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* Minimalizace animalnich pokus(
e Bunécna kultura vytvari modelovy — izolovany - systém

* Plandrni podminky rdstu

* Dediferenciace kultury — zména chovani bunék

* Potreba zajisténi komplexnich podminek in vivo systému
* Rozdéleni bunécnych kultur

* Fenotypizovana vs. Kmenova bunka

* Primokultura vs. Bunécna linie

* Pozadavky

e Kultivacni médium
e Zdroj rtstovych faktord, hormon( a protein(
* Podplrné latky

* Inkubator a asepticka prace




BIOMEDICINSKEHO
INZENYRSTVI

EVUT V PRAZE néhrady

* Potreba cévnich nahrad a zaplat

[,,,%g FAKULTA Tkanove inzenyrstvi a regenerativni medicina — cevni
s

Decelularizace tkani Kmenové a
: ‘ stromalni bunky

e Zlaty standard — autologni tkané — nedostatek

* Alogenni ze zemrelych darct — nedostupné k
okamzitému pouziti

* Syntetické nahrady — limitace u malych prdméru

* \yuziti vhodného biomaterialu -> decelularizovana tkan
* Minimalni imunogenicita
e Zachovani mikrostruktury ECM

* Modifikace substratu -> osidleni imunoprivilegovanou
kulturou kmenovych bunék

* Minimalizace trombogenicity
* Schopnost remodelace

* Qveéreni v animalnim modelu

Decel.

Nativni
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e Simulace fyziologickych podminek
* Proliferace a diferenciace
* Genova exprese

 Remodelace substratu a priprava
nahrad

* Automatizace procesu

* Dlouhodoby beh

e Vzdaleny monitoring

* |nstalace v CO2 inkubdatoru
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ASC — 17H belly Dynamic — differentiation medium Static — differentiation medium | !O
2nd passage 0 '

&

DAPI

Calponin

a-actin -
=
2

Dynamic conditions: w

100/80 mmHg

1Hz

Differentiation medium:
DMEM (HG) +

1 % ABAM

10% FS +

2,5 ng/ml TGF-B +

2,5 ng/ml BMP4 +

50 ug/ul Ascorbic Acid

Static — proliferation medium

Proliferation medium:
DMEM (HG) +

1 % ABAM

10% FS +

10 ng/ml FGF2

Glass (plasma trated)
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e (QOdstranéni puvodni bunécné hmoty a minimalizace
imunogenicity konstruktu pri zachovani mikrostruktury ECM

* Automatizace procesu v systému se specialni komorou
vzhledem k ¢asové narocnosti 24 — 72 hodin dle typu tkané

e Optimalizovano pro perikard a cévni tkan
e Qvéreni rezidui zbytkové RNA a DNA z lyzatu suSiny tkani

* Testy sterility pomoci BACTEC a Ph.Eur 4

Srovnani mnozstvi DNA v nativni a decelularizované tkani
(analyza forenznim kitem na lyofilizované tkani, vztazeno na susinu, n=10)

Nativni tkan Decelularizovana
Tkan DNA v ng/mg tkané DNA v ng/mg tkané
Stfedni hodnota Smér. odch. Stfedni hodnota Smér. odch.
Praseci perikard 3563 324 29 4
Prasedi a. carotis 4486 568 38 5
Praseci v. jugularis 3926 421 32 4
Praseci n. vagus 3217 620 81 18

Zasobni vaky
nebo lahve GL45
s prtichodkou

o I NyKEAD Decelularizace tkani a automatizace procesu

|
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MATEJKA, R., KONARIK, M., STEPANOVSKA J., LIPENSKY J., CHLUPAC J., TUREK D., PRAZAK S. et al. Bioreactor Processed Stromal Cell Seeding and Cultivation on Decellularized Pericardium Patches

for Cardiovascular Use. Applied Sciences-Basel, 2020, 10(16). Q2, IF 2,838
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Snimek kombinujici svétlé pole a

Komora S fluorescenci DAPI Fluorescenéni snimek jader s DAPI
Komora s kosem pratoCnymi trny
pro tkan pro cevy

Nativni tkar - kontrola
(praseci perikard)

Decelularizovany praseci
perikard

Decelularizovany ovéi
perikard

MATEJKA, R., KONARIK, M., STEPANOVSKA J., LIPENSKY J., CHLUPAC J., TUREK D., PRAZAK S. et al. Bioreactor Processed Stromal Cell Seeding and Cultivation on Decellularized Pericardium Patches
for Cardiovascular Use. Applied Sciences-Basel, 2020, 10(16). Q2, IF 2,838
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re

Prasedi a. carotis nativni

Praseci v. jugularis nativni Praseci v. jugularis decelularizovana

500 um

Detail stény
Detail stény
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INZENYRSTVI Modifikace a rekolonizace decelularizovanych tkani
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Vliv FGF-2 na bunécnou proliferaci prasecich
* Chemicka stabilizace (GA, Genipin) - vyssi cytotoxicita, stromélnich bunék z tukové tkané

nahrada decelularizace or B T
- 0.03 uM
* Modifikace povrchu fibrinovou siti 230 ol tm
. o , o E " 1M
* Moznost navazani heparinu a rustovych faktoru £20 3uM
o m10uM
E
e Zvysuje proliferaci a adhezi Elo
(0]
o

* Rustové faktory FGF2 a VEGF

* Podpora ristu je-li soucasti kultivaéniho média Syl g day7

Modifikace decel. perikardu pomoci sité Fibrin + heparin +
FGF2 a penetrace bunék do tkané

e Regulaéni podminky pouziti ristovych faktor od 14 d | 28 d

[,

e V pripadé vazby na povrch je rychla metabolizace

* PIna rekolonizace tkané (perikard 200 — 250 um) vice

f

nez 20 dni od nasazeni !{f}

g W

s

).‘ =
B2 AT L

FILOVA, E., STEINEROVA M., TRAVNICKOVA M., KNITLOVA J., MUSILKOVA J., ECKHARD A., HADRABA D., MATEJKA R. et al. Accelerated in vitro recellularization of decellularized porcine
pericardium for cardiovascular grafts. Biomedical Materials, Mar 2021, 16(2). Q1, IF 4,103

SEDLAR, A., TRAVNICKOVA M., MATEJKA R., PRAZAK S., MESZAROS Z., BOJAROVA P., BACAKOVA L., KREN V., SLAMOVA K Growth Factors VEGF-A(165) and FGF-2 as Multifunctional Biomolecules
Governing Cell Adhesion and Proliferation. International Journal of Molecular Sciences, Feb 2021, 22(4). Q1, IF 6,208
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MUSILKOVA, J., et al. Human decellularized and crosslinked pericardium coated with bioactive molecular assemblies. Biomed Mater, Dec 9 2019, 15(1), 015008.
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Figure 4. Inmunohistological staining of vimentin in ASC cells seeded on to DP (a), (d), (g), (j), on to DP-Fb (b), (e), (h), (k), Figure 6. Inmunohistological staining of fibronectin in ASC cells seeded on to DP (a), (d), (g), (j), on to DP-Fb (b, e, h, k), and
and on to DP-Fb+H+VEGF (c), (f), (i), (1) on day 6 (a)—(c), on day 14 (d)—(f), on day 21 (g)—(i), and on day 28 (j)(1). Olympus on to DP-Fb+H+VEGEF (c¢), (f), (i), (1) on day 6 (a)-(c), on day 14 (d)~(f), on day 21 (g)—(i), and on day 28 (j)—(1). Olympus
IX51 microscope, DP70 digital camera, cross-sections, obj. X 20, scale bar = 100 pum. IX51 microscope, DP70 digital camera, cross-sections, obj. X 20, scale bar = 100 um.

FILOVA, E., et al. Accelerated in vitro recellularization of decellularized porcine pericardium for cardiovascular grafts. Biomedical Materials, Mar 2021, 16(2).
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A. ADSCs - VEGF
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o

Cell number x10%/well
e ~N
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C. HUVECGs - VEGF
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Cell number x10*/well
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=) =)

SEDLAR, A., et al. Growth Factors VEGF-A(165) and FGF-2 as Multifunctional Biomolecules Governing Cell Adhesion and Proliferation.

Vliiv FGF a VEGF na proliferaci ASC a HUVEC
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International Journal of Molecular Sciences, Feb 2021, 22(4).
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A. ADSCs - VEGF C. HUVECs - VEGF

‘

B. ADSCs - FGF-2M D. HUVECGs - FGF-2M

SEDLAR, A, et al. Growth Factors VEGF-A(165) and FGF-2 as Multifunctional Biomolecules Governing Cell Adhesion and Proliferation. International Journal of Molecular Sciences, Feb 2021, 22(4).
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Schopnost penetrace bunék do decelularizované tkané

(srovndni statické a dynamické kultivace, v 50um segmentech histologickych fez()

40 50 um 100 um 150 um 200 um 250 pm

e Uchyceni decelularizované tkané v kultivacni komore

36

e Stimulacni systém - mikroperfuze se zatézi 15.9/10 kPa
(120/80 mmHg), pfi 1 Hz

* Praseci stromalni bunky z tukové tkané pASC a z

20

HT] *vs static

pupecnikt (Wortonova rosolu) pWIC

HTF 4 *vs static

* Podpora proliferace diferenciace do fenotypu

- .Dj_ -1 *vs all
I F 4tvsan

o
H[H *vsall
H__Th *vsall

Pocet bunék v daném segmentu histologického fezu (-)

hladkého svalu - |
7 . 7 v 7 1 é ? & Q — — — é
* Zrychlena penetrace a rekolonizace tkané 5 —7 dni SO SO SS SeNS S ed S e
& o 'QA“ AR O 5@ o g N %"b‘ e"" 0* ~

* Limitace pro vétsi substrat >25x25 mm

Seeded cells

¢ nehomogenita osazeni Optimalizace
osazeni a

rekolonizace v :
reaktoru za 5 dni ACSEEEN
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Seeded cells

MATEJKA, R., KONARIK, M., STEPANOVSKA J., LIPENSKY J., CHLUPAC J., TUREK D., PRAZAK S. et al. Bioreactor Processed Stromal Cell Seeding and Cultivation on Decellularized Pericardium Patches
for Cardiovascular Use. Applied Sciences-Basel, 2020, 10(16). Q2, IF 2,838

Kultivaéni komora pro stimulaci plandrnich vzorkt decelularizovaného perikardu. PGvodci: MATEJKA, R., J. STEPANOVSKA, J. ROSINA, P. KNEPPO P., E. BRYNDA, T. RIEDEL et. al. UZitny vzor 30705
Mikroperfuzni systém s tlakovou stimulaci pro sterilni dynamickou kultivaci bunék. Pdvodci: MATEJKA, R., J. STEPANOVSKA, P. KNEPPO, M. KONARIK, J. CHLUPAC a J. PIRK UZitny vzor 33917
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Combined brightfield with DAPI DAPI only
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MATEJKA, R., KONARIK, M., STEPANOVSKA J., LIPENSKY J., CHLUPAC J., TUREK D., PRAZAK S. et al. Bioreactor Processed Stromal Cell Seeding and Cultivation on Decellularized Pericardium Patches
for Cardiovascular Use. Applied Sciences-Basel, 2020, 10(16). Q2, IF 2,838
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Assembled cultivation chamber

perfusion and stimulation

‘ Assembled cultivation
top side inlet port Luer-Lock septum for seeding cells

(same on bottom side) chamber with fixed
decellularized tissue and

ts“:'":‘;"“g‘gm ikt filled with culture media

perfusion and stimulation

top side outlet port M4 screws for fixing and

sealing chamber

— perfusion and stimulation

top side outlet port
tissue holder parts

- perfusion and stimulation
bottom side inlet port

top cover with
fluidics ports Tissue holder section

2 culture media reservoirs o

decellularized tissue
tissue fixing silicone

bottom cover with gasket :
fluidics ports in tissue holder part

decellularized tissue

Decellularized tissue aligned

MATEJKA, R., KONARIK, M., STEPANOVSKA J., LIPENSKY J., CHLUPAC J., TUREK D., PRAZAK S. et al. Bioreactor Processed Stromal Cell Seeding and Cultivation on Decellularized Pericardium Patches
for Cardiovascular Use. Applied Sciences-Basel, 2020, 10(16). Q2, IF 2,838
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CVUTV PRAZE Vliv zmény pH pfidanim NaOH na viabilitu bunék

* Pouziti kolagenu jako nosného substratu w00 w30 50

* |zolace z praseci kuze, priprava v kys. octové

* Gelovani zajisténo zménou pH a teploty — bez :
pouziti aktivatord I
* Modifikace slozeni gelu a kultivacniho média Optimalizované i

slozeni bioinkoustu

Viability (%)
B D [o]
o o o

N
o

NaOH concentration pL/mL)

* Kolagen tvori 50 % objemu ->zména O now | 02%

koncentraci média a pH & 10¢medum 7% Vliv zmény pH, ¢asu gelovani a rychlosti tisku

& wo [810% - ¥

* Bunecna viabilita A tomedum| 11% gy . ] SRS W :

.o ’ . . , : Cell 5 €25 8.5

* Modifikace nastaveni 3D biotiskarny = suspension 22 % £ 8

£ 20 _

* Rychlost tisku a velikost trysky Collagen |, £

hydrogel ° E - "

* Iniciace gelovani na povrchu @ .

» Stabilizace bioinkoustu po dobu tisku

Sample (Wy,on)

STEPANOVSKA, J., SUPOVA, M., HANZALEK, K., BROZ, A., MATEJKA, R. Collagen Bioinks for Bioprinting: A Systematic Review of Hydrogel Properties, Bioprinting Parameters, Protocols, and
Bioprinted Structure Characteristics. Biomedicines, 2021, 9(9). Q2, IF 4,757

STEPANOVSKA, J., OTAHAL, M., HANZALEK, K., SUPOVA, M., MATEJKA, R. pH Modification of High-Concentrated Collagen Bioinks as a Factor Affecting Cell Viability, Mechanical Properties and
Printability, 2021 Gels, 7(4), Q1, IF 4,432
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STEPANQVSKA, J., SUPOVA, M., HANZALEK, K., BROZ, A., MATEJKA, R. Collagen Bioinks for Bioprinting: A Systematic Review of Hydrogel Properties, Bioprinting Parameters, Protocols, and
Bioprinted Structure Characteristics. Biomedicines, 2021, 9(9). Q2, IF 4,757

STEPANQOVSKA, J., OTAHAL, M., HANZALEK, K., SUPOVA, M., MATEJKA, R. pH Modification of High-Concentrated Collagen Bioinks as a Factor Affecting Cell Viability, Mechanical Properties and
Printability, 2021 Gels, 7(4), Q1, IF 4,432



FAKULTA

L) Hodnoceni mechanické odezvy gelu

CVUT V PRAZE

0.25

B E [MPa] == == Trend value

0.2
0.15
0.1
0.05
0

=

E (MPa)

o

Port: | [devittyusbmodem141144401 Arduino MKRZERO ~ || List || connect || Close || Mem
Mantal ConttoE Calib.file: |ui20ng1.js Load Sample(WNaOH)
Pull100um | | Pull1mm Pull § mm Rend force._[i  Ze force
Measured length 0.3
Push100um | | Pushimm | | Push&mm Measure Save
7000 B
N BE (MPa) --trendvalue
Frequency: | 1000 2| | setfreq

0.25

Zero position Zero to limit

1216328.0 0 2
)

911379.5 = e p=—

606431.0 0.15 ”

301482.5 /

a6ep 0.1 ”
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M 6900 1050711 s
M 6910 1068813 0.05
M 6920 1091922
M 6930 1109255
M 6940 1125816
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M 7000 1216328
Measure end

STEPANOVSKA, J., OTAHAL, M., HANZALEK, K., SUPOVA, M., MATEJKA, R. pH Modification of High-Concentrated Collagen Bioinks as a Factor Affecting Cell Viability, Mechanical Properties and
Printability, 2021 Gels, 7(4)
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WhaoH 6 hours 3 days 5 days

STEPANOVSKA, J., OTAHAL, M., HANZALEK, K., SUPOVA, M., MATEJKA, R. pH Modification of High-Concentrated Collagen Bioinks as a Factor Affecting Cell Viability, Mechanical Properties and
Printability, 2021 Gels, 7(4)




FAKULTA i , ’ ’ v . . , . .
L Konfokalni snimky bunek optimalizovaného bioinku

CVUT V PRAZE

9D w,,oq=0pL/mL 5 uL / mL 9 uL / mL

XY MIP

XZ

13 L/ mL 17 uL / mL 20 uL / mL

XY MIP

XZ

STEPANOVSKA, J., OTAHAL, M., HANZALEK, K., SUPOVA, M., MATEJKA, R. pH Modification of High-Concentrated Collagen Bioinks as a Factor Affecting Cell Viability, Mechanical Properties and
Printability, 2021 Gels, 7(4)
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50 x 50 mm?2

@

* Lyofilizace tkané pro zvyseni schopnosti adheze gelu na substrat

* \ytvoreni systému pro uchyceni substratu
* Vakuova fixace vzorkd — zajisténi roviny pfi tisku

e Vyhrivana zakladna se sterilizovatelnou vlozkou

Vlozka se substratem a
vrstvou kolagenu s
bunéénou kulturou, pro
inicialni gelovani
pfenesena sterilné do
inkubatoru

, vile Pfiprava konstruktu
* Chlazeny extruder s kartusi bioinkoustu

e Systém smeésovani kolagenu a bunécna suspenze

* Minimalizace degradace bioinkoustu Chlazeny extrudér

VloZka do zakladny
s kanalky pro
uchyceni pomoci
vakua

Vyhfivana zékladna

Vrstva s bunéénou
kulturou v kolagenu
pfipravena pro
uchyceni v komore
reaktoru

Decelularizovany (+lyofilizovany)
Smeésovac kolagenu a bunécné suspenze substrat

STEPANOVSKA, J., OTAHAL, M., HANZALEK, K., SUPOVA, M., MATEJKA, R. pH Modification of High-Concentrated Collagen Bioinks as a Factor Affecting Cell Viability, Mechanical Properties and
Printability, 2021 Gels, 7(4), Q1, IF 4,432
Multikanalovy smégovac pro biotisk hydrogelt s bunéénou suspenzi, PGvodci: R. Matéjka, K. Hanzalek, J. Stépanovska, J. Lipensky, S. Forostyak UZitny vzor CZ 35784
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* Implantace kardiovaskularnich zaplat na umély defekt na
a.carotis u prasete domaciho

* Decelularizovana allogenni tkan — praseci perikard

* Decelularizovana xenogenni tkan — ovci perikard

’ a4
Alogenni tkan
Allograft pericardial patches (porcine)
ASC-recellularized

* Osidleni autolognimi burikami — praseci stromalni burky z
tukové tkané (pASC)

| WiC-recellularized

e Osidleni imunoprivilegované alogenni bunky — praseci kmenové

Decellularized

bunky z Wortonova rosolu (pWIJC)
* Kontrolni skupina
 ePTFE Propaten, PET Vascutek

e XenoSure, Biolntegral NoReact

7 a4
Xenogenni tkan
Xenograft pericardial patches (ovine)

ASC-recellularized

Observace 1 meésic

| WiC-recellularized

CHLUPAC, J.*, MATEJKA R.*, KONARIK M., NOVOTNY R., SIMUNKOVA Z., MRAZOVA |., FABIAN 0., et al. Vascular Remodeling of Clinically Used Patches and Decellularized Pericardial Matrices
Recellularized with Autologous or Allogeneic Cells in a Porcine Carotid Artery Model. International Journal of Molecular Sciences, 2022, 23(6)., *equal contribution, Q1, IF 6,208
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CHLUPAC, J.*, MATEJKA R.*, KONARIK M., NOVOTNY R., SIMUNKOVA Z., MRAZOVA |., FABIAN 0., et al. Vascular Remodeling of Clinically Used Patches and Decellularized Pericardial Matrices
Recellularized with Autologous or Allogeneic Cells in a Porcine Carotid Artery Model. International Journal of Molecular Sciences, 2022, 23(6)., *equal contribution, Q1, IF 6,208
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* pASC pozorovana zvysena resorpce a schopnost remodelace 1al -

 pWIC pozorovana imunomodulace zvlasté u xenogenni tkané.
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Sestava pro extruzi kolagenu do cévni narhady

télo pro vymezeni substratu

porty LL pro pfipojeni
davkovace kolagenu

* Decelularizované tepenné nebo zilni tkané

télo extruderu

* Problém homogenniho osazeni tkané bunécnou kulturou

e Rotacni osazeni — vyzaduje substrat bez mikrotrhlin

kanal pro vnitfni
extruzi

kanaly pro vnéjsi

* Lyofilizace a extruze kolagenu

* Osidleni pASC a pWIC a kultivace reaktoru generujici prutok a tlak tm vymezuiic

vnitfni pramér extruze

vélcovy profil vymezuijici

* Stimulace formovani struktury endotelu ngiS primeér extruze

e V soucasné dobé probiha animalni studie

Tkan osidlena
bunécnou kulturou

* Modifikace chirurgické techniky
Kultivacni komora

* Poutziti externi podpory u Zilnich graftu modulujici proudéni

a tlakovou zatéz

_— Decelularizovany a lyofilizovany substrat

Vnitfni sténa substratu Implantovana
nahrada do povodi
Kolagen s heparinem a. carotis
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