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Structure of bone

* Internal support system in all higher
vertebrates

 Flat bones

— Skull bones, Mandible, lleum
e Long bones

— Tibiae, Femur, Humerus

 Mineralized living tissue of marked rigidity .
and strength while still maintaining some §
degree of elasticity |

www.ineb.up.pt
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Structure of bone

e Functions of bone

— Mechanical

o Support and site of muscle
attachment for locomotion

— Protective

» For vital organs and bone marrow

— Metabolic

 Reserve of ions for the entire
organism (especially Ca and P)

 Hematopoiesis

www.ineb.up.pt
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Structure of bone

e Constituents of bone

— Cells
» Osteoblasts
e QOsteocytes*
» Osteoclasts
* Bone lining cells
— Mineralised extracellular matrix
» Highly substituted hydroxyapatite
» Organic compounds
* Type | collagen (90%)
» Glicoproteins
* Proteoglicans

Periosteum

Trabelcular
bone

o
R

1
a

* Osteocytes are
osteoblasts that have
been entraped into the
extracellular matrix
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Compact Bone & Spongy (Cancellous Bone)

Lacunae containing osteocytes Osteon of compact bone

Lamellae e,
] Trabeculae of Spongy

Canaliculi :'-';f_"'*‘;f-:}..-"' ~ AT hone

|I - " z '!:':__.r"

Iy -4 4 A
Ostenn | Ny —— H 3ersian

e ¥ canal
Perinsteum ]

valkmann's canal
BONE STRUCTURE

Compact bone ( dense or cortical)
Trabecular bone (cancellous or spongy bone)
Periosteum

Endosteum
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External
circumferential Central
lamellae canal

Periosteum
Central canal Internal

circumferential

lamellae

' Corial Trabeculae of

: spongy bone
Blood vessels  Perforating canal 2Ry
canals

Schematic drawing of the bone architecture. Both cortical and spongy bone can be
distinguished. The osteons of cortical bone are displayed including the haversian channels
that contain blood vessels and nerves. The periosteum (highly vascularised membrane that
covers the bone surface) can also be seen.

Adapted from a figure by the Department of Kinesiology & Physical Education, Lethbridge
University.
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Table 1. Comparison between structures that compose skeleton [9]

Water Proteoglycan Collagen Mineral
Structure
Composition s Composition Composition Composition
Tendon/Ligam
Moderate Low High Low
t
Cartil High High Low: L
artilage i i ow
8 8 & Moderate
Bone Low Low Moderate High
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Distribution of calcium, magnesium, and phosphate in the body of a 70-kg adult* [2]

Compartment Calcium (g) Magnesium (g) Phosphate (g)

Bones and teeth 1300 (99) 14.0 (54) 600.0 (86)
Extracellular fluid 1(0.1) 0.3 (1) 0.2 (0.03)
Cells 7 (1.0) 12.0 (46) 100.0 (14)

Note: *Most of calcium is in bone and almost half of magnesium is in cells. Phosphate, as the

principal counter ion to calcium and magnesium, has an intermediate proportional distribution.
Number in parentheses is the percentage of total content for that mineral.
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Mechanical properties of cortical and trabecular (cancellous) bone

Property Cortical bone Cancellous bone
Compressive strength (MPa) 100-230 2-12
Flexural, tensile strength (MPa) 50-150 10-20
Strain to failure (%) 1-3 5-7
Fracture toughness (MPam'/?) 2-12 -
Young's modulus (GPa) 7-30 0.5-0.05
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Osteoblast and bone formation
e Production of matrix

e Recruitment of osteoprogenitor cells
* Proliferation
o Differentiation into osteoblasts

— Osteoblasts

o Secrete ECM into which mineral is
selectively deposited

o Control the composition of the matrix
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Osteoblast and bone formation

Composition of the organic extracellular

matrix v Scaffolding
v'Type I collagen (90%) 4 Binds.and orients other
v'Proteoglycans proteins that play a role

on HA deposition
v'Glycoproteins

v Osteonectin, Bone sialoprotein, Osteopontine,
Fibronectine

v'G-carboxy glutamin acid containing

proteins . v'Provides appropriate
v Ostéocalcin, Matrix gla-proteins concentrations of
v'Enzymes phosphate ions to

v Alkaline phosphatase, Collagenase, initiate mineralisation

Proteinases

v'Growth factores
v FGFs, IGFs, TGFBs, BMPs

v'Proteolipids
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Figure 2. Hematopoiesis pathway
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Structure of bone
« Bone remodelling

— Throughout life, bone mass is continuously in a remodelling
process

?W

v" Renewal of the skeleton
v' Maintenance of bone tissue
Integrety

v' Maintenance of mineral
homeostasis

www.ineb.up.pt
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Endosteal sinus 0 0 Stem cells
% Monocyte O
Pre-osteoclast /

@ Pre-osteoblast
6)

=, Osteoclast
_ Macrophage Osteoblast Bone-lining cell

SE 5o
Dan. netoc:

Bone remodeling osteoblasts and osteoclasts
differentiation
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bone lining cells
(X=X Xo X o X(® X X=D

bone
osteoclasts

RS o=\02’a o

formation by ostecblasts
Do — NP s D @ @; S &

resorption by osteoclasts

osteoblasts

T AT

Bone remodelling process. Osteoblasts depend on the osteoclasts to resorb older bone ahead
of them. As the bone is resorbed by the osteoclasts, there is the release of cytokines
(signalling molecules) that attract osteoblasts and induce them to start laying down new bone
tissue. The osteoblasts then incorporate proteins into the bone structure. Once that bone is
resorbed by osteoclasts again the proteins are released and act as signals to the osteoblast to
return and lay down more bone. This tight coupling of formation and resorption is necessary
to prevent a disorganized bone structure from being established. Adapted from The Science
Creative Quarterly, by Jen Philpot.



(=& INEB Bone matrix composition

.: Collagen
Inorganic portion | riple helix
Hydroxyapatite (HA) crystals
(Ca,,(PO,)¢(OH),) |
Hydroxyapatite
crystals
Bone-forming
Extracellular
bone matrix

Organic portion

Collagen type I fibrils

The many scales of organization in natural bone (Taton, 2001).

www.ineb.up.pt
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Mineralized
Fibres collagen Lchagan and

patterns fibrils hydroxyapatile

Osteons and
Bone .
issue Haversian

canals
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Collagen Molecules
Collagen Fibrils [triple helices)

a-chains

Collagen Fibers

amino acids chains

GLY GLY

www.ineb.up.pt
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amino acids
~1nm

tropocollagen
triple helix
~300 nm

collagen
fibrils
~1 ym

collagen fiber

fascicles...
~10 ym

Figure 1. Collagen organization (30).
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Collagen molecule:
300 nm long x 1.5nm diameter

" - Collagen alpha chain

Assembly into microfibril

Assembly into mature
collagen fibril

Aggregation of collagen fibrils
to form a collagen fibre

_ _Collagen from rat tail

Figure 4. Collagen structure.

Adapted from the source. Source: www.orthoteers.com
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Alpha chain W i)

Amino acid
sequence — GIY—X-¥-Gly-X-¥-Gly-X-¥-

Energy minimized structure of 24-
mer collagen triple helix
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Figure 1: The unit cell of hydroxyapatite (45).



Dentin and Bone

HAP
\/ Mineral-binding proteins

Non-collagenous
Fluid proteins 2%

10% BMPs __~| Matrix-binding proteins

ML: 300nm
MW: 30kDa

{ protein ]"‘*‘*———— Covalent-bonding protein
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Cell Isolation Expansion
in Culture

Figure 1. The Tissue Engineering Paradigm (19).
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Schematic representation of cell based bone tissue engineering. A fraction of bone marrow
obtained by biopsy from the patient will be harvested, and cells will be expanded in vitro. The
cells will then be seeded on adequate scaffolds and further cultured, eventually being led to
express adequate phenotypic character. The tissue engineering construct will then be

implanted back to the patient to heal the bone defect.
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Case Study 1

Ceramic based granular structures for bone
tissue engineering and drug delivery
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10 000 x|15.00 kVIETD| SE /8.2 mm

NanoHA

sintered at 8302C
(2D disks)
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" Biological in vitro studies on 2D and 3D
17&wINEB
nanoHA structures

— Confocal Microscopy images of MG-63
Cultures on granules and disks after
3 days (A,B) e 6 ddays (C,D).
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iW#nwINEB Biological in vitro studies on 2D and 3D
nanoHA structures

A- Alkaline phosphatase activity on granules and disks after 6 days
B — Genetic expression of MG-63 on granules and disks after 6 days

4 :

0,4

o
w
@

o
w

o
N
a

= Discs

ALP Activity (nmol/min/ug protein)
o
B o
vl N

o
[

o
=}
@

S}




v
17&+ INEB

nanoHA _ranules in contact with
Endothelial cells and
OStQObIaStS Marta Laranjeira

M2 Helena Fernandes

Confocal microscope images of 7d
days co-culture of endothelial cell, and
osteoblasts

Co-culture 7d

Osteoblasts

S )

mag HV det |mode| WD ] 500 n
200x|15.00 kV|LFD| SE |8.2mm CEMUP  Am. 20

!

Endothelial 7d

Endothelial 7d

www.ineb.up.pt
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in vitro Biological studies on Nano HA porous Dav 21
granules of HomMSC's and endothelial cells.

CO-
MTT CULTURE
1,2
' I
0,8 I - .
m HDMEC
0,6 .
W HMSC
0,4 Tt = — Co-cultura Day 21
2 B HDMEC
0
Dia7 Dia 14 Dia 21
Day 21
HMSC

www.ineb.up.pt



HDMEC e HMSC in monoculture e co-culture on granules after 21
L7 Y
EWINEB

Co-culture
Day 21
NanoHA granules provide adequate environment
for adhesion. migration and differentiation of

endothelial and HbomMSC, showing to be a
promising material for bone regeneration

www.ineb.up.pt e



HDMEC e HMSC in monoculture e co-culture on granules after7,14 and 21 days
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Nutrient
artery

Blood vessel

' Marrow
. fibrosis
"‘\\ W,
. o
Y

Y

Medullary

S. aureus
infection

Cortex
(cortical
‘bone)

Staphylococcus aureus
in bone tissue

Periosteum
elevated—
raised by pus

Osteomyelitis

Microaﬁscqsﬁaims
within loops, of meta‘eh'irsig
"'"'-__ - “..‘. -

" infected pus-filled abscess
rarely 'Ie;pﬁn'ds'int&epjphysis /

Bone SR S
necrosis " —y
\"

Necrotic cortical
bone results from
cutoff blood supply

g

Articular age

7

lllustration of hematogenous osteomyelitis in a tubular bone (Kibiuk, 2010).




Hydroxyapatite/ Collagen Scaffolds

\ EB Viviane Gomide/Susana Sousa/ Nuno Alegrete

el 5

mag O] HV -
www.ineb.up.pt 1500 |15.00 kKV|ETD| SE |12.3 mm CEMUP _ HA colagenio




Hydroxyapatite/ Collagen scaffold

W S|

Polyurethane Sponges were impregnated with
slurries

containing ceramics ( mixtures of water, HA
and surfactant) and heat-treated

Type | collagen solution was prepared from
bovine Aquiles tendon , empregnating the HA
sponges

Collagen was crosslinked with a mixture of N-* 28
(3-dimetilaminopropil)-N’-etilcarbodiimide g
hydrocloride (EDC)

and N-hydroxisuccinimide (NHS)

www.ineb.up.pt
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Porous
granules

Osteomyelitis
Treatment/

prevention

nanoHA/

collagen
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(=& INEB Osteomyelitis

Current treatment

Long and
parenteral
administration

Tissue
debridment

Removal
infected tissue

Vancomycin
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Organisms frequently isolated from osteomyelitis cases based on patient age. Adapted from (11).

Organisms Frequently Isolated in Osteomyelitis Based on Patient Age

Infants (<1 year)

Children (1 to 16 years)

Adults (>16 years)

Group B streptococci

Staphylococcus aureus

Staphylococcus epidermidis

Staphylococcus aureus

Streptococcus pyogenes

Staphylococcus aureus

Escherichia coli

Haemophilus influenzae

Pseudomonas aeruginosa

Serratia marcescens

Escherichia coli

Scanning Electron Microscopy (SEM) depicted numerous clumps of S.
aureus. 32000x magnification
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The gram-positive cell wall

i —NAM—NAG—
Peptidoglycan A
Plasma membrane L-.lﬁla
o—lemm-t, -
1
7 - L-L
aly — Gy — &Y~ cly — G ll's
o Peptide interbridge D.IGIUNH'
L-Ala
I .
Cell wall . v

Figure 1: Characteristic gram-positive cell wall and S. aureus peptidoglycan. (A) The
gram-positive cell wall. (B) S. aureus peptidoglycan. NAM: N-acetylmuramic acid. NAG:
N-acetylglucosamine. Gly: Glycine.

www.ineb.up.pt
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Surface proteins Secreted proteins
(exponential-growth phase) (stationary phase)
A Coagulase Enterotoxin B

TSST-1

ey a-Toxin Peplid?glycan

Caplsule

Protein A \J A

Elastin-binding

protein \Q

Collagen-binding
protein
Cross-linking
peptides
Fibronectin-binding W 4-Lipo;;e-g\oic
protein \6 \

Clumping factor

Cell-wall-  Repeats Ligand-binding
anchoring domain
domain

Figure 1: Pathogenic factors of S. aureus, with structural and secreted products both

playing roles as virulence factors.
(A) Surface and secreted proteins. (B, C) Cross-sections of the cell envelope. TSST-1:

toxic shock syndrome toxin 1
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Glycopeptide effective against
S. aureus;

Low minimal inhibitory
concentration (MIC, 1 pg/mL);

Low cytotoxicity for osteoblasts.

Chemical structure of vancomycin (Williams et al, 1999).

www.ineb.up.pt



Novel approach for the treatment of Osteomyelitis

INEB nanoHA and (nanoHA + Type | collagen composite) scaffolds for FLUIDINOVA
bone regeneration and for contfolle.d release Pf Vancomycin [@PORTO
Patent application pending. P
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Bacterial adherence to nanoHA

Maria Pia Ferraz, Liliana Grenho, Marta Ribeiro

A B
B30 min E130 mi
80.0007 160 min BN Aso 2::
B90 min 90 min
E :
] 2 t=30; p>0,05
T 60,000 T 60,000,001
: t t=60 e 90;
¥ v : = |
§ t=30 e 60; p>0,05 B 8
£ t= 90; p<0,05 ¥ 9
f 40,000+ | E 40,000,001 1>0,05
£ e @ B
e p=0,05 o | 1Vps00s B
I P 427 [ S S I IR
-5 20,000 p=0,05 5 20,000,001
. d’% s N o o

nanoHA725  nanoHA1000 microHA725  microHA 1000 nanoHA725 nanoHA1000 microHA725 microHA 1000

Two examples of the number of adherent bacteria per mm? for each material at different
adhesion times (p-value according to Turkey HSD test).
S. aureus ATCC 25923

S. aureus MRSA isolated from an orthopaedic infection



Bacterial adherence to nanoHA
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SEM images with bacteria showing
lack of

slime production (a) and slime

& production (b, c and d).

S. aureus ATCC 25923 on nanoHA 725
at 90 min

% S. aureus MSSA isolated from an
orthopaedic infection

on nanoHA 1000 at 60 min

S. epidermidis RP62A on nanoHA 725
' at 60 min

. S. aureus MRSA isolated from an
orthopaedic infection

on nanoHA 725 at 60 min




. Influence of the presence of proteins on
s INEB bacterial adherence to nanoHA

Graphs showing the influence of adsorbed FBS on the
' ' . adhesion of S. aureus MSSA (A)and S. aureus MRSA (B)
Colony forming units counting to nanoHA sinteged at 725°C and at 1000°C.

ab W Without adsorbed protein W Without adsorbed protein
O FBS 3 @ FBS

FBS-mediated bacterial adhesion

w
(=]

ab

[
[=]
1

10

ac

Number of adherent bacteria/mm?(x103)
Number of adherent bacteria/mm?(x10°)

b c

nanoHA725°C nanoHA 1000°C nanoHA725°C nanoHA 1000°C
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influence of adsorbed FBS on the adhesion of S. epidermidis RP62A (C) and S. epidermidis ORT
(D) to nanchA sintered at 725°C and at 1000°(DZ.

W Without adsorbed protein W Without adsorbed proteir
— o rBS ~ 304 O FBS
3 S
A X
‘:g "E FBS-mediated bacterial adhesion
s S
[} . . .
§ w0 g 20 Colony forming units counting
a
t -
k S
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_E 104 ; 10+
s £
= 3
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control
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OTCPS
®Hep nanoHA/collagen

Day 1 Day 4 Day 14

®Hep nanoHA/collagen + Vancomycin
1000 A **

800 -
600 -
400 A

Hep nanoHA/collagen

RFU/mm?2

Hep nanoHA/collagen + vancomycin

www.ineb.up.pt




Granules characterization
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1@ INEB Vancomycin release

MTC so0

A\

ONanoHA mNanoHA/collagen mHep nanoHA/collagen

20 *

15

10 A

Vancomycin (pug/mL)
>(.

MIC

H L

025 05 15 25 35 24 48 72 96 1%% 144 168 192 216 240 264 288 312 336 360
t

* Represents a statistical significant difference when compared to nanoHA and nanoHA/collagen granules for each time point (p < 0.05).

www.ineb.up.pt




(# INEB Vancomycin bioactivity

released vancomycin S. aureus ATCC 25923 suspension

10 mm
stainless steel

cylinders

- Incorporation on nutrient agar

Incubation
18 h, 37 °C

Agar diffusion method
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Lost bioactivity? Limit of detection?




(™ INEB Vancomycin bioactivity

8.25 050 15 25 3.5 24 48 72 96 120 144 168 192 216 240 264 288
Vﬂ;;z,mij "I 2254 2258 21%8 2170 2217 2281 Z20% 2.00% 2069 1791 1911 1457 1.133 1272 \ 1.133 0.814 @.786
[ \
S.oureus | . - - - - - - - - - - - - - Vit ++
grawth I \
; AV
I (-) No growth; (+) Growth in 1 replicate; (++) Growth in 2 replicates; (+++) Growth in 5 replicates. \
1x ] OS. aureus Oh ES. aureus 24 h BS. aureus 24 h + vancomycin
10°
E
* * * *
E * * * * *
o * * * *
8 1x10° .
©
o
o)
S
]
c
g
S
|_
1x107 +
0.25 0.5 1.5 25 3.5 24 48 72 96 120 144 168 192 216
t (h)

Total number of S. aureus in the absence of vancomycin, for 0 and 24 h of incubation, and in the presence of vancomycin after 24 h of incubation. * represents a
statistical significant difference when compared with S. aureus 0 h and S. aureus 24 h (p < 0.05).



winINEB 3. aureus adhesion on granules

7000 1

6000 A

5000 A

4000 A

CFU/mm 2

3000 A [

2000 A

1000 A

NanoHA/collage Hep
n nanoHA/collagen

NanoHA

* Represents a statistical significant difference when compared to nanoHA granules (p < 0.05).
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Case Study 2

Collagen based (functionalised) spongy-like
scaffolds for bone tissue engineering
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W #vINEB SIBLING proteins Functionalized Collagen scaffolds_
for critical bone defects ﬁ

Abhishek Sahu, Christiane Salgado e Sandra Rodrigues

Collagen/ nanoHA Scaffolds obttained by “cryogelation” crosslinked by EDC/NHS

Collagen/ nanoHA biocomposites with immobilized SIBLING proteins for Bone tissue
engineering

(OPN(osteopontin e BSP bone sialoprotein are memebers of SIBLING (Small Integrin-

Rinding lLlsand N-linked Glucanrotain) familvu
6 hl&ull“’ 19 15N G4 \Jl,\-vr’l v‘blll’ lulllll,

In vitro and In vivo studies of activity on functionalized scaffolds for bone formation,
angiogenesis and bone remodelling



e 3D porous Collagen-Nanohydroxyapatite Biocomposite
s INEB Scaffolds
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- 3D porous Collagen-Nanohydroxyapatite Biocomposite
17 #+ INEB Scaffolds

Abhishek Sahu, Christiane Salgado and Sandra Rodrigues

“._ . e ‘_ ‘ _.-_'.‘.‘ .8 .

L - 5
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1500115 00 KV ETD | _SE 1106 mm CEMUP____HA colagenio



3D porous Collagen-Nanohydroxyapatite
iwa#nINEB Biocomposite
Scaffolds

Figure . Scanning electron micrographs (SEM) of the cross-sections of (A) collagen scaffold
(B) collagen-nanoHA (70:30) scaffold,
(C) collagen-nanoHA (50:50) scaffold and

(D) collagen-nanoHA (30:70) scaffold. Magnification: x 200.
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3D porous Collagen-Nanohydroxyapatite
~INEB Biocomposite

Scaffolds

45,

A o Colagen I—T_I A IM/O—_’O\O
| | o Col/HATD ——Collagen
4 Col/HASD w Colagen ]
v Col/HA3D: ® Cdl/HATD: —o—Coll/HA 30!
A Cdl/HASD 354 |—a—Coll/HABOD
v Cal/HAD:
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Figure 4: Storage modulus E-IA) and loss factor (B) under dynamic compression

Figure 3: Swelling Kinetics of collagen and collagen-hydroxyapatite biocomposi

licitation of increasing fr: ncies ranging from 0,1 to 10 Hz.
cryogel scaffolds in PBS buffer (A) and (B) in distilled water. solicitation o creasing Irequencies ranging 1ro 0’ to 10

JC]

0 T T T r

cd Co/HATO0  Co/HA SO0 Col/HA 30:70
Sarples

Figure 6: Albumin adsorption on the different composition of Col/nanoHA composites

compared to collagen scaffols.
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DNA extraction and ALP activity analyses

osteoblast culture (MG63).

—oO— Collagen
—O— Col/HA 70:30
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human mesenchymal stem cells (hMSC).
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. 3D porous Collagen-Nanohydroxyapatite
1w INEB Biocomposite Scaffolds

SEM images of cryogels’ materials D, E and F -
col/nanoHA 70:30; G, H and | - col/nanoHA
50:50; J and K - col/nanoHA 30:70) with
osteoblast culture after 7days (A, D, G and J), 14
days (B, E, H and K) and 21 days (C, F and I).

§ Confocal Laser Microscopy images of cryogels’

- materials (A - collagen; B - col/nanoHA 70:30

; C - col/nanoHA 50:50; D - col/nanoHA 30:70) with
osteoblast culture after 21 days.

www.ineb.up.pt



3D porous Collagen-Nanohydroxyapatite
Biocomposite Scaffolds

S0pm 50jm CLSM images of cells cultured for 7, 14 and 21
days on collagen and collagen-nanoHA biocomposite
scaffolds.

50 pm




Interactions between materials/ Proteins / tissues
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 Fibronectin plays an important role in cell adhesion, migration and

differentiation of different sources of mesenchymal cells;
* Inbone, it is involved in the early stages of osteogenesis.

Fibronectin F 4
A0, Osteopontin
‘E? srn-l
: e N

EBA GFCD

VSDVPRD TPTSILI%HDHEAVTV%YRI TYGETiNSW N T

— E>Ey———— [T > Th c
QEH\%GSKSTATI %LKPGVDH%W&WGRG&;PMBKPIB%’!RT
m>—E)——TF >+ G >—

isa me r of |SIBLING|(Sm tegrin-Binding Ligand, N-Linked

oprotein) present In bone, teethykidney, epithelial lining
tissue, being expressed by osteoblasts, oste s, osteoclasts,
chondrocytes and odontoblasts.

e Afamily of non-collagenous proteins;

e Can be found in mineralized tissues;
They are secreted into the extracellular matrix during the formation and mineralization of those

tissues.
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&+ INEB Characterization of collagen films

e The chemical composition of collagen films with and without adsorbed proteins
were proved by FT-IR.
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@& INEB Characterization of collagen films

o
A
ALY Al

e The topography of collagen films with and without adsorbed proteins were
evaluated by AFM.

AFM images of gold substrates (A) modified with collagen (B), collagen with adsorbed fibronectin (C) and collagen with adsorbed osteopontin (D). Images were obtained
using Tapping Mode and the scan size were 2 um x 2 um.



(2 INEB Characterization of collagen films

e The fibronectin and osteopontin adsorption was confirmed by
immunohistochemistry with CLSM.

Confocal images of collagen films with adsorbed fibronectin (A) and osteopontin (B). (Control with secondary antibody was negative (data not shown)).
Magpnification: 40x.



##NINEB MC3T3-E1 culture on collagen surfaces

In vitro biological studies

Glass Coverslip

Collagen films on glass coverslips.

www.ineb.up.pt



. MC3T3-E1 culture on collagen surfaces
AAVA AV . . .
178 INEBro biological studies

Y — N j
- @ * Metabolic Activity (Resazurin)
Glass Coverslip @ 4 h, 24 h, 3 days and 7 days

( —
CCeCCCC
C CCCCC MC3T3-E1 —3 4 x10% cells/mL —=
C ¢ pre-osteoblasts  Cell Morphoplogy (SEM and CLSM)
C C ¢ 4 h, 24 h, 3 days and 7 days
& =

e Alkaline Phosphatase Activity (ALP)
24 h, 3 days and 7 days
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WS&nINEB  MC3T3-E1 culture on collagen surfaces

In vitro biological studies

e MC3T3-E1 metabolic activity was evaluated by Alamar Blue (resazurin).

300000 -
250000 -
= 200000 - I
§ B TCPS
(]
£ 150000 - a3 Collagen
E I H Coll + FN
S 100000 - a2 m Coll + OPN
al
50000 - I I
O -
4 hours 24 hours 3 days 7 days

Metabolic activity of MC3T3-E1 cultured on TCPS, Collagen, Coll + FN and Coll + OPN during 7 days, estimated by Alamar Blue assay.
Metabolic activity of MC3T3-E1 was expressed in number of cell per well. al (Collagen) and a2 (Coll + FN) represent a significant difference comparing with Coll
+OPN after 24 hours of culture, while a3 (Collagen) represents a significant difference comparing with Coll + OPN after 3 days of culture (p<0.05).



Coll + OPN

(& INEB
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Coll + OPN

4+ INEB
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Coll Coll + FN Coll + OPN
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-1
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24h

3 days

SEM images of MC3T3-EL.
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. MC3T3-E1 culture on collagen surfaces
AAVA AV
A AL IMEEro biological studies

e The functional activity of MC3T3-E1 cells on collagen surfaces was evaluated by
measuring the Alkaline Phosphatase Activity (ALP) normalized with Total Protein

Content. 14 -
X 3

1,2 -
M)
g 1-
N
£
% 0,8 - W TCPS
g ol Collagen
206 - m Coll + FN
>
= m Coll + OPN
©
304 -

*
0,2 -
Bprrggees N
O = T T

1 day 3 day 7 day

Alkaline phosphatase activity for MC3T3-E1 on TCPS, Collagen films, Coll + FN and Coll + OPN for different time-points.
* represents a significant difference from Coll + FN within the respective time-point while ** represents a significant difference from Coll + OPN within the respective time-
point (p<0.05); al (TCPS), a2 (Collagen), a3 (Coll + FN), and a4 (Coll + OPN) represents a significant difference comparing the respective material in distinct time-points

(p<0.05).



Collagen/ nanoHA cryogel scaffolds functionalized with SIBLING protein for
critical bone defects

Collagen-nanoHA (70:30)

Collagen-nancHA (50:50) Collagen-nancHA (30:70)

Preparation and characterization o
f collagen-nanohydroxyapatite biocomposite
scaffolds by cryogelation method for bone
tissue engineering applications. J Biomed Mater
Res A, [Volume: 101A Issue: 4

Pages: 1080-1094

DOI: 10.1002/jbm.a.34394, 2013
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Composite cryogels for bone tissue regeneration

LAY 4T Type | collagen/nanoHA sponges for bone tissue enginnering
17 INEB

Transmission electron mic

7




W#NINEB  Histology

H&E staining of, b) collagen-nanoHA (70:30) scaffold,
and d) collagen-nanoHA (30:70) scaffold
cultured with osteoblast-like cells for 21 days.

Osteoblast-like cells (O) and collagen (C) were observed in all the scaffolds.

www.ineb.up.pt



H&E stained scaffold sections after 30 days of in vivo implantation.

H&E stained scaffold sections after 7 days of in vivo implantation.

Optical micrographs of H&E stained scaffold sections after 30 days
of in vivo implantation (Coll/nanoHA 50:50). (A) Arrows show
presence of nanoparticles inside macrophage cells. (B) Arrow shows
presence of giant cells.
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o Bone regeneration
o Skin regeneration
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The development of a 3D
immunocompetent model of human skin

Danid ¥ S Cham’ . Clabre Johnson . Sheila MacNeil® 4,
Bohn W Hayoeck ™ and Amis M C-hacmsmaghoni '~

uooer lepidermis]: keratinocvies botiom idermis): fibroblasts

Avalable onfine at www sclencedinect com S —
ol - - N
+.” ScienceDirect Biomaterials
* — . ELSEVIER Bicemaseriab 39 (3008 334588

Influence of electrospun collagen on wound contraction
of engineered skin substitutes

electrospral

Heather M. PowelP*, Dorothy M. Supp™®, Steven T. Boyoe™"

Contants lists available at SciVerse ScienceDirect
Acta Biomaterialia
....... www.alsavier :

Electrospun synthetic human elastin:collagen composite scaffolds for dermal
tissue engineering

Jelena Rnjak-Kovacina®', Steven G. Wise®, Zhe Li®, Peter K-M. Maitz®, Cara |. Young®, Yiwei Wang®,

Calcium ions: Anthony 5. Weiss **

play an important role in the regeneration of skin and connective tissue (L. Gennero et al., 2011)

regulate the activation of the MMPs, which is also required for the migration of the keratinocytes
(L.H. Cornelissen, 2004).

play a vital role in the growth and differentiation of keratinocytes (B. Pomahac et al., 1998)
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& INEB Multi-functional and biospecific hydrogels
for cell delivery

Molecularly designed natural polymers (alginate- and pectin-based) as artificial
3D extracellular matrices

Cell adhesion on Cell adhesion and migration on Cell differentiation on
RGD-alginate PVGLIG-RGD-alginate OGP-PVGLIG-RGD-alginate

Evangelista, Biomaterials (2007) Fonseca, Act Biomater (2011)

Maia, Acta Biomater (2013)
Bidarra, Biomacromolecules (2010) Fonseca, Soft Matter (2013) Maia, J Control Rel (2014)
Fonseca, Biomacromolecules (2014) Maia, Acta Biomater (2014)



& INEB 3D Printing for skin Tissue Engineering

3D bioprinting system with syringes containing different hydrogel-
based materials with entrapped skin cells

UV crosslinkable, biodegradable
RGD-pectin hydrogels for skin regeneration

Subcutaneous implantation Light crosslinkable pectin
of RGD-Pectin (1 week) functionalized with methacrylic
g VS anhydride
) LITNNNE, &y -
) 1.5 wt-% i ‘) el 12 120s Bl 24h
Al 100-  6days
’ ..Z\ 80'
B 604
= =4 - 2 404
T T e
7 N . !" \ v S e 204
s, : 0-
et oy 2 10 25 50 200
g Light intensity (mW/cm?)
Pereira, Granja +, Nanomedicine (2013) Neves, Granja +, ] Mater Chem B (2015) Pereira, Granja +, In Preparation (2015)
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