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* “a systemically and pharmacologically inert substance designed for
implantation within or incorporation with living systems”

* “a nonviable material used in a medical device, intended to interact with
biological systems”

* “materials of synthetic as well as of natural origin in contact with tissue,
blood, and biological fluids, and intended for use for prosthetic, diagnostic,
therapeutic, and storage applications without adversely affecting the living
organism and its components”

e “any substance (other than drugs) or combination of substances, synthetic
or natural in origin, which can be used for any period of time, as a whole or
as a part of a system which treats, augments, or replaces any tissue, organ,
or function of the body”
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* There is evidence that sutures may have been used as long as 32,000 years ago
(NATNEWS, 1983)

e 3000 B.C.: earliest report of a surgical suture (An ancient Egypt)
e Galen of Pergamon (circa 130-200 a.d.) described ligatures of gold wire.

* 900 A.D.: estimated year (from carbon dating) of the first dental implant found in
Europe, which was found to have properly integrated bone

* 1829: H.S. Levert studies canine responses to implanted metals

* 1886: German doctor H. Hansmann is the first surgeon to use metal plates for
internal fixation

* Glass contact lens made by Adolph Fick based on da Vinci’s idea (1887)

* 1931: Boston surgeon Smith Peterson develops a metal cup for partial hip
implants
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Some more history 32(:

* 1937 — PMMA was introduce in surgery

e 1939 —1945: WWII spurs the development of many new materials and
orthopaedic surgical techniques

 Dialysis machine made from cellulose membranes by Kolff (1943)
* First intraocular lens made from polymethyl methacrylate used by Kolff (1949)
* 1960- Polyethylene and stainless steel being used for hip implants

* In 1957, Dr. Willem Kolff and a team of scientists tested the artificial heart in
animals

* In 1952 the first vessel prosthesis was successfully implanted in a human
e Coronary stents were developed in the mid-1980s
* 1980s — till now revolution in biomaterials
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* Technical functionality and mechanical properties tuned to the specific
application

 Sufficient stability against physiological media
* Residue-free metabolization for biodegradable biomaterials
* High biocompatibility

* Non-allergenic

* Non-inflammatory

* Non-carcinogenic

* Simple processing

* Sterilizable without changes in form and composition
 Sufficiently long shelf-life
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Biocompatibility 31(:

"Refers to the ability of a biomaterial to perform its desired function with
respect to a medical therapy, without eliciting any undesirable local or
systemic effects in the recipient or beneficiary of that therapy, but generating
the most appropriate beneficial cellular or tissue response in that specific
situation, and optimising the clinically relevant performance of that therapy"

First time refered

Homsy, Charles (1970). "Bio-Compatibility in selection of
materials for implantation”. Journal of Biomedical

Materials Research. 4 (3): 341- o QR —
356. doi:10.1002/jbm.820040306 ] ey R
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Biomaterial classification

Uses of Biomaterials

Problem Area

Replacement of diseased or damaged Artificial hip joint, kidney dialysis

part machine

Assist in healing Sutures, bone plates, and screws

Improve function Cardiac pacemaker, intraocular lens

Correct functional abnormality Cardiac pacemaker

Correct cosmetic problem Augmentation mammoplasty

Aid to diagnosis Probes and catheters

Aid to treatment Catheters, drains

Parida P. et al. kit | [——
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Biomaterials in Organs

Orgar

Heart Cardiac pacemaker, artificial heart valve,
total artificial heart, blood vessels

Lung Oxygenator machine

Eye Contact lens, intraocular lens

Ear Artificial stapes, cochlea implant

Bone Bone plate, intramedullary rod

Kidney Catheters, stent, Kidney dialysis machine
Bladder Catheter and stent

Parida P. et al.
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Biomaterials in Body Systems

Skeletal Bone plate, total joint replacements

Muscular Sutures, muscle stimulator

Nervous Hydrocephalus drain, cardiac pacemaker, nerve
stimulator

Endocrine Microencapsulated pancreatic islet cells

Reproductive Augmentation mammoplasty, other cosmetic

replacements

Parida P. et al.
http://iaesjournal.com/online/index.php/IJAAS
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*Metals
*Ceramic
*Polymers
*Composites

*Nanomaterials

What materials used for.... 31(:
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Properties

What metals used?

* High strength * Titanium

* Inert nature * Tantalum

* Relatively easy to produce * Stainless steel

| o  Vanadium
* Biocompatibility e Zirconium
* Easy to modify * Iron

e Zink

* Magnesium
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* A ceramic is an inorganic non-metallic solid made up of either metal
or non-metal compounds that have been shaped and then hardened
by heating to high temperatures.
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Non-absorbable (inert) Alumina, zirconia, silicone nitrides, and
carbons

Bioactive or surface reactive (semi-inert)  Glass ceramics and dense hydroxyapatites

Biodegradable or resorbable (non-inert) Calcium phosphates and calcium
aluminates
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* Macromolecule consisting of repetition units

Polymers

Synthetic

Degradable

Polymers

Non-degradable
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 Polyesters (Polylactic acid)
* Proteins (silk, soy protein)

* Polysaccharides (gelatin, chitosan, cellulose)
* Polyphenols (lignin, tannin)

e Lipids (Waxes)

 Specialty polymers (Natural rubber, PDA)

Collagen Fibers
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e Cardiovascular and general surgery: Implants (bladder, skin, heart)
* Dental Applications (Implants, Fillers,...)

* Surgery

* Sensors, biochips, implants, microoptic devices

* Contact lenses

* Drug transporter

* Tissue engineering
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Procedure of punch biopsy liver trauma (a), liver bleeding
(b), hemostatic application (c) and stopped bleeding (d).
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* Materials, contain more then one phase or materials

Osteons and Mineralized
Haversian coliagen
canals fibrils

Coliagen and
hydroxyapatite
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Nanodevices:

Nanopores, Dendrimers, Nanotubes,
Quantum dots, and Nanoshels
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Polymeric nanosphere

Mesoporous silica nanoparticle

.&ﬂ ' 3

Polymeric nanocapsule

&) Examples of Nanomaterials

Organic nanoparticles

Polymeric micelle

Inorganic nanoparticles

Iron oxide nanoparticle

Liposome

Gold nanoparticle

KA \Vith the support of the
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Dendrimer

Quantum dot
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MR Imaging

, ,:___ =

Antimicrobial Photoacoustic Imaging

Live bacteria
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MXene-coated 3D metal and PCL scaffold
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CymaLy Technology Readiness Levels as applicable to Healthcare
1 Basic Principles Observed and Reported Potential scientific application to defined problems is articulated.
2 Technology Concept and/or Application Formulated Hypothesis(es) generated. Research plans and/or protocols
developed, peer reviewed, and approved.
3 Analytical and Experimental Critical Function and/or Basic research, data collection, and analysis. First hypotheses
Characteristic Proof of Concept tested
4 Validation in Laboratory/Field Environment Non GxP laboratory research to refine hypothesis
5 Component and/or Breadboard Validation in a Relevant Intense period of nonclinical and pre-clinical GxP research studies
(Operating) Environment involving
6 Prototype Demonstration in a Realistic (Operating) Phase I Clinical Trials

Environment or Context

7 System Prototype Demonstration in an Operational Phase Il Clinical Trials
Environment or Context

8 Actual System Completed and Qualified through Test and Phase Il Clinical Trials
Demonstration

9 Actual System Operationally Proven through Successful Mission  Post Marketing Studies
Operations
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* |SO 10993-1:2018 Biological evaluation of medical devices Part 1: Evaluation and testing
within a risk management process

e |SO 10993-2:2006 Biological evaluation of medical devices Part 2: Animal welfare
requirements

e |1SO 10993-3:2014 Biological evaluation of medical devices Part 3: Tests for genotoxicity,
carcinogenicity and reproductive toxicity

* |1SO 10993-4:2017 Biological evaluation of medical devices Part 4: Selection of tests for
interactions with blood

e |1SO 10993-5:2009 Biological evaluation of medical devices Part 5: Tests for in vitro
cytotoxicity.

* |SO I10993-6:2016 Biological evaluation of medical devices Part 6: Tests for local effects after
implantation

. ISO.§O9I93—7:2008 Biological evaluation of medical devices Part 7: Ethylene oxide sterilization
residuals

e |1SO 10993-8:2001 Biological evaluation of medical devices Part 8: Selection of reference
materials (withdrawn)

* |1SO 10993-9:2010 Biological evaluation of medical devices Part 9: Framework for
identification and quantification of potential degradation products

e |1SO 10993-10:2013 Biological evaluation of medical devices Part 10: Tests for irritation and
skin sensitization
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e 1SO 10993-23:2021 Biological evaluation of medical devices Part 23: Tests for irritation

e |SO 10993-11:2018 Biological evaluation of medical devices Part 11: Tests for systemic toxicity

* |SO 10993-12:2012 Biological evaluation of medical devices Part 12: Sample preparation and reference materials (available
in English only)

e [SO 10993-13:2010 Biological evaluation of medical devices Part 13: Identification and quantification of degradation
products from polymeric medical devices

e [SO 10993-14:2009 Biological evaluation of medical devices Part 14: Identification and quantification of degradation
products from ceramics

e [SO 10993-15:2009 Biological evaluation of medical devices Part 15: Identification and quantification of degradation
products from metals and alloys

e |SO 10993-16:2018 Biological evaluation of medical devices Part 16: Toxicokinetic study design for degradation products
and leachables

e |SO 10993-17:2009 Biological evaluation of medical devices Part 17: Establishment of allowable limits for leachable
substances

* |SO 10993-18:2020 Biological evaluation of medical devices Part 18: Chemical characterization of medical device materials
within a risk management process

* ISO/TS 10993-19:2006 Biological evaluation of medical devices Part 19: Physico-chemical, morphological and
topographical characterization of materials

* ISO/TS 10993-20:2006 Biological evaluation of medical devices Part 20: Principles and methods for immunotoxicology
testing of medical devices

* ISO/TR 10993-22:2017 Biological evaluation of medical devices Part 22: Guidance on nanomaterials

Lot . [
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Synthetic biomedical

Biological

Polymers Ceramics Metals Organic and non organic compounds
from biological sources

Polyamides Al:Os Ti and its alloys

Polyesters ZrO: Co-Cr alloys Collage

Polyanhydrides TiO: Stainless steels Silk D
Hydroxyapatite Chitosan
Bioglasses alginate

« Biomaterials must be distinguished from biological materials because the former are the materials that are accepted by
living tissues and, therefore, they might be used for tissue replacements, while the latter are the materials being produced
by various biological systems.

Further, bioceramics (or biomedical ceramics) might be defined as biomaterials of the ceramic origin. In general,
bioceramics can have structural functions as joint or tissue replacements, be used as coatings to improve the
biocompatibility of metal implants, as well as function as resorbable lattices, providing temporary structures and
frameworks those are dissolved and/or replaced as the body rebuilds the damaged tissues [1]



* Bioceramics are a large class of specially designed crystalline,
semicrystalline, or amorphous materials used for the repair and ‘32‘
reconstruction of diseased or damaged parts of the body (Hench, %
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Al2Oy HA, HCA
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SigN, Particie size,
SicC crystallinity, porosity

HA: hydroxyapatite

HCA: hydrexycarbonate apatite

A-W: apatite - wollastonite

TCP: tricalcium phosphate

OCP. octacakcium phosphate

DCPA: dicakium phosphate anhydrous
DCPD: dicalcium phosphate dihydrate
TetCP: Tetracalcium phosphate monoxide
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biodegradable
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CaS50, rittle (Failure
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Bioceramics for bone replacement graft (BG)

|—I

Silicate bloceramlcs Non-silicate bioceramics

[ ! [ I !
Natural based Glass based Oxide based Non-oxide based Natrual based
(e.g. marine sponges) (e.g. Bioglass (e.g. TiO2, ZrO2)  (e.9.CaPx, HA, o o corals, bovine

45S5, S53P4) aor BTCP) human, equine bone)

—

e Calcium phosphate (CaP) bioceramics are
widely used in the field of bone

% -ﬂ;;; regeneration, both in orthopedics and in
B diefiect

Ecah‘uld based tissue enginearing

5-:.1I'|'-:-b:| aoy

+ == dentistry, due to their good

0% conce biocompatibility, osseointegration and
t:l ol 0

o = osteoconduction [1]
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Bioceramics
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. . generation:
bioactives and

driving the
living tissues
regeneration

< Bioactive N\
4 Resorbables-bioactives surface o _ o )
.@ nIcuu rganic- Inorganic
hybr'lds

AlLO, '
YO, of Silica
2 . OHAp sintered i i
pyroiytic Bioactive glasses ﬂ:ﬁ::"i‘:n'iss
Bioactive glass-ceramics =

Templa+e scaffolds of cells
«-TCP: c-tricalcium phosphate® Glnss -ceramics | pif and driver
+=TCP: fi- tricalcium phosphate *

molecules
TetCP: tetracalcium phosphate *
DCPD: dicalcium phosphate dihydrated: brushite*
DCPA: dicalcium phosphate anhydrous: monetite *
DCP: octacalcium phosphate*

OHAp: hydroxyapatite with low crystallinity (10um) .t With the support of the -
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Porous artificial bones made of bioceramics

Figure 1: Example of products using
CHEMICALLY BONDED BIOCERAMICS (CBBCs)

bioceramics

BODY TEMPERATURE CBBCs

HIGH TEMPERATURE CBBCs ‘ “ B '
p— => '
BODY TEMPERATURE CBBCs '
ACID-BASE REACTION

WATER UP-TAKE

(:' Subject before bone

Subject with progres; ;fter
g surgery operation
POLYMERISATION REACTION

the surgery operation

Figure 2: Pictures of bioceramics
assimilating with operated-on bone
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* A strong interest in use of ceramics for biomedical applications
appeared in the late 1960’s. Used initially as alternatives to
metals in order to increase a biocompatibility of implants,
bioceramics have become a diverse class of biomaterials,
presently including three basic types: relatively bioinert
ceramics, bioactive (or surface reactive) and bioresorbable
ones. Furthermore, any type of bioceramics could be porous to
provide tissue ingrowth. During the past 30-40 years, there have
been a number of major advances in this field. Namely, after the
initial work on development of bioceramics that was tolerated in
the physiological environment, emphasis was shifted towards the
use of bioceramics that interacted with bones by forming a direct
chemical bond.

By the structural and compositional control, it became possible
to choose whether the bioceramics of calcium orthophosphates
was biologically stable once incorporated within the skeletal
structure or whether it was resorbed over time. Potential future
applications of calcium orthophosphate bioceramics will include
drug-delivery systems, as well as they will become effective
carriers of growth factors, bioactive peptides and/or various

Several examples of commercial calcium orthophosphate- types of cells for tissue engineering purposes.
based bioceramics [2]
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Types of ceramic materials

First generation: Second generation:

Inerts
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Bioactives and
bioresorbables

¥

=P Calcium phosphates
=D Glasses

=P Glass-ceramics

=P Alumina
&= Zirconia
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Tissue self-regeneration
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=P Second generation porous bioceramics
=P Novel advanced bioceramics

-~ Mesoporous silica
— Organic-inorganic hybrids
- Templated glasses
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mesoscale skeleton collagen and HA [3] Programme é
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Osteons and ; Mineralized
t?;;?; Haversian Fibres collagen thl:ggearl 22?3
canals fibrils Y.

~ 100 um ~ 50 pm ~5um ~ 500 nm Atomic ,
Osteon diameter Fibre patterns Fibre diameter Fibril diameter scale

The existence of calcium phosphates in bones was first discovered in 1769, and in the 1800s, calcium phosphates
that exist in bones were subdivided into different categories. Since the 1900s, synthetic calcium phosphates have been
actively studied for clinical use. Thereafter, bone regenerative applications such as bone cements, scaffolds, implants, and
coating techniques using calcium phosphates have emerged, and some have been commercialized. Similar to these, the

characteristics of calcium phosphates have been studied for bone regenerative applications [ 3].

With the support of the -
Erasmus+ Programme Erasmus+
of the European Union Jean Monnet Modules




Typical compositional values of the inorganic phase of adult human calcified

tissues [3]
Composition Enarmel Dentin Bone Hydroxyapatite
cymay Calcium [wt %] 365 351 348 396
Phosphorus [wit %) 17.7 169 15.2 185
Ca/P (molar ratio) 163 161 1.71 167
Sodium [wit %) 05 0.6 09 -
Magnesium [wt %] 044 1.26 0.72 -
Potassium [wit %] 0.08 0.05 0.03 -
Carbonate [wt %] 35 L6 74 -
Fluoride [wt %] 0.01 0.06 003 —
Chioride [wt %] 030 001 013 -
Pyrophosphate 0022 0.10 0.07 -
[t %]
Total inorganic 97 /0 65 100
[t 9]
Total organic [wt%] 15 20 25 -
Water [wi %] 15 10 10 -
Ignition products B-TCP + B-TCP + HAP + HAF
(800 °C) HAP HAP CalD

H Erasmus+
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The properties of calcium phosphates affect
bioactivity, such as adhesion, proliferation, and new
bone formation in osteoblasts. To exhibit these
bioactive features, degradation and ion release in
calcium phosphates are important

First, calcium ions affect cells and living systems in
several ways. Calcium is one of the ions that form
the bone matrix, and it exists mostly in the form of
calcium phosphates in bone tissues. These calcium
ions cause bone formation and maturation through
calcification. In addition, calcium ions affect bone
regeneration and stimulate the osteoblastic bone
synthesis.

Over 80% of phosphorous ions are present in

bone in the form of calcium phosphates along with
calcium ions. Phosphorous mainly exists in the form
of phosphate (PO,*), which has great influence on

tissue formation and growth
Cell adhesion is strongly influenced by the ability to
adsorb extracellular matrix proteins. It is influenced

by the surface characteristics of calcium phosphates,
such as surface roughness, crystallinity, solubility,

phase content, porosity, and surface energy
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bioceramics used for hard tissue substitution in tissue ;ean Monnet Mol
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Mineral Name of compound Abbreviation Formula Ca/P ratio

Bioinert oxide ceramics

Alumina Aluminum oxide Al0,
Zirconia Zirconia oxide ZrO,
Bioactive ceramics
Glasses
Bioglass Silicium oxide Si0, CaO Na,OP,0O, -
A/W glass ceramic  Oxyapatite and wollastonite MgO CaO SiO, P,O; CaF,
Calcium phosphates
Whitelockite Tricalcium phosphate TCP Ca,(PO,) 1.5
Hydroxyapatite Pentacalcium-hydroxy-triphosphate HA Ca,,(PO 5 s(OH), 1.67
Fluorapatite Pentacalcium-fluoride-triphosphate FA o(PO, 1.67

Ca F,
Hilgenstockite Tetracalcium phosphate TTCP Ga(ﬂ.ﬂaa{r?tj s 2.0
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Existing calcium orthophosphates and their major properties [1,2] B}C
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Cymily  capp Compound Formula Solubility at Solubility at pH stability range
molar ratio 25°C, -log(Ks) 25°C, gL in aqueois
solutions at 25°C
0.5 Monocalcium phosphate monohydrate Ca(HzPO4)z-Hz0 1.14 ~18 0.0-2.0
(MCPM)
05 Monocalcium phosphate anhydrous Ca(H,POy ) 1.14 ~17 €
(MCPA)
1.0 Dicalcium phosphate dihydrate CaHPOy4- 2H20 6.59 ~(.088 2.0-6.0
(DCPD)., mineral brushite
1.0 Dicalcium phosphate anhydrous CaHPO, 6.90 ~ (048 =
(DCPA), mineral monetite
1.33 Octacalcium phosphate (OCP) Cag{HPO4 ) POy )se-5H20 96.6 ~0.0081 5.5-7.0
1.5 a-Tricalcium phosphate [=-TCF) a=-Cas(P0,)s 255 ~ 00025 a4
1.5 p-Tricalcium phosphate (B-TCP) B-Cas(PO4)s 289 ~0.0005 :
12-22 Amorphous calcium phosphate (ACP) CagHy{POs)e-nH0, n=3-45; 15-20% Hz0 b b ~5-124
1.5-1.67 Calcium-deficient hydroxyapatite Capo—x{ HPO gt F'I‘Jﬂg.,{DH};_xF (D=x=1) ~85.1 ~ 0,009 B.5-9.5
(CDHAXY®
1.67 Hydroxyapatite (HA or OHAp) Cayg( PO, ) OH): 1168 ~0.0003 9.5-12
1.67 Fluorapatite (FA or FAp) Cayal POs)sFz 1200 ~0.0002 7-12
20 Tetracalcium phosphate (TTCP or TetCP), Cay[P04):0 3844 ~0.0007 2

mineral hilgenstockite

2 These compounds cannot be precipitated from agqueous solutions.

b Cannot be measured precisely. However, the following values were found: 25.7 =01 (pH=7.40), 299 £ 0.1 (pH =6.00), 327 = 0.1 (pH = 528). The comparative extent of
dissolution in acidic buffer is: ACP == 2-TCP == B-TCP > CDHA = > HA = FA.

© Stable at temperatures above 100 =C

d Always metastable.

® Occasionally, CDHA is named as precipitated HA.

F In the case x=1 (the boundary condition with CaJP = 1.5), the chemical formula of CDHA looks as follows: Cas] HPOw ) POy )={0H).
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7 Illustration of the crystal structure of (a) HA, (b) a-TCP, (c) B-TCP, and (d) WH. -
—‘ Copyright 2013 American Chemical Society. TEM and SEM images of (e) HA, ;32
(f) a- TCP (g) B-TCP, and (h) WH. XRD data of (i) HA, (j) a-TCP and B-TCP, and (k) WH [3] L
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Cymfly Calcium orthophosphate

Trade name and producer

C(DHA

HA

Barnetite®
Componentas

vy © %

[16) 3522-150 | GRG0 771 V808
ssonce | 1 -
HA/polyethylens
HA[Ca50,
Coralline HA
Algae-derived HA

Bovine bone apatite
[unsintered)

Bovine bone apatite (sintered)

Cementek (Teknimed, France)
Osteogen (Impladent, MY, L5A)

Apaceram (Pentax Corp.. Japan)
Calcitite (Zimmer, [N, USA)
Bonefil (Mitsubishi Materials Corp., Japan)
Bonetite (Mitsubishi Materials Corp., Japan)
Boneceram [Sumitomo Osaka Cement Co.,
Japan)

Ostegraf (Ceramed, 00, USA)
Cerapatite (Ceraver, France)
Synatite (SBM. France)

Ostirm (Heraeus Kulzer, Germany)
Bioroc (Depuy-Bioland, France)

HAPEX (Gyrus, TN, USA)
Hapset (LifeCore, MIM, USA)
Interpore, Pro0steon (Interpore, CA, LISA)
Algipore [Dentsply Friadent, Germany)

Tutoplast (IOF, CA, USA)

Lubborc [Ost-Developpement, France)
Laddec [Ost-Developpement, France)
Oxbone [(Bioland biomateriaux, France)
BioDss (Geitslich, Switzerland)

Endobon (Merck, Germany)
PeplGen P-15 (Dentsply Friadent, Germany)
BonAP

Cerabone (aap Implantate, Germany)
Osteografl (Ceramed, C0, USA)

1 T Examples of the commercial calcium orthophosphate-
based bioceramics and biomaterials

B-TCP

CERASORB'M kel

=

BCP (HA + a-TCF)
BCP[collagen
BCP/fibrin
BCP/silicon

Carbonateapatite

BRC

) BIOMEDICAL RESEARCH CENTRE
Bioresorb (S3vbron Implant Solutions,

Germany)

Biosorb (5BM 5 A, France)

Calciresorb (Ceraver, France)

Chron05 (Synthes, PA, USA)

Ceros (Thommen Medical, Switzerland)
Cerasorb (Curasan, Germany)

Conduit {DePuy Spine, USA)

JAX (Smith and Nephew Orthopaadics, USA)
Graftys BCP (Grafitys, France)

Osferion [Olympus Terumo Biomaterials,
Japan)

MBCP (Biomatlante, France)
Triosite (Zimmer, [N, USA)
Ceraform (Teknimed. France)
Biosel (Depuy Bioland, France)
TCH (Kasios, France)

Calciresorb (Ceraver, France)
Osteosynt (Einco, Brazil)

4Bone (MI5, Israel)

Kainos (Signus, Germany')

S5BS (Expanscience, France)
Eurccer (FH Orthopedics, France)
OptibiX (Exactech, USA)

BCP (Medtronic, MK, USA)
Hatric (Arthrex, Maples. FL. USA)
Tribone (Stryker, Europe)

Skelite (Millennium Biologix, OMN, Canada)

n Erasmus+

Jean Monnet
Programme

Allografi (Zimmer, 1IN, USA)
TricO5 (Baxter BioScience, France)
FlexHA (Xomed, FL, USA)

Healos (Orgquest, CA, LISA)




i

&

Calcium phosphate based applications 3{(:
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Cymply

TZCP 1:1 coating
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(a) WH incorporated hydrogel scaffold [4]. (b) Cranial segment made of tetracalcium phosphate and 3-TCP [5]. (c) The
Injectable paste included calcium phosphate nanoparticles [6]. (d) Mixed zirconia calcium phosphate deposited on dental
implant [7]. (e) 3D printed calcium-deficient HAP scaffolds [8]. (f) 3D printed calcium phosphate cement [3-8]
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Bioactive Glass-ceramics

Commercialized
glass-ceramics

Bioactive glass
Alchetron

Cerabone ® Bioverit ® Biosilicate ® Ceravital ®
Deveicped Developed Developed Developed

by by by by
Kokubo ef a/ Holand atf a/ Zanotto et al Bromer et a/

Bioverit

Miscellaneous

glass-ceramics

3D porous j§ Gel-derived &

scaffolds mesoporous

Hyperthermia

Composites
treatment

On ceramic | = On metallic . GC-reinforced | Metal-reinforced |

implants implants | polymer glass-ceramic

Apatite-mullite Jj Canasite-apatite Rhenanite
glass-ceramic glass-ceramic glass-ceramic

Developed Developed Developed
by by by
R.G. Hill ef a/ C.C. Wolcott et a/ E. Apel et a/

Chlorapatite K-fluorrichterite Alkali-free
glass-ceramic glass-ceramic glass-ceramic
Developed Developed Developed
by by by
R.G. Hill et a/. M. Mirsaneh ef al J.M.F. Ferreira ef a/




bond with bone or tissue of the hosts [1]. The most important applications of
bioactive bioceramics has been metal coatings to provide bone-implant
Interfacing, this lowers the risk of rejection and transmission of diseases [2].

Bioactive Glass Surface Reaction

% L
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P - " y matrix and maturation of
4555 Bloactive Glass lons 1o the silica gel surface, the surtface of the HA t
" bone cells lead 10 new bone
forming bone-like HA coated bloactive glass
formation

» Glass is made of Silica, Calcium oxide, and Sodium oxide (SiO,-Na,O-CaO), and bioglasses used for implantation are based
on glass with at least 65 weight percent Silica. Bioglasses have high mechanical strength and are bioinert, but are also brittle
and have poor tensile properties. They are normally used in bone plating, dental implants, spinal fusions, and more. In 1971
the first bioglass, 45S5 bioglass, was created. It was unusually weak with a composition of 45% Silica, 24.5% Calcium oxide,
and 24.5% Sodium oxide. The high bioactivity of 45S5 is attributed to the later addition of 6% Phosphorus pentoxide (P,O:) by
weight [1]
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BIOACTIVE COATINGS

- Silica-based ceramics \K?.%

- Bioactive glasses and i
glass-ceramics

- Deposition methods

- Coating adhesion to . 4 ﬂ

substrates /
SU BSTRATES - Immersion in SBF
- Ti-based ; : - .
] - Invitro experiments =« =
- Stainless Steel ™ ».
- Mg-based

- In vivo experiments _¢—~/f\
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Cymply
Technigue Thickness Advantages Disadvantages
Thermal 30- High deposition rates;  Line of sight technique:;
spraying 200um  low cost high temperatures
induce decomposition;
rapid cooling produces
amorphous coatings
Sputter coating 0.5-3 ym Uniform coating Line of sight technique;
thickness on flat expensive; time
substrates; dense consuming; produces
coating amorphous coatings
Pulsed laser 0.05- Coarting by crystalline Line of sight technique
deposition 5um and amorphous phases;

Dynamic mixing 0.05-

method 1.3 pm
Dip coating 0.05-
0.5 mm
Sol-gel <1 pm
technique

dense and porous
coating
High adhesive strength

Inexpensive: coatings

Line of sight technique;
expensive; produces
amorphous coatings
Requires high sintering

applied quickly; can coat temperatures; thermal

complex substrates

Can coat complex
shapes; low processing
temperatures; relatively
cheap as coatings are
very thin

expansion mismatch
SOme processes require
controlled atmosphere
processing: expensive
raw materials

Electrophoretic
deposition

Biomimetic
coating

Hot isostatic

pressing

T
o LAy LEWN -

0.1-
2.0 mm

<30 pm

deposition

Electrochemical 0.05-

Ceramic coat/ngs The requirement for a sufficient mechanical stability necessitates
the use of a metallic body for such devices to improve the contacts at the interface. The major
way is to coat metals with calcium orthophosphate bioceramics that generally exhibit bone
bonding ability between the metal and bone

Uniform coating
thickness: rapid
deposition rates; can
coat complex substrates
Low processing
temperatures, can form
bonelike apatite: can
coat complex shapes;
can incorporate bone
growth stimulating
factors

Produces dense coatings

Uniform coating
thickness: rapid
deposition rates; can
coat complex substrates;
moderate temperature,
low cost

XX
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Difficult to produce
crack-free coatings;
requires high sintering
temperatures

Time consuming;
requires replenishment
and a pH constancy of
simulated body fluid

Cannot coat complex
substrates; high
temperature required:
thermal expansion
mismatch; elastic
property differences;
expensive; removal/
interaction of
encapsulation material
The coating/substrate
bonding is not strong
enough
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@J A number of factors influence the properties of calcium 2 ; t
orthophosphate coatings including L N,
CymZlY
* coating thickness (this will influence coating adhesion and Bl erosmus+
fixation — the agreed optimum now seems to be within 50-100 Y
mm)’ Jean Monnet g%

Programme
 crystallinity (this affects the dissolution and biological behavior),

phase purity,
e chemical purity,
* porosity,
e Adhesion o

HA coating as a system of fixation of hip implants was found to
work well in the short to medium term (8 years, 10-15.5 years, 15
years, 17 years and 19 years). Similar data for HA-coated dental
Implants are also available. The longer-term clinical results are
awaited with a great interest

: : P
%"ooc'h\'e Ceramics EVO'Uflon Cells osteogenesis

With the support of the -
Erasmus+ Programme Erasmus+

of the European Union Jean Monnet Modules
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7T A schematic diagram representing the phenomena that
& occur on HA surface after implantation
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(1) beginning of the implant procedure, where a solubilization of the HA surface starts;

HA surface| :

3RC
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(2) continuation of the solubilization of the HA surface; (3) the equilibrium between the physiological solutions
and the modified surface of HA has been achieved (changes in the surface composition of HA does not mean that a
new phase of DCPA or DCPD forms on the surface); (4) adsorption of proteins and/or other bioorganic
compounds; (5) cell adhesion; (6) cell proliferation; (7) beginning of a new bone formation; (8) new bone has been

formed. Reprinted from Ref. [1].
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Properties required from calcium
phosphates for medical applications [11]

Cymply

Property

Definition/Function

Bioactivity

The inherent ability of a material to participate in specific biological reactions or have
an effect on living tissues

Biocompatibility

The ability of a material to perform with an appropriate host response in
a specific application

Bioactive fixation

Reactive surfaces form chemical bonding with bone, thus minimizing the fibrous
capsule formation

Biostability

The ability of a material to maintain its properties in vipo

Crystallinity

Higher level of crystallinity prevents fast resorption (dissolution) of the bioceramic in
body fluids

Interfacial stability and

Prevent mechanical failures under load-bearing conditions

wood adhesion
Osseinteeration Direct anchorage of an implant by the formation of bony tissue around it without
BT growth of fibrous tissue at the bone /implant interface

Osteoconduction Ability to provide a scaffold for the formation of new bone
The process by which osteogenesis is induced. This term means that primitive,

Osteoinduction undifferentiated and pluripotent cells are somehow stimulated to develop into the
bone-forming cell lineage

Resorption Gradual degradation over time to replace the biomaterial with the natural host tissue

Therapeutic capabilities

Templates for the in situ delivery of drugs and growth factors at required times

Wettability

The property that indicates a material’s ability to attract/ repel water molecules

XX
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Piece of glass-ceramic in a simulated body fluid which contains Ca%, H*, K*, Mg?*, Na*, CI', HCO;", HPO,%*, OH and SO,*

iu‘nf ; g 4H5+ S Ca?t Hydroxycarbonate Ca?*, PO, and CO,>
gii 8 | N N Na* . apatite (HCA)
E E e.g. Na*, Ca?*, Si** Si(OH),  Ca” V\o EE PP
,0 attack 5 S :i i i 3 Ca®* ;
Surface H; ' tt 8 8y .:'.‘ _ ‘.-“-_ el ) * . ° o
s s - T | Y
; AN e L : . :
i Si Si Si Si Si @) Si 0 Si @) Si @)
crystals | | | | | | | | I | |
g 71 1@ g, 1 1 1 ) e
| : : .
Si Si Si 4 Si 5|| O S|| @ 0 Sll O SII 9 O
N7 N7 /7 \
- ) O o & ) O o) » @) @)

(a) Leaching (b) Dissolution (c) Precipitation
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Oxides |  Non-Oxides |

—>Alumina (ALO;) [ (5:«.11*[)0|1 '
—> Diamond Like Carbon

>Zirconia (ZrQ,) —> Titanium Nitride
> Zirconium Nitride

—> Titania (Ti0O,) —> Silicon Nitride

Bioinert ceramics are one type of the bioceramics and which classified based on their biological
response in human body. Bioinert ceramics are usually defined as biologically inert nature or bioinert
ceramics when implanted into biological system do not instigate an appropriate response or interact
with the adjacent biological tissue Bioinert ceramics are corresponds to first generation of biomaterials
and widely used as hip, knee replacements and dental implant, crown etc due to astonishing
characteristics such as high mechanical properties like tensile, compressive, hardness, low wear,
toughness and good anticorrosion in biological fluid. There are mainly three type of metal based
I[Jioi]nert ceramics such as alumina, zirconia and titania have been used in musculoskeletal applications
10].
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Total Hip Replacement (Source) Total Knee Replacement (Source) lc
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Normal Knee Arthritic knee Replaced knee

Bioinert
ceramics

. gera?*)ligﬁ that retain structure after implantation and do not induce an immunologic response in the
ost.

 Alumina (Al,O,) Highly inert, especially under physiological conditions, and has a corrosive resistances. It
also has excellent wear resistance and hardness. Has dental applications, function as vertebrae spacers and
extensors.[9] The body normally reacts to alumina by forming non-adherent fibers around the implant.

 Zirconia (ZrO,) Zirconia is inert under physioIoEicaI conditions like Alumina. Partially stabilized Zirconia (PSZ)
has a higher flexural stren th, toughness, reliability, and a lower Young’s modulus. Zirconia is good for long-
term clinical use. It is widely used in total hip replacement (THR), and as a replacement for knees, tendons,
ligaments, and teeth. Examples of Zirconia based bioceramics include Yttrium Stabilized Tetragonal
Polycrystalline Zirconia (Y-TZP), and Zirconia/Alumina composites.[9]
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There are Properties of Alumina/Aluminum Oxide:

Good gliding properties Low density

Bioinert and food compatible Very good electrical insulation
Moderate to extremely high mechanical strength

Very high compressive strength High hardness

Moderate thermal conductivity = High corrosion and wear resistance

« The Alumina (Aluminum oxide, Al,O,) is one of the most clinical usage biomaterials with 45 years of clinical record in
orthopeadic surgeries. The alumina can still employ successfully as pure form or with combination of other components in
high performance composite form in bone tissue engineering. The key reason for the selecting alumina as bone substitute and
dental implants due to its strong hardness, resistance of abrasion, low wear, corrosion resistance, excellent mechanical strength,
good hydrodynamic stability and biologically compatible nature. Alumina used to develop as nanocomposites with
combination of bioactive ceramics, polymers and carbon based materials for biomedical applications [10]
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Application of Al,O, Ceramics 3
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Since 1989, the USA using ceramic femoral
heads coupled to polyethylene

in total hip replacements and non USA countries
clinical surgeons were demonstrated the
advantages of modern alumina-on-alumina for
younger and highly active patients. In 2003
February, the FDA was successfully approved the
BIOLOXR forte alumina inlays (CeramTec

GmbH, Plochingen, Germany) to use in USA for
orthopeadic applications.

Ceram Tec AG products in the period of 2000-

2013, in which 2.78 and 3.2 million of alumina Ultraviolet-Stereolithography
matrix composite ceramic ball heads and pure produced Alumina crown for
alumina were used worldwide. dentistry

* For the last few decades, high strength alumina materials are using in all parts of mouth to develop the coping
and frameworks for crowns and fixed dental implants also used to increase the mechanical strength of dental
porcelains. They reported that alumina toughened zirconia substrates showed significant higher digital
histology index when compared with titanium at time of 56 days. Hence, they concluded that this type of
prosthetic implants can be favorable materials for dental applications.
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Hip prosthesis by titanium alloy

Zirconia full-coverage crown l ' with zirconia ball head and (B)
in dental applications zirconia femoral head

- |
l
In mid of 1980s, the zirconia ceramic was developed as a biomaterials to overcome the
mechanical property limits of alumina ceramics. Zirconia was successfully employed as an

HOMEDICAL RESEARCH CENTRE

!

alternative material to alumina with improvement of fracture toughness and used as femoral

head In total hip replacements along with knee replacements. Zirconia is highly biological
compatible and has excellent anticorrosion behavior in presence of human physiological
conditions. As mentioned earlier that zirconia has superior mechanical properties such as
fracture toughness and bending strength when compared to alumina, which made zirconia,
could be highly suitable implant materials to use in large load bearing areas.
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 Issues of Y-TZP (Yttrium Stabilized Tetragonal
Polycrystalline Zirconia)

« Biomedical grade Y-TZP had the best mechanical
properties of the bioinert ceramics investigated, and
quickly became a standard for hip and knee
replacements. In 2001, patients with Y-TZP
Implants reported that the implant was failing,
revealing a downside to Y-TZP. It was found that
due to its meta-stability, it is prone to low
temperature degradation in the presence of water,
which triggers a progressive aging that eventually
results in surface roughening and micro-cracking.
The micro-cracks eventually cause more surface
fllef]ects and lead to delayed failure of the implant

« For dental applications, Y-TZP was also proven to
lack stability in an oral environment in long term in
vivo studies. In-vitro studies performed also
suggested that aging might be an issue with Y-TZP
used in an oral environment [11].
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Enamel Custom-made Crown

Dentin

Pulp

Abutment

Gum Tissue

Implant

Periodontal

Ligament
Bone

Pyrolytic Carbon
Pyrolytic Carbon are brittle and do not perform well in
load bearing applications, but do not suffer from
fatigue. It is commonly used in heart valves due to high
strength, wear resistance, durability, and
thromboresistance, or resistance to blood clotting. It
can also be used for spinal inserts [11].
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Hol Sac Fsp Ceram Widr. 2020;59:230-R1

SEM image of ceramics supported by TiO, nanoparticles

O —
SEM image of TiO2 ceramics

e Titania has been used potentially in medical applications due to their excellent low toxicity,
biological compatibility, corrosion resistance behaviour, chemical resistivity and superior
mechanical properties. In recent years, many researchers reported on the nanostructured TiO, for
wide range of applications such as dental, orthopeadic, drug delivery and cell imaging. For the last
few years, pure Ti and its alloys highly recommended to use in orthopedics such as fracture fixation
devices, spinal fusion and artificial joints. However, Ti and its alloys have weak in bacterial
restriction behaviour, osteointegration and osteoinduction property which cause failure of implants
and leads to effect on their long term life span in patients. Recent reports proved that the
development of nanotechnology to alter the surface property of Ti and its alloys by different
techniques to create the nanoarchitectures of TiO,
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tyml¥1) WHAT ARE BIO CERAMICS? _ _ _
Bio ceramics are ceramic materials primarily used for the repair, reconstruction and replacement of diseased or
damaged parts of musculo-skeletal system

2) CHARACTERISTICS OF BIO CERAMICS Ultra-hard, Biocompatible, Chemically inert, Physically stable,
High strength, Excellent surface finish, Porous. And resistant to high temperature, Wear, corrosion and bending.

3) MATERIALS USED AS BIO CERAMICS _ DRSS 7 (D)
Materials that can be classified as bio ceramics include: Alumina, 'S A
Zirconia, Calcium phosphates, Silica based glasses or glass ceramics,
and Pyrolytic carbons

4) TYPES OF BIOMATERIALS o
When these synthetic materials are placed within the human body;,
the tissues react towards the implant in a variety of ways.

5) THE MECHANISM OF TISSUE INTERACTION at a nanoscale level
Is dependant on the RESPONSE TO THE IMPLANT SURFACE. As such
three terms for description of a biomaterial, representing the tissues responses,
have been defined.These are: BIOINERT BIOACTIVE AND
BIODEGRADABLE

Various applications and forms of commercially available CaP-related products. (a) Bone augmentation after extraction of the
tooth. (b) Coated dental implant. ( ¢) 3D Scaffold bone substitute material (3D-printed CaP cement). (d) Calcibon self-setting
cement granules consisted of a-TCP, CaHPO,, CaCO, and HA; (e) Megasonex® Nano-Hydroxyapatite toothpaste.
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Figure 1 Milestones in the evolution of insulin therapy.
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How do they do it?
HOW DID THEY MAKE INSULIN FROM RECOMBINANT DNA? 3:{(:

BIOMEDICAL RESEARCH CENTRE
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medicine insulin __
purified Jean Monnet ;@
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THE FIRST GEMERATION OF THERAPEUTIC PROTEIMNS

Humulin

Hematrope

Genotropin
Saizen
Mutropin/Protropin

Intron A

Avonex

Betaseron/Betaferon
Procrit/Epresx
Epogen
MeoRecormon
Kogenate
MovoSeven

Benefix

Fabrazyme

Replagal

Pulmozyme

Activase/Acitlyse

Medical Biotechnology

Insulin

Recombinant
somatropin

Sematropin

Somatropin

Somatropin/Somatrem

Interferon alpha 2b

Interferon beta-1a

Interferon beta-1b
Epoetin alpha
Epoetin alpha
Epostin beta
Factor VIl

Factor Vlla

Factor IX
Agalsidase beta
Agalsidase alfa
Domase alpha

Alteplase

Eli Lilly
Eli Lilly

Pfizer
Serono
Genetech

Schering-
Plough

Biogen ldec

Schering AG
J&amp;)
Amgen

Roche

Bayer

Mowvo Mordisk
\Wyeth
Genzyme

TKT Europe
Genetech

Genetech

Phuc V.Pham, in Omics Technologies and Bio-Engineering, 2018

Diabetes

Hormones

Hormones
Hormones
Hormones

Anti-infective

Multiple sclerosis

Multiple sclerosis
Blood modifier
Blood modifier
Blood modifier
Blood modifier
Blood modifier
Blood modifier
Enzymes
Enzymes
Enzymes

Blood factor

Diabetes

Growth failure

Growth failure
Growth failure
Growth failure

Viral infections

Chronic inflammatory
demyelinating polyneurophathy

Multiple sclerosis
Anemia

Anemia

Anemia
Hemophilia
Hemophilia
Hemophilia
Fabry disease
Fabry disease
Cystic fibrosis

Myocardial infarction

With the support of the
Erasmus+ Programme
of the European Union

PO

@

BIOMEDICAL RESEARCH CENTRE

- Erasmus+

Jean Monnet @
Programme :

- Erasmus+

Jean Monnet Modules


https://www.sciencedirect.com/science/article/pii/B9780128046593000191
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THE SECOND GENERATION OF THERAPEUTIC PROTEINS

Humalog/Liprolog  Insulin Lispro Eli Lilly Diabetes Diabetes L
BIOMEDICAL RESEARCH CENTRE
CymAay Lantus Glargine insulin Sanofi-Aventis ~ Diabetes Diabetes gl
Erasmus+
Levemir Detemir insulin MNovo Mordisk  Diabetes Diabetes
Jean Monne
Pegasys Pegylated interferon Roche Interferon Hepatitis C Programme SR
alpha -2a
Peg-Intron Pegylated interferon Schering Interferon Hepatitis C
alpha -2a Plough
Aranesp Darbepoetin alpha Amgen Blood modifier Anemia
MNeulasta PEG-Filgrastim Amgen Blood modifier Meutropenia
Refacto Factor VIII Wyeth Blood modifier Hemophilia
Amevive Alefacept Biogen |dec Inflammation/Bone Plagque psoriasis
Enbrel Etanercept Amgen Anti-arthritic Arthritis
Ontak rlL-2-diptheria toxin Ligand Cancer Cancer

Pharmaceuticals
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081211 Fragment
Template is pTel02 3“
1 ¥ L

m FGF2-cds-2 c/ 2B Ndel-Xhol BIOMEDICAL RESEARCH CENTRE
CymAay i -Hi
yM pET27b-FGF2-His6 B ..
pTel32 FGF2-cds-2A/2B Ncol-Xhol il ¢

pET28b FGF2-His6

IEE] FGF2-cds-2C/2D Ndel-Xhol
pET28b-His6-Thrombin-
FGF2

pTel34 FGF2-cds-2C/2D Ndel-Xhol
pColdTF-FGF2

pTel35 FGF2-cds-2A/2D Ncol-Xhol
pET32a-Trx-His6-Fgf2
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34,4 kDa
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19,4 kDa
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EnBase fermentation 15Feb2012 32C
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Thrombin cleavage FGF2-133
M1 2 34 56 7 8 9101112 13 DP — pellet after dyalysis

g -
- - ' -
CymZlY e
=

Rl

XX

@

BIOMEDICAL RESEARCH CENTRE

&19,4 kDa
- &17,3 kDa e —

- .
oy

15% PAAG 24Feb2012

24782 2012 s

_ 0,1ul 0,4ul 1ul loaded
7,5 ul of the soluble dyalyzed protein loaded per lane — from 16 ml of over 2 mg/ml FGF2-133

.. . We assumed that not more than 18 mg of protein got precipitated, while

Info is in the file Over 32 mg of FGF2-133 remained in soluble form. Then, the purity of the

FGF2-133 thrombin cleavage 23Feb2012 Precipitated protein is much worse (5-7 folds more dirt) than the soluble protein.
1 2 3 4 5 6 7 8 9 10 11 12 13

prot1 prot 2 prot 3 prot 4 prot 5 prot 6 prot 7 prot 8 prot 9 prot 10 prot 11 prot 12
100 ul FGF 50 ul FGF 50 ul FGF 50 ul FGF 50 ul FGF 50 ul FGF 50 ul FGF 50 ul FGF 50 ul FGF 50 ul FGF 50 ul FGF 50 ul FGF
+50 ul +50 ul
+1u/21ul+50ul prl+50ul pr2 +50ul pr3 +50ul pr4 +50ul pr5 + 50 ul pr6 + 50 ul pr7 +50ul pr8 + 50 ul pr9 prl0 pril -
EXCess, X 10 5 2,5 1,25 0,63 0,31 0,16 0,08 0,04 0,02 0,01 0,005 0
1 u per about 200 ug
1u/100 ul 0,5 0,25 0,125 0,0625 0,031 0,016 0,008 0,004 0,002 0,001 0,0005 protein...
Thrombin: 0,005-0,01 units cleaved 100 ul of protein with about 2 or more mg/ml...
which means that for 1 ml of protein we should take 0,05-0,1 units of
Thrombin.
which means that for our 15 ml protein - around 30 or more mg total - we should use 1,5 units of Thrombin.
we could use 1 unit, or 0, 75 units per this amount,
and, on the other hand, we can increase this amount safely to at least 3 units per 15 ml
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cyMny 72 kDa
55 kDa

36 kDa

28 kDa

17 kDa

11 kDa . -

Coomassie staining Zn-Imidazole staining (more sensitive)

't

1 — FGF2-133 fusion crude soluble, 19,4 kDa (fused to His-tag)

2 — FGF2-133 fusion Ni-NTA purified, 19,4 kDa

3 — FGF2-133 digested with thrombin, 17,6 kDa

4 — FGF2-133 Heparin purification, 17,6 kDa - final

5 — Mol weight marker

6 — FGF2-135 fusion crude soluble, 34,4 kDa (fused to His-Thioredoxin tag)

7 — FGF2-135 fusion Ni-NTA purified, 34,4 kDa

8 — FGF2-135 digested with Enterokinase, 17,3 kDa -ErasmUS+

9 — FGF2-135 Heparin purification, 17,3 kDa - final iy
Programme
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L12cp36/6 on Matrigel in 24x wells Programme
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0 _

no FGF2 FGF2-133-thrombin FGF2-133 fusion FGF2 standard

Cells plated at density of 20 000/cm2, grown for 3 days
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FGF2-135 FGF2-133/thromb  FGF2-133 FGF2 standard e s e
o His-Trx-FGF2 34 kDa FGF217,534kDa  His-FGF2 19,416 kDa hFGF2 17,121 kDa B
\ I | I Erasmus+
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Jean Monnet "16

P-Erk1/2 g R — ‘ Programme
Erk1/2 . e B 22 -nﬂnﬂﬂz

L12cp36/6 were plated at 20 000 cells/cm2 in 24x plate in cHES medium without FGF2.

Cells were allowed to grow for 3 days.
The recombinant FGF2 variants were added each day (3 times), meaning that the controls

had FGF2 added 24 hrs before.
For FGF2-135, the cells were used which were not exposed to any FGF2 for all 3 days.
For western, cells were treated with fresh portions of FGF2 variants for 10 min — lyzed in

Fermentas’ lysis buffer.
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FGF2-STAB @\P RC

Enantis

- retains full biological activity even after twenty days at 37°C
- half-life of biological activity of a wild type FGF2 is 9 hours at 37°C

® FGF2 for cultivation media

® FGF2 for cosmetics

® FGF2 for veterinary medicine
® FGF2 for wound healing

TECHNOLOGY / IP OWNERS :
https://biospot.eu/technology/hyperstable-fibroblast-growth-factor-2-fgf2-stab/ Masaryk University Enantis s.r.o.
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Recombinant antigens 3RC
Substrat[i) BIOMEDICAL RESEARCH CENTRE
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Secondary
Antibody
Conjugate 4

Primary
Antibody
4

mErasmus+
Indirect Assay https://www.integra- il

biosciences.com/sites/default/files/styles/large/public/images/ Programme e
https://media.cellsignal.com/www/images/resources/applications/elisa/elisa-indirect-assay.jpg elisa-viaflo-96-384-8993.jpg?itok=5rolbtIn
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Cymay
OCHOBHI XAPAKTEPUCTUKWU I'Ipo,qyl(u,ia
NPOAYKLII TOB «BITPOTECT
BIOPEATEHT» ronosHa / Mpoaykuis
» Yac nposeaeHHst aHanisy 2-2,5 roauHu; | . Aneprin

» JIyHKM CTPUNIB BIAOKPEMAOIOTLCS B YCIX
Habopax;

IHdeKkLUiHI 3axBOprOBaHHA
» 3MiHa KONbOPY PO34MHIB Ha PI3HUX

eTanax NOCTaHOBKI: IMyHOdEPMEHTHI TeCT-CUCTEMW AN5 AjarHOCTUKM BIPYCHUX

Ta BakTepianbHUX iHbeKLi, NPOTO30MHUX refbMiHTHUX
» MOX/IMBICTb NOCTAHOBKM BPYYHY Ta Ha iHBa3iti.
asTomaTn3oBaHoMmy pobori;

» YCi peareHTV MaroTb YiTke MapKyBaHHS
Ta KONbOPOBY IHAMKALLIHO;

» [liarHOCTUYHI XapaKTepucTuku
NiATBEPAXEH] HAa KOMEPLIMHNX NaHensx
CMPOBATOK;

« YporeHitansHWi Mikonnasmos — « TOKCOKapo3

« BipycHuii renatut B

« BipycHuii renatut C « Ypeannasmos « ExiHOKOKO3

« BipycHuii renatut A « YDOreHiTansHUi TPUXOMOHIa3  « TpUXiHeabo3

« TOKCOMAa3mMo3 « YporeHitansHui xnamiaios « XBopoba Navima (bopenios)
» Kpacryxa « Cudinic « Bipyc Bapiuenna-3ocrep

« LinTomeranosipycHa inpekuis  « Xenikobaktepios « Kip

« [lpocTuii repnec « [lambnio3 (riapaios) « Audrepia

« |HdEKLINHNIA MOHOHYKNEO03 « Ackapuaos « COVID-19

« MikonnasmeHHa NHEBMOHIf

« Onicropxo3
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=* Vector NTI - [HCV-1b, clone HCV-K1-F cl

B File Edit View Analyses Cloning Gel List Align Assemble Tools Window Help ’T“:'m
@@ ads=s FHa B BRR|Iv/L P60 N H
Active Pane: [BEIEI = v M v [ @) |5 | T | Q Q & || &£ [
K4 HCV-1b, clone HOV-K1-R1 i 5 ? Lk bl e 2l
[ General Description Apall (324) : BamHI (7465)
[ standard Fields :
£ References Smal (306) BamHI (7518)
& Comments Xmal (304) : Pst1(7855)
[ (] Annotations 5
[ Feature Map Aval(304) . NS5B
[ Imported Features Not Shown on Map Smal(119) ‘ Aval (8635)
[ Restriction/Methylation Map '
Xmal (117) Xmal (86335)
Aval(i117) Smal (8637)
Neol (72) Il Ncol(8g85)

——————— Misc. Feature 'c33c regin by Rayevska' 3903 bp - 4706 bp (direct)

m

HCV-1b, clone HQV-K1-R1

9410 bp =

3201 GRACTGGGCCC ACACAGGCCT ACGAGRCCIG GCGGTAGCGG TCGAGCCCGT CGICTIICICC GRCATGGRARA TCRAGATCAT CACCIGGGGG GGAGACACCG ~
CTGACCCGGGE TGTGTCCGGR TGCTCTGGRC CGCCATCGCC AGCTCGGGCA GCAGRAGAGG CTGTACCTTT AGTITCTAGTA GIGGRCCCCC CCTICTGIGES

3301 CGGCGEIGIGE GGRCATCATT ATGGGICTAC CTGICICCGC CCGRAGGGGG AGGGRGATAC TCCTAGGACC AGCCGACAGT CTTGRAGGGEGC AGGEGGIGECGE
GCCGCACRCC CCTGTAGTAR TARACCCAGATG GRCAGAGECG GGCTICCCCC TCCCICIATG AGGATCCIGG TCGGCTGICR GRARCTCCCCGE TCCCCRCCGECD

3401 ACTCCTC CCCATCACGG CCTACTCCCR RCAGACGCGGE GGCCTGITTG GCTGCATTAT CRCCAGCCTC

ACGGGCCGGGE RCRAGRACCHE AGTCGAGGGS

pxerteerle CGC GGGTAGTGCC GGATGAGGGET TGICTGCGCC CCGGRCRAALC CGACGTRATRA GTIGGTCGGAG TGCCCGGCCC TGTITCTTGGT TCAGCTCCCC =
3501 GRAAGTTICAAG TGGITICCAC CGCOGACGCAG TCTITCCTAG CGACCTGCGT CRAACGGCGIG TGCIGGACTG TCTACCACGG CGCCGGCTCA ARAGACCCTIAG =
CTTCRAGTTC ACCRARAGGTG GCGCTGCGIC AGRAAGGATC GCTGGRCGCA GITGCCGCAC A AGRTGGTGCC GCGGCCGAGT TTICTGGGATC
3601 CCGGCCCRAR GGGTCCRATC ACCCRAARTGT ACACCLATGT AGACCAGGAC CTCGTCGGAT GGCC JGCC CCCCGGAGCG CGGTCCTTGR CRCCATGCRC

GGCCGGETTIT CCCAGGITAG TGGGTTTACA TGIGGTTACA TCTGGTCCTG GAGCAGCCTA CCGGCCGC GGGGCCTCGC GCCAGGAACT GTGGTACGITG

3701 CTGCGGCGGC TCGGACCTTT ACTTGGICAC GAGACACGCT GATGICATIC Ci -GCCH - - BGCAGGGGGA GCTTACTATC CCCCAGGCCC

GRCGCCGCCG AGCCTGGRAR TGRACCAGTG CTCTGTGCGR CTACAGTRAG GCCRCGCGGC CGCCCCACTG TCGTCCCCCT CGRATGATAG GGGGTCCGGES

Hal

Smal

wemal

Ready 3408 bp - 5300 bp (1893 bp) . 5301 bp (3) =1
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=] Untitled - AlignX s

Project Edit View Align Analyses Assemble Tools Window Help
N |+ = -
= (4, o & K
Active Pane: =i Sl | @Q @ L (e £
4| % | p10 cl. 1 sequencing corrected? (893) Similarity
hid p10 cl. 3 sequencing (885)
A p10 cl. 6 sequencing correced (B83)
A p10 cl. 7 sequencing corrected (886)
Absolute
210 d. 1sequencng ... Complesity
pl0 cl. 3 sequencing (0.0398) Ebeoiite
Completity [pld
cl. 1 sequencing
corrected?)
p10 d. & sequencing ...
pl0 d. 7 sequending ...
12 10 20 30 40 50 &0 70 0 30 100 110 120 130 140 150
1| GEGANNAT CCTCCARARTCGGATCTGGITCCGCGTGEATCCGCGETGGACTTIGTACCCGICGAGTCET TGGARACHACEAT GCGGTCECCGGTETTCACGGR CATCCCCACCGETEGTACCGCAGRCATTCCARGTGGCCCATCTACLACGE
p10 cl. 3 sequencing 1| GEGACCATCCTCCARMATCGGATCTGGTICCGCGTGEATCCGCGETGEACTITGTACCCGTINGAGT CEAT GGARLCTACEAT GCGGTCTCCGGIEITCACGGACAACTCAT CECCACCEGEEGTACCGCAGACATTCCARGTGGCCCATCTACACGCE
p10 cl. 6 sequencing correced 1| GEGACCATCCTCCARAATCGGATCTGGTTCCGCGTGRATCCGCGETGRACTTTGTACCCGTHGAGT CEAT GGAALCCACEATGCGGTCECCGGTTTTCACGGATAAC BI""C""—' CCGEETGTACCGCAGACATTCCALGTGGCCCATCTACACGCT
p10 cl. 7 sequencing corrected 1 -————- ATCCTCCARR-TCGEATCTGETTCCGCGT GGATCCGCGETIGGACTTIGTACCCGTCGAGTCCATGGRARLCHACCATGCGGTICECCGGTEI TCACGEAER ACTCATCTCCACCGGEEGTACCGCAGACATTCCARGTGGCCCATCTACACGCE
Consensus 1| GCGACCATCCTCCARARTCGGATCTGGITICCGCGTGEATCCGCGEIGEACTITGTACCCGITGAGTCTATGGARACTACTATGCGGTICCCCGGTICTTCACGGACARCTCATCCCCACCEGCCGTACCECAGRCATTCCARGTGGCCCATCTACRACGCC!
[« | il
Ready consensus positions: 100.0% |identity positions: 82.1%




f" Vector NTI - [pVT11 cl. 6 pGEX2T-c33
 comm— _ e—  e—

@ File Edit View Analyses Cloning Gel List Align Assemble Tools Window Help | - || = || *
u f = = Ly ) = 2, - -
| 2E EHald oo (&S Tl E oz BRR| v e 0 66 (K| x8
. = " aTE el M T >
Active Pane: EEE - - B | &) | | dk | @ @ || w2 A )
LA pVT11 cl. 6 pGEX2T-c33
1 General Description Apall (19)
[ [ standard Fields lac
@ Comments
0 [ Annotations tac
[ Component Fragments
[C Feature Map
# [ ] Imported Features Not Shown on Map primer pGE}(-FWD-rnine
] Restriction/Methylation Map primer c33c-A™
[ open Reading Frames
BamHI (g31)
laclq GST-¢c33 ORF
Apall (4428) ¢33 ORF
pVT11 cl. 6 pGEX2T-c33
5748 bp
primer c33c-B*
/ EcoRI (1741)
Rep Origin 1 / primer pGEX-REV-mine
Apall (3518) bla
Apall (2272)
bla
Pstl (2702)
Apall ol
1 ACGTTATCGA CTGCACGGTG CACCAATGCT TCIGGOGTCA GGCAGCCATC GGAAGCTGIG GTATGGCTIGT GCAGGTCGTA AATCACTGCA TAATTCGTGT
TGECAATAGCT GACGTGCCAC GTGGTTACGAR AGACCGCAGT CCGTCGGTAG CCTTCGACAC CATACCGACA CGTCCAGCAT TTAGTGACGT ATTARGCACH E
101 CGCTICAAGGC GCACTCCCGT TCTGGATRAT GITITITGCG CCOGACATCAT AACGGTITCITG GCRRATATIC TGAAATGAGC TGITGACAAT TAATCATCGS
GCGAGTTCCE CGTGAGGGECA AGACCTATTA CAAAARACGC GGECTGTAGTA TTGECCAAGAC CGTTTATAAG ACTTTACTCGE ACAACTGTTA ATTAGTAGCC
-
3
Ready | 1 bp | Al
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l I HOW DID THEY MAKE DIPHTHERIA ANTITOXIN?

- SCIENTISTS LEARNED TO HARNESS THE IMMUNE SYSTEMS of some animals to produce antitoxin serums

NTAN to use as medicines. Diphtheria antitoxin was one of these medicines. Doctors used diphtheria antitoxin L
£ to treat and prevent diphtheria, an often deadly childhood disease. HOMEDICAL RESEARCH CENTRE
CymplY
y A L o 2 nErasmus+
@ Scientists grow @ Next, researchers inject @ Scientists collect @ Then, researchers

diphtheria-causing horses with the diphtheria blood from the purify the antitoxin

bacteria in the laboratory toxin. As an immune response, horses and separate serum for use as a Jean Monnet
and harvest its toxin. the animals’ blood produces out the antitoxin medicine for people. Pr ogramme
diphtheria antitoxin. rich serum.
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Emll von Be rmg
(15 March 1854 -31 March 1917)
German physiologist
He was awarded the first
obel Prize in Physiology or
Medicine in 1901
for his discovery of
diphtheria antitoxin

K
Butrous § '_ Foundation
www.butrousfoundation.com
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AUTOIMMUNITY

MRNA vaccine shows promisein
autoimmunity

Alexandra Flemming

Nature Reviews Immunology 21, 72(2021) | Cite this article
11k Accesses ‘108 Altmetric Metrics
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Recombinant antibodies BQC
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COVID-19 treatment:
1.2 grams of both

- casirivimab

- imdevimab
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https://www.nytimes.com/2020/11/21/health/regeneron-covid-antibodies-trump.html



Mouse challenged with antigen
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Spleen Cells Myeloma Cells
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Culture in HAT Medium Harvest monoclonal
Select for positive cells antibodies
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The Nobel Prize '31

i n P hys I o I ogy 0 r NI e d I CI n e 1 984 BIOMEDICAL RESEARCH CENTRE

Photo from the Nobel Photo from the Nobel Photo from the Nobel

Foundation archive. Foundation archive. Foundation archive.

Niels K. Jerne Georges J.F. César Milstein | [

Prize share: 1/3 Kéhler Prize share: 1/3 Joan Monnet 4 @
Prize share: 1/3 Programme A~

The Nobel Prize in Physiology or Medicine 1984 was awarded jointly to Niels K. Jerne, Georges J.F. Kohler and César
Milstein "for theories concerning the specificity in development and control of the immune system and the discovery of
the principle for production of monoclonal antibodies."

https://www.nobelprize.org/prizes/medicine/1984/summary/



Recombinant antibodies §RC
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US FDA-approved monoclonal antibody on the market — sobcieseisccme
Cymply
mAb Brand Company Target Format Technology Indication® us*
hame Approval
Muromonab- Orthoclone = Centocor Ortho Biotech Products LP. CD3 Murine IgG2a Hybridoma/Janssen Kidney transplant 1986*
CD3 OKT3 Biotech, Inc rejection
Abciximab Reopro Centocor Inc./Eli Lilly/Janssen Biotech Inc. GPIIb/Illa Chimeric IgG1 Hybridoma Prevention of blood clots 1994
Fab in angioplasty
Rituximab MabThera, Biogen Inc./Roche, F. Hoffmann-La Roche CD20 Chimeric IgG1 Hybridoma Non-Hodgkin lymphoma 1997
Rituxan Ltd./Genentech Inc.
Palivizumab Synagis MedImmune/AbbVie Inc. RSV Humanized IgG1 Hybridoma Prevention of respiratory 1998
syncytial virus infection
Infliximab Remicade | Janssen Biotech Inc. TNFa Chimeric IgG1 Hybridoma Crohn's disease 1998
Trastuzumab Herceptin  Roche, F. Hoffmann-La Roche, Ltd./Genentech HER2 Humanized IgG1 Hybridoma Breast cancer 1998
Inc.
Alemtuzumab Campath,  Berlex Inc./Genzyme Corp./Millennium CD52 Humanized IgG1 Hybridoma Chronic myeloid leukemia 2001
Lemtrada Pharmaceuticals Inc.
Adalimumab Humira AbbVie Inc. TNFa Human IgG1 Phage display Rheumatoid arthritis 2002
Ibritumomab Zevalin Biogen Inc./Schering AG/Spectrum CD20 Murine IgG1 Hybridoma Non-Hodgkin lymphoma 2002
tiuxetan Pharmaceuticals Inc.
Omalizumab Xolair Roche, F. Hoffmann-La Roche, Ltd./Genentech IgE Humanized IgG1 Hybridoma Asthma 2003

https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0592-z
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https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0592-z
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US FDA-approved monoclonal antibody on the market — sevcikesiron e
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Emapalumab Gamifant NovImmmune IFNy Human IgG1 Phage display Primary hemophagocytic = 2018

lymphohistiocytosis
Fremanezumab  Ajovy Teva Pharmaceutical Industries, Ltd. CGRP Humanized IgG2 Hybridoma Migraine prevention 2018
Ibalizumab Trogarzo Taimed Biologics Inc./Theratechnologies Inc. CD4 Humanized IgG4 Hybridoma HIV infection 2018
Moxetumomab  Lumoxiti MedImmune/AstraZeneca CD22 Murine IgG1 Phage display Hairy cell leukemia 2018
pasudodox dsFv
Ravulizumab Ultomiris Alexion Pharmaceuticals Inc. c5 humanized Hybridoma Paroxysmal nocturnal 2018

I9G2/4 hemoglobinuria
Caplacizumab Cablivi Ablynx von Humanized Hybridoma Acquired thrombotic 2019
Willebrand Nanobody thrombocytopenic
factor purpura

Romosozumab  Evenity Amgen/UCB Sclerostin Humanized IgG2 Hybridoma Osteoporosis in 2019

postmenopausal women

at increased risk of

fracture
Risankizumab Skyrizi Boehringer Ingelheim Pharmaceuticals/ AbbVie IL-23 p19 Humanized IgG1 Hybridoma Plaque psoriasis 2019

Inc.

Polatuzumab Polivy Roche, F. Hoffmann-La Roche, Ltd. CD79p Humanized IgG1 Hybridoma Diffuse large B-cell 2019
vedotin ADC lymphoma
Brolucizumab Beovu Novartis Pharmaceuticals Corp. VEGF-A Humanized scFv  Hybridoma® Macular degeneration 2019
Crizanlizumab Adakveo Novartis Pharmaceuticals Corp. P-selectin Humanized IgG2 Hybridoma Sickle cell disease 2019
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Polymeric biomaterials — production and application %

BIoOMEDICAL RESEARCNHN CENTRE
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«Modern European trends in biomedical higher education: Bionanomaterials.» Ne 620717-EPP-1-2020-1-UA-EPPJMO-MODULE
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BIOMATERIALS
) @’m";‘“““ ””E‘};‘&\ * Non-living materials mainly used for medical purposes.

i A
fer | * Designed to interact with biological systems.
= =
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% Momxcl &

& & BIODEGRADABLE MATERIAL
RLTTTTI

Its mechanical properties does not change during its life time.

It gets degrades gradually without leaving trace.

TISSUE ENGINEERING

Maintenance, replacement or regeneration of damaged biological tissues

- Erasmus+

Jean Monnet ,6

Programme

Rt With the support of the -
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Polymeric biomaterials - application
in regenerative medicine and tissue engineering

Cymay :
g Biopolymers
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) Alloplastic Bioceramics
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Xenografts

Allografts

Jean Mome Xsnogt.‘aft -a tissue. graft or organ t_ra.nsplant from a donor of
Programme  fS a different species from the recipient With the support of the

- Erasmus+

Erasmus+ Programme
of the European Union

doi.org/10.1007/978-3-319-74854-2_6

)

BIoOMEDICAL RESEARCNHN CENTRE

Based on

the chemical composition

The artificial material
substituted for tissue
grafts is called
alloplastic.

- Erasmus+
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Evolution of Biomaterials

Structural » First generation
P LR T /
;,f.\,{-.?* L >N /
= 2
i [,
T* J MCMXCII ‘hﬁ; -
\fﬂ&um 7 Soft Tissue » Second Generation

Replacements

Y

Third Generation

T

Functional Tissue
Engineering Constructs

(Scaffolds)

*Scaffolds are materials that have been engineered to cause desirable
cellular interactions to contribute to the formation of new functional
tissues for medical purposes. Cells are often 'seeded' into thes ,

With the support of the

structures capable of supporting three-dimensional tissue formation. M rasmus+ Programme
: of the European Union
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Properties Of Biomedical Polymers B‘C

BIOMEDICAL RESEARCH CENTRE

P . » Flexibility; “Erasm“5+ |
Vs . . . . Jean Monne
A 2 » Resistance to biochemical attack; Programme ANER
= gl
% wowan, » Good biocompatibility;

T

» Light weight;
» Available 1n a wide variety of compositions with
adequate physical and mechanical properties and

» Can be easily manufactured into products with
the desired shape.

With the support of the -
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Selection Parameters For Biomedical ﬁ % ;‘C

Polymers BIoOMEDICAL RESEARCNHN CENTRE

CymalY . . .~ g o o
i The design and selection of biomaterials depend on
P— different properties — BBl e rosmus+
N Cra. i
s N : ‘ = Jean Monnet ‘@
[ ‘\ Host Respon.se Programme
E: 3
% e & » Bilocompatibility
T

» Biofunctionality
» Functional Tissue Structure and Pathobiology

» Toxicology

» Appropriate Design and Manufacturability

» Mechanical Properties of Biomedical polymers

With the support of the -
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% momxci & S Biomedical
eoxppunt Polvmers
I
Natural Synthetic
Polymers Polymers
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Biopolymers
PN 7 1
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IE El Matural Synthetic
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Lxapund P ! - B 1 N g r L 1 .
Froteins Polysaccharide Mon-
Collagen
: . PGA, PLA,
oottt e Wt 0 PE, PP, PA, PDS. PCL,
Soy Fl'fl'—"tﬂlﬁ.- Chitin ! PU, PC, PVC, PHE , PPF
Silk PMMA, PTEE,
e o L o . . . .
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Natural polymers

Natural polymers, or polymers, derived from living
creatures, are of great interest in the biomaterials
field.

Properties of natural polvmers:

> Bilodegradable;

» Non-toxic/ non-inflammatory;

> Mechanically similar to the tissue to be replaced;

> Highly porous;

> Encouraging of cell attachments and growth;
> Easy and cheap to manufacture

> Capable of attachment with other molecules (

to potentially increase scaffold interaction

with normal tissue).

)

BIoOMEDICAL RESEARCNHN CENTRE

Example of natural polymers

Collagen
Cellulose
Alginates
Dextrans and

Chitosan
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Classification of synthetic polymers
P — Synthetic Polymers
| | e Advantages of Synthetic Polymers

» Ease of manufacturability

»process ability

»reasonable cost

Bioerodible e The Required Properties
| * Biocompatibility
Applications: = Sterilizability
* Physical Property
| [ Medical disposable supplies, Prosthetic materials,

— Dental materials, implants, dressings, polymeric : MaHUfaCturablhty
Jean Monnet ‘@ drug delivery, tissue engineering products
Programme [N




Protein based biopolymers and their formulation

=

BIroMEDICAL RESEARCH CENTRE
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[ Electrospun Fibers . '
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/o ): ).‘a K Animal Protein - Programme SN
IE E‘| €S8 Collagen Silk
| Jansete Gelatin Elastin
: ' Keratin . Fibrin
Protein based

Blopolymer

Casein Zein
Interconnected Whey Soy
porous scaffolds Qllk Protein Plant Pfotely
3D printing scaffolds
o
050 °
0'g ©
Therapeutic molecule loaded Hydrogel

Polymer particles

*I
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Scaffolds . Biosensors and
Wy diagnostics

Application @

lons

Cardiovascular Applicat

Bones, Joints, And Teeth
Contact Lenses And Intraocular Lenses

Artificial Kidney And Hemodialysis Materials

Oxygen-Transport Membranes

Surgical Sutures

Tissue Ingrowth Polymers

Skin tissue Antimicrobial Controlled Release Of Drugs
repair membranes ’
“ Erasmus+
= At \Vith the support of the -
Jean Monne Erasmus+ Programme Erasmus+
Programme AN Ext of the European Union Jean Monnet Modules
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Enable high-throughput experiments

Mirr~ angd
Nano Manipuilate extracellular
Fabrication microenvironment

Techniques
Fabricate biomimetic scaffoilds
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;\anqscale | Mlcrpscale Mesoscale Macroscale " [
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What are scaffolds?

[
— | |
“

Scaffolds: Serve as temporary or permanent artifical Extracellular Matrices

(ECM) to accommodate cells and support 3D tissue regenerations .

What is ECM?

blend of macromolecules (proteins and carbohydrates) around cells—as
space fillers.

With the support of the
Erasmus+ Programme
of the European Union
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Biomemtic Scaffolds

{/ 1\
e S — {l J
W /

g

» Biomimetics is defined as the application of methods

S ey and systems, found in nature, to technology and
[ \ engineering.
£ El - - - -
g o » Mimicking the naturally occurring extracellular
R M - q.t?' . . . . .
p matrix (ECM) and how this is a promising approach

to effectively tailor cell response and to successfully

engineer replacement tissues.
BlO - MIME&C

"COPY”
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BIOMATERIALS

CHARACTERIZATION

KRD
FTIR
U/is
NMR
Raman
AFM

SEM-EDS
TEM - EDX
ICP
ner
BET
CONFOCAL

APPLICATIONS

In Vitro Testing BEnby ahd
Orthopedic
Simulated conditions e

In Vivo Testing

P ol f

“Bloactive & Antibactesial
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of the European Union
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Multidisciplinary approach B‘C

Organic
- chemistry
gﬁ%““ ! EE}-}

Biology
and
Medicine

Engineering

Material
characterization
K X
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o Electrospinning
‘KMEdEUk;
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EBiomaterial choice
Origimn (nmnatural or synthetic)
Spinnable solutionNn parameters
Concenreation blending ratio

! ! !

Chemical properties Physical properties B Mechanical properties
Biodegradability Fiber dameater Shear moduls
Conductivity A Fiber alignment
Swelling behawviour Topographical properties

Surface hydrophilicity
Porosity and pore size
SGeomeltry (i.e., core-shell structures)

I

Electrispinnmning method
Polymer solution parameters
Wiscosity
Surface tension
Conductiwvity
Process parameters
Applied voltage
Spinneret-collector distance
Flow rate
Colletor geometry
Enwvironmental parameters

Temperature
Humidity
Technigue
or multi—-axial appartus

“ Erasmus+

Jean Monnet s
Programme '

Co-axial

DOI: 10.4103/1673-5374.219029




Material / Method
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Ch sponge

Ch membrane

Jean Monnet ,s
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/e . Materials
I: ':;I Chitosan
|I = | o o on
) Fiy TR IR A
I"Z?_ \‘P& / Keratin )

electrospinning

chemical crosslinking process
7rNb aIon Ti6Al4V aIon

il

anodization in eIeEtrontic bath  selective laser melting machine

- Erasmus+
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State of the art

Natural

polymers Bio- ~ Non-
compatibility Immunogenic
properties

Natural abundant polysaccharides

» TISSUE
ENGINEERING
SCAFFOLDS

» DRUG
DELIVERY
VEHICLES

» PERMEABLE
MEMBRANES




Project concept focused
on the properties of their compounds

* antibacterial
potential

electrical conductivity

huge surface area B
biocompatibility m
hydrophilicity 7

* cell adhesion
* proliferation

* migration properties

)

BIoOMEDICAL RESEARCNHN CENTRE

o chemical

© mechanical
‘| © microstructural
o0 degradation

properties

AN oo o hemostatic

: o antimicrobial
<4 o biocompatibility

‘‘‘

With the support of the
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of the European Union
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Scientific objectives

e
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Development of bi-layered electrospun nanofibrous scaffolds

electrospinning

solution parameters modification
parameters optimization

optimization and functionalization

.

Characterization of fibers and electrospun scaffolds

mechanical conductivity
properties surface wettability

g

In vivo biological studies

surface structure

degradability

biocompatibility antibacterial

With the support of the -
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of the European Union Jean Monnet Modules
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Electrospinning setup

N
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Scheme of electrospinning setup for chitosan

Electrospinning system membrane production: 1 — pump; 2 -
(Linari Engineering, Italy) syringe; 3 — solution; 4 — needle; 5 — Taylor
cone; 6 — power supply; 7 — jet; 8 — collector;
9 — nanofibers

With the support of the -
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Fabrication of Ch-AgNPs nanofibers

XX
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HErasmus+
K * = = 0,625 pg/mL Membrane Jean Monnet ; -
« MEdE“k ¥ @ * AgNPS 1,25 pg/mL I @ T — =2 P?c?é;rammee
X ** = - [ | 2,5ug/mL

. TEADCM |:>‘ . | |:> 1 M_NaOH
Chitosan * 7:3 * — \/

powder L .
Electrospinnig é Neutralization
setup — for 24 h

Stearing for 12 h

b) : - c)

B I
; alkali treatment I

electrospinning
process

chitosan solution
preparation
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Fabrication of Ch-AgNPs nanofibers glc
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How does it work?

e
BIOMEDICAL RESEARCH CENTRE

With the support of the -
Erasmus+ Programme Erasmus+
of the European Union Jean Monnet Modules




Characterization of nanofibrous electrospun
y] scaffolds: testing of structural, chemical and A
o surface properties

BIOMEDICAL RESEARCHN CENTRE

Surface CA

CAleft: 826
'c

Degradation kinetics

150 -

€ Sample 1 (PEG-)
2
e~ > Sample 2 (PEG+) §&
S 100-
3 FTIR spectra
= _@---- -
> 504 Sy, S
q’ 2 ) 2

0 <T> 1 1 I I
3 1 8 12 16
days week weeks weeks weeks R With the support of the -
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Time points * o of the European Union Jean Monnet Modules



In vitro testing

To assess the cell toxicity

** normal human dermal fibroblasts culture
+** resazurin reduction assay / CCK-based assay
+** fluorescent microscopy

To assess antibacterial properties

4

%

» Staphylococcus aureus and Escherichia coli bacteria
» time-dependent bacterial growth assay

» alamar blue biofilm susceptibility testing

» SEM

L)

o0

L)

o0

4

L)

L)
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{ «Modern European trends in biomedical higher education: Bionanomaterials.» }
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Future of Antibiotics 3

=T | o

o

b

DISCOVERY OF STREPTOMYCIN
SELMAN WAKSMAN 188881972

3

—
w

Number of approved antibiotics
o o

OIIIII

1983-1987 1988-1992 1993-1997 19986-2002 2003-2007
Period (Yr)

FDA approval on new antibiotics
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globin-6.5 nm Antibody-12 nm lnﬂuenu' virus- 130 nm

b

30,  Nanotechnology to treat infection

2000

June

1000+

Number of publications

2002 2004 2006 2008 2010 2012 2014 2016 2018 2019

Nanoscale

Year
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g & . INeeds for using Nanoparticles
1 T f Y \~ 9
\* { .5} e Al g Leaves
R QA S, S, _frotelns, . . . .
O 2 SEEL .,-:..'-:;'-}."- :.::i'.:'- {7 amino acids, Frut ‘
et 4e) Enzymes ':"-':' R vitamins Peel n | m lc ro l a ; Ie
2V (e.g. nitrate reductase) *#* (LY ’ Stem :
Th polysaccharides, Cg:)
F',Enzymes polyphenols, A wi¥ f
| T (e.g., naphthoquinones/ terpenolds, - Flower
Actinomycetes Anthraquinones) organic acld Root /
Microorganisms nanoparticles \ Plant tissues J '

U 3 el ," 'd X
— DueRID x
@ Metal nanoparticles (NPs) |-, VN /

Multidrug Resistance

Applications
JREN P T T N - ‘
§ \ S da . A
4 - o \ s Side effects of antibiotics
o e, I e g | st if directly used
antipathogen, /

K
5

"'

@
(
L

\ mosquitocidal uses |

< N o Proste <y S j 1
p % N\ ST (R (\ / For drug delivery
/

N | \ /
mmmm Most applicable area o, £ el . / \
== Second most-applicable area NPs Magnemt.ally Various types of / ( \
....... Applications under clinical trial Photothermal ) d’:::e':‘v: \ human cancer / /
therapy & . /
/ For long term storage
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Nanoparticles

Inorganic Nanoparticles Organic Nanoparticles

. ’ #,
Examples: Examples :

Metals and Metal oxides like » Poly -e-lysine

« Silver (Ag) * Quaternary ammonium
 Iron oxide (Fe;0y) compounds

« Titanium oxide (T10,) » (Cationic quaternary

« Copper oxide (CuO) polyelectrolytes

« Zinc oxide (ZnO) * N- halamine compounds

* chitosan etc
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MXenes Transition Metal
Dichalcogenides

-
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Physicochemical properties of the NPs

involved in biological activity
Shape Diameter  Agoregation/Agglomeration

Wy

Interaction with Proteins - Interactions

Size NPs

.‘. .
Specific
surface area .
+O e
© @

Chemical

composition , K .: - g O C) “

- - Interaction with Receptors

C D E
{Nanodots

Coating Charge Solubilisation

Nanosheets
(2D Materials)

Surface chemistry
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Antimicrobial NPs :
~ Advantage:

Targeted drug delivery via specific accumulation
«  Lowered side effects of chemical antimicrobials
+  Extended therapeutic lifetime due to slow elimination
«  Controlled drug release
+  Broad therapeutic index
+  Low cost

~ Disadvantage:

+ High systemic exposure to locally administrated drugs

+ Nanotoxicity (lung, kidney, liver, brain, germ cell, metabolic, etc.)
+ Lack of characterization techniques.

With the support of the
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The challenge

Preventing infection

Inhibiting bacterial adhesion
and biofilm formation

l

Non-fouling surfaces

“%“@D 5
éiiiééiiéiiii

Combating infection

Destroying the biofilm
and killing bacteria

O\

Antimicrobial
Nanoparticles
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European projects:
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Formation of a Bacteriostatic Surface on ZrNb
Alloy via Anodization in a Solution Containing

Cu Nanoparticles
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Preventing the Bacterial Adhesion
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Figure 6. Bacterial adhesion over 24 h (a) and osteoblast adhesion and 7-day proliferation (b) on the
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Article
Ag Nanoparticle-Decorated Oxide Coatings Formed
via Plasma Electrolytic Oxidation on ZrNb Alloy

Oleksandr Oleshko 1, Volodymyr Deineka V 1, Yevgeniia Husak 1 , Viktoriia Korniienko 1 ]
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Nanomaterials with Unique Features as Potential

Weapons to Fight Infections OmOm.

1. Nanoparticles with Inherent Antibacterial Fuenen '/"“*"‘ sempmomer ey
Properties il
2. Nanomaterials as Nanocarriers: Mesoporous
Silica Nanoparticles B eyl 6
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E Reactive Oxygen Species generation

Interrupted electron transport

e

/

Release of > Cell membrane
heavy meta
ions
Mitochondria
damage
O Ag NPs
O TiO2 NPs
® ZnO NPs
| ROS Protein
damage
DNA damage

Leakage cellular

Cell membrane
component

disruption & cytoplasm
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In vitro antibacterial activity screening

Anti bacterial activity

!

l

Bacteriostatic

|

.. Serial dilution fluid media method

)

4

1

3. Cup plate method
.. Gradient plate method

- Ditch plate method

». Serial dilution solid media method

extinction time
concentration

=

Bactericidal

l

end point method

!

J

fixed
estimated

(METHOD I)
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Qualitative methods

LAWN ASSAY DISC DIFFUSION METHOD CUP DIFFUSION METHOD
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Quantitative methods

RO DILUT

MAC ION (TUBE) MICRODILUTION
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DISEASES ASSOCIATED TO NANOPARTICLE EXPOSURE

C. Buzea, I. Pacheco, & K. Robbie, N ials and particles: Sources and oxicity, Bioimerphases 2 (2007) MR17-MR71

NANOPARTICLES Brain Neurological diseases:
INTERNALIZED = Parkinson's disease
IN CELLS \ ? Alzheimer's disea~-
A
Mithocondrion Nanoparticle inhalation
Nucleus ¢
Cytoplasm Asthiia
Membrane Lungs  gronchiris
- : Emphysema
Lipid vesicle * Ph;
Cancer
Circulatory Artheriosclerosis
system Vasoconstriction
Nanoparticles Thrombus
ingestion * High blood pressi
B
wHeart Arrythmia
Heart disease
Gastro-intestinal system Death
Crohn’s disease Y S
yeases
Colon cancer Other organs ko
- Y etiology in
Orthopedlf: ',m,plam s — kidneys, liver

we
Auto-im
Dermati
Urticari
Vasculit

lodoconiosis
aposi’s sarcoma

nunune di.s'ea.\'c.s'
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Assessment of NPs toxicity

Cell cultures (in vitro)

70

60

Viability, %
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=

On animals' model (in vivo)

WOUND MORPHOLOGY

D3

Chlorhexidine

AgNAs

Chlorhexidine + AghAs
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Silver NPs ”

m%ﬁ"
| o

1) Bone cement . Sy i i
| Medical and dental applications ap ok !
2) Implantable devices m . =3
3) Additive in polymerizable dental materials o =N “ ?
? =

1

4) Toothpastes

Disinfectants

5) Surgical gowns - =
e

6) Face masks

7) Wound dressing and burn treatments

8) Coating plastic catheters

9) Coating of endotracheal tube

Nasal spray Toothpaste

With the support of the -
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Other applications

1) Food storage packaging

2) Textile coatings, socks and athletic clothing
3) Packaging

4) Cosmetics

5) Water treatment

6) Washing machines Socks

7) Detergents, soaps and shampoos

8) Air and water filters
With the support of the
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https://www.youtube.com/watch?v=rlbeoT9e38I

https://www.youtube.com/watch?v=aYxpAOGL8Ss&list=TLPQM
TkwNDIWMjE_MulXMpTR8Q&index=4

https://www.youtube.com/watch?v=NYDOZzpH99E
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Theranostics: ?QC
combination of diagnosis and therapeutics, % s

Cymay focuses on patient-centered care. [ [
Provides a transition from conventional medicine to personalized |/, @ |
medicine Programme

One stone kills two or three birds
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T Photodynamic Therapy (/*'o' - Optical Fluorescence
* / -

Photothermal Thera \
Cymaly Py \ | Photoacustic Imaging -Erasmus+

Therapy Diagnostic Magnetic Resonance Jean Monnet

Imaging Programme

Radiation Therapy we:

“ . Computed Tomography
\ N 7
Chemotherapy g’ Positron Emission
Tomography
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Gene therapy

i Healthy | | [
Gene \_; B Jean Monnet g3

Programme

Virus Vector
with Healthy
Gene
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The concept of gene therapy is to fix a genetic problem at its source ™

Viral New Viral
DNA Gene DHA

DGO

@  Modified DNA injected

—
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Vector binds to
cellmembrane & % _ egedl 0000 | SUEEEE. . W
Vector injects new
gene into nucleus
' Vesicle breaks
- down releasing
s
erapy using
Jovirus vector
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INACTIVATED
CORONAVIRUS
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Engulfing
the virus

ANTIGEN-
PRESENTING
CELL

Presenting
virus protein .
fragments
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Aluminum vaccine adjuvants: are they safe?

L Tomljenovic T, C A Shaw

Affiliations + expand
PMID: 21568886 DOIl: 10.2174/092986711795933740

Abstract

Aluminum is an experimentally demonstrated neurotoxin and the most commonly used vaccine
adjuvant. Despite almost 90 years of widespread use of aluminum adjuvants, medical science's
understanding about their mechanisms of action is still remarkably poor. There is also a concerning
scarcity of data on toxicology and pharmacokinetics of these compounds. In spite of this, the notion
that aluminum in vaccines is safe appears to be widely accepted. Experimental research, however,
clearly shows that aluminum adjuvants have a potential to induce serious immunological disorders in
humans. In particular, aluminum in adjuvant form carries a risk for autoimmunity, long-term brain
inflammation and associated neurological complications and may thus have profound and
widespread adverse health consequences. In our opinion, the possibility that vaccine benefits may
have been overrated and the risk of potential adverse effects underestimated, has not been rigorously
evaluated in the medical and scientific community. We hope that the present paper will provide a
framework for a much needed and long overdue assessment of this highly contentious medical issue

https://pubmed.ncbi.nim.nih.gov/21568886/ https://upload.wikimedia.org/wikipedia/commons/thumb/a/a2/Oxid_hlinit%C3%BD.PNG/440px-Oxid_hlinit%C3%BD.PNG
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Gene Therapy for Malignant Glioma: RI(P.HH'IJJI';IF.-.IEJI.|R('Ji CENTRE
Current Clinical Status -Erasmus+

1,3,4,%

Kalevi ). Pulkkanen'-? and Seppo Yla-Herttuala

Jean Monnet
‘Dﬂparhnﬁnf of Molecular Medicine, A. 1. Virtanen Institute, University of Kuopio, P.O. Box 1627, FIN-70211 Kuopio, Finland
Department of Oncology, *Department of Medicine, and *Gene Therapy Unit, Kuopio University Hospital, Kuopio, Finland P[’Ogr’amme

*To whom correspondence and reprint requests should be addressed. Fax: +358 17 163030, E-mail: Seppo.YlaHerttuala@uku fi.

Available online 10 August 2005

Glioblastoma is an aggressive brain tumor with a dismal prognosis. Gene therapy may offer a new
option for the treatment of these patients. Several gene therapy approaches have shown anti-tumor
efficiency in experimental studies, and the first clinical trials for the treatment of malignant glioma
were conducted in the 1990s. H5V-tk gene therapy has been the pioneering and most commonly used
approach, but oncolytic conditionally replicating adenoviruses and herpes simplex virus mutant
vectors, p53, interleukins, interferons, and antisense oligonucleotides have also been used. During the
past few years, adenoviruses have become the most popular gene transfer vectors, and some recent
randomized, controlled trials have shown significant anti-tumor efficacy in clinical use. However,
efficient gene delivery into the brain still presents a major problem, and there is a lack of definitive
phase lll trials, which would avoid potential problems associated with a small number of patients,
inadvertent patient selection, and overinterpretation of results based on a few long-time survivors.
For clinical efficacy, median survival is one of the most rigorous endpoints. It is used here to evaluate
the usefulness of various treatment approaches and current clinical status of gene therapy for
malignant glioma.

A With the support of the -
Ll Erasmus+ Programme Erasmus+

of the European Union Jean Monnet Modules



-‘&

CymAY

The Future

NEXT EXIT N

https://antiworldnews.files.wordpress.com/2012/04/thefuture.jpg

With the support of the
Erasmus+ Programme
of the European Union

—
BIOMEDICAL RESEARCH CENTKE

- Erasmus+

Jean Monnet
Programme

¢

- Erasmus+

Jean Monnet Modules



Published: 12 January 2018

= anew erainvaccinology v

Merbert Pardi, Michael J. Hogan, Frederick W. Porter & Drew Weissman =

MNature Reviews Drug Discovery 17, 261-279(2018) | Cite this article = = T . = )
BIOMEDICAL RESEARCH CENTERE
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« Recentimprovements in mRNA vaccines act to increase protein translation, modulate \.J ean M on net

1.64m Accesses | 524 Citations | 4714 Altmetric | Metrics

Key Points

innate and adaptive immunogenicity and improve delivery.

Programme

mRNA vaccines have elicited potent immunity against infectious disease targetsin
animal models of influenza virus, Zika virus, rabies virus and others, especially in recent

years, using lipid-encapsulated or naked forms of sequence-optimized mRNA.

Diverse approaches to mRNA cancer vaccines, including dendritic cell vaccines and
various types of directly injectable mRNA, have been employed in numerous cancer
clinical trials, with some promising results showing antigen-specific T cell responses
and prolonged disease-free survival in some cases.

+ Therapeutic considerations and challenges include scaling up good manufacturing
practice (GMP) production, establishing regulations, further documenting safety and

increasing efficacy.

+ Important future directions of research will be to compare and elucidate the immune

pathways activated by various mRNA vaccine platforms, to improve current
approaches based on these mechanisms and toinitiate new clinical trials against

additional disease targets.

https://cdn.aarp.net/content/dam/aarp/health/drugs_supplements/2020/12/1140-mnra-covid-vaccine.imgcache.rev.web.900.513.jpg
https://www.nature.com/articles/nrd.2017.243
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mRNA is an endogenous ligand for Toll-like receptor
3

Katalin Kariko T, Houping Ni, John Capodici, Marc Lamphier, Drew Weissman

Affiliations + expand
PMID: 14729660 DOI: 10.1074/jbc.M310175200

Free article

Abstract

Toll-like receptors (TLRs) are the basic signaling receptors of the innate immune system. They are
activated by molecules associated with pathogens or injured host cells and tissue. TLR3 has been
shown to respond to double stranded (ds) RNA, a replication intermediary for many viruses. Here we
present evidence that heterologous RNA released from or associated with necrotic cells or generated
by in vitro transcription also stimulates TLR3 and induces immune activation. To assess RNA-mediated
TLR3 activation, human embryonic kidney 293 cells stably expressing TLR3 and containing a nuclear
factor-kappaB-dependent luciferase reporter were generated. Exposing these cells to in vitro
transcribed RNA resulted in a TLR3-dependent induction of luciferase activity and interleukin-8
secretion. Treatment with in vitro transcribed mRNA activated nuclear factor- kappaB via TLR3 through

[ U O (N I SO N I el B [ PR
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Purification of mRNA Encoding Chimeric Antigen A e
Receptor Is Critical for Generation of a Robust T-Cell
Response

Jessica B Foster ' 2, Namrata Choudhari ® 4, Jessica Perazzelli 1, Julie Storm !, Ted J Hofmann 7,

Payal Jain 3 4 Phillip B Storm 23 45 Norbert Pardi ®, Drew Weissman ©,
Angela J Waanders ' 2 4, Stephan A Grupp ' 2, Katalin Kariké 7, Adam C Resnick 2 * 4 8,
David M Barrett 1 2
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PMID: 30024272 PMCID: PMC6383579 DOI: 10.1089/hum.2018.145
Free PMC article

https://pubmed.ncbi.nlm.nih.gov/30024272/

Abstract

T cells made with messenger RNA (mRNA) encoding chimeric antigen receptor (CAR) offer a safe m Erasmus+
alternative to those transduced with viral CARs by mitigating the side effects of constitutively active T -
Jean Monnet

cells. Previous studies have shown that mRNA CAR T cells are transiently effective but lack persistence
Programme
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Research Highlight \ Published: 12 January 2021
AUTOIMMUNITY

mMRNA vaccine shows promise in
autoimmunity

Alexandra Flemming ™

Nature Reviews Immunology 21, 72(2021) Cite this article
11k Accesses ‘ 108 Altmetric Metrics
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A programmable dual-RNA-guided DNA endonuclease in adaptive bacterial
Immunity.

Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier E.

Science. 2012 Aug 17;337(6096):816-21. doi: 10.1126/science.1225829. Epub 2012 Jun 28.
PMID: 22745249 Free PMC article.
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Emmanuelle Charpentier Jennifer A. Doudna
Born in France, 1968 Born in the USA, 1964

Max Planck Unit for the Science of University of California, Berkeley, USA
Pathogens, Germany Howard Hughes Medical Institute
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Cleavage
https://upload.wikimedia.org/wikipedia/commons/thumb/5/57/GRNA-Cas9.svg/1024px-GRNA-Cas9.svg.png
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He Jiankui affair
2018

CRISPR/Cas9 mediatged knockout of CD195 gene
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Photothermal effects of Ti.C,T, 3
MXenes In cell cultures
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ﬂ Erasmus+ MXene picture courtesy of B. Anasori & Y. Gogotsi (Ed.), 2D Metal Carbldes and Nltrldes (MXenes) Sprlnger 2019
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MXenes # graphene
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Mono-transition metal MXenes
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Thickness-independent capacitance of vertically aligned liquid-crystalline MXenes
May 2018 Nature 557(7705) DOI: 10.1038/s41586-018-0109-z
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Treatment parameters from the literature: B}C

1.5 W/cm2 10 min
https://dx.doi.org/10.1021/acsami.0c14752 m
1.0 W/cm2 300 sec (5 min)

10.1021/acsami.8b08314 w E R B &
. y HEALTH
ene cell toxicity assay
Background info: for depilation the following 120
parameters in the laser machine are used: 100 -
755 nm laser — 7 msec, 8-15 J/cm2, 1 impuls R 80 -
1064 nm laser — 7 msec, 25-45 J/cm2, 1impuls ¥ so - Conc. of MXenes, final:
a MX0 0
o 40 -
& o MXA 0.4 ug/ml
[75] Erasmus+ o | MXB 0.8 ug/ml
MXO MXL  MX2  MX3 MXC 1.6 ug/ml

Jean Monnet @ |
Programme ~

1.9 56 167 MXD 3.2 ug/ml



Delamination: segregation of multilayered MXenes into single layer flakes %
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13 nm

100 nm
I
wek 101 men wimns Tmscan]  wem e 206K
=

Vi 1 11 Dwl: nsasm 0

Iacou rtesy of MRC

Electrospun nanofiber 3D porous Ti
mats scaffolds



SEM HV: 20.0 kV WD: 2.01 mm
View field: 5.00 pm Det: InBeam
SEM MAG: 37.9 kx

Courtesy for images: MRC

Like a gold leaf in gilding?

MIRA3 TESCAN

—
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3D-800-MX

SEM HV: 20.0 kV WD: 2.23 mm (! MIRA3 TESCAN
View field: 5.00 pm Det: InBeam
SEM MAG: 37.9 kx
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! Possibilities for covalent functionalization B}C
of MXenes

333:;;3
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$o’5’s’ 3’%

2 (0 40

2D Metal Carbides and Nitrides (MXenes). Edited by B. Anasori & Y. Gogotsi, Springer 2019.
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CHO-4L/MXene, illuminated with the 755 nm laser

100 +
90 -
80 -

70 -
60 1 mtl
1 2
T T T T T T
MX0 MXA MXB MXC MXD

MXD+

—
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CHO-WT/MXene, illuminated with the 7!

82 -
80
78
76 -
74 -
72 -
70 -
68 -
66 -
64 -
62 -
60 -

Percentage reduction of resazurin (F1)

Percentage reduction of resazurin (F1})

MXO0 MXA MXB MXC MXD MXD+

- Erasmus+
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Treatment with 1064 nm laser at 5 J/cm2, 200 msec, 1 Hz

Plate 2 - 10000 cells/cm2 - 36 hr post treatment
140

—
BIOMEDICAL RESEARCH CENTKE

CymAY

120

100

m MXO0
80

B MXO05

60 m MX5
40

20

Percentage reduction of resazurin (F1)

Os 30s 60s 120s

- Erasmus+
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Percentage reduction of resazurin (F1)

CymAY

120

100

80

60

40

20

1064 nm, 3.1J/cm2, 200 msec, 1 Hz - 36 hr p.t.

MXO0

MX0.25

MX05

MX1

MX2.5

MX5

Percentage reduction of resazurin (F1)
u
o
|

W 80 sec

B 100 sec
M 120sec
W 140 sec

1064 nm, 3.1J/cm2, 200 msec, 1 Hz - 36 hr p.t.

60sec 80sec
1250/cm2

60sec 80sec
2500/cm?2

60sec 80sec | 60sec
5000/cm?2

With the support of the
Erasmus+ Programme
of the European Union
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uMX0
B MX05
B MX5

80 sec

10000/cm2
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e Selective affinity of MXenes to tumor cells: covalent modification %
of MXenes and immobilization of antibodies O TR

VeREA

sHEALTH

MXenes in cells: histochemistry, immunocytochemistry, SEM, TEM etc,

® Refining parameters for PTT (in vitro, in vivo)

Jean Monnet
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Programme -

of the European Union Jean Monnet Modules




Drexel

n Erasmus+
Ir_."-" 1
\\'- —

Jean Monnet
Programme

»> Materials Research Centre

With the support of the
Erasmus+ Programme
of the European Union

—
BIOMEDICAL RESEARCH CENTKE

ﬂ Erasmus+

Jean Monnet Modules



DX

“Erasmus+ } t( f
— % L

Jeaﬂ MO n N et 1@ BIOMEDICAL RESEARCH CENTRE
Programme =

MeTomu BUBUCHHS SKOCTI1 IMIIJIAHTIB

«Modern European trends in biomedical higher education: Bionanomaterials.» Ne 620717-EPP-1-2020-1-UA-EPPJMO-MODULE
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Functional surfaces of bone implants is stratergy of new generation of the
biomaterials ‘31C
74 L

BIOMEDICAL RESEARCH CENTRE

HYDROPHILICITY
- PROTEIN ADSORPTION

s
CELL PROLIFERATION

Surface M
modification TISSUE FORMATION

=) ANTIBACTERIAL PROPERTIES

With the support of the -
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Mg and its alloys as degradable materials

Application

XX

@

BIOMEDICAL RESEARCH CENTRE
(a) cardiovascular stents
(b) screw
(c) microclip for laryngeal microsurgery
(pure magnesium)
(a) biodegradable orthopedic implants
(b) wound-closing devices

CO,
/—\#___/_\_._—’—’_’—‘\\V,_—'—\\‘ i __'_,_,d—'——’_x\\_ /
On: i Electrolyte (SBF)
2) = OH- 4) e 5 i 8)

Advantages D — Vi ne P e
= (=] 3acteria £ 7 58 Mg 55
7 [ - ProperYoungs modulus cn & = e e
- Natural degradability e
Jean Monnet A , - “1: H» o 3) _ 5) 6) 7) _
2. - Good biocompability 22 oH HCo, %50, protein
Programme ) oo SRS FOR L op : %
- Good Osteopromo’uve property 2 * 7, .. hydroxyapatite = cl S lactic acid
MgCl, S——

https://doi.org/10.1016/j.matdes.2019.108259

https://doi.org/10.1016/j.matdes.2019.108? 59

noble particle

1. Mg corrosion

2. OH ions harm cells

3. Precipitation of Ca-phosphate
4. Killed bacteria

5. Incorporation of carbonates in the film
6. Attack of chloride ions

7. Adherence of cells/proteins to film

8. Complex Mg”" cations

Mg alloy

A With the support of the
x  * Erasmus+ Programme
ok of the European Union

- Erasmus+

Jean Monnet Modules
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Y Properties of biomaterials for medical applications.
’ Steps involved in the translation of newly developed biomaterials.

¢
¥ L
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Cymply S >

Biocompatability

Stage |1 Stage 11 Stage 111 Stage 1V
. ; ; S p : . Material and In vitro testi In vi Human Trial
+ Promoting biological tissue for implant integration b ZEEn2testng /0. uman Trials
* Promoting cell adhesion zaton o |
+» Providing pathways for vascularization
* Noncarcinogenesis, Nopyrogenicty, Nontoxicity, and nonallergic J;L g @
response
P e Development of e Test according e Tissue Viability e Clinical
new biomaterial to individual cell e Histology efficacy
s Sterilizability ® Microstructural type e Inflammatory e Clinical
characterization

e Cytotoxicity cytoki feasibility
| | ®Genotoxicity. : :

it

« Ability to undergo sterilization
+ Auto clave, and dryheating
+ Ethylenoxide gas and radiation

=t Functionability

* Modulus of elasticity for the stiffness fo the material
+ Ultimate tensile strength to withstand a load
* Dimensional accuracy on economically fabrication process

mmn  Manufacturability

+ Ease of molding

» Undergo extrusion process
» Machinability

+ Ability for fiber forming

Mttt With the support of the -
N Erasmus+ Programme Erasmus+
2l of the European Union Jean Monnet Modules

Materials 2020, 13(1), 92; https://doi.org/10.3390/ma13010092
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What can be measured ggzc
when analyzing oxide coating surface? ;2.2\
T\ISME s min h days months -
SOLUTION e .»«:f”

Corrosion Surface morphology Z

characteristics ? i =

Hydrophilicity (Protein, Aming i ms::o:c ﬂ Osteoclast
i C°a" l @ wsc Osteoblast\ '-i'_f"‘g“.'"i.__ft. )

- Preosteoblast
. %

Roughness

.
000 Mineralized
2¢

“po
lT < Y- * Bone o
% s P\Q'é\ ' O.Au.m\ ._9L____"_"._ i
—A 5&{’ RGD _
= S G |
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Jean Monnet f .
‘@ Chemical cddbmposition  Apatite
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Programme g SOLID SOLID
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MATERIALS AND METHODS

&) é
Sample code Composition of the bath electrolyte Q L

Bath electrolyte 1 (sapmle S1)  10g/L Na,S;0; + 5g/L NH,F + 10g/L NaOH O AT s G CTO
Bath electrolyte 2 (sapmle S2) 10g/L Na,HPO, + 5¢/L NaOH

Cymply

Plasma Electrolytic Oxidation (PEO) samples

Scanning Electron Microscopy (SEM)
SBF Immersion Test

Contact Angle Measurement (CA)
Roughness Measurement

Bacterial adhesion assay

Cmveﬂ.'s‘m molm3
lon T T

soF H.mmumdu Tl

Na® 1420 1420
K 50 50
Mg 15 15
ca’ 25 25
cl 147.8 103.0
HCO, 42 270
HPO,” 1.0 10
S0, 05 05

- Erasmus+

Jean Monnet @ :
Programme
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obtained by PEO on a pure Mg surface.
Na,SiO;, NH,F, NaOH

oxide
coating
formation su rface
modification

Power supply

g XS, M

. mofphology. -

* hydrophilicity

Plasma Electrolytic Oxidation (PEO)

The aim of this study was to compare the effect of the silicate and phosphate-based
electrolytes on the morphology structure and bacterial adhesional properties of coatings

PO

3RC

BIOMEDICAL RESEARCH CENTRE

/

NPs_incororation

PR - TS

Roughness

corrosion resistance

SBF immersion test

EDX

chemical composition

CoatmgthICkne G

250V
100mA/sm?
o
¥ T Sumy
J&b s
University | Contact angle

- Erasmus+
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Programme AN



The beam is hitting the sample. It knocks off some secondary electrons

from the sample. And we have a detector sideways.
So, it collects it and measures the signal.

Electron beam interaction with solid
bodies

Primary electron
beam

-Erasmus+
Jean Monnet ,@ | ;
Programme NS

BIO\IEI)I( AL RESEARCH CENTRE

" Final lens pole piece
Backscattered electrons

Secondary electrons
Faraday cage (+200 V)

Aluminum coatt

Secondary 1 electrons BSE Y~ y /on scintillator (+12 kV)

electrons SE
Photons of visible
light CL

Sample surface

Specimen

X-ray photons

Secondary  Light guide \Photomultiplier

. Auger electrons electron
g collector Photocathode

’ Backscattered

Secondary electrons SE

-~
-
~.\

;ﬁ— Charactenstlc X-ray

% Continuum X-ray
~— Secondary fluoresce

-
S
I"
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The lighter area on the sample is closer to the detector
from which the electrons can go to the detector easier.

Many

secondary__caradawy
electrons cage

escape

Some
secondary
plectrons Some
escape secondary
electrons
escape

HV |mag o WD spot det HFW [10/15/2019
15.00 kV/11 000 x/13.2 mm| 3.0 ETD 24.8 ym|9:48:22 AM

Rt With the support of the
x & Erasmus+ Programme
* ot of the European Union

_/..
5 um
Sumy State University

- Erasmus+

Jean Monnet Modules




Basic parameters

XX

RC

BIOMEDICAL RESEARCH CENTRE

To obtain a good quality image you must predict and think about all the
parameters at the same time.

* Accelerating voltage
* Beam current

e Scanning speed

* Working distance

* Scanning area size

* Image resolution

With the support of the -
Erasmus+ Programme Erasmus+
of the European Union Jean Monnet Modules
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SEM Cross section
A
Surface morphology ' SMbael - Coating thiq;.é

— . . 00N
B A ‘ 200/ _

Corrosion features

200V 250V

Pore number, N/um?

WD |spot det | HFW a . 10 pm

ag .
507 x 140 mm 3.0 ETD 32 1 prr Sumy State University
' 0,675 0,225

Pore size, um

0,43+0,16 1,073+0,27
Bacterial cell adhesion
S. aureus

n Erasmus+
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Programme
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Roughness is a measurement of the small-scale variations in the
height of a physical surface. It consists of surface irregularities which
result from the various machining process. These irregularities
combine to form surface texture.

Ra expresses, as an absolute value, the difference in height of
each point compared to the arithmetical mean of the surface.

Surface roughness can be measured by
contact type 2D and non-contact type 3D

Arithmetical mean
of these absolute
values

\._Mean plane

This figure demonstrates one example. In actuality, all surface
height changes are evaluated.

..".
urr"“‘f'wq“’ ’“ YA v"*ﬂr"r‘”"h wﬁ ey "‘*r'wr Wt g “rJ

The roughness profile with its mean line (high-pass filtering
of the primary profile with a cut-off wavelength of Ac)

Rz is defined as the sum of the largest peak height value and the largest pit depth value within the defined

With the support of the -
Erasmus+ Programme Erasmus+
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of the European Union Jean Monnet Modules



Roughness measurements

X
5

¥ L
2 D BIOMEDICAL RESEARCH CENTRE

E Erasmus+
t’_—:

Rz =3.01 (um) y

3 Jean Monnet A
Ra =430.0 (nm) Programme “

Rz =2.83 (um)
Ra =393.3 (hm)
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CA
-200V - 26.22°
-250V - 22.7°

Surface of
the part

to be wetted

- Wetting angle «x

~.

Liquid drop

o= 0C Spreading
o < 90° Good wetting
o = Incomplete
= wetting
Incomplete
o > 90° tting
« = 180° No wetting

Other methods of surface analyses 31(:

%‘
E Dx (EIemental com pOSition) BIOMEDICAL RESEARCH CENTRE
The main crystalline phase - MgO
The value of F - 3.41+0.36% B e

The Si weight percentage of samples:
200V - 8.3+0.08%
250V -15.16+0.09%

Jean Monnet £ @
Programme ~

200V 250V

@

o - e
214,838 caurﬂs in 60 secc:nd W"th the support Uf ‘the -
Erasmus+ Programme Erasmus+
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Large
Ceria
Nanoparticles

General characterization method

+* Microscopy
1- Scanning Electronic Microscopy ( SEM )

2- Transmission Electron Microscopy ( TEM)
3- Scanning Tunneling Microscopy (STM)

* Small

+* Spectroscopy el
1- X-ray Diffraction (XRD) Nanoparticles
2- Small Angle X-ray Scattering (SAXS) —

3- X-ray Photoelectron Spectroscopy ( XPS )
4- UV-vis spectroscopy
5- FT-IR spectroscopy

i With the support of the -
Erasmus+ Programme Erasmus+

of the European Union Jean Monnet Modules




Jean Monnet 1@

Programme .

BIOMEDICAL RESEARCH CENTRE

R,=0.43+0.02 - R,=0.39+0.01
R,=3.02+0.09 o R,=2.8310.13

ci1200v QY C1 250V

R,=1.67+0.08 ; R,=2.10%0.15
R=11.6+1.24 _ R=13.10+1.13
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Cymply

HV  mag WD spot det HFW  6/25/2019 —
15.00kV 12958 x 13.8 mm 3.0 ETD 15.4 um 2:58:20 PM
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