What is our
bread and
butter disease?

2Zeus
1yr MN
French bull

4/4/21



4/4/21

The immunology

of allergy

And how immunotherapy can change it

Valerie A Fadok, DVM, PhD
Diplomate, ACVD

valerie.fadok@zoetis.com

Thank you to our Residents Review sponsors!

ZOETIS
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STALLERGENES%GREER
Life beyond allergy
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~" +Focus on applied/translational allergology!
+What causes the disease?

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

+And yes, what might we see in future?

+What interventions can you use to treat/ameliorate this disease? .~ //
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Be a critical

thinker



mailto:fadokv@gmail.com
mailto:valerie.fadok@zoetis.com

4/4/21

2021 AAAAI Annual Meeting Session 1103
26 February 2021
Brian P. Vickery, MD

Director, Food Allergy Center at Emory + Children’s

Brian Vickery, MD

Associate Professor of Pediatrics
Section Chief of Allergy/Immunology, Emory University
@ATLergist

Children’s- EMORY
Healthcare of Atlanta . UNIVERSITY

This website is intended for a U.S. audience only

PALFORZIA REMS PRESCRIBING INFORMATION ~ MEDICATION GUIDE  VISIT HEALTHCARE PROVIDER SITE

Peanut (Arachis hypogaea)

Allrgen Powderdnfp

TAKE THE
POWER
BACK FROM
PEANUTS

LEARN MORE ABOUT PALFORZIA

Discuss your child’s options with an

allergist today

Talk to a certified participating allergist about the first and only FDA-approved treatment




Hierarchy of Scientific Evidence Not Scientific Evidence

Youtube videos,
personal anecdotes,
gut feelings, parental instincts,
some guy you know, websites like
Natural News, Info Wars, Natural
Health Warriors, Collective
Evolution, Green Med Info,
Mercola.com,
Whale.to, etc.

analyses
& systematic
reviews
Randomized
controlled trials

/ Cohort studies

\
\

/ Case-control studies

Cross sectional studies

Weakest thelogicofscience.com

Courtesy, Brian Vickery, Emory

Table 4. PPV of Research Findings for Various Combinations of Power (1 — 3), Ratio
of True to Not-True Relationships (R),and Bias (u)

1-B R u Practical Example PPV

0.80 1:1 0.10 Adequately powered RCT with little  0.85
bias and 1:1 pre-study odds

0.95 21 030 ~Connrmatory meta-analysis of good- 0.85
quality RCTs

0.80 1:3 0.40 Meta-analysis of small inconclusive  0.41
studies

0.20 15 0.20 Underpowered, but well-performed 0.23
phase I/Il RCT

0.20 1:5 0.80 Underpowered, poorly performed ~ 0.17
phase /Il RCT

0.80 1:10 0.30 Adequately powered exploratory 0.20
epidemiological study

0.20 1:10 0.30 Underpowered exploratory 0.12
epidemiological study

0.20 1:1,000 0.80 Discovery-oriented exploratory 0.0010
research with massive testing

0.20 1:1,000 0.20 As in previous example, but 0.0015

with more limited bias (more
standardized)

The estimated PPVs (positive predictive values) are derived assuming o = 0.05 for a single study.
RCT, randomized controlled trial.
DOI: 10.1371/journal.pmed.0020124.t004

loannidis JPA PLoS Med 200
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“Without data you're
just another person
with an opinion.”

“Drink-deep or taste not
the Pierian‘spring . .77 .

-
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Atopic dermatitis

The most common inflammatory skin disease in the
developed world

itch
Pain
Loss of sleep
Behavnor

leen how common atopic diseases are in
mu‘mple species: take the comparative approach

\)‘
|

Iy ¢ !
gl veterinary ré\
i A sciences MD\P}J

g // 7 Review
Atopic Dermatitis in Animals and People: An Update
- and Comparative Review ;

Rosanna Marsella 2% and Anna De Benedetto ! Vet Sci 2017: 4’ 37 /

POSITION PAPER WILEY Allergy=m=zs~2, I/
// / /

. . ra
Allergen immunotherapy in people, dogs, cats and horses —
differences, similarities and research needs S

R.S.Mueller'( | E. Jensen-Jarolim®>*( | F.Roth-Walter?(y | E.Marti* | J.Janda® |
A.A. Seida® | D. DeBoer’ Allergy 2018; 73:1989

14
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« 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

From your
study guide:

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

Atopy and
Hypersensitivity

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

e 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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;i // / . . . . o
/" ~Revolutionizing Atopic Dermatitis

) /:/,A-’Veterinary Dermatology and beyond!
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Good Resources!
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¢ + 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 Dc;:njv/réfc

s

141:274) i
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Dr. Donald Leung
Professor and Head of Pediatric
Allergy and Immunology
National Jewish Health
Denver, Colorado

Dr. Andrea Gonzales

Senior Director of Companion
Animal Research

Global Therapeutics Research
Zoetis

Kalamazoo, Michigan

Dr. Jennifer Schissler
Assistant Professor of
Dermatology

College of Veterinary Medicine S
and Biomedical Sciences /////
Colorado State University //://

Fort Collins, Colorado A -

A bit of

you sick!

nistory

Hippocrates (460-370 BC) and food allergy: “let food be thy medicine” unless it makes

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

I Dysbiosis and the skin-gut connection I

4/4/21
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,Vefermary Allergy

P /I-Scfmelle GB. Eczema in dogs-an
p 1|ergy 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.

4/4/21
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The canine IgE masters!
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Clin. exp. Immunol. (1971) 9, 549-569.

CANINE REAGINIC ANTIBODY

CHARACTERIZATION OF THE SPONTANEOUS ANTI-RAGWEED
AND INDUCED ANTI-DINITROPHENYL REAGINIC ANTIBODIES
OF THE ATOPIC DOG

R. M. SCHWARTZMAN, J. H. ROCKEY AND
R. E. HALLIWELL

Clin. exp. Immunol. (1972) 10, 399-407.

ANTIGENIC RELATIONSHIP BETWEEN HUMAN IgE
AND CANINE IgE

R. E. W. HALLIWELL, R. M. SCHWARTZMAN anD J. H. ROCKEY

The Localization of IgE in Canine Skin: An Immunofluorescent Study
R. E. W. Halliwell
J Immunol February 1, 1973, 110 (2) 422-430;

21

Know IgE

What are the biophysical
properties of IgE ?

Heat inactivation at
56°C due to
differences in
Fc portion

o N-linked glycosylation sites
== |nterdomain disulfide bridges

(] FceRI-binding site
) CD23-binding site

‘How does IgE
differ from other
Ig classes?

“Blocking antibodies” fall
into what class?

22
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Atopic
disease in
the skin

12
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In Theold days. ..

\
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“erl,lﬁ:'gl‘an!
) epermatitiS
/

Epidermis

Dermis

Plasma Cell

Eosinophil

Classical activation

by allergen
25
- Sensitization Progression: Neurologic and Immune Components of Chronic CAD
Allergens
Including staph . °
ki 1 A more complex view \ A O / |

Lymph Node

Blood Vessel

Neuronal
Itch
Stimulation

Sy A__
; ﬁ(/ D e

ThyCell
mGell

Antibodies

sinophil [

26
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Allergens L
Including staph
andmalassezia ® ®

}&ﬂgemans Cell

7 i
R

Dorsal
root ganglion

Neuronal
Itch
Stimulation

Blood Vessel
P

27

The Integrated View
AD: Complex and interacting pathogenesis

S Aureus

Barrier

S. pseudintermedius

Type 2

§  Dendritic Cell
g
Inflammatory
s 20,
Process ﬁhﬁ
S Th,cell

% Cytokines
D . e.g. IFN-
. b g Z @ '
A4 a >
o ) {/ & Eosinophil

_Th.Cell

. Neutrophil - Menoeyte

Courtesy, Alan Irvine

28
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I’'m throwing/Valassezia in there too!

29

s J |

Hereditary predisposition to develop

A’fQP|C d iIseaseés hypersensitivity to environmental triggers

Iy /

+‘A5/veter|nary dermatologists, we focus on canine atopic dermatitis

i /
///
s / 7

s
s

’ // /

s

", =

. +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 -~ -

e ~

+ For horses, best data is with insect bite (Culicoides) hypersensmwty»

7
i

30

4/4/21

15



4/4/21

Let’s take a

deep dive

/i,Cé/I’Is Cytokines, Adhesion Molecules
+Lymphocytes +Type 2 cytokines are present
+T. B, NK, ILC, NK throughout the disease
+Granulocytes +Involvement of other cytokines
+ Eosinophils, neutrophils, basophils (e.g.Type 1, Type 17, Type 22)

: . determined by endotype
+A P I
ntigen Presenting Cells + do we have endotypes in dogs?

+ Dendritic cells Probably!
+ Macrophages

+Don't forget adhesion molecules
+Mast cells U= /

+ That promote migratioﬂyngiritbi,th'é’/'s/kj/n< .
+Keratinocytes + That allow breakdown of barrier ___—="

32

16
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Mast Cell Basophil Neutrophil
33
\ N \
“~ Innate immunity Adaptative immunity
<\:\\
\ \‘
Fy .
S Dendritic cell CD4 T Cell
\ 7
v
\\ y‘ : ’/
} /J /’ /l
L Macrophage ILC2
717 / /
N CD8 T cell
A @ 8 T Cell
7 ——
//7 // -
// //
S . ‘
// //
I Mast cell
- Neutrophil IRA B cell T cell
NKT cell =9
6 B-2 Cell
NK cell 88'1 Cell
o Alain Tedgui. Circulation Research. Adaptive (T and B Cells) Z ato »///:,
v Immunity and Control by Dendritic Cells in Atherosclerosis, Volume: Innate respor]s/t/é/acz’gw//f ——
. 114, Issue: 10, Pages: 1640-1660, DOI: P
(10.1161/CIRCRESAHA.114.302761) © 2014 Ameri /ean/Assc/:cl/a/ﬁ&n,/ln/c.
34
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A blendlng
of mechanlsms

Innate

///
yay ¥/

”+”NK ceIJs
//F j,:_OSInOph”S
//i/%ﬁ/BasophiIs
+ Neutrophils
+ Mast cells

+ Dendritic cell hyperplasia
+ LC
+ Dermal DC

+ Olivry et al. Arch Dermatol
Res1996; 288(10):579-85.

Skin resident NKT

% Induced by allergen

% Express CXCR4 as do skin
memory T cells

% Cluster around fibroblasts
producing CXCL12/SDF 1a

< Promote inflammation

% JAllergy Clin Immunol ;2021 Jan
28;50091-6749(21)00097-X

18 T cells

< A source of IL-22 to limit
staphylococcal growth

< Asource of IL-17A as well to
call in neutrophils

% May help control dysbiosis

< Decreased in adult humans
with AD; increased in kids and
dogs

% J Allergy Clin Immunol 2016;
138(4):1098-1107. J Allergy Clin
Immunol 2020; Nov 28;50091-

6749(20)31641-9. Am J
Dermatopathol 1997;19(5):477-86.

No info on dogs

Adaptive

+CD4+ T cells
+CDS8+ T cells
+Treg

+B cells

35
How do T cells know what to do? The
immunologic synapse
Immunological Synapse
Dendritic Cell T Cell
g
CellCartoons.net
36
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How do T cells know what to do?

T Cell Activation Requires
2 Signals

Antigen Generates
Signal 1

MHC class Il Antigen TCR

DC = dendritic cel
Schenartz. Annu Rev Immundl, 2003.21:306.

CD28 Costimulation Provides
Signal 2

Cytokines!

CcD80/8é CD28

Activated T cell

37

3 Ny —— I ; :
{sup2 )| CAd \ . \
| \ \ \ CD45

LFA1 — T ICAMY

O\
"\

Coa/
Co2 COGB\

CD43

LFA1-ICAM1

Taln

CD4s5*

TCR-COG-peptide

~MHC co4
CO28-CRe0/COEs
CTLAG-CD8OVCDES » | oK
Agrin

PKC-0

CD2-CD48/CD5S

Nature Reviews | Immunology
2003; 3:973

38
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MHC Class Il T cell receptor
‘D (m @

Antigen
presenting cell

T lymphocyte

”g : How antigens are presented normally
Vedicowesome ©
MHC Class Il TCR
Antigen T lymphocyte
presenting cell
Ve How super antigens work
[@]edicowesome ©
39
Tcell
A. B
Protein A
Cell wall
Toxins: SEA-U
Microcapsule —— TSST-1 M Conventional Ag ' <«— Superantigen M
Invasins: Adhesins
Hyaluronidase,
coagulase,
staphylokinase
Antigen presenting cell
o

Staph: so many virulence Factors

Toxins 2019, 11, 321; doi:10.3390/toxins11060321
40
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Why do we care about Staph and superantigens?

S. aureus
E o toxin

Allergy Asthma Immunol Res. 2019 Sep;11(5):593-603
https://doi.org/10.4168/aair.2019.11.5.593
PISSN 2092-7355-eISSN 2092-7363 ‘
- - e
- - oo ° '
v
| 3 toxin | | PSMa, PSMB l

Superantigens
= Keratinocyte cytotoxicity
o /o 0 o @
e O
DC

(SE, TSST-1)
.

M MHC Il
- D2 J
o5 < < ehvﬁTCR LI

. e
Activation of basophil . 8. 8% 2 Proinfl y cytoki

‘ Mast cell degranulation including TSLP, IL-8, IL-18, IL-1B

l T cell-mediated inflammation ‘

Protem A

Lipoproteins
v

TNFR1

Fig. 2. The ic effects of Staphy! aureus on atopic dermatitis. S. aureus expresses superantigens, such as SE and TSST-1, which activate basophils
and cause T-cell-mediated inflammation. PSMa and PSMB families stimulate the release of proinflammatory cytokines from keratinocytes. S. aureus a-toxin and
3-toxin induce keratinocyte cytotoxicity and mast cell degranulation, respectively. Protein A and lipoproteins of S. aureus lead to proinflammatory responses by
activating TNFR-1and TLR2 on keratinocytes, respectively.

SE, staphylococcal enterotoxin; TSST-1, toxic shock syndrome toxin-1, DC, dendritic cell; MHC II, major histocompatibility complex class II; TCR, T cell receptor; PSM,
phenol-soluble modulins; TNFR-1, tumor necrosis factor receptor-1; TLR2, toll-like receptor 2; TSLP, thymic stromal lymphopoietin; IL, interleukin; KC, keratinocyte.

41

ATOPIC DERMATITIS

SEA / SEB

Superantlgen
SEAISEB

SEA / SEB

TURl7/8
T' . LIFN-yand TNF
T 110
mbC_ Tolerogenic profile

1 pBMC
proliferative
T@ response

Purified eosiniophils

T ccr3

1 cD23 and CD62L

i TIMP-1, TIMP-2 e CCL5
Tissue remodeling process

17 IL-31
- IL-4,IL-5, 1L-13

vessel

Lymph node
CD23 = low affinity FceR
CCR3 = chemokine R for eos
and other leukocytes
Toxins 2019, 11, 321; doi:10.3390/toxins11060321 Chronic activation profile with superantigens in AD |

4/4/21
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Superantigens promote Type 2 polarization

Staphylococcus aureus

supera

Th 17/ y6 Tcells

degranulating A\ |nterleukin-17 Th2 e
l skin inflammation ~ Polarization “
immune cells recriutment Alnteﬂeuklrm
{) Interleukin-4 {interleukin13 l
IgE Lyterteukina1 ) interleukin-1p
Ay Dige

FIGURE 3 | Pathways involved in S. aureus' virulence factors contribution to AD. (Created with BioRender).

Frontiers in Microbiology | www.frontiersin.org

1 January 2021 | Volume 11 | Article 567090

43

Why do we
care about

superantigens?

.toxins ey

Review
Allergy—A New Role for T Cell Superantigens of
Staphylococcus aureus?

Gy Y 10, cl 23, Barbara M. Broker ' and
Silva Holtfreter 1 0

Production of IgE against Staph
Sag MAKES DISEASE WORSE

Atopic dermatitis

Allergic rhinitis

Asthma

Respir Med 2019; 155:66

4/4/21
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How does the Type 2
response get starl,:‘ed?'

kS

3

The atopic’s skin drives the allergic response

46

23
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EVER, Th2 cytokines remain important throughout the disease process

\
\
I

/
/

/

/!

simple model is too simple

A

Allergic person
(imbalance between immune cells)

Let’s talk about T helper
subsets

4/4/21
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IFN-y
TNFa
LT

Viral and IC
pathogens

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

Parasites
Allergy

49

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

Th9

Reprogrammed
Th2?

Th22
Epidermal
immunity

Induced by
IL4 + TGFB:
Repressed by IFNy

Produce IL-9, IL10

Perpetuate
Chronic inflammation
In allergy
FOOD
ALLERGY?

Infiltrate epidermis
in inflammatory
skin diseases

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

Epidermal
hyperplasia
Limits staphylococcal
Growth

50
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i Sensitization Repeated
Iy allergen
/,/, Allergen-bearing exposures
‘., migratory DCs
s
5
i :
7 Allergen-bearing
’ . migratory DCs
7 Naive gratory
- Q T cell
B cells Regulate B cell
ABcl-6 Type 2 i function in the LN
ACXCR5 Tfh cells 1o the IgE
AL-4
—p organs
——> i Type 2 N
Bcl-6" Tth cells
type 2 Tfth CXCRS5hi
cells PD1" short-term
IL-4* Th2 effectors
ANL-4, IL-13
51
,/ L N
N N Page 9
T helper cell
23 iper ce
N V) = 7 7
[ /b 7 //
v
_subsets
(B / 4 /
i ! I / Ve i Naive CD4+ T cells
/I // // // /, /// // / \ \
////// / // b /
////// L, // STAT4 STAT6 STAT6 STAT3 STAT3 STAT5 STAT3
e
//ﬁy // /// / / j \ \\ \ \
0 7
Tt T2 W9 TW7  Tu22 iTreg Ten
/ X
o f . y
~ Curr Opin Immunol PUA now ‘ A;Hn [ &] &,
2012; 24:700-706 -4
CCR4 CCR6 CCR10 CD25 CXCRS
CRTH2 CD161 cD127
IFN-y -4 IL-5 L-13 IL-9 IL-17A/F IL-22 IL-10 IL-21
| | | ! " |
Epithelium apoptosis Enhance the Tissue i late germinal center B cell
Keratinocytes apoptosis survival of Growth factor for in inflammatory skin differentiation into plasma cells
Exacerbate the effector phase eosinophils and mast cells disease and memory B cells.
their
IgE-switched B cell immunity Goblet-cell [ i events Mediate functional tolerance to allergen
Enhance mast cell growth Mucus hypersecretion Tissue remodelling Suppress allergen-specific IgE production
Airway Promote allergen-specific IgG4 i

52
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For every Th there is a Tc in atopic patients

Th - CD4+ Tc - CD8+
* Thl * Tcl

* Th2 * Tc2

* Th17 * Tcl7

* Th22 * Tc22

53

I’r s more than just T cell subsets

Dendiritic
cells
Macrophages Basophils /

Amplification of the Type 2 response

54
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= Stimuli Mediators Immune function
[ cLp
ok Tumors, intracellular % IFN-y Type 1 immunity
'TDO?X m_'crObes g = Granzymes (Macrophage activation,
L2 (Virus, bacteria, Perforin cytotoxicity)
ETS1 parasites)
<= IL-4 Type 2 immunity
. B 4 Large extracellular f N IL-5 (Alternative macrophage
D2 l GATA3 parasites and —_— ILC2 IL-13 activation)
ETS1 - allergens x ‘/’ IL-9
/ £ o AREG
[CHILP| —————— [ TiP |
| puze Mesenchymal £ RANK Formation of
T-BET P o RORYT organizer cells ‘s’ \ Lymphotoxin secondary
EOMES e ) TOX (Retinoic acid, \ TNF lymphoid
D2 CXCL13, RANK-L) : IL-17 structures
IL-22
RORa RORyT
Bcl11B AHR
G';TAB D2
M : 3
v AES ' Extracellular =N ,tfi lypeisiimmunity
/ B £\ £ microbes = {ncs | e (Phagocytosis,
NK ) |ch/ :\chq; LTi ) (Bacteria, fungi) \ /» Lym-phomm antimicrobial peptides)
J - &7 - 4 "
Cell 174, August 23, 2018 ¢ y -
7 -
/ -
VAR <
[ N \\\ \\\
\\\ \\
N \ 1
/
\J / / !
A // //
I v BV 4 IL-10
vl } ,’ E Z IL-2, IL-9
L : z
I e * Immune suppression « ILCs/ T cell proliferation
“\ ‘\ // // // o ® + Mast cell activation
1 H ’r /, // //
il gy GM-CSF
o /
Z0 7 A Stimulated by - unroun .
s V2 / . .
y
~ " _epidermal alarmins S
5, =7 - Th2 differentiation
s s -7
/o (TSLP, IL-25, IL-33)
S
,
- . IL-6
. +Make Type 2 cytokines = s

+1L-4, IL-5,I1L.-13
+Make IL-9 too

+Enhance Type 2
allergic response in
atopic dermatitis

- Eosinophilia
- B1 cell proliferation

Amphireglin IL-13

+ Goblet cell hyperplasia

+ M2 Macrophage induction
* Stem cell maintenance

+ Epithelial cell/ Fibrocyte proliferation

Homeostasis Inflammation

IgA induction Helminth expulsion

Sustention of M2 macrophage Exacerbation of allergic diseases
B1 cell proliferation Tissue repair

Effector Functions of ILC2

https://www.ims.riken.jp/labo/56/index.htm|

i

56
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57
—\:\\\\ Veterinary Immunology and Immunopathology 221 (2020) 110015
Fy )
(!
\\\ I\ i Contents lists available at ScienceDirect
(B
v
1 /l .
s % Veterinary Immunology and Immunopathology
/’////f/’i/ , E'L_S[i\"[ER journal homepage: www.elsevier.com/locate/vetimm
Elevated circulating Th2 but not group 2 innate lymphoid cell responses ) ;
characterize canine atopic dermatitis e /
I
Simon P. Frith?, Mridusmita Saikia®, Jeremy Eule?, Christina A. Mazulis®, Julia E. Miller®, /f
Joby M. Cowulich®, Oyebola O. Oyesola®?, Lauren M. Webb®?, Seth A. Peng®, Rebecca L. Cubitt?, 4 //
Charles G. Danko”, William H. Miller®, Elia D. Tait Wojno™®* //' J
///// //
v ILC2 function in the tissue not the blood ey
v All dogs tested had chronic disease
v" Small numbers
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Type 2 responses are not just
restricted to T cells
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The mia,riy_factors that impact atopic
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S chromosomes

Genes contain
instructions
for making
proteins

Genetics

Lots of genes involved!

Table 1. Main groups of genes associated with atopic dermatitis (AD) pathogenesis [5-7,9,10,12,23-32].

Pathological Process in AD Example of Genes Involved

I Filaggrin, filaggrin 2, hornerin
Corneodesmosomal genes (desmoglein, desmocollin) and tight junction genes
(claudins, ocludins)
Epidermal barrier genes Epidermal protease genes (kallikreins, cathepsins, caspase 14), and their
inhibitors (SPINKS, Cystatin A)
OVOL1 (ovo like transcriptional repressor)—transcription factor that
regulates FLG expression
Genes of the innate immune mechanisms TLR1, TLR2, TLR4, TLR6, TLR9, TLR10, CD14, NOD1 and defensins (DEFBI)
Genes of receptor subunits for IgE (FceRI e i FCeRI-¥)
Genes of Th2 response: IL-4, -5, IL-13, IL2RA, IL-13RA IL-5RA, TSLPR,
Genes of the adaptive immune mechanism IL4R, IL-18, IL-31
Other genes of Th bias [L174, TNFa, IL-22
Treg genes: STAT-6, FOXP3, LRRC32

Genes encoding alarmins produced by keratinocytes  IL-25, TSLP, IL-33
Genes regulating DNA methylation KIF3A /
Genes regulating vitamin D pathways CYP27A1, CYP2R1, VDR

From: Nedozytko B et al. Genetic and Epigenetic Aspects of Atopic D

ftis. Tt J Mol Sci 2020
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One Remarkable Molecule: Filaggrin

Sara J. Brown' and W.H. Irwin McLean'

Contribution to
stratum corneum
structure and
function

Stratum
corneum
hydration

J Invest Dermatol 2012; 132:751

Acidification &

Figure 3. Profilaggrin, filaggrin, and their constituent amino acids are
multifunctional proteins contributing to the formation and function of the
skin barrier. Diagram summarizing the known and possible functions of

profilaggrin, filaggrin, and amino acids released by filaggrin proteolysis. 7
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1
1
/1)
/), REVIEW & OPEN ACCESS | Checkforupates |
////////
~~ .~ Update on canine filaggrin: a review
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S
S

-~ Daniel Combarros*® @, Marie-Christine Cadiergues*® ( and Michel Simon®

2UDEAR, Université de Toulouse, INSERM UPS, Toulouse, France; bUniversité de Toulouse, ENVT, Toulouse, France //
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/ // /
“Many questions remain about the involvement of
filaggrin in canine atopic dermatitis.” Py
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Epigenetics

+ How the environment alters gene
expression

4+ 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

Air pollutants ,

-
Antigens
»* x #* Scratching

Innervation by
/ sensory nerves

Enhanced
sensitization

69
/ N \
EPIGENETIC MECHANISMS HEALTH ENDPOINTS

o are affected by these factors and processes: « Cancer
0N « Development (in utero, childhood ) o5 « Autoimmune disease
) i « Environmental chemicals « Mental disorders
| Lo « Drugs/Pharmaceuticals « Diabetes

Vi / -+ Aging

[ Diet

L CHROMATIN o So N

I // // // 5 % 4

g i, -

07 9
oy CHROMOSOME

@ METHYL GROUP

DNA methylation

Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
and activate or repress genes.

ISTONE TAIL

Histones are proteins around which | HISTONE
DNA can wind for compaction and

gene regulation.

DNA inaccessible, gene inactive

HISTONE TAIL

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA

En.Wikipedia.org

to be activated.
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Why do | need to know this?!
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> Immunogenetics. 2020 May;72(4):241-250. doi: 10.1007/s00251-020-01162-w.

Epub 2020 Mar 26.

Identification of differentially expressed microRNAs
in the skin of experimentally sensitized naturally
affected atopic beagles by next-generation
sequencing

Domenico Santoro ', Antonio Di Loria 2, Teresa Mirante 2, Duarte Mendes Oliveira 3,
Carmelo Laudanna 2 4, Donatella Malanga 2 3, Vincenzo Dattilo &, Enrico laccino 3,

Rosanna Marsella 7, Paolo Ciaramella 2

Initiation and
progression of disease
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Lennie,
Dr. Alan Irvine’s dog

PRIMER I

’Atopic dermatitis

Stephan Weidinger'*, Lisa A. Beck?, Thomas Bieber®*, Kenji Kabashima®
and Alan D. Irvine®”*

Nature Reviews Disease Primers 2018; 4:1

75

- Nonlesional skin
Xerosis Courtesy, Alan Irvine

« Immune dysregulation
« Skin barrier dysfunction
« Subclinical inflammation

Staphylococcus
aureus  Allergens

“Skin alarmins’
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/
Blood vessel [
AD, atopic dermatitis; IL, interleukin; ILC2, type 2 innate lymphoid cell; Th, helper T cell; TSLP, thymic stromal lymphopoietin. .
Adapted from Weidinger S et al. Nat Rev Dis Primers 2018;4:1, with permission from Springer Nature Publishing AG. Cou r'tesy, Alan Irvine
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Changes that contribute to barrier
dysfunction

Altered
composition and
organization of
lamellar layers

Reduced Imbalances in
expression of B protease/protease g

structural proteins inhibitors

Dysbiosis with
increased
pathogenic
staphylococci

Reduced
S cXpression of tight S
junction proteins

Altered lipid

metabolism
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// Paul J. McGill, BSc,® Keith C. Wu, MRes, BM, BCh, PhD,* Michael J. Donaldson, PhD,® and )
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Clinical
Phenotype

Immune
Polarization

Epidermal
Barrier

European
American AD

Asian AD

African
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What about the itch?
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Table 1. Peripheral Mediators and Neuronal Receptors of Itch

Peripheral and Central Mechanisms of ltch

Xintong Dong’+* and Xinzhong Dong’2*

"The Solomon H. Snyder Department of Neuroscience and the Genter for Sensory Biology, Johns Hopkins University School of Medicine,

Baltimore, MD 21205, USA

2Howard Hughes Medical Institute, Johns Hopkins University School of Medicine, Baltimore, MD 21205, USA
*Correspondence: xdong1@jhmi.edu (X.D.), xdong2@jhmi.edu (X.D.)
https://doi.org/10.1016/}.neuron.2018.03.023

DRG Neuron
,/ Molecular Mediator Main Cellular Source Neuronal Receptor lon Channel Subtypes Cause of ltch
///' Histamine mast cells H1R, H4R TRPV1, TRPV4 NP2, NP3 insect bites, dermatitis
jj Serotonin (5-HT) mast cells, keratinocytes HTR7, HTR2 TRPA1, TRPV1, NP3 atopic dermatitis
1 TRPV4
_ Proteases mast cells, plants PAR2, MrgprC11 TRPA1, TRPV1 NP2 cowhage, dermatitis
TSLP keratinocytes TSLP receptor TRPA1 atopic dermatitis
(IL-7Ra + TSLPR)
IL-31 Th2 T helper cells IL-31 receptor TRPA1, TRPV1 NP3 atopic dermatitis, T cell
(IL-31Ra+ OSMR) lymphoma
IL-33 keratinocytes IL-33 receptor TRPA1, TRPV1 NP2 allergic contact dermatitis
(IL-1RACP + ST2) atopic dermatitis
IL-4 and IL-13 Th2 cells, ILC2s, basophils 1-4Ra., IL-13Ra1 TRPA1, TRPV1 NP1, NP2, atopic dermatitis, chronic
NP3 idiopathic pruritus
Poly I:C, Imiquimod pathogens, drug TLRS3, TLR7 psoriasis, xerosis (dry skin)
BAMB8-22 peptide keratinocytes MrgprC11 TRPA1, TRPV1 NP2 xerosis (dry skin)
Chloroquine medicine in circulation MrgprA3 TRPA1, CNO1 NP2 drug-induced itch
B-alanine medicine in circulation MrgprD NP1 drug-induced itch
7/ / /7 7 _-
87
Skin : DRG : Spinal cord : Brainstem and higher brain centers
l l | €
MigpD | | i | O Descending
IL4RIL-13R . - f " .
; ; : modulations
MrgprA3 [l ' Tonic Inhibition | NRM
MigprC1 ' NP2 ' -
L3R : : il v ove
Itch — Histamine receptors ; . ! Chemical itch ! mm
IL4RILA3R ' ) ~\_prjectonneurons 1 {723 o
fikoats ' ' @ ._ = <O ]| A Ascending pathways to
S-HT receptors | | w_ é.w‘m !
Histamine receptors . : 4 . somatosensory cortex
IL-31IR ' ' 1 alamus i
LARLR | | % ) d___< and other brain centers
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| mechanical " T
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That's complicated! What

do I really need to know?

89

Itch cytokines directly act on sensory neurons

Histamine is less important for
the induction of itch in atopic

dermatitis
Histamine-dependent Histamine-independent to brain
’00‘. IL-4 @ IL-31@ Capsaicin © @TSLP
IL-13
o T o ET1
Histamine

GRPR |

neuron LCN2
Spinal
dorsal
horn

\ C fibres Astrocyte

The increased expression of pruritogens including TSLP, IL-4, IL-13 and IL-31 which signal via histamine-

independent molecular pathways is most important for induction of itch in atopic dermatitis

ET=endothelin 1; GPRP=gastrin-releasing peptide receptor; H1R/H4R=histamine H1/H4 receptor; IL=interleukin; LCN=lipocalin; TRPV=transient receptor potential cation channel subfamily V member; TSLP= thymic stromal
lymphopoietin; TSLPR= thymic stromal lymphopoietin receptor.
Weidinger S, et al. Nat Rev Dis Primers 2018;4(1):1
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How can we test what we believe
about immunopathogenesis of AD?

Monoclonal antibodies!
Monodlonal Antibody -

€ Cytokine IL-31

Barrier Defects : L | e~ . | Dysbiosis
- Barrier proteins, lipids, AMPS ==

o VQQRGETS IN ATOPIC DERMATITIS | Saureus

: ——
’,' P &-\—:::‘;

IL-4, IL-5, IL-13, i' - /.Y:r;y;\r)\

IL-31 T =2 -y -

» J 4
L

~ . o . L 3 ~
et Ly -
22
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Type 2 Cytokine:
114, 1L-5, 1L-13,

131

The immune

system is more
druggable!
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A very interesting paper!

FIOOOResearch F1000Research 2019, 8(F1000 Faculty Rev):132 Last updated: 01 FEB 2019

'.) Check for updates

REVIEW
Novel systemic therapies in atopic dermatitis: what do we need

to fulfil the promise of a treatment revolution? [version 1;
referees: 3 approved]

Helen Alexander 21, Thomas Patton?, Zarif K. Jabbar-Lopez!, Andrea Manca2,

Carsten Flohr!

95

SCORAD mean % change from baseline

SCORing Atopic Dermatitis - SCORAD _ )
Weeks Ciclosporin 2.7-5mg/kg (Schmitt et al,

0 4 8 12 16 Koppelhus et al, Bemanian et al, Granlund
et al, Pacor et al and Goujon et al)
Ciclosporin 2-2.5mg/kg (El-Khalawany et
al, Jin et al and Goujon et al)

Omalizumab —TX (El-Khalawany et al, Schram et al

and Goujon et al)
10

—pZathioprine (Schram et al)

Dupdlumab (Simpson et al, Thaci et al, ﬁnti-lL-4R(X

20 7 Blauvelt et al and de Bruin-Weller et al

PLACEBO

w—Omakzumab (lyengar et al)  Anti-IgE

ap 4 w—(epedinimah (Oldhoff &t al)  Anti-IL-5R

Ustekinumab (Khattri et al)  Anti-ILp40

Nemolizumab (Ruzicka etaland  Anti-IL-31R
Kabashima et al)

40

Baricitonib Baricitinib (Guttman-Yassky etal)  JAK1/2 inh

50 1 Fezakinumab (Guttman-Yassky et al) Anti-IL-22

Lebrikizumab (Simpson et al) Anti-IL-13R

60
Tralokinumab (Wollenberg et al)  Anti-IL-13R

Ciclosparin (high dasa) —— L ACEBO (mean plavelu dala o nuved

70 systemic trials)
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SCORAD ("SCORing Atopic Dermatitis") is a clinical tool for assessing the severity (i.e., extent, intensity) of atopic dermatitis as objectively as possible.

This free online application helps physicians and patients in the computation of the SCORAD. Donate
If you find this application useful you can help with the costs of hosting with a small contribution. v B

Area

Head and neck (9% BSA) O0% ©O25% O50% O75% O100%
Upper limbs (left) (9% BSA) O0% 0O25% O50% O75% O100%
Upper limbs (right) (9% BSA) O0% 025% O50% O75% O100%
Lower limbs (left) (18% BSA) O0% O25% O50% O75% O100%
Lower limbs (right) (18% BSA) O0% O25% O50% O75% O100%
Anterior trunk (18% BSA) O0% O25% O50% O75% O100%

Back (18% BSA) O0% O25% O50% O75% O100%
Genitals (1% BSA) O0% 025% O50% O75% O100%
Intensity

A representative area of eczema is selected. In this area, the intensity of each of the following signs is assessed as none (0), mild (1), moderate (2) or severe (3) (see [1]).

Redness 00 O1 O2 O3
Swelling 00 O1 O2 O3
Oozing / Crusting 00 O1 O2 O3
Scratch marks 0©0 O1 02 O3
Skin thickening (lichenification) ©0 O1 O2 O3
Dryness 00 O1 O2 O3

Subjective symptoms
Using a visual analogue scale where 0 is no itch (or no sleeplessness) and 10 is the worst imaginable itch (or sleeplessness).

Itch 00 O1 02 O3 04 O5 O6 O7 O8 O9 O10
Sleeplessness O0 O1 O2 O3 ©4 O5 O O7 O8 O9 O10

97
@E‘zggg%uon ABOUT ECZEMA v LIVING WITH ECZEMA v NEWS & STORIES v GET INVOLVED v RESEARCH v PROFESSIONALS v
Jan 4, 2021 JAK Inhibitors Are Coming and
They Are the Biggest Eczema
Development in Years
Jak b B Ak
98
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20

30

Pruritus mean % change from baseline

70

80

90

40 -

50 +

60

12 16 20

“Baricitinib

Weeks
24 28 32 36 40 44

48

Ciclosporin

52

Nemolizumab

Dupilumab

56 60 64

ww=(Ciclosporin (Harperetal - I tc h

and Koppelhus et al)

s \7athioprine (Meggitt et al
and Berth-Jones et al)

w==|ebrikizumab (Simpson et
al) b Pruritus VAS

==Mepolizumab (Oldhoff et al)

w=Nemolizumab (Ruzicka et al
and Kabashima et al)

-

wwss=Dupilumab (Beck et al,
Simpson et al, Thaci et al,
Blauvelt et al and de Bruin-
Weller et al)

“w==Baricitinib {Guttman-Yassky
et al)

\. Pruritus NRS

-

Figure 4.Treatment effectiveness: patient-reported severity measures. Mean percentage change from baseline in pruritus visual analogue
score (VAS) and pruritus numerical rating scale (NRS) for systemic agents for which these data were reported.

Weeks
0 12 16 20 24 28 32 36 40 44 48 52 I . f I of
0 ' » Quality of life
10
w===Dupilumab (Thaci et al, Simpson et al, Blauvelt
et al and de Bruin-Weller et al)
@ 20 1
% s p\zathioprine (Meggitt et al)
ﬁ Ustekinumab
g 30 ¢ s |_ebrikizumab (Simpson et al)
‘@
=4 40 s Baricitinib (Guttman-Yassky et al)
o
F =
5
ES w=Nemolizumab (Ruzicka et al and Kabashima et
! |
§ 50 al)
E | Jstekinumab (Khattri et al)
2
o 60
Dupilumab
70
Baricitinib
80 -
Figure 5. Treatment effectiveness: quality of life. Dermatology Life Quality Index (DLQI) mean percentage change from baseline for
systemic agents for which these data were reported.
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Su

mmary of efficacy in human AD

|
/ /

\\! ’/

Thmgs that worked well
7 +B|ock|ng IL-4 and IL-13

"7 +Dupilumab

+Blocking IL-13
+ Tralokinumab
+ Lebrikizumab

+Blocking IL-31
+ Anti-IL31Ralpha (nemolizumab)
+ Except Japanese adolescents and
adults

+ Anti-OSMRbeta (KPL-716)

-

’(COur‘resy Eric Simpson, RAD Dec 2020)

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

+ etokimab

+Blocking TSLP

+ tezepelumab

+Blocking IL-17C

+ MOR106
+Blocking adhesion molecule
OX40 ARS
mic—iie
+ KHK4083 Ty

k) B7.1
supert,
wpeemd | gr2

4-1BBL ==
TNF receplor L Ox40L =smm
s Ecmo =
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It's complicated ©

How does allergy
immunotherapy work?
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Biomarkers? Not yet!
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which comes first?

- Proposed mechanisms:

| S A
[ p / = Early e itization:
! +Very early R | i tor
/ ra / . . 2 degranulation
/' + desensitization of mast cells and g _gﬂiﬁv(g;gggcgnaphy'axis
o /" basophils to degranulation 5 el s
S g o
~ " +Days to months, T cell tolerance: 3 — Late desensiization:

/ 7 decrease in tissue mast cells
+ T regulatory cells i ralass of o o
/ + Altered ratio Th2:Th1 and cytokines S S Tavem

(SR
+Months to years 5 ©
+ Increase in blocking antibodies I
(allergen specific IgG4 and 1gG1) s
+ Decrease in allergen-specific IgE g e
+Decreased number of £ \
. . . e Type | skin test reactivity
inflammatory cells (eosinophils, o
. — Specific IgE
basophils, mast cells) —
e@b '55\ ’5(\ o(\i(‘ é(& 1-3 years
< 0\@6&0
J Allergy Clin Immunol 2013; 131:1288 s
104
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To understand allergy
immunotherapy we need to
understand the mechanisms
of immunological tolerance

105
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- Sublingual mucosa is more like skin
NiNe=e.
\
\\
':
g Y. Tanaka et al. / Journal of Oral Biosciences 61 (2019) 73-77
7/
s
7 Intestinal mucosa Oral (sublingual) mucosa
Saliva
z T - - - .
Mucus a Epithelium
| .l.. IRIRTT 3 |
0000 i
|
Lamina Lamina @ & Dermis /o
@ é& @ propria & & @ propria @ i
CD103* CD103* CD103* CD103" Macrophage CD103* CD103" Macrophage /I /
CD11b- CD11b* Macrophage CD11b- CD11b* CD11b- CD11b* /
cDC cDC cDC cDC cDC cDC )
— = . = /
(tolerogenic) (tolerogenic) (tolerogenic) )
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Sublingual mucosa

Antigen %

Sublingual duct

Submandibular lymph node

Naive CD4* T cell  Foxp3* Treg cell

TGF-p @ —>
RA Conversion
¥

Local and systemic
tolerance

Oral CD103-CD11b*

Afferent
lymphatic cbC
vessel
,/ \ AN \
\\ Sl N Multifactorial bal.
~o. N\ Vo
AN [
- v /o
0N [ / / N
L ) AV A Inflammation — — Allergen Tolerance
\ } : /// ,/// // /
SV VA -4
\\ »‘ 5 ” // Ve J :II:-EZG IL-10
| /\ ’1 /l // // // Priming of type-2 immunity a i Balance with Th1 cells
T / GATA3 PDL1

Activation of epithelial cells

Antigen recognition
with immune activation

Pro-inflammatory
microenvironment

Type-2 epithelial
differentiation

IL-17 FOXP3
RORC2

IgE o 1964

CCL-26
IL-24 IL18
IL-33 IRF4

FIGURE 1 | The scheme s ilustrating distinct celular mediators that have been shown to be involved in the immune regulation in allergen-specific immune tolerance.
In green are shown genes that appear in the process of tolerance induction, in red are those that indicate a proalergic, inflammatory direction.

Reduced T cell activation

Antigen recognition
without immune activation

Anti-inflammatory
microenvironment

Epithelial homeostasis
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IL-10~‘
IL-10

Suppression of IgE

Induction of IgG4
IL-10
TGF-B,

Allergen-specific
immunotherapy,

High-dose
allergen exposure

Surface

Molecules Suppression by
CTLA4 cell contact
PD1

Early desensitization
Suppression of effector cells
Decreased Th2 cytokines
Fig. 2. Regulation of allergic immune responses following AIT. Allergen-specific CD4™ Treg cells are induced either as a consequence of a successful AIT or following high dose
allergen exposure. Treg cells have capacity to produce the regulatory cytokines; IL-10, TGF-8 and IL-35 and also express surface molecules such as CTLA-4 and PD-1, all of which
contribute to immune suppression of allergic responses. Treg cells suppress Th2 cells, eosinophils, basophils and can also induce allergen-specific Breg cells. The suppressive milieu

restricts IgE production while inducing production of IgG4 from B cells. Subsets of B cells, NK cells and ILCs with regulatory properties contribute to generation and conservation of
allergen-specific tolerance. (BAS, Basophils; EOS, Eosinophils; ILCreg, Regulatory innate lymphoid cells; NKreg, Regulatory natural Killer cells; Treg, Regulatory T cells.)

Current Opinion Immunology 2012; 24:700-706

Page 10
IL-10
CD27 cp27,, W 'FN-Y IL-10
A IFNy
) )
r Repetitive high Repetitive high
\_/ dose allergen dose allergen 1
IL-4

K 5 : ToR A Protective

Allergic MHCIl |} § cD70 TRRONRS

response Specific deletion of Induction of
K pathogenic Ty, 2 cells protective response @ . 1gG4
IL-13 IgA
IL-5 Apoptotic
Ty2cell
| Before Inmunotherapy | I During Immunotherapy | | After Inmunotherapy I
& é
(s, ) €« -
e ~ -
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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 L

+ Other? B 7
+Very low #'s patients i a

+Hi drop-out rates

111

Selection
criteria

‘when is it appropriate to
use AIT?

To my knowledge, we
have no guidelines

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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llergy immunotherapy
What is the evidence? Not much! o
113
; GI ucocor'ncmds
/‘/0/"' /,”//J /// /,/'/ Article
Concomitant Use Of Glucocorticoids During Allergen
Immunotherapy Upregulates 1110 Production By Peripheral
Blood Mononuclear Cells (pbmc)
; January 2007 - Journal of Allergy and Clinical Immunology 119(1)
DOI: 10.1016/j.jaci.2006.11.211
Authors: ;
Pawel Majak Joanna Jerzyniska Yy
% Medical University of t6dz Medical University of t6dz v
Piotr Ki
W. Stelmach ‘ h/;:drical:Tniversity of L6dz
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| can’t find much!
Effects on induction of Treg are mixed
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' JAKinhibitors
> Allergy. 2019 Sep;74(9):1814-1816. doi: 10.1111/all.13808. Epub 2019 May 20.
Supporting allergen-specific immunotherapy by

inhibition of Janus kinases

Jan Gutermuth 1, Carsten B Schmidt-Weber 2, Simon Blank 2

Affiliations + expand
PMID: 30953592 DOI: 10.1111/all.13808
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/////;;//// //// M Allergologie select, Vol. 5/2021 (108-118)
Use of biologics in allergen immunotherapy

Wolfgang Pfiitzner and Mathias Schuppe

Department of Dermatology and Allergology, Clinical-Experimental Allergology,
Allergy Center Hessen, University Hospital Marburg, Philipps-University Marburg

©2021 Dustri-Verlag Dr. K. Feistle

ISSN 2512-8957

DOI 10.5414/ALX02206E
e-pub: February 19, 2021

117

Other types of Anti-cytokine
immunotherapy? 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!
Canine Pipeline @KlndredBlO

Atopic Dermatitis in Dogs

Preclinical

Pivotal Study Approval
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Active vaccination against cy’rokmes

A new approach for allergic skin disease
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Treating insect-bite hypersensitivity in horses

(®) Check for updates

-~ with active vaccination against IL-5 A Placebo
= 5
|
' Antonia Fettelschoss-Gabriel, PhD,*® Victoria Fettelsch MSc,>PF Thoms, PhD,* Christoph Giese, PhD,®
Michelle Daniel, BSc,® Florian Olomski, MSc,® Jivko Kamarachev, MD,? Katharina Birkmann, DVM,® Maya Biihler, DVM,® 6
Martin Kummer, DVM,® Andris Zeltins, PhD,! Eliane Marti, DVM,? Thomas M. Kiindig, MD,? and g g 3
Martin F. Bachmann, PhD" Schlieren, Miinchwilen, Zurich, Niederuzwil, and Bern, Switzerland; Riga, Latvia; and Oxford, United 3 4
Kingdom g
// . -
P GRAPHICALABSTRACT J Allergy Clin Immunol 2018: 142:1194 g, S
| -©- Treatmentseason
i~ Therapeutic Vaccination against IL-5 reduces insect-bite hypersensitivity skin lesions Y, - Pre-season
rroerrr Ty
A e els O T S S S 09
4 FES S O S0t o
P . ell-5-CMVTT
g' (CMV: cucumber mosaic
- virus containing tetanus
toxoid epitope) B
elL-5-CMV.
\}(’ anti-ell-5 19G L
80m
%‘ Culicoides e
3 ° 60 [ :
AL 8,
% Allergen S
£=3 9 "]
c 40+
mild lesion s
S scvere lesion §
20
@Eosinophil 1 -e- Treatment season
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ORIGINAL ARTICLE
Drug Allergy, Insect Sting Allergy, and Anaphylaxis

Antonia Fettelschoss-Gabriel*2
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WILEY Allergy

Active vaccination against interleukin-5 as long-term
treatment for insect-bite hypersensitivity in horses

IBH Season
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80 Pre 80~ 1% 6IL-5-CMV,
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» Eosinophil levels in
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hypersensitvity
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Interleukin 31 in insect bite hypersensitivity—Alleviating
clinical symptoms by active vaccination against itch
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FIGURE 4 Efficacy of elL-31-CuMV, vaccine by reduction of lesion scores. A & B, Case report. A, IBH lesion scores of single horse
during untreated previous season (gray) and vaccination season (black). B, Antibody titer against elL-31 (left y-axis, black) and CuMV
(right y-axis, gray) of single horse. Vaccinations are indicated by arrows. C-E, Double-blind placebo-controlled randomized clinical study. C,
Monthly lesion score of placebo group during untreated (dotted gray line) and placebo-treated (continuous gray line) season. Statistics is only
indicated when significant. D, Monthly lesion score of vaccinated group during untreated (dotted gray line) and elL-31-CuMV__ vaccinated
(continuous black line) season. Statistics is only indicated when significant. E, Delta of monthly lesion scores after booster vaccination from
previous IBH season subtracted by placebo- or vaccine-treated season. Mid-season booster indicated by arrow
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Thanks For listening

Reach out if | can help

valerie.fadok@zoetis.com

fadokv@gmail.com
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