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» How cells interact with materials?
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Cell regulation
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BioMEMS enable modification of all the relevant
factors!
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Cell-material contact

Better understanding of cell-material contact is
needed for...

> tissue engineering
» implant integration
» understanding cancer
» cell-based sensors
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Material properties influencing cells

wear debris
release profile

topography

surface energy

wettability S
.. electrical
° properties
modulus o .
o © surface chemical
composition

macro-, micro-, coffoé_ion parameters
nano-porosity ion release profile
crystallinity
dissolution/degradation
profile

[Kaivosoja et al., 2011]
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Mechanism of cell-material interaction GBI T
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(3) Mechanotransduction

Motivation

(2) Focal adhesion

A Tissue cell

Cell-material contact

Macromolecule adsorption

- . ~ Focal adhesion

&% 3 ; Mechanotransduction
— < Analyzing cells

Soluble factors
. Physical forces
Matrix v

Cell-cell contact
Migration

[Discher et al., 2005]

Cell trapping and sortin
Hidden epitopes AP ¢

Cells as sensors

Exposed epitopes

[Thevenot et al., 2008]
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(1) Macromolecule adsorption Sethl
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Type and amount
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Focal adhesion

Mechanotransduction

Total A+B+C

Soluble factors
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[Thevenot et al., 2008]
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(1) Macromolecule adsorption

Functionality

Hidden epitopes

Exposed epitopes

NI

[Thevenot et al., 2008]
Protein in Solution
Bioactive site _——

(active site intact and

Protein Adsorbed on Surface
[Thyparambil et al., 2015]
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(2) (Focal) adhesion
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[Sun et al., 2016]
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(3) Mechanotransduction

A Tissue cell

Matrix

[Discher et al., 2005]

= mechanisms by which cells convert mechanical
stimulus into chemical activity.
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(3) Mechanotransduction

Increasing stiffness in breast tumours
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Nature Reviews | Cancer

[Butcher et al., 2009]
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(3) Mechanotransduction
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[Engler et al., 2006]

Collagenous Bone
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Mechanism of cell-material interaction

(3) Mechanotransduction
(2) Focal adhesion

A Tissue cell

Matrix

[Discher et al., 2005]
Hidden epitopes

Exposed epitopes

[Thevenot et al., 2008]
(1) Macromolecule adsorption

Aalto-yliopisto
Sahkotekniikan
B korkeakoulu

Cells on chips 12/42

Emilia Peltola, D.Sc.

Motivation

Cell-material contact
Macromolecule adsorption
Focal adhesion
Mechanotransduction

Analyzing cells
Soluble factors
Physical forces
Cell-cell contact
Migration

Cell trapping and sorting

Cells as sensors



Modulation of substrate mechanics

Static cross-linking

Photo-assisted stiffening

a Soft gel Stiff gel

Low crosslinker fraction  High crosslinker fraction

Photo-assisted softening

C Photolabile groups

D 7

—_

Fhoto-degradable backbone for softening

[Shao and Fu, 2014]

b

—  Gelation uv ——
Gel solution ——HA hydrogel —— Stiffenin
! Addition e Radical 9

Aalto-yliopisto
Sahkotekniikan
B korkeakoulu

Cells on chips 13/42

Emilia Peltola, D.Sc.

Motivation

Cell-material contact
Macromolecule adsorption
Focal adhesion
Mechanotransduction

Analyzing cells
Soluble factors
Physical forces
Cell-cell contact
Migration

Cell trapping and sorting

Cells as sensors



Surface features Cells on chips 14/42

Emilia Peltola, D.Sc.

Macromolecule adsorption
Focal adhesion

Mechanotransduction

Shape: pillars, pits, gratings, etc.

Dimensions: size, spacing, height

Arrangement: regular / irregular / random, isotropic /
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Generating adhesive cues

Microcontact printing Photo-assisted patterning
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—

[Shao and Fu, 2014]
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Examples: Shape
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Understanding how to control stem cell fate using
micro—fabricated surfaces:

Focal adhesion
Mechanotransduction

5 days

3 days 10 days 14 days

Soluble factors

Migration

[Luo et al., 2008]
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Examples: Dimensions

1 pm

1 pm

[Isoaho et al., 2018]
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Examples: Surface arrangement Gells on chips 18142
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100 nm
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Analyzing cells
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Cell-ECM contact

Why to control all of these?
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Macromolecule adsorption

Mechanotransduction

Soluble factors

The control of soluble factors is useful for...
» drug screening

> optimizing cocktails for stem cell differentiation
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Concentration gradient generator el on chips 21152
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A Inlet 1 Inlet 2 B

Inlet 1 Inlet 2
. Macromolecule adsorption
Concentration Focal adhesion
Mechanotransduction
gradient Ss
generator 2 Soluble factors
(CGG) §§ § §§§ Physical forces
5 Cell-cell contact
S Migration
Cell culture
module
Reservoir

[Tian et al., 2012]
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Concentration gradient generator

Stem ceII differentiation into Schwann cells

Concentrations between FSK( 1 M) and HRG(ng/ml) (FSK/IHRG)

9.00/0 8.00/50.00 7.001100.00 6.00/150.00 5.00/200.00
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) 2 30 an 5n
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s]6)7
o =y g on 10m

Concentratlon gradients of forskolin (FSK) and

B-heregulin and the amount of positive Schwann cells

[Tian et al., 2012]
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Physical forces
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Motivation

The control of physical forces is useful for...

Cell-material contact

Macromolecule adsorption
» stem cell differentiation, tissue engineering

Mechanotransduction

Tension Compression Shear

Analyzing cells
Soluble factors
Physical forces
Cell-cell contact
Migration

Cell trapping and sorting

Cells as sensors

Cells are subjected to many forces in vivo
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Conventional bioreactors Cels on chips 25142
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Analyzing cells
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~ Migration
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\/

Cell trapping and sorting

Cells as sensors

TRENDS in Biotechnology

[Martin et al., 2004]
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Example: Effect of pressure on bone
formation

Oscilloscopa ELF Pressure
sensor sensor

o8 g Fast switching

LP Regulator
valve (solenoid)

Cell & media —
inlet

port Driving circuit

S
¥ Outlet

Microscope with
CCD camera

A
Air chamber ! /
/
Cell cl'waml}er—/r

[Sim et al., 2007]
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Example: Effect of pressure on bone el on s 242
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Macromolecule adsorption

Focal

hesion

Me:
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025

Soluble factors

= Physical forces

ell contact

Migration

ALP sctivity (mMol/Sx10°4;

Dey0 Day3 Day5

[Sim et al., 2007]
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Cell-cell contacts

Why is regulation of cell-cell contacts interesting?

> triggering cellular behavior, such as growth,
migration and differentiation

» drug and toxicology screening

> tissue regeneration
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Example: Neurons onh a Chip Cells on chips 26/42
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Soluble factors
Physical forces
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[Yuetal., 2011]
3D microenvironment
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Example: Neurons on a chip Gells on chips 26/42
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Cell-cell contact

Migration

T &
[Yuetal., 2011]
3D microenvironment
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Understanding migration

Why is regulation of migration interesting?

Quter Compartment

M 1 hour

Cell Compartment

perkel, 2012 Gell in a labyrint

Aalto-yliopisto
Sahkotekniikan
u

korkeakoulu

Cells on chips 27/42

Emilia Peltola, D.Sc.

Macromolecule adsorption
Focal adhesion
Mechanotransduction

Soluble factors
Physical forces
Cell-cell contact
Migration


http://www.youtube.com/watch?v=yzW5GGYk5Co
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Example: Boyden Chamber + flow

Emilia Peltola, D.Sc.

chamber
: A
Cell suspension Macroroleou adsrphon
- = = ansccton
== -
-~ S sketnm
o= Physical forces
Cell-cell contact
Membrane x Migrtion
L
T =
=
- |3
Chemoattractant \ 4

[Kwasny et al., 2011]
Mimics physiological shear flow conditions in blood

vessel
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Example: Metastasis Gells on chips 29142

Emilia Peltola, D.Sc.

endothelial cell (EC)
/ el

o

bune matrix

Migration
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4 wiosteo-cells /|
’

g
EC channel
%
top view

[Bersini et al., 2014]
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Cell trapping and sorting Cells on chips 30/42
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Macromolecule adsorption

Focal adhe:

Mechanotransduction

Why do we want to sort cells?

» diagnosis of health disorders, especially blood
cancers

» isolation of stem cells for research & tissue
engineering

Migration

Cell trapping and sorting
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Cancer diagnostics

Miniaturized nuclear magnetic resonance platform for
detection and profiling of circulating tumor cells

Y@% ;ﬁ;

trans-cyclooctene Tetrazme
b 2-step BOND
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* Direct conjugates
x Control
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10' o o

0 100 200
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[Castro et al., 2014]
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Cancer typing — benign or malignant?

A B C .
Erythrocyte lysis ow PDMS

" 5 ®
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Pleural effusion

D Fs E
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) \ | -
Initial Deformability, 1'05 10 15 20 25 eukocytes
diameter,d D=alb Initial diameter (um)
Fs

[Tse et al., 2013]
An approach that relies on microfluidic forces to
diagnose pleural effusion samples as malignant, or no

=
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Leucocyte separation from whole blood  ®oneme
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Affinity flow fractionation

Macromolecule adsorption

Focal adhesion

Mechanotransduction

Soluble factors
Physical forces

Cell-cell contact

Migration

Cell trapping and sorting

Buffer \

[Bose et al., 2013]
Video example of neutrophile separation from blood
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http://www.youtube.com/watch?v=TkeUK-K2HYs
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Cells as sensors
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Macromolecule adsorption

Focal adhe:

Mechanotransduction

The idea of using living creatures as sensors is not
new: canaries used to detect toxic gases in mines
already in 18 century
Cells based sensors are used for...

» detection of toxins and pathogens

> drug screening

Cell-cell contact

Migration

Cells as sensors
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Listeria detection with lymphocytes Gells on chips 35142
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Food safety testing
- able to distinguish pathogenic from non-pathogenic

(A)

Cells as sensors

[Banerjee and Bhunia, 2010]
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Example: Sensing & therapeutics

» optogenetic, glucagon-like peptide-1 secreting

cells

» light-controlled therapy to obtain improved

glucose homeostasis

Return signals

[Choi et al., 2013]

Sensing cells/
therapeutic cells

Light-guiding
hydrogel implant

PREAN

Tissue in vivo
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Summary Cells on chips 37/42
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» Why are bioMEMS great for influencing cells?

» How cells interact with materials? el &3 sEnsu
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