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Nature iIs more complex than we previously thought
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Aging Is a Communication Breakdown

Grenes that can’t express themselves may be hallmarks of cancer.

BY JIM KOZUBEK



Cancer

e 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.

Projected number of

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

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

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

https://www.cdc.gov/cancer/dcpc/research/articles/cancer 2010 2011 2012 2013 2014 2015 2016 2017 2018

~2020.htm

== Cancer DeatthEAR =®= Death Rate


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

Cancer is the second leading cause of death among diseases

-y .

. 18.1 million new cancer cases predicted for 2018
Number of estimated cases per 100,000 people, rate standardised* for age

*4 standardised rate is obtained by adjusti
to ¢ hypothetical situation where all the populations have the
same pyramid of age groups, in order to allow comparisons




cCancer is known as a Gene disease
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Gene — Gene Interactions




Michael Costanzo
University of Toronto

Gene — Gene interaction networks .

(Saccharomyces is a genus of fungi)

Saccharomyces 6000 genes, identifying about one million interactions, which
550,000 are negative, and 350,000 positives.
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An idea from Social and Psychology sciences

The relationships between two persons is not depends on them.

B o st oty Ju
in Physiology S0t 10.336Mphys 20205737 : -
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Stability of Imbalanced Triangles in
Gene Regulatory Networks of
Cancerous and Normal Cells

PLOS ONE

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.



The hard situation

Cartwright and Harary (1950)
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Reducing the stress
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The influence of relationship
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Mathematical model

A, A, A, A,
LY "l.lll _.I'lIl "."L
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T 1
balanced trian gles unbalanced triangles
Sij Sjk S=1 Sij Sjk Sii=-1
Even number of dashed edges ~ Odd number of dashed edges ., {

1 dxfii
_— — R S — X fj Jfl-ff
H (g) Z"’U:’jk‘&ik dt ; kit ) Xq ( )

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



Jammed states

1
H=- (,31—) Z SijSjkSik

balanced triangles

Energy

Jammed state

Global mini

Jammed states are possible if and only if the network size is N =9 or N > 11

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



Peacock feather pattern

Energy

Jammed state

Time

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)



IPR

Inverse participation ratio (IPR)
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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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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.

natre

genetics

Commentary = OPEN  Published: 26 September 2013

The Cancer Genome Atlas Pan-Cancer
analysis project

The Cancer Genome Atlas Research Network, John N Weinstein, Eric A Collisson, Gordon B Mills,

Kenna R Mills Shaw, Brad A Ozenberger, Kyle Ellrott, Ilya Shmulevich, Chris Sander & Joshua M Stuart B

Nature Genetics 45,1113-1120 (2013)  Download Citation &

Breas
CANCER
-

Cancerous
Normal
samples
#Samples 114 764




Correlation Matrix

Blep 1581 J0) XU1EW UONR|aL0D

Z; (X =< X >)(¥-<7>)

JZ! 1()(}—{)(}) \/Z; (Y=< ¥ >)?

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.
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Partial Correlation

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

Jk, A
e <—> <4+—
kj
Correlation Matrix Interaction Matrix
A B C ‘A B C

A

B
C

b
TAN

Lezon TR, Banavar JR, Cieplak M, Maritan A, Fedoroff NV, PNAS, 12;103(50):19033-8 (2006) 13



Invers problem
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Max Entropy

With some Conjunctions

Lezon TR, Banavar JR, Cieplak M, Maritan A, Fedoroff NV, PNAS, 12;103(50):19033-8 (2006)




inverse-covariance matrix

2 -1 () () ()
-1 2 =1 0 i

)
— o -1 2 =1 0

0 0 =1 2 -1
0 () g =1 2

Inverse-covariance matrix
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covariance matrix?
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Correlation matrix to Interaction matrix

E=-J,J.]
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Energy distribution
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Energy-Energy Correlation
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How triads with different energies are connected to
each other?

Normal Cells Cancerous cell

normal case Cancernous Case
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Network of balance and imbalance triangles

Cancerous cell Normal Cells






Random
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Top genes according to W

Metastatic



Top driver genes in metastatic cells

ALB M64936 CSTA IGL@ APOA1 DST LOC10212658 D26561 ESM1 NF1
PCK1 RBP4 MUC1 FN1 KLK3 CYP3A7 HPR ACTG2 PDE5A ALDOB
CRP IGL@ CHI3L1 FN1 FABP4 ALB KLK2 IRS1 MAPKS8 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
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ABIDE
Autism Brain Imaging
Data Exchange

Longitudinal Collections

Summary of data:

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

http://fcon 1000.projects.nitrc.org/indi/abide/abide Il.html

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

Longiucinatsample o @| ** We had 23 and 15 participants in the Autism Spectrum Disorder and the

University of Pittsburgh
School of Medicine: Longitudinal Sample

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

Hyperactive

Langone Medical Center

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/

R/

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

/

s After the preprocessing steps, the sample size was:

/7

** 98 individuals in the Control group

/7

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


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

PDF of "

’
| —_—

Autism - F yperactive

1o Probabilty of (- - o triad 10° | x | 1 7
T
[ ' ] [ [ ADHD-Inattentive |
h B - - ) Autism Session1 | | r I Control i
r - (---) Autism Session2 | - : :
[ (---) Control Session1 | | |
I - - control Session2 | |
10? B 10? -
4 e ) 4
] o |
g

4 — 4
7 10" .

g l I B ‘ “ ‘

0.8 1 11 1 00 | | | | | |

%1073 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Energy (U) <103




2x107*<U

2x107*<U<4x107*

4x107*<U<92x10™*

U>92 x107*

Autism

Control

[ Autism Brain Imaging Data Exchange Il , The Longitudinal Collections: http://fcon_1000.projects.nitrc.org/indi/abide/abide_Il.html ]
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3th order interactions

H =

paoueedq (e)

parueequiy (q)

- Z A;’_;’h

i<i<k

Compare the Balance states between
3th and 4t order interactions

H = — Z A,‘_;;-A,‘ﬂ = — Z Af_;’ﬁA.é‘;'i

<1< k<t 1 <1< k<t




Schematic mean field theory

Tagged spin

(R i
I

N N Mean field
i ij

Mean field s T m

approximation

Hi:—(h+]<S>)Si

hnew:(h_]<5>)
N

H = ZH"

i

tanh(pJm)

f(m)=m

m=<S>=(1/N) ¥V S;

m = tan(fJm)
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Mean-field solution of structural balance dynamics in nonzero temperature

]2 Sl]S]kSkl
l]]z S; kSkl

= P(Sij =D (1) + P(S;; =
<€_18Hij[5!j=” — {?_ﬁH!.j[S!-j=_]j

{J_ﬁHa'j[Sa'j=” _I_ {?_JBHU[SU=_” >

{?'S Zk#r’,j 5}&5};! _ {3_}3 Zkiﬁj SijH

B Lizi i SikSki 4 o= B Xizi,j SikShi

tanh ﬁ Z Sﬂ(S;ﬂ-

ki, j

E. RABBANI, AMIR H. SHIRAZI, AND G. R. JAFARI

q

I)*(—=1)

(SikSkj) = [ ’

p=tanh(B(N —2)q), ¢q= |:€—,8(N—3)[—2q] R T S T T

e—BWN=3)(=29) _ 2,—BCp) 4 e—ﬁw—3)<zq>]

e—BIN=3)(=29) _ 9,=2B1anh(BIN-2)q) 4 ,—B(N—3)(2)

To solve these two equations with two unknowns, we use a self-consistency condition on ¢ by substituting p into ¢:

0.8

0.6

St hle-line

== = [pstable-line

PHYSICAL REVIEW E 99, 062302 (2019)
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Session One
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Control

[ Autism Brain Imaging Data Exchange Il , The Longitudinal Collections: http://fcon_1000.projects.nitrc.org/indi/abide/abide_Il.htmlI ]
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