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Cells on surfaces

On the origin of life: recent engineer’s point of view

There are more and more new evidences that “first cells
could have formed at the surface of porous minerals”...

HYDROTHERMAL-SEDIMENTARY ORIGIN OF LIFE
Westall et all ASTROBIOLOGY V 18 (3) 2018

“A primeval metabolism begins in water at the

surface of minerals...”

These promote the polymerization of some of the elementary
building blocks, including RNAs. An RNA-metabolism world
develops and leads to the replication of these RNAs, eventually
forming an RNA-genome world which then uses RNA
molecules as information templates (primitive genes) rather
than as direct substrates for metabolism.

https://www.encyclopedie-
environnement.org/



Cells on surfaces

Smooth Surface

Between protection and defence ?

Numerous factors can be important

-cell types, size, properties
-surface material
-background gas or liquid
-surface topography
-topology

Etc...
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Cells : physical influences

Stiff substrate
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Actin

lTin‘[egrin

Generation of isometric tension and
altered intracellular signalling

Soft substrate
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Cell exerts greater force than the substrate can resist,
leading to matrix remodelling and generating

gaps to move through

Integrin-mediated adhesion

Cell

‘Actin
membrane

€ Adhesion

ECM Integrin

M High-strength, mechano-responsive
ol adhesion and signalling to the

actin cytoskeleton

Low-affinity adhesion

* O*b*r?**

Electrostatic or Van der Waals
interactions may generate friction

Interdigitation in matrix gaps

e

Generates traction in
the absence of adhesion

Rigidity b Confinement
d Topology

1D: a single fibre or thin strip of matrix

——

Lack of matrix to the sides reduces
lateral expansion of protrusions

2D: a planar surface

N |

Protrusions can expand laterally

3D: in a channel or through the pores of a gel

Continuous surface

/-__o_-\\ Not compatible with
broad lamellipodia

Constric‘tiqn

Constriction points present a difficulty
for the movement of the nucleus

—V
Adhesion

Continual positive feedback between
adhesion and actin polymerization

Strong adhesions
near the front of
the cell pull the

4— cell body forward
Traction

G. Charras et. al. Nature Reviews Molecular Cell Biology | AOP, 30 October 2014



Antimicrobial coatings vs surface texturing

Particles and Glow Discharge Plasma

contamination hade up of: U.S. antimicrobial coatings market size, by product,
Aloms 2016 - 2027 (USD Billion)
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Source: waaw. grandviswresearch.com

Microbes include:
fungi

*bacteria

«algae

*Virus

Comact

Silirg

Nature Helps: Toward Bioinspired Bactericidal Nanopatterns
Mahya Ganjian et al, Advanced Materials, 06 June 2019



Role of textured surfaces

* Analogy with the gecko
skin - wetting control
and adhesion
properties

* The texturing of
surfaces is a key step
toward better bio-
integration of
prostheses, implants,
scaffolds

* Hydrophilic surface
promotes the
interaction of the
surface with cellular
elements, which is of
particular importance
in the early stages of

osseointegration

S. Lavenus et al., Impact of Yu. Karlagina et al.
nanotechnology on dental ITMO Univ.
implants.

Adhesion and stem cells Osteoblastic markers:
markers: VCAM, ITG, THY1 Runx2, ALP, OCN, OPN

G. S. Watson et al. « A gecko skin
micro/nanostructure ... »
Acta Biomaterialia 21 (2015), 109-122



Dental implants: different parts - different treatment
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of bacteria.

In contact with the gingiva — a texture allowing the
development of gingival fibroblasts and limiting the adhesion

%M In contact with the bone tissue - should promote the
& '°
9‘93!3 differentiation and mineralization of bone cells to optimize

=%l osseointegration.

Here, we will concentrate on

osseointegration

Stem cells on textured surfaces
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-Mechanotransduction

-Growth
- Osteoblast differentiation



Surface Modifications for Osteoblastic Differentiation

K.A. Kilian et al., PNAS 2010
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Ways to get osteoblast differentiation

Random-shaped
stem cells

Star-
> T
stem cells

K.A. Kilian, et al. PNAS 2010

Osteoblast
‘ (bone builder)

Cells mechanically constrained

Mechanically induced osteoblastic
differentiation

We will try to guide cell to get a « star-like »
extended shape to favor osseointegration.



Advantages of Femtosecond Lasers

1030 nm
300 fs Scanner

31~500 kHz

* Can easily produce surface structures
e Can vary the size and the shape of the
structures by reducing the thermal effect

* Favors
quality

Ni, Cu, 316L, TABV

a better control and a better

e Can minimize contamination and debries

* (Can

alternate hydrophobic and

hydrophilic properties

Swiss Army Knife
Flat Design

X. Sedao et al. Optics and Lasers in Engineering
116, May 2019, Pages 68-74

It remains to define the best
surface relief, the optimum laser
parameters.

For this, a better understanding
of wetting on textured surfaces is
required.
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Multi-scale Laser Patterning

Hierarchical surface relief
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A. Klos et al. Nanomaterials, 10(864) 2020 ' Fr zj
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(A) nucleus adhesion plaques cytoskeleton laser processed surface

DNA vinculin f-actin merge
(B)
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(A) hMSCs exhibits preferential focal adhesion location on polished areas (white arrows), nucleus inside a pit, and cytoskeleton
star-like shaped. DNA is shown in blue, vinculin in green, actin in red.

(B) Ratio of adhesion plaques on polished regions compared to adhesion plaques on laser-nanostructured ones was obtained
either by counting the number of adhesion plaques per cell (left panel) or by measuring the areas of the adhesion plaques per cell
(right panel). Data shows a significant differences between LP_LIPSS and LP_spikes concerning the number

and the area of adhesion plaques per cell. Red lines denote mean values.

A. Klos et al. Nanomaterials, 10(864) 2020




How Modeling Can Help?

DETERMINE
CONVERSION
TO IMPROVE

0 THE FIVE STAGES @
MEASURE TOTHE

HYPOTHESIZE

RESULTS EXPERIMENTAL CHANGE
b FRAMEWORK '

RUN e
EXPERIMENT 4

IDENTIFY THE
VARIABLES AND
CREATE VARIATIONS

Main objectives of the modeling

-to reduce the number of tests
-to optimize laser treatment

* To explain/predict the connections of cell/bacteria
behavior with surface materials and relief

* To explain/predict the best materials and structure
parameters for the required wettability

* To determine the best/required laser parameters

13



Effects of surfaces roughness on wettability

cos By = reos

(b)

' “os ) 4 08 6 cosr =ryfspcosf 4 fg — 1
Wettability changes with surface 008 B = fg1, 008 6, + fra 08 6

relief, with surface/liquid/gas
compositions, with droplet size
and...
Wettability changes with
...time!

The theories of wetting for a textured surface are
often based on Cassi-Baxter and Wenzel models that
are over 50 years old and are oversimplified.

14



Computational Fluid-Dynamics CFD Model

QOpen Boundary
ou
gl p—-+p(w.V)u=V.[-PI + K] +F + pg

Liquid pV.u=20
droplet K=u(Vu+ (Tu)T
Fg = 06knjy + 6V,o

Wetted wall

Navier-Stokes (Fluid Flow)
Air

Open Boundary
Adopuncg uado

Level Set Method

(Interface tracking) Ca = ”Z“ is Capillary number
9 Vo representing the relative effect
T +u.Vp =yV(esVed — (1 — ¢) ﬁ of viscous drag forces

versus surface tension forces

p= p;+(py—p1) . .
actlng dCross mterface

p=p+ (U —p1)op
Kisler Model: Dynamic

contact angle (6 4) U.; is contact-line velocity

— -1
0 = fulCa+ fu (03)] S.F Kisler, Hydrodynamics of wetting,
JC Berg (Ed.) Wettability, New York,

X noe 1993
fy = arcos {1 — 2tanh[5.16 (1 n 1.31x°-99> } :
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Calculation Results: Model Validation

Simulation of water droplet falling on glass

Properties of Water and Air (b) g ™ 1.8 ms 3.9 ms 525 ms 6.1ms 7.25 ms

Parameters
Density of water 997 Kg/m*"3 o A — A ~TS A

Dyn. visc. of water 0.9 mPa.s

: : A _
Density of air 1.204 Kg/m"3 Spreading Parameter (ds/do)
Dyn. visc. of air 1.814*10e-5 . . . . .
1.7+
Surf. lig.-air 0.0718 1651
1.6
Shiji et al (2018) 155}

1.5

1.45

1.4

1.35F

1.3

Spreading Parameter

1.25F

L 4 L.[ 120
Diameter of droplet = 2 mm | ]
ImpaCt VeIOCity - 0'56 m/s E] 0.[;01 0.(;02 0.(;03 0.(;04 0.(;05 0.(;05 0.(;07
Equili. Contact Angle = 106 et

Shiji et al (2018), Impact of viscous on different wettability,
Journal Colloid & Interface Science (Experiment) 16



CFD Results: Droplet Dynamics

Glycerol Droplet Dynamics on wax: Experiment vs Simulation

11 « Exper ment
22 = Simulation
dS/dO 2.0 . Experirtrzenl {Sikalo et. al.) oo dh/dO 10 "l,"..
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de/d Glycerol-Water Droplet dynamics on different textured surfaces
s/A0
* Simulation results obtained for 2.45mm glycerin
' i GriOn Gt droplet on wax at a contact of 15°is compared
16 I ihy-water| Squane relief) . .
Giy-wter (Trarguiar el with the experiments.
14 o "
"5 2 A TN L . .
: ' ' * The initial spreading process for the droplet is due
2 .. to the impact pressure and inertia.
S o
L% L1X5 .
o [ * The dynamics of the droplet on the textured
s J ' surfaces is different. There is a great impingement
00 — of the liquid upon impact. This effect is due to the
[URLE Y .05 0010 05 G20 Qa5 0030

air pressure within the relief and the roughness of

Time (s}
the surface. Oscillations are then observed. "/



CFD Results: Effects of surface tension on plain and
textured surfaces

Diameter of droplet=2 mm
Impact velocity = 0.56 m/s
Equili. Contact Angle = 106

Liquid droplet falls on the periodic rectangular and triangular relief
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Spreading parameter on a plain (a) and on a triangular (b) Ti-6Al-4V surfaces
at different surface tension. 18



CFD results: role of the textured surface

- . d -
Spreading factor = < Glycerol-water droplet on glass
(o]

\\ 1 hApex height = Di
[ — [~ d = diameter of droplet <’> r w //\
Do = initial diameter
h = apex height of droplet P~ —yy =N
i eSS N

@E B Glycerol-water droplet on triangular relief surface

diameter is 2Zmm
the static contact angle ( 6,) is 76°
at impact velocity of 0.8 m/s

b 8
o
52
> >
-
L=
».a
». =
> >
L= N
o

o3

o.3

o2

L |

Glycerol-water droplet on square relief surface

Parameters from:

Shiji L. et. al., Impact of viscous droplets on different
wettable surfaces..., Journal of Colloid and Interface
Science 516, 15 (2018), pp. 86-97.
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Summary

eFemtosecond lasers allow us the formation of complex surface reliefs.

eA connection between cell behavior and surface wettability has been
established.

eAdvanced laser processing solutions are promising for implants surface
functionalization.

eSurface relief, droplet size and impact velocity play a role in wettability.

e Spreading parameters such inertial, viscous, capillary and contact-line forces
strongly affect the dynamic contact angle and wetting.

THANK YOU VERY MUCH FOR
YOUR KIND ATTENTION!
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