A felszini ektoderma differenciacidja

- elkiiloniilése

- kialakuldsa az egyedfejlédés sordn

- szerkezete és a felndttkori 6ssejtek
-interfollikuldris epidermis
-sz0rtiiszo
-faggydmirigy

- a borpotlas (klinikai) lehetdségei



Az ektoderma specializdcidja
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* FGF hatds / BMP hatds gatlasa: neuroektoderma

Neural plate  Neural fold

* Wnt / BMP hatds: epidermis



‘A kétéltliek embriondlis fejlédése
- az ektoderma elkilonilése
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A "klasszikus" kisérletek
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A "klasszikus" kisérletek

S , » gasztruldcid utdn (ha a mezoderma
- gasztruldcio elott izoldlva az intakt 4 kialakult) izoldlva, a

animalis polus (animal cap) sejtek disszocidltatott sejtekbdl madr
epidermisszé differencidlédnak neuroektoderma fejlédik
Pregastrula Gastrula
Animal cap o Animal cap —__

Isolated

animal cap __ :

Isolated

animal cap_ :

e
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Epidermis Neural tissue

» chordin / noggin / follistatin: neurondlis induktorok - a neurondlis sorsot
gatlé inhibitort (Bmp) gatoljdk (Id. idegrendszer kialakuldsa)



Az "Uttord" kisérletek: Bmp-4 és epidermis

» a disszocidltatott animdlis sejtek epidermis helyett neuroektodermat
alakitanak ki

* BMP4 (bone morphogenetic protein) a neurondlis sorsvdlasztdst
meggdtolja és epidermis képzddéséhez vezet
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7630398

A Bmp-4 és az epidermis kialakuldsa

* a szekretdlt Bmp4 epidermis kialakuldsdat indukal ja
* a Bmp4 hatds antagonizdldsa neuroektodermadlis differencidcidhoz vezet:
- Wnt: Bmp4 szintézis gatlasa

. . s . eey 7 Bl |
- chordin / noggin: Bmp4 fehérje megkotése b, TS
- follistatin: Bmp7 / activin fehérje megkotése Ectoderm
. . ’01.7 . 717 Mesoderm
- FGF: BmpR szigndlutvonal (Smad) antagonizdldsa Y=
Wt (7) c Gastrula
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Egér embrid felszini hdmszovetének fejlédése

E9.5 000000000 0 R sty Epitélium elkotelezédése:
A @ @ ¢ Mesenchymal cells .
Keratin 5, 8, 14, 18
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K5 promoter B-galactosidase

Allen G. Li, et al. Cytokine & Growth Factor Reviews 14 (2003) 99-111
Roles of TGFp signaling in epidermal/appendage development

Allen G. Li® Maranke I. Koster ™, Xiao-Jing Wang®"*
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Byrne et al Development 120, 2369-2383 (1994)

Carolyn Byrnel, Michael Tainsky? and Elaine Fuchs!*

E10.5 Eo5 E9.5

Programming gene expression in developing epidermis



Egér embrié felszini hdmszovetének fejlédése

R e St Laver - f6 sejttipusok elkotelezédése;
.._lP“d keratin 17

-elsédleges szértiisz6k indukcidja

E14.5-15.5

D&D*G*Dfﬂ*ﬂ*ﬂ*ﬂ*ﬂ
E15.5-16.5

+ f6 sejttipusok differencidcidja;
Keratin 1, 10, 6; Smad4

» >E16: mdsodlagos szértiiszok

indukcidja
Roles of TGFB signaling in epidermal/appendage development
Allen G. Li®, Maranke I. Koster™<, Xiao-Jing '\Vang“'b'*
E18.5 | - E16.5-17.5
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Az epidermis specializdcioja

Epiblast
Ectoderm
MNeural crest Neural tube
Pigmented cell CNS

. Epidermal cell

Hair epithelium

________ PP

Hair Bulge  Isthmus SG IFE
Germ Juncticnal zone
Infundibulum

Fig. 1 The developmental hierarchy for epidermal stem cell popula-
tions. The dotted lines indicate a putative relation between the pop-
ulations. CNS central nervous system, SG sebaceous gland, IFE
interfollicular epidermis

Stem cells in ectodermal development

Salvador Aznar Benitah - Michaela Frye

J Mol Med (2012) 90:783-790



Stem cells in ectodermal development

Az epidermis specializdcioja  ...imsom

B: .bulge" sejtek;

HF: szor follikulus;

IFE: interfollikuldris epidermis;
SG: sebaceous gland (faggyumirigy)

Fig. 2 Epidermal structures formed dunng development until adult-
hood. The stratified epidermis is formed by E18.5 and gives rise to the
interfollicular epidermis (IFE) and infundibulum in adult skin. The
hair epithelium is initiated at around El4.5 by the placode or
composed of bulge hair germ (HG), isthmus and junctional zone
in adult skin. Markers for the respective epidermal compartments
are indicated in the leff hand corner

J Mol Med (2012) 90:783-790
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Ossejtek a hdmszaovetben
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Current Opnion in Genetics & Devslopment

More than one way to skin . ..

Elaine Fuchs and Valerie Horsley

Genes & Dev. 2008 22: 976-985

X ',l:' —

Epidermal

otem Cells

RSN NN

Cycling Portion l
of the
Hair Follicle

Stem cell fate and patterning in mammalian epidermis
Fiona M Watt
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Az interfollikuldris epidermis (IFE) kialakuldsa

» Gssejt-fenntartds / proliferdcié szabdlyozdsa : szekvencidlis |épések

e e N s e — e —— Stratum
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Emerging interactions between skin stem
cells and their niches
Ya-Chieh Hsul2, Lishi Li! 1

NATURE MEDICINE VOLUME 20 | NUMBER & | AUGUST 2014




Az interfollikuldris epidermis (IFE) kialakuldsa

* hierarchikus vagy stochasztikus differencidcids lépések?
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Hierarchical model Stochastic model

Emerging interactions between skin stem
cells and their niches

NATURE MEDICINE VOLUME 20 | NUMBER 8 | AUGUST 2014




Ossejtek az IFE-ben | i |

Stem cells of the skin epithelium

___ Lawra Alonso and Elaine Fuchs®

az emberi epidermisz ~2/4 hét alatt

kicserélodik S -—,.._aé'::-;f_

7 . 7 o ° ANV AR
az asse\]‘rek !9550[1 osztédnak, 2-7 % (10-12% /L QAo nls >\%0\ S -
<0.2%) a bazdlis réteg sejtjeinek // \// N\\// N
koztes sokszorozo (:rransi‘r am,pl.ifyit\g)”sej’rek %Q ST G§ ZD A Tandently
3-6 alkalommal osztédnak (kolénia képzé AN 1 / W A
kepesseg) é/ \< Q/O\\ /\\ g// ;/ \<
egy emberi epidermdlis éssejt in vitro ~1,7x1038 . .
sejt |étrehozdsdra is képes one eparme honeah "

EPU (epithelial proliferating unit): kolénia képzé
képesség; hexagondlis elrendezés

LRCs (label retaining cells): BrdU pulzus jelolést
hosszasan megtartd sejtek: a legtébb a bulge régicban

- lassan osztddé (6s?)sejtek
- az "immortal DNA strand" szelektiv megdrzése?

Fig. 2. BrdU label-retaining cells In a whole mount of mouse tall epl-
dermis. A ten day-old mouse was Injected with 50 mg BrdU/kg body
welght every |12 hfor a total of four Injections. After a chase perlod of
10 wk, tissue was Immunolabeled to detect BrdU (green) and Keratin 14
(red). HF, hair follicle; IFE, Interfollicular epldermis; LRC, label-retaining
cell; SG, sebaceous gland.




Ossejtek az IFE-ben

Potential Markers of Interfollicular
_ _ .., Epidermal Stem Cells

* nincs igazan jo marker..... B1 integrin

ab integrin E

piderma

p63 olem

Heterogeneity in the
Interfollicular Epidermis: Planar view

* a bazdlis réteg igen heterogén gsszetételi

» normdl, felnétt-kori sejtpotlds az embriondlis
|épésekhez hasonld

Proliferative Differentiated Mechanisms of
m O Progeny Cells Stem Cell Regulation
Spinous Proliferation

c-Myc  f1 integrin
p63 TGFa

+
@ : . /g Granular TGFp(-)
Cells

Differentiation

Epidermis

Notch C/EBPwB

Stratum | ppaRa AP20sy
Corneum

More than one way to skin . ..

Elaine Fuchs and Valerie Horsley

Genes & Dev. 2008 22: 976-985




A szortiszo kialakulasa - embrionalisan

1. mesenchimdbdl (dermis) induktiv szigndl

2. epidermdlis keratinocitdk aggregdlnak, placod
kialakitasa (Wnt, EGF)

3. hajcsira kialakitdsa: lefelé nové placod
sejtek kozé tiremkednek a dermdlis sejtek
(irhaszemalcs) (FGF, BMP inhibitorok)

Se=

BMFs, Notch

- - -

I Stratified epidermis
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=
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- . ~~Basal layer (K5, K14)

P Quter root sheath (ORS)

> Inner root sheath (IRS)

N

Hair matnx (Mx)

*Dermal papilla (DP)

Wits, EGF O r Al O | Activation

Dermal A ¢ of Wt

messages | o Tfeee. —mar o |target genes o e
BMP inhibitars, “ N —

FizFs Annu Rev Cell Dev Biol 2006 22 339-373.

Scratching the surface of skin development

Elaine Fuchs'

Epidermal Stem Cells of the Skin

Cédric Blanpain and Elaine Fuchs”




A feln6tt kori szérképzés

» feln6tt korban folyamatos ciklus: novekedés (anagén) - visszahdzddds
(katagén) - nyugalom (telogén) nittin o

follicular cycling
1

» az Uj anagén fazis indukdldsa az embriondlis
follikulus-képzédéshez hasonlé

Scratching the surface of skin development /sﬂ
Elaine Fuchs' Sebaceous -/ ! Arrector
= Hair '
Epidermis shaft ||
PlJacade !
5 Hairshaht IRS kg % Melznacytes H
= — — ¢ " iy Bl
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Anagen-to-catagen
transition

Proliferation ceases
Apoptosis begins in bulb/ORS
Differentiation slows

Anagen

HS growth phase

Rapid proliferation in bulb

HS/IRS differentiation

IRS degrades in infundibulum

Duration of anagen
determines length of HS

Sensitive to chemotherapy

Epithelial lineages i

ORS  IRS HS 5

Huxley
Cuticle

Catagen

Regression phase

Extensive apoptosis

Differentiation ceases

Hair club formed

DP remains in contact
with epithelium

T

Joumal af

Cell Science

jcs.biologists.org

Forming
HS club

gland

Bulge
stem cell
niche

Ui

Apoptosis
pithelial strand
SGK3
p53
TGFR
EGF &
FGFS \
Interfollicular
epidermis
Infundibulum
Sebaceous \/

W wnt

8hh
TGFp

Bulge stem cell niche

Stem cells activated

Cells near DP proliferate
Fomation of new hair bulb
IRS/HS differentiation begins after bulb formed

The Hair Cycle

Abbreviations

BMF  Banra marphogenstic protain

CCL  Companioh cell layar

DF  Dormal papila

EGF Epiddermal growth fackr

FGF Flbrobiast growth factor

HS  Hair shaft

IRS  Inner mot sheath

ORS  Outar root shaath

SOK3 Sanam and gucocoriicold rospansive kinees 3
Shh  Sunlc hadgehog

TGF! Transforming growth facter |2

Wnt  WinglseaMMTV Imtegration site factor

Catagen-to-telogen
transition

Club hair anchored
Apoptosis ceases

DP reaches stem cell niche
Follicle becomes guiescent

Telogen
Resting phase

HS club No significant proliferation,
apoptosis or differentiation
DP near stem cells
Bulge stem
cell niche
DP
Exogen

Club hair loss
(may not occur each
hair cycle)

Telogen-to-anagen transition

Laura Alonso and Elaine Fuchs

@ Journal of Cell Science 20085 (119, pp. 381-393)



A sz0ortlszo ossejtjei: bulge sejtek

sebaceous § ( I )
b} :
danilrestore| B4 5 label retaining cells
low
bulge P3 in vivo high in vitro
region " mitotic clonogenicity
activity
intermediate
. P2
region
Distinct Epidermal Stem Cell Compartments
= are Maintained by Independent Niche
hick Microenvironments
. l"'A . . Kristin M. Braun and David M. Prowse*
bulb pp Avive low in vitro Stem Cell Reviews
region mitotic clonogenicity
activity

Location of Proliferative Cells in a Vibrissal Follicle (A) b-galactosidase staining of a longitudinal section of a vibrissal follicle obtained
from a Rosa 26 heterozygous mouse. a: follicular papilla, b: capsula, c: dermal sheath, d: ringwulst, e: lower vascular sinus, f: upper
vascular sinus, g: bulge region, h: matrix, i: hair, j: sebaceous gland. Movement of the whisker results from the contraction of the bundles
of the striated muscle fibers that envelop the follicle capsula (not shown on this section). (B) Main locations of the clonogenic
keratinocytes in an anagen vibrissal follicle. Note the inverse relation between mitotic activity in vivo and clonogenicity in vitro. Bar: 100
mm.

Cell, Vol. 104, 233-245, January 26, 2001, Copyright ©2001 by Cell Press

Morphogenesis and Renewal of Hair Follicles

. Oshima et al., Cell, Vol. 104, 233-245, January 26, 2001,
from Adult Multipotent Stem Cells Y



A sz0rtiszo 0ssejtjei: a bulge sejtek

-~ AT X

transplantation 5 days after birth

in utero onto E14.5 transfer of the graft

Epidermal layers
wild-type embryo onto athymic mouse

Basal layer

Sebaceous gland
Outer root sheath

Inner root sheath
- . - PO day

Label retaining
keratinocytes

Hair shaft IrEhie bulge
— 7 Aave
P7 d"-‘ S — ==~ Lineages derived from
! bulge stem cells
// Zand! — — —~ Differentiation pathways
Dermal papilla // 4 “ \ : supplied by bulge stem cells
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i ,,’ Hair follicle matrix
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Stem cells of the skin epithelium

Laura Alonso and Elaine Fuchs®

FRAS Sepiamber 30 2003 | vol 102 | ol 1

P
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Morphogenesis and Renewal of Hair Follicles
from Adult Multipotent Stem Cells

PA0 dnShima et al., Cell, Vol. 104, 233-245, January 26, 2001,
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A szortiszo ossejtjei: bulge sejtek

* ritka osztddds; anagén fazisban Wound @ ik
ClleVéClé, HF le'kaTéS stimulus ‘ Dermal sheath/
YV basergfe_llt membrane
- aktivacio csak az also bulge régio W =
néhdny sejtjét érinti; ezek lefelé .
(dermal papilla; DP) vdandorolnak pil muscle \ =
- Wnt érzékeny sejtek (Frz, TCF3), \'(T— e
V4 ld v . I
de Wnt gatlé molekulakat (BMP) is Sensory nerve endings——( % )
szekretdlnak - differencidlatlan o
dllapot fenntartdsa ‘
., , . Self-renewal/survival factors O
- aktivacio -> anagén alatt a —{ Diferentiation nhibitory factors |,
follikulus aljén B- 5 o
catenin/LEF1/TCF3 aktivalas o N
(noggln) -> DP: |ndUkTiV SZ|9nd|Ok, Rapidly-dividing progenitor ( Simius
.. v ’ . ¢ V4 P (matrix) cells that differentiate ’ Darinal
elkOT€|€ZOdCS Ir'ClHYITC(SC(, HF Iefele to make hair and inner root sheath | V_ apilla
e 2 . 7. e Q it
névése -> bulge sejtek djra e TNy
. 7 P Markers of Hair Follicle
nyugalmi dllapotba térnek Buige Stem Cells
/1. ’ . DNA label retenti TCF3
- hormalisan csak HF-et alakit ki, de CD34 . Soxd

sériilés esetén mind IFE, mind SG | viumn orsener

képzésre is képes

Scratching the surface of skin development

Elai




Bulge régio - lokdlis dssejt niche (faggyumirigy)

» Blimpl transzkripciés represszor: SG marker?

Blimp1

ull

C-myc

O=-0=-0-0

Multipotent ~ Sebocyte  Proliferative Differentiated

Stem cell Progenitor Sebocyte Sebocyte
: Blimp1 Ki67 ;
K14, K5 K14, K5
C-myc
[) : loxP loxP
Cre | X iLRosaZG-Pr
Blimp1 + cells All cells

?Cre recombination

loxP

Epidermis| § i

Gland

farkers of Sebocyte Stem Cells

Blimp1

Cycling Portion
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Mor

Elaine

e than one way to skin . ..

Fuchs and Valerie Horsley

Genes & Dev. 2008 22: 976-985
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Lineage tracing marks the sebaceous gland

Blimp1 + cells and their progeny

LacZ retrovirus
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Bulge régio - lokdlis 6ssejt niche (zsirsejtek)

* a haj-ciklussal egyiitt valtozik az 2 KISGFP
intradermadlis adipocitdk mennyisége: |
follikularis novekedés sordn a
leghagyobb mennyiségben

- éretlen adipocita: telogén-anagén
dtmenet, follikularis novekedés
serkentés

- érett adipocita: BMP2 termelés ->
telogén fdzis fenntartdsa

* hémérséklet-szabdlyozds,
mechanikai védelem -> ha kevés az

adipocita, nem indul be az anagén [
fazis (?)

e

rrector
Pili Muscle
.
(Bem]al
apilla
Home sweet home: skin stem cell niches

. Cell Mol Lifie Sci. (202) &6 25732582
Jill Goldstein - Valerie Horsley




Timeline

CEA: cultured epithelial autografts

1970

Progress and opportunities for

B6I"p0ﬂ0$i IeheT6segek tissue-engineered skin

Sheila MacNeil'

Use of donor skin Understanding of the
fortreatment of co-dependence of keratinocytes
full-thickness burns®° and fibroblasts®"
. Reconstructed skin using
Keratinocyte culture Clinical use of CEA Use of CEAwith autologous keratinocytes and

established®'® in burns patients>1#

donor skinas a

dermal altemnative'? fibroblasts in bovine collagen for

use in patients with severe burns#

1975 1980 1985 1980 1995 2000

Determination of the
replicative capacity
of keratinocytes™

Culture of keratinocytesinto
small sheets for grafting”

Donor keratinocytes found
not to survive long term3

Development of a synthetic
dermal alternative (Integra)™

+- natural/synthetic

Keratinocytes :
+ growth factors & \
cytokines Impoﬂant
for regeneration
Fibroblasts/ fibrocytes
endothelial cells/ pericytes
Next generation, fully functional
Preadi : X
o e skin substitute
Skin stem and progenitor cells: using regeneration as a
tissue-engineering strate
Progemtor cells Hair folicle cells RINCErIng SRy

A. D. Mefealfe* and M. W. J. Ferguson Cell. Mol. Life Sci. 65 (2008) 24-32



Bérpétldsi lehetéségek
* in vivo szérregenerdcios tesztek

Hair regeneration

[pide mal cells . a5
Trypsin- Sl C
yJ

EDTA Subcutaneous ‘1\\
%0 MEINE  njection (A f 71
oN ,

¥

=

~

Dermal cells
o Incubatnon in Hair regeneratnon
‘ °°€ ’ silicon chamber (8) | |
Collagenase / 3 ”/
34
- dermdlis szemdlcs izoldlas ,
Subcutaneous injection of dissociated

© © murine epidermal and dermal cells into

the back skin of a nude mouse. (a) A
nodule or “patch” with regenerated hair
follicles can be observed from the
undersurface of the skin in 2 weeks. (b)
The histology shows formation of a cyst

Dermal-epidermal Transection with hair follicles coming out from the
S aIon ,U, cyst wall. '
. (A) l I
Micro- — —— m—
dissection . DP  mplantation C]
| Regeneration

Joumal of Dermatological Sdence 57 (2010 2-11
Review of hair follicle dermal cells

Chao-Chun Yang *"¢, George Cotsarelis®”



Bérpétldsi lehetéségek
- IFE Gssejtek

- megégett betegek keratinocitdinak in vitro tenyésztése; re-
epitelializdcié
* "holoclones": "igazi" ESCs izoldlds; nagy proliferdciés képesség,
kis sejtek, funkciondlis epidermis kialakitdsa

- "paraclones": kevés, nagy, lapos sejt (végdifferencidlt)
* "meroclones": elég kicsi, heterogén populacio, limitalt
osztdédds (transit amplifying sejtek?)
- nincs szdrtiiszé / faggydmirigy potlds
- sériilés esetén dlt. bulge sejtekbdl, nem az IFE 6ssejtekbdl torténik
a kolonizdcié

- teljes regenerdcidhoz az epidermis izoldldsa dlt. nem elég - mély
sériilés, karos hatasok autoldg transzplantacié esetén (allogén
transzpantdciod - kilokédés; nem human sejtek/anyagok - kilokédés,
biztonsdg)



Bérpétldsi lehetéségek

mesterséges szubsztrdtok
- hordozé matrix: pl. GAG (gliikéz-
aminoglikan)
- fokozatos sejt"raépités"
» keratinocita
fibroblaszt
endotél
melanocita
Langerhans sejtek?? ~60 nap

- novekedési faktorok .enkapszuldcid ja"
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AG: autolog transzplantacio
CSS: cultured skin substituents



Bérpétldsi lehetéségek

. ’ ’ Progress and opportunities for
mes’rers.eges ;zubsz’rra’rok o tissue.engineored skin
- de-epidermized acellular donor dermis, mint

megtapaddsi feliilet

Figure 2 | An example of the clinical use of tissue-engineered skin.

a, The appearance of reconstructed tissue-engineered human skin based
on sterilized de-epidermized acellular donor dermis to which the patient’s
own laboratory-expanded keratinocytes and fibroblasts were added.

b, The appearance of this reconstructed skin 2 months after its use in
elective surgery to correct contraction in a patient who had suffered severe
skin contractions as a result of earlier burns injuries. The tissue-engineered
skin graft was placed in the axilla to allow the patient a more normal range
of movement. (Images reproduced, with permission, from ref. 39.)

- Ingenta: szilikon membrdnon - ideiglenes barrier a dermis
vaszkularizacidjdnak eldsegitésére
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Tahle 1. Characteristics of the ideal skin substitute

Dormal mibsauns

wkiin (o pro fit
skin banlos)

Patient safety Potential for viral Patential for viral Potential for Potential tor viral Potential for viral nia™ Patential for viral  Aulologous n'a [2]
LLRAmE s Sio LRSS ion wiral Lrams mission Lrame mission LramEnSs ion keratinooyles ane
I mvwne nejection Immune rejection  transmission ooculwned with
irradiated murine
cells
Seaffold Rejection rather than  Rejection rather 1-2 manths Ineorpor e inlo  |Hoo rporales into Hall-life, 30 days Degrades by <20 days mf [81]
degradability ~ degradation ihan degradation wound bed waund bed by hysis
Duration of Temporary Tenmpo rary Temporary Permanent Per manent Semi-permanent  Temporany Permanent Per mament [4]
COVET
Meodermis Dermis revascularises  Dermis Delivers ECM Repopulated by  Repopulated by Mg e s Scaflolds Only applicable in - Only applicable  [82-85|
formation and inlegrates inio the mevascularises and  COMPOonents, host cells, e, host cells, e, o ration degrade over partial-thic kness in patial-
wound bed. The integrales into the  eyickines and  incorporsies inlo  ineorporaies inte  complelein 2030 days. and gral donot ihigkness and
epidermis it rejected wound bed. The GF 1o the hosl liss e host lisswe 15-20 days Fbroblasis side wounds, but arafl donor <ide
34 weeks post- epidarmis is wound simultansously  not in ful- wounds, but not
tramsplantation rejected 34 wesks produce ECM thickness wounds  in full-thickness
post components and W LS
transp lantation GF
Shelf life T-10 days if Tresh. Lir limvited if 5-10 days 2 years Up 1o 2 years 2 years Up to B manths 3 days nA [a]
Unlimiied if Wophilised
hyio i i
Cosat [iem®) donated 0,60 £14.20 £5.30 ni 3.3 £7.14 el n# 12]
(in 2007}
Mechanical Lyophilisation Ly i li 8t o Requines Siable due 1o Mo adverss Easy handling Easy handling Easy handling and Very fragile and [486]
stability improves mechanical  improwves delicate presence of information application dueto  difficult 1o
stability significantly  mechanical handling base e tegarding Tragility a silicane support  handle
stability membrane. and manual layer
significantly handling
Scaffold Cadaveric allografs Takes imitially, ig., Take rates Uneertain rates of Mo adverss Takes relatively Take is facilitated Cannol be used for  Uncertain rate  [75]
vEscularisation  take initially, Le., vascularisation is  depend on the  vascularsation information lang time for by fibroveseular  full-thickness of take as it
(i.e., take'} vascularisation is observed, type of wound regarding delsyed  vascularisation in growth and re- wounds s dermal  depends on
observed, howsever,  however, and are very of failed graft take  (10-14 days] epithelialisation  compoanent cellcell and
s bseguent graft subssguent graft  varable and woumnd NS i gy ool HECM
rejeclion requires s rejeclion requires  ranging from clogurne by adhesion rather
eveniual remo sl s eventual 1610 41% keerating tyles than
removal migration from vascu larisation.
wiound edges Higher risk of
bacerial
contamination
leading Lo graft
lss
Mo. of steges  Multiple because Multple because  One-stage One-stage Two-stage process  Two-stage Two-slage Up o 12 individual One-stage [4]
necessary for  cadaveric grafis cadaveric grafis process bul process (using (uzing split- process (using process il used in applications process
completion require eventual require eventusl needs ultrathin split- thickness graf) split-thickness burn injuries
repl e mment repl acement cografting with  thickness grafi) araft) {using = plit-
aulol oo us thickness grafi
epitheial cells
im full-th ic kness

Skin regeneration scaffolds:
“Commercisiised product a multimodal bottom-up approach
“nia, not applicable: nfl, not found. TIBTEC-996; No. of Pages 11 ... vidirimer', Nguyen T.K. Thanh??, and Alexander M. Seifalian™*

burns



Bérpétldsi lehetéségek
» hESCs (human embriondlis 6ssejt) differencidltatads

- embryoid body képzés ES sejtekbdl; scid egerekbe visszaiiltetés -
visszaizoldlhaté csomdban keratinocita progenitorok - in vitro
differencidltatads

v s . . ES —® [iOctd™)—» Lljp63+t) —m= L1 (p63t, K14+, Bn*)
- Oct4+ elt(inés, keratinocita ) e = "

. , Keratinocyte
markerek (p63, K14) megjelenés J'
. . s s , . . . ., , Multiplication
- immortalizacio HPV virussal - in vitro differencialtatas l
AT DN B RS-, Terminal
S > - % 2 DifTerentiation

{Inv*)

- kombindlt RA és BMP4 kezelés:
keratinocita sors (de BMP4 -
trophoblast!)

J. Cell. Mol. Med. Vol 12, No 3, 2008 pp. 709-729
Engineering tissue from human embryonic stem cells

C. M. Metallo 2, S. M. Azarin ® ®, L. Ji #®, J. J. de Pablo 2, S. P. Palecek ® ®*



Bérpétldsi lehetéségek
- iPSC differencidltatds

- keratinocita, melanocita és
fibroblaszt iranyd

differenc ialtatas Novel therapeutic g _
strategies / &ansplantatlon
- izoldlds j—-—-. | Q
oy ’ A\ Patient -
differencialtatas | * =5 P\

Genetically corrected

éS génkor'r'ekCié In vitro modeling Xenografting Skin biopsy Keratinocytes
. ’ Fibroblasts

bizto nsaga?? | Melanocytes
n vitro or
in vivo Keratinocytes

.2 . . h Fibrobl
- sajdt (szingenikusy** olnt i
vagy allogén s
(human) eléallitas? ) £

Rej

Disease

lReprogrammng @
Keratinocytes @
Fibroblasts
Melanocytes @

Differentiation @ Gene correction

Induced Pluripotent Stem Cells in Dermatology: Potentials, Advances,
and Limitations

Ganna Bilousova and Dennis R. Roop

Cold Spring Harb Perspect Med 2014 Induced pluripotent stem cells



B Ioen g I n eerl ng a 3 D I ntEg u m enta ry orga n Ryoji Takagi,'* Junko Ishimaru,’ Ayaka Sugawara,'* Koh-ei Toyoshima,*? Kentaro Ishlda MIhD Ogawa

system from iPS cells using an in vivo e e Rt et byl e o o om0
transplantation model Sci. Adv. 2016;2:e1500887 1 April 2016
M . g A in \.mo in viv 030
- CDB (clusTeflpg-dep’engenT embryoid body) — |
transzplantdciés eljards SCID egerekbe: S cals by COB maihos argamogeness
iPS -> aggregatumok (embryoid body, EB) -> «g¢ +8°—¢—r> /ﬂﬁ
in vitro differencidcié -> EB-k kollagénbe s Colsgengdl  SCDmose
keverve a kotészovetbe tiltetve -> nincs . Side
teratoma, csak epitél fejlédés N
* Wnt10b: jelentésen fokozza a szér- I
follikulus kialakuldst o -
- Wnt10b: anagén - telogén dtmenet, t6bb "= 5= , g
ciklus is azonosithaté; a m. arrector pili is * A

megfeleléen kotodik

- az XY iPS-bdl kialakitott HF-ek XX

nude egérben is ciklusosan

m (j k o’ d Tek In vivo-organized integumentary organ Intracutaneous Orthotopic
system derived from male iPS cells (XY) transplantation hair function

@@ 3%—» @—»@

Female SCID mouse (XX) Female nude mouse (XX)

iPS cell-derived hair follicles
__Calponin




