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Multiscale modelling

@ System biology,
ecology of cancer
and collective
migration

@ Multi-level, hybrid
and nested models

Delitala, Hillen, Springer, Pro Math Stat, 2014

Scianna, Preziosi, Mult Mod Sim, 2012




Mathematical structures

. At + voxf = Q(f, f) + F(Nf

@ Boltzmann-type kinetic

olt . a typ al, fy = // (if(lv)f(/w) - f(v)f(w)) aw
equations 1

hf + (K (F)f) = 92(D?(v)f)
K(f) = /k(v, w)f(w) dw

@ Fokker-Planck equations

@ Transport of measures ‘ It = YiF o




@ Reaction-diffusion equations ‘ ou =V - (DVu) + R(u) ]

@ Nested cellular Potts models H= Z — Atarg) 2y Hsurt + ...

celli

@ Conservation/balance laws ‘ Op+ V- (pv) =T(p)

@ Population dynamics

{X=f(x, y)
y = g(X7 y)



Evolutionary dynamics

@ Mutation and selection principle in biology
@ Immune system learning and immunoediting

Tartget cells (b) and T-cells (r)
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@ Asymptotic limits

@ Structured
population with
continuous variable

Delitala, Lorenzi, J Theor Biol, 2012
Delitala, Lorenzi, J Math Anal Appl, 2012
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EMT, mutations and renewal
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Evolutionary dynamics and therapies

Clinical problem:

o e @ Therapeutic role of external agents:
e i selection for resistance.
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clonal expansion and boosting of T-cell proliferation
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Lorenzi, Chisholm, Melensi, Lorz, Delitala, Imnmunology, 2015



Evolutionary dynamics and drug resistance

@ Combination therapies: dose and time protocols
@ Population dynamics approach
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Piretto, Delitala, Ferraro, J Theor Biol, 2018



Tumor microenvironment

@ Pattern formation, adhesion and diffusion in co-culture of
epithelial and mesenchymal cells

1 V- Vxny
Oify +v-Vxfy = —(1+— m —fi
V| B+ IV|[Vxny
random motion and chemotactic reorientation
(1-7)
+ Vi nm (n +ng) — (N + n3)fy
homotypic adhesion
Delitala, Lorenzi, Math Biosci Eng, 2017
Delitala, Lorenzi, Appl Math Lett, 2013 + (f{ — MK N) f1 s

proliferation and competition



Evolutionary dynamics and therapies

@ Tumor micro-environment, hypoxic regions, and evolutionary

niche.

source |
of oxygen

Oneo(t, X) + Vi - (DV o (t, X) = T[Muo]eo(t, X)) = 0 ~ @éf.
proliferation \e

slow cell proliferation

Fiandaca, Delitala, Lorenzi, in preparation



Nested Cellular Potts Model

@ Interface between different
modeling techniques

@ Individual/discrete description
of cell-level elements:

e compartmentalized lattice-
or vertex-based
representation

P H(t) = Aa > (@i~ atarg) >+ Hioree () +.

o stochastic energy-based i

laws for cell movement

(Metropolis algorithm for

Monte Carlo-Boltzmann Pocil movement() = min {efAH/T’ 1 }
thermodynamics)
@ Continuous representation of oic=V-D;Vc+ F(c)

molecular elements (RD Egs.)

Scianna, Preziosi, Comp Biol Med, 2016

Scianna, Preziosi, Mult Mod Sim, 2012



Nested Cellular Potts Model

@ Present topics:

e cell migration in ECMs
and microchannels

Scianna, Preziosi, Wolf, Math Biosci Eng, 2013

e calcium signals and
vascularization

Scianna, Munaron, Preziosi, Prog Biophys Mol
Biol, 2011

t=5h t=ash

e reproduction of cell
biophysical guidance
mechanisms along
muscle fibers

@ Perspectives: Interface with
continuous mechanics
approaches for cell-substrate
interactions




Hybrid Discrete-Continuous Models

@ Individual/discrete cell
description:
@ pointwise representation
o ODEs for cell dynamics

@ Collective/continuous cell
description:
@ use of cell densities

@ balance laws for cell
dynamics

@ Derivation of
integro-differential equations
with non-local terms

@ switches between cell
representations via
bubble-like functions or
measure theory arguments

2 N

ad=x;
m dt21’+)\iVi+ > wy(vi—vy) =F
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Op+ V- (pvp) =T




Hybrid Discrete-Continuous Models

@ Present topics: . |
@ inclusion of cell @ & ‘? : L
differentiation

Colombi, Scianna, Tosin, J Math Biol,
2015

o description of tumor
growth and invasion

e reproduction of
zebrafish PLL
formation

Colombi, Scianna, Preziosi, J Math Biol,
2017

e analysis of the

H-stability of the @ Perspectives: Derivation of efficient
system

numerical tools to deal with singular
g Golomol, Seianna, J Theor 8ol intercellular interaction kernels



Kinetic description of multi-agent systems
(Vehicular traffic, pedestrian crowds, opinion dynamics)
@ Boltzmann-type integro-differential equations with or without
space heterogeneity

Of+v- fo_// <|J (x,"V)f(y,'w) — f(x, v)f(y, W)) dydw

@ Statistical description of emerging aggregate trends
e Kinetic limits and Fokker-Planck equations

f + Oy (f(v)/ K(v, W)f(w)dw) = 0?3 (D?(v)f)
v

e Asymptotic distributions, pattern formation, trends of statistical

moments
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Puppo, A. Tosin, Multiscale Model. Simul., 2017, G. Toscani, A. Tosin, M. Zanella, in preparation



Microscopic binary interactions

@ Traffic: acceleration/deceleration

V' = P(1 — v)+ (1 — P)(Pw — v) + D(v)n ). w
w=w ’ >

@ Crowds: collision avoidance

0" =0+ (1 =P8, 9))(ag — 0) + P(6, p)ac
¢ =9+ (1= Plp,0)(ag — ¢) + P(p, 0)ac
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@ Opinions: consensus/dissensus

{ ﬁ-ﬁ..‘l'i-."-l N

{v’:v+’y(w—v)+D(v)n .ﬁ ?.__i';io_'. i'i'?
= —w)+D teoi dolg)
w' =w+~y(v—w)+ D(w)n '.E.fl'~%oi.;’
SRS

@ Binary control problems

t+At Vo,
v =v+At(I(v,w)+u)+ D(v)n, u*=arg min/ ((Ff(v, w)) + - u ) ds
ueu Jt 2



Macroscopic trends

@ Traffic flow on road @ Pedestrian counterflow
networks

@ A. Festa, A. Tosin, M.-T. Wolfram, Kinet. Relat. Models, 2018

L. Fermo, A. Tosin, Math. Models Methods Appl. Sci., 2015
@ Hydrodynamics from non-Maxwellian closures
Otp + Ox(p(u —m)) =0
2 A 2 —
Ar(p(u — m)) + (p ((u —mP2+ 251 —u ))) -0
L. Pareschi, G. Toscani, A. Tosin, M. Zanella, in preparation

@ Microscopically controlled equations at the macroscopic scale

A. Tosin, M. Zanella in preparation



Hybrid discrete-continuous models

@ Blended micro-macro @ Multiscale pedestrian
description of 2D perception in crowd
pedestrian flows dynamics
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E. Cristian, B. Piccol, A. Tosin, MS&A, Springer, 2013 A Colombi, M. Scianna, AD-yTnosg‘d1Jé Coupled Syst. Multiscale

@ Transport of measures
F1(x) = v(1(x))

tt = VeF pho, v(x) = vd(X)+/ K(y — x) du(y)
S(1)



Hybrid discrete-continuous models

@ Blended micro-macro
description of traffic flow on
road networks

e /mvw.»n
! o 0 o301 (t1)
= [Palta) s
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< 71 (t1)

By
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@ Transport of measures on
networks
O + Ox (1 vi[/]) = 0
Hi-o = Ho
! g
va, =2 ki p}(/(t),u'\‘/i

F. Camilli, R. De Maio, A. Tosin, J. Differential Equations, 2018

@ Multi-agent systems with
symmetry breaking
(opinion dynamics with
polls)

Wy~10"*

Wy ~107!

=10¢

@ SDEs + Fokker-Planck

equations
awg = [OK(wk, {wh}}_,)
+(1 — O)K[f(t, wy)]at
+©dBk
—(1 — ©)D[f](t, wg)dt
of = ow((DIf] — KIMF)

E. Cristiani, A. Tosin, Multiscale Model. Simul., 2018



