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Types of transplants of The future organs and

tissues authorized today tissues for transplants
: Cornea, sclera and conjunctiva ..
: Medicine Advanced
Ligaments, cortical and trabecular bone : | regenerative therapies
i Cardiac valves: pulmonary aortic, mitral : : / ¢ \
Vascular segments Cell Tissue
: . Gene . .
i Skin A therapy engineering:
H i therapy :
i Amniotic membrane P
Hematopoietic progenitors Including autologous, allogenic
i L. I or xenogenic products
: Pancreatic islets C

New opportunities for

treatment of some diseases
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XXth century > first :> 60 years later - same limitation:
shortage of compatible organs

transplants of organs
with the patient

alternative therapies
are needed

Regenerative Medicine (RM)

Gene Therapy Cellular Tliwapy
uses gen.e?ln uses hematopoietic stem Replace cells by others
therapeutic form cells (1956 first transplant of a donor or obtained
of bone marrow) from stem cells ;

XXIth century will be the one
of the biomedical revolution
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stem cells = similar problems to transplants:
administration of immune-suppressants and required
certain compatibility between donor and receiver

: 11 years ago
i Yamanaka discover
i how reprogram cells

» induced pluripotent not from embryos
stem cells (IPS) cells own patient

Another RM
discipline

Bioengineering: cultivate
bioartificials organs in laboratories
to replace the damaged ones

yolks of functional / \ Kid Future candidates:
liver human (mouse) small human microkidneys pancreas,lungs

In 7 years in humans? ~ Prains4 mm @ Barcelona thyroids, ...

but from cells of the
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iPS cells = not appropriated for all the tissues like cardiac tissue or bone

Tissue Engineering

To repair or replace bones, cartilage, skin, blood vessels or bladder

i 1993 Langer co cultured chondrocytes + collagen in e Loh ot

and Vacanti scaffolds with 3D pores in a bioreactor

~ >

3D cell culture or histo-cellular culture

epidermal stem cells = grow into keratinocytes skin tissue
Stem cells from the dermis = grown into fibroblasts engineering

‘ 2006 Grow bladders in the lab from patients’ own cells

2008 Trachea grown for a 30-years lady suffering tuberculosis

‘ A beating rat’s heart was created
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The three main_pillars that support

bone tissue enginering

Stem Cells

osteogenesis: capability
to produce bone tissue by
cell activity

¢/~ Scaffolds m Biochemical

factors

osteconduction: S———— o —
capability to permit the 4 onahility 4 :
growth and organization tissue i y, <

S engineering promote new bone

formation

lg{') -‘:::J'b,!‘
o

\ HtE "-'.f-;;,., / j

Vallet-Regi, Izquierdo-Barba, Colilla Phil. Trans. R. Soc. A (2012) 370, 1400-1421
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ADVANCED BIOCERAMICS FOR BONE TISSUE Bi?“‘at”ia’s
REGENERATION AND SCAFFOLDING Science

ADAPTIVE-RESPONSE BIOCERAMICS FOR ANTIMICROBIAL PURPOSES

Zwitterionic nanostructured bloceramics - : -
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Chem Mater, 2010, 22, 6459 Acta Biomaterialia, 2011, 7, 2977
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Advanced bioceramics for bone tissue regeneration

-Preparation of 3D porous scaffolds :
- Rapid type prototyping
- Foaming
- Upgrading second generation bioceramics with:

- Osteogenic factors: osteostatin, DBM

- Therapeutic Inorganic lons: Ga®*, Er3*, Zn?*, Si(IV)

Upgraded bioceramics

SBA-15 + osteostatin

Si-HA + osteostatin
Si-HA + PCL + DBM
MBGs + osteostatin
MBGs + Ga, Er Zn

Scaffolds by
rapid type
prototyping

Processed as
foams
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Porosity features involved in the design of
scaffolds for bone tissue engineering

=

-Bone physiology
Bone g Ideal internal growth
pores & -Minimize stress shielding 350 to 1000

1 -Biolegical bond/attachment 350 to 3500
Interconected R

u /
Porosity
" Pore size
Biological <20um (20%)
10 npa:'gife.s 25-50nm 150-400m (60%)

o1 Biomater. Sci., 2013, 1, 40

2013, 1-16

I

Salinas & Vallet-Regi RSC Adv.,
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Biocer'lamics
| |

|
biodegradable

inert bioactive
A0, HA, HCA CaS0,
ZrO; Biglasses CO"‘G"CC{COS:
Carbons Glass-ceramics: aragonite
Sintered HA A- W, Ceravital Ca-phosphates:
CaA Iz 04 a-TCP
SisN, Particle size, B-TCP
Sic crystallinity, porosity OCP
DCPA
HA: hydroxyapatite DCPD
HCA: hydroxycarbonate apatite TetCP
A-W: apatite - wollastonite HA:10 pm

TCP: tricalcium phosphate

OCP . octacalcium phosphate

DCPA: dicalcium phosphate anhydrous
DCPD: dicalcium phosphate dihydrate
TetCP: Tetracalcium phosphate monoxide

also with: ZnO,
Al,0,, Fe.0,,..

Salinas, Esbrit, Vallet-Regi. Biomater. Sci., 2013, 1, 40
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Bioactivity

Ceramics Metals
Calcium phosphates
Glasses /
Glass-ceramics . .
SiO, mesoporous materials Coatings Chemlcgl etched
- HA metallic alloys

Templated glasses

Star-gels

Salinas & Vallet-Regi RSC Adv., 2013, 1-16

et ) . - Organic-inorganic
Organic-inorganic hybrids hybrids
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(Ti, Zr, Nb, Ta)
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NaOH solution

Passive TiO, layer

1 Metals: Passive MO, layer (TiO, if metal is Ti)
2 NaOH etch 2> sodium hydrogen titanate
3 Heat treatment - sodium titanate + TiO,

4 SBF soaking: - Na* release
- Ca?* uptake
- CaTiO; formation
- PO,3- uptake> amorphous CaP
- Hydroxycarbonate apatite (HCA)

Salinas & Vallet-Regi RSC Adv., 2013, 1-16

sodium hydrogen titanate

Heat

sodium titanate + Ti oxide

Cross-section

Salinas & Vallet-Regi RSC Adv., 2013, 1-16

12/H,0/TEOS =2 H
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Displacement (mm)

dumping forces
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SBF 37:¢c pH:7.4
Classical /n vitro bioactivity Tris material
studies in static

HBSS
solutions § s
Pt

improvements
37C pH : 7.4 37°C pH : 7.4
Adding
proteins
Stirring Renewal

At time intervals: differential

o=

Fresh SBF

Salinas & Vallet-Regi RSC Adv., 2013, 1-16

Phases of endochondral ossification in fracture healing

I'd Vessels B : Well microvascularized periostium
Fibrous layer
i : = ) Periosteun
| Cortical Bana :
Fracture or Osteotony =Y 5~ Canbium after injury> hematoma and inflammation
Hematona W) *

Endochondral
Bone Formation  Osteoprogenitors from periosteum differentiate
into chondrocytes or osteoblastic cells

Osteogenic Tissue 4

Intramembraneous
Bone Formation

New bone starts to be formed

Hypertrophic
Callos )

Cartilage * ;

Simultaneously, a callus of hypertrophic
cartilage develops and revascularize

Mineralized )

Matrix . .
¥ Eventually osteoclast-mediated remodeling

" . -> restoration of structural bone integrit:
New B e gﬁ griy
to Lamelor Bone ﬂ Salinas, Esbrit, Vallet-Regi, Biomater. Sci., 2013, 1, 40
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|

Bone
tissue
engineering

Signals

osteoinduction

osteoconduction

Salinas & Vallet-Regi ,RSC Adv., 2013, 1-16
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Advanced bioceramics for bone
tissue scaffolding

3D porous scaffolds
for bone tissue
regeneration

2

Stimulate the osteoblast recruitment incorporating advanced bioceramics
and growth factors

Desing 3D macroporous arrangements = bone ingrowth + angiogenesis

Perfect fit into bone defect by using free form fabrication techniques

05/12/2013
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Silicon substituted hydroxyapatite

™ Composition Cay(PO,)s 7(Si0,)g3(0H); 5

Vallet-Regi M, Arcos D. J Mater Chem (2005) A L.
Improves in the in vivo response of

the implant with respect of

stoichiometric hydroxyapatite

A Universith degll Studi di Torino
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. HO(CH,CH,0),,(CH,CH(CH;)0),4(CH,CH,0),,H
ﬂsoporous ordered materials: \ (CH2CH,Olzo{ CHoCHI 3.) ol CH2CH;0)zo
[Pluronic 123] +

pure amorphous-SiO,

TEOS>  Si(OH),
Templated
condensation

Surfactant
- removal

Tubular pores Si—OH

(2<Dpi0nm) l \

Functionalize to | Moderate

Controlled | control the drug | pioactive

drug release release response o , ‘ o
Vallet-Regi et al, Chem Mater 2001 SBA-15, MCM-41,...
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Increase [Si—OH]
(Ca?*release)

™\

CaP nuclei

mesoporous (or template) glassg

(HCA crystallization)

extremely high bioactivity
\\Zhao et al 2004, Lopez-Noriega et al ZM
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Possible improvement = template
glasses including elements with
specifical biological activities

Cerium

J/ N

., favors osteoblasts growth
neuroprotective

Gallium

4 N
L. . improves mechanical
antimicrobial R
properties of bone
Zinc
N
stimulates bone

antimicrobial j
formation

antioxidant, cancer

\ prevention,... /
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$i0,-Ca0-P,0-X MACRO-MESOPOROSITY TEXTURAL PROPERTIES
MBG Scaffolds n -
MBG_Sc -
[ _S¢) Cellgrowth & 85 Approx. value
development Drug delivery | 2% Seey 2 JT2000G
< D%
CelGalZn | ‘.E‘;:‘I",' 27 By:d.0nm
MBG—Sc Vascularization L 5 = P2 0.375 em/g|
/‘} Ostecinductive agents M o "
; Refatlve Pressure [PIP.)
r
r Present 0- IN VITRO BIOACTIVITY FEATURES OF SUBSTITUENTS
* Q‘ " -Reduces enamel demineraization.}
§ Oé.h Ce¥ 7 -Heuroproteciive.
% ?€ Ga¥ i -increase bone caicium content.
E 5& - Anfimicrobial
—_— » Zn* - Stimutates bome formation.
*Acta Blomater, 2011; 7: e -Aniimicroblal
3452-3458

Except: 2.0%Zn0_Sc

Shruti et al J. Mater. Chem 2012, 22, 13698
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80Si0,-15Ca0-5P,05 glass system enriched with small
amounts (0.2 to 7 mol-%) of Ce,0;, 6a,0; and ZnO

.;;gg; - Antimicrobial
".lncrease bone
calcium content]
-Blocks bone
resorption. /

E ="

H R-Reduces enamel
/U demineralization.

-Favors osteoblast

growth.

-Neuroprotective.

\

"= Potent inhibitor of
osteoclastic ) .
. resorption in vitro. Salinas et al Acta Biomater 2011
r - Stimulates Shruti eta al ] Mater Chem 2012
& bone formation. Shruti et al Acta Biomater 2013
: ﬁg" - Antimicrobial. Shruti et al Microp Mesop Mater 2013 :
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SBA-15 materials loaded with osteostatin

. W
e r—

! g ‘%

. ” o
Alkyl fuctionalization: modify the
interaction with biomolecules

b/

H

volume,

mesoporosity, silanol groups

OBs ;

Treatment of

PTHrP (107-111)
osteostatin t 08Bs diferentiation |
proliferation 3
and vi ity% osteopenia
" VEGF system Osteostatin
t‘ ) < PTHP(107-111) Anabolic |
THR-ARG-SER-ALA-TRP —
e — Boma
i A R regeneration

- | Osteoclast activity = antiresortive

- Osteogenic effects in osteoblasts ? i
Salinas, Esbrit, Vallet-Regi, Biomater. Sci., 2013, 1, 40
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In vitro biocompatibility  osteoblasts
e g g . A s ,
/ v v v v v
Cell Gene Cell ALP Collagen Matrix
viability expression growth Activity secretion mineralization
o I H
S foir H
I 7 ial H
] " I 100l I
R T TE !I-M 14 '“w"'n':m“u":-:r
E VV ........... Gy V ......... :
25, ALP ocC OPG RANKL E o . :
P : " . e 1:: .
T 1
; E‘ 1:-6 1 | ; N | N—
g0 AT I 30
0s H ]
o i i i :

Comtssl  PTWP  SEA1S (=2 [ ] ussn's:
L "

- il PTaP  SBA TR
. - X MFIIlI'
Initial Late AntiosteoclasOsteoclasto- Angiogenic Frreerreessearseasseanes '.‘.“ .............

mineralizationmineralization  togenic géenic

Osteostatin 2> confers osteogenic features to SBA15

Acta Biomaterialia 2010, 6, 797

Wik s

-3
£

In vivo

3D
biocompatibility
% g ucCT
\ images
Optical mi-
croscopy

Biomaterials 2010, 31, 8564
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Inflamation : Mineralization
macrophages osteoblasts

marker
osteoclasts

. " 3 -
ki A -l I
9 v
VEGF LhOsteopontin‘ | Sclerostin |
proliferation AngiogénicF. Diferenciation marker Mineralization

osteocites

osteoprogenitors vessels osteoblasts

Fe 2%k Universita degli Studi di Torino
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SBA-15 loaded with osteostatin

% cellular growth, ALP, OC, collagen, \
OPG, RANKL, VEGF expression

) - an
ar kb
$ u Patent P201031193
3ol
osteogenic .
. - * Contssl  PTWP  SEA1S SBANS+ (B CRSEAY
Acta Biomaterialia 2010, 6, 797 i e SIS ,;,,’m/

Improves the early stages

§ Favor bone

regeneration  preosteoblasts

( \' of bone healing
Qe oy R
Potential for En: i ‘
healthy clinic.al g “ osteoporotic Osteopenia
rabbits applications i Il rabbits treatment
Biomaterials 2010 31, 8564 ol

Acta Biomaterialia 2012, 8, 2317

05/12/2013
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Osteostatin vs BMP-2
< -

=Osteoinductor

+ Osteoinductor
* Antiresorptive <:> = Adipogenic
at high doses

+ Specific of bone: only described <:> = Pleiotropic: it acts on many
effectsin bone cells and keratinocytes

tissues and activates the immune

system

Small peptide: Easy immobilization

* No known inhibit .
o known inhibitors *Known inhibitors (i.e.,sclerostin in bone)

+Active at low concentrations (<nM):
important for local applications, i.e.,
coated onto a bioactive ceramic

Larger molecular weight: more dif ficult
immobilization

~ )

*Higher concentrations required (>nM)

Salinas, Esbrit, Vallet-Regi. Biomater. Sci., 2013, 1, 40

W s 4 7%, Universita degli Studi di Torino
{ \ e 1 %) Dipartimento di Chimica chimica
Nanostructured Interfaces and Surfaces ) R 8 s Ve OwE T IS Too >3

ADAPTIVE-RESPONSE BIOCERAMICS FOR
ANTIMICROBIAL PURPOSES

Designing Zwitterionic Bioceramics that resist bacterial adhesion

‘-% "% Hydration water layer
(electrostatic interactions

& hydrogen bond)

Physical and energetic barrier

Bioceramic Zwitterionic bioceramic ! !

Inhibition of bacterial

Chem Mater, 2010, 22, 6459 e
Acta Biomaterialia, 2011, 7, 2977

J. Mater. Chem. B, 2013, 1. 1595

05/12/2013
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Designing Zwitterionic Bioceramics that resist bacterial adhesion

251 1

(a)

b
o

=
i

Adhered bacteria<10-
{C.F.Ufcm?)
5

L

SBA-15  SBA15,, SBA15,,,c SBA1S,/pecs

(b) wﬁ(ﬁ
KGR o e m@ E"e’ g

OH thH CiH oH oH/ OH cr“J cl)

o
o

a
o

T

| SBA-15 I | SBA15ces I I SB‘M Snpres I SBA" SAPTESFCES

l. Izquierdo-Barba et al. / Acta Biomaterialia 7 (2011) 2977-2985

Melt-prepared g|asses ‘ Izquierdo-Barba, Salinas. Vallet-Regi
.Int. J. Appl. Glass Sci., 2013, 4, 149

Sio, P20; Pt crucible
caco. — ould
NaCo, = 2 )  ——

<
Mixing powder Melting Quenching MPG
precursors 1380°C/4h (RT)
Si(OCH,CH;), Ca(NO;);4H,0 ‘ Sol-gel glasses ‘
\T(OCHQCHa)3
Oven Furnace
—=ighl=l—"
'H,0/HNO, ﬁ
. Gelation RT /3 d Drying ~150°C Calcination SGG
Mixing precursors Aging ~70°C / 3 d 3 d e 3k
Si(OCH,CHy),  Ca(NOy),-4H,0 ‘ Template glasses ‘

Gelation + Aging + Drying TG

Mixing precursors o Calcination
RT-40°C 20-40°C/7d ~700°C/6h

3)3
/ EISA processing Furnace
e —
—_ _— —
A AN A AR A ==

05/12/2013
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Mesoporous silica
material

Mesoporous

Conventional

sol-gel glass

Salinas & Vallet-Regi
RSC Adv., 2013, 1-16

y
Sper (M¥g) 227 ~1000
Vp (cm¥g) 0.24 0.61 1
Dp (nm) 2.3 5.7 2-10
Bioactivity 3d 1h 30d

N, adsorption

Vol (cm3/g)
w
8

N
o
o

100

TG

rvwnens® SGG

.
. o
.
.« .
¢« o
.
.

~~WM

R Aid -

T T T
0.2 0.4 0.6 0.8 1.0 PP,

lzquierdo-Barba, Salinas. Vallet-Regi . Int. J. Appl. Glass Sci., 2013, 4, 149
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Stage

MPG/SGG TG

Stage 1: Cation dissolution
{M* «H* exchange) leading tol
the formation of SiOH groups

Stage 2: Silica network
defragmentation (*hydrolysis"):
formation of SiOH groups and
partial loss of Si as Si(OH)s(aq)

Stage 3: Metwork
repolymerization:
consumption of SiOH groups

Stage 4: Formation of ACP
Attraction of and PO4 3-
either from solutionCaZ+ or by
migrationfrom glass network

Stage 4: ACP —QCP formation

Stage 5: HCA crystallization

—

Total Time

Days

lzquierdo-Barba, Salinas. Vallet-Regi . Int.

J. Appl. Glass Sci., 2013, 4, 149

Conventional sol-gel glass

lzquierdo-Barba, Salinas. Vallet-Regi . Int.
J. Appl. Glass Sci., 2013) 149-161

el OH OH OH

pH > 7.4

»)

s )

Si si s
Ca?* < H* silanol siloxane
minutes 1
Template glass
pH = 6.7

06

f I OH OH OH
OH, OH OH
s 5

29
5500

/NN MANLN

. Sig;: Sic: Si -
SiTSITSIS | si STsi STg; Si Sisi Sisi si
Ca?* « H* silanol siloxane OCP
Practically instantaneous | <4h

05/12/2013
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/Sol-gel glass \
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Control the
processing

@ @ 3P CP-MAS

2.0-6,7

10 0 -10 -20 -30 -40 -50 -60
1P 8 (ppm)

ACP clusters

Calcium-phosphate
clusters

lzquierdo-Barba, Salinas. Vallet-Regi . Int. J. Appl. Glass Sci., 2013, 4, 149

~.

/ Template glass \ - Nanocomposite A

T T E T =]
‘* nis ~F Doparmnanns 5 s ehimica
s A e st A O ]

Bone Tissue Regeneration: Summary

%

4

.| Control of surface:
o | Ostogenic agents
10 ) ’

£ biodecoration

g Control of
% 'i‘: macroarchitecture Control of Load and controlled ;
i T mesostructure !

release of drugs .+

lzquierdo-Barba, Salinas. Vallet-Regi . Int. J. Appl. Glass Sci., 4 (2013) 149-161
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