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AD Genetics:
Possible benefits?

Greater understanding of pathogenesis
Prevent disease?

Molecular phenotyping

Targeted and novel therapies

Prediction of treatment response

Genetics of complex disease

LETTER

Genetics of rheumatoid arthritis contributes to
biology and drug discovery

Alist of authors and their affiliations appears at the end of the paper
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Biological genes
RA risk SNPs within the loci

ARTICLE

A Large-Scale Genetic Association Study Confirms /L712B
and Leads to the Identification of /L23R as Psoriasis-Risk Genes

Michele Cargill,*" Steven J. Schrodi,” Monica C

ang, Veronica E. Garcia, Rhonda Brandon,

Kristina P, Callis, Nori Matsunami, Kristin G. Ardlic,* Daniel Civello, Joseph J. Catanese,
Diane U. Leong, Jackie M. Panko, Linda B. McAllister,¥ Christopher B. Hansen, Jason Papentfuss,
Stephen M. Prescott,’ Thomas J. White, Mark F. Leppert, Gerald G. Krueger, and Ann B. Begovich

‘We performed a multitiered, case-control association study of psoriasis in three independent sample sets of white North,

IL-12, Independently of IFN-vy, Plays a Crucial Role in the
Pathogenesis of a Murine Psoriasis-Like Skin Disorder

Kenneth Hong,'* Alvina Chu,'* Bjérn R. Ludviksson,” Ellen L. Berg,* and Rolf O. Ehrhardt**

The onset of acute psoriasis and the exacerbation of chronic psoriasis are often associnted with a history of bacterial infection. We
demonstrate that while only few scid/scid mice develop disease when CD4*CD45Rb™E" T cells are transferred alone, coadmin-
istration of LPS plus IL-12 or staphylococeal enterotoxin B into scid/scid mice 1 day after CD4*CDASRb™S" T cell transfer greatly

iscase p severity. Most i y. the skin lesions induced by this method exhibit many of the histologic
hallmarks observed in human psoriasis. Skin infilirating CD4* T cells were predominantly memory/effector cells (CD4SRb'*") and
exhibited a highly polarized Thi phenotype. To test whether the development of pathogenic T cells was dependent on heir
production of IFN-y, we transferred IFN-y '~ CD4" CD4SRBY" T cells into scid/scid or into T, B and NK cell-deficient scid/beige
‘mice. Surprisingly, the incidence of psoriasis was similar to scid/scid animals that received IFN-y ™~ T cells, although acanthosis
of the skin was attenuated. In contrast, the development of psoriasis was abolished if anti IL-12 mAb was administered on day 7
and 35 after T cell transfer. Skin-derived IFN-y~ '~ inflammatory cells, but not cells from anti-IL-12-treated animals, secreted
substantial amounts of TNF-a, suggesting that the inflammatory effect of IFN-y ™'~ T calls may be partly exerted by TNF-a and
that the therapeutic effect of anti-IL 12 may depend on its ability to down-regulate both TNF-a and IF
suggest that IL-12, independently of IFN-y, is able to induce pathogenic, inflammatory T cells that are able to induce psoriasiform
lesions in mice. The Journal of Tmmunology, 1999, 162: 74807491

Overall, these results

Lancet, 1989 Jun 10;1(8850):1292-5.

Linkage between
Cookson WO, Sharp PA, Faux JA, Hopkin JM.
Oslor Chest Ui, Churchil Hospal, Oxford.
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asthma and rhinitis and chromosome 11q.

Nob2

Risk variants in innate immune receptor genes

Asthma, AD (?)
Eder W et al., JACI 2004
Ahmad-Nejad P et al. 2004, JACI

TLR1/6 TLR2 CD14TLRA . TLRS Weidinger S et al., JAC| 2006

1] .
| | . Asthma

Plasmamembrane Fageras M et al., JAC| 2004

- Weidinger $ et al., JACI 2006

Asthma, AD, IgE
Weidinger S et al., JAC| 2006
Hysi P et al. Hum Mol Genet 2006

Cytosol

NoD1

AD, Rhinitis, IgE
Kabesch M et al., JACI 2004
Weidinger S et al., Clin Exp All 2005

Endosom

AD, IgE
Novak N et al, Allergy 2007
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Risk variants in adaptive immunity genes

(Extrinsic) AD, Atopy
Kawashima T et al., ) Med Genet 1998
He JQ et al.,, Genes Immunol 2003
Novak N et al., JID 2002

AD, IgE
Liu X et al., JACI 2000
Tsunemi Y et al., ) Dermatol Sci 2003
He JQ et al., Gen Immunol 2003

Intrinsic AD
Novak N et al., JID 2002
He JQ et al., Gen Immunol 2003

AD, IgE
Weidinger S et al., ] Med Genet 2004
Schedel M et al., JACI 2004

AD and a disrupted skin barrier: which
In established AD comes first?
the skin barrier is
very
dysfunctional -4

..both at
‘affected’ and
‘unaffected’ skin

What does genetics tell us? SPINKS3: gene structure and sites of
4 mutations
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111 Serine Protease Activity in NS

REPORT

Loss of Corneodesmosin Leads to Severe
Skin Barrier Defect, Pruritus, and Atopy:
Unraveling the Peeling Skin Disease

Vinzenz Oji,18 Katja-Martina Eckl,238 Karin Aufenvenne,! Marc Nitebus,? Tatjana Tarinski,!
Katharina Ackermann,? Natalia Seller,! Dicter Metze,! Gudrun Niimberg,? Regina. Folster-Holst,S
Monika Schifer-Korting,4 Ingrid Hausser$ Heiko Traupe,! and Hans Christian Hennies27*

REPORT

Mutations in the Fatty Acid Transport Protein 4 Gene
Cause the Ichthyosis Prematurity Syndrome

Joakim Klar,! Martina Schweiger,2 Robert Zimmerman,® Rudolf Zechner,? Hao [4,3 Fans Torma,3
Anders Vahlquist,® Bakar Bouadjar,! Niklas Dahl,)* and Judith Fischers
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Calnexin (ER)
nature
genetics
Control
Desmoglein 1 deficiency results in severe dermatitis,
_ multiple allergies and metabolic wasting
Family A

Liat Samuelov!29, Ofer Sarig"2°, Robert M Harmon®2, Debora Rapaport?, Akemi Ishida-Yamamoto®,
Ofer Isakov3, Jennifer L Koetsier?, Andrea Gat®, Ilan Goldberg!, Reuven Bergman’*%, Ronen Spiegel8?,
Ori Eytan!19, Shamir Geller!, Sarit Peleg®! "1, Noam Shomron?, Christabelle $ M Goh!?, Neil ] Wilson'3,
Frances ] D Smith'3, Elizabeth Pohler!?, Michael A Simpson'4, W H Irwin McLean'3, Alan D Irvine!5-17,
Mia Horowitz?, John A McGrath'®, Kathleen ] Green®!® & Eli Sprecher!10

Conclusions from Mendelian
genetics:

Severe inherited epidermal
barrier disruptions are sufficient
to cause AD and systemic atopic
manifestations

Filaggrin

38:337-342, March 2006

f-function mutations in the gene encoding filaggrin
is vulgaris

From Ichthyosis Vulgaris...

38:441-446, April 2006

Common loss-of-function variants of the epidermal
barrier protein filaggrin are a major predisposing
factor for atopic dermatitis

...to Atopic Eczema and Asthma

‘nature
g&’l el 39:650-654, April 2007

Comprehensive analysis of the gene encoding filaggrin
uncovers prevalent and rare mutations in ichthyosis
vulgaris and atopic eczema
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12 repeats.

Irvine, McLean, Leung NEJM 2011

» ~1:10 people of European origin carry 1 filaggrin null mutation
- They have only 50% of the normal amount of filaggrin protein in their skin
- They have dry skin and/or mild IV and a high risk of AD

* ~1:400 carry 2 filaggrin null mutations
- They have no filaggrin protein in their skin
- They have severe IV and a very high risk of AD

Filaggrin staining Ichthyosis vulgaris &
in normal skin atopic dermatitis Defective skin barrier

Normal skin barrier

No filaggrin

Filaggri
granules

granules

Meta-Analysis: FLG and eczema

Source of controls
‘population-based (cross-sectional] stucies
family studies -
cose-control studies using population controls| _
outpatients, known eczema status —-—
other
Phenotyping of cases
‘dermatologist's diagnoss, validated criteria ~®—
physicion's dagnosis, vaidated criera -
reported physician's diagnosis in he past —a—
otner — .
Case-control ratio
025 ——
02605 —
>05 —a—
Number of cases/families
>500 —
200500 ——
<200 —
Eczema severity _@_
predominantly moderate-severe
Predominantly mikt-moderate —
not reparted andlor nhomogeneous L

02 05 10 20 50
Odds Ratio

Genetic defects in the epidermis and
atopy: not limited to filaggrin

But what sets filaggrin apart is:

Common
Semi-dominant

Neither necessary nor sufficient to cause AD/
Systemic allergy

Asthma
(overall risk)

)

1.5

Asthma in the absence Asthma in the presence
of atopic dermatitis of atopic dermatitis

)

1.0 3.3
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Odds Ratio is x 5.4,
x 3.3 corrected for AD

Loss-of-function variants in the filaggrin gene are a
significant risk factor for peanut allergy

Sara J. Brown, MD,**“# Yuka Asai, MD,*'* Heather J. Cordell, DPhil,| Linda E. Campbell, MSe,” Yiwei Zhao, MD, PhD,*
Haihui Liao, MD, PhD,” Kate Northstone, PhD,* John Henderson, MD,* Reza Alizadehfar, MD, Moshe Ben-Shoshan, MD.,"
Kenneth Morgan, PhD," Graham Roberts, DM,' Laury J. N. Masthoff, MD,™ Suzanne G. M. A. Pasmans, MD, PhD,™
Peter C. van den Akker, MD," Cisca Wijmenga, PhD," Jonathan O’B. Hourihane, PhD,” Colin N. A. Palmer, PhD,”
Gideon Lack, PhD,” Ann Clarke, MD, MSc," Peter R. Hull, MD, PhD,% Alan D. Irvine, MD,"" and W. H. Irwin McLean, PhD,
DS¢®  Dundee. Newcastle-wpon-tyne. Bristol, Southampron, and London, United Kingdom, Dublin and Cork, Ireland, Montreal, Quebec,
and Saskatoon, Suskatchewan, Canada, and Utrecht and Groningen, The Netherlands

Filaggrin - filament aggregating protein

L 4 L4 Processed

Filaggtin (37 kDa)
ﬁ Proteolysis

Profilaggrin
(>400 kDa)

A
Keratin filaments

“Natural moisturizing factor”

ﬁ Further proteolysis

® 0 0 Citrullinated filaggrin
o

ﬁ Peptidyl arginine deiminases

Keratin aggregation

Elias: Tracer Perfusion Reveals
Extracellular Barrier Defect in IV

wtiwt

Filaggrin
Knock-
down

Elias: Abnormal Lamellar Bilayers in IV
Account for Barrier Defect

! el e A -

JOURNAL OF
INVESTIGATIVE DERMATOLOGY ORIGINAL ARTICLE

"2Open
Intragenic Copy Number Variation within Filaggrin
Contributes to the Risk of Atopic Dermatitis with a
Dose-Dependent Effect

Sara ). Brown'2?, Karin Kroboth', Aileen Sandilands!, Linda E. Campbell’, Elizabeth Pohler', Sanja Kezic',
Heather J. Cordell’, W.H. Inwin McLean' and Alan D Irvine’*




FLG Index: Filaggrin copies expressed

< 1000000000610 ,
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« 0000000000000 ,
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< 1000000000000 ,

Homozygous wild-type, no null mutation
FLG Index = 20-24

~89% of population
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FLG Index: Filaggrin copies expressed

< 1000000000000 ,
or

< 1000000000000, .
or

+:>

Heterozygous null mutation
FLG Index = 10, 11 or 12

>10% of population

(6066666666660

Filaggrin dose effect
160 - 10
1504
140 -
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120 -
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100 -

Homozygous null

Eczema 90
Odds 80 -
Ratio 70 -

| significant
eczema risk
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i e
[ S R
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Significant
eczema protection

Clinical Features

ADg

Palmar Hyperlinearity

4+Risk of Asthma
tSeverity

+Eczema Herpeticum

Clinical Features

ADyon.fi6

No Palmar Hyperlinearity

Lower Risk of Asthma

1 n

Biophysical Features

Severe Decrease in Natural
Moisturizing Factor (NMF)

Biophysical Features

Mild Decrease in Natural

Moisturizing Factor (NMF)

n 1

Stratum
Corneum

Granular
Layer

Spinous
Layer

Basal
Layer

Dermis

FLG-/- FLG +/- FLG +/+

Less Filaggrin
Expression

More Filaggrin
Expression

PCA+ UCA
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Expression
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w

Filaggrin (pg) Protein
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n=20 Copy Number Variation n=24 Howell, Don Leung JACI 2007
T
BJD
CLINICAL AND LABORATORY INVESTIGATIONS British Journal of Dermatology IL-17 dOWnreguIateS fllaggrln and affects keratinocyte eXpI’eSSiOn
Interleukin-22 downregulates filaggrin expression and of genes associated with cellular adhesion
affects expression of profilaggrin processing enzymes Danuta Gutowska-Owsiak', Anna L. Schaupp?, Maryam Salimi’, Tharini A. Selvakumar', Tess McPherson’,

Stephen Taylor® and Graham §. Ogg’
RC H,

D. Gutowska-Owsiak, A.L. Schaupp, M. Salimi, 5. Taylor* and G.S. Ogg

MRC Human Tenmumology Unit and *Computations! Biology Researck Group, Univesity of Oxfond, Weathera! Tnstitute of Masculor Medicine, johm Radchfle
Haspita, Oxford X3 935, TLK.

Summary
Population cohort analyses: penetrance of Environmental
FLG null alleles is 38-42% influences?
OPEN B ACCESS Frealy avallable anline PLOS mepicine
* That is to say approximately 60% of FLG Gene-Environment Interaction in the Onset of
null allele carriers do not develop atopic Eczema in Infancy: Filaggrin Loss-of-Function
dermatitis Mutations Enhanced by Neonatal Cat Exposure

Hans Bisgaard'”, Angela Simpson, Colin N.A. Palmer®, Klaus Bonnelykke', Irwin Mclean®, Somnath Mukhepadhyay®,
Christian B. Pipper’, Liselotte B. Halkjaer', Brian Lipworth®, Jenny Hankinson?, Ashley Woodcock?, Adnan Custovic®

* What are the genetic and environmental
modifiers?
PLOS Medicine June 2008
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Environmental
No FLG mutation FLG mutation influences?

10 Atopic dermatitis and skin disease
. . Elder siblings enhance the effect of filaggrin mutations on
5 o6 £ childhood eczema: Results from the 2 birth cohort studies
] & LISAplus and GINIplus
g o4 3
£ & Claudia Cramer, MSc,” Elke Link,” Maike Horster, BSc,” Sibylle Koletzko, MD,” Carl-P. Bauer, MD,** Dietrich Berdel, MD,"

02 - Andrea von Berg, MD,” Irina Lehmann, PhD," OIf Herbarth, PhD,’ Michael Borte, MD,*! Beate Schaaf, MD,™

Heidrun Behrendt, MD," Chih-Mei Chen, PhD,' Stefanie Sausenthaler, PhD, Thomas lilig, PhD,’
==t H.-Erich Wichmann, MD, PhD, Joachim Heinrich, PhD,’ and Ursula Krimer, PhD," for the LISAplus Study Group and the
00 GINIplus Study Group  Dilsseldory, Munich, Wesel, Leipzig, and Bad Honnef, Germany

Age (months)
N === 270 240 199
N s 2 w Elder siblings and daycare exposures increase

AD risk in FLG mutation carriers

Filaggrin-deficient mice:

nature

O 0]
gene (4]

A homozygous frameshift mutation in the mouse Flg
gene facilitates enhanced percutaneous allergen priming

4

Padraic Fallon, Masa Amagai

maft vs het vs wt maft vs het vs wt TEWL
baseline TEWL post ovalbumin sensitization
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Gene-environment interaction in Flg-deficient mice

(N
a

Caoimhe Fahy, Padraic Fallon
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Mouse models

* Importance of immune activation on
exacerbating pre-existing skin barrier defects

* Influence of immune background
* Show influence of environment

GWAS Studies

namre .
genetlcs

A common variant on chromosome 11q13 is
associated with atopic dermatitis

Jorge Esparza-Gordillo"15, Stephan Weidinger’ %, Regina Flster-Holst%, Anja Bauerfeind?,

Franz Ruschendorf?, Giannino Patone?, Klaus Rohde?, Ingo Marenhol rian Schulz'?,

‘Tamara Kerscher!?, Norbert Hubner?, Ulrich Wahnl, Stefan Schreibers”, Andre FrankeS, Rainer Vogler,
Simon Heath?, Hansjorg Baurecht*?, Natalija Novak!?, Elke Rodriguez*, Thomas Illig!", Min-Ae Lee-Kirsch!2,
Andrz¢j Ciechanowicz!3, Michael Kurek!, Tereza Piskackova's, Milan Macek's, Young-Ae Lee'? &

Andreas Ruether

First European genome-wide association study: 11q13.5

Also identified in
GWAS for CD cases | controls

975
226 (families)
2,739
1,218

logys(P)

57927894
p=7.6x10"°
P o8 OR=1.47
Intergenic!

Independent

P ) replication by

&° 38kb 0'Regan JACI
2010

Esparza and Weidinger Nat Genet 2009

Second European GWAS: KIF3A, OVOL1, ACTL9

o — FLG/EDC ?
: ovoL1
© |
g
2 ~ -
g
T
o~
o
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1 2 3 4 5 6 7 8 9 1 13 15 18 21

Chromosome

Paternoster L et al. Nat Genet 2011
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Chinese GWAS: TNFSF6B Japanese GWAS
AD1012:1382
o 12 1 L1ALI-IL18AT- MHC OR10A3-NLRP10
oo IL18RAP :
- OR:125 10 aLst ] ZnFass
700 - Signal also in German sample H : }
i ccocso cARD11 CYP24A1-PFDN4
- Decoy receptor that competes T 8 ; 2 .
sw] FLG INF365 with death receptors for ligand E
1213 TMEM323  roe2i2 binding S
a 5 sa22.1 TNFRSF6B[? - Acts on T-cell, dendritic cell and g?
L. 2001339 macrophage responses T
- Increased mRNA expression in AD
serum
- 7 other genes within a 200kb LD-
0
block ECv.1 §Cw.2 @C3 [Chrs ECh 5 @Ch6 WCN.7 @CT.8 @C
Ecnr. 1o@ cnr. 11 @ chr. 12l chv. 13 @ che. 14 @ chr. 15sE Chv. 16 M cnr. 17 W Chr. 18
| Cnr. 19 [ Cnr. 20 | Chr. 21 [ Chr. 22 [f Chr. X
Sun LD et al. Nat Genet 2011 Hirota T et al. Nat Genet 2012

[ Poputation | chromosome ___Genes____|
European 11q13.5 C110RF£)/ i
LRRC32(GARP) E -
Chinese 1p21.3 FLG (LR
5q11.1 TMEM232/SLC25A46 w113,
IL3ke, POED,
209133 TNFRSF6B/ZGAPT BB Eanyonsetasthma
European Meta 11913 ovoLl
19p13.2 ACTLY TR
5031 KIF3A/IL4/IL13 <
Japanese 2q12 ILIRL1/IL18R1/ i)/ \ Atople dermatitis
3p21.33 IL18RAP / e
3q13.2 GLB1 L2y Severe asthma. LRRC2 | paenmsy
6p21.3 €CDC8o 5
7p22 The MCH region \\ i V.
10921.2 CARDL1L N RN
11p15.4 ZNF365/EGR2 N 4 Allergic rhinitis
20q13 OR10A3/NLRP10 \ (e ——
CYP24A1/PFDN4 N \ -
European 1p21.3 FL "\lg/\/f;gf;y. >
6p21 The MCH region —_—
5031 RAD50/IL13
Kabesch Swiss Medical Weekly 2012
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