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Abstract RESULTS
Western Pacific Amyotrophic Lateral Sclerosis and Parkinsonism Dementia Complex 
(ALS/PDC) is an endemic prototypical neurodegenerative disorder in Guam, Japan, 
and West New Guinea with features similar to that of ALS, Parkinson disease and 
an Alzheimer-like dementia.   The etiology of this disease is reportedly due to 
exposure to environmental toxins (i.e., cycad genotoxins) that cause neural 
senescence following DNA damage and both cell cycle and DNA repair changes.  
The cerebral cortex and other brain regions of Guam PDC patients (n=9) from Dr. 
Pollanen were sectioned (Dr. Woltjer, Oregon Brain Bank) and the sections were 
examined by histological techniques for O6-methylguanine methyltransferase 
(MGMT), the protein that repairs O6-methylguanine DNA lesions.  Detection of 
these markers in the brains of Guam PDC patients would support the hypothesis 
that genotoxins play an important role in ALS/PDC.  Moreover, it would provide 
important insight into the neurodegenerative process in ALS/PDC and possibly 
other related sporadic neurodegenerative disorders.

To examine the role of MGMT in brain tissue , sections of the frontal cerebral 
cortex from a healthy patient (control), an Alzheimer patient with Lewy-bodies 
(AD/LB), and a patient with Guam Parkinson-dementia complex (PDC) was 
probed with an antibody to MGMT.  After each cortical section was 
deparaffinized, the section was treated with citric acid (pH-6.0) to unmask the 
MGMT (antigen retrieval). Then after blocking each section, a 1:200 dilution of 
MT 3.1 antibody against human MGMT was used according to the 
recommendations of the manufacturer (Santa Cruz Biotechnology). Afterward, 
the appropriate secondary antibodies were placed and then the slide was 
stained with NovaRed® to visualize the MGMT. Sections were the imaged on a 
Leica light microscope.  

• MGMT protein expression is abundant in the cerebral 
cortex of healthy patients and it was more prominent in the 
nucleus when compared to AD/LB and Guam PDC patients.  

• MGMT protein expression was predominantly observed in 
the cytoplasm of the cerebral cortex of AD/LB and Guam 
PDC patients compared to the healthy control.

• In support of recent studies, MGMT protein expression like 
its gene expression appears to play an important, but 
undefined role in AD and related eurodegenerative
diseases.

Study Methods

Results Summary

Conclusions
• This preliminary study provides important insight into the potential 

underlying mechanism of the neurodegeneration in ALS/PDC. 
• Despite the small number of cases, these studies provide additional support 

for altered MGMT gene expression in AD.
• Studies are currently underway to examine the brain of additional Guam 

PDC and AD/LB patients (3-5) to confirm the role of MGMT in 
neurodegenerative disease (AD, ALS/PDC) 

• Results from such studies will elucidate the putative environmental 
trigger(s) of this and possibly other neurodegenerative diseases (e.g., AD). 

References

Acknowledgements

1.  Spencer PS, Palmer VS, Kisby GE. Western Pacific ALS-PDC: Evidence implicating cycad genotoxins. J Neurol Sci. 2020;419:117185. 
doi:10.1016/j.jns.2020.117185
2.  H.L. Kumari, P.L. Kamat, S.M. D’Ambrosio, D.T. Witiak, G.E. Milo, A comparative study of dimethylhydrazine regioisomers and the methylazoxymethanol 
metabolite of 1,1- and 1,2-dimethylhydrazine in relation to transformation in human fibroblasts, Cancer Lett. 29 (1985) 265–275,
https://doi.org/10.1016/0304-3835(85)90136-3.
3.   F. Esclaire, G. Kisby, P. Spencer, J. Milne, M. Lesort, J. Hugon, The Guam cycad toxin methylazoxymethanol damages neuronal DNA and modulates tau 
mRNA expression and excitotoxicity, Exp.
4.   P.S. Spencer, V.S. Palmer, G.E. Kisby, Seeking environmental causes of neurodegenerative disease and envisioning primary prevention, Neurotoxicology 
56 (2016) 269–283, https://doi.org/10.1016/j.neuro.2016.03.017.
5.   C. Moh, J.Z. Kubiak, V.P. Bajic, X. Zhu, M.A. Smith, H.G. Lee, Cell cycle deregulation in the neurons of Alzheimer’s disease, Results Probl. Cell Differ. 53 
(2011) 565–576, https://doi.org/10.1007/978-3-642-19065-0_23. 
6. J. Chung, A. Das, X. Sun, D.R. Sobreira, Y.Y. Leung, C. Igartua, S. Mozaffari, Y.F. Chou, S. Thiagalingam, J. Mez, X. Zhang, G.R. Jun, T.D. Stein, B.W. 

Kunkle, E.R. Martin, M.A. Pericak- Vance, R. Mayeux, J.L. Haines, G.D. Schellenberg, M.A. Nobrega, K.L. Lunetta, J.M. Pinto, L.S. Wang, C. Ober, 
L.A. Farrer, Genome-wide association and multi-omics studies identify MGMT as a novel risk gene for Alzheimer's disease among women. Alzheimers
Dement. 2022 

7. Glen Kisby, Phd, Heaton Oakes,  David Beckett, Peter Spencer, PhD. MGMT, a risk factor for both genetic and environmental forms of dementia.
Alzheimer’s and Dementia: The journal of the Alzheimer’s Association. (Accepted publication)

We appreciate the support of Tammie McQuistan (Lab manager) 

Figure 2. MGMT protein expression is reduced in
the cerebral cortex of patients with Alzheimer
Disease and Guam PDC. Brain tissue sections probed
with antibody MT 3.1 and immunostained with
NovaRed® (Vector Labs) in the frontal cerebral cortex
of a non-neurological control (Control), an Alzheimer
patient with Lewy-Body disease (AD/LB) and a
patient with Guam Parkinson-Dementia complex
(PDC). Note that MT 3.1 staining was more
predominant in the healthy control than in either
diseased patients and it was primarily nuclear vs
heavier cytoplasmic in diseased brain cells (see
insets).

Scale Bar = 50 μm for both images and insets. 

Figure 1. Systematic outline of the steps taken to achieve the IHC results used in the study. 

Background
Recent studies have shown that the expression of MGMT, the gene that codes 
for the DNA-repair protein plays an important role in Alzheimer’s disease and 
possibly Western Pacific Amyotrophic Lateral Sclerosis. This hints to the role 
MGMT may have in hereditary or acquired conditions6. To support the cause 
of environmental insult, 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. 
Neurons, however, undergo terminal differentiation by withdrawing from the 
cell cycle, remaining  quiescent in G0 phase5. However, hereditary mutations in 
MGMT can disrupt the regulation of this quiescent state possibly leading lead 
to Guam ALS/PDC. The expression of MGMT protein can be visualized in the 
brain  via immunohistochemistry (IHC) using antibodies to MGMT (MT 3.1). 


