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Alzheimer disease attacks 
nerve cells in several 
regions of the brain.

A. Cerebral Cortex:  Involved in conscious 
thought and language.

B. Basal forebrain: Has large numbers of 
neurons containing acetylcholine, a 
chemical important in memory and 
learning.

C. Hippocampus: Essential to memory  
storage. The earliest signs of Alzheimer's 
are found in the nearby entorhinal cortex.



Definition of Oxidative Stress

1. Classic definition:  The production of 
reactive oxygen in excess of antioxidant 
mechanisms

2. Evolving definition:  Altered homeostatic 
balance resulting from oxidant insult.



Oxidative damage increases in 
Alzheimer disease
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In situ hybridization of mtDNA

Immunolocalization of Cytochrome oxidase 1 is increased in AD
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Mitochondrial components are 
increased in Alzheimer disease
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4977 bp deletion contains ATPase subunit 8, subunit 6, cytochrome-c oxidase subunit III, and 
NADH-coenzyme Q oxidoreductase subunit 3, 4 and 5.



Mitochondria components are in autophagosomes



Could the mitochondrial problem be related to reduced 
axonal transport?
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Mitochondrial Fission/Fusion Proteins are Changed in AD Brains

Control: n=12; AD: n=13
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Decreased DLP1 levels are found in AD fibroblasts



Reduction of DLP1 
levels in normal cell 
fibroblasts by iRNA 
affects mitochondria
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Figure 5Normal AD

Increase of DLP1 
prevents 
mitochondrial 
changes found in 
AD



Figure 7

AAPP plays a role in mitochondrial network collapse



Quantification of mitochondria length in a segment of neuronal process 
200 µm in length beginning from the cell body of neurons either 
overexpressing or knocking down mitochondria fission/fusion proteins. At 
least 500 cells were analyzed in each experiment for each cell line, 
experiments were repeated three times. (*p<0.05, student‐t‐test) 
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Mitochondrial Length in Neuronal Processes



N=5 for each

Mitochondria fusion is impaired by APP overexpression
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Tubulin DsRed‐Mono Mito‐AcGFP DAPi Merged

DsRed‐Mono vector

WT APP‐ DsRed‐Mono 

APPswe‐DsRed‐Mono

APPswe‐DsRed‐Mono
+ BACE inhibitor IV 
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Abeta Overproduction Underlies APP-Induced Mitochondrial Abnormalities



Conclusion



Amyloid plaque cores purified from 
brain demonstrate characteristic 
Congo red birefringence (A), are 
strongly reactive with antisera to Aβ
1-42 (B), but not with irrelevant 
antisera (C).  

A

B
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Spectra of plaque cores (B) are virtually 
identical to synthetic peptide (A). Intensity at 
1604 is indicative of Zn binding and at 1278 for 
Cu binding, both increased in purified cores.

B sheet

Zn binding
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Oxidative damage (8OHG, blue) decreases with increased 
amyloid - β (brown)
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Levels of neuronal 8OHG 
in AD decrease with:

A. increasing levels of amyloid
(p=0.002 in cases with ApoE 4 
and p=0.05 in cases lacking 
ApoE4) and

B. the duration of the disease
(p<0.03).

AD with ApoE4
AD lacking ApoE 4
Control



Levels of 8OHG immunoreactivity 
are significantly increased in 
familial AD cases (FAD ) cases 
(n=13, avg age 59 yr) compared 
with controls (n=15,avg age 66 yr).  
One presymptomatic case with PS-
1 mutation shows a similar level to 
average FAD cases (A).  

In (FAD) there is a significant 
inverse correlation of Aβ42 burden 
(B) but not with Aβ 40 (C).

Familial AD Cases

Aβ 42Aβ 42

Aβ 40



Aβ reduces 
copper-induced 
oxidation
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QuiescenceMitotic
Compentence

Cell Cycle
Abnormalities

Proliferation:
Cancer

Degeneration: 
Alzheimer Disease



Cell Cycle related Proteins in AD

Neurobiology of Aging, 21, 783-796, 2000

Causes or Consequences?



CaMKII promotor tTA

tetO MYCp

Dox

Activation
Inactivation

Establishment of a new animal model CaMKII-MYC mice 

MYC is specifically induced in cerebral cortical and 
hippocampal neurons by depletion of doxycyline

C-MYC (now referred to as MYC) is a member of a family of proto-oncogenes comprising C-
MYC, N-MYC, and L-MYC. MYC encodes a transcription factor that, as part of a heterodimeric 
complex with MAX, regulates the expression of a multitude of genes involved in regulating 
cellular proliferation and growth. Overexpression of MYC is commonly associated with 
tumorigenesis. Where MYC exerts its neoplastic function by inducing autonomous cellular 
proliferation and cellular growth, blocking differentiation, and inducing genomic 
destabilization.
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Cell Cycle Re-entry in CaMKII-MYC mice 
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Selective Neurodegeneration in CaMKII-MYC mice 
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Cognitive deficits in CaMKII-MYC mice 
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Summary
1. Oxidative damage is a major feature of 

Alzheimer disease.

2. Mitochondria abnormalities are critical to the 
oxidative abnormalities.

3. Aβ/AβPP are linked to mitochondrial turnover 
and oxidative balance.

4. Cell cycle abnormalities may be the second hit 
in Alzheimer disease.


