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What is our 
bread and 
butter disease?

1

Zeus
1 yr MN 
French bull
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The immunology 
of allergy

And how immunotherapy can change it

Valerie A Fadok, DVM, PhD
Diplomate, ACVD
valerie.fadok@zoetis.com
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Thank you to our Residents Review sponsors!
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Questions?   

+Ask during the live portion of this session.

+Email me at fadokv@gmail.com OR valerie.fadok@zoetis.com

+Focus on applied/translational allergology!

+What causes the disease?

+What allows the disease to progress?
+How do you diagnose the disease?

+What interventions can you use to treat/ameliorate this disease?
+And yes, what might we see in future?
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Be a critical 
thinker
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mailto:fadokv@gmail.com
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Courtesy, Brian Vickery, Emory

Courtesy, Brian Vickery, Emory
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“Drink deep or taste not 
the Pierian spring . . .”
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Atopic dermatitis
The most common inflammatory skin disease in the 

developed world
Itch
Pain

Loss of sleep
Behavior

13

Given how common atopic diseases are in 
multiple species:  take the comparative approach

Vet Sci 2017: 4, 37

Allergy 2018; 73:1989
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From your 
study guide:

Atopy and 
Hypersensitivity

• Origin and physiology of cells that play a role in atopic 
dermatitis and other hypersensitivities (e.g., keratinocytes, 
dendritic cells, mast cells, basophils, eosinophils, 
lymphocytes) 

• Origin and physiology of antibodies that play a role in 
atopic dermatitis and other hypersensitivities 

• Role of inflammatory mediators in atopic dermatitis and 
other hypersensitivities (e.g., biogenic amines, granule 
proteins, lipid mediators, cytokines, chemokines) 

• Pathophysiology of atopic dermatitis (e.g., barrier 
function, flare factors, pruritus, immune imbalance, 
superantigens, microbiome alterations, genetics) 

• Pathophysiology of other hypersensitivity disorders that 
affect the skin (e.g., parasite, microbial, adverse food 
reaction, contact versus irritant reaction, adverse drug 
reaction, eosinophilic skin disorders)
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Good Resources!
+Revolutionizing Atopic Dermatitis

+Veterinary Dermatology and beyond!
+ Type ”canine atopic dermatitis” or “pathogenesis of canine atopic dermatitis” into 

PubMed
+ Read more than Vet Derm because some great articles are published elsewhere

+J Allergy Clin Immunol
+ updates every year!
+ Great pictures!

+Don’t forget J Invest Dermatol
+ Check out Research Techniques Made Simple
+ Brand new review on atopic dermatitis (Patrick GJ et al, J Invest Dermatol 2021; 

141:274)
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Watch the Zoetis PreCongress at WCVD
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A bit of history
Hippocrates (460-370 BC) and food allergy:  “let food be thy medicine” unless it makes 
you sick!

Lucretius 1 AD:  “what is food to one man is bitter poison to others”

1819:  John Bostock and hay fever

1859:  Charles Harrison Blackley summer colds and pollens

Dysbiosis and the skin-gut connection

18
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Veterinary Allergy
+ Schnelle GB.  Eczema in dogs-an 

allergy.  North American Vet, 1933. 

+ Pomeroy BS.  Allergy and allergic 
skin reactions in the dog.  Cornell 
Vet, 1934.

+ Wittich FW.  Spontaneous allergy 
(atopy) in the lower animal:  seasonal 
hay fever (fall type) in a dog.  J 
Allergy 1941.

+ R Patterson.  Multiple studies 1959-
1963.

19

The canine IgE masters!

20
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What are the biophysical 
properties of IgE ?

Heat inactivation at 
56oC due to 
differences in 
Fc portion

“Blocking antibodies” fall 
into what class?

How does IgE
differ from other 
Ig classes?

Know IgE

22
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Atopic 
disease in 
the skin

24
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In the old days . . . 
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A more complex view
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Courtesy, Alan Irvine

S. pseudintermedius

The Integrated View

28



4/4/21

15

I’m throwing Malassezia in there too!
29

Atopic diseases
+As veterinary dermatologists, we focus on canine atopic dermatitis

+BUT 

+Allergic rhinitis (dogs, cats, cattle, others?)

+Asthma (cats, dogs)
+ Reactive airway disease in horses

+Food allergies

+And those weird eosinophilic skin syndromes in cats and horses

+Immunologic mechanisms likely shared, but data are sparse
+ For horses, best data is with insect bite (Culicoides) hypersensitivity

Hereditary predisposition to develop 
hypersensitivity to environmental triggers

30
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Let’s take a 
deep dive

31

The players

Cells

+Lymphocytes
+ T, B, NK, ILC, NK

+Granulocytes
+ Eosinophils, neutrophils, basophils

+Antigen Presenting Cells
+ Dendritic cells
+ Macrophages

+Mast cells

+Keratinocytes

Cytokines, Adhesion Molecules

+Type 2 cytokines are present 
throughout the disease

+Involvement of other cytokines 
(e.g. Type 1, Type 17, Type 22) 
determined by endotype

+ do we have endotypes in dogs?  
Probably!

+Don’t forget adhesion molecules
+ That promote migration into the skin
+ That allow breakdown of barrier

32
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ILC
too

33

Alain Tedgui. Circulation Research. Adaptive (T and B Cells) 
Immunity and Control by Dendritic Cells in Atherosclerosis, Volume: 
114, Issue: 10, Pages: 1640-1660, DOI: 
(10.1161/CIRCRESAHA.114.302761) © 2014 American Heart Association, Inc.

Innate response activator

x
x

34
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A blending 
of mechanisms

Innate

+ NK cells

+ Eosinophils

+ Basophils

+ Neutrophils 

+ Mast cells

+ Dendritic cell hyperplasia 
+ LC
+ Dermal DC
+ Olivry et al.  Arch Dermatol 

Res1996; 288(10):579-85.

Adaptive

+CD4+ T cells

+CD8+ T cells

+Treg

+B cells

Skin resident NKT
v Induced by allergen
v Express CXCR4 as do skin 

memory T cells
v Cluster around fibroblasts 

producing CXCL12/SDF 1a
v Promote inflammation
v J Allergy Clin Immunol ;2021 Jan 

28;S0091-6749(21)00097-X

gd T cells
v A source of IL-22 to limit 

staphylococcal growth
v A source of IL-17A as well to 

call in neutrophils
v May help control dysbiosis
v Decreased in adult humans 

with AD; increased in kids and 
dogs

v J Allergy Clin Immunol 2016; 
138(4):1098-1107. J Allergy Clin 
Immunol 2020; Nov 28;S0091-
6749(20)31641-9. Am J 
Dermatopathol 1997;19(5):477-86.

No info on dogs

35

36 |

How do T cells know what to do?  The 
immunologic synapse

B cell T cell

36
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How do T cells know what to do?

Cytokines!

37

2003; 3:973

38
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Staph:   so many virulence factors

40
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Why do we care about Staph and superantigens?

41

CD23 = low affinity FceR
CCR3 = chemokine R for eos
and other leukocytes

42
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Superantigens promote Type 2 polarization

43

Why do we 
care about 
superantigens?

Production of IgE against Staph 
Sag MAKES DISEASE WORSE

Atopic dermatitis

Allergic rhinitis

Asthma

Respir Med 2019; 155:66

44
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How does the Type 2 
response get started?

45

46 |

The atopic’s skin drives the allergic response

46

Normal 
Tissue

Allergic 
Tissue

DC2DC1

Th2Th1

46
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The simple model is too simple
HOWEVER, Th2 cytokines remain important throughout the disease process

47

Let’s talk about T helper 
subsets

48
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Th1 Th2 Th17

IFN-g
TNFa

LT

IL-4
IL-5
IL-13
IL-31

IL-17
IL-22

(IL-6, TNFa)

Viral and IC 
pathogens

Parasites
Allergy

Inflammation
EC pathogens

THE EFFECTOR T CELL TRILOGY

49

Th9
Reprogrammed 

Th2?

Th22
Epidermal
immunity

Th?

Induced by 
IL4 + TGFb:

Repressed by IFNg

Produce IL-9, IL10

Infiltrate epidermis
in inflammatory 

skin diseases

Produce IL-22, TNF-a
w/o IL-17

?

Perpetuate
Chronic inflammation

In allergy
FOOD 

ALLERGY?

Epidermal
hyperplasia

Limits staphylococcal 
Growth

?

Even More Subsets:  
Are T helper cells as plastic as macrophages?

50
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Tfh2

Regulate B cell 
function in the LN

IgE

IL-4
IL-6
IL-21

organs

51

Curr Opin Immunol
2012; 24:700-706

T helper cell 
subsets

52
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For every Th there is a Tc in atopic patients

Th – CD4+
• Th1
• Th2
• Th17
• Th22

Tc – CD8+
• Tc1
• Tc2
• Tc17
• Tc22

53

It’s more than just T cell subsets

ILC NK Dendritic 
cells

Macrophages Mast cells Basophils

Amplification of the Type 2 response

54
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Innate Lymphoid Cells In The Tissue

55

ILC2 

+Stimulated by 
epidermal alarmins 
(TSLP, IL-25, IL-33)

+Make Type 2 cytokines
+ IL-4, IL-5,IL-13 

+Make IL-9 too

+Enhance Type 2 
allergic response in 
atopic dermatitis

https://www.ims.riken.jp/labo/56/index.html

56
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ü ILC2 function in the tissue not the blood
ü All dogs tested had chronic disease
ü Small numbers

58
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20 healthy dogs
21 allergic dogs

59

NK cell 
subsets
also are 
players

JACI 2013; 132:527

60



4/4/21

31

What have 
we learned?
Type 2 responses are not just 
restricted to T cells

61

The many factors that impact atopic 
dermatitis

62
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Genetics
Lots of genes involved!

63

From:  Nedozytko B et al.  Genetic and Epigenetic Aspects of Atopic Dermatitis.  Int J Mol Sci 2020

64
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J Invest Dermatol  2012; 132:751

Why the fuss over filaggrin?

65

“Many questions remain about the involvement of 
filaggrin in canine atopic dermatitis.”

66
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Filaggrin mutations alone 
neither necessary nor 

sufficient for AD

67

Epigenetics

68
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Epigenetics
+ How the environment alters gene 

expression
+ Pollutants
+ Chemicals
+ Drugs 
+ Diet

+ Mechanisms
+ DNA methylation

+ E.g. methylation of a promotor 
can repress transcription

+ Histone acetylation and 
methylation

+ Alters wrapping of DNA 
around histones and therefore 
whether a gene is active or not

+ microRNA’s

69

En.Wikipedia.org

70
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J. Appl Physiol April 2010

71

Why do I need to know this?!

72
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Initiation and 
progression of disease

74
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Lennie, 
Dr. Alan Irvine’s dog

Nature Reviews Disease Primers 2018; 4:1

75

Courtesy, Alan Irvine

Courtesy, Alan Irvine
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Enter the basophil Staphylococcal enterotoxins 
stimulate basophils to make IL-4 too!

77

Barrier
Defect

Inflammation

78
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Changes that contribute to barrier 
dysfunction

Reduced 
expression of 

structural proteins

Imbalances in 
protease/protease 

inhibitors

Altered 
composition and 
organization of 
lamellar layers

Altered lipid 
metabolism

Reduced 
expression of tight 
junction proteins

Dysbiosis with 
increased 

pathogenic 
staphylococci

79

Loss of filaggrin is sufficient to induce inflammatory 
and immune changes similar to atopic dermatitis

Disconnect occurs between
the epidermal proteome and 
transcriptome

JACI 2017; 140:1299

80
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Courtesy, Alan Irvine

Courtesy, Alan Irvine

81

Courtesy, Alan Irvine
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Czarnowicki et al.   J Allergy Clin Immunol 2019: 143

Does this occur 
in dogs?

83

Weidinger S et al.  
Atopic dermatitis
Nature Reviews 
Disease Primers
2018 Jun 21: 4(1)

84
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What about the itch?

86
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atopic dermatitis

87

88
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That’s complicated!  What 
do I really need to know?

89

Know
This!

90
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How can we test what we believe 
about immunopathogenesis of AD?

Monoclonal antibodies!!

91

Courtesy, E Simpson

92
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Courtesy, E Simpson
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The immune 
system is more 

druggable!
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A very interesting paper!

95

MTX
tralo

nemo
aza

Lebrik

ustek

Feza

Anti-IL-4Ra

Anti-IgE
M

Anti-IL-22

Anti-ILp40

Anti-IL-13R

CsA

Anti-IL-13R

JAK1/2 inh

Anti-IL-31R

Anti-IL-5R

SCORing Atopic Dermatitis - SCORAD

96
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Jan 4, 2021
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Itch

99

Quality of life

100
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Summary of efficacy in human AD
(Courtesy, Eric Simpson, RAD Dec 2020)
Things that worked well
+Blocking IL-4 and IL-13

+ Dupilumab

+Blocking IL-13
+ Tralokinumab
+ Lebrikizumab

+Blocking IL-31
+ Anti-IL31Ralpha (nemolizumab)

+ Except Japanese adolescents and 
adults

+ Anti-OSMRbeta (KPL-716) 

Things that didn’t work well
+Blocking IL-33

+ etokimab

+Blocking TSLP
+ tezepelumab

+Blocking IL-17C
+ MOR106

+Blocking adhesion molecule 
OX40

+ KHK4083

101

How does allergy 
immunotherapy work?
It’s complicated J
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Can we predict response?
Biomarkers?  Not yet!

103

Proposed mechanisms:  which comes first?

+Very early  
+ desensitization of mast cells and 

basophils to degranulation

+Days to months, T cell tolerance:
+ T regulatory cells
+ Altered ratio Th2:Th1 and cytokines

+Months to years
+ Increase in blocking antibodies 

(allergen specific IgG4 and IgG1)
+ Decrease in allergen-specific IgE

+Decreased number of 
inflammatory cells (eosinophils, 
basophils, mast cells)

J Allergy Clin Immunol 2013; 131:1288
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To understand allergy 
immunotherapy we need to 
understand the mechanisms 
of  immunological tolerance

105

Sublingual mucosa is more like skin

106
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Current Opinion Immunology 2012; 24:700-706

110
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Methods – is any one superior?

Methods
+Subcutaneous (SCIT)

+ Rush

+Sublingual (SLIT)

+Intralymphatic (ILIT)

+Oral (OIT)

+Epicutaneous (EPIT)

Problems
+Too many variables

+ How the IT is prepared
+ Allergens selected
+ Geographic variation
+ Variable severity
+ Other?

+Very low #’s patients

+Hi drop-out rates

WE DON’T KNOW

111

Selection 
criteria

‘when is it appropriate to 
use AIT?

To my knowledge, we 
have no guidelines

For me:
Committed owners
Dogs with signs occurring when they are 
young
An allergy test that allows for rational 
selection of allergens

112
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Impact of medications on 
allergy immunotherapy
What is the evidence?  Not much!  

113

Glucocorticoids

114
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Cyclosporine

I can’t find much!
Effects on induction of Treg are mixed

115

JAK inhibitors

116
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Biologics

Omalizumab (anti-IgE) seems to improve efficacy and safety of AIT

117

Other types of 
immunotherapy?

Anti-cytokine 
mAbs

Vaccination 
against 

cytokines

118
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Anti-cytokine mAb in dogs

+Lokivetmab – caninized anti-canine IL-31

+You are using it!

+Review the literature by typing lokivetmab into PubMed

+Anything more coming?  Probably!

119

Active vaccination against cytokines
A new approach for allergic skin disease

120
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J Allergy Clin Immunol 2018: 142:1194

121
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123

Itch Not Assessed
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Thanks for listening
Reach out if I can help

valerie.fadok@zoetis.com

fadokv@gmail.com

125

mailto:Valerie.fadok@zoetis.com

