@BtoMeleech Discoveries and innovatior

9/ Bioactive Glass lons as Inducers of
' Osteogenic Differentiation of the
Human Adipose Stem Cells

Sari Vanhatupa, PhD.
Adult stem cell group
BioMediTech
Tampere, Finland
sari.vanhatupa@uta.fi

UNIVERSITY
W OF TAMPERE




(4 BoledTecn BioMediTech

Joint institute of University of Tampere & Tampere
University of Technology

Over 250 scientists in basic and translational research

e Tissue engineering and stem cell
technology

e Biomaterials

e Sensor and actuator technologies

e Measurement and imaging technologies
 Biotechnology

e Immunology

e Cancer and mitochondrial research

e Systems biology

e Bioinformatics

e Computational methods in biomedicine




(4 BoMedech — Adylt Stem Cell Group UTA

and Medical Technology

 Group leader PhD, Adj.Prof. Susanna Miettinen
Expertise

e Adipose stem cells, Mesenchymal stem cells, Dental stem cells

e Osteogenic, adipogenic and chondrogenic differentiation

| » Translational research

' e Culture conditions of stem cells for clinical use
e Animal derived material free work flow

e Clinical cell therapy
eRegulatory issues (with Regea Cell Center and Tissue Bank)
*Bone defects in cranio-maxillofacial area

gl ¢ Characterization of stem cells

e Bone tissue engineering
e Biomaterials, growth factors
e Cell signaling and differentiation
e Stem cells and immunology

B Research interests
e Angiogenesis & bone
e Mechanical and electrical stimulation and differentiation

Group
e 4 postdocs
9 PhD students
" o 2 undergraduate students
. * 3technicians
>
" Contact information
susanna.miettinen@uta.fi
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Bone defects in cranio- maxillofacial area

Institute of Biosciences
and Medical Technology

First clinical cases
November 2006

e (QOssification of frontal sinus

Ver 23 patients treated
5 cranial defects
4 frontal sinus ossifications

14 maxillar/mandibular defects
e ossification on defect site
OR ossification in well vascularized site
e +rhBMP-2
e biomaterials B-TCP or BaG

 Encouraging results

Clinical cases with autologous ASCs

In OR In clean room

200 ml subcutaneous
abdominal adipose
fissue and 60mi
autologous serum
is harvested

The adipose fissue is
digested and processed
to isclate ASCs

\

ASCs are expanded
in vitro for 14 days to
reach appropriate
nurnbers of cells for
fransplantation

[

The microvascular flap containing b H
the bane construct is raised and ! j
placed in the maxillary defect
site and the blood vessels are
anastormosed
'S
3

rectus abdominis muscle fo
further enhance ossification

/

and vascularization for

The cage is inserted info the
8 months

E 48 hours prior to implantation,

ASCs are combined with

biomaterial betaTCP and
growth factor rhBMP-2

The cells. growth facter and
biomaterial is inserfed into
a custom-made fitanium cage
shaped like the defect site

characterizafions
of ASCs
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e Human adipose stem cells (hASCs) are an excellent cell
type for e.g. bone tissue engineering

e Easyisolation, high yield, multipotency, autologous or allogenous etc.

Considering clinical applications, Adiposs tssue
\e osteogenic differentiation of \,Citr‘t‘“

NASCs needs to be fast and effective (&7{&&%\&

-> current methods do not fulfill e N

this requirement A=
- More efficient methods are ﬁi/ )ﬁ
" urgently needed r @ Saln
< Osteogenic "F ® C
@ differentiation ™) hascs
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1) Do cells require surface contact or are the dissolved ions

enough to induce osteogenesis?
2) Are osteogenic supplements required in addition to BaG ions?
3) Are there differences between the different BaG compositions?
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Our approach

Bioactive glass compositions. The glasses were processed into granules of

size 0.5-1.0 mm.

- Na,0 K,0

B2 230 0.0
(106 K 12.0

206 KA 14.0
.m 24.6 0.0

wt-%
MgO Cao PO,
0.0 20.0 4.0
5.3 22.6 4.0
0.0 19.8 2.5
0.0 21.6 2.5

B,O0, Si0,
0.0 53.0
0.2 50.0
1.6 50.0
1.6 50.0

2,1 g BaG granules + \
24 ml extraction medium
(DMEM/F-12 + 1% P/S +
1% GlutaMAX): in cell
culture dishes
(diameter 10 cm)

24 h, in the incubator
(H37°C)

4)[

\ /

‘ OM extract

‘ BM extract H

Sterile
filtration
(0.2 um)

Adding human serum
(5%)

!

Adding 250 pM L-
ascorbic acid 2-
phosphate, 10 mM p-
glycerophosphate and
5 nM dexamethasone

The effect of BaG
extracts on:

hASC viability

hASC

proliferation

hASC
osteogenic
differentiation

= basic medium, OM = osteogenic medium, hASC = human adipose stem cell
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S53P4 2-06

----- e Cells stay viable in all
the extracts for the
IR
T -
e At 14d 1-06, 2-06 and
| e

increase proliferation
B n=20

o At 14d all the four OM
extracts decrease

proliferation

7d

14d
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Ojansivu, Vanhatupa et al., 2015
Acta Biomaterialia
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DLX5
10000 -
mctrl
1000 - fjii;m l
21-06
§ Lo D306
4 || * The expression of
o 101
: %/ DLX5 and OSTERIX
. 1 Jﬁiéﬁ I rLL I b T . .
BM 7d oM 7d BM 14d M14d Was IncreaSEd In
0.1 all the four OM
OSTERIX
oo > extracts at 14d
10000 - Eji:;m
p 5 100 io
£ L Ojansivu, Vanhatupa et al., 2015
BM 7d oM7d BM 14d oM 1 Acta Biomaterialia
0,1 - n=4
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A ctrl 553P4 2-06 1-06 3-06

o All the four OM
extracts induced
a high amount of

BM

mineral
formation
B Alizarin red S already at 14d
L] o time point
1! e explains the
[ Il R reduction in cell
amounts
Ojansivu, Vanhatupa et al., 2015

o Acta Biomaterialia
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RAMAN
A B
25| Phosphate CH-stretch] 3'5 | e Raman analysis
; confirmed the
I result of Alizarin
25 —~— ] red S staining: all
bTCP
the four OM
:i = PRy i
3 : () extract treated
- £ s A e samples contained
./\,-—/—\./\_ﬁ’ .
— — calcium phosphate
AN mineral, which
was not detected
| 0.5 F S53P4 .
AL in control OM
M
| | | | | CTRL

500 1000 1500 2000 2500 3000 80(} 1000 11I0{] 1260

. -1 . -1
Raman shift, cm Raman shift, cm Ojansivu, Vanhatupa et al., 2015
Acta Biomaterialia



Collagen-l amount and

localization
Actin cytoskeleton Nuclei 13d

ctrl S53P4 2-06 1-06 3-06

e In control OM collagen-I still inside
the cells

4

e |n extract OMs cells have secreted the
‘ CO/lagen-l into the ECM Ojansivu, Vanhatupa et al., 2015

Acta Biomaterialia



Osteocalcin amount and
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and Medical Technology ' Oca ' lza tl O n
Nuclei 13d
ctrl S53P4 2-06 1-06 3-06

All the OM extracts increase
osteocalcin production to the ECM.

Ojansivu, Vanhatupa et al., 2015
Acta Biomaterialia




S BiohedTech Conclusions

All the OM extracts induced exceptionally fast and extensive osteogenesis of hASCs
compared to the OM control.

BM extracts could not induce the osteogenesis of hASCs = traditional OM
supplements required in addition to the BaG ions.

Of the studied extracts, 2-06 and 3-06 OM turned out to be the best inducers of
osteogenesis = The extract from these two contained the highest concentrations
of calcium and traces of boron.

The excellent performance of all the OM extracts encourages to utilize them in
bone tissue engineering applications as effective inducers of osteogenesis

41 173 18 30 <Ll0Q 3480 <LoQ
the BaG extracts
115 180 16 <LoQ 61 3760 <L0Q
(mg/kg). Analyzed by AR
icp-0es nauctively  GRCD e » o
coupled plasma optical 116 243 40 21 52 3620 <L0Q
emission spectrometer).

_@ 172 16 <0q 56 3750

lon concentrations of
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