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I. NETWORK CONSTRUCTION
A. Molecular pathways underlying genetic risks

Up to one third of CRC are likely related to inheritance. First degree relatives of pa-
tients with CRC have a 2- to 4-fold risk of developing neoplasm compared with the general
population [1-6]. One example clearly showing the extensiveness of heredity in CRC is the
research conducted in Utah [4]. Utah has the lowest incidence of CRC in the United States
for both men and women [7]. Since the Church of Jesus Christ of Latter-day Saints, which
the majority of its residents belong to, has a health code against the use of coffee, tea,
alcohol, and tobacco, presumable risk factors due to diet are excluded to some degree.

Between 2% to 5% of CRC arise with lynch syndrome, adenomatous and hamartomatous
polyposis syndromes which demonstrate Mendelian inheritance pattern [6]. The genes re-
sponsible for these disorders have been identified and carriers of the pathogenic mutations
have a high lifetime risk of cancers. Among the overlapped genes with the ones identified
in somatic mutations [8] is adenomatous polyposis coli (APC), which encodes a protein re-
pressing canonical Wnt signaling pathway at several levels. Another ones are involved in
TGF-5 signaling, such as Smad4 and BMPR1A [6, 8]. Except for APC, KRAS, p53, most
of somatic mutations in oncogene and tumor suppressors happen at low frequencies. Possi-
bly, canonical Wnt signaling and TGF-f signaling pathways are the critical ones for CRC
development while others work as additional contributors.

The predisposed genetic condition in these studies has implications. The vast majority
of the gene variants for CRC, mostly not yet identified, carry out normal physiological
functions which are not grossly affected, therefore not critical by themselves. The combined
effect of the gene variants can be additive, possibly through interactions. Therefore, it is
necessary for us to extend the search for molecules for CRC development beyond current

genetic studies. Also, a method to account for the cooperation may be helpful.

B. Identify molecules and pathways from gastrointestinal track development

Canonical Wnt signaling pathway, which is implicated in genetic study of CRC has an
important role in controlling patterning and proliferation of gastrointestinal track (GI) at

embryonic stage. In the study of familial and sporadic colon cancers, association between



the GI tract and the canonical Wnt pathway was first established [9, 10]. Mutations in
the components of this pathway that result in tumor formation are those that leading to
stabilization of beta-catenin and hence constitutive activation of the pathway. Mouse models
with interruption in various components elucidated role of Wnt pathway in development [10].
For example, disruption of Tcf4 resulted in depletion of the epithelial stem cell compartment

in the crypts of the small intestine [11].

We searched for molecules interacting with Wnt pathways in order to include feedbacks
into the network. Wnt signaling is active in posterior endoderm in early mouse development
and induces Cdx2 [12], a cell fate switch of intestinal specification in the endoderm [13].
Wnt is a transient process and appears to be repressed by Cdx2 after differentiation [13]
while activation of Wnt signaling is sufficient enough to induce intestinal differentiation
of embryonic stem cell-derived endoderm, specifically inducing posterior small intestine and
large intestine fate [11]. The interaction of Cdx2 and Wnt pathway is complex that only 18%
of the genes induced by Wnt activation were induced by Cdx2 while larger degree of overlap
was observed between genes down-regulated by them, suggesting additional pathways may

also play a role.

Endoderm-mesoderm interaction exists throughout GI developmental process [14]. Gut
endoderm was able to induce smooth muscle differentiation in non-gut mesoderm, possi-
bly through secreted molecule Sonic Hedgehog (SHH) [15]. SHH signaling has a dual role
in proliferation and differentiation, as over-expression of SHH transgenic mice lead to in-
creased cell proliferation of gut mesoderm as well as smooth muscle specification [16]. The
endodermal signal, such as SHH, BMP4 allows the epithelial lumen to be surrounded by
mesoderm specified to form visceral mesoderm [14]. Similar to Wnt pathway, hedgehog
pathway was also found in cancer progress by induction of epithelial-mesenchymal transi-
tion. Through the expression of the transcription factor Glil, hedgehog ultimately activates
Snail and drives cancer invasion [17]. Another important signaling pathway in GI devel-
opment is Notch. Notch regulates adult intestinal development by controlling the balance
between secretory and absorptive cell types [18]. Notch activation in the embryonic foregut
results in reversible defects in villus morphogenesis and loss of the proliferative progenitor
compartment [18]. SNotch signaling pathway is also proposed to play an important role in
cancer invasion [19]. These important pathways for developmental process and cancer also

interact. For example, Notch may directly suppress Hedgehog via Hesl mediated inhibition



of Glil transcription [20]. In addition to Wnt, SHH, Notch, which are important for devel-
opmental process, we include other molecules for GI development, such as those of GATA,

Hox family.

C. Immune response and its possible active role in CRC

CRC is a type of cancer which demonstrates apparent association with inflammation
[21, 22]. Both ulcerative colitis and Crohns colitis are at increased risk of developing CRC
[22]. Colitis-associated colorectal cancer affects individuals at a younger age than the gen-
eral population and the risk for developing CRC increases with longer duration of colitis.
Inflammation is known to induce cellular stress as well as to modify microenvironment. In
the context of network, we found indications that in the case of CRC, inflammation might
not entirely be a passive response to stress and irritation, but possibly form an aberrant in-
tracellular feedback. In adult human, Cdx2 is only detected in intestinal epithelial cells [23].
It is aberrantly expressed in most cases of acute myeloid leukemia and promotes leukemogen-
esis [24], and associated with Hox dysregulation expressions [24]. Another possible feedback
link to inflammation in CRC is frequently observed Runxl expression [25, 26]. Runx1 is a
gastric [27] gene which also indispensable in hematopoiesis and associates with the myeloid
leukemia [28]. In fact, aberrant developmental process is shown to be involved in carcino-
genesis through epithelial-mesenchymal transition [17, 19]. We found no fundamental reason
that aberrant developmental process in cancer is limited to epithelial-mesenchymal transi-
tion not that of leukemogenesis. The activation of pathways in leukemogenesis might lead to
additional contribution to inflammation through receptors and cytokines usually observed
in leukocytes. We included molecules and pathways known to interact with molecules such
as Cdx2 and Hox family in acute myeloid leukemia in the network for necessary feedbacks

to molecules of interest.

D. Key nuclear receptors in GI development and inflammation

Normal intestinal function also requires a number of nuclear receptors. Their expression
and activities may also be altered by inflammation [22, 29]. PPAR~ ligands have been

shown to inhibit intestinal inflammation [30, 31]. Glucocorticoids affect development of the



gastrointestinal mucosa in addition to their anti-inflammation function [32]. Given the im-
portance of glucocorticoids in GI track, the repressors of glucocorticoid pathway are also of
interests. The NR4A subgroup of nuclear receptors might be considered early response genes
which are induced by a large set of stimuli, such as growth factors, fatty acids, cytokines
[33]. NR4As have anti-inflammation role through induction of ixB [34]. In addition, NR4As
are also antagonists of glucocorticoids pathway [35], which is also anti-inflammatory. Thus
inflammation stimuli NR4As and glucocorticoids form a complex relationship. There are
at least two possible relations of NR4As to CRC. First, activation of NR4As favors angio-
genesis [36]. Second, NR4As might interfere with nuclear signaling through competing with
binding partners, such as VDR and RXR [33, 37]. Unlike the extensive research on signaling
pathways in developmental processes such as Wnt, SHH and Notch, research on nuclear
receptor signaling pathways in CRC is less mature. In the network model, we included only

the ones which seem to be most important.



Table S1. Molecular interactions in the CRC endogenous network. Molecules and path-
ways are grouped according to their roles in cell cycle, apoptosis, differentiation, nuclear
receptor signaling, immune response, growth factors, stress response, and interaction with
extracellular matrix. NR: nuclear receptor signaling. ECM: molecules and pathways inter-
act with extracellular matrix. Detailed description and references are shown in Table S2.

Nodes Activator Inhibitor Nodes Activator Inhibitor
Cyclin D/Cdk4,6 E2F; EGFR; Pu.1; Myc p21; p53 G-CSFR C/EBPa; NF-«B; Pu.1 GR
Cyclin E/Cdk2 E2F; Myc p21; p27; PTEN IL-1 C/EBPB; NF-kB; OPN Akt; C/EBPa
E2F E2F; Myc p21 IL-10 Fas; TNF-a IL-10
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Bad p53; TNF-a. Akt; MAPK; NF-kB; p21 L&l
) Stat5 [ FGFR2; IL-3; VEGF; IR; G-CSFR HNF40; Runx1; Runx2; TGF-B
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TGF Hoxal0; Hoxa3; Hoxa9; NOG; OPN; | Gata4/6; NF-kB; RARs; Sox2; Stat5;
Bel-2 Integrin; NF-kB; VEGF Caspase 3; p53; TGF-p + p53; Sox7; Stat3; TNF-o. NR2F2
2 Bel-xL EGFR; NF-kB; Stat5 Caspase 3 TNF-o IL-1; NF-xkB 1IL-10
‘il Bim Akt; MAPK BMP EGFR; FGFR2; Gata4/6; Runx1 HNF40; NOG; TGF-B; NR2F2
< Caspase 3 Bad; Cytochrome C; Fas; TNF-a NF-xB; XIAP CCK C/EBP; Cdx2; Gast; Gata4/6; IL-1;
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Foxa2 C/EBPa; RARs; SHH Akt; PRDM 14 FGFR4 FGF4/8; FGF9
Gatal/2 Cdx2; Notch; Stat3 -Jun; Hes1; Hoxal0; VEGF; Pu.1
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F. Network definition and reference for molecular interactions

Table S2. Molecular interactions in the CRC network with references.

Activated By Inhibited By Notes
Cell Cycle
Cyclin D/Cdk4,6  E2F [1], EGFR [2], Myc [1], Pu.1 [3] p21 [1, 4], p53 [1]
Cyclin E/Cdk2 E2F [1], Myc [5] PTEN [1], p21 [1, 4], p27 [1, 4]
E2F E2F [1], Myc [1] p21 [4]
Myc E2F [6], MAPK [6, 7], Notch [8], SHH [9],  AP2 [11], TGF-3 [12, 13], p53 [6]
Wnt [10], pRb [6]
p21 AP2 [14], GR [15], Gatal/2 [16], HNF4o Akt [4], Hes1 [20], Myc [19, 21]
[17), Runxl [18], TGF-3 [13], TNF-a [19],
p53 [6, 19]
p27 E-Cadherin [22], Gatal/2 [23], NR4A Akt [25], Hesl [27], Myc [6]
[24], PTEN [25], TGF-8 [26]
pRb Cyclin D/Cdk4,6 [1, 28], Cyclin E/Cdk2 Retinoblastoma
(1, 28] protein
phosphorylation
Ras EGFR [29], FGFR2 [30], HGF [31], IL-6 GR [37], p53 [38]

[32, 33], IR [34], VEGF [35, 36]

Apoptosis
Bad TNF-o [39], p53 [40] Akt [41], MAPK [41], NF-xB [42], p21
143)
Bax Bim [44], p53 [45, 46] Akt [47], Bel-2 [48], Sox4 [49]
Bcel-2 Integrin [50], NF-xB [51], VEGF [52] Caspase 3 [52], TGF-3 [53], p53 [54]
Bel-xL EGFR [55], NF-xB [56], Stat5 [57] Caspase 3 [58]
Bim Akt [41], MAPK [41]
Caspase 3 Bad [59, 60], Cytochrome C [46, 52, 61], NF-xB [64], XIAP [46, 52, 65, 66]
Fas [62], TNF-a [63]
Cytochrome C Bad [52], Bax [52], Caspase 3 Bcl-2 [68, 69], Bel-xL [68, 70], p21 Cytochrome C,
[46, 52, 65, 67] [71, 72] Apaf-1, and Caspase 9
complex
Fas TNF-« (73] Ras [74]
XIAP Akt [66], Integrin [75], MAPK [76], Caspase 3 [46, 52, 54, 65-67], X-linked inhibitor of
NF-xB [67, 77], RARs [78] Cytochrome C [46, 52, 67] apoptosis
Differentiation
C/EBPa C/EBPS [79], HNF4a [80], NOG [81],  HIF [83], IL-1 [84], MAPK [85], NR2F2
Runx1 [82] [86], Notch [87], SHH [88], Stat5 [89]
C/EBPB AP2 [90], TL-1 [84], MAPK [91] Hoxa3 [92], TGF-3 [93]

Continued on next page
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Table S2. Continued from previous page

Activated By Inhibited By Notes
Cdx2 BMP [94], Gatal/2 [95, 96], HNF1 [97],  *C/EBPS [102, 103], Sox9 [104], Stat3 *C/EBPS
HNF4« [98], MAPK [99], Sox2 [100], [105], TGF-3 [106] downregulate Cdx2 by
Wt [101], c-Jun [102] c-Fos upregulation
Foxal AP2 [107), Foxa2 [108], RARs [109, 110] Sox4 [111]
Foxa2 C/EBPa [112], RARs [109], SHH [113] Akt [114], PRDM14 [115]
Gatal/2 Cdx2 [116], Notch [117], Stat3 [118] Hesl [119], HoxalO [120], Pu.1 [121, 122],
VEGF [123], c-Jun [124]
Gatad/6 PKA [125], Sox7 [126], Wnt [127] Hey?2 [128], PRDM14 [115], Sox2
[100, 126, 129], c-Jun [130]
Hesl Notch [119], TGF-8 [131]
Hey2 Notch [132]
HNF1 HNF4a [133], Notch [134] C/EBPa [135]
HNF4« C/EBPa [85], Cdx2 [98], E-Cadherin IR [140], MAPK [141], NF-xB [142], *indirect through

[136], Gata4/6 [137], HNF1 [133], NR2F2 *NRA4A [143, 144], PKA [140], Sox2 [145], competing available

[138], Stat5 [139] Stat3 [146], p53 [147] p300
Hoxal0 BMP [148], Hoxa9 [149], *Stat5 [150, 151] Cdx2 [152], IL-1 [153] *indirect
Hoxa3 RARs [154, 155], Wnt [156], c-Jun [157] Stat3 [158]

Hoxab Cdx2 [159], HoxalO [120], RARs [155] Runx1 [160]
Hoxa9 C/EBPa [161, 162], Notch [163], Stat5 NF-xB [164], TGF-3 [165]
[161]
PGC-1 C/EBPS [166] Akt [167], c-Jun [168], p53 [169]
PRDM14 Stat3 [170]
Pu.l C/EBPa [171], Runx1 [172, 173] Gatal/2 [121, 122], Sox4 [174]
Runx1 BMP [175], Cdx2 [116], Gatal/2 [176], Hoxa3 [92, 180], Stat5 [181, 182]
Notch [177], Sox2 [178], c-Jun [179]
Runx2 BMP [13], HoxalO [148], *Runx1 [183] C/EBPg [184], FGFR3 [185], NR2F2 *indirect
[186], Notch [187], Stat5 [182], TGF-3
[183]
Sox2 AP2 [188], FGFR2 [189], Stat3 [100], *Cdx2 [191], p21 [192] *indirect
Wt [190]
Sox4 Sox7 [193], Stat5 [194], TGF-3 [195, 196], C/EBPa [197]
Wnt [193]
Sox7 BMP [198], VEGF [199], c-Jun [200] PRDM14 [201]
Sox9 AP2 [202], BMP [203], FGFR3 [204], IL-1 [210], NF-xB [210, 211], RARs
Notch [134, 205], PKA [206], SHH [207], [211, 212], c-Jun [213]
TGF-4 [208], Wnt [104, 209)]
Nuclear Receptor (NR)
PPARy C/EBPa [214], C/EBPS [215] NR2F?2 [86], RARs [216], SHH [88], Stat5
[217), TGF-B [216], TNF-a [218]
GR HNF1 [219], TGF-3 [220] NR2F2 [221], NR4A [222]

Continued on next page
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Activated By Inhibited By Notes
NR4A EGFR [24], Runx1 [223], VEGF [224] GR [225], *HNF4o [143, 144] *indirect through
competing available
p300
RARs AP2 [226], PPARy [227] MAPK [228], NR2F2 [229] Retinoic acid receptor
signaling
NR2F2 GR [221], Gatad/6 [230, 231], HNF4a
[138], MAPK [232], SHH [233], Wnt [86]
Immune Response
G-CSR C/EBPa [234], NF-xB [235], Pu.1 [236] GR [237]
IL-1 C/EBPS [238], NF-xB [239], OPN [240] Akt [241], C/EBPa [242] Interleukin 1
IL-10 Fas [239], TNF-a [239] IL-10 [239] Interleukin 10
IL-3 C/EBPa [243], Gatal/2 [244], Runx1 Interleukin 3
[245-247]
IL-6 C/EBPp [248], Hoxa3 [249], NF-xB [250], HNF4« [146], RARs [252], Sox2 [253] Interleukin 6
NGAL [251]
ixB GR [237], NF-xB [77, 254, 255], NR4A Akt [258], EGFR [259], Fas [260], TNF-a
[256], TGF-3 [257] [77, 254, 255]
NF-xB C/EBPS [261], CCK [262, 263, IL-1  Cdx2 [265], Foxal [107], IL-10 [266], IR
[77, 254, 255, 264], TNF-a [77, 254, 255]  [267], PPAR~y [268], Sox2 [269], ixB
[77, 254, 255]
Stat3 CCK [270], FGFR2 [271], FGFR3 [272],  Gatal/2 [279], PPARy [280], PTEN
FGFRA4 [273], G-CSR [274], Gast [275], [281, 282], RARs [283]
HGF [31], IL-6 [276], OPN [277], VEGF
[278]
Statb FGFR2 [284], G-CSR [274], IL-3 [57], IR HNF4« [139], Runx1 [181], Runx2 [181],
[285], VEGF [286] TGF-3 [287]
TGF-8 HoxalO [288], Hoxa3 [92], Hoxa9 [289], Gata4/6 [296], NF-xB [13], NR2F2 [297], Transforming growth
NOG [290], OPN [290], Sox7 [291], Stat3 RARs [298], Sox2 [299], Stat5 [300] factor beta
[202], TNF-a [13, 293], p53 [294, 295]
TNF-a IL-1 [77, 254, 255], NF-xB [77, 254, 255] IL-10 [77, 254, 255]
Growth Factors
BMP EGFR [301], FGFR2 [302], Gata4/6  HNF4a [305], NOG [306], NR2F2 [307],
[303], Runx1 [304] TGF-B [308)
CCK C/EBPg [309], Cdx2 [310], Gast
[309, 311], Gatad/6 [312], IL-1 [313-315),
IR [316]
EGFR HIF [317], Myc [318], Runx1 [319], Sox4 PTEN [320]
[196]
FGF2 HSPG2 [321], Hoxal0 [288] Fibroblast growth

factor 2
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Activated By Inhibited By Notes
FGF4/8 SHH [322] Notch [323)]
FGF7 HSPG2 [321], IL-1 [324] Fibroblast growth
factor 7
FGF9 Sox9 [325]
FGFR2 FGF2 [271], FGFT [271], Hoxal0 [288], PRDM14 [327] Fibroblast growth
Runx2 [326] factor receptor 2
FGFR3 FGF9 [328]
FGFRA4 FGF4/8 [329], FGF9 [329]
Gast Sox2 [145], TGF-3 [330, 331], Wnt
330, 331]
HGF HIF [31], NF-xB [332], c-Jun [332] GR [333], TGF-3 [333]
IR C/EBPa [214], PPAR~ [334], SHH [335], Notch [337], TNF-a [338]
Wt [336]
VEGF Gatad/6 [339], HIF [340], NR2F2 [341], Notch [349], RARs [350], Runx1 [351], Vascular endothelial
NRA4A [342], PGC-1 [343], Stat3 Sox9 [352] growth factor
[344-346], TGF-f [347, 348]
Stress Response
Akt CCK [311, 353], EGFR [354], FGFR2 PTEN [361]
[271], HGF [31], IR [355], NF-xB
[41, 255], Notch [356], PKA [357], RARs
[358], Ras [359], c-Jun [360]
AP2 C/EBPS [362], NR2F2 [363], RARs [364] Activating Protein 2
(AP-2)
c-Jun Akt [365], CCK [366], EGFR [367], C/EBPa [369], GR [370, 371], Mkp2
FGFRS3 [185], Runx1 [179], TNF-a [368] [372]
HIF Akt [41, 373], NR4A [374], Stat3 [346] p53 [373] Hypoxia-inducible
factors
MAPK FGFR2 [375], FGFR3 [376], Integrin PTEN [361, 378], TGF-3 [380] Mitogen-activated
[377, 378], NF-xB [7], NR2F2 [232], protein kinase
PPARyy [379], Ras [35] signaling
Mkp2 Hoxal0 [381]
PKA Akt [382], EGFR [383], TGF-3 [384, 385] p53 [386]
PTEN AP2 [387], PPARy [388], p53 [389)] NF-xB [390], Stat3 [281]
p53 AP2 [391], Myc [35], PPARy [392], Akt [35], Notch [395], Sox4 [396]
PTEN [393], RARs [392, 394]
ECM (Extracellular Matrix)
E-Cadherin  AP2 [397], Cdx2 [398], Foxal [109, 399, Akt [401, 402], EGFR [403], HIF

Foxa2 [399], HNF4a [400]

[404, 405], SHH [406], Stat3 [275, 407],

TGF-B [408], TNF-a [409]

Continued on next page
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HSPG2 Runx2 [410], TGF-g [411]
Integrin EGFR [50, 377], MAPK [412], TNF-« Myec [414], Ras [415], SHH [416]
(377, 413], VEGF [50, 377]
Notch Cdx2 [417, 418], FGFR2 [419], HNF1 BMP [423], C/EBPa« [424], E-Cadherin
[97], MAPK [420], NF-xB [421], Stat3 [425], Hoxa5 [426], NR2F2 [427]
[422]
NGAL Runx1 [428], TNF-a [429]
NOG SHH [430], Sox9 [431], Wnt [430] FGFR2 [432] Noggin
OPN Runx1 [428], Runx2 [428], TGF-3 [433] *PGC-1 [434, 435 Osteopontin, *indirect
SHH Foxal [108], Sox2 [178], TGF-3 [436] BMP [437, 438], FGFR2 [439], Foxa2 Sonic hedgehog
[108], Hes1 [440] pathway
Wt EGFR [441], FGFR2 [441], FGFR3 [441], Cdx2 [448, 449], HNF4a [450, 451], Sox7
Gatad/6 [442], HGF [443, 444], IR [445), [452, 453], Sox9 [454]

PGC-1 [446], Sox4 [196], TGF-3 [447]
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II. NETWORK MODELING
A. Modeling the network dynamics by mathematical equations

We use nonlinear Hill type function to implement coarse-grained activation and inhibition

between different agents. The dynamical equation for the concentration/activities of agents

x = (21, T9, ..., Ty,) under the influence of the other agents takes the following form:
dx X
— =f(x)— —. 1
=t - (1)

This expression is consistent with chemical rate equations. A main simplification is that the
natural protein degradation time is set to be unity for all proteins: 7 = 1. If the agent x5

activates agent xy, function fj(z9) is assigned as the form

a-xy
= 2
fles) = T &)
while for the inhibition on z; by -
fi(z2) . (3)
€T = ——
2 1+a-ay

If there are multiple activations x, x3 and inhibitions x4, x5 to x1, we have

_a-(xy + %) " 1
lta- (a5 +a5) 1+a-(z]+a35)

f1($2,...,x5) (4)

The values for each agent is normalized from zero to one. One may notice that our
equations guarantee that the values of agents will not go beyond the internal from zero to
one while evolving with time. The values for the parameters are typically chosen to be
a = 10 and n = 3. We demonstrate in the following that our results are robust under

random parameter tests.

1. A full list of equations for the network dynamics
We list below all equations for the network dynamics described in Table S2:

. n n n n
AT Gy clin D/Cdk4,6 a- (Thop + Thrye + TPy T TEGFR) 1 .
= — TOyelin D/Cdk4,6
n n n n n n : .
dt 1ta-(@gop +2hye T 2Py T 25grr) 11 a- (@5 +2553)
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dTcyctin B/Cdk2 0 (@hap + Thryc) 1 . _
dt T lta-@hop+ @iy Lta- (@ 25 Y eBrpy) Cuetin £/ Cdk2
dzpop _ a- (zgop + @hrye) " 1 epar
dt 1+a'(ITEL2F+IWZ\L/ch) 1+a~(zg21)
dzmye _ - (#Bor + Tpre + ThraPK t TNoten T TSHHE T TWnt) « 1 e
dt Tta-@hyp +opmy + Thapk " Noen T P8HE T Pne) 1 (@Gap g+ ohpy tapss) L
depay @ (TGatar/2 T THNFaa T TRunet + 2GR T 2T0ar—8 + TPNF—o T TAP2 + Tp53) o 1 .
@ 14 a (0170 T HiNFae  Phunet T O6R F Phar_g T TPNP_a T TApa T Tpss) 1T @ @Ryt e Fhk)
drpar @ (T&ararj2 T TN RaA T OTGr—p T 2PTEN T 2B _Cadherin) N 1 .
dt 1lta- (@& atar/2 T PNR1A T 2Tar—p T 2BrEN T CE_Cadherin) 110 (@0 + Cegr + 20U ) e
deppy @ (xg'ych‘,n D/Cdk4,6 T xgq/clin E/Cdk2) e
. 1ta- (@Cyctin D/caka,6 T Tyctin E/Cak2) P
deRas _ @ (*fp_6 +¥EgrRr + TFerR2 + THer T IR T 2V par) « 1 .
dt l4+a- (27, _g+2Egrr t ®harre Y Char T 2Tr t 2V par) 1+ a- (2gg +a753) fras
dTBad _ % (P NF—a T ®p53) « 1 .
dt Tt+a-(epnp_o T Tps3) 1Ha- (e +ep g+ %k + 25 apK) pad
degae 0 (@Bim + Tps3) 1 _
At lda- (@, o) lda- (@h o+ T + T o
dzpel—2 _ - (eNF_wB T 2VEGF t TTntegrin) « 1 .
dt lta-@yp vtV EGr T TTntegrin) 119 (@Caspase 3 T ¥TGr_p T %ps3) fet=2
degei—zr, _ @ @Np_wB + TStats T TEGrR) 1 .
dt 14 a @Rp_up s T BGrR) 10 @Papaces)
dx Bim -~ 1
At 1tax (@G, +elap) 20T
drCaspase 3 a- (z%ad + zgytuchrome ct z713“115 + z%NF*O) 1
dt T lta- @, +an Foh talhnp )  lta @igaptohp g | Cospasesd
ytochrome C T TFas T TTNF—a X1AP T TNF_wB
dzCytochrome ¢ _ - (*Bad T TBax T Tlaspase 3) o 1 .
at U+ 0 (0 Bag T TBas + TBaspase ) 1T 0 @ ¥ 0Byt B _,r)
dzpgs _ a'(r%NF—a) « 1 o
dt 1+a - (ehnp_qo) 1+a-(2%,,) Fas
dexrap _ @ (RARs T TNF—wB T TApe T PNaPK T TTntegrin) « 1 Caxrap
dt T+a- (@haps T2NF—ns T Zhke T ¥ark t TTntegrin) 1T (Baspase 3 T TEytochrome ©)
dzc/pBPa _ @ (®&/EBPE T THNFia T TRunz1 T 2R0G) 1
dt L+a- (=g, pppg v ThNFaa T TRunet TTNoa) 1t a (@R pops V2701 + 25as T Chir T APk T TNoten T TSHH)
—TC/EBP«
deg/ppps _ o (@7p_1 +2%py +hrapK) y 1 e
dt Tta-(efy_ 1 +2hpy + 2 apk) 1+ a  (@Hopas T ¥rgr_p) c/EBES
dvcgze ¢ (@Gatarj2 TCHNF1 T THNFaa + TS0z2 F TBMP T T Jun T T APK T TWne)
. 1ta- (@G atar/2 T 2ENFL T PHNFaa T 8002 T 2BMP T 20 Jun T Chapk T Tnt)
% 1
L+a- (=g, gppg + TSoz0 + TStars T Trar—p) fode
dTFozal _ (Fowa2 T Thars + TApP2) % 1 —wp
dt T4a- (hopar T Thars T @hpa) 1+ a-(@5,,4) ot
drpogaz 9 (*¢/EBPa T TRARs T T5HH) 1 3
. 1ta- (@& EBPa T ®Rars T 25an) 1+ o @Brparia T Thke) froe2

dTGata1/2 _ e (#&aw2 + TStars T TRoteh) % 1 =z
dt 1+a- (zgdzﬂ + zg'tat?x + I%otuh) 1+ta- (z%esl + z?lowal[) + zTlg’u.l + z;}EGF + z?*Jun) Gatal/z
dTGatad/6 @ (TS0a7 + Thra T Tne) 1 Cw
dt Lta-(@55p7 T 2P +2Wne)  1Fa @Feys 2B RrDM14 T TS002 T T Jun) Gatadss
dzres1 a- (@per_g + TXoteh)
dt Lt+a-(2fgp_g+ TRotch) T et
AT fey2 a- (zgfotch) =z
dt 1+a- (z}(’lotch) Hey2
dzgNF1 a- (THNFaa T TNoteh) % L -
dt L+a- (@ Npaa T TNoten) 11+ a (28 ppp,)
dTHNF4a a (@ gppa T ®8do2 + Téataase T PHNFL T TN R2F2 T TStats T TE_Cadherin)
dt

n n n n n n n
1+a- (gcc/EBPa + 2Cde2 T TGatasss TTHNF1L T TN R2F2 + 251ats T TE_Cadherin)

1

n n n n n n n n
T4a- (25,5 + T Raa T TNF_xB T TStars T TTr T Thrapkx + TPra T Tps3)

— THNF4a
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dTFoza10 @ (¥ owa0 + TGtats + TBMP) 1 — T Howalo
= n n on "y oza
dt L+a- (@fopa0 T T5tats T 2Bamp) 1+ a- (@Gge +271_4)
dTHoxa3 @ (TRARs T Te— Jun T TWnt) 1 -
— THoza3
(T n n (T
di L4a - (@Raps T %0 jun T Tne) L+ a- (@5as)
dTHoxas @ (42 + Thowa10 T TRARS) 1 T Homas
oxa
dt T4a- (2,0 + THozato0 T TRARS) T+a- (Thyngt)
n n n
AT Hoxa9 a-(2¢, EBpa T T5tats T TNoteh) 1
; — THoxza9
dt L+a- (@8, gppa T *Stats T ¥Noten) 1+Ha @Rp 5t orgr_p)
depgo—1 a (&, pppg) 1
dt 1+a- (2% )X1+a»(x" + ™ +xl2) TPGe-1
C/EBPS Akt T T gun T Tps3
dzpRDM14 a - (TGiars) -
— TPRDM14
dt Tta-(22,,,4 "
n n
dzpy.1 a (@6 EBPa t TRunz1) N 1
—Tpy.1
n n n n
dt L+a (@ gppa T Thuna1) 1T (®&a401/2 T T50za)
n n n n n n
Az Runa1 a- (@&4po + TGata1/2 T TSow2 T TBMP + 20 jun + TR oten) o 1
— TRunzl
=3 n n ™ n n (o n
dat Lt a (@Gam0 T TGata1/2 T ¥Sow2 T 2BMP T 20 Jun T TRoten) 1+ 0 (FFopaz + T51ass)
AT Ryna2 a- (Iylflozal(] + z?%una:l + z%MP) x 1 x
— TRunz2
n n n n n n n n n
dt L+a - (@Fora10 T Chuna1 T 2B0mp) 1+ a (@8 ppps T 2R pore T Stats T ¥Tar—p T TEarRs T TNotch)
n n n n
drs0z2 a- (TGtat3 + TFRarRr2 T TAP2 + TWnt) 1 — 2gums
ox
dt 1t+a (@503 T Tparre T TAp2 T 2Wne) 1+ a- (@5 +28,0)
n n n n
AT 5004 @ (TGop7 + TStars T Trcr—p + TWne) 1 "
— TSoxd
(T n n n (T
dt Lta - (@55p7 T 5tat5 T 2hgr—p T TWne) 1+ a (@8 pppa)
dzsoz7 a- (Epmp tTVEer + T Jun) y 1 .
— ZS50x7
n n n n
dt lta-(@yyp+2hpar +T0_ jun) l+a-(Tprpar1a)
n n n n n n n n
dT 5009 a-(zpap_pgtTEmp t Tharrs T TAPp2 T TPKA T TRoten T TSHHE T TWant)
n n n n n n n n
dt 1+a- (zTcF—ﬁ +2Emp tTEgrrs T TAP2 T TP A T T Noten T T5HE T TWnt)
1
X — TSoxz9
n n n n
lt+a-(Ch ps + 2701 T 2R F_ kB T %o Jun)
n n
drpp ARy a- (IC/EBPa + IC/EBPB) « 1 v
— TPPAR~
n n n n n n n n
dt Lta- (8 pppa T 2¢/eaps) 110 (Chars Y 2R Ror2 + %5tars T ¥Tor—p T TFNF—a T T5mH)
dzgRr a- (THNF1 T 2Tar_p) 1
= - ZGR
n n n n
dt 1+a-(@yNp +xTGF—/i) 1+a- (2N paa T *NR2r2)
deNR4A @ (®Runz1 T THGFR T 2V BGF) 1
iL‘”“E n n X n n - rNR4A
dt L+a- @Ryne1 T ®Eerr TV Ear) 1+e @EhNpia +2GR)
dTRARSs a-(zppapy +2hp2) 1 -
— TRARs
dt 1+a- (ITIBPARW + 2% p2) 1+a- (@R pops +Thrapk)
n n n n n n
dz N R2F2 @ (T¢ataa/6 T TENFaa T TER T Thrapk T T5HH + TWnt)
— TNR2F2
n n n n n n
dt Lt a (#Gataa/6 T THNFaa TCER T o apK T T5HHE T Tlynt)
dzg_csr _ @ (@& /pBpPa t TPui1 + TXF_wB) 1
dt 1+a- (=% 4z + ) 1+4+a- (=% )_IG—CSR
C/EBPa T ®Pu1 T PNF—«B GR
n n n
drrr 1 a- (@, pppptENF—rB +TOPN) 1
—xrr—1
an n n amn n
dt lta- (@8, pppg teNr_ws T 20pn) 1+a (@8 pppa +TUke)
dzrr_10 a (has + TPNF_o) o 1
—*rL—10
dt lta-(eh,, +2pNp_o) LHa-(e7p_y0)
n n n
drrr_3 a (#&/pBPa T TGatal/2 T TRuns1) ”
—*rL-3
(o n n
dt 1t+a (IC/EBPQ tTGatary2 T T hunal)
n n n n
drrr—¢ a- (@ gppg + THora3 T TNF—wB +TNGAL) 1
S
. n n n n . n n n
dt L+a (@, 5pps T ®Horas T TNF—nB T TNGaL) 1T (@HNpia ¥ T50n2 T TRARS)
dwi,. g a-(zer+TNRaa T ENF_wB T TTGR_p) 1 .
n n n n n n n n - irB
dt lta-(egr+ T paa +TNF_rB Jr7”’1‘@1*«‘75) 1t+a- (G, +TrNp_o T TEGFR T Thke)
n n n n
deNF_rB a- (@8, pppg +TIL—1 T TTNF—o T ZE0K) N 1
n n n n n n n n n n n
dt Lta @8, gpps T oTL—1 T¥PNF—a TTE0K)  1H 0 (@8ap0 + Thora1r + TS0na T TBpary T 2T 10 T %ip T OTR)
n n n n n n n n n n
dxsiat3 a- (g _csp+2iL-6+26ck T TFgrr2 T TFGFR3 T TFGFRa + TGast T *Hgr t *VEGF T Z0PN)
n n n n n n n n n n
dt L+a- (@& _osr T ¢IL_6 T 0ok T *hgrre T *Fgrrs T *Fgrra T ¥Gast T ¥Har T2V par T OPN)
1
X — TStat3
(T n n n
Lta-(&gq1/2 T EPParRy T TRaARs T 2PrEN)
n n n n n
dTstats a- (24 _cspt+2iL 3+ %kgrr2 T 1R + TV EGF) 1
o x — TStath

= n n n n (n n n n
1t+a- (g _csrt2lo_3 to%grre T2TR T2V Ecr) 11+ e @hnrpaa T 2hunet ¥ TRuna2 T TFar—p)

—INF—-kB
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n n n n n n n n n
@ (T opa10 T THowad T THowao T TSox7 T TStar3 T TrNF—a + Tps3 + Zhoa + THPN)

dt

n n n n n n n n n
14+ a-(Hopa10 + THozas T THozas T TSow7 T TStats T *TNF—a T Tpss T TNoc T 20PN
1
X —ZTTGF-B8
. n n n n n n
L4a-(&g04/6 T TS0z2 T TRARs T TN R2F2 T TN F—rB T TStats)

deTNF-o a- (@7 1 + 2R r_wB) 1 _
dt Lta-(@f,_y 2 p_xp) L+a-(@fr_10) rrNEse
drpymp @ (TGataa/6 T Thune1 T TBeFR + TRGFR2) 1 .
dt L+a-(@&g104/6 T TRuner T¥EGFR T 2Farr2) 1+ 4 (@ChNpsa T TN R2r2 T 2Tar—p T 2Noa) g
drcci a (=& /ppps + *Cde2 T T&ataase ¥ TlL—1 + TGast T TIR) .
dt Lta- (28, gppp t T8de2 * TGataase T TL—1 T €Gase T C7R) cor
dTEGFR a- (171\141/(; + z%unwl + Igow4 + z?IIF) 1 s
dt l+a- (IXI;/C + 2 hunet T TS0za T THIF) 1+a-@prpy) porn
depar2 a- (@Fowar0 + Thspa2) R
dt l4a- (20010 T THspa2)
depGgry/s a (@opn) 1 .
dt 1+a-(2%yy) T+a- (% oren) FGF4/8
depary a-(27L_1+*Hspaz)
dt l+a (@, 3 +ohspas) rrer
dzpare a- (TGowo) R
dt 1+a- (IgOTQ)
drFpGFR2 @ (@Fowa10 * Thuna2 T TRar2 T 2har7) % 1 — erarRs
dt Lt+a- (Chopa10 t Thunee T TFar2 T ¥Farr) 1+ a- (€Rgrparia)
drFGFR3 a- (Trgre) e rGrRs
dt 1+a-(z;’;cF9)
dx FGF R4 o (@rgras T Tharo) .
dt l4+a-(hgrys T TFare) Form
dzGast a-(€5oz2 + 2PGr_p + TWne) .
dt Tta- (TG00 T 27gr_p T TWae) Gast
degar a- @R p_np + 2o gun + 2Hrr) L ~enar
dt 1ta - @ p_wp T T gun T 25p) 1ta- (@grt+aigr_g)
dzR a (& EBpa T TPPARy T TSHH T TWnt) 1 .
dt l+a (@8, gppa T¥PPARy T250H T ®Wne) 11+ a @Fnp_o +2Roten) "
dey pGF @ (TGataase T TPGo—1 + TNRaA T TNR2F2 T T5tats T TTar—pg + THIF)
dt Lta-(&,40476 T TPec—1 T *NRaa T TN R2r2 ¥ T5tats T Thar—p T Thir)
1
) T4+ a - (Chynge1 T TS0z0 T TRars T TNoten) T rveer
de apt a (@Ras + ThaARs T 2NF_wB t 2ok t Tharr Y Tharre Y Har T TR T 20 jun T ®PKA + TRoten)
dt 1t+a (@Ras ¥ TRhars T2NF—nB T 2Cck T 2BarrR T ¥Farr2 T CHar T 2TR T 20— jun T €PKa T TRoten)
1
X — T Ay
l+a-(eprpyN)
dz A p2 a (&, gppps T Thars + TNR2F2) .
dt L+a (25, ppps T ThARs T TN R2P2) are
dzc_ jun @ (*Runz1 T TTINF_a T TG0k + *Barr + PFarra + TAkt) 1 o
dt L4a - (@Ryne1 TP NF—a TTok T 2Earr t ®Farrs T ®Ak) 119 (8 pppa T &R + Thikp2) e
dryrp a- (TN RaA T TStats T TAkt) « 1 —enrr
dt L+a- (@R paa T 5aes T TAk) L a- (2353)
drpraPK a (Thas t BpaARy T TNR2F2 T TNF_wB T TFGFR2 T TFGFR3 T TTntegrin) 1
dt 1t+a-(2hes +2ppary T 2N Ror2 T PN F_np T 2FGFrR2 T PFGFR3 T ®lntegrin) 110 @hgr_g+tThreNn)
dz \fkp2 o (Tfopar0) -
dt Tta- (=%, .10 Mbp2
drpka a- (zpgr_g+TEcrR T T Ake) 1 3
dt 1+a- (I%GF—B +2Earr T hke) l+a- <z;153) LA
drprEN a- (Tppapy T TAp2 + Tps3) 1 e
dt Tt+a-(@ppary T2hpe t2ps3)  1+a - @Xp_. g+ TEiae3) preEN
dxps3 a - (@hrye t Ppary t PRARs T TAp2 t TPrEN) 1 o
at Ut o (0 Bopa T hee T WRoren)

dzp_Cadherin

L (am n n n n
Tt+a- (Y, .+ 2ppary T Thars T2hp2 +2hreN)

n n n n n
a- (Z¢az2 + TForal + TFora2 T THNF4a + TAP2)

dt

T n n n n
T4a- (2,0 + CFopa1 + Thosaz T THNF1a T TAp2)

—TMAPK
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1

x ~ TE_Cadherin
. n n n n n n n
Lta- (@543 +2rgr—p t TIrNF—a T TEGFR T TAke T CHir T ®Sun)

dzHspPG2 a- (FRhune2 +2TGr-p) .
dt Tt a @hunes + ohar_g) oL C?
AT ntegrin a (@rNF_o tTEoFR T *VECF t ThraPK) 1 e )
at Uta @hnp_o t%herr + W per TP iapK) 1T 0 @iy T Thay F2Rag)
AT Notch o (@4e2 + THNFL T PNF—nB T TStat3 T TrerR2 T ThrAPK)
dt Lta - (@ggee T 2HNFL T PN F_xB T %5013 T TFarr2 T ThapK)
1
l+a (@8 gppa T THozas T TNR2F2 T TBMP T TE_Cadherin) ENoteh
dTNGAL @ @Chunat T¥PNFE—0)
Tt e T N—a)
deNoc @ (TGowo + TSHH T TWnt) « 1 —zyoa
dt Tda- (5,0 + 5y + TWype) l+a- (TpgpRa)
dzopnN a- (l%unwl + zﬁunmz + z?‘GF*B) « 1 e
dt L+a - (@Runet T TRunee T 2Per—pg) 1+a-(@hgeo 1) orN
drsaH a (@hopa1 + TSoz2 T Trar—p) 1 .
dt 1+a - (TFopar T TG00z x’TIL“GF—B) L+a- @Fopaz T THes1 T B0mp T ¥Farr2) s
dz vt @ (TGataase T TPGC—1 + TSowa + *rar—p + *Berr + ThaFR2 + TFaFRs + THer + TTR)
dt

. n n n n n n n n n
Td+a-(2g,10476 T 2Pco—1 T T50ea T 2Tar—p + 2EBarr t ®Fcrr2 t ®Farrs T CHar +2TR)
1

— TWnt
n n n n
Tt+a- (¢, T 2HNFaa T TS0u7 T TS0z0)

B. Robustness of the modeling results

1. Random parameter tests

The results and details of the random parameter tests are summarized in Fig. S2.

2. Robustness tests by using alternative forms of equations

We use two alternative forms of differential equations to verify the robustness [1] of the

attractors we obtained.

a. Alternative form (a) The first alternative form can be expressed as, for each z;:

where ¢ = 1,.

n a- T, 1
- = €T -
dt Y act|

1+CLCCZ '1+a'(2fu6inhxzfl)

>

u€act

(5)

.., 89, act represents the set of all nodes that activate x; and inh the set of

nodes that inhibit x;, and |act| here means the total number of nodes in act. For instance,
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if x5, x3, x4 activate x1 and x5, xg inhibit 1, we have

dz, +1 a-zy n a-xy n a-xy 1 (6)
—_— = —I — .
dt Y3 \dta-al T 1+4a-ar  1+a-2t) 1+a- (2 +ab)

Using Fuler method, all 10 attractors are obtained (See Table S4).

b. Alternative form (b) A formal representation for the second form would be, for each

Z;:
dx; a- Toy)" 1
i — + (Zueact ) ; . ; (7)
dt l+a- <Zu€a0t x“) l+a- (Zvéinh x”)
where ¢ = 1,...,89, act represents the set of all nodes that activate x; and inh the set of

nodes that inhibit z;. For example, if o, x3, x4 activate x; and x5, x¢ inhibit z1, we have

d(L‘l a - (IQ + 3+ I4)n 1
_— —xl —|— . .
dt 1+a-(x2+xg+x4)” 1+a-(x5+x6)”

(8)

By using Euler method, 9 attractors are found with values listed in Table S5. Among them,
8 attractors directly correspond to those obtained in in Table S3. Interestingly, we also
found a limit cycle attractor. The averaged value along one period of the limit cycle is put

in Table S5. It has features of both S5 and S6.

3. Comparison with Boolean dynamics

Boolean network modeling as an effective and simple tool have been used for the mod-
eling of biological networks [2] and endogenous molecular-cellular networks [3-5]. To test
the robustness of the attractors obtained from differential equations, we employed Boolean
network with threshold functions to model our network as well. Each z; has two states, ON

x; =1 or OFF x; = 0. The dynamics of the Boolean network is defined as

0 Zj ’I“Z‘jl'j(t) <=0

1 ijjxj(t) >0

where the adjacent matrix R for the network has elements 7;;. 7;; = 1 represents that node

¢ is activated by node j, and r;; = —100 denotes node ¢ is inhibited by node j. Inhibition
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is dominant in our model corresponds to a usual biological situation. We show that the

attractors obtained from differential equations are consistent Boolean network modeling in

Table S6.

C. Transitions between attractors

There are different ways of implementing transitions between attractors. They may be
classified as: a) stochastic transition as a result of internal fluctuation. For two attractors
connected by a saddle point, the most probable path of the stochastic transition usually go
through the saddle point. The landscape (Fig. 3(a)) demonstrates the connections between
attractors by saddle and other unstable fixed points as a roadmap of stochastic transitions.
b) induced transition by external perturbation. Perturbations may cause by environmental
change or drug treatment. These perturbations can be impulsive, continuous, or has a
specific pattern. The effects are able to be carried out based on our modeling results. The
whole phase space (each point in the space represents a distinct state of the system) is
separated by attractive basins of the attractors, which means, for instance, starting inside
the basin of S1, the system will go to S1 afterwards. As an illustration, for a given attractor,
we enumerate the combinations of 3 nodes with down-regulation to 0 and up-regulation to 1
separately to generate perturbed starting positions that may fall into other attractive basins.
Following the trajectories calculated by Euler method, we obtain the attractor the system
will finally reach. Systematic investigation on induced switching between all 10 attractors

is performed. Part of the results is drawn in Fig. 3(b). It suggests new biomarkers for CRC.
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III. MORE SUPPLEMENTARY FIGURES AND TABLES
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Fig. S1. Effective sub-networks between attractors. Effective sub-networks by selecting active nodes
(> 0.5). Effective network for attractors (S5, S1), (S5, S2) and (S5, S6) (see Fig. 2) are overlaid in (a),
(b), and (c). S1 and S2 are possible CRC like attractor. S5 is a normal intestine like attractor. S6 is mis-
differentiated like attractor. The first graph shows that attractors S1 and S5 have few nodes in common.
These two attractors form a kind of ”switch” since the interactions between their specific active nodes are
mostly inhibitory. They are mutually suppressing at network level. The third graph suggests that stress

signaling through p53 is a potential source for mis-differentiation.



47

Random Parameter Test

dz; D G - T 1
pu— - . - _ x.
dt L4+, Giw - za™ 14> - x™ !
n;j € 3, 13] 50,000 tests Each test generates
aij = 5”%’ i ji=1,2,...,89 525 random paramters
100%
50%
0%
S1 S2 S3 S4 S5 S6 S7 S8 S9  S10
dx; > Qiw - Ty 1
dt L4+, G xa™ 14 Gy - Tp™ ’
€ [3,13] o 10,000 tests
16 1000 1,7 =1,2,...,89 Each test generates
€ [10, ] 1050 random paramters
100% 97%
50%

0%

S1 S2 S3 S4 S5 S6 S7 S8 S9  S10

Fig. S2. Recurrence rate of attractors under random parameters. In the first test, we use the
equations that enable different n;; for each of the 525 interactions 7,5 = 1,...,89, where agent j to agent
i has an interaction. With uniformly distributed real random numbers n;; € [3,13] and a;; = 5n?j, 50,000
tests show that all 10 attractors have 100% recurrence rate. In the second test, we also allow a;; and n;; are
independent. Under the setting, we generate 10,000 sets (each set has 525 x 2 = 1050 random numbers) of
random parameters with a,;; € [10,1000], and n,; € [3,13], put into the equations, and calculate attractors
using Euler method. The recurrence rate of each attractor calculated in Table S3 are shown here: the rates
for all attractors are above 97%. Note that the ) means summation over all nodes activating node 7 and

the ), means summation over all nodes inhibiting node 1.
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Modeling results |
Acurracy = 73%
p-value < 0.00001

0 0.2 0.4 0.6 0.8 1
Accuracy

Fig. S3. Hypothesis test of modeling results vs. random guess. We generate one million random
vectors consisting of 1 and -1. The distribution of the accuracy in comparing with the microarray data is
shown here. We use a threshold value 5% for processing data (see Materials and Methods) with 78 genes
determined as upregulated or downregulated in cancer. The modeling results have an accuracy rate 73%

that corresponds to p-value < 0.00001.
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Table S3. Molecular profile of computed attractors

S1 S2 S3 S4 S5 S6 S7 S8 S9

S2 S3 S4
Cyclin D/Cdk4,6
Cyclin E/Cdk2

0.10 [ 0.11 0.10 0.10

0.10
IMI 0.05 ] 0.12 0.05 0.05] 004 |

Foxa2
Gatal/2
Gatad/6

41009 |

0.12 0.12 0.12

0.03

PRDM14 0.03

0.14

| 0.10 |
PPARy[ 0.04 [ 0.05 | 0.04 [ 0.05 | | 0.05] 0.04 ] 0.05 [ 0.04 ]

0.05 [ 0.05 | 0.05

This table has the original data for Fig. 2. They are calculated using equations listed in
Sect. ITA1 with parameter n = 3 and a = 10 by two methods: a) Newtonian iteration
method for solving fixed point including attractors as well as saddle points and other un-
stable fixed points and b) Euler method for calculating trajectories of differential equations.
They generate identical result. 9 of the 10 attractors are obtained while calculating with
10,000 random initial positions. The 10th attractor can be calculated using perturbation
around unstable fixed points. We further run the program with 100,000 and 1,000,000 initial
positions, acquiring identical 10 attractors.
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Table S4. Recurrence of attractors using different forms of equations. Alternative equation
(a). All attractors are obtained. Here E1 denotes the results from Table S3; E2 denotes the results from

the alternative equation (a).
S1 S2

S6 S7

S8 S9 S10

E2 El

E2

Cyclin D/Cdk4.6
Cyclin E/Cdk2|

0.00 0.05

0.03 0.11

) roos 0.1
003 0.12 | 033 003 0.12 | 033 0.03 0.14
0.03

0.00

0.00 Y
0.00 0.09 | 0.00 0.09 | 0.00 0.09 | 0.00 0.09 | 0.01

0.00
0.00 0.10

0.01 0.10 | 0.17
0.05 | 0.00

0.01

El E2

0.09
0.11
0.13

0.01

0.00 0.05

0.03 0.11
0.33

0.06 | 0.02 0.10

0.02

0.00 0.05

0.00 0.05

0.00

' 0.01 | 0.00 0.09

0.32

- 0.10 [ 0.00 0.10

El

E2 E2

0.10 | 0.00 0.10 | 0.00

0.01 0.00 0.05

0.03 0.11

033

0.00 0.10
0.00 0.05

0.00 0.05 | 0.00 0.05[ 0.00 0.05

0.00

000 0.09

0.00
0.00 0.10

0.00

0.01 0.10 | 0.17 0.01 0.10 | 0.17
0.00 0.12 0.05 | 0.00 0.05 | 0.00

0.05
0.21 47 47
001 0.13

FGF4/8

FGFR2

FGFR3

FGFR4

0.10 ] 0.02 0.11 0.02 0.11

PTEN| 0.00 0.09 | 0.00 0.09 | 0.00 0.09 | 0.00 0.09
ps3
E-Cadherin|

0.31

0.03 0.12

0.03

0.02

0.00 | 0.02 0.11

0.09
0.0 |

0.28

042 1095 f 0.28 {094 f 0.4

0.28
I 0.00 6
0.06 | 0.00 0
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Table S5. Recurrence of attractors using different forms of equations. Alternative equation
(b). 8 attractors are exactly obtained. The differentiated states S5 and S6 under this equation form are

merged and become a limit cycle attractor. The average value along one period is listed here.
S1 S2 S3 S4 S5,S6 S7 S8 S9 S10

Cyclin D/Cdk4,6
Cyclin E/Cdk2|

0.05 0.05 0.05 0.05
0.04 0.04 0.04 0.04
0.04 0.04 0.04 0.04
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Table S6. Attractors: Boolean dynamics vs. differential equations. Inside each slot is compari-
son of corresponding attractors obtained separately from Boolean dynamics (left) and differential equations
(right). All attractors from differential equations except S6 are obtained by Boolean dynamics. The com-
parison result demonstrates that our differential equations generate consistent results with Boolean network
modeling.

S1 S2 S3 S4 S5 S7 S8 S9 S10
E2 E2 E2 E2

Cyclin D/Cdk4.6|
Cyclin E/Cdk2
E2F]
My
p21
p27 I I 0.09 I I 0.09
PRb)

0.13 0.13
0.05 0.05

PRDM14|

= == I W =
S o i
5 9 o~ 5 —_ wn
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Table S7. Unstable fixed points from differential equations. We obtain 21 unstable fixed points
where 14 of them are saddle points. Among them, 12 saddle points and 6 other unstable fixed points together

with 8 attractors form a face-centered cubic type topological structure in the phase space. In addition, there

is an unstable point at the body-center as well. These 21 unstable points are first obtained while calculating

with 100,000 random initial positions using Newtonian iteration method. We further run the program with

1,000,000 and more

Cyclin D/Cdk4,6
Cyclin E/Cdk2
E2F
Myc
p21
p27
PRb
Ras
Bad
Bax
Bcl-2
Bel-xL
Bim
Caspase 3
Cytochrome C
Fas
XIAP
C/EBPa
C/EBPp
Cdx2
Foxal
Foxa2
Gatal/2
Gatad/6
Hesl
Hey2
HNF1
HNF4a
Hoxal0
Hoxa3
Hoxas
Hoxa9

E-Cadherin
HSPG2
Integrin

Notch
NGAL
NOG
OPN
SHH
Wnt

Connected Stable
Points & Times
(Total 1000
perturbations)

initial positions, acquiring an identical result.
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