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Osnova prednasky

* Tkanoveé inzenyrstvi — obecné principy + duvod vyuziti
nanovlaken

* Nanovlakenné materialy pro medicinské aplikace:
» vyzkum KNT

» klinicka praxe



TKANOVE INZENYRSTVI

Interdisciplinarni obor vyuzivajici znalosti inzenyrstvi a prirodnich ved
k vyvoji biologickych nahrad slouzicich k obnové, zachovani nebo
zlepsSeni funkci tkani nebo organu

(Langer et Vacanti, 1993)

,Vacanti mouse” — slavny experiment
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Dostupné z: https://cs.wikipedia.org/wiki/Tk%C3%A1%C5%880v%C3%A9 in%C5%BEen%C3%BDrstv%C3%AD#/media/Soubor:Tissue engineering english.jpg,
18.3.2024



https://cs.wikipedia.org/wiki/Tk%C3%A1%C5%88ov%C3%A9_in%C5%BEen%C3%BDrstv%C3%AD#/media/Soubor:Tissue_engineering_english.jpg
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Doblado L. R., Martinez-Ramos C., Pradas M. M. Biomaterials for Neural Tissue Engineering.
Frontiers in Nanotechnology 2021, 3, 643507.



POZADAVKY NA MATERIALY PRO T

» Biokompatibilita

» Biodegradabilita

»Vhodné povrchové vlastnosti
»Vhodné mechanické vlastnosti
» Sterilizovatelnost

Jurak et al. What affects the biocompatibility of polymers? Advances in Colloid and Interface Science, 2021. DOI: 10.1016/j.cis.2021.102451



https://www.sciencedirect.com/journal/advances-in-colloid-and-interface-science
https://doi.org/10.1016/j.cis.2021.102451

SCAFFOLDY PRO TKANOVE INZENYRSTVI
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Moshiri, Oryan: Tendon and Ligament Tissue Engineering, Healing and Regenerative Medicine. J Sports Med Doping Stud 2013, 3:2 DOI:
10.4172/2161-0673.1000126



PROC NANOVLAKENNE MATERIALY?

* \V okoli bunék mezibunécna hmota — slozena z vldkennych protein
(kolagen, elastin) + proteoglykanu (kyselina hyaluronova) + adheznich
proteinu (fibronektin) - napodobeni pomoci nanovlaken

SEM snimky kolagennich vlaken z mysi tkané

Leonard et al. Methods for the visualization and analysis of extracellular matrix protein structure and degradation. Methods Cell Biol., 2018. DOI:
10.1016/bs.mcb.2017.08.005



https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=29310793
https://doi.org/10.1016%2Fbs.mcb.2017.08.005
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UMIME VYROBIT NANOVLAKENNE MATERIALY?

ANO!!!
» Z jakych material(?
» Jakymi technologiemi?
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NANOVLAKENNE MATERIALY

+ velky mérny povrch - mechanické vlastnosti
+ vysoka porozita - omezené prorustani bunkami
+ strukturdlni podobnost s diky male velikosti poru
meZIbunecnou hmOtou Conventional Modified

. . . , electrospinning electrospinning
+ moznost inkorporace aktivnich e : o
latek '9“ 2 =

Low cell infiltration High cell infiltration

Wau J., Hong Y. Enhancing cell infiltration of electrospun fibrous scaffolds in tissue regeneration. Bioactive materials, 2016. DOI: 10.1016/j.bioactmat.2016.07.001



https://doi.org/10.1016/j.bioactmat.2016.07.001

MODIFIKACE NANOVLAKEN
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Kim P.H., Cho J.Y. Myocardial tissue engineering using electrospun nanofiber composites. BMB Reports, 2016. DOI: 10.5483/BMBRep.2016.49.1.165



http://dx.doi.org/10.5483/BMBRep.2016.49.1.165

VYZKUM NA KNT

CEVNI NAHRADY
Polykaprolakton
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VY,Z KU I\/I NA PVDF PVDF + PEO
GLAUKOMOVE DRE |
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MRS Fig. 6. FM images of the cell distribution of the stained cell nuclei (blue) after 8 days of incubation of 3T3 mouse fibroblasts with electrospun PVDF obtained from
the SIGMA (A), KYNAR (B) and SOLEF (C) suppliers (1st column) and the mixtures SIGMA + PEO (D), KYNAR + PEO (E) and SOLEF + PEO (F) (2nd column) with
superimposed pooled K-functions representing the spatial distribution of the cells, scale bar 100 um. (For interpretation of the references to colour in this figure

librotic corfpbsite foruseased glaatonadrainggeivfplant. Materials Science & Engineering C, 2021. DOI:



VYZKUM NA KNT

BRISNI CHIRURGIE — zpevnéni stievnich anastoméz, zabranéni uniku
strevniho obsahu — polykaprolakton a jeho modifikace




VYZKUM NA KNT

KOZNi KRYTY — NANOTARDIS — Polykaprolakton — klinicka zkougka

CZ: Nanoviakenny kozni kryt, sterilni

7X7 cm

VYLUCNE PRO KLINICKE ZKOUSKY
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Vyvoj vs klinicka praxe

e Materialy v klinické praxi musi projit testovanim bezpecnosti
(normované testovani) a ovérenim funkcnosti

e Testovani je financné nakladné

* Po uspésném klinickém hodnoceni je zazadano o schvaleni
pfislu§nymi organy pro uvedeni na trh (CR: SUKL - Statni Gstav pro
kontrolu léCiv, EU: conformité européenne - CE certifikace, USA: FDA-
Food and Drug Administration)
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1. Navrh nosice
Seznameni se s problematikou [2. Priprava a charakterizace nosice W
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5. Klinické testy

[Klinické testy }

3. Testovani in vitro

[ Klinicka praxe }
/ Cytotoxicita nosice \

4. Testovani in vivo ﬁ Testy adheze a proliferace, migrace
K \ Testy bunécné de/diferenciace
[ Testovani in vivo J el




KLINICKA PRAXE

* Kryty ran — presyceny trh pro nanovlakenné produkty

Hydroconductive
Gauzes Transparent films F Hydrogels Hydrocolloids
L S et 4 dressings
._ﬁ it | . -__hhh_"""‘--_-‘ i
+  Traditional gauzes = Bi-layer or multi- *  Traditional foams +  Alginate-based *  Internal layerbased |- Multi-layer structure
»  Impregnated gauzes layer films = Antibacterial foams hydrogels Enh% -
*  Wet-to-dry bandages *  Collagen-based . xterna r base
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* Nahrada tvrdé pleny mozkové

Laurano et al. Wound Dressing Products: a Translational Investigation from the Bench to the Market. Engineered Regeneration, 2022. DOI:
10.1016/j.engreg.2022.04.002



https://www.researchgate.net/publication/360208094_Wound_Dressing_Products_a_Translational_Investigation_from_the_Bench_to_the_Market?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://doi.org/10.1016/j.engreg.2022.04.002

RESTRATA, Acera Surgical, USA

* Nanovlakenna degradabilni vrstva

 Strukturalné podobna s lidskou mezibunécnou hmotou - podpora
bunécné proliferace a diferenciace

* Lécba akutnich a chronickych ran
* Polyglactin 910 (PGA:PLA 9:1) + polydioxanon

Restrata is
engineered to be
structurally similar
to native human
extracellular matrix™=

Dostupné z: https://acera-surgical.com/backstageAssets/components/popups/modules/contactfile/default.aspx?src=%2Fsite%2Fuser%2Ffiles%2F1%2FRestrata-Sell-
Sheet-MKG-30037-05.pdf, 18.3.2024



https://acera-surgical.com/backstageAssets/components/popups/modules/contactfile/default.aspx?src=%2Fsite%2Fuser%2Ffiles%2F1%2FRestrata-Sell-Sheet-MKG-30037-05.pdf
https://acera-surgical.com/backstageAssets/components/popups/modules/contactfile/default.aspx?src=%2Fsite%2Fuser%2Ffiles%2F1%2FRestrata-Sell-Sheet-MKG-30037-05.pdf

KRYTY RAN

* Novinky — prenosné zarizeni pro vyrobu nanovlaken — aplikace primo
na ranu — Matregenix, SpinCare, NanoFiberlLabs

* https://youtu.be/bagq2PbVeA38
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Xu et al. A battery-operated portable handheld electrospinning apparatus. Nanoscale, 2015. DOI: 10.1039/C5NR02922H



https://doi.org/10.1039/C5NR02922H

NAHRADA TVRDE PLENY MOZKOVE

Twrda plong mozkova

Dura mater, Dura mater, 4 - -]
outer periosteal inner meningeal Arachnoid mater Pia mater Arachinoides Lebka
Subduraini prastor
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Dostupné z: https://is.vszdrav.cz/el/vsz/zima2020/VSONCH8587/um/Osetrovatelsky proces u pacienta s urazem mozku a.pdf?kod=PAVEZ9630;predmet=9626,
https://www.istockphoto.com/cs/fotografie/meninges-membr%C3%A1ny-lidsk%C3%A9ho-mozku-0zna%C4%8Den%C3%A9-gm923400968-253469447, 18.3.2024



https://is.vszdrav.cz/el/vsz/zima2020/VSONCH8587/um/Osetrovatelsky_proces_u_pacienta_s_urazem_mozku_a.pdf?kod=PAVEZ9630;predmet=9626

Medprin Biotech

ReDura™ NeoDura™
* Kyselina polymlécna (PLLA) 3vrstvy material — PLLA + zelatina
» Hydrofobni (prevence uniku https://www.youtube.com/watch
mozkomisniho moku), ?v=wSg7nuFLjk8
neadhezivni, degradabilni
(do 1 roku)
ReDura” _—

Dostupné z: https://www.medprin.com/de/product-details/47.html, https://medprin.com/en/product-details/41.html, 18.3.2024



https://www.medprin.com/de/product-details/47.html
https://medprin.com/en/product-details/41.html

Cerafix® Dura Repair, Acera Surgical, USA

* Polyglactin 910 (PGA:PLA 9:1) + polydioxanon
Cerafix® Dura Repair
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ArtiFascia®, Nurami, lzrael

e 2 porézni nanovlakenné vrstvy — mezi nimi flexibilni gel
* https://www.nurami-medical.com/product-pipeline/artifascia/

2 Nanofibrous matrix
scaffolds promote
regeneration

Reduces CSF leaks
and pathogen entry
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Flexible gel-like film for
outstanding sealing and
conformity



Nurami, lzrael

Product Device Preclinical Pilot Clinical Pivotal Clinical
Development Studies Trials Trials

ArtiFascia® Neurosurgery

gulatory Commercialization
Clearance

FDA cleared CEin

in 2023 2024 2023

Meuro &

ArtiFix® 2024
general surgery

General

NovaFibreX™ surgery

* Artifix — adhezivni patch (nanovlakna + bioreaktivni polymery)
* NovaFibreX — adhezivni material



Shrnuti + opakovani

* Nanovlakna v tkanovém inzenyrstvi — proc?

* Mozné aplikace nanovlakennych materialt v tkanovém inzenyrstvi



Dékuji za pozornost!!!
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