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Table S1. Genes associated with EMT, ECM, migration, angiogenesis and cellular junctions and 
their functions in cancer (for Fig. 4). 
 

(A) Epithelial-to-Mesenchymal Transition  
 

Gene Name Abbreviation Ref. Function and Characteristics 
Alpha-smooth 
muscle actin 

ACTA2  [1, 2] Required for lung cancer metastasis and 
progression of other carcinomas. 

Neucleoprotein 
AHNAK 

AHNAK [3, 4] Upregulated in partial-EMT or 
mesenchymal cells. Knockdown of AHNAK 
reduces cell migration in mesothelioma cell 
lines. 

Bone morphogenic 
protein 1 

BMP1 [5] Involved in matrix assembly. 

Caldesmon 1 CALD1 [4, 6] Overexpressed in mesenchymal cells. 
Calcium sensitive, regulates smooth 
muscle contraction. 

N-Cadherin CDH2 [7] Activated in EMT via SNAIL or bHLH 
pathway and overexpression is a hallmark 
of EMT. The cadherin switch from E to N 
triggers loss of epithelial cell association. 

Collagen 1 A2 COL1A2 [4, 7] Driven by SNAIL, activated in EMT. 
Collagen 3 A1 COL3A1 [7] 

 
Driven by SNAIL, activated in EMT. 
 

Collagen 5 A2 COL5A2 [7] 
 

Driven by SNAIL, activated in EMT. 
 

Fibronectin  FN1 [6, 7] Activated in EMT via SNAIL or bHLH 
pathway. A part of the extracellular matrix. 
Canonical indicator of EMT. 

Forkhead box 
protein C2 

FOXC2 [8] Indirect repressor of E-cadherin, which is 
an epithelial marker.  

G protein subunit 
gamma 11 

GNG11 [9] Maybe an indicator of EMT. Differentially 
expressed in EMT meta-analysis.  

Insulin like growth 
factor binding 
protein 4 

IGFBP4 [10] Overexpression leads to tumor growth and 
EMT phenotype in renal cell carcinoma. 

Integrin alpha 
subunit 5 

ITGA5 [11] May promote tumor invasiveness and cell 
migration. 

Integrin alpha V ITGAV [11] Receptor for ECM, i.e. FN1, VTN, and 
MMP. 

Matrix 
metalloprotease 2 

MMP2 [7] Driven by SNAIL, activated in EMT. 

Matrix 
metalloprotease 3 

MMP3 [7] Driven by SNAIL, activated in EMT. 

Matrix 
metalloprotease 9 

MMP9 [7] Driven by SNAIL, activated in EMT. 

Moesin  MSN [7] Driven by SNAIL, activated in EMT. Likely 
to be involved in connecting cytoskeletal 



structures to the plasma membrane. Plays 
a role in proliferation, migration and 
adhesion of lymphoid cells. 

Plasminogen 
activator inhibitor 1 

SERPINE1 [6, 7] 
 

Driven by SNAIL, activated in EMT. 
Involved in extracellular matrix 
organization. 

Zinc finger protein 1 SNAI1 [7] Down regulates epithelial markers and 
upregulates mesenchymal markers. 

Zinc finger protein 2 SNAI2 [7] Down regulates epithelial markers and 
upregulates mesenchymal markers. 

Zinc finger protein 3 SNAI3 [7] Also in the zinc finger protein family, but 
exact role in EMT is unclear. 

Transcription factor 
SOX10 

SOX10 [12] Regulates mesenchymal cell attributes. 
Drives EMT and contributes to 
stem/progenitor activities in mammary cells. 

Secreted protein 
acidic and rich in 
cystine 

SPARC [7] Activated in EMT via SNAIL or bHLH. 
Involved in the response to growth factors 
and extracellular matrix organization. 

Six Transmembrane 
Epithelial Antigen Of 
The Prostate 1 

STEAP1 [13, 14] May play a role in EMT, often up-regulated 
in several cancer cell lines. 

T-cell factor 7L2 TCF7L2 [15] May play a role in EMT and may be 
influenced by SNAIL regulation. 

Tissue inhibitor of 
metalloproteinase-1 

TIMP1 [16] Overexpression can induce EMT 
phenotypes via TWIST1. 

transmembrane 
protein with EGF like 
and two follistatin like 
domains 1 

TMEFF1 [14] May suppress cancer growth but also may 
be a mesenchymal marker. 

transmembrane 
protein 132A 

TMEM132A [8, 14] May play a role in EMT. 

Versican core 
protein 

VCAN [6] Play a role in connecting cells to ECM, can 
also regulate motility growth and 
differentiation. 

Twist-related protein 
1 

TWIST1 [9] Indirect repressor of E-cadherin, which is 
an epithelial phenotype. 

Vimentin  VIM [9, 17, 
18] 

Expression can induce EMT and is a poor 
prognostic marker. 

Vacuolar Protein 
Sorting 13 Homolog A 

VSP13A [16] May play a role in EMT. 

Protein WNT-5A  WNT5A [19] Can act via non-canonical pathways to 
promote tumor cell invasion. 

 
 
 
 
 

(B) ECM and Surface Adhesion  
 

Gene Name Abbreviation Ref. Function and Characteristics 



Bone morphogenic 
protein 1 

BMP1 [5] Involved in matrix assembly. 

Bone morphogenic 
protein 7 

BMP7 [5] Promotes EMT in gastric and prostate 
cancer. May have paradoxical effects in 
different cancer types. 

Collagen 1 A1 COL1A1 [4, 7] Driven by SNAIL, activated in EMT. A 
normal part of the extracellular matrix. 

Collagen 1 A2 COL1A2 [4, 7] Driven by SNAIL, activated in EMT. A 
normal part of the extracellular matrix. 

Collagen 3 A1 COL3A1 [7] 
 

Driven by SNAIL, activated in EMT. A 
normal part of the extracellular matrix. 

Collagen 5 A2 COL5A2 [7] 
 

Driven by SNAIL, activated in EMT. A 
normal part of the extracellular matrix. 

Catenin beta  CTNNB1 [6] A part of the adherens junction as a 
component of the E-Cadherin-Catenin 
complex. 

Epidermal growth 
factor 

EGFR [6, 20] Increases MUC1 interaction with CTNNB1. 
E-cadherin-mediated cell-to-cell contact 
can induce EGFR. 

Fibronectin  FN1 [6, 7] Activated in EMT via SNAIL or bHLH 
pathway. A part of the extracellular matrix. 
Canonical indicator of EMT. 

Forkhead box 
protein C2 

FOXC2 [8] Indirect repressor of E-cadherin, which is 
an epithelial phenotype.  

Integrin linked 
protein kinase 

ILK [6] Focal adhesion protein mediates cell 
architecture, adhesion and anchorage-
dependent growth. 

Integrin alpha 
subunit 5 

ITGA5 [11] May promote tumor invasiveness and cell 
migration. 

Integrin alpha V ITGAV [11] Receptor for ECM, i.e. FN1, VTN, and 
MMP. 

Integrin beta 1 ITGB1 [6, 21] Core regulator of integrin-linked kinase, 
focal adhesion kinases and others involved 
in cellular adhesion. Promotes endothelial 
cell motility and angiogenesis. 

Focal adhesion 
kinase 1 

PTK2 [6] Critical in regulating cell migration adhesion 
an spreading. 

Plasminogen 
activator inhibitor 1 

SERPINE1 [6, 7] 
 

Driven by SNAIL, activated in EMT. 
Involved in extracellular matrix 
organization. 
 

Osteopontin  SPP1 [22] Overexpression leads to cancer cell 
migration 

Transforming 
growth factor beta 1 

TGFB1 [23, 24] Can induce EMT and migration of cancer 
cells. 

Transforming 
growth factor beta 2 

TGFB2 [6,14] Can induce EMT and migration of cancer 
cells. 

Tissue inhibitor of 
metalloproteinase-1 
 

TIMP1 [16] Overexpression can induce EMT 
phenotypes via TWIST1. 



Versican core 
protein 

VCAN [6] Play a role in connecting cells to ECM, can 
also regulate motility growth and 
differentiation. 

 
(C) Cellular Migration and Motility 

 
Gene Name Abbreviation Ref. Function and Characteristics 
Caldesmon 1 CALD1 [4, 6] Overexpressed in mesenchymal cells. 

Calcium sensitive, regulates smooth 
muscle contraction. 

Caveolin 1 CAV1 [25] Biphasic effect where CAV1 is tumor-
suppressing in the early stages but tumor-
promoting in the later stages of cancer. 

Caveolin 2 CAV2 [26] Silencing CAV2 reduces cell proliferation, 
migration, and invasion in renal cell 
carcinoma. 

Epidermal growth 
factor 

EGFR [6, 20] Increases MUC1 interaction with CTNNB1. 
E-cadherin-mediated cell-to-cell contact 
can induce EGFR. 

Fibronectin  FN1 [6, 8] Activated in EMT via SNAIL or bHLH 
pathway. A part of the extracellular matrix. 
Canonical indicator of EMT. 

Integrin beta 1 ITGB1 [6, 21] Core regulator of integrin-linked kinase, 
focal adhesion kinases and others involved 
in cellular adhesion. Promotes endothelial 
cell motility and angiogenesis. 

Protein jagged 1 JAG1 [6] Enhances fibroblast growth factor-induced 
angiogenesis. 

Moesin  MSN [8] Driven by SNAIL, activated in EMT. 
Involved in connecting cytoskeletal 
structures to the plasma membrane. Plays 
a role in proliferation, migration and 
adhesion of lymphoid cells. 

Macrophage 
stimulating protein 
receptor 

MST1R [6] Signal can promote epithelial cell migration, 
proliferation and survival. 

Nodal homolog NODAL [6] May positively regulate angiogenesis and 
cell-cell adhesion. Critical in embryonic 
development of the mesoderm. 

Platelet-derived 
growth factor 
receptor beta 

PDGFRB [6] Essential role in embryonic development, 
cell proliferation and survival, 
differentiation, chemotaxis, migration, blood 
vessel formation, etc. 

Ras-related c3 
botulinum toxin 
substrate 1 

RAC1 [6] Small GTPase involved in many cellular 
responses including epithelial cell 
polarization and growth-factor dependent 
membrane ruffles. Mediates cell migration 
and adhesion assembly.  



Signal transducer 
and activator of 
transcription 3 

STAT3 [6] Mediates cellular responses in response to 
stimuli. May positively regulate 
angiogenesis and growth factor-dependent 
cell proliferation. 

Vimentin  VIM [8, 17, 
18] 

Expression can induce EMT and is a poor 
prognostic marker. 

 
(D) Angiogenesis  

 
Gene Name Abbreviation Ref. Function and Characteristics 
Angiotensinogen  ANG [6] Apart from regulating blood pressure, it can 

positively regulate endothelial cell 
migration,  

Angiopoietin 1 ANGPT1 [6] Competes and modulates ANGPT2. 
Regulates angiogenesis and endothelial 
cell survival.  In migrating endothelial cells, 
it can induce focal adhesion complexes and 
stimulate angiogenesis/blood vessel 
maturity. 

Angiopoietin 2 ANGPT2 [6] In concert with VEGF facilitates endothelial 
cell migration and services as a permissive 
signal for angiogenesis. 

Angiopoietin related 
protein 1 

ANGPTL1 [14] Specific for vascular endothelium and 
highly expressed in vascular tissue. 

Aminopeptidase N ANPEP [6] Processes angiotensin. 
Fibroblast growth 
factor 1 

FGF1 [6] It has an important role in regulating cell 
survival, division, angiogenesis, cell 
differentiation and cell migration. It can 
induce angiogenesis. 

Fibroblast growth 
factor 2 

FGF2 [6] Potent mitogen. Can induces angiogenesis. 

Vascular 
endothelial growth 
factor receptor 

FLT1 [6] May limit VEGFA binding. Regulates 
angiogenesis. Can promote endothelial cell 
proliferation, survival, and angiogenesis in 
adulthood (as opposed to embryonic 
development). 

Hypoxia inducible 
factor 1 alpha 

HIF1A [6] Master regulator of hypoxia response. In 
hypoxic environment of tumor, it can induce 
angiogenesis. 

Vascular 
endothelial growth 
factor receptor 2 

KDR [6] Receptor for VEGFA, VEGFC, and VEGFD. 
Essential regulator of angiogenesis. 

Neuropilin-2 NRP2 [6] Positive regulator of endothelial cell 
migration and proliferation. 

Placenta growth 
factor 

PGF [6] Active in angiogenesis and simulates 
endothelial cell proliferation and migration. 

Thymidine 
phosphorylase 

TYMP [6] Maintains integrity of blood vessels and 
promotes endothelial cell growth and 
angiogenesis. 



Vascular 
endothelial growth 
factor A 

VEGFA [6] Growth factor that induces angiogenesis, 
vasculogenesis and endothelial cell growth. 

Vascular 
endothelial growth 
factor B 

VEGFB [6] Growth factor for endothelial cells. 

Vascular 
endothelial growth 
factor C 

VEGFC [6] Growth factor that induces angiogenesis, 
vasculogenesis and endothelial cell growth. 

             
        

(E) Adherens Junctions 
 
Gene Name Abbreviation Ref. Function and Characteristics 
Adherens junction-
associated protein1 

AJAP1 [14] Plays a role in cell adhesion and cell 
migration. 

E-cadherin/ 
Cadherin-1 

CDH1 [6, 27, 
28] 

Regulates cell-cell adhesions, loss during 
EMT, a marker of epithelial phenotype. 

N-Cadherin 
Cadherin-2 

CDH2 [14] Calcium-dependent cell adhesion protein. 
Overexpression of N-cadherin is a hallmark 
of EMT.  

Catenin delta CTNND1 [6] Regulates cell adhesion properties of C,E, 
and N-cadherins 

Desmocollin DSC1 [14] Found primarily in epithelial cells where they 
constitute the desmosome cell-cell junction 
and are required for cell adhesion and 
desmosome formation. 

Desmocollin-2 DSC2 [6] Major component of the desmosome, which 
is an important cell-to-cell adhesion 
molecule. 

Desmoglein 1 DSG1 [14] Member of the desmoglein protein 
subfamily, which, along with desmocollins, 
are cadherin-like transmembrane 
glycoproteins that are major constituents of 
the desmosome. 

Desmoglein 2 DSG2 [14] Member of the desmoglein protein 
subfamily, which, along with desmocollins, 
are cadherin-like transmembrane 
glycoproteins that are major constituents of 
the desmosome. 

Desmoglein 3 DSG3 [14] Member of the desmoglein protein 
subfamily, which, along with desmocollins, 
are cadherin-like transmembrane 
glycoproteins that are major constituents of 
the desmosome 

Desmoglein 4 DSG4 [14] Member of the desmoglein protein 
subfamily, which, along with desmocollins, 
are cadherin-like transmembrane 
glycoproteins that are major constituents of 
the desmosome. 



Junctional 
adhesion 
molecule A 

F11R [6] Involved in epithelial tight junction formation. 

Purinergic 
receptor P2X 6 

P2RX6 [14] Associated with VE-cadherin at adherens 
junctions of human umbilical vein endothelial 
cells. 

Tight-junction 
protein 1/ 
zonulin 1 

TJP1 [14] Acts as a tight junction adaptor protein that 
also regulates adherens junctions.  
 

Vezatin/ adherens 
junctions 
transmembrane 
protein 

VEZT [14] Transmembrane protein which has been 
localized to adherens junctions and shown 
to bind to myosin VIIA. The expression of 
VEZY is decreased in gastric cancer. 

 
         
Table S2. Markers of M1 and M2 macrophages (for Fig. 5) 
 
Gene Name Abbreviation Ref. M1/M2 specificity  
Scavenger receptor sys-rich 
type 1 protein M130 

CD163 [29, 30] M2 

Macrosialin CD68 [29, 30] M1 
T-lymphocyte activation 
antigen cd80 

CD80 [29, 30] M1 

T-lymphocyte activation 
antigen cd86 

CD86 [29, 30] M1/ M2 

MCH Class II Isotype HLA-DMA [29, 30] M1/ M2 
MCH Class II Isotype HLA-DMB [29, 30] M1/ M2 
MCH Class II Isotype HLA-DOA [29, 30] M1/ M2 
MCH Class II Isotype HLA-DOB [29, 30] M1/ M2 
MCH Class II Isotype HLA-DPA1 [29, 30] M1/ M2 
MCH Class II Isotype HLA-DPB1 [29, 30] M1/ M2 
MCH Class II Isotype HLA-DQA1 [29, 30] M1/ M2 
MCH Class II Isotype HLA-DQB1 [29, 30] M1/ M2 
MCH Class II Isotype HLA-DRA [29, 30] M1/ M2 
MCH Class II Isotype HLA-DRB1 [29, 30] M1/ M2 
MCH Class II Isotype HLA-DRB5 [29, 30] M1/ M2 
Interleukin-1 receptor type 1 IL1R1 [29, 30] M1/ M2 
Macrophage mannose 
receptor 

MRC1 [29, 30] M2 

Macrophage scavenger 
receptor type 1 

MSR1 [29, 30] M2 

Nitric oxide synthase 
(inducible) 

NOS2 [29, 30] M1 

Suppressor of cytokine 
signaling 3 

SOCS3 [29, 30] M1 

Toll-like receptor 2 TLR2 [29, 30] M1 
Toll-like receptor 4 TLR4 [29, 30] M1 

 
 
Table S3. Genes associated with apoptosis and proliferation (for Fig. 8). 



 
Gene 
Name 

Abrrev. Function Citation 

Bcl2-
associated 
agonist of 
cell death 

BAD Pro-apoptotic proteins via intrinsic apoptosis. [31] 

Caspase 9 CASP9 Activates caspase cascades and executes apoptosis. 
Promotes ABL1/c-Abl-dependent DNA damage 
apoptosis. 

TP53 
binding 
protein 1 

TP53BP1 Involved in repairing DNA double-stranded breaks. [32] 

Tyrosine-
protein 
kinase 
ABL1 
 

ABL1 Pro-apoptotic in presence of severe DNA damage by 
phosphorylating CASP9. Regulates actin remodeling. 

[33] 

Cyclin-
dependent 
kinase 1 

CDK1 Overexpression inhibits apoptosis and drives cell 
proliferation and promotes survival. 

[34] 

Proliferating 
cell nuclear 
antigen 

PCNA Processivity factor in DNA synthesis, overexpression 
increases cell proliferation. Reducing PCNA can induce 
apoptosis. Known to have divergent properties in 
response to p53 mutation. 

[35, 36] 
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