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Skin in general

* First line of defense

* >1 million commensal bacteria,
fungi, mites

 Adequate immune reaction
against trauma, toxins and
pathogens




Skin immune system

e Epidermis
* Keratinocytes

* Langerhans cells

* Epidermal T cells (DETC)
* Dermis

* Dermal dendritic cells

* Macrophages

* Mast cells

* Tlymphocytes (T,.,)

Innate lympoid cells (ILC)
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Skin immune system
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Skin immune system
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Skin immune system
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Keratinocytes

* Barrier integrity

e Limited intrusion of microbial
pathogens and toxins

* Act as sentinels

* Ag presentation despite lack of co-
stimulatory molecules

e Can initiate a pro-inflammatory
signaling cascade
e IL-1a, IL-1b, IL-6, IL-17, IL-18, IL-23
and TNFa
* Activation of resident immune
cells




Langerhans cells

Ag-presenting dendritic cells in epidermis
and pilosebaceous unit

Discovered in 1868
Sentinels for the adaptive immune system

Seeded in the epidermis from yolk sac and
fetal liver progenitors

Can be repopulated by local progenitors
and myeloid precursors

Express high levels of adhesion molecules

Can migrate from the epidermis to
draining lymph nodes for interaction with
T cells associated with a change in surface
marker expression

Coordinate immune tolerance

PRECLINICAL SCIENCE

& trontiers
e
Langerhans Cells—Programmed
by the Epidermis
Katum Chaydon. Andves F. Valiglo, James Davies. Sols Sirvendt and Murts E Poded*
STEADY STATE INFLAMMATION/
s & @  DANGERSIGNALS
= ‘,i":l-I :_":H-A 3
(Xele E
"\

Mastabolamn
Mitochondrial activati

IMMATURE
ACTIVATED LC

Protoosome activity
Costimulatory molecules
Antigen presantation




Epidermal T cells

e Tcells found in the surface-contacting :
epithelia of all mammals £ o Briia Accees
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Activated DETC regulate inflammatory cell recruitment directly,

* More prevalent in humans by producing CCL3 and CCL4, and indirectly, by controlling
hyaluronan deposition by keratinocytes. DETC stimulate
e Narrow ra nge of a ntigen rece ptor keratinocyte proliferation via release of keratinocyte growth

factors (KGFs) and promote epithelial cell survival by
upregulating production of insulin-like growth factor-1 (IGF-1)

diversity, recognizing highly selective
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Epidermal T cells

e Tcells found in the surface-contacting
epithelia of all mammals

* Respond to ,self’ antigens expressed by
,distressed’ neighboring keratinocytes

* Involved in controlling epidermal
integrity, response to environmental
stimuli, regulation of inflammation,
tumor surveillance, and would healing

* Mice: Dendritic Epidermal T cells (DETC)
* Expressing y/6 TCR

* Particularly dense in mice
* Expressing a/B TCR
* More prevalent in humans

* Narrow range of antigen receptor
diversity, recognizing highly selective
ligands
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tissue injury
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tdirectly,
by producing CCL3 and CCL4, and indirectly, by controlling
hyaluronan deposition by keratinocytes. DETC stimulate
keratinocyte proliferation via release of keratinocyte growth
factors (KGFs) and promote epithelial cell survival by
upregulating production of insulin-like growth factor-1 (IGF-1)

Activated DETC regulate inflammatory cell recrui




Ag-presenting cells in the skin

,sample’ extracellular antigens in
the environment and induce
immune response

MHC-Il expression

Epidermal Langerhans cells
* Embryo precursor-derived

Dermal dendritic cells

e Bone marrow-derived

* Take up self-mRNA released by UVB
damage

* Unique ability to prime naive T
lymphocytes (adaptive immune response)
Tissue-resident macrophages

* Core phagocytes and activators of
innate immune system

* Fetal progenitors
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Regulatory T cells

CD4+, CD25+, Foxp3+

* Promote immune tolerance

* Colonize skin in early postnatal
period coinciding with microbial
colonization

* Microbes enter hair follicles which
produces CCL20

* Attraction of T, expressing CCR6

* Establish immune tolerance to
commensal microbes

 Abnormal function relevant to the
pathogenesis of several skin
diseases
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Regulatory T cells

* CD4+, CD25+, Foxp3+

* Promote immune tolerance

* Colonize skin in early postnatal
period coinciding with microbial
colonization

* Microbes enter hair follicles which
produces CCL20

* Attraction of T, expressing CCR6

e Establish immune tolerance to
commensal microbes

 Abnormal function relevant to the
pathogenesis of several skin
diseases
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Regulatory T cells

* Repair skin wounds

* Secretion of CCL17 and CCL22 by
endothelial cells and immune cells

* Attraction of T, via interaction with
CCR4

* Induced expression of CTLA4 and
ICOS

e Suppress IFN-y production from
inflammatory macrophages

* Repair UV induced tissue damage

e Express CD103 (Integrin aE) and P-lig
(P-selectin ligand)

* Suppress dendritic cells to respond
to self-mRNA
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Innate lymphoid cells -, -

e Derive from common lymphoid progenitor i HHS Public Access
Author slanuscrspt
* Do not express cell lineage markers e SR
associated with T cells, B cells, DCs, Innate Lymphoid Cells in the Skin
macrophages a nd gra n u Iocytes ;g::.}:;::'.::‘::t.m.mu Muxdcane, Visshingion Uisienesdy School of Medicne. 52
* ,Innate’ immune system ‘
‘ Allergen
* Currently divided into 3 groups based on —_— | /Lossofe.cadherm
transcription factor/cytokine profile &» @ * &
E-cadherin
Skin barrier
T Inhibition disruption
Human skin ILC1 Human skin ILC2 Human skin ILC3
IL-25 .o. 0.0 0.0
o - - & e 125 133 TP
PGD, %)
lw lm J_(-i l(+) «— | 4-—'
IL-13 \ Activation
CcD161 NKp44 o0
e ILC2
Human skin ILC2s are activated by keratinocyte-
derived cytokines IL-25, IL-33 and/or TSLP to
TNF-a  IFN-y CRTH2 I-17 122 produce IL-5 and IL-13. In contrast, the keratinocyte
o’ o:. ':5 IL-13 .:. .‘: cell adhesion molecule E-cadherin has been shown
%0 oo’ to inhibit the activation of skin ILC2s, possibly via
KLRG1.
(NK cells)




Mast cells

* Particularly frequent in skin

* Major effector cells in innate and
adaptive immune response

Release of histamine
and inflammatory
mediators

* Variety of cell surface receptors
* Toll-like receptor

* Activated by IgE, IgG, complement,
proteases, hormones,
neuropeptides, etc.

.
inflammatory
ells e .

Allergic inflammation in tissue

* Produce a plethora of pro-
inflammatory mediators



Mast cells

* Hematopoietic origin

* Migrate as immature progenitor
cells

 Complete maturation in
peripheral tissues

e Skin microbiome is important for
mast cell maturation

* LTA (lipoteichoic acid; major
constituent of bacterial cell wall)
from the skin microbiome
induces keratinocytes to produce
sufficient SCF, which results in
proper mast cell maturation
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Skin microbiome

* Diverse commensal organisms that inhabit
the skin, hair, and glands

* Bacteria, fungi (Malassezia spp.),
arthropods (Demodex spp.)

* High level of diversity at the species level
but low diversity at phylum level

* Human skin: predominantly Gram-positive
bacteria

* Bacterial products such as LTA permeate
skin

* Diet, environment, genetics, and anatomic
location contribute to the microbiome

* Usually without evidence of clinical disease

* Microbiome is deranged as a result of many
skin diseases



Skin microbiome

e Homeostasis of microbiome
controlled by

* Lipids (sebaceous glands)
* Free fatty acids (keratinocytes)

* Antimicrobial peptides
(keratinocytes)

ses (FFASTD) = free fatty acids

teria s ) = pheno-soluble modulins

gi (AWPSD) = antimicrobial peptides




Skin microbiome

e Homeostasis of microbiome
controlled by

* Lipids (sebaceous glands)
* Free fatty acids (keratinocytes)

e Antimicrobial peptides
(keratinocytes)

feedback

ses

teria

gi

(FFASTD) = free fatty acids

s ) = pheno-soluble modulins

(AWPSD) = antimicrobial peptides




Antimicrobial peptides

AMPs in resident skin cells:
e Cathelicidins

[ ]
Cathelicidin Functi
Primary Defense:
antibacterial
antifungal
Keratinocytes, antiviral
(inducible) LI
Neutrophils @@ Follicular =/ Secondary Defense:
(constitutive) ® epithelium ‘ chemotactic

(constitutive)

Sweat
(constitutive) Repair Response:
protease inhibition
angiogenesis

i ECM synthesis
(constitutive and
inducible) Cathelicidin e ¢
Epithelial Cells ¢ @&
Neutrophils @
Red Blood Cells S

e Direct antimicrobial activity

* Initiation of a host response resulting in
cytokine release from T cells and
keratinocytes
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TABLE |
Mammalian peptides with antimicrobial activity in skin (AMPs)*
AMP Reference
AMPs identified in resident cells
Cathelicidins Frobm et al (1997)°
Marchini et a1 (2002)10
p-Defensins Harder et al (1997)11
Lin et al (1008) 12
Bactericidal permeability-increasing protein (EFT) Takahashi et al (2004) 13
Lactoferrin Cumberbatch et a1 (2000)*
Lysozyme Marchini et al (2002)10
Dermidin Schitrek etal (2001) 1
Murakami et a1 (2002)0
Histones Rose et al (10031 ¢
5100415 Biichau et al (2007317
RNase 7 ‘Harder et a1 (2002) 18
AMPs identified in infiltrating cells
Cathelicidins Gallo et al (1994)19
Marchini et 21 (2002)1°
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IL-17 and resistance to mucocutaneci
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Skin immune response
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More Than Skin Deep: Autophagy
Is Vital for Skin Barrier Function
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Patterns of skin inflammation .
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Patterns of skin inflammation
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Pattern __| Description __| MainDiseases ____________

Inflammation,
superficial
perivascular

Inflammation,
vesicular /
pustular

Inflammation,
lichenoid

Inflammation in the
superficial dermis only

Formation of clear
spaces (vesicles) or
spaces filled with
inflammatory cells
(pustules) within the
epidermis
Inflammation at the
interface between
epidermis and dermis,
with or without
evidence of
keratinocyte necrosis

Irritant contact dermatitis
Allergic contact dermatitis
Urticaria

Atopic dermatitis
Photoirritation / photoallergy
Pemphigus

Superficial bacterial infection
Allergic contact dermatitis

Systemic lupus erythematosus
Erythema multiforme
Stevens-Johnson Syndrome
Toxic epidermal necrolysis



Irritant contact dermatitis . A

* Topical administration of JP-8 jet
fuel (hydrocarbon constituents)

* Clinical observations: Erythema

* Microscopic findings

Superficial inflammation
Epidermal hyperplasia

Intracellular and intercellular
edema

Pustules
Parakeratotic hyperkeratosis

Tasiowlngre Pathology, Y3255 266, X05
Copyeight © by the Sociey of Taxkcolog: Patokogy
ESSN: OY9T 4233 petad £ 1555 1601 coslian

DO 101 080N SOEL 040004222

Comparative In Vivo Toxicity of Topical JP-8 Jet Fuel and Its Individual
Hydrocarbon Components: Identification of Tridecane and Tetradecane
as Key Constituents Responsible for Dermal Irritation

F. MUHAMMAD, N. A. MONTEIRO-RIVIERE, AND J. E, RIVIERE

Cemter for Chemical Tuxicology Research and Pharmacobinetics, North Carding State University. Raleigh, North Carofing, USA




Allergic contact dermatitis
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* 2-yr-old cynomolgus macaque i 0k
ORIGINAL ARTICLE
d B||Ste rs papules crusts at hands A case of suspected contact dermatitis in a juvenile
. , ’ ’ cynomolgus monkey (Macaca fascicularis)
wrists, feet, face, ear Jonne Marrs & Marcia Etheridge

Department of Laboratory Animal Scence, GlaxoSmithKline, PA, USA




Irritant contact dermatitis

* Arises locally on initial contact
with chemicals or physical agents
that damage the surface of the
skin

* Clinically and morphologically
similar to allergic contact
dermatitis, but activation of
innate skin immunity by release
of mediators from injured
epidermal cells

e T-cell activation by antigen-
independent pathways
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Allergic contact dermatitis

* Local (cutaneous) disease
Sensitization site
* Topical allergens

Langerhans

* Arises following more than one o8l
skin contact with an allergic
chemical (induction — elicitation)

Dermal denvitic ca'ls

» Skin response is delayed COs: Reguatoy @@
@ Tcels f G
* Immunologically mediated g\/—k\,/. Efferent lymph
(type IV) Affarent :ympnk’
* Required activation of antigen-specific @ &
acquired immunity leading to the Draining Lympn Node \
activation and clonal expansion of specific CD8+ Effector T cells

allergen-responsive effector T-cells
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Hypersensitivity PRECLINICAL SCIENCE

* Exaggerated (inappropriate) immune response against allergens

 Classification according to Coombs and Gell 1963

Category Pathomechanism Main diseases associated with this pattern

Category I IgE-mediated mast cell - Urticaria / Angioedema
degranulation - Atopic dermatitis

Category Il Antibody-mediated - Pemphigus
cytotoxicity

Category III Deposition of circulating - Systemic lupus erythematosus

antigen-antibody complexes - Cutaneous vasculitis

Category IV Antigen-dependent - Allergic contact dermatitis
activation of effector T cells - Maculopapular exanthem
- Drug-induced rash with eosinophilia and
systemic symptoms
- Acute generalized exanthematic pustulosis
- Lichenoid / Fixed drug eruption
- Erythema multiforme (minor/major)
- Stevens-Johnson syndrome
- Toxic epidermal necrolysis
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* Exaggerated (inappropriate) immune response against allergens

 Classification according to Coombs and Gell 1963

Category Pathomechanism Main diseases associated with this pattern

Category I IgE-mediated mast cell - Urticaria / Angioedema
degranulation - Atopic dermatitis

Category Il Antibody-mediated - Pemphigus
cytotoxicity

Category III Deposition of circulating - Systemic lupus erythematosus

antigen-antibody complexes - Cutaneous vasculitis

Category IV Antigen-dependent - Allergic contact dermatitis
activation of effector T cells - Maculopapular exanthem
- Drug-induced rash with eosinophilia and
systemic symptoms
- Acute generalized exanthematic pustulosis
- Lichenoid / Fixed drug eruption
- Erythema multiforme (minor/major)
- Stevens-Johnson syndrome
- Toxic epidermal necrolysis



Cutane

Reactions in Man

ous Adverse Drug

Immediate

Delayed

Contact Urticaria (CU)
Atopic dermatitis (AD)

Allergic Contact Dermatitis (ACD)
Maculopapular exanthema (MPE)

Drug-induced rash with eosinophilia and systemic syptoms
(DRESS)

Acute generalized exanthematic pustulosis (AGEP)
Erythema multiforme (EM)/ Fixed drug eruption (FDE)
Stevens-Johnson syndrome (SJS)

Toxic epidermal necrolysis (TEN)
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localized

severity

systemic
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* Acute inflammatory condition with numerous etiologies (infections,
drugs)




Interface dermatitis ..

* Lichenoid inflammatory cell infiltrate (mononuclear) at the dermo-
epidermal interface

* Keratinocyte necrosis
* Single cell type
* Full thickness type




Interface dermatitis in rats
treated with nevirapine
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* Female Brown Norway rats (Shenton et al. 2003; 2005)

* Nevirapine
* used to treat and prevent HIV/AIDS

* most common adverse effect is mild or moderate rash; severe or life-threatening skin
reactions have been observed in 1.5% of patients (Stevens—Johnson syndrome, toxic
epidermal necrolysis)

* Repeated daily oral administration

* Clinical observations
* Erythema on ear pinnae on study day 7
* Erythema on back on study day 21
* (if treatment was stopped and the rash was allowed to resolve, then the rechallenge resulted in a
rapid recurrence of the rash within 24 hours)
* Microscopic findings
* Superficial dermal lymphohistiocytic inflammation
* Interface dermatitis with epidermal single-cell necrosis

* Pathogenesis
* Disease can be transferred with isolated CD4 + T cells from sensitized animals



Drug-induced Interface Dermatitis
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in Cynomolgus macaques

Toarvodeg Posubgy, 43: 9930005, 23 Semion: Cave Saudes of Cotoneous Tomoty, Dvect and Systemic

CE A Case of Drug-induced Cutaneous Toxicity E‘.;_“::?‘T:‘;.':

Drug-induced Skin Lesions in Cynomolgus Macaques
Treated with Metabotropic Glutamate Receptor 5 (mGIluRS)
Negative Allosteric Modulators

Gormamt §. Pasansasey’, Jorse M. Mances?, Gasoo D. Camon?, Jessca Winrmwous®, Oosusromms L. Suamms’,
Josrn T. Brav??, aso Crvsstorms Hous®

Observed in Cynomolgus Monkeys

Rie Kildawa'
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Drug-induced interface dermatitis
in cynomolgus macaques
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» 28-day oral toxicity study with a NCE

* Day 33 (recovery): Focal skin ulceration and scaling
on face (cheek); systemic treatment with amoxicillin
and metacam; animal separated from cagemate;
slight body weigth decrease (10%)

* Day 34 (recovery): Focally extensive skin ulceration/
inflammation / scaling on face (cheek), extending to
lips (cheilitis)

» Day 36 (recovery): Extensive ulcerative/crusting
dermatitis on the face (affecting the cheeks, chin,
perioral skin, upper and lower lips, and forehead),
and marked erythema with multifocal ulceration
and scaling on the medial aspect of both forelimbs
(extending from the upper forelimb to the carpal
joint region); additional lesions on ears, vulva and
tail

* The animal was euthanized and several skin samples
were collected for histopathology




Drug-induced interface dermatitis
in cynomolgus macaques
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lgus macaques
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Drug-induced interface dermatitis LA SENGE

 Very rare but histopathologically distinct entity (interface
dermatitis) in rats, dogs, cynomolgus macaques

* Delayed onset of clinical signs

* Rapidly progressing to ulceration and several secondary
findings

 Commonly affecting mucous membranes or mucocutaneous
junctions

e Often in high dose animals
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