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Figure 3: DNA damage is elevated in the diseased human 
brain. Human brain tissue sections were immunoprobed 
with an antibody to H2AX.

Figure 4: Stress response is elevated in the diseased 
human brain. Human brain tissue sections were 
immunoprobed with an antibody to p53.

Figure 5: Activation of cell cycle proteins in the diseased 
human brain. Human brain tissue sections were 
immunoprobed with an antibody to Cyclin D1.

Figure 6: Activation of G1/S cell cycle proteins in the 
diseased human brain. Human brain tissue sections were 
immunoprobed with an antibody to pRb.
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Western Pacific Amyotrophic Lateral Sclerosis and Parkinsonism-Dementia Complex (ALS/PDC) is a prototypical neurodegenerative disorder whose 
etiology has been attributed to exposure to cycad plant genotoxins1. These genotoxins reportedly cause oxidation and alkylation of neuronal DNA that 
leads to genomic instability, inappropriate activation of cell cycle and DNA repair proteins, and eventually neurodegeneration2,3. These cellular changes 
induce senescence in neurons, which may trigger the neurodegenerative phenotype of ALS/PDC. The aim of this study was to determine if the 
pathological changes that occur in the cerebral cortex of Guam PDC patients are associated with increases in DNA damage, cell cycle proteins, and DNA 
repair proteins within neurons, markers of prior exposure to a genotoxin. Brain tissue sections from the cerebral cortex of a healthy control and 
subjects with Alzheimer disease with Lewy bodies (AD/LB), and Guam PDC were assessed for DNA damage and cell cycle changes using our IHC 
protocol. Sections were deparaffinized and rehydrated using xylene, ETOH, and deionized H2O. Antigen retrieval was performed with either citrate acid 
or tris base buffer at 60°C for 60 minutes. After cooling, the sections were blocked prior to incubating them overnight with a primary antibody (H2AX, 
p53, Cyclin D1, or pRb).  The next day, the immunoprobed sections were incubated with biotinylated IgG secondary antibody followed by blocking 
solution (BLOXALL®), and VECTASTAIN Elite ABC Reagent. The sections were then stained with NovaRed® for 10 minutes and mounted. Immunostained
sections were visualized under a microscope and analyzed for the intensity of nuclear NovaRed® staining. We observed elevated markers for DNA 
damage (H2AX), stress response (p53), and cell cycle changes (Cyclin D1 & pRb) in both AD/LB and PDC, but not healthy brain tissue. These findings  

support the  hypothesis that genomic instability is an important mechanism by which early life exposure to genotoxins triggers ALS/PDC. 

Despite the growing body of knowledge on the etiology 
of neurodegenerative diseases, many are sporadic and 
lack a heritable component, suggesting environmental 
insults play an important, but undefined role4. In 
support, the incidence of ALS/PDC in Guam, Japan, and 
West New Guinea has declined, and associations have 
been found including the decline in traditional use of 
the cycad plant for both food and medicine in these 
regions1. Cycasin, a genotoxin present in the cycad 
plant, is metabolized to methylazoxymethanol (MAM), 
which has been shown to induce neural injury2,3. The 
genotoxic stress induced by the plant neurotoxins 
causes downstream effects resulting in apoptosis, DNA 
repair, or cell cycle activation (Figure 1). Neurons, 
however, undergo terminal differentiation by 
withdrawing from the cell cycle, remaining

• Preliminary results indicate that all the targets were increased in
neurodegenerative diseased brain tissue, while these targets were not
found in healthy brain tissue.

• Brain tissue immunoprobed with the H2AX antibody indicates that double-
strand breaks (DSB) were more elevated in AD/LB than Guam brain tissue.

• Brain tissue immunoprobed for p53 indicates DNA damage response (DDR)
proteins were more elevated in AD/LB than Guam brain tissue.

• Brain tissue immunoprobed for cyclin D1 and phosphorylated Rb indicates
cell cycle proteins were more activated in AD/LB than Guam brain tissue.

•DNA damage, DDR, and activation of the cell cycle was more
prominent in the brain of AD/LB than Guam PDC patients.

•These preliminary findings support a role of environmental
genotoxins in the etiology of ALS/PDC.

•Studies are being conducted with additional PDC patients
(n=8) using other markers of DNA damage, DDR, and cell cycle
proteins to confirm these findings.

quiescent in G0 phase5. Reactivation of the cell 
cycle in post-mitotic neurons likely contributes to the pathogenic mechanism of ALS/PDC. Data 
from these preliminary studies will provide important insight into the underlying mechanism of the 

neurodegeneration in ALS/PDC as well as further elucidate the environmental trigger(s) of this 
and potentially other neurodegenerative diseases (e.g., AD).

Figure 2: IHC protocol using H2AX, p53, Cyclin D1, or pRb as a primary antibody.

Figure 1: Proposed mechanism of downstream 
effects of cycad genotoxin exposure. 


