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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

• Epidermis
• Keratinocytes

• Langerhans cells

• Epidermal T cells (DETC)

• Dermis
• Dermal dendritic cells

• Macrophages

• Mast cells

• T lymphocytes (Treg)

• Innate lympoid cells (ILC)
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Keratinocytes

• Barrier integrity

• Limited intrusion of microbial 
pathogens and toxins

• Act as sentinels
• Ag presentation despite lack of co-

stimulatory molecules

• Can initiate a pro-inflammatory 
signaling cascade

• 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



Epidermal T cells

• T cells 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 γ/δ TCR

• Particularly dense in mice

• Expressing α/β TCR

• More prevalent in humans

• Narrow range of antigen receptor 
diversity, recognizing highly selective 
ligands

Activated DETC regulate inflammatory cell recruitment directly, 
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)
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Ag-presenting cells in the skin

• ‚sample‘ extracellular antigens in 
the environment and induce 
immune response

• MHC-II expression

• Epidermal Langerhans cells
• Embryo precursor-derived

• Dermal dendritic cells
• Bone marrow-derived

• Take up self-mRNA released by UVB 
damage

• Unique ability to prime naïve T 
lymphocytes (adaptive immune response)

• Tissue-resident macrophages
• Core phagocytes and activators of 

innate immune system

• Fetal progenitors



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 Treg 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

• Repair skin wounds
• Secretion of CCL17 and CCL22 by 

endothelial cells and immune cells

• Attraction of Treg via interaction with 
CCR4

• Induced expression of CTLA4 and 
ICOS

• Suppress IFN-γ production from 
inflammatory macrophages

• Repair UV induced tissue damage
• Express CD103 (Integrin αE) and P-lig 

(P-selectin ligand)

• Suppress dendritic cells to respond 
to self-mRNA
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Innate lymphoid cells

• Derive from common lymphoid progenitor

• Do not express cell lineage markers 
associated with T cells, B cells, DCs, 
macrophages and granulocytes 

• ‚Innate‘ immune system

• Currently divided into 3 groups based on 
transcription factor/cytokine profile

Human skin ILC2s are activated by keratinocyte-
derived cytokines IL-25, IL-33 and/or TSLP to 
produce IL-5 and IL-13. In contrast, the keratinocyte 
cell adhesion molecule E-cadherin has been shown 
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

• Variety of cell surface receptors
• Toll-like receptor

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

• Produce a plethora of pro-
inflammatory mediators



Mast cells

• Hematopoietic origin

• Migrate as immature progenitor 
cells 

• Complete maturation in 
peripheral tissues

• 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



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

• Homeostasis of microbiome 
controlled by 
• Lipids (sebaceous glands)

• Free fatty acids (keratinocytes)

• Antimicrobial peptides 
(keratinocytes)
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Antimicrobial peptides

• AMPs in resident skin cells:

• Cathelicidins

• ...

• Direct antimicrobial activity

• Initiation of a host response resulting in 
cytokine release from T cells and 
keratinocytes



IL-17 and resistance to mucocutaneous 
infections
• IL-17 KO mice display a broad 

vulnerability to various infectious agents 
at diverse mucocutaneous surfaces

• In humans, IL-17A/F and/or IL-22 are 
essential for mucocutaneous immunity 
to Candida albicans

• Dual neutralization of IL-1β/IL-17A leads 
to sponaneous skin infections in non-
human primates



Neutralization of IL-1β
and IL-17 

Skin from cynomolgus macaque



Skin immune response



Patterns of skin inflammation



Patterns of skin inflammation

Pattern Description Main Diseases

Inflammation, 
superficial 
perivascular 

Inflammation in the 
superficial dermis only 

• Irritant contact dermatitis
• Allergic contact dermatitis
• Urticaria
• Atopic dermatitis
• Photoirritation / photoallergy 

Inflammation, 
vesicular / 
pustular

Formation of clear 
spaces (vesicles) or  
spaces filled with 
inflammatory cells 
(pustules) within the 
epidermis 

• Pemphigus
• Superficial bacterial infection
• Allergic contact dermatitis

Inflammation, 
lichenoid 

Inflammation at the 
interface between 
epidermis and dermis, 
with or without 
evidence of 
keratinocyte necrosis

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

... ... • ...



Irritant contact dermatitis

• 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



Allergic contact dermatitis

• 2-yr-old cynomolgus macaque

• Blisters, papules, crusts at hands, 
wrists, feet, face, ear



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

• T-cell activation by antigen-
independent pathways



Allergic contact dermatitis

• Local (cutaneous) disease

• Topical allergens

• Arises following more than one 
skin contact with an allergic 
chemical (induction – elicitation)

• Skin response is delayed

• Immunologically mediated 
(type IV)

• Required activation of antigen-specific 
acquired immunity leading to the 
activation and clonal expansion of specific 
allergen-responsive effector T-cells



Hypersensitivity

• 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 
degranulation

- Urticaria / Angioedema
- Atopic dermatitis

Category II Antibody-mediated 
cytotoxicity

- Pemphigus

Category III Deposition of circulating 
antigen-antibody complexes

- Systemic lupus erythematosus
- Cutaneous vasculitis

Category IV Antigen-dependent 
activation of effector T cells

- Allergic contact dermatitis
- 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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Cutaneous Adverse Drug 
Reactions in Man

Immediate
• Contact Urticaria (CU)
• Atopic dermatitis (AD)

Delayed
• 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)

se
ve

ri
ty

localized

systemic



Erythema multiforme

• 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

• 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
in Cynomolgus macaques



Drug-induced interface dermatitis 
in cynomolgus macaques

• 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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Drug-induced interface dermatitis 

• 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

• Often in high dose animals
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