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Cancer & Social science
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Nature is more complex than we previously thought



Cancer
• Cancer is a name that refers to a set of diseases 

that occurs as a result of uncontrolled cell 
proliferation. 

• Contrary to the many researches in medicine 
over the past years, we are still faced with many 
challenges in controlling and treating cancer. 

https://www.cdc.gov/cancer/dcpc/research/articles/cancer
_2020.htm

Weir HK, Thompson TD, Soman A, Møller B, Leadbetter S. The 

past, present, and future of cancer incidence in the United States: 

1975 through 2020.External, Cancer 2015;121(11):1827–1837.

http://www.ncbi.nlm.nih.gov/pubmed/25649671


Cancer is the second leading cause of death among diseases



Cancer is known as a Gene disease
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Gene – Gene interaction networks 
(Saccharomyces is a genus of fungi)

M. Costanzo and et. al, SCIENCE 353, 6306 (2016).

Saccharomyces 6000 genes, identifying about one million interactions, which 
550,000 are negative, and 350,000 positives. 

Michael Costanzo
University of Toronto



An idea from Social and Psychology sciences 
The relationships between two persons is not depends on them.

The structure balance of gene-gene networks beyond pairwise interactions



Frustration

Cognitive Balance Theories

If a person’s beliefs are unbalanced, psychological stresses will generate internal 
pressures to change either some of the sentiments (liking, disliking) or some 
relationships (proximity, membership) into a more congruent pattern. 

(Fritz Heider 1946)
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Cartwright and Harary (1950)
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Reducing the stress
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The influence of relationship



Δ0 Δ2 Δ1 Δ3

Sij Sjk Ski=1                                   Sij Sjk Ski=-1      

•T. Antal, P. L. Krapivsky, and S. Redner, Phy. Rev. E 72. 036121 (2005)

+           -
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Jammed states

S. A. Marvel, S. H. Strogatz, and J. M. Kleinberg, Phys. Rev. Lett. 103, 198701 (2009)
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Jammed state

Global minimum
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Jammed states are possible if and only if the network size is N = 9 or N ≥ 11
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Peacock feather pattern

Jammed state

Pseudo paths towards minimum energy states in network dynamics, L. Hedayatifar, F. Hassanibesheli, 
A.H. Shirazi, S.V. Farahani, G.R. Jafari, Physica A, 483, 109-116 (2017)
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Inverse participation ratio (IPR)

1 ≤ IPR≤ 𝑁

Pseudo paths towards minimum energy states in network dynamics, L. Hedayatifar, F. Hassanibesheli, A.H. Shirazi, 
S.V. Farahani, G.R. Jafari, Physica A, 483, 109-116 (2017)



The data: 20532 genes in the case of Breast Cancer 
(BRCA: Breast invasive carcinoma) 

It has been downloaded from data bank: 

The Cancer Genome Atlas (TCGA ) project.

The expression levels have done with the technique 
of RNA sequencing. 

Normal
Cancerous 

samples 

#Samples 114 764



Correlation Matrix

1      C       C
12              13

We had to reduce the number of genes because it is a 
difficult task to handle a  20532 in 20532 matrix 
computationally.

- Fortunately, most of the correlation matrix is zero
- There are many Genes that their expressions are the 

same in normal and cancerous cells. So for better 
comparison, we removed from our data sets. Now, we 
have only 450 genes to study.



Partial Correlation

13

Inverse Spin Glass and Related Maximum Entropy Problems, 
Michele Castellana, and William Bialek, 2013 PRL 113(11)



Invers problem
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With some Conjunctions



Inverse-covariance matrix



Correlation matrix  to Interaction matrix

E= - J  J J

-1
2

= J

12     13     23

13J



Energy distribution



Energy-Energy Correlation



How triads with different energies are connected to
each other?

Normal Cells                                             Cancerous cell



Network of balance and imbalance triangles 

Cancerous cell                               Normal Cells









Top driver genes in metastatic cells

ALB M64936 CSTA IGL@ APOA1 DST
LOC10012658

3
D26561 ESM1 NF1

PCK1 RBP4 MUC1 FN1 KLK3 CYP3A7 HPR ACTG2 PDE5A ALDOB

CRP IGL@ CHI3L1 FN1 FABP4 ALB KLK2 IRS1 MAPK8 TGM4

MYH11 IGHV4-31 MCF2 UGT2B15 PSPH FGG HPGD APOB HPGD STAC

KLK3 GATM SULT1C2 PRKG2 MAGEB1 PRG4 SSX2B KLK3 FGB SLC25A13

FGA KLK2 FABP1 DDC C5 MHY11 CPB1 PLAT IL2 PF4V1

IGK@ SLC25A24 MSMB AF070543 ORM2 IGH@ KNG1 PCK1 SERPINA1

Cancer related
Immune system 
related
Growth related

Adhesion and migration 
related
Proliferation and 
differentiation



TumorNormal & Metastatic 



Summary of data:

 The data used to build the brain networks is borrowed from the Autism
Brain Imaging Data Exchange (ABIDE II) which is available in:

http://fcon_1000.projects.nitrc.org/indi/abide/abide_II.html

 We chose the longitudinal collections in ABIDE II, which are from the
university of California Los Angeles and the university of Pittsburgh.

 We had 23 and 15 participants in the Autism Spectrum Disorder and the
control groups, respectively. Each participant underwent two resting-state
fMRI sessions, collected one to three years apart.

http://fcon_1000.projects.nitrc.org/indi/abide/abide_II.html


Summary of data:

 The data used to build the following brain networks is from

the ADHD-200 dataset and is available in:

http://fcon_1000.projects.nitrc.org/indi/adhd200/

 We chose the New York University Child Study Center site, from the ADHD-200.

 After the preprocessing steps, the sample size was:

 98 individuals in the Control group

 115 individuals in the ADHD (Attention Deficit Hyperactivity Disorder)

Hyperactive

http://fcon_1000.projects.nitrc.org/indi/adhd200/
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Heat map of S&P500



The Whales dance

Quanta Trading Signals
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Compare the Balance states between 
3th and 4th order interactions

3th order interactions



Schematic mean field theory

𝐻𝑖 = −(h + J < 𝑆 >) 𝑆𝑖𝐻 = −h 

𝑖

𝑁

𝑆𝑖 − J 

𝑖𝑗

𝑁

𝑆𝑖𝑆𝑗
Mean field

𝐻 =  

𝑖

𝑁

𝐻𝑖

ℎ𝑛𝑒𝑤 = (h − J < 𝑆 >)

m=<𝑆>=(1/N)  𝑖
𝑁 𝑆𝑖

𝑚 = tan(𝛽𝐽𝑚)

𝑍 = 𝑒−𝛽𝐻



𝐻 = −J 

𝑖𝑗

𝑁

𝑆𝑖𝑗𝑆𝑗𝑘𝑆𝑘𝑖

𝐻𝑖𝑗 = −𝑆𝑖𝑗𝐽 

𝑘

𝑁

𝑆𝑗𝑘𝑆𝑘𝑖

Mean-field solution of structural balance dynamics in nonzero temperature

P=



=< 𝑆𝑖𝑗𝑆𝑗𝑘𝑆𝑘𝑙 >O

𝐻 = −  

𝑗<𝑘<𝑙

𝑆𝑗𝑘𝑆𝑘𝑗𝑆𝑗𝑙𝑆𝑙𝑗
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