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Rheumatoid	
  Arthri0s	
  	
   Celiac	
  Disease	
   MI/CAD	
   Type	
  II	
  Diabetes	
  



Overlap	
  at	
  locus	
  and	
  disease	
  level	
  can	
  
provide	
  insight	
  into	
  biological	
  overlap	
  



Genome-­‐wide	
  Complex	
  Trait	
  Analysis	
  
(GCTA)	
  



Genome-­‐wide	
  Complex	
  Trait	
  Analysis	
  
(GCTA)	
  

Gene0c	
  similarity	
  should	
  correlate	
  with	
  phenotypic	
  similarity	
  



Genome-­‐wide	
  Complex	
  Trait	
  Analysis	
  
(GCTA)	
  

Gene0c	
  similarity	
  should	
  correlate	
  with	
  phenotypic	
  similarity	
  
	
  
Cau0on:	
  any	
  ar0fact	
  in	
  the	
  data	
  that	
  makes	
  cases	
  appear	
  
more	
  similar	
  to	
  other	
  cases	
  or	
  controls	
  more	
  similar	
  to	
  other	
  
controls	
  will	
  inflate	
  es0mates	
  of	
  heritability	
  (e.g.	
  batch	
  effects)	
  



Bivariate	
  models	
  to	
  es0mate	
  genome-­‐
wide	
  pleiotropy	
  between	
  disorders	
  	
  

Two	
  traits	
  
•  Trait	
  1	
  	
  =	
  Cases	
  and	
  controls	
  of	
  disorder	
  1	
  
•  Trait	
  2	
  	
  =	
  Cases	
  and	
  controls	
  of	
  disorder	
  2	
  
Traits	
  measured	
  on	
  different	
  sets	
  of	
  people	
  

	
  	
  –	
  linked	
  through	
  gene0c	
  rela0onships.	
  
	
  
Can	
  explore	
  gene0c	
  rela0onships	
  between	
  disorders	
  that	
  are	
  simply	
  not	
  
possible	
  with	
  family	
  data	
  
•  Low	
  prevalence	
  
•  Ascertainment	
  
•  Confounding	
  with	
  common	
  environment	
  
	
  
	
  

	
  
	
  
	
  



Gene0c	
  rela0onship	
  between	
  five	
  psychiatric	
  
disorders	
  es0mated	
  from	
  genome-­‐wide	
  SNPs	
  

Accepted	
  for	
  publica0on	
  in	
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SNP-­‐chip	
  gene0c	
  correla0on	
  
A	
  ra0o	
  of	
  es0mates	
  

SNP-­‐chip	
  heritabili0es	
  

Significant	
  

Thanks	
  to	
  the	
  PGC	
  cross-­‐disorder	
  group	
  
Naomi	
  Wray,	
  Hong	
  Lee	
  and	
  Ken	
  Kendler	
  	
  



Public	
  availability	
  of	
  full	
  results	
  



Implica0ons	
  for	
  future	
  of	
  GWAS	
  

•  Increased	
  meta-­‐analysis	
  will	
  iden0fy	
  
addi0onal	
  significant	
  loci	
  

•  Predic0ve	
  ability	
  will	
  con0nue	
  to	
  improve	
  as	
  
sample	
  size	
  increases	
  

•  Challenges	
  for	
  GWAS	
  catalog	
  include	
  the	
  
management	
  of	
  itera0ons	
  of	
  meta-­‐analyses	
  
and	
  presen0ng	
  robustness	
  of	
  results	
  

•  Increasing	
  uptake	
  of	
  full	
  result	
  hos0ng	
  



Leveraging	
  gene0cs	
  to	
  understand	
  
the	
  rela0onship	
  between	
  lipid	
  levels	
  

and	
  myocardial	
  infarc0on	
  
With	
  thanks	
  to	
  Ron	
  Do,	
  Mark	
  Daly,	
  
Sek	
  Kathiresan	
  and	
  the	
  Global	
  Lipids	
  

Consor0um	
  



Introduction	



•  In observational epidemiological studies:	



•      LDL-C is associated with     risk to CAD	



•      HDL-C is associated with     risk to CAD	



•       TG is associated with      risk to CAD	





Hazard	
  ra0os	
  of	
  coronary	
  heart	
  disease	
  across	
  
triglyceride,	
  HDL-­‐C	
  and	
  non-­‐HDL-­‐C	
  levels	
  

Di Angelantonio et al. JAMA. 2009.	





Observational epidemiology	



•  A limitation of observational epidemiological 
studies is that it is difficult to establish causal 
inference.	



•  Problem is exaggerated by correlation among 
TG, LDL-C and HDL-C.	





Mendelian	
  randomiza0on	
  



LDL-C and CAD	



LDLR SNP	

 Coronary artery 	


disease	



LDL-C	



Smoking	


Nutritional status	


Socio-economic position	





Plasma HDL cholesterol and risk of MI	



Figure 2   Association of LIPG  Asn396Ser with myocardial infarction in 116320 participants from 20 studies  In each study, the HDL-cholesterol-
raising serine allele was modelled.	



Benjamin F  Voight* , Gina M  Peloso*, Marju  Orho-Melander , Ruth  Frikke-Schmidt , Maja  Barbalic , Majken K  Jensen , .., Sekar Kathiresan.	



Plasma HDL cholesterol and risk of myocardial infarction: a mendelian randomisation study	



The Lancet Volume 380, Issue 9841 2012 572 - 580	





Plasma HDL cholesterol and risk of MI	



Odds	
  ra'o	
  (95%	
  CI)	
  
per	
  SD	
  increase	
  in	
  
plasma	
  lipid	
  based	
  
on	
  observa'onal	
  
epidemiology*	
  

Odds	
  ra'o	
  (95%	
  CI)	
  
per	
  SD	
  increase	
  in	
  
plasma	
  lipid	
  
conferred	
  by	
  gene'c	
  
score†	
  

LDL	
  cholesterol	
   1·∙54	
  (1·∙45–1·∙63)	
   2·∙13	
  (1·∙69–2·∙69),	
  
p=2×10−10	
  

HDL	
  cholesterol	
   0·∙62	
  (0·∙58–0·∙66)	
   0·∙93	
  (0·∙68–1·∙26),	
  
p=0·∙63	
  

Table 4. Estimate of the association of genetically raised LDL cholesterol or HDL cholesterol and risk of myocardial infarction using multiple 
genetic variants as instruments.	



Benjamin F  Voight* , Gina M  Peloso*, Marju  Orho-Melander , Ruth  Frikke-Schmidt , Maja  Barbalic , Majken K  Jensen , ... Sekar Kathiresan	



Plasma HDL cholesterol and risk of myocardial infarction: a mendelian randomisation study	



The Lancet Volume 380, Issue 9841 2012 572 - 580	





Genetics of lipids and CAD	



•  LDL-C 	

  CAD - YES	


•  HDL-C 	

  CAD – Not really	


•  TG	

        CAD - ??	
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Problems with mendelian randomization for 
TG and CAD	



•  Nearly all SNPs associated with TG are also 
associated with LDL-C and HDL-C	



Number of SNPs associated with	


 TG, LDL-C and/or HDL-C 	


(P < 0.001) are shown. 	





Methods	
  

•  We studied 185 SNPs at 157 loci with association P 
< 5 x 10-8 for TG, LDL-C, or HDL-C	



•  GWAS for lipids involves >180,000 individuals	


 	


•  GWAS for MI involves >95000 individuals	



•  We	
  examinedβTG,	
  βLDL-­‐C,	
  βHDL-­‐C,	
  withβCAD	





SNPs	
  with	
  consistent	
  direc0on	
  of	
  effect	
  for	
  
TG	
  and	
  LDL-­‐C	
  on	
  CAD	
  risk	
  

 	

  	

  	

 LDL-C	

 TG	

 CAD	



Gene	

 rs ID	

 A1	

 βLDL-C	

 P	

 βTG	

 P	

 βCAD	

 P	



TRIB1	

 rs2954022	

 A	

 -0.055	

 4x10-51	

 -0.078	

 2x10-124	

 -0.056	

 6x10-5	



MEF2B	

 rs10401969	

 T	

 0.12	

 2x10-60	

 0.12	

 3x10-76	

 0.11	

 2x10-4	





SNPs	
  with	
  opposite	
  direc0on	
  of	
  effect	
  for	
  TG	
  
and	
  LDL-­‐C	
  on	
  CAD	
  risk	
  

 	

  	

  	

 LDL-C	

 TG	

 CAD	



Gene	

 rs ID	

 A1	

 βLDL-C	

 P	

 βTG	

 P	

 βCAD	

 P	



 	


NFE2L3	


 	



rs4722551	

 T	

 -0.039	

 7x10-16	

 0.027	

 2x10-9	

 -0.033	

 0.23	



 	


GPAM	


 	



rs2255141	

 A	

 0.030	

 7x10-14	

 -0.021	

 1x10-8	

 -0.0076	

 0.63	



 	


SYT7	


 	



rs1535	

 A	

 0.053	

 3x10-43	

 -0.046	

 1x10-40	

 0.0019	

 0.90	





Effect of a SNP on TG, LDL-C and risk for CAD	



low−density lipoprotein cholesterol (beta)
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 (dots in red or black) tend to have	


consistent directions for both TG and 	


LDL-C (bottom left and top right 	


quadrants). 	





Approach to evaluate the effect of a SNP on three 
lipid fractions and CAD	



SNP	



LDL-C	



HDL-C	



TG	


CAD	



βHDL-C	



βTG	



βCAD	



βLDL-c	



1)  y = βx + b1	



2)  ey = βz + b2  	



x = βLDL-C	


y = βCAD	



	


z = βTG	





Approach	
  to	
  evaluate	
  the	
  effect	
  of	
  a	
  SNP	
  on	
  
three	
  lipid	
  frac0ons	
  and	
  CAD	
  

Model	

 Outcome	

 Predictor	

 Covariate	



1	

 βCAD	

 βLDL-C	

 -	


2	

 βCAD	

 βLDL-C	

 βHDL-C	


3	

 βCAD	

 βLDL-C	

 βTG	


4	

 βCAD	

 βLDL-C	

 βHDL-C, βTG	


5	

 βCAD	

 βHDL-C	

 -	


6	

 βCAD	

 βHDL-C	

 βLDL-C	


7	

 βCAD	

 βHDL-C	

 βTG	


8	

 βCAD	

 βHDL-C	

 βLDL-C, βTG	


9	

 βCAD	

 βTG	

 -	


10	

 βCAD	

 βTG	

 βLDL-C	


11	

 βCAD	

 βTG	

 βHDL-C	


12	

 βCAD	

 βTG	

 βLDL-C, βHDL-C	





Associa0on	
  of	
  the	
  strength	
  of	
  a	
  SNP’s	
  effect	
  on	
  plasma	
  
lipids	
  with	
  its	
  strength	
  of	
  effect	
  on	
  CAD	
  risk.	
  	
  

Model	

 Outcome	

 Predictor	

 Covariate	

 Beta	

 SE	

 P	



1	

 βCAD	

 βLDL-C	

 -	

 0.41	

 0.039	

 4x10-20	


2	

 βCAD	

 βLDL-C	

 βHDL-C	

 0.38	

 0.039	

 9x10-19	


3	

 βCAD	

 βLDL-C	

 βTG	

 0.40	

 0.034	

 1x10-23	


4	

 βCAD	

 βLDL-C	

 βHDL-C, βTG	

 0.38	

 0.034	

 2x10-22	


5	

 βCAD	

 βHDL-C	

 -	

 -0.18	

 0.052	

 0.0006	


6	

 βCAD	

 βHDL-C	

 βLDL-C	

 -0.12	

 0.041	

 0.005	


7	

 βCAD	

 βHDL-C	

 βTG	

 -0.09	

 0.048	

 0.057	


8	

 βCAD	

 βHDL-C	

 βLDL-C, βTG	

 -0.04	

 0.037	

 0.35	


9	

 βCAD	

 βTRIGLYCERIDE

S	


-	



0.44	

 0.074	

 2x10-8	


10	

 βCAD	

 βTRIGLYCERIDE

S	


βLDL-C	

 0.42	

 0.057	

 5x10-12	



11	

 βCAD	

 βTRIGLYCERIDE
S	



βHDL-C	

 0.36	

 0.074	

 3x10-6	


12	

 βCAD	

 βTRIGLYCERIDE

S	


βLDL-C, βHDL-C	

 0.36	

 0.057	

 1x10-9	





Associa0on	
  of	
  SNPs	
  with	
  opposite	
  effects	
  of	
  LDL-­‐C	
  and	
  
TG	
  on	
  CAD	
  effect.	
  	
  

Trait	

 Beta	

 SE	

 P	



βLDL-C	

 0.23	

 0.17	

 0.20	



•  N=58	
  SNPs,	
  	
  (0	
  <	
  βLDL-­‐C	
  <	
  0.1	
  and	
  -­‐0.1	
  <	
  βTG	
  <	
  0)	
  or	
  (-­‐0.1	
  <	
  βLDL-­‐C	
  <	
  0	
  and	
  0	
  <	
  
βTG	
  <	
  0.1)	
  	
  

•  	
  	
  
•  The	
  associa0on	
  of	
  βLDL-­‐C	
  on	
  βCAD	
  is	
  not	
  significant	
  aler	
  restric0ng	
  to	
  SNPs	
  

with	
  opposite	
  direc0ons	
  of	
  βLDL-­‐C	
  and	
  βTG,	
  sugges0ng	
  that	
  the	
  CAD	
  
associa0on	
  is	
  amenuated	
  due	
  to	
  compe0ng	
  βLDL-­‐C	
  and	
  βTG.	
  	
  

	
  



Associa0on	
  of	
  SNPs	
  with	
  moderate	
  effect	
  on	
  TG	
  but	
  
minimal	
  effect	
  on	
  LDL-­‐C	
  on	
  CAD	
  effect.	
  	
  

Trait	

 Beta	

 SE	

 P	



βTG	

 0.51	

 0.11	

 0.00003	



•  N=44	
  SNPs,	
  (-­‐0.01	
  <	
  βLDL-­‐C	
  <	
  0.01)	
  and	
  (βTG	
  <	
  -­‐0.01	
  or	
  βTG	
  >	
  0.01)	
  
•  	
  	
  
•  The	
  associa0on	
  of	
  βLDL-­‐C	
  on	
  βCAD	
  is	
  not	
  significant	
  aler	
  restric0ng	
  to	
  SNPs	
  

with	
  opposite	
  direc0ons	
  of	
  βLDL-­‐C	
  and	
  βTG,	
  sugges0ng	
  that	
  the	
  CAD	
  
associa0on	
  is	
  amenuated	
  due	
  to	
  compe0ng	
  βLDL-­‐C	
  and	
  βTG.	
  	
  

	
  



Conclusions	
  

•  GWAS	
  is	
  improving	
  our	
  understanding	
  of	
  the	
  
gene0c	
  architecture	
  of	
  complex	
  traits	
  

•  Biological	
  rela0onships	
  between	
  different	
  
phenotypes	
  are	
  clearly	
  being	
  exposed	
  

•  As	
  sample	
  sizes	
  con0nue	
  to	
  increase	
  so	
  too	
  
will	
  the	
  number	
  of	
  significant	
  loci	
  for	
  common	
  
complex	
  disease	
  


