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Risk	
  variants	
  in	
  innate	
  immune	
  receptor	
  genes	
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Risk	
  variants	
  in	
  adap@ve	
  immunity	
  genes	
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  AD,	
  Atopy	
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  2003	
  

Novak	
  N	
  et	
  al.,	
  JID	
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  2003	
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In	
  established	
  AD	
  
the	
  skin	
  barrier	
  is	
  
very	
  
dysfuncConal	
  
	
  
..both	
  at	
  
‘affected’	
  and	
  
‘unaffected’	
  skin	
  

AD	
  and	
  a	
  disrupted	
  skin	
  barrier:	
  which	
  
comes	
  first?	
  

What	
  does	
  geneCcs	
  tell	
  us?	
   SPINK5: gene structure and sites of  
mutations	
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Normal Epidermis 

Am J Hum Genet 85, 248–253, 2009 
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Conclusions	
  from	
  Mendelian	
  
geneCcs:	
  
	
  
Severe	
  inherited	
  	
  epidermal	
  
barrier	
  disrupCons	
  are	
  sufficient	
  
to	
  cause	
  AD	
  and	
  systemic	
  atopic	
  
manifestaCons	
  

Declan	
  Lunny	
  

 38:337-342, March 2006 

 38:441-446, April 2006 

39:650-­‐654,	
  April	
  2007	
  

From Ichthyosis Vulgaris…	



…to Atopic Eczema and Asthma	



Filaggrin	
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Irvine,	
  McLean,	
  Leung	
  NEJM	
  2011	
  

Filaggrin	
  staining	
  	
  
in	
  normal	
  skin	
  

Ichthyosis	
  vulgaris	
  &	
  
atopic	
  dermaCCs	
  	
  

• 	
  	
  ~1:10	
  people	
  of	
  European	
  origin	
  carry	
  1	
  filaggrin	
  null	
  mutaCon	
  
-­‐	
  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	
  mutaCons	
  
-­‐	
  They	
  have	
  no	
  filaggrin	
  protein	
  in	
  their	
  skin	
  
-­‐	
  They	
  have	
  severe	
  IV	
  and	
  a	
  very	
  high	
  risk	
  of	
  AD	
  

Filaggrin	
  	
  
granules	
  

Normal	
  skin	
  barrier	
  

No	
  filaggrin	
  	
  
granules	
  

DefecCve	
  skin	
  barrier	
  

Meta-Analysis: FLG and eczema 

Rodriguez	
  E	
  et	
  al.	
  JACI	
  2009	
  	
  

GeneCc	
  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	
  

1.5	
   3.3	
  1.0	
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Odds	
  Ra@o	
  is	
  x	
  5.4,	
  	
  
x	
  3.3	
  corrected	
  for	
  AD	
  

Proteolysis	



Profilaggrin	


(>400 kDa)	



Keratin filaments	



Processed 	


Filaggrin (37 kDa)	



Keratin aggregation	



Filaggrin	
  -­‐	
  filament	
  aggregaCng	
  protein	
  

Peptidyl arginine deiminases	



Citrullinated filaggrin	



Keratin aggregation	



“Natural	
  moisturizing	
  factor”	
  

Further proteolysis	



Hygroscopic amino acids	



Elias:	
  Tracer	
  Perfusion	
  Reveals	
  
Extracellular	
  Barrier	
  Defect	
  in	
  IV	
  

Nl	
  

-­‐	
  /	
  -­‐	
  

Filaggrin	
  
Knock-­‐
down	
  

Elias:	
  Abnormal	
  Lamellar	
  Bilayers	
  in	
  IV	
  
Account	
  for	
  Barrier	
  Defect	
  

Nl	
  

-­‐	
  /	
  -­‐	
  

10	
  repeats	
  

11	
  repeats	
  

12	
  repeats	
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FLG Index: Filaggrin copies expressed	
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  of	
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10	
  repeats	
  

11	
  repeats	
  

12	
  repeats	
  

or	
  

or	
  

10	
  repeats	
  

11	
  repeats	
  

12	
  repeats	
  

or	
  

or	
  

FLG Index: Filaggrin copies expressed	
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  of	
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Sanja	
  Kezic	
  
	
  
	
  
Grainne	
  O’Regan	
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Howell,	
  Don	
  Leung	
  JACI	
  2007	
  

PopulaCon	
  cohort	
  analyses:	
  penetrance	
  	
  of	
  
FLG	
  null	
  alleles	
  is	
  38-­‐42%	
  

•  That	
  is	
  to	
  say	
  approximately	
  60%	
  of	
  FLG	
  
null	
  allele	
  carriers	
  do	
  not	
  develop	
  atopic	
  
dermaCCs	
  

•  What	
  are	
  the	
  geneCc	
  and	
  environmental	
  
modifiers?	
  

Environmental	
  
influences?	
  

PLOS	
  Medicine	
  June	
  2008	
  



23/05/2014	
  

10	
  

Exposure	
  to	
  cat	
  increases	
  AD	
  risk	
  in	
  FLG	
  
mutaCon	
  carriers	
  

Environmental	
  
influences?	
  

Elder	
  siblings	
  and	
  daycare	
  exposures	
  increase	
  
AD	
  risk	
  in	
  FLG	
  mutaCon	
  carriers	
  

J	
  Allergy	
  Clin	
  Immunol	
  2010;125:1254-­‐60	
  

Filaggrin-­‐deficient	
  mice:	
  

41:602-­‐608	
  (2009)	
  

Padraic	
  Fallon,	
  Masa	
  Amagai	
  

ma'	
  vs	
  het	
  vs	
  wt	
  	
  
baseline	
  TEWL	
  

Fallon,	
  Nat	
  Genet	
  2009	
  

ma'	
  vs	
  het	
  vs	
  wt	
  	
  TEWL	
  
	
  post	
  ovalbumin	
  sensiCzaCon	
  

Fallon,	
  Nat	
  Genet	
  2009	
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Gene-environment interaction in Flg-deficient mice	



Caoimhe	
  Fahy,	
  Padraic	
  Fallon	
  

Mouse	
  models	
  

•  Importance	
  of	
  immune	
  acCvaCon	
  on	
  
exacerbaCng	
  pre-­‐exisCng	
  skin	
  barrier	
  defects	
  

•  Influence	
  of	
  immune	
  background	
  
•  Show	
  influence	
  of	
  environment	
  

GWAS Studies 

38kb 

939    975 

294    226 (families) 

1,363    2,739 

1,274    1,218 

cases    controls 

rs7927894	
  
p	
  =	
  7.6	
  x	
  10-­‐10	
  
OR	
  =	
  1.47	
  	
  
Intergenic!	
  
	
  

Independent	
  
replicaCon	
  by	
  
O‘Regan	
  JACI	
  
2010	
  	
  

Esparza and Weidinger Nat Genet 2009 

Also	
  idenCfied	
  in	
  
GWAS	
  for	
  CD	
  

First	
  European	
  genome-­‐wide	
  associa@on	
  study:	
  11q13.5	
  

KIF3A 

FLG/EDC ? 
OVOL1 

11q13.5 

MHC 

Second	
  European	
  GWAS:	
  KIF3A,	
  OVOL1,	
  ACTL9	
  

ACTL9 

Paternoster L et al. Nat Genet 2011 
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Chinese	
  GWAS:	
  TNFSF6B	
  

FLG 
TMEM323 

ZNF365 

TNFRSF6B ? 

-­‐  OR:	
  1.25	
  
-­‐  Signal	
  also	
  in	
  German	
  sample	
  
-­‐  Decoy	
  receptor	
  that	
  competes	
  

with	
  death	
  receptors	
  for	
  ligand	
  
binding	
  

-­‐  Acts	
  on	
  T-­‐cell,	
  dendriCc	
  cell	
  and	
  
macrophage	
  responses	
  	
  

-­‐  Increased	
  mRNA	
  expression	
  in	
  AD	
  
serum	
  

-­‐  7	
  other	
  genes	
  within	
  a	
  200kb	
  LD-­‐
block	
  

Sun LD et al. Nat Genet 2011 

Japanese	
  GWAS	
  

Hirota T et al. Nat Genet 2012 

Popula@on	
   Chromosome	
   Genes	
  

European	
   11q13.5	
   C11oRF£)/
LRRC32(GARP)	
  

Chinese	
   1p21.3	
  
5q11.1	
  
20q13.3	
  

FLG	
  
TMEM232/SLC25A46	
  
TNFRSF6B/ZGAPT	
  

European	
  Meta	
   11q13	
  
19p13.2	
  
5q31	
  

OVOL1	
  
ACTL9	
  
KIF3A/IL4/IL13	
  

Japanese	
   2q12	
  
3p21.33	
  
3q13.2	
  
6p21.3	
  
7p22	
  
10q21.2	
  
11p15.4	
  
20q13	
  

IL1RL1/IL18R1/
IL18RAP	
  
GLB1	
  
CCDC80	
  
The	
  MCH	
  region	
  
CARD11	
  
ZNF365/EGR2	
  
OR10A3/NLRP10	
  
CYP24A1/PFDN4	
  

European	
   1p21.3	
  
6p21	
  
5q31	
  

FL	
  
The	
  MCH	
  region	
  
RAD50/IL13	
  

Kabesch	
  Swiss	
  Medical	
  Weekly	
  	
  2012	
  

Greater	
  understanding	
  of	
  pathogenesis	
  
	
  Barrier	
  
	
  Innate	
  Immunity	
  
	
  AdapCve	
  Immunity	
  

	
  
Molecular	
  phenotyping/endophenotyping	
  
	
  
PredicCon	
  of	
  treatment	
  response	
  	
  
	
  
Targeted	
  and	
  novel	
  therapies,	
  may	
  post-­‐date	
  these	
  

therapies	
  being	
  developed	
  

AD	
  GeneCcs	
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