
Collective migration of leukocytes
Adriano Barra

Dipartimento di Matematica & Fisica, Università del Salento



A. Barra,         Collective migration of leukocytes,                    USA and Italy: Biomechanists Outlining New Directions                                                    02/29

OUTLINE OF THE TALK

1) The Maximum Entropy Principle à la Jaynes & a minimal historical overview

2) The migration of leukocytes toward cancer in LabOnChips as a stochastic process

3) Inferring the interactions: delayed max-S (path integral formulation)

4) Application One: dendritic migrations as uncorrelated drifter random walks

5) Application Two: evaluation of chemotherapy efficacy in pancreatic cancer

6) Outlooks and conclusions
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The starting point: inverse problems in the 
statistical mechanics of neural networks
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Spend a few words on 
«Statistical Reductionism»
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FROM NOW ON THIS IS MY RESEARCH!
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Good guys reservoir

Bad guys reservoir
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KO leukocytes perform 
standard diffusion. 

OK (WT) leukocytes perform ballistic motion: they perceive the chemoattractant gradient.
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These leukocytes are «dendritic cells» (conclusions hold only for them)

At contrary, if the white cells are healthy and the antigen is present, their motion is ballistic 
pointing straight to the target (i.e. the antigen).

OK

KO
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A pivotal question concerns now «coordination» (or its lacking) during migration to antigen.
Here the Maximum Entropy comes into help.

&
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Note: I move now to several cellular lineages, not only dendritic cells, we can deepen later 
any single test-case as needed…
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A big conceptual obstacle: at difference w.r.t. neural dialogues or flocks of birds, here 
leukocytes can not communicate «instantaneously» → constraining the equal-time 
correlator is a huge mistake!

NO!!!

YES!!!
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Note: Markovian dynamics is not recovered!

Note: estimating tau gives to experimentalists
Precious information (e.g. on the mass of the
eventually unknown Signalling protein)…
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Results on chemoattractant gradient confirm no interactions during dendritic cell migration.
Note that the growth of the field (i.e. the gradient) is well captured (blue points)

Dendritic migration to melanoma 
cancer is a one-body phenomenon!
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Real test cases: in upper plots different white cells undergo in a wound healing.

Real test cases: in lower plots different white cells undergo collective migration to antigen.
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What chemotherapy should I administer to the patient?

A major problem is that cancerous cells try to elude 
immunosurveillance…
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THANK YOU FOR YOUR GENTLE ATTENTION!!!

Ps) just in case: more on www.adrianobarra.com 

Clinical outcomes are in agreement with math prediction (flow cytometer count of dead cells)

…toward Precision & Personalized Medicine: works in fieri…

http://www.adrianobarra.com/


A. Barra,         Collective migration of leukocytes,                    USA and Italy: Biomechanists Outlining New Directions                            16/32



A. Barra,         Collective migration of leukocytes,                    USA and Italy: Biomechanists Outlining New Directions                            17/32


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32

