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METABOLIC HYPOTHESIS OF AD – 4 TENETS

1. Metabolism function alterations (glucose and lipid) antedate structural change in AD brain
The brain is the most metabolically active organ in the body. An organ of 2% body weight uses: 
• 25% of total glucose
• 25% of total body free cholesterol pool
• 20% of whole body oxygen consumption

2. Decreased glucose metabolism is a cause not a consequence of neurodegeneration 
• Decreased Glucose >  decreased ATP> decreased ER/Golgi/Trans Golgi function (ER stress) > 

misfolded proteins (tangles and plaques)

3. Aberrant lipid metabolism a 3rd pathological hallmark of AD, impacts structure and function. 
The brain is half lipid.

• Alois Alzheimer (1906) noted a high occurrence of “adipose inclusions” (fat deposits identified 
as triglycerides in 2015)

• ApoE4 – strongest genetic risk factor

4. AD involves a massive positive feedback loop of altered glucose/lipid metabolism alterations and 
pathological sequelae - It is not a simple pyramid of cascading events.



METABOLIC APPROACH TO AD THERAPY 
DEVELOPMENT

1. Focus on the single most important regulator of brain functions – Insulin 

2. Correct resistance to this regulator which is inherent in AD and precedes AD symptoms

3. Systems Biology – Use a pluripotential drug target that can bypass multiple dysfunctional insulin 
signaling pathways

Insulin/IGF-1 Signaling
• Maintaining cognitive 

functioning
• Neuronal and glial functions

• Growth
• Metabolism
• Survival
• Gene expression
• Protein Synthesis
• Cytoskeletal Assembly
• Neurotransmitter Function
• Synapse Formation
• Plasticity

References: de la Monte SM (b). Brain Insulin Resistence and Deficiency as Therapeutic Targets in Alzheimer’s Disease. Curr Alzheimer Res 2012;9:35-66. 39. 
D’Ercole AJ, Ye P. Expanding the mind: insulin-like growth factor I and brain development. Endocrinology 2008;149:5958-5962.



METABOLIC HYPOTHESIS OF AD – ‘TYPE 3 
DIABETES’ CAUSING BRAIN ‘STARVATION’

Aberrant Metabolism due to Insulin 
Resistance – ‘Type 3 Diabetes’

Dysregulated Energy 
Homeostasis: Glucose 

Metabolism

Dysregulated 
Lipid Homeostasis: 
Lipid Metabolism

Beta Amyloid Plaques
Tau Tangles
Fat Deposits
Inflammation

Oxidative Stress
Neurotransmitter Deficits

Massive Positive Feedback Loop Driving Neurodegeneration



METABOLIC HYPOTHESIS OF AD IS CONGRUENT 
WITH THE PLAQUE HYPOTHESIS

Insulin Resistance Amyloid Plaque Formation

Dysregulated Glucose 
Metabolism

Dysregulated Lipid 
Metabolism

Decreased IDE-1 Activity Increase in Aβ
Decreased Insulin Signaling Increased secretion  of Aβ1-42
Decreased Insulin Signaling Decreased removal of Aβ oligomers

Increased Ceramide Increased BACE > Increase in Aβ
Increased Cholesterol Esters Increased secretion  of Aβ1-42
ApoE4 with  Aβ Cause formation of toxic oligomers
ApoE4 and  Aβ Compete for LRP1 > decreased Aβ removal
Decreased HDL Increased Aβ oligomerization



METABOLIC HYPOTHESIS OF AD IS CONGRUENT 
WITH THE PLAQUE HYPOTHESIS

Insulin Resistance Amyloid Plaque Formation

Dysregulated Glucose 
Metabolism

Dysregulated Lipid 
Metabolism

Insulin Resistance < Hyperinsulinemia Aβ binds to and blocks IDE-1
Increased BACE  increases insulin 
& Aβ biogenesis

Decreased Insulin Signaling Aβ binds to insulin

Increased Ceramide
Imbalance of Cholesterol & 
Cholesterol Esters

Aβ42 increases SMase

Insulin Resistance < Hyperinsulinemia

Decreased Insulin Signaling Aβ binds to insulin receptor

Aβ40 inhibition of HMG-CoA 
reductase

Imbalance of Cholesterol & 
Cholesterol Esters

APP regulation of cholesterol
metabolism 



METABOLIC HYPOTHESIS TESTING WITH      
T3D-959 – MECHANISM OF ACTION



T3D-959 – MECHANISM OF ACTION IN AD -
PPAR DELTA & GAMMA

Impaired Glucose Metabolism >  Insulin resistance –
PPAR delta/gamma > ↑ Insulin receptors, ↑ IRS-1, ↑ GLP-1, ↑ AMPK, activates AKT pathway, ↑ GLUT4

A. Energy blockade (mitochondrial dysfunction) –
B. PPAR delta/gamma > ↑ PGC1-a for mitochondrial biogenesis & oxidative capacity ↑ catalase, SOD1 & glutathione

B. Altered posttranslational modifications (glycosylation, phosphorylation, ubiquitination, methylation) > ER 
stress > misfolded proteins that lead to:

B1. Inflammation > JNK pathway activation, NFκB activation –
PPAR delta/gamma > ↓ JNK pathway & NFκB activation, ↓ AGEs, ↑ Adiponectin

B2. Structure/Function deficiencies >Lipid Metabolism > Cholesterol forms imbalance, toxic ceramides, altered 
sphingolipids, decreased myelin –
PPAR delta/gamma > ↑ reverse cholesterol transport, fatty acid oxidation & HDL, ↓ ceramides ↓ triglycerides, ↑ myelination

B3. Amyloid Plaques > 
PPAR delta/gamma > ↓ BACE1, ↑ Neprilysin & IDE-1, ↑ ABCA1, Microglia shift to M2

B4. Tau Tangles > 
PPAR delta/gamma > ↓ tau hyperphosphorylation



TRANSLATION OF SYSTEMS BIOLOGY TO THE 
CLINIC – ADAS-COG11 BLINDED PIONEER DATA 

PIONEER All cohorts pooled (15mg, 30mg, 45mg, Placebo)

PIONEER Interim Results

Blinded, grouped single  
average of: 
• 15mg T3D-959
• 30mg T3D-959
• 45mg T3D-959
• PLACEBO



TRANSLATION OF SYSTEMS BIOLOGY TO THE 
CLINIC – ADCS-CGIC BLINDED PIONEER DATA 

PIONEER Interim Results

Blinded, grouped single  
average of: 
• 15mg T3D-959
• 30mg T3D-959
• 45mg T3D-959
• PLACEBO0
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PIONEER all dose groups pooled
(placebo, 15mg, 30mg, 45mg)

Aricept 10mg/day

Aricept Placebo

Aricept 5 mg/day

PIONEER CGIC vs. Aricept CIBIC+

Markedly      Moderately      Minimally       No        Minimally      Moderately       Markedly
Improved       Improved       Improved         Change          Worse Worse          Worse



SUMMARY

 Complex Organ

 Complex Disease

 Will require a complex systems biology approach for 
discovering efficacious new therapies

 AD is too complex for one-off single pathology-specific 
targets
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