PPP2R5B;RH activity
OB;DVL3;MYO
9A;
Module SUMO2 2298 42.15 66807. SUMOZ2;CSRP2 Ubiquitin 3.19E-
7 51 BP;CUL4A;WD protein ligase | 02
R5;KALRN;FO  binding
XP1;CXXC1;PO
R;CSRP2;SUPT
7L;
Module A2M 2229 23.25 53355. A2M;CELA1;IL  Growth factor | 1.16E-
8 65 10;EGLN2;KN  receptor 03
GL;KLKB1;TGF binding
BI;KLK2;IL1B;
PDGFB;
Module MAPK3 2268 11.11 19841. MAPK3;CPXM No annotations
9 48 1;PLAT;IGF1;B
TBD10;KIAAOQ
101;SOS1;PRD
X3;MKNK1;GJ
Al;
Module MFI2 2269 10.32 40449. MFI2;PDIA3;D Protein 3.95E-
10 67 ERL3;DERL1;G disulfide 04
YPC;DERL2;CO isomerase
L6A3;PDIA2;C  activity

DK2;RAC1;
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Module
11

DCUN1
D1

2243

7.35

15108.
29

DCUN1D1;KIA
A1199;GDI1;N
FKB1;SMAD2;
ARHGEF1;EEF
1A1;,CALM1;M
CC;SCRIB;

Promoter
binding

2.81E-
02

Module
12

FGFR3

2185

12.27

33017.
59

FGFR3;CCDC1

7;CTSK;GPSM3
;HSPAS;STAT1
;KRT8;PTK2B;
HNRNPL;STAT
3;

Receptor
signaling
protein activity

4.00E-
02

Module
13

IL1B

2207

8.19

18921.
92

IL1B;IL1R2;IL

10;MMP2;SQS

TM1;SP1;MAP

3K3;EGR1;REL
A;TRAF6;

Ion binding

1.97E-
02

Module
14

SERPIN
A3

2216

6.36

17816.
78

SERPINA3;CT
RL;KLK4;NFK
B1;ERBB2;PS
MA3;POLAL;S
TK4;CMA1;LM
NB1;

Endopeptidase
activity

3.61E-
03

Module
15

FAM10
7A

2112

7.678

19782.
09

FAM107A;WD
R47;VIM;CANX
;DCD;TRAF2;P
PP2R2A;TADA
2A;KRT19;USP
15;

Structural
constituent of
cytoskeleton

4.31E-
02

Module
16

SHBG

2135

5.545

8460.8
12

SHBG;KLK4;SE
RPINA3;SRF;E

EF1A1;LRP2;U
BE20;SNRNP7
0;ATP5A1;EIF

3E;

No annotations

Module
17

LIG4

2158

10.81

9118.6
15

LIG4;CTSK;KN
G1;SPARC;FGF
R3;VKORC1;D
OK1;THOCS5;E
EF1A1;,DPM1;

DNA
activity

ligase

2.91E-
02

D) Pp

=}
%]
=
=9

Id

name

of

Module Module Number

Effective
number

Module

Ten
size

overlapping

Molecular
function

Adj P
value
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nodes ofnodes (sum of core Descripti-
module proteins of on
assign- module
ment
values)
Module UBC 1443 489 0.000598 UBC; FN1; Ubiquitin 5.99E
1 92 APP; protein -04
EEF1A1; ligase
CDK2; binding
SUMO2;
CUL3; ESR1;
GRB2; CUL1;
Module APP 1444 350 386096.8 APP;CUL3;K Enzyme 3.29E
2 ISS1;UBC;SE  binding -02
RPINA3;TR
AF6;ACTB;C
OPS5;MMP2
4;GRB2;
Module FN1 1442 443 409380.5 FN1;SERPIN DNA 3.07E
3 A3;DCN;EGF  binding -02
R;APP;NFKB
1;SUMO2;U
BC;EEF1A1;
BRCA1;
Module YWHAZ 1402 46 113822.5 YWHAZ;EFN Guanyl- 3.80E
4 B3;RHBDL2; nucleotide -02
LUM;GP5;GP exchange
9;GP1BB;AR factor
HGEF18;AR  activity
HGEF16;TC
EB1;
Module HSP90A 1425 40 76.021 HSP90AA1; No
5 RLG 12 RG6SSERME;  Annotation 6.14
NIRPLART s E-03
MMPIyM M2
FBACEAAIL
BMABRERZ0
sANXAZ;TI
Module ELAVL1 1427 39 99855.51 AMVL1:AD No
6 SHBG 7 RABO;KNK4; Annotation 1.67E
EESERPINE s -02
EA2POLASYB
LCACTBEDG
EADYBMIDNEG
TRIVGTAZ;
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Module HSP90A 1406 29 29110.91 HSP90AB1; enzyme 8.44E
7 B1 CYP17A1;PP regulator -03
P2R4;TRIM  activity
8;STARD13;
TAF1D;CHO
RDC1;RPAI
N;ARHGAP1
;A2M;
Module NEDD8 1408 21 19.719 NEDDS8;CTR Ubiquitin- 4.44E
8 C;ARHGEF4; protein -02
RHOBTB2;T ligase
ST;FBX04;PI activity
P;GDI1;FBX
05;UBE2K;
Module TP53 1409 39 53772.11 TP53;BMP1; Receptor 1.17E
9 DMTF1;S10  binding -02
0B;RASGRF
1;LAMA4;S
MYD2;TRIM
8;SNURF;FB
X04;
Module SUMO1 1404 28 30.286 SUMO1;PDG Platelet- 1.89E
10 FC;MAF;SYD derived -03
E2;PDGFRA; growth
MAFA;SULT factor
1A1;EGR1;P receptor
LAT;STMN2; binding
Module KIAA01 1403 34 34415.84 KIAA010L;E Ion 2.89E
11 01 LANE;COL4 binding -02
A2;MMP2;G
NS;LRP1;TH
BS1;ITSN1;A
NKFY1;SDC
1;
Module UBD 1395 16 18.408 UBD;ENPP2; Protein 3.72E
12 NPPB;HDAC binding -02
4:RHOT1;R
HOT2;MGR
N1;CTTN;E
WSR1;SUM
02;
Module PPP2CA 1401 15 15.403 PPP2CA;KIS No
13 S1R;PPP2R5 annotation
B;NPTN;MY s
09A;RHOB;
ECT2;NXN;I
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ER3;PFDN1;

Module
14

HSPAS

1417

48

31614.04

HSPAS5;HSP
A8;DNAJC1;
CLTC;PRTN
3;PRNP;CTS
G;COL7AL1;M
AP3K8;NFK
BIE;

Chaperone
binding

1.30E

-02

Module
15

NONO

1396

12.813

NONO;ZNRD
1;HAX1;IRA
K3;MAD1L1;
SOCS3;DLD;
A2M;GDIZ;
MRPL41;

Interleukin
-1 binding

1.39E

-03

Module
16

YWHAE

1412

24

20.397

YWHAE;AD
H1B;PML;GS
TA1;RBMY1
A1;1RAK3;F
BX04;GP1B
A;RASGRF1;
RCN2;

Protein
homodime
rization
activity

4.66E

-02

Module
17

PXN

1414

21

15.365

PXN;COL5A

2;COL6A3;C

OL6A2;ITGA
1;GFRA1;CO
L4A2;GDNF;
COL5A1;GA

B1;

Extracellul
ar matrix
structural
constituen
t

5.71E

-08

Module
18

A2M

1398

22

33037.53

A2M;CELA1;
IL10;TNF;IL
1B;TGFBI;K

LK2;KLKB1;
MMP2;SHBG

Endopepti
dase
activity

2.33E

-03

Module
19

CKB

1392

27

23053.1

CKB;SERPZ;
EWSR1;KIA
A0947;MYH
4;USPL1;VSI
G8;SELENB
P1;FABP4;K
RT34;

Calmoduli
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SM Table 6. Pathways specific in all OS phenotypes (from corresponding DEGs).

Phenotype

Pathways
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Tumorigenic

Beta5 beta6 beta7 and beta8 integrin cell surface interactions;
Insulin Pathway; ErbB1 downstream signaling;FoxO family
signaling; ATR signaling pathway; Urokinase-type
plasminogen activator (uPA) and uPAR-mediated signaling;
Calcineurin-regulated NFAT-dependent transcription in
lymphocytes; Proteoglycan syndecan-mediated signaling
events; Glypican 1 network; Signaling events mediated by
HDAC Class III; ALK1 signaling events

Invasive

PDGF receptor signaling network; Internalization of ErbB1;
Glypican 2 network; Retinoic acid receptors-mediated
signaling; Circadian rhythm pathway; PDGFR-alpha signaling
pathway

Colony forming

LKB1 signaling events;IL2 signaling events mediated by PI3K;
Ceramide signaling pathway;IL6-mediated signaling events;
CD40/CD40L signaling;RAC1 signaling pathway; Angiopoietin
receptor Tie2-mediated signaling; EphrinB-EPHB pathway;
Glypican 3 network; Syndecan-3-mediated signaling events;
Ephrin B reverse signaling

Proliferation

No specific pathways specific

31



SM FIGURES

Scale Free Topology Model Fit,signed R~2

Scale Free Topology Model Fit,sighed RA2
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SM Fig. 1: Mean connectivity plot for gene co-expression network showing scale free property.
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A) Tp (top-left), Ip (top-right), Cp (bottom-left), Pp (bottom-right)

B) gene-gene co-expression networks

— e
EPERIL3. Pl e e
TS D
. o
- o = e,
Q""" &= “‘_'j i
ALD@HA!
R . N
-
- e, s SN
s iz, o .r‘i.' p\.\ Y > Z‘, ooz oge MTiX
LT ARG e
et L S % o nﬁge.'ﬂo *
® i Bl M. NApg——He! .
0 e 9o S s i
- s e % D
. W 9 P T
& e &
e e & T A
o @ \
oy o aRet wan— = g g st
RAGSL
MADA Q bt °
ARHGFF‘E
CoBA i o 5]
" o\ HARINT  sexis THEZDS -
L 2 ¢ FANRIC
R ? steaps Loofiefér Y MAGEATG *
@ AR Wil ALOGAS KH‘ \
FORR] cff 7 \‘. NS
. 7 FANROC
ACTG2 T s A
9 o a Al
- »- .
MEFB Sy il N®B cillies: @ EPEIL e
comaz bt &2 A w SERRINGY onrioiags, TOA
] v / yoolls S8t q
FAsA 7 ARy 2 - HABIN® s . coAa2
o ¥ oo B A2
: T g, B Ctgyonugs OCND2 ‘c.:a
ra e N2 7/
SAgCK
/4 2y Lops | e C10RFES EFNB3 L a
CYRIBT  |oo@na SOBT s dlant icd VAFB
CYBA K A8t AR:-«:D!‘CE.1 & ., 48 F
\} ! ! 2 P
. T T"m&. Lo ol Sx
gsuc) o SLEN11 adfiee  LAMAS oENgoA ey EEOWR
T KA a PRBY2 SER@Ne7 COEH pIEES N@2
™ 4 COORF3 e
caaRFss NRBX2
CMA%NE&‘ TOBA3 IGRBPS (i P o  COORFSS e v

CTHRC1

SM Fig. 2: Gene — gene co-expression networks. A) Tumorigenic, B) Invasive and C) Colony forming
D) Proliferation phenotype. Bigger node size denotes more interactions with other nodes and colors from
green to blue shows negative to positive differential expression, i.e. log(FC). The circles represent genes,
and the bigger the more connected. The links connect genes weighted by co-expression of genes in the

phenotypes. Tp, Cp and Ip present visible self-loops (self-regulating expression).
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A) Core skeletons of DE miRNA-target gene networks
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Tumorigenic phenotype Invasive phenotype

Transcription factor ~ Gene miRNA

SM Fig. 3: Core skeletons of miRNA-target gene networks. Tp (top-left), Ip (top-right), Cp
(bottom-left), Pp (bottom-right). Blue to Red colors and larger node size denote network cc.
Higher DE hubs (large circles) characterize Tp - Ip, whereas non-hubs appear highly expressed in
Cp-Pp. The DEGs in Cp and Pp networks show relatively higher network heterogeneity (Suppl Fig
13; Suppl file 2), and the higher characteristic path length indicates less efficiency in information
transfer. Degree distribution of gene-gene co-expression networks shown in the middle.
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PPI-miRNA network: Tumorigenic phenotype
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SM Fig. 4A. Tp PPI-miRNA network where edges originating high DE miRNAs are denoted by parallel
lines and red color, while low expressions are denoted by dotted lines and grey color. Proteins involved in
pathways appear with dashed lines and orange color, and protein-protein interactions with single blue
line. Color and labels of the nodes are colored on the basis of the log(FC) of values for genes and
miRNAs, respectively.
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PPI-miRNA network: Proliferation phenotype
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SM Fig. 4B. Pp PPI-miRNA network where edges originating high DE miRNAs are denoted by parallel
lines and red color, while low expressions are denoted by dotted lines and grey color. Protein-protein
interactions are shown with single blue line. Color and labels of the nodes are colored on the basis of the
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Tumorigenic Invasive Colony forming Proliferation
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SM Fig. 5. Top-left: Critical nodes in multitype networks showing participation in protein
complexes. The node names in upper case are experimentally verified in humans and node names in
lower case are verified in other organism such as Rattus Norvegicus and Mus Musculus. Top-right:
Ranked eigenvalues for PPIN-miRNA networks indicating typical trees-of-trees organization.
Magnitude on Y-axis refers to minimized energy value (24). Bottom-left: Inverse participation ratio
(IPR) vs Eigenvalues scatterplot showing similar trends as shown by (17) and illustrating that scale-free
networks are best fitted with the measured data. The red dots are showing IPR for the principal
Eigenvalue. Bottom-right: Network heterogeneity. It equals the coefficient of variation of the
connectivity distribution, i.e. square root of variance of (K)/mean(K), where k is the connectivity of the
node, which tells us about tendency of networks to contain hubs.
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Drug repositioning networks
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SM Fig. 6. Drug repositioning networks. For Tp and Pp drugs show experimentally verified interaction
with genes.
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