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Basic structure of the epidermis and major epidermal barriers

P — Cornification and skin lesions

Keratinocytes have 2 actions when barrier is
challenged

° Increase proliferation

N

o Stimulate inflammation

Lesions are signs of these actions

Understanding cornification allows better
° Interpretation of lesions

Cell differentiation and continuous cell turnover
E

o Recommendations of diagnostics and treatments
° Prediction of outcomes




Epidermal lesions

Primary lesion — develops Secondary lesions - evolve
spontaneously as a direct from primary lesions or are :

. ) . . . Primary or secondary

reflection of the underlying artifacts induced by patients
disease or external factors
e Papule, plaque, pustule, e Epidermal collarette, * Alopecia,
macule, patch, vesicle, erosion, ulcer, excoriation, hyper/hypopigmented
bulla, nodule fissure, lichenification, macules/patches, scale,
callus, scar crust, follicular casts,
comedo



Basic structure of the epidermis and major epidermal barriers

Solid elevated lesions P——

dessication, irritation, UV iradiation, heat and coki shock)
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Papule - up to 1 cm diameter ===
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Nodule - over 1 cm diameter

Plague — flat, circumscribed, over 1 cm

Cell differentiation and continuous cell turnover
]
ég
8
3
-

Result from keratinocyte proliferation
or other cell proliferation or infiltration




Scale

Scale — corneocytes
> Normal desquamation or disease

Cell differentiation and continuous cell turnover

Stratum -
cormeum

Basic structure of the epidermis and major epidermal barriers

Physical assaults
(dessication, irmtation, UV iradiation, heat and cold shock)
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Crust

Crust - corneocytes plus dried exudates
o Serous, sanguineous, purulent, mixed
° Sometimes microorganisms
o Always signifies something abnormal

N

Basic structure of the epidermis and major epidermal barriers

assaults
(dessication, imtation, UV iradiation, heat and coki shock)
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Chemical assaults
(irritants, allergens)

p

Cell differentiation and continuous cell turnover




Pustule

Pustule — circumscribed lesion containing
purulent material

> Neutrophils, other inflammatory cells

> Sometimes microorganisms and/or acantholytic cells

Basic structure of the epidermis and major epidermal barriers

Physical assaults
(dessication, irmtation, UV iradiation, heat and coki shock)
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Cell differentiation and continuous cell turnover



Basic structure of the epidermis and major epidermal barriers
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Loss of epidermis

Erosion — loss of part of epidermis

D

Ulcer - loss of epidermis extending
beyond basement membrane

Can result from rupture of pustule and
dried exudates become crusts

Cell differentiation and continuous cell turnover
| E

Barrier is removed and repair requires
keratinocyte proliferation leading to
desquamation and scale
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epidermis )

dessication, irmtaton, UV imadkation, heat and cold shock

Microbial assaults Chomical assaults
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Atopic dermatitis (AD)

AD — inflammatory, pruritic skin disorder with
complex etiology

o Impaired skin barrier

° Immune dysregulation (Th2, IgE)

> Genetic mutations

o Cutaneous dysbiosis

° Environment

Similarities of AD clinical features and
treatment response in dogs and humans




Pathophysiology Q . . .

Th1 Th2 Th17 Th22 —— _—
nti-inflammatory drugs
and treatment of REEEEE — Elologios
Light therapy
AD in humans | T
Inherited gene defects Altered lipid Gut microbial dysbiosis
composition

Epigenetic change I H
l H ' Probiotics
l Emollient

i Emollient

al S.aureus colonization
P Cutaneous dysbiosis

AD lesion I

Skin barrier dysfunction

|
1
i Emollient

Antibiotics

Skin microbiome transplantation

) Treatment
——)> Prevention
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Physical assaults
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Filaggrin metabolism

Filaggrin functions

> Aligns KIFs and flattens
corneocyte

o Contributes to hydration once
degraded to NMF

Caspase14
Calpaini

A y \’" '
"t{‘g’:“:‘;"’ Belomycin hydrolase
F -
Amino acids "' o

UCA/PCA
o D

Peptidylarginin f
deiminase FLG monomers

Keratin-FLG bundles ;i
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Keratohyalin granules




Barrier

FLG mutations

| effects of
Profilaggrin . .
i filaggrin
| Filaggrin o mutations
l | Organic acids

| Corneocyte osmolytes — (Urocanic acid; — |+ 5

Pyrrolidone
l carboxylic acid)

. T Water Loss
! Cornfggtsekli\r)‘(’t’iratlon Contributes To

Barrier Defect




Filaggrin and AD

In humans

° Filaggrin loss of function mutations strongly associated with AD
o Barrier impairment precedes and predicts AD development and progression

> Most AD patients show markedly reduced filaggrin regardless of mutations
> Th2 cytokines downregulate filaggrin expression

In dogs, role of filaggrin mutations in CAD unclear



Formation of the comified cell envelope, corneocyte lipid envelope, and intercorneocyte
lipid lamellae

Extracellular lipid matrix

Déferensation from stratum granulosum celis 10 comeocytes

(3 — \5\ — (B
Comoum lrom vamhofal Lipkd lamellar c«:nvotmn lrunaosmom
coll membrand 10 COMECCyte kloam-on 10 COMOOIOSMOSOMo
lipid envolope ,\
Desmosome Comeodesmosoma
eyl Interceliular space \

surrounding SG1 celd
Lipid tilayer
coll mombrang

<>°o
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Lipid-enriched extracellular ‘}m 3
Corneocyte-bound matrix with lipid bilayers mymmw'o]
lipid envelope transghtaminzese 1
Cormeocyte-bound -
protein envelope . . @
Lipid-depleted s
corneocyte

Scurce: S. Kang, M. Amaga, AL Bruckner, A M. Enk, D.). Margolis,
A, Mcmichaed, 1.5, Ominger: Fitzpatrck’s Dermatology, Ninih Egtion
Copynght © McGraw-Hill Education. AR rights reserved




Extracellular lipids and AD

Composition and architecture are disrupted
o Lamellar body secretion abnormal and some retained in corneocytes
o Reduction in
o Total lipids in stratum corneum
° Proportion of long chain ceramides
o Chain length of fatty acids in ceramides and free fatty acids

In CAD, findings are similar to humans
o Decreased total lipids, fatty acids, and ceramides in AD
> Abnormal, disorganized, and reduced intercellular lipid lamellae



Tight junctions (TJ) impaired in AD

Microbes  Allergens

TJ disruption

Downregulation of r T, *;’»E""
claudin-1 by Th2 cytokines —

o Decreased TJ expression . ....
ecesee
ll ey

Keratinocytes drive
inflammation following

. . . TSLF‘
barrier disruption 1133 uua L4
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Tight junctions (TJ) impaired in AD

AD Steady-state

] . Allergens
Activation of PAR2 (protease- 1 dysregulation eI e

activated receptor 2) Claudinil = _/_"e
auain-

o
° Disrupts claudin-1 and Occludinl
occludins Z0-1} .... Stratum spinosum
. _ _ PAR2 activation
o Reduces TJ barrier integrity ....
o Promotes Th2 inflammation ....3St e
raium pasaie

and pruritus
.. P Abnormal KC differentiation

| Stratum corneum
] Stratum granulosum

o
: Th2 cytokine



CED

Clinical and Experimental Dermatology

Original Article

Scratching damages tight junctions through the Akt—claudin 1 axis

in atopic dermatitis

X. Q. Hu,"? Y. Tang," Y. Ju,"? X. Y. Zhang,"? J. J. Yan,"? C. M. Wang,' Y. Yang,” C. Zhu,?

Z. X. Tang,2 Y. Zhou'? and G. Yu'-?
'School of Medicine and Holistic Integrative Medicine, Nanjing University of Chinese Medicine, Nanjing, China; and *Key Laboratory for Chinese Medicine
of Prevention and Treatment in Neurological Dseases, Nanjing University of Chinese Medicine, Nanjing, Jiangsu, China

doi:10.1111/ced. 14380

“Our results show that TJ damage is an important component of the
itch—scratch cycle, and inhibition of Akt phosphorylation can rescue
CLDN1 expression and decrease scratching behaviour.”




Spatial location of the stratum corneum, tight junctions, and Langerhans cells

Strat:m . Ag uptake
]— Outside of
Stratum = —. TJ barrier
granulosum
Stratum -
— Inside of
Spiostiu TJ barrier
Stratum — :
basale :
Basement —{_ :
membrane :

Source: S. Kang, M. Amagal, A.L. Bruckner, A.H, Enk, D.). Margolis,
A.J. Mcmichael, ).S. Orringer: Fitzpatrick's Dermatology, Ninth Edition
Copyright © McGraw-Hill Education. All rights reserved.




“Maintenance therapy with Q . . .

emollients is the main Thi The  Thi7  Th22
underlying strategy in AD S e DN

treatment, and is used to repair / ,L

the skin barrier and prevent AD

Anti-inflammatory drugs
Biologics
Light therapy

relapse. ... Recent research has  Inherited gene defects eeiles i e e

. . . . Epigenetic change
highlighted the possible utility I H

=
of ceramide containing l Probiotics
emollients and probiotics in the
management of AD and the
g ] k
|

prevention of relapse.”

S.aureus colonization

Skin barrier dysfunction Cutaneous dysbiosis

AD lesion I
i Emollient ‘
Antibiotics

Skin microbiome transplantation

) Treatment
C——> Prevention
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Basic structure of the epidermis and major epidermal barriers

. ™

Physical assauits
(dessication, imtation, UV imadiation, heat and coki shock)

v

(bacteria, lungus, virus) (irritants, allergons)
— | — = :‘-"'\sedodommnm
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Cell differentiation and continuous cell turnover




Ichthyosis and hereditary cornification disorders in dogs

variant

American NIPAL-4 CLE absent or attenuated. Gene encodes protein (ichthyin) involved in
bulldog synthesis of very long chain fatty acids.

Golden PNPLA-1 CLE absent or attenuated. Gene encodes enzyme involved in synthesis of
retriever very long chain fatty acids.

Jack Russell TG1 CE markedly attenuated. Gene encodes enzyme transglutaminase 1
terrier required for synthesis of CE.

Labrador SUV39H2 Hereditary nasal parakeratosis

retriever Decreased loricrin expression. Function of encoded enzyme unknown
but likely involved in differentiation pathways.?

Norfolk terrier NGRS Absence of keratin 10. Mild epidermolytic hyperkeratosis.



Ichthyosis
vulgaris

Humans

Loss of function
mutations of filaggrin




Norfolk terriers and K10

Mild form of epidermolytic ichthyosis
> Generalized, pigmented hyperkeratosis

Keratin 10 mutation

> , QY /o 1Y

vesicle in stratum granulosum

Arrowhead — coarse KHG

Arrows (pink) — keratin clumps
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. ™

Physical assauits
(dessication, imtation, UV imadiation, heat and coki shock)
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Microbial nssaults Chomical assaults
(bactena, lungus, virus) (irritants, allorgons)
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Cell differentiation and continuous cell turnover

Norfolk
terrier
K10
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Jack Russell terriers and TG1

Lamellar ichthyosis phenotype
o Severe adherent “parchment paper”- like scale
> Malassezia overgrowth

TG1 deficiency
> Markedly attenuated/absent CE
o Leads to fragmentation of lipid lamellae

White arrows - CE

Black arrowheads -
corneodesmosomes




Norfolk
terrier
K10

JRT TG1

4

Cell differentiation and continuous cell turnover

Stratum -

Basic structure of the epidermis and major epidermal barriers
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(dessication, imtaton, UV imadiation, heat and cold shock)
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Extracellular lipid matrix

Corneocyte lipid envelope (CLE)

> w-hydroxyceramides

Intercellular lipid lamellae
o Ceramides, free fatty acids, and cholesterol

Lipid-enriched extracellular
Corneocyte-bound matrix with lipid bilayers

lipid envelope \

Corneocyte-bound
protein envelope -
Lipid-depleted




Golden retrievers and PNPLA-1

Generalized large white to grey scale, ventral hyperpigmentation

PNPLA-1 (patatin-like phospholipase domain-containing protein) mutation
> Acyltransferase which donates linoleic acid to ceramides
o CLE attenuated or absent




American bulldogs and NIPAL-4

Generalized white scale, ventral adherent scale and erythema
> Malassezia overgrowth with pruritus

NIPAL-4 (Nipa-like Domain-Containing 4) mutation
> Encodes cofactor (ichthyin) for enzyme that synthesizes long chain fatty acids
> Markedly attenuated or absent CLE

> Toxic metabolite accumulation in stratum granulosum
7 .




Normal American bulldog
American with NIPAL-4
bulldog deficient ichthyosis

v

White arrowheads
—lamellar body
contents inside

corneocytes

White arrows — CE

Black arrows — CLE
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Diagnosing cornification disorders

Primary
> Genetic mutation — ichthyosis

Secondary
> Any other cause of scale or hyperkeratosis

Keratinocytes proliferate in response to threats



Yy Diagnosis of ichthyosis

Signalment
° Young patient

> Breed predilections

Clinical signs
o Scale, hyperkeratosis
o Non-pruritic (unless secondary infections)

Rule out secondary disorders of cornification
o Skin scrapes, cytology, histopathology

Breeders
> DNA testing




Treatment of ichthyosis

Topical “soak and slather” regimens
°cManagement of barrier defects
o Lifelong treatments




Pathogenesis-based treatment

CHILD (congenital hemidysplasia with ichthyosiform erythroderma and limb deficits) synd rome
> Humans

o Mutations affect cholesterol synthesis pathway
o Deficiency of cholesterol in intercellular lipid lamellae
o Accumulation of toxic precursors

o Cutaneous lesions successfully managed with pathogenesis-based treatments

o Topical cholesterol applied to stratum corneum
> Cholesterol lowering drugs (statins) to decrease toxic metabolites
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