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Pathogenic Factors in Complex Disorders 



Alzheimer’s disease Biomarkers 
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 Pathogenic Mechanisms 

Neurodegeneration 

Epigenetics 

Genomics – Transcriptomics – Proteomics -- Metabolomics 



Major Risk Factors for Dementia 

Genomics 

Aging 



Major Risk Factors for Dementia 

Cerebrovascular Disorders Brain Trauma 



Major Risk Factors for Dementia 

Cardiovascular disorders 

Hypertension 

Atherosclerosis 



Major Risk Factors for Dementia 

Lipid Metabolism Alterations (Endogenous + Exogenous) 





Alzheimer’s disease Neuropathology 



Alzheimer’s Disease Microscopic Neuropathology 



Alzheimer’s Disease 

Genomic Factors 



Alzheimer’s disease-related genes 



APP Mutations 

http://www.cnsforum.com/content/pictures/imagebank/hirespng/APP_MUT_ALZ.png






Presenilin-1 (PSEN1) and 2 (PSEN2) Mutations 

http://www.cnsforum.com/content/pictures/imagebank/hirespng/PRESEN_MUT_ALZ.png


MAPT Mutations 





Pharmacogenomic Outcome 

Pathogenic 
Genes 

Mechanistic 
Genes 

Metabolic 
Genes 

Transporter 
Genes 

Pleiotropic 
Genes 

Age-related 
Neurodegeneration 
Cerebrovascular 
Epistatic 
Epigenetics 

Phenotype 
Modification 



Influence of APOE genotypes on Alzheimer’s disease-related phenotypes 
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APOE Genotype Distribution
APOE Distribution in Hypertension, Diabetes and Dementia

Cacabelos et al., EuroEspes Biomedical Research Center, 2000
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APOE Genotypes in CNS Disorders

C ANX DEP PSY STR AD PAR ADHD MIG EPI VD VE MS CVI BT CNN MR PTBS
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APOE-3/4
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APOE-2/2 0,32 0 0,24 0,62 0 0 0 0 0,46 0 0 0,26 0 0 0 0 0 1,89

APOE-2/3 7,3 7,72 7,64 13,58 4,48 7,79 12,33 9,52 6,91 9,86 7,07 6,05 23,81 7,97 0 8 8,7 11,86

APOE-2/4 1,27 1,05 1,67 1,23 2,98 1,3 1,37 0 1,84 0 1,52 1,58 0 0,73 9,09 0 1,74 0

APOE-3/3 71,11 74,74 74,22 63,58 74,63 54,55 65,75 76,19 66,82 66,2 48,99 70,79 61,9 73,19 81,82 68 64,34 67,8

APOE-3/4 18,41 15,09 15,27 20,37 17,91 30,3 17,81 14,29 22,13 23,94 35,85 18,68 14,29 15,94 9,09 24 24,35 16,96

APOE-4/4 1,59 1,4 0,96 0,62 0 6,06 2,74 0 1,84 0 6,57 2,64 0 2,17 0 0 0,87 1,69
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ANX:  p<0.001 v s AD, VD

DEP:  p<0.001 v s AD, VD

PSY:  p<0.005 v s AD;  p<0.001 v s VD:  p<0.04 v s VE

AD:  p<0.03 v s MIG;  p<0.001 v s VE;  p<0.03 v s PTBS

MIG:  p<0.002 v s VD

VD:  p<0.001 v s VE;  p<0.008 v s PTBS

VE:  p<0.05 v s MS

C: 315

ANX: 285

DEP: 419

PSY: 162

STR: 67

AD: 231

PAR: 73

ADHD: 42

MIG: 217

EPI: 71

VD: 198

VE: 380

MS: 21

CVI: 138

BT: 11

CNN: 25

MR: 115

PTBS: 59

Cacabelos et al (2010) 



Influence of APOE on  

 Lipid Metabolism 

  Vascular Disorders 

    and Atherosclerosis 
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APOE-Related Brain Atrophy
(Interventricular Distance)
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APOE-2/3:
Coefficients:
b[0]=5.4800741846
b[1]=0.0196996426
r ²=0.0434279644
p<0.02

APOE-3/4:
Coefficients:
b[0]=4.0586679692
b[1]=0.0509624861
r ²=0.1241445636

APOE-3/3:
Coefficients:
b[0]=5.987247629
b[1]=0.0142975485
r ²=0.0103624757
p<0.02

APOE-4/4:
Coefficients:
b[0]=4.6063241749
b[1]=0.0257681678
r ²=0.1701772747

APOE-Related Interhippocampal Distance
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APOE-4/4 Regression

APOE-2/3:
Coefficients:
b[0]=4.5294069752
b[1]=0.019962003
r ²=0.0854021514
p<0.07

APOE-3/4:
Coefficients:
b[0]=3.2660973695
b[1]=0.0481846056
r ²=0.1464911165
p<0.007

APOE-3/3:
Coefficients:
b[0]=4.2660548107
b[1]=0.0271146247
r ²=0.0681205867
p<0.002

APOE-4/4:
Coefficients:
b[0]=4.2594700049
b[1]=0.0193058039
r ²=0.2697134373

Brain Atrophy 

Cacabelos, 2005 



Control GDS-3 GDS-4 GDS-5 GDS-6 GDS-7 

APOE-2/2 APOE-2/3 APOE-2/4 APOE-3/3 APOE-3/4 APOE-4/4 

R. Cacabelos (2005) 



Basal Stimulation Recovery 
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APOE-APOB-APOC3-CETP-LPL HAPLOTYPES

Pentagenic (APOE-APOB-APOC3-CETP-LPL) Haplotypes
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APOE-Related Cholesterol Levels in 
Alzheimer's Disease
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APOE-Related Cholesterol Levels in Alzheimer's disease
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4/4-Age-CHO 

APOE-4/4

2/3-CHO	Coefficients:
b[0]	296,8884964086
b[1]	-1,3155209543
r ²	0,0614961018
N=91
p=0.01

2/4-CHO	Coefficients:
b[0]	211,7830586432
b[1]	-0,1123035646
r ²	3,5633503604e-4
N=16
p=0.94

3/3-CHO	Coefficients:
b[0]	237,8545448905
b[1]	-0,2423677477
r ²	1,9818335757e-3
N=650
p=0.25

3/4-CHO	Coefficients:
b[0]	273,5497013083
b[1]	-0,6884150806
r ²	0,0131909481
N=327
p=0.03

4/4-CHO	Coefficients:
b[0]	386,6497249148
b[1]	-2,0597327744
r ²	0,0801457995
N=53
p=0.04



Individual Response to Hypolipemic Treatment

Individual Cases
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Treatment:
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Therapeutic Response to Hypolipemic Treatment

Individual Cases
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LipAtor-CHO	Coefficients:
b[0]	215,0787570049
b[1]	7,2025060732e-3
r ²	4,3971306071e-3
N=1345

Basal-CHO	Coefficients:
b[0]	206,440576872
b[1]	0,0758600994
r ²	0,7748573497
N=1345
p<0.0014

Sex-Related Cholesterol Response to 
Atorvastatin + LipoEsar

Hypercholesterolemia in Alzheimer's disease
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APOE-Related Cholesterol Response to Hypolipemic Treatment

Alzheimer's Disease
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Tetragenic (CYP2D6-CYP2C19-CYP2C9-CYP3A4/5) Haplotypes
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CYP Haplotype-Related Blood Total Cholesterol Levels

Haplotypes
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Frequent CYP Haplotypes (>1%) in the Spanish population

Haplotypes
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R. Cacabelos, Expert Rev Mol Diag (2009) 



CYP2D6-Related Therapeutic Response in Alzheimer's Disease

Cognitive Performance in Extensive (EM), Intermediate (IM), 
Poor (PM) and Ultra-rapid Metabolizers (UM) 
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Cacabelos et al (2007) 



Interaction of CYP2D6 and APOE in the Pharmacogenetics of Alzheimer's Disease
Influence of APOE Genotypes on CYP2D6-Related Extensive (EM), Intermediate (IM) and Poor Metabolizers (PM)
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APOE-TOMM40 Region 
 1. Structural features of the APOE-TOMM40 region 
 2. APOE-related response to treatment 
 3. TOMM40-related response to treatment 
 4. APOE-TOMM40-related influence on therapeutic outcome 

Roses et al. Pharmacogenomics J , 2010 

19q13.32 
Intron 6 poly T repeats (rs10524523) 



APOE-TOMM40 Haplotype 

E6 E7 TTT…TTT 

Exon 6 Intron 6 

APOE 
Short (S): <19 poly T repeats 
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Translocase of Outer Mitochondrial Membrane 40 homolog  Apolipoprotein E 



APOE-TOMM40 Haplotype 

E6 E7 TTT…TTT 

Exon 6 Intron 6 

APOE 
Short (S): <19 
Large (L): 20-29 
Very Large (VL): >30  

APOEε2  
APOEε3  
APOEε4  

Alleles 

Genotypes 
S/S: 18.37% 
S/L: 7.83% 
S/VL: 38.80% 
L/L: 1.52% 
L/VL: 7.17% 
VL/VL: 26.31% 

ε2/ε2: 0%  
ε2/ε3: 8.26% 
ε2/ε4: 1.96% 
ε3/ε3: 51.52% 
ε3/ε4: 33.04% 
ε4/ε4: 5.22% 

19q13.32 

rs10524523 

Translocase of Outer Mitochondrial Membrane 40 homolog  Apolipoprotein E 
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TOMM40-Poly-T1 vs Poly-T2 Correlation
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TOMM40-PolyT1/T2 in APOE-2/3
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APOE-TOMM40 Haplotype-Related Pharmacogenetics 
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Conclusions 
A multifactorial treatment seems to be useful for 

patients with dementia in approximately 50% of the 
cases, stabilizing or improving cognitive deterioration 
for a transient period of time (<12 months). 

APOE-4 carriers are the worst responders and APOE-3 
carriers are the best responders to conventional 
treatments. 

TOMM40 poly T-S/S carriers are the best responders, 
VL/VL and S/VL carriers are intermediate responders, 
and L/L carriers are the worst responders to 
treatment. 
 



Conclusions 
Patients harboring a large (L) number of poly T repeats in 

intron 6 of the TOMM40 gene in haplotypes associated 
with APOE-4 are the worst responders to treatment. 

Patients with short (S) TOMM40 poly T variants (S/S 
genotype) and to a lesser extent S/VL and VL/VL carriers, 
in haplotypes with APOE-3 are the best responders to 
treatment. 

In 100% of the cases, the L/L genotype is exclusively 
associated with the APOE-4/4 genotype, and this 
haplotype (4/4-L/L) is probably responsible for an early 
onset of the disease, a faster cognitive decline, and a 
poor response to different treatments. 
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