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Kozni barierove systemy ve zdravi a nemoci
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Kozni bariera

—Slouzi jako prvni linie obrany mezi télem a prostredim. Jeji
poruchy vedou ke zvysenému pruniku mikrobu a alergenu.
— Zvyseny prunik Iatek s alergennim potencidlem zvysuje riziko
rozvoje precitlivélosti, protoze dochdzi k interakci mezi
alergeny a a antigen- prezentujicimi bunkami.

— Zvyseny prunik iritant podporuje rozvoj nealergickych
zanélivych reakci.
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Kozni bariéra
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Kozni bariérové sytémy

Fyzikalni bariéra
Epidermalni vodni
bariéra/permeabilita

Bariéra proti UV

Oxidativni bariéra

Odolnost mechanickd
Odolnost proti treni

Pohyb vody

Prevence poskozeni DNA,
struktur v dermis apod.

Prevence peroxidace
a poskozeni volnymi
radikaly

Struktura/kolagen Epidermis a dermis

Desmosomy Epidermis
Lipidy Stratum corneum
Melanin Melanocyty

Enzymy reparujici  Epidermis
DNA

Karotenoidy Dermdlni
Dalsi pigmenty chromatofory

Antioxidanty - Epidermis
vitamin C, E, dalsi Mazové Zlazy
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Kozni bariéroveé systémy

Tepelnd bariéra Ochrana pred poskozenim  Proteiny tepelného Epidermis
teplem/chladem Soku
Anti chladové Dermis
proteiny
Imunitni bariéra Zaijisténi imunity l|_Oonvgkerhonsovy Epidermis
unky
Jiné dendritické Dermis,
bunky potni zldzy

Jiné bunécné typy
Imunoglobuliny

Mikrobidlni bariéra Ochrana pred patogeny gcefenziny Stratum corneum
ingozin
Symbioticka Epidermis
mikrofléra
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Bariérova funkce kuze

— Je nejvice zavisla na funkci stratum corneum (SC). SC se tvofi béhem striktné regulované
diferenciace keratinocytl, zvané keratinizace. BEhem keratinizace se keratinocyty pohybuiji
0s stratum basale pres stratum spinosum a stratum granulosum do stratum corneum.

— Ve SG keratinocyty zacinaji produkovat dvé membranou obklopena téliska: keratohyalinova
granula a lamelarni teliska.

— Keratohyalinova granula obsahuiji intracelularni slozky SC (filagrin [FLG], loricrin, a
keratinova filamenta), zatimco lamelarni téliska obsahuji extracelularni komponenty (lipidy,
korneodesmosin a kalikreiny).

— Ve SC se keratinocyty oplostuji a denukleuji a jejich bunéCna membrana je nahrazena
specialni strukturou, zvanou kornifikovana obalka (CE). Behem presunu z SG do SC jsou
lamelarni téliska exportovana do intercelularniho prostoru. Vznika struktura ,cihel a malty”.
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https://www.sciencedirect.com/topics/medicine-and-dentistry/stratum-corneum
https://www.sciencedirect.com/topics/medicine-and-dentistry/keratohyalin
https://www.sciencedirect.com/topics/medicine-and-dentistry/lamellar-body
https://www.sciencedirect.com/topics/medicine-and-dentistry/filaggrin
https://www.sciencedirect.com/topics/medicine-and-dentistry/loricrin
https://www.sciencedirect.com/topics/medicine-and-dentistry/keratin
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Analogie stratum corneum s cihlovou sténou jako model epidermdlni bariéry.
Korneodesmozomy zdravé kize jsou v celé vrstveé stratum cornemu intaktni
(zelezné tyCe, A). Smérem k povrchu epidermis se zacinaji korneodesmozomy
Stépit jako soucdst procesu fyziologické deskvamace, coz je proces analogicky
rezivéni zeleznych tyCi (A). Pokud je jedinec predisponovdn k atopické
dermatitidé, predcasné stépeni korneodesmosomuU vede k podpore
deskvamace, coz vede k rezavéni zeleznych ty&i dold podél cinlové stény (B).
Pokud jsou uz zelezné tyCe oslabené (zrezivélé), faktory prostredi, jako je mydlo,
je budou ddle korodovat mnohem snadnéji. Cihlova sténa se zacné hroutit (C)
a umozni prunik alergenu (D).
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Schematic drawing denoting the different barriers in the epidermis and their interaction with the TJ barrier. Lilac
spheres: desmosomes, grey spheres: corneodesmosomes. SB: stratum basale, SC: stratum corneum, SG: stratum
granulosum, SS: stratum spinosum. Continous arrows denote interactions already experimentally shown. Dotted arrows
denote hypothetical interactions.
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Paracellular
signaling Apical

Shi J, Barakat M, Chen D,
Chen L. Bicellular Tight
Junctions and Wound
Healing. Int J Mol Sc.
2018;19(12):3862.
Published 2018 Dec 4.
doi:10.3390/ijms1912386
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Schematic structures of major bicellular tight junction proteins. The tight junction (TJ) is part of
cell-cell junction complex. Major bicellular TJ proteins include three transmembrane protein

families: occludin, claudins, and junctional adhesion molecules (JAMs) and a few families of
peripheral intracellular membrane proteins such as zonula occludens (ZOs), which connect the I
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stratum corneum

stratum granulosum

stratum spinosum

stratum basale
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Localization of TJs and TJ proteins in the epidermis and
molecular composition of TJs. Cldn: claudin; JAM: junctional
adhesion molecule, MUPP1: Multi-PDZ domain protein 1, Ocln:

_ | MUNI
occludin. Bar:20 pm. MED
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CHARACTERISTICS ]

HUMAN SKIN

SC THICKNESS
ROUGHNESS
HYDRATION
HEALTH
ELASTICITY

TEWL

SWEATING RATE
SEBUM SECRETION
pH

Dabrowska AK, Spano F,
Derler S, Adlhart C, Spencer
ND, Rossi RM. The
relationship between skin
function, barrier properties,
and body-dependent factors.
Skin Res Technol.
2018;24(2):165-174.
doi:10.1111/srt.12424

PENETRATION ]

THROUGH SKIN

WATER
PARTICLES
ALLERGENS
MICROORGANISMS
SOLVENTS
VAPORS

DRUGS

ACTIVE COSMETIC
SUBSTANCES
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Skin hydration

— As skin hydration is a very important parameter responsible for skin homeostasis, all deviations from a
normal hydration level can result in significant changes in human skin properties and functions. Among
the main causes of dry skin, one can list skin aging, the wrong or no skin care or malnutrition.

— Skin hydration can also be influenced by environmental factors or by anatomical location (eg, skin on
the palms and legs is drier than on the forehead).

— Skin dryness can also be a consequence of various diseases, not only directly related to the skin, such
as atopic dermatitis, but also other health problems, eg, hypothyroidism. A lower hydration level results
in a lower elasticity of the skin, faster skin aging and wrinkle creation, higher surface roughness, and
lower mechanical resistance.

— Dry skin is also more susceptible to skin diseases and more prone to redness and itchiness. The
frictional behavior of human skin also depends on hydration. It was reported that moist skin shows
higher friction-coefficient values than dry or completely wet skin. Drier skin is more prone to mechanical
failure, flakiness, irritation, and other problems. Irritated skin leads to difficulties in achieving and
maintaining an adequate hydration level. This results in drier skin and may lead to more severe skin
conditions, if untreated.
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WRONG SKIN CARE | LEVEL SURFACE ROUGHNESS
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PriCina a nasledky poklesu kozni hydratace. “+"” a “-" symbolizuji
pozitivni a negativni korelace

Dabrowska AK, Spano F, Derler S, Adlhart C, Spencer ND, Rossi RM. The relationship between skin function,
barrier properties, and body-dependent factors. Skin Res Technol. 2018;24(2):165-174. doi:10.1111/srt.12424
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Penetration through skin

— Our skin is constantly in contact with various substances that are either
present in the environment or deliberately applied to the surface of the skin.
Numerous substances have been applied to the skin surface for medical or
religious reasons since the beginning of humanity, which provides a hint that
the absorption properties of the skin were already known a long time ago.
Depending on the circumstances, the barrier properties of human skin, given
mainly by its horny layer (SC), may be perceived as being either an
advantage or an obstacle. In everyday life, the skin can be exposed to
various substances in the solid, liquid, or gaseous states. Some of them, such
as harmful chemicals, allergens, pathogens etc. can be dangerous and lead
to irritation, rashes, burns, or other health problems following the topical
application or penetration of these substances into deeper layers of the SkIViInl]
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Penetration through skin

— The epidermis and dermis are the skin layers involved in the penetration
processes, but the SC composition and properties are mainly responsible for
the barrier function of human skin. Skin protects the body from penetrating
substances through various mechanisms, either mechanically blocking
particles from further migration into the skin or neutralizing, attacking, or
degrading them. Substances that penetrate through the SC barrier layer still
have to overcome many other obstacles, such as the antimicrobial barrier and
Immunological or enzymatic systems.

— There are three different pathways that can be used by substances
penetrating the skin mentioned in the literature: intercellular, transcellular,
and transappendageal.
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Dabrowska AK,
Spano F, Derler S,
Adlhart C,
Spencer ND, Rossi
RM. The
relationship
between skin
function, barrier
properties, and
body-dependent
factors. Skin Res
Technol.
2018;24(2):165-1
74.
doi:10.1111/srt.1
2424
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* Requires presence of component lipids
* Long distance
+ Particle size: 5-7 nm
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The intercellular pathway

— Involves the transport of substances between the cells of the SC layer. This
mechanism plays a major role in skin permeability and requires the presence
of component lipids, such as ceramides, that allow free lateral water diffusion
by forming nanometric spaces via short range repulsive forces. The diffusion
rate depends on the properties of penetrating particles, such as volume,
weight, solubility, lipophilicity, or hydrogen-bonding ability. It is assumed that
particles with a size of 5-7 nm can be efficiently transported through the
Intercellular pathway. Although the SC is a thin layer, reaching a thickness of
some 20 ym for the volar forearm, the intercellular pathway is much longer
and reaches 400 um, which reduces penetration rate significantly.
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The transcellular pathway

—Involves keratinocytes in the transport of substances. Despite the
seemingly short distances involved, this pathway Is very selective.
Penetrating particles have to overcome various barriers that are
repeated many times in the skin structure; lipophilic cell
membranes, hydrophilic cellular contents with keratin, and

phospholipidic cell barriers.
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The transappendageal pathway

— Involves appendages, such as sweat and sebaceous glands and hair follicles and is a typical
route for the penetration of water-soluble substances.

— The size of particles penetrating the skin through aqueous pores can be around 36 nm,
whereas trans-follicularly penetrating particles may potentially have a diameter of up to
210 um (this being the maximum size of the follicular openings). However, other researchers
have argued that only particles with sizes up to 40 nm or even as small as 20 nm can
effectively penetrate through follicles into deeper skin layers, whereas bigger particles will
only be transported deep into the hair follicle.

— The transappendageal pathway used to be considered as the least significant penetration
passage, as the appendages cover only 0.1% of the skin surface. On the other hand, it is the
only penetration pathway for particles larger than few nm. In addition, appendages may play
a role as reservoirs for topically applied substances and therefore could potentially be an
efficient penetration path.
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(ANATOMICAL SITE\
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Faktory ovliviujici permeabilitu klize. “+" a “-"” symbolizuji pozitivni a negativni
korelace mezi jednotlivymi faktory a kozni permeabilitou.

Dabrowska AK, Spano F, Derler S, Adlhart C, Spencer ND, Rossi RM. The relationship between skin function, barrier properties,

and body-dependent factors. Skin Res Technol. 2018;24(2):165-174. doi:10.1111/srt.12424
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Protektivni funkce savéiho stratum

corneum

epidermalni vodni bariéra/permeabilito
spusténi zanétu (aktivace cytokinu)
soudrznost (intfegrita) a deskvamace
antimikrobidlni bariéra (vrozend imunita)
mechanickd bariéra (profi Uderu a freni)
proti toxickym vlivum/alergenim
selektivni absorpce

hydratace

proti UV

dalsi
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Corncodesmosin
. Desmoglein

SKALP Adhesion _____ _ pecmocollin
SLPI Protems Desmoplakin
LEKTI Plectin
Cystatin Protcase Inhibitors Envoplakin
a and M/E Penplakin

MCC

Plakoglobin
Inhibitors ——— $
Other Kallikreins

Desmin
Vimentin
Proteases ——— Cathepsing
Calpain
Caspases
Tryptase

SCCE
SCTE

Korneocyty kozni bariéry jsou spojeny kornoedesmosomy
pomoci nékolika adhezivnich protend. Deskvamace
korneocytu se muUze uskutecnit pouze pod viivem
specifickych koznich protedz, jako je SCCE. Tyto
protedzy jsou pod kontrolou specifickych inhibitord
protedz, jako je ,skin-derived antileukoprotease”
(SKALP).
SLPI, serine leukoprotease inhibitor; LEKTI,

22 prof.amnavaska [YMpPhoepithelial Kazal-type 5 serine protease inhibitor.
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Exogenous Proteases
— Staphylococcal Proteases
- House Dust Mitc Protcascs

'I

SLP] —|

Secondary Proteases

SCCE —MCC

Avsak korneodesmozomy mohou byt stépeny také jinymi typy
protedz. Jakykoliv zanétlivy infilirat (napr. u klinicky manifestni AD)
produkuje sekunddrni proteindzy (MCC). Stratum corneum je také
vystaveno mnoha exogennim protedzam, jejichz zdrojem je napr.
Staphylococcus aureus nebo roztoci v domdacim prachu.

SLPI, serine leukoprotease inhibitor.



NMF

Water

SLPl ——
SCCE
C
+ NMF + NMF
+ Water ;” + Water
SLPI—— /
SCCE

Ve stratum cornemu zdravé kize existuje rovnovaha mezi strukturalni
integritou korneodesmosomu a hladinou proteaz a jejich inhibitord (A). U
geneticky predisponovanych osob m{ize zvySena aktivita proteaz vést k
predcasnému stépeni korneodesmosom{ a ztenceni stratum corneum (B a
C). Pouziti mydla alkalizuje povrch klize pH z 5,5 na =7,5), coz
optimalizuje podminky pro aktivitu proteaz a podporuje stépeni

24 Prof. Anna Vaskikorneodesmosomtl a  deskvamaci (C).
SLPI- skin leukoprotease inhibitor



Intermediate
QLT L s

Stratum Corneu
Stratum . =T - —— Desmoglein
Granulosum = IILII. L Allf»iall | Desmocollins
Stratum Spinosum T e : L=

Y <@— Plakoglobin

Stratum Basale

TTTTTTT D
& Corncodesmosone
& Desmosome
Bariéra proti pruniku iritujicich I&atek, alergenu a 1€kU je v nizsi CAsti
stratum corneum.
Strukturdini integrita stratum corneum je udrzovana pomoci
modifikovanych desmosomU (korneodesmosomu), které spojuji
korneocyty. Jak se korneocyty pohybuiji pres stratum corneum,
korneodesmosomy jsou postupné stépeny specificky koznimi
protfedzami. Korneocyty, které uz nejsou propojeny pomoci
korneodesmosomu, se tak mohou odloucit od povrchu kUze
(deskvamace).
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Korneocyt

— Strukturdlni zaklad str. corneum a rezervoar
vody - zgjisténi enzymatickych procesu ve
sfrafum corneum

Korneocyt obklopuje zrohovatély obal, 15-20
nm silnd struktura a nad nilezi 5 nm vrstva
specializovanych lipidU — jedna vrstvo

oredstavujici hydrofobni rozhrani mezi
nydrofilnim povrchem CE a vysoce
nydrofobnimi dvojvrstvymi lipidy.
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Odland's lamellar bodies

MATRIX
(fibrous protein) Keratoyalin Skeleton of membrone
Tonofilaments (amorphous profein rich (amorphous profein rich
in sulph:rmi?tg) in sulphur mng)
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== Keratin filaments
Filaggrin

O Loricrin

= SPRs

& Corneodesmosome

== |nvolucrin, Periplakin,
Envoplakin

== Lipid Envelope

Subkutis

28 Prof. Anna Vask ) Merkel cell % Langerhanscell  (® Lymphocyte
. Melanocyte .;:;‘ Mast cell @ Macrophage
" Fibroblast
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Zakladni déje v korneocytu

— Katabolismus filagrinu na aminokyseliny a produkty jejich
deaminace

— Upln& degradace plasmatické membrdny

— Pricné vazby ve zrohovatélém obalu zprostredkované
transglutamindzou

— Kovalentni zachyceni vnéjsino obalu bohatého na
hydroxyceramidy (fukovy obal korneocytu)

29 Prof. Anna VaskU
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Homeostaza
epidermaini vodni bariery

— Lameldrni dvouvrstevné usporaddni lipidové matrix
korneocytu

— Pfi naruseni — neodkladnd sekrece lameldrnich télisek
do oblasti mezi str. granulosum a str. corneum

—rovnéz regulace diferenciace keratinocytu, Uloha
PPAR (peroxysome proliferator activated receptor) a
LXR (liver X receptor)(nukledrni receptory)

— akfivace PPAR a LXR endogennimi lipidy, tyto naopak

reguluji Ilpldovy metabolismus -, liposenzory
keratinocytu"

30 Prof. Anna Vaskl
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Epidermalni vodni bariéra
a jeji antimikrobialni funkce

— malé kationickeé pepftidy
— soucCast nespecifické imunity
_ aktivita proti bakteriim, virim i houbdm

— aktivuji dalsi soucdasti vrozené i ziskané imunity

Hlavni souCdsti katelicidiny a defenziny

31 Prof. Anna Vaskl
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Oscar R. Colegio, MD, PhD  Atopy and Its Links with Dermatologic and Other Diseases

Lipid-envelope
formation T
(upper granular layer)

Initiation Reinforcement

Desquamation
(spinous layer) > (granular layer)

(cornified layer)

External

Lamellar

bOdy A\ N I
/»\‘ o/ :"'3\,
ITG3 1 &g’
) 7o a
P 9 Vol
Loricrin (kj:"?"}:““w‘
granule e .
Siskad >
s Envoplakin TP S .
©  Phospholipids [ Transglutaminase activity
wmsmmmem - Periplakin Py Loricri N on )
=== |nvolucrin G e @i on @ -OH-ceramide
o= Keratin5, -14 & SPR e o Fatty acids, cholesterol
Keratin-1,-2e,-10 C::p Other proteins o Insoluble crosslink

FIGURE 1 Formation of the cornified envelope. The sequence of the formation of the cornified cell envelope is the initiation stage (spinous
32 Prof. Anna Vaskii layer), the reinforcement phase (granular layer), the formation of the lipid-envelope phase (upper granular layer), and the desquamation
' phase (cornified layer). SPR = small proline-rich protein; OH = hydroxide; Ca** = calcium ion; TG = transglutaminase. Reproduced, with per-

mission, from Candi et al.?
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Zakladni déje ve siratum
corneum

_ Proteolyza desmozomu
— Katabolismus lameldrnimi télisky dodanych
poldrnich lipidu enzymy:
Sekrecni fosfolipdza
Beta-glukocerebrosiddza
Steroidni sulfataza
Kyseld sfingomyelindza

Podle Eliase, 2006
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Korneodesmozom

— Odpovidd desmozomum Vv hlubsi
epidermis

— Primarni faktor v soudrznosti stratum
corneum

—Vazba na proces deskvamace

— Desmokolin, desmoglein
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Lamelarni télisko

— ZAsadni a ustredni role v tvorbé, zachovdani a

reparaci epidermalni vodni bariéry

— Heterogenni obsah, hlavni slozka

— — bilkoviny s vazbou na cholesterol
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Tvorba lamelarnich télisek

/vysena
Psoriasis
Ozdreni UVB, X
Retinoidy
Poruseni bariéry

NethertonUv syndrom

Snizena

Glukokortikoidy

Starnuti kdze
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Enzymy obsazené v lamelarnim
teliskv

Enzymy Funkce

Beta-glukocerebrosiddza Konvertuje glukosylceramidy na

ceramidy
Kyseld sfingomyelindza Konvertuje sfingomyelin na ceramidy
Sekrecni fosfolipdza A2 Konvertuje fosfolipidy na volné

mastné kyseliny
Kyseld lipdza Deacyluje omega-esterifikované

ceramidy
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Enzymy obsazené v lamelarnim
teliskv
Enzymy Funkce

Chemotrypticky enzym SC  Degraduje korneodesmozomy
Aktivuje IL-1beta
Aspartatové protedzy

(napr. katepsin L) Deskvamace

Glykosiddazy Deskvamace?

Kyseld fosfatdza Nezndmd funkce

Inhibitory serin protedz Deskvamace, aktivace cytokinUe
Inhibitory cystein

protedz Deskvamace

Podle Eliase, 2006
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Gradient epidermalniho kalcia

[ AV VY4

—Imény koncentrace iont0 vdpniku ve str. granulosum
mohou primo indukovat reparaci bariéry, dokonce beze

zmen epidermalni vodni bariéry
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Patofyziologie sekreéniho sytému
lamelarniho teliska

Sekrece
/vysena Shizena
Psoriasis
Poruseni bariéry Atopickd

dermatitida
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Corneo i
. . Plakoglobin
desmosin Plakophilins

Desmoglein1
Desmocolin1

3| Cornified

Stratum corneum envelope

/

Intercellular
lipid lamellae

Cornified
envelope

FLG Keratin  Periplakin
Loricrin filaments Envoplakin

Egawa G, Kabashima K. Barrier dysfunction in the skin allergy.
Allergol Int. 2018;67(1):3-11. doi:10.1016/j.alit.2017.10.002
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The cornified envelope (CE) is a
specific barrier structure formed
beneath the cell membrane of
corneocytes.

The CE consists of highly crosslinked
insoluble proteins and the extracellular
lipids anchoring on it. This structure
acts as a vital physical barrier to the
SC. The structures of the cornified
envelope and corneodesmosome.
Involucrin forms the scaffold and is
reinforced by loricrin and SPRs.
Envoplakin-periplakin heterodimers
conjugate keratin filaments.
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echanisms of Desguamation
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Slozky antimikrobialni obrany

v bariérovém systému lidské kuze

Kyselé pH

Lipidy

Antimikrobidlni peptidy

Na+/H+ vymeénik typu |
Kyselina urokanova
Kyselina mlecna
Volné mastné kyseliny

Volné mastné kyseliny
Glykosfingolipidy
Fosfolipidy

Sfingosiny

Defenziny
Katelicidiny
Dermcidiny
Chemokiny
Enzymy
Neuropepftidy
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Katelicidiny a defenziny

— Aktivni ve stratum corneum, jejich syntézo
predevsim na Jrovni str. spinosum a
granulosum

— Lidsky beta-defenzin 2 (human beta- defensin
2, HBD-2) — lokalizovdan v lamelarnich téliscich,
zakladnich mikroorganeldch v rdmci
epidermalni bariéry

— Propojeni funkci v rdmci regulace permeability
a antimikrobidlni obrany

— HBD- 2 a HBD- 3 — vyssi hladiny v projevech
psoridzy, nizsi u atopické dermatitidy
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U&inky siresu na mnohoéetné
obranne funkce

Poruseni bariéry/vnéjsi inzult Epidvefrmdlnl' vodni bariéra
ané

Epidermalni vodni bariéra
Integrita a soudrznost stratum
corneum

Psychologicky stres

Zvyseni pH Epidermdlni vodni bariéra
Integrita a soudrznost stratum
corneum o
Aktivace cytokinu/zanet
Antimikrobidlni bariera

Podle Eliase, 2006
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Poskozena kozni bariéra

— Podporuje prunik externich alergenu a rychle vyvolava zanét kuze. To dale
podporuje interakci téchto alergenu as lokalnimi imunocyty, coz muze vést az
K systemovym imunitnim odpovedim. To se nazyva hypotéza ,z vnejsku
dovniti* a vysveétluje asociaci mezi dysfunkci kozni bariéry a zvySenym
rizikem rozvoje alergickych nemoci, vCetne atopicke dermatitidy, astmatu,
potravinovych alergii a alergickeé rinitidy.

— Chronicky zanét kuze dale oslabuje kozni bariéru, coz dale podporuje
exacerbaci patologicke smycky mezi kozni bariérou a kozni imunitou
( “outside-to-inside-and-back-to-outside” hypothesis).
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NISCH \' Psoriasis AD

lesional /lesional
/ \

TJ proteins T TJ proteins i' attered 1J protein-localization

. Cldn-1 (completey lost) 110 Z0-1, Ocln, Cldn-4 v s
(4 Cldn-4 s 13
Cldn-1 . -7, -8, =10 71, 124128

(only in certain genetic backgrounds) [78: 134-136]

[134]

Cldn-1 . -4, -8 s, 137, 139)

Alteration of tight junction proteins in skin diseases. The different colors denote the
different diseases and the corresponding TJ protein alterations. AD: atopic dermatitis
Cldn: claudin; 1V: ichthyosis vulgaris; NISCH: neonatal ichthyosis sclerosing
cholangitis; Ocln: occludin, ZO-1: zonula occludens 1.

Basler K, Bergmann S, Heisig M, Naegel A, Zorn-Kruppa M, Brandner JM. The role of tight junctioniVInljkiN I
48 Prof. Anna Vasku barrier function and dermal absorption. J Contro/ Release. 2016;242:105-118.
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Different combinations of genetic and

environmental factors

conftribute to the development of multifactorial diseases, such as AD. Focusing
on the skin barrier, severe barrier breakdown could be caused by a
combination of functional variants in adhesion protein, protease, and
protease inhibitor genes (A) or by a single major environmental insult.
Alternatively, major functional changes in the skin barrier-related genes
could produce a defective skin barrier. Exposure of this defective barrier to
an environmental insult, such as soap and detergents, breaks it down further,
allowing penetration of irritants and allergens (B). A third possibility is the
combination of several changes in skin barrier genes, resulting in small
functional changes (C). Other combinations of both genetic and
environmental factors can also lead to the development of AD (C). A
combination of repeated environmental insults might, alone, also produce
Isufﬂcier(wc’r:)barrier breakdown to lead to the development of eczematous
esions (C).
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Eczema
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Immunological modulation of skin barriers

— Accumulating evidence suggests that immune cells influence skin integrity through the
production of cytokines. Although complex interaction of immune cells creates AD skin
lesions, the iImmunopathogenesis of AD is characterized by Th2-skewed responses.

— IL-4 and IL-13, the two major Th2 cytokines, downregulate the production of 1) FLG and
keratins, 2) the CE components (loricrin and involucrin), 3) cell adhesion molecules
(desmogleins, Z0O-1), and 4) ceramide lipids.

— IL-31, another Th2 cytokine dominantly produced by Th2 cells, also downregulates FLG
expression. Furthermore, a recent study has shown that IL-33, an alarmin that is abundantly
stored in keratinocytes, has the potency to downregulate FLG expression as well.

— The original purpose of these immunological modulations against skin integrity may be to
facilitate the desquamation and replacement of damaged corneocytes; however, to achieve
this, dysregulation of the skin barrier is essential. A series of these modulations may cause
problems, particularly in AD patients. The exacerbation loop between congenital barrier
deficiency and immunogenic barrier deficiency leads to the formation of chronic, persistent
skin inflammation in AD. MUNTI
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Egawa G, Kabashima K. Barrier dysfunction in the skin allergy. Allergo/ Int. 2018;67(1):3-11.

doi:10.1016/j.alit.2017.10.002
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Keratohyalin granules

Schema of the FLG metabolic
process. In the stratum
granulosum, profilaggrins are
stored in keratohyalin granules
and then cleaved into FLG
monomers. FLG monomers
bind to keratin filaments in
corneocytes. At the upper layer
of the SC, FLG monomers are
released from keratins and
cleaved into free amino acids,
followed by conversion into
pyrolidin carboxilic acid (PCA)
and urocanic acid (UCA).

UCA significantly reduced
costimulatory molecule
expression on dendritic cells
and increased their ability to
induce a regulatory T cells. In
contrast, PCA is a major
constituent of natural

moisturizing factors (NMFs), MUNI
which are responsible for
retaining water in the SC. MED
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Stavy a choroby, které ovlivnuiji kozni
bariérv a snizuji hydrataci epidermis

— Atopickd dermatitida

— Psoridza

— Kontaktni dermatitida

— Jiné ekzémy

— Prurigo

— Dermatofytdzy a jiné povrchové kozni mykozy
— Fyzikalni nebo chemické postizeni

— Buldzni autoagrese

— Benigni a maligni tumory epidermis

— lchtydzyformni dermatozy
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Stavy snizujici pouze hydrataci kuze

> Senilni xerézqg
> Fotostarnouci kuzZe
> Diabetes mellitus
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Ceramidy
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kontaktni
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zimni obdobi

Cholesterol

Voilné kySeIiny




Psoriasis: General aspectis

— Psoriasis is a chronic, inflammatory, immmune-mediated skin disease
affecting ~2% of the European population!

— The disease usually occurs in individuals with genetic suscepfibility in
conjunction with environmental stimuli, and may involve an immune
response fo autoantigens?

— Evidence supports a central role for dendritic cells and T cells in
establishing and maintaining the "vicious cycle" of psoriatic plaque
development?23
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pl, Gudjonsson JE, Elder JT. Clin Dermatol. 2007;25(6):535-46. 2. Griffiths
, Barker JN. Lancet. 2007;370:263-71. 3. Nickoloff BJ, Nestle FO. J Clin
Invest. 2004; 113:1664-75. S1/4
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Patogeneze psoriazy

* Je komplexni a ne plné osvétlena. V patogenezi psoridzy je zrejmé nejdllezitéjsi excesivni aktivace nékterych
slozek adaptivniho imunitniho systému.

= V pocatecnich fazich sekretuji nékteré typy bunék (dendritické, keratinocyty, NK bunky, makrofagy) cytokiny,
které aktivuji myeloidni dendritické bunky. Tyto aktivované bunky sekretuji IL-12 a IL-23.

= |L-12 indukuje diferenciaci naivnich T bunék do Thl bunék.

= |L-23 ma klicovou roli v podpofe preZiti a proliferace T;17 a T,;22 bunek.

= Bunky T,1 produkuji interferon gama (IFN-y) a TNF-o;

= Bunky T,22 sekretuji IL-22;

= Bunky T,17 sekretuji IL-17, IL-22 a TNF-a.

" Mezi témito cestami je zfejmé dominantni T;17 aktivovana IL-23.

= Signalizace IL-23 je intraceluldrné fizena cestami Tyk2-Jak2 a STAT3, coz vede k transkripci klicovych medidtor(
zanétu. Tyto cytokiny podporuji proliferaci keratinocytu, zvysuji expresi angiogennich mediatord a
endotelidlnich adhezivnich molekul a zplUsobuiji infiltraci postizené klize burikami imunitniho systému.

Armstrong AW, Read C. Pathophysiology, Clinical Presentation, and Treatment of Psoriasis: A Review. JAMA. 2020 May 19;323(19):1945-1960
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Feed-forward inflammation in psoriasis
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Skin inflammation — Psoriasis Adipose tissue — Obesity

‘ [ INF
TNF, IL-1, IL-6 IL-8
IL-15, IL-18, IL-19, IL-20 MCP-1, M-CSF
IL-12, IL-23, IFN-y, IL-17 Leptin, lLf. IL-5, iNoS
S$100 proteins Adiponectin, PAl-1,
renin—angiotensin
(angiotensinogen)
4 110 (L4, 1L-13) / | SHBG 3
Psoriatic arthritis Hmnens‘on
i Angiotensin
MMPs Cytokines "
S100 proteins Leukocytes — (visceral fat)
\ P Effector T cells
(perivascular tat)
Liver Blood and blood vessels
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SAA i ICAM-1, VICAM, VEGF,
gy ;b,:mgb':a, PAI-1, MMP, sPLA2-IIA
and HgbA 1¢

Figure 2. “Vicious circle of inflammation”: mediators of inflammation produced in different organs or lissues are released into the systemic circulation
and thus may contribute to the increased risk of inflammation in additional organs or tissues. CRP, C-reactive protein; HgbA 1¢, hemoglobin A 1¢; INOS,
inducible nitric oxide synthase; MCP-1, monocyte-chemoattractant protein 1; M-CSF, macrophage colony-stimulating factor; MMP, matrix metalloproteinase;
PAI-1, plasminogen activator inhibitor-1; SAA, serum amyloid A; sPLA2-NIA, secretory phospholipase A2 group IIA; TNF-2, tumor necrosis factor «;
VEGF,vascular endothelial growth factor; VICAM, vascular intercellular adhesion molecule.



Skin inflammation
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Figure 4. “Cardiovascular risk factors”: some potential cellular and molecular inflammatory pathways that could be triggered in the skin (left) and that would
then reach target tissues for cardiovascular risk (right). Cytokine (chemokine)-activated leukocytes (CAL) in cutaneous sites could either enter the skin tissue or
circulate after rolling on inflamed endothelial cells in psoriasis lesions. These cells and cytokines released into the systemic circulation, e.g., tumor necrosis

factor (TNF), IL-1, or IL-6, may alter the function of hepatocytes (a), vascular cells (b), atheroma (c), thrombus risk (d), or leukocyte physiology (e) to increase

cardiovascular risk factors or overt pathological pathways, as detailed in the right side of this figure. DCs, dendritic cells.




TIP-DCs

and T-cells
in upper
}lncreased
throughout
dermis
/
,’G'WI in " Systemic circulation
o e
mia
Angitansin's Hypertonsion) | Othe )

Adipocyte - N o
@ . % Dendritic cell (DC) Overall altered metabolic

state and cardiovascular risk

Figure 3. “Psoriasis and obesity”: a two-compartment model of inflammation. This diagram depicts inflammation in the epidermis and dermis associated
with psoriasis vulgaris and likely inflammatory molecules that would be produced in adipose tissue of obese individuals. The model proposes that soluble
factors could enter the systemic circulation from either dermal or adipose tissue beds and, in addition, there could be direct exchange (diffusion) of factors
between dermal and adipose sites. The steps involved in blockade of insulin signaling and alteration of the production of adipokines by tumor necrosis
factor (TNF) are shown. DC, dendritic cell; TNFR, tumor necrosis factor receptor.



Atopic dermatitis

— Atopic dermatitis is a systemic disorder characterized by abnormal barrier
function across multiple organ sites. Causes of epidermal barrier breakdown
are complex and driven by a combination of structural, genetic, environmental
and immunological factors.

— Alteration in microflora diversity can influence disease severity, duration, and
response to treatment.

— Clinically, atopic dermatitis can progress from skin disease to food allergy,
allergic rhinitis, and later asthma, a phenomenon commonly known as the
atopic march. The mechanism by which atopic dermatitis progresses towards
gastrointestinal or airway disease remains to be elucidated.
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. '
Healthy skin Non-lesional skin «» Acute lesion “» Chronic lesion

Patofyziologiue atopické dermatitidy

(A) Klinicky nepostizend kize vykazuje znamky bariérové
dysfunkce epidermis s redukovanou diverzitou kozniho
mikrobiomu. V postizené kizi jsou Langerhansovy buriky
(prozanétlivé epidermalni dendritické buriky nesouci
specifické IgE vazané na vysoce afinitni receptor pro IgE) a
dermalni dendritické bunky, které vazou alergeny a antigeny.
Th2 cytokiny IL-4, IL-13, and IL-31 primo aktivuji senzorické
nervy a zpUsobuji svédéni (pruritus). U chronického pribéhu
dochazi k progresivnimu narlstu cytokin(i produkovanych
keratinocyty a Th lymfocyty.

(B—D). Rozvoj pruritu

Staphylococcus ‘

Reduced microbial diversity
Microbiota

= ¢ ) { , 3 ®  Zkratky:

e — _l_..-_x_L._D . .l__._._ _1,_:_._ _l_ . CCR=CC chemokine receptor. CLA=cutaneous lymphocyte-associated

ci.i‘i ECR::C; & @_;mm 9 - @ antigen. CRTH2=chemoattractant receptor-homologous molecule expressed
e e e e e o e e e e e e e = on Th2 cell. DC=dendritic cell. Eo=eosinophil. H1/4=histamine 1/4.
IDEC=inflammatory dendritic epidermal cell. IFN=interferon. IL=interleukin.
ILC=innate lymphoid cell. KLK=kallikrein-related peptidase. LC=lymphoid
cell. MC=mast cell. NMF=natural moisturising factor. PAR2=protease-
activated receptor 2. TARC=thymus and activation-regulated chemokine.
Teff=effector T cell. Tem=effector memory T cell. Th= T-helper cell.
Tnaive=naive T cell. TNF=tumour necrosis factor. Trm=tissue-resident

memory T cell. TSLP=thymic stromal lymphopoietin.
Langan SM, Irvine AD, Weidinger S. Atopic dermatitis. Lancet. 2020 Aug 1;396(10247):345-360.
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Table 1 Epithelial skin dysfunction in atopic dermatitis

Epithelial Dysfunction Abnormalities

Effects

Cornified envelope proteins Decreased expression of filaggrin,
transglutaminases, keratins,
loricrin, involucrin, and
intercellular proteins

Tight junctions Reduced claudins

Antimicrobial peptides Decreased cathelicidin (LL-37)
and human B-defensins

Microbiome S. aureus colonization and

decreased bacterial diversity

Epidermal lipids Decreased long-chain free fatty
acids and ceramides

Skin hydration

Skin pH

Penetration of allergens and microbes

Proinflammatory cytokines

Inflammatory threshold levels

Skin hydration

TEWL

Penetration of allergens and microbes

Skin infections

1 Cytokine production

| Expression of filaggrin, loricrin,
desmocollinl, and keratins

T Proinflammatory cytokines

T Skin infections

I TEWL

T S. aureus infections

—p P e ey ——

| = decreased; 1 = increased; TEWL = transepidermal water loss; S. aureus = Staphylococcus aureus.

Kim J, Kim BE, Leung DYM. Pathophysiology of atopic dermatitis: Clinical implications. Allergy Asthma Proc.

2019;40(2):84-92. do0i:10.2500/aap.2019.40.4202
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Skin barrier disruption

— Stratum corneum (SC) barrier damage often occurs as a result of a decrease in surface
microbial diversity, FLG expression, antimicrobial peptide production and SC lipid synthesis
[measured by increased skin pH and transepidermal water loss (TEWL)].

— After SC breakdown, protease-inactive allergens and bacterial molecules are taken up by
resident Langerhans cells (LCs), which migrate to draining lymph nodes to trigger an
adaptive immune response. Engagement of the T-cell receptor (TCR) with major
histocompatibility complex (MHC) containing antigen and concomitant engagement of
costimulatory complex (CD80:CD28) activate the naive T cell. Additional factors secreted by
LCs include interleukin (IL)-4, IL-5 and IL-13, which induce T helper (Th)2 differentiation.
Alternatively, protease-active antigens can directly cause SC breakdown and activate
protease-activated receptors (PARs) and Toll-like receptors (TLRs) on keratinocytes (black
arrows), triggering production of proinflammatory cytokines including tumour necrosis factor
(TNF)-a, IL-1 and thymic stromal lymphopoietin (TSLP), which can mediate permeability
defects at other sites, such as the intestinal and respiratory tracts. TJ, tight junction; AJ,
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Itch and IL-31 Signalling Pathway

Protease-inactive

AIIerien

Skin Break in epithelial barrier

o . Sensory

Nerve

IL-31
Receptor

Th2 differentiation

Histamine, proteases, substance P,
various ILs including IL-31

= =
m e
O =



ltch and interleukin (IL)-31 signalling
pathway

— The itch—scratch cycle is a common phenomenon whereby scratching behaviour induced by
itch sensory transmission causes breakdown of the skin barrier. Antigen presenting cells
such as dendritic cells (DCs) and macrophages are then sensitized to exogenous antigen.
Subsequent processing in draining lymph nodes engages a naive T cell (ThO) with the DC.
The DC also secretes IL-4, IL-5 and IL-13, which promotes induction of T helper (Th)2
differentiation and circulation to the target organs. IL-31 is secreted by activated Th2 in
addition to mast cells, eosinophils and basophils. IL-31 plays a pivotal role in cell-mediated
Immunity in the skin, lung and intestine, and the perception of itch through binding to I1L-31
receptors on nerve-fibre endings. Immunomodulating cytokines such as transforming growth
factor (TGF)-B can downregulate IL-31 levels, whereas bacteria toxins such as
staphylococcal a-toxin can increase IL-31 levels. The systemic allergic inflammatory
response ultimately recruits additional pruritic initiators to the site of injury, which further
propagates the itch—scratch cycle. TCR, T-cell receptor; MHC, major histocompatibility
complex.
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Gut barrier disruption

— Various factors can modulate gastrointestinal permeability and contribute to increased ‘gut
leakiness’. Patients with atopic dermatitis have elevated luminal lactulose, decreased luminal
IgA, and decreased luminal commensal bacteria and short-chain fatty acids (SCFAs). Normal
gastrointestinal function and homeostasis are regulated by junctional complexes formed by
tight junctions (TJs) and adherens junctions (AJs), mucosal production by goblet cells and the
Immune system within the intestinal laminal propria.

— Systemic inflammatory signals including interleukin (IL)-25, IL-33 and thymic stromal
lymphopoietin (TSLP) can promote monocyte migration, diapedesis and activation into
macrophage (arrow). Breaks in the barrier formed by the junctional complex allow luminal
antigens access through the epithelial barrier where they are phagocytosed by macrophages
and subsequently presented to T cells in draining lymph nodes (arrow head) to trigger
visceral T helper 2-dominant hypersensitivity. Patients with atopic dermatitis also
demonstrate elevated IgE levels in the serum and lamina propria and increased mast cell
number and function, which can contribute to food allergen sensitivity.
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Abb. 1: Registration der elektrischen Leitfahigkeit vor (A), 1im
Verlauf (B) und nach Beendigung der lontophorese (C). MUNI
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Alexander H, Brown S, Danby S, Flohr C. Research Techniques Made Simple: Transepidermal
Water Loss Measurement as a Research Tool. J Invest Dermatol. 2018;138(11):2295-2300.e1.
doi:10.1016/j.jid.2018.09.001
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TEWL devices. (a) Open-chamber TEWL
device. A hollow cylinder is placed in contact
with the skin, and water vapor diffuses
through the open chamber. Spatially
separated temperature and relative humidity
sensors detect the humidity gradient.

(b) Unventilated-chamber TEWL device. The
upper end of the chamber is closed, resulting
in water vapor collecting in the chamber. The
temperature and relative humidity sensors
detect the rate of increase of relative
humidity.

(c) Condenser-chamber TEWL device. The
upper end of the chamber is closed by a
condenser that removes water vapor from
the chamber, enabling continuous TEWL
measurements to be recorded. Water vapor
density is measured by sensors in the
chamber and condenser. TEWL,
transepidermal water loss.
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https://www.sciencedirect.com/topics/medicine-and-dentistry/skin-water-loss

TEWL

TEWL differences in different ethnic groups have been found. For
iInstance, TEWL is higher in black and Asian skin compared with
Caucasian skin.

Skin care practices also affect TEWL. Detergents such as sodium
lauryl sulfate can damage the skin barrier and lead to increased
TEWL, whereas emollients transiently occlude the skin and reduce
TEWL.
Skin surface temperature and sweating additionally alter TEWL .
Also seasonal variation in TEWL was shown

TEWL Is affected by circadian rhythm and sun exposure.
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https://www.sciencedirect.com/topics/medicine-and-dentistry/sodium-dodecyl-sulfate
https://www.sciencedirect.com/topics/medicine-and-dentistry/emollient-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/seasonal-variation

TEWL

— TEWL has been shown to vary significantly at different anatomical
sites within an individual. TEWL is high at the palms, soles,
axillae, and forehead and low at the calf and forearm. The
iIncreased TEWL at sites such as the palms and soles is linked to
the low sebaceous lipid content at these sites. Regional
differences in TEWL may also be due to differences in sweat
gland activity, occlusion, skin temperature, thickness, and
microvasculature as well as corneocyte size, maturity, and
shedding. In adults, some studies suggest that TEWL decreases
with age but others have found no association between TEWL and
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https://www.sciencedirect.com/topics/medicine-and-dentistry/axilla
https://www.sciencedirect.com/topics/medicine-and-dentistry/sweat-gland
https://www.sciencedirect.com/topics/medicine-and-dentistry/microvessel
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