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Lithography for Microfluidics

Embossed microstructures
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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 (uL, nL, pL, fL)
. small size

. low energy consumption

. effects of the microdomain
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“You have to remember
that a worm,
with very few exceptions,

is not a human being”
Prof. F. Frankenstein
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Microfluidcs for Organs-On-Chip & Micro Physiological Systems
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Microfluidic devices lined with living human cells for
drug development, disease modeling, and
personalized medicine

An Organ-on-Chip (OoC) is a fit for purpose
fabricated microfluidic-based device, containing
living engineered organ substructures in a controlled
micro- or nanoenvironment, that recapitulate one or
more aspects of the dynamics, functionality and

(patho)physiological response of an organ in vivo, in
real-time monitoring mode
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OoC can be classified into 2 distinct types

* Single-organ systems: emulating key functions of
single tissues or organs

Upper
channel

Porous

Lower membrane

channel

Vacuum

Reconstituting Organ-Level Lung Functions on a Chip
Huh D, Matthews BD, Mammoto A, Montoya-Zavala M, Hsin HY, Ingber DE. Science 328, 2010.
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OoC can be classified into 2 distinct types

* Multi-organ systems: combining multiple organ/0OoC
to reproduce the systemic interactions that occur in
vivo.

oral dose
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Start: 2012
Status active
funding >100M$
) ¢ ‘\ 7 ) Partners 11
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J}/ / ~ \ Approach Annual awards
Skeletal Muscle Adipose

subprojects >60

https://www.youtube.com/watch?v=zVIEr8c-OJk&feature=youtu.be
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P Meet Chip
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P Meet Chip

scenario: Meet the chips

Tiny Organs in Orbit

: Gastrointestinal System

P Meet Chip
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: Female Reproductive

System

: Blood Vessels

P Meet Chip

P Meet Chip

: Fat (Adipose)

P Meet Chip

: Skin

P Meet Chip

: Disease Models

ttps://ncats.nih.gov/tissuech

Concept of Planar BBB Neuro Vascular
Unit Chip (Vanderbilt)
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A technological echosystem

E m u Iate B i O Organ-Chips Pod™ Portable Module Zoé™ Culture Module Orb™ Hub Module Apps
https://vimeo.com/398591225
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https://www.aimbiotech.com/videos.html
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the organ-on-a-chip company
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Emulating Human Biology




@VIEN Organs on chip companies

L —
National Research Council

Sclentific Selected products ?:::‘::::: Selected products
Body on-a-Chip
° i Multi-Organ Chip S o
H SRIOSI(ON] e ckmer (2 4 organs) Linda G Griffith t::ﬁ:::g -

(5-10 organs)*

2-Organ-Chip (2-OC)

4-Organ-Chip (4-OC) Microphysiological

TiSSUSE

Uwe Marx A Joseph Charest
Emulating Human Biolagy :Lungn-on-a-Chlp B Systems
0C)*
Lung on-a-Chip
Airway on-a-Chip P == Jos Joore
Donald Ingber Gut on-a-Chip MIM=TR=S Paul Vulto OrganoPlates®
Kidney on-a-Chip e SIIEA-RI-RLhtl Fmaony Thomas Hankemeier

Bone Marrow on-a-Chip

Olivier Guenat Lung-on-a-chip array @@

SynTumor
Kapil Pant SynBBB

B. Prabhakar Pandian ~ SynRAM
SynTox

G. Wesley Hatfield o
5 ? Vascularized
Kidney on-a-Chip * = Christopher Hughes +
o Thomas Neumann = d B (0] micro-organ
Vessel on-a-Chip el Steven George (VMO) ,,Et,o,,,,
—

Roger Kamm 3D cell culture chips

Abraham Lee
\ X @w\ Axel Guenther Artery on-a-Chip A”\/‘g §
% ey

BIOTECH

Quorum
Parenchymal tissue on-a-Chip

=

HepatoPac® —— : Milica Radisic Cardiac Biowire™ Il
Sageea el HepatoMune™ TA R A Gordana Vunjak-Novakovic AngioChip*
/N

Gabor Forgacs ExVive3D™ Liver O r a n O P / Kevin Heal Organo

Keith Murphy ExVive3D™ Kidney* M g y evin Healy uorg:
Tamer Mohamed - .

Konrad Walus Lab-on-a-Printer™ EHT - " ibionoe Eschant gil ed Heart
Sam Wadsworth 3DBioRing™ Airway . Tissue (EHT)

oS Simon Bojor Technologies .

——— Jan Lichtenberg 3D Insight™ Liver
p ero N o vkom 3D Insight™ Islet

Wolfram-Hubertus
Zimmermann

3D Cardiac Systems

myriamed

PERFECTA3D® . -
3D Nicholas Kotov HANGING DROP ““ AXOS""n Michael Moore Nerve-on-a-Chip™
e PLATES
HureLhuman™ ¥ \ Noo Li Jeon Standard /
Huwer R (:n:'gFBax;er Hureflux™ ) I(Ono Carl W. Cotman Triple Chamber
CORPORATION e mroogman HureL Tox™ @@ MICROFLUIDICS Anne Taylor Neuron Device
HureLflow™ m
_ N 13 Tl ()
K | YAT EC } t Matthew R. Gevaert ~ 3DKUBE™ Bernadette Bung Neuronal Diode
= Micr~Brain BT
Margaret Magdesian Neuro Device

\'/VAX SN William L. Warren MIMIC® Technology
LG L




L .
Microflusdics ab ona Chlp
f o _‘/m g ) Y A o " 77 - —— Miniaturisation for chemistry, physics, biology, materials science and bioengineering

J - O J J - \J \J -J h.J -.J ~ ] J J J -O - Q J \J C O J \O (((—\)‘—5/ www.rsc.org/loc Volume 13 | Number 2 | 21 January 2013 | Pages 181-312
10 - ST \ Sk //‘: = - < 7 .'(,___/'r" 2
Recreating and Measuring 8

?>—<“ |
L
o= .

s
& “(IFN

Istituto di Fotonica e Nanotecnologie - Institute for Photonics and Nanotechnologies

Consiglio Nazionale delle Ricerche
National Research Council RSC Publishing




C‘I Institute for Photonics and Nanotechnologies
National Research Council O UTLINE

* Chemotherapy-induce immune response and genetic mutations

* Drug-resistance tumor heterogeneous microenvironments

W Activation
of T cell

of tumor

* Immunotherapeutic strategies antigens _ *.°

* Mechanism of Tumor immune escape

et al., Science 2015
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OUTLINE

* Chemotherapy-induce immune response and genetic mutations

Vascular system-derived
* Immunotherapeutic strategies CAFs

* Mechanism of Tumor immune escape

Cancer cell-derived
CAFs (EMT)

( Resident tissue-derived ]

e Ninno A et al., Cell Reports 2018 CAF<
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* Chemotherapy-induce immune response and genetic mutations

* Drug-resistance tumor heterogeneous microenvironments

THE NOBEL PRIZE
u Immunotherapeutic strategies IN PHYSIOLOGY OR MEDICINE 2018
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* Mechanism of Tumor immune escape

POUSL|F SEPUN SSUDjenEn)|)

-al., Sc Reports 2017
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OUTLINE

* Mechanism of Tumor immune escape
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(i) Loss of antigenicity (ii) Loss of immunogenicity

3 Immunosuppressive leukocytes (e.g., macrophages)
@ Antitumor leukocytes (e.g., effector T cells)

® Immunosuppressive molecule (e.g., PD-L1)
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Chemotherapy-induced antitumor immunity requires formyl peptide receptor 1. Erika Vacchellif, Yuting Ma T, Elisa E. Baracco, Antonella Sistigu, David P. Enot, Federico
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2D COCULTURE CHIP: ADHERENT AND FLOATING CELLS
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Vacchelli et al., Science, 2015
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PR O e ‘ INEFFICIENT INTERACTION

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



. Institute for Photonics and Nanotechnologies
| —

National Research Council

.ff’w‘."

- T
% |

s

4\‘

\';b\

B CRT G YT (R mR TR
o LY [
[ ¥ A
L™
|5 |

|

Only DCs |solated from th
cancer cells




Cl Institute for thomcs and Nanotechnologies

PBMCS jnteracting Stable conjugates between dying tumor cells and
with dying cancer cell human DCs prolonged (> 60 min) juxtaposition

MCA205 DCs Merged

Interaction times between dying cancer cells
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@ IFN IFN-DC sense environmental signals and adjust their motion towards

cancer cells undergoing Rl-induced apoptosis 2
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Motility in 2D and 3D
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Measuring un-labeled cancer-immune interactions in multi-cell type context
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