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In the beginning we were Lithographers



Photosensitive 
Material

Lithography for micro and nano fabrication



Lithography for Microfluidics 



Lithography for Microfluidics 

Microfluidics deals with the behaviour, precise control and 
manipulation of fluids that are geometrically constrained to a small, 
typically sub-millimeter, scale.
Typically, micro means one of the following features:

• small volumes (μL, nL, pL, fL)
• small size
• low energy consumption
• effects of the microdomain



OOC: a way to include human IS specificity

“You have to remember 
that a worm, 
with very few exceptions, 
is not a human being”

Prof. F. Frankenstein



Microfluidcs for Organs-On-Chip & Micro Physiological Systems



Definitions



OoC classification 

OoC can be classified into 2 distinct types

Reconstituting Organ-Level Lung Functions on a Chip 
Huh D, Matthews BD, Mammoto A, Montoya-Zavala M, Hsin HY, Ingber DE. Science 328, 2010.



OoC classification 

OoC can be classified into 2 distinct types



Science Fiction? Look at Tissue Chip Project

Start: 2012

Status active

funding >100M$

Partners 11

Approach Annual awards

subprojects >60

https://www.youtube.com/watch?v=zVlEr8c-OJk&feature=youtu.be



US scenario: Meet the chips

https://ncats.nih.gov/tissuech
ip/chip

Concept of Planar BBB Neuro Vascular 
Unit Chip (Vanderbilt)



https://vimeo.com/398591225

US scenario: Companies 

A technological echosystem

Emulate Bio

https://www.aimbiotech.com/videos.html



EU Scenario - Companies



Organs on chip companies





▪ Chemotherapy-induce immune response and genetic mutations

▪ Drug-resistance tumor heterogeneous microenvironments

▪ Immunotherapeutic strategies

▪ Mechanism of Tumor immune escape

OUTLINE

Vacchelli et al., Science 2015



▪ Chemotherapy-induce immune response and genetic mutations

▪ Drug-resistance tumor heterogeneous microenvironments

▪ Immunotherapeutic strategies

▪ Mechanism of Tumor immune escape

OUTLINE

Nguyen, De Ninno A et al., Cell Reports 2018



▪ Chemotherapy-induce immune response and genetic mutations

▪ Drug-resistance tumor heterogeneous microenvironments

▪ Immunotherapeutic strategies

▪ Mechanism of Tumor immune escape

OUTLINE

Parlato et al., Sc Reports 2017



▪ Chemotherapy-induce immune response and genetic mutations

▪ Drug-resistance tumor heterogeneous microenvironments

▪ Immunotherapeutic strategies

▪ Mechanism of Tumor immune escape

OUTLINE

Racioppi et al. Nat Comm 2019



Chemotherapy-induced antitumor immunity requires formyl peptide receptor 1. Erika Vacchelli †, Yuting Ma †, Elisa E. Baracco, Antonella Sistigu, David P. Enot, Federico

Pietrocola, Heng Yang, Sandy Adjemian, Kariman Chaba, Michaela Semeraro, Michele Signore, Adele De Ninno, Valeria Lucarini, Francesca Peschiaroli, Luca

Businaro, Annamaria Gerardino, Gwenola Manic, Thomas Ulas13, Patrick Günther, Joachim Schultze, Aicha Goubar, Gautier Stoll, Céline Lefebvre, Sylvie

Rusakiewicz, Sylvain Ladoire, Monica Lucattelli, Fabrice André, Lorenzo Galluzzi, Ilio Vitale, Giovanna Schiavoni, Fabrizio Mattei *, Laurence Zitvogel*, & Guido

Kroemer*. Science 2015.

▪ Major finding: Anthracycline-induced antitumor immunity requires immune cells to express the protein formyl peptide
receptor 1 (FPR1)

▪ Mechanism: FPR1 and its ligand ANXA1 mediate stable contacts between dendritic cells and dying cancer cells. In mice cancer
cells growing in Fpr1–/– hosts were resistant to anthracyclines . Failure of DCs lacking FPR1 to approach.

▪ Impact: Breast or colon cancer patients expressing a variant of FPR1 and treated withanthracyclines showed poor metastasis-
free and overall survival

MCA205-DOXO

corpses

How dying tumor cells get noticed

Chemotherapy-induced anticancer immune response



PDMS chips mounted on 

a 6- multiwell

2D COCULTURE CHIP: ADHERENT AND FLOATING CELLS

TRACKED TRAJECTORIES:
MOTILITY AND INTERACTION PARAMETERS

Vacchelli et al., Science, 2015
Businaro,De Ninno et al., Lab chip, 2014
De Ninno et al, Meth in Enzimatology 2019

TUMOR CELL INTAKE

IMMUNE CELL INTAKE



DOXO-TREATED

BREAST CANCER 

DOXO-TREATED

BREAST CANCER 

FPR1 WT PBMCs

FPR1 KO PBMCs

Vacchelli et al., Science, 2015

MASSIVE PBMCs ATTACK

INEFFICIENT  INTERACTION

WT immune cells in close proximity of cancer ones

Immune cells deficient in FPR1 interacted less with dying cancer cells treated with doxorubicin than functional PBMCs

FPR1 KO PBMCs

FPR1 WT  PBMCs



DOXO-TREATED

BREAST CANCER 

FPR1 WT DCs

UNTREATED

BREAST CANCER 
FPR1 WT PBMCs

Vacchelli et al., Science 2015

WT PBMCs don’t migrate toward live untreated cancer cells 

Only DCs isolated from the pool of  PBMCs don’t migrate toward dying 
cancer cells 



Tracking patterns of human immune cells toward apototic target 
tumor

Stable conjugates between dying tumor cells and 

human DCs prolonged (> 60 min) juxtaposition 

Interaction times between dying cancer cells
and immune cells

Vacchelli et al., Science 2015

PBMCS interacting
with dying cancer cell



Dendritic cell eating
apoptotic corp
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Parlato et al., Sc Reports 2017
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IFN-DC sense environmental signals and adjust their motion towards 
cancer cells undergoing RI-induced apoptosis

TUMOR

CTRL

TUMOR 

TREATED

Parlato et al., Sc Reports 2017

CD14+

monocytes

IFN-α +
GM-CSF

3 days

COMPETITION

IFN-DC

blood

Healthy donors

Dendritic cells



Immune-chamber

(floating cells)

Invasion in Tumor site

3D - Collagen
Confinement in 

u-channels

3D microfluidic platform recapitulates interconnected immune-tumor 

systems to track DC-cancer cell dialogue
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ENDOTHELIAL  BARRIER

Motility in 2D and 3D



interval time  30min, 
15h duration

yz

IFN DC engulfment ability of drug treated cancer cells : 3D reconstruction of Z-stacks confocal laser scanning

Clearing the Dead
Confocal optical sections of IFN DCs in RI tumor site 

IFN DC FITC
RI –SW620 RFP

IFN DC FITC
RI –SW620 RFP



MC Comes et al. Scientific reports 2019
MC Comes et al. IEEE TNNLS submitted
Agliari et al. Scientific reports 2018

Automated tracking Cell Hunter software :

Measuring un-labeled cancer-immune interactions in multi-cell type context 

PBMC approaching

Cancer cell

PBMCs tracks 

extraction

Cancer and immune cell centre discrimination

Cancer cell target



Statistical Mechanics &
Biological Complexity

Migratory ability and the mutual interaction of human immune cells by 
dynamical systems theory

FPR1 CC FPR1 CA FPR1 AA

Biselli et al., Sci Rep 2017

Agliari et al., Sci Rep 2014

Uncorrelated
Random walks

Biased Random 
walks

Weaker Bias
random walks

stable, unstable and metastable
dynamics



Towards in-silico staining

Unpublished: curtesy of CNR-IAC (Roberto Natalini, Gabriella Bretti, Elishan Brown, 
Paola Stolfi, Davide Vergni

Very Preliminary data!!



Towards in-silico /on-chip experiment merging

Unpublished: curtesy of CNR-IAC (Roberto Natalini, Gabriella Bretti, Elishan Brown, 
Paola Stolfi, Davide Vergni
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Synergy with Systems Biology



Andreas Bergthaler Nat Immunology 2017

Cohen Front.  Immun 2019



Take a look !!

Organs on chip, imaging and computation for biological discovery



Thanks to:

Contacts:    luca.businaro@cnr.it
adeledeninno@gmail.com

Gut on chip
Liver On Chip

Statistical Mechanics
&  Biological
Complexity

Tumor microenvironment
reconstitution

Immunosurvelliance

Onco-immunology

Organoids, 
Immunotherapy

In-silico modelsImage analysis
Machine Learning


