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IT IS ESTIMATED THAT METASTASIS IS 
RESPONSIBLE FOR ABOUT 90% OF THE 

CANCER DEATHS DUE 
TO SOLID TUMORS



WHY?

1. SPREAD OF THE CELLS IN UNACCESSIBLE SITES
(flow and geometry)

2. AGGRESSIVENESS OF METASTATIC TUMOR CELLS
(seed and soil)
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Picture form :Nature Medicine 27, 34–44 (2021)



Font-Clos F, Zapperi S, La Porta CA. Blood flow 
contributions to cancer metastasis. Iscience. 2020 May 
22;23(5):101073.



Font-Clos F, Zapperi S, La Porta CA. Blood flow 
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LOCATION OF METASTASIS: MODEL PREDICTIONS



COMPARISON WITH DATA FROM AUTOPSIES

Font-Clos F, Zapperi S, La Porta CA. Blood flow contributions to cancer metastasis. 
Iscience. 2020 May 22;23(5):101073.



WHY?

2. AGGRESSIVENESS OF METASTATIC TUMOR CELLS
(seed & soil)



EPITHELIAL MESENCHYMAL TRANSITION (EMT)

Phenotypic switching: EMT phenotype/stem genes

Sellerio et al., 2015
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PHENOTYPIC SWITCHING

CSC

CC



NETWORK MODEL OF EMT/MET

Modified from Steinway et a. 2015

Gene i expressed:
Gene i not expressed:

Gene i activates gene j:
Gene i inhibits gene j: 

si = �1
si = 1

Jij = 1
Jij = �1

Font-Clos, F., Zapperi, S. & La Porta, C. A. M. Topography of epithelial–
mesenchymal plasticity. Proc. Natl. Acad. Sci. USA 115, 5902–5907 (2018).



EXPLORING PHENOTYPES (ATTRACTORS STATES)
•Start from a random state {si}
•Update the rule
•Find fixed point 

“E states”

“M states”

* H is not exactly minimized by the dynamics but only approximately Jji 6= Jij

Font-Clos, F., Zapperi, S. & La Porta, C. A. M. Topography of epithelial–
mesenchymal plasticity. Proc. Natl. Acad. Sci. USA 115, 5902–5907 (2018).



MAPPING RNAseq DATA ON THE EMT LANDSCAPE

RNASeq data

ON/OFF
threshold

Binarized data

Ecadherin

SNAI1

TWIST1

ON/OFF thresholds from
E and M samples

GTEx Data (11k transcriptomes from different tissues)



MAPPING PHENOTYPIC TRAJECTORIES

(Samavarchi-Tehrani et al 
Cell Stem Cells 2010)

Somatic cell reprogramming  
(Abnaof et al. BCM Syst. Bio. 2014)

Experiments

Font-Clos, F., Zapperi, S. & La Porta, C. A. M. Topography of epithelial–
mesenchymal plasticity. Proc. Natl. Acad. Sci. USA 115, 5902–5907 (2018).



BREAST CANCER

2.3 MILLION 
CASES  EACH 

YEAR WORLDWIDE

FIRST 
CAUSE OF DEATH 

FOR WOMEN



BREAST CANCER SUBTYPES

TRIPLE NEGATIVE 
BREAST CANCER

20% of all breast cancers

No specific drug

30% of patients are
dstimated to be 
OVERTREATED

40%

20%

20%

20%

LUMINAL A LUMINAL B
HER2 TNBC



INTRODUCING

ARTIFICIAL INTELLIGENCE  FOR 
BREAST CANCER PREDICTION 

AND PERSONALIZED CARE

by ComplexData srl

http://www.ariadneweb.it



ARIADNE PREDICTS THE RISK 
OF AGGRESSIVENESS IN

TRIPLE NEGATIVE BREAST CANCER

Font-Clos, F., Zapperi, S. & La Porta, C. A. M. Classification of triple-
negative breast cancers through a boolean network model of the 
epithelial–mesenchymal transition. Cell Syst. 12, 457-462.e4 (2021).



Gruosso, T. et al. Spatially distinct tumor immune 
microenvironments stratify triple-negative breast 
cancers. J. Clin. Investig. 129, 1785–1800 (2019).

TUMOR IMMUNE MICROENVIRONMENT
METASIGNATURE FOR TNBC



ARIADNE IS DISTINCT FROM THE IMMUNE 
METASIGNATURE

Font-Clos, F., Zapperi, S. & La Porta, C.A.M. Classification of triple negative breast 
cancer by epithelial mesenchymal transition and the tumor immune 
microenvironment. Sci Rep 12, 9651 (2022).
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