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Our AIM

To develop biomaterials for substitution, regeneration and functional repair of
tissues and organs

‘Third generation:

‘ Bio-instructive
Second materials
generation: s
resorbable N
‘First or active
generation: biomaterials A
* )
inert

biomaterials Able to communicate

with cells and direct
their behaviour to
specific responses
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Bone regeneration — Drug delivery 338 o

B-TCP CDHA
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Untreated . - 4

Polymerized
90CW

Polymerized
90CW

Drug loaded Calcium Phosphate Scaffolds Dry coating of complex Drug release
3D structures

Same macrostructure Different microstructure Plasma Polymerisation
Biocompatible polymers

Tunable thinner
coatings

Low SSA Thick coatings C. Canal, F. Arefi-Khonsari, et al.
Polymer. 92, 170 - 178. 2016.
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Efficacy in a variety of cancers Osteosarcoma?

Other 11 cancers Brain cancer
Head & neck

cancer

l—) 3.28%

4.10% 4
| 4.92%

Liver cancer

Skin cancer

Breast cancer
Yo

T— Colorectal cancer

Lung cancer

Leukemia

Cervical cancer

E. Robert Clin Plasma Med (2013) / Z. Chen Cancers (2017) / H.R. Mettelman, Clin Plasma med (2015)...
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Bone cancer

35
PRIMARY BONE CANCER 30 A
25 4
20 A
+ 3,600 new cases of bone g 4
cancers in the USA & j
2 10 -
X
50% mortality rate (2016) >
O _
1-20 20-35 35-45 45-55 55-65 65-74 75-84 >85
SECONDARY BONE CANCER = METASTATIC AGE DISTRIBUTION

280,000 adults in USA living with metastatic
bone disease

68% of cases occurring in patients with
primary breast, prostate or lung cancer (2008)
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Two possible modes of action

Direct plasma treatment Plasma treated liquids

|

Electromagnetic field

Photons

Reactive Species




Reactive species in liquids %

Liquid media Liquid phase reaction Liquid media
Species & q P Species &
Detection methods : : . : Detection methods * PBS
R—— Short-lived s Long-lived species + Supplemented PBS
+ DPBS * Dl water
+ Agueous solutions ° + DPBS
* NaCl solution c o * Ringer’s saline
* HBSS o35 , , * NaCl solution
+ DMEM w9 Y UV-vnsabsorpthn ) + Agueous solutions
- o spectroscopy using TiOSO,
* Supplemented DMEM e o v' Fluorescence method with * Ve
« RPMI 1640 a E ce + Supplemented DMEM
. REMI w - Amplex™ Red hydrogen « MEM
el 3 peroxide assay kit . McCoy
v EPR using spin- £ © Y UV'ViSSP?CthCOPV ¢ Adv. DMEM
trap reagents o 3 v Commercial peroxide test « RPMI 1640
v DMPO used for -

* Phenol-free RPMI 1640

scavenger of OHe
& 0, radicals.
+ PBS
* Supplemented PBS
'E * Dl water
) v Nitrite/Nitrate Assay Kit © DPBS
* Dl water , [ (Nitric Oxide Assay Kit) * NaClsolution
‘:’ ¥" Nitrate selective electrode * DMEM
3 v" UV-vis spectroscopy
v UV-vis absorption @
spectroscopy Qo *+ PBS
£ * Supplemented PBS
* Dl water
v Colorimetric method using + DPBS
Griess reagent + Serum-free HBSS
Plasma Activated Media (PAM): Gas for plasma generation ¥ Nitrite Assay Kit * NaCl solution
¥" UV-vis absorbance * DMEM

* Biocompatible liquids (water, isotonicsolutions) mmmmm ¥ Nitrite/Nitrate test strips * Supplemented DMEM
* Cell culture media * McCoy
TR T P T e
* RPMI 1640

A. Khlyustova, C. Canal et al. Frontiers Chem. Science Eng. 2019
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The plasma jets

kINPen APP)




Chemistry in the liquid phase®s® "

B) i -FBS il. + FBS :
Ringer’s + FBS
14 14
. —e—APPJ . —e—APPJ
10 | —=—KkINPen . —= KkINPen 1 L/min
10mm
8, r $T—t———p o
4 1 \‘M 41
2 - 2 .
0 Ll L T 0 L Ll
0 1 2 4 z 0 2 3 4 z
trar (min) tear (Min)
C) i . ii.
300 300 100
mAPPJ mAPPJ — mAPPJ
230 1 SKINPen 250 1 KINPen & 80 { okiNPen
o x
. 200 A — 200 - R = —
3 3 - 3 60 =
— 150 | ~ 150 )
e ? @ a0{ =
100 7 L 100 7 o
* jua—
50 - o 50 A § 20 I‘
0 L=4 h h 0 - 0 -
1 25 5 1 25 5 1 25 5
trar (min) tear (Min) trar (mMin)

M. Mateu-Sanz, et al. Cancers, vol. 12(1), p. 227. 2020.




A)

Q)

PAR - 72H Post-Treatment

RONS - 24H Post-Treatment

2D cell viability
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Cold-Atmospheric Plasma
generated RONS

M. Mateu-Sanz, et al. Cancers, vol. 12(1), p. 227. 2020.
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The weapon in plasma treated liquids:
Reactive Oxygen and Nitrogen species

Redox Therapies

Reactive Oxygen Species (ROS)

V_ o
. B Threshold
et damege Cell Death
all components » O\ - S S B S S e S i BN BN B S S BN BN BN B L
of the cell b ' o‘
o r 9
» A
‘oo o /:;, o l’
)
>
Q
OXIDATIVE c
STRESS n o
- O ~
o N VI
h IE
» =
Normal cell caggjggi:hrgsezm 2 = ]
(apoptosis or necrosis) n_ m
Normal Cell Cancer Cell

D.B.Graves, Plasma Process. Polymers (2014); G. Bauer, DB Graves , Plasma Process. Polymers (2016)
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Mechanisms involved

Intracellular ROS

Fe)
W5 APPJ) = 5'kINPen €
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Phalloidin

M. Mateu-Sanz, et al. Cancers, vol. 12(1), p. 227. 2020.
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3D: Ex-vivo organotypic culture 3%

120 -
Wm24H = 72H
100 - 4
s 80 -
= P. Layrolle
% 60 - _ -z Inserm
% ; oo A
< 40 -
20 -
o - I ﬁ _ L I
H202 CIS 10 15 20
D
) ______-_--—/’m Dose-dependent
Cisplatin 15 20 reduction of cell
y il P [l e s Sl on T Little toxicity of H,0,
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w0
i
b
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—M. Mateu-Sanz, et al. Cancers, vol. 12(1), p. 227. 2020.



:.x BIOMATERIALS,
BIOMECHANICS &
TISSUE ENGINEERING

Plasma treatment of Ringer’s
saline generates RONS which, in

Induce dose-
dependent cell-death
in OS cells

Can be selective
towards healthy cells

A single dose triggers
long term effects

Increase of
intracellullar RONS
leads to higher DNA

damage in OS cells

M. Mateu-Sanz, et al. Cancers, vol. 12(1), p. 227. 2020.
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To develop biomaterials that allow the
controlled delivery of RONS from plasma
treated liquids to the tumor site
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Cross-linked 3D polymer network that, due to their hydrophilic
nature, can absorb large quantities of water

Drug delivery system



RONS

Blood flow

[(a)

. Plasma plume Gelatin or PVA

i '. A R

i &) °

| RONS reporter RONS reporter fpeme
| solution solution — &
| a 96-well pblate a 96-well nlate >

Arteriole
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Gas Inlet

H

High Voltage Supply

Capillary Venule
network

X. Lu, M. Keidar, M. Laroussi, E. Choi, E.J. Szili, K. Ostrikov, Transcutaneous plasma stress: From soft-matter models to living

tissues Materials Science & Engineering R 138 (2019) 36-59
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From liquids to polymer solutions / g8 comconcs
natural - synthetic

C !
Liquids i CONFINEMENT of RONS in a semi-solid
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Crosslinking of hydrogels ‘¢’

Chemical Crosslinking Physical Crosslinking
 Photosensitive agents * lonic interaction

* Crosslinking molecules  Hydrophobic interaction
 Polymer-Polymer = * Hydrogen bonding
 Enzymatic crosslinking | W * Crystalline formation

Gelation method post-injection

,/f'-‘ 2
?‘\\’ .
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Synthetic polymers:
UV crosslinking = hydrogels
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Chain breaking at low
concentrations

Less differences at
high concentrations

Quicker crosslinking
after APPJ

&
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Relevant parameters towards 133
reactivity
(b)

PBS+PIS . 75

204 % tPEO+PIS " Poss

.0+ tPEOQ+PIS - He Flow E e
16 X T L I *

- e
8- T L

; e

44 % BT

o
0 4= 6.5

| | | I | | ] ! | | I 1
0 150 300 450 600 750 900 0 150 300 450 600 750 900

APPJ ( ) APPJ ( )
b
\.

/;J.\ "*‘*’*\*\*;*;* . GZ\ 10 \o\.

< '*—*****;* ‘*;*;*; (av ] ®

o * [ o,

= 1 ~ %

[ )

& j-0-0-0-g-0-0-0-0-0-0-0-0-0-0-0-0-0-g t & ...

Il EOOPPSS APPJ 2 %o,
D Fterrereasanide 44 B %o

S fesiRpvsepeebiiiigg S APPJ 15 min

Q Q

N N
o p— o y—
> —m— Untreated —@—15s —4A—30s ——60s > 14

—wv—90s <4— 2 min 1 0O
—&— 15 min —0O— Untreated at 47 g/L ] mHPBBE0NoEE0E000000
01 Untreated
0.1 10 100 0.01 0.1 1 10 100

1
Shear rate y (1/s) Shear rate y (1/s)



: .x BIOMATERIALS,
z BIOMECHANICS &

TISSUE ENGINEERING

o

11

E \r,,v‘

W NI

14

-

Z

>

polymer

c

E 3
L

-

o

o

<

Irreversible degradation of polymeric flower-like
micelles at lower concentration

Slight prepolymerization of the polymeric network at
higher concentration

Hydrogel-forming capacity kept, stiffer hydrogels
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He, 706.5 nm
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Diffusion of long-lived species




Production of RONS
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* Increase of [RONS] with plasma
treatment time

C. Labay, et al. Sci Reports 9, 16160 (2019)
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Monitoring of pH

Plasma treatment
1 L/min, 10 mm
2 mLin 24-WP

Alginate Water —_— PRl
- - kINPen

0 30 60 90 120 150 180 O 30 60 90 120 150 180

1:Plasma(s) plasma (S)

pH buffering effect of the hydrogels

C. Labay, et al. Sci Reports 9, 16160 (2019)
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In vitro Osteosarcoma cell viability 3g8 ©oromee

Safety??

l

Crosslinking + washing: RONS Released
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C. Labay, et al. Sci Reports 9, 16160 (2019)
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Take home message...

Plasma activated liquids
& Osteosarcoma

Selectivity: Osteosarcoma cell lines are
more sensitive to PAM than healthy bone
cells

Single dose: long term effects

Increase in intracelular RONS

DNA Damage, apoptosis

From 2D to 3D models

Hydrogels & Plasma

Formulation of polymer critical for the
amount of RONS generated

Crosslinking ability maintained

Local release of RONS
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