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Dementia 



Dementia  

 

• severe cognitive decline 

 

• age related:   <1% under 65 

                         13% of those aged 65 

                         42% of those aged 85+ 

          

     US Medicare cost/year $189 billion by 2015 

     not including cost to family, friends, insurance 

         

         2nd  leading cause of death 

         2nd   most expensive medical problem amongst elderly 

 

    by 2050  US  1 in 30  will have dementia 

        will bankrupt Medicaid/Medicare if no treatment is   
 discovered  

 

 



 

 
Types of dementia 

 

Multiple infarct dementia (MID)(vascular dementia) 

• numerous small strokes 

• infarcts lead to brain damage 

• more abrupt onset, focal symptoms 

 

Alzheimers disease (AD) 

• half of all dementia cases 

 
1/3 of all dementia cases involve both AD and MID 

 
Other:       Pick’s disease,  frontotemporal lobe dementia 

 

- all except MID seem to involve tau gene, chr 17 

- chronic inflammation is a feature of aging brain and may play important 
role in several neurodegenerative diseases 

astrocytes normally suppress inflammation through activation of DRD2 receptors – 
new avenue of research into treatments 

 



Alzheimer’s disease (AD)  

• 50% of all dementia cases 

•  of top 10 causes of death, AD is the only one  with increasing mortality  

• early and late-onset types 

-symptoms very similar but progression swifter in early onset, same 

eventual outcome 

Disease progression: recent memory loss, irritability, poor concentration 

           loss of independence 

death usually within 4-6 years after diagnosis for late onset (range 3-20  

        years) 

• once symptoms appear extensive changes in the brain have already 

occurred         extensive amyloid peptide buildup, tangles of fibers,   plaques 

• disease thought to start much earlier than current diagnosis 
 

 

  



AD 

no effective treatment   

 current ‘treatments’: 5 drugs slow progress for 6-12 months in ½ of those 

treated   

no proven means of prevention 

 

definitive diagnosis used to be on autopsy 

now, brain imaging, spinal tap  90% accurate 

     spinal tap reveals b amyloid elevated 20-30 yrs before onset of 

symptoms  ie. at 10,20 yrs of age in early onset cases 

     late onset APOE4 carriers – brain function changes measured at 40 yrs 

of age, before any amyloid changes 

 

failure of new treatments thought to be because disease needs to be 

treated prior to symptom onset 

~ 58% heritability for late onset type       (early onset is single gene) 

         genes have slightly greater influence than environment 

 



Published online 25 January 2011 | Nature 469, 458 (2011) | doi:10.1038/469458a  
News 

Alzheimer's-disease probe nears approval 
Imaging technique could help to resolve questions about brain plaques associated with the condition. 
Heidi Ledford  

 

Flor betapir reveals amyloid plaque build-up (red) in the brain of someone with Alzheimer’s disease (bottom), which is 

absent in a healthy brain (top).ELI Lilly/Avid Radiopharmaceuticals 
An imaging agent that reveals a signature of Alzheimer's disease in the brain — given conditional support last week by advisers to the US 

Food and Drug Administration (FDA) — is likely to be more valuable to scientists than to patients. The agent, called florbetapir (Amyvid), 
enables physicians to determine whether Alzheimer's disease is the cause of a patient's dementia. In the future, it may also help them to 
catch the disease before obvious symptoms appear, a hope that has sparked fresh debate about the value of early diagnosis for a 
devastating, untreatable disease. The panel of advisers — whose guidance is usually, but not always, followed by the FDA — also stated 

that the test should not be given final approval until its developers demonstrate that clinicians can uniformly interpret its results. "The 
importance of the decision is probably bigger for research in the near future than it is for clinical practice," says William Thies, the chief 
medical and scientific officer of the Alzheimer's Association based in Chicago, Illinois, a nonprofit organization that funds research on 

Alzheimer's disease. Physicians diagnose Alzheimer's disease only after memory loss interferes with daily activities. By then, "there's so 
much irreversible damage that it might be too late to hope for an effective treatment", says Gil Rabinovici, a neurologist at the University 
of California, San Francisco. Definitive confirmation comes from autopsy, with the presence of characteristic lesions in the brain caused by 

clumps of the peptide amyloid-β. These amyloid plaques are hypothesized to be the cause of the memory loss. Some researchers already 
use a reagent called Pittsburgh Compound B to image amyloid plaques in people suspected to have Alzheimer's disease. The compound 
binds to the plaques, and its radioactivity can be detected using positron emission tomography. But the reagent is labelled with carbon-

11: with a half-life of just 20 minutes, its use is limited to the handful of facilities that have an on-site cyclotron to prepare it.  In contrast, 
florbetapir is labelled with fluorine-18  

http://www.nature.com/news/author/Heidi+Ledford/index.html


Early-onset form 

 

-    only 10% of Alzheimers cases are early onset 

- runs in families in a Mendelian way so clearly influenced by single genes  

- several single gene autosomal dominant mutations found 

- those with mutations will get AD, usually around 30,40 years of age 

- involves over-production of b amyloid 

 

plaques = areas of insoluble beta amyloid peptide 

    do not necessarily indicate areas of neuron damage 

    no agreement on how, or even if,  amyloid is toxic 

 

amyloid precursor cleavage      A b peptide (amyloid)           plaques 

   protein (APP)           accumulation 

    presenilin 1 and 2           Apo E4 

 dominant APP mutation 

       on chr 21  

 



Late-onset form 

 
- first degree relative risk = 50% (by age 85)   

-  prevalence = 42% 

 

- twin studies indicate a moderate genetic influence: 

  MZ concordance = 60% 

  DZ concordance = 30%        

                   h2 estimated 58% 

 

- thought to be caused by failure to clear b amyloid 

 

 

Etiology? 

bamyloid binds to normal prion protein  - in hippocampus this seems to 
be involved in LTP  learning & memory   abnormal Ab disrupts this? 

APP binds to apoptosis-inducing protein DR6(death receptor 6) to 

regulate natural degeneration (pruning) of neurons during development 

in later life, extracellular fragment of APP, working with DR6 and 

caspase6 produces neurodegeneration? 

 

 

 



Apolipoprotein E gene       chromosome 19 

 
- associated with nearly 50% of late-onset AD cases 

- typical association:   E4 allele found in 40% cases compared to 15% 
controls 

3 alleles :     

  E2   rare allele, protective effect on AD    (but homozygotes have > risk for cv  
         disease via high blood cholesterol) 

  E3   most frequent allele 

  E4   risk allele increases AD x6  (also increases atherosclerosis         heart attack  
        stroke) 

 

Genotype Frequency Mean age of onset      Risk of AD 

E4/E4  2% population              68       1 in 2 

 

E4/ -   15%   75       1 in 4 

 

no E4  83%   84       1 in 10 

 



TREM2 gene     chromosome 6 

• recently reported (Jonsson et al, NEJM, Nov 1012), independent 

replication reported in GWAS study 

• rare missense mutation 

• OR = 2.92 

• receptor on microglia, dendrites – role in inflammation 

risk allele thought to cause brain damage through inability to clear toxic 

products 

 

• mouse knock-out – reduced phagocytosis of apoptotic neurons 

                 overexpression  increases phagocytosis 

 

 

Several other rare, lower risk variants also identified by other  GWAS 

that also influence inflammation 







Summary - genes associated with  Alzheimers disease   

Chromosome    Gene      Onset           % cases                      Product 

                            type                          familial       all                     . 

  19                    QTL            60+                            40-50%           ApoE4 

     6                   QTL             60+                                                 TREM2 

   14                dominant     30-60         70-80%         5-10%       Presenilin 1 

                                                                                      (membrane proteins)  

     1                dominant     40-70             20%          2-3%         Presenilin 2 

 

    21               dominant      45-65            2-3%          <1%               APP 

                                                                              (amyloid precursor protein) 

+ 9 QTLs identified by SNPs for late-onset, all with very small effect 

For late onset:  ~33% of risk attributable to genetic effects has been 
identified 

Pathway analyses implicate cholesterol metabolism, innate immune 
response (inflammatory processes) 

 

no mouse model that shows all AD characteristics (+12 partial models) 

C elegans model worked on here , Chris Link lab                                                          





Environmental risk factors for late-onset AD, other forms 

of dementia and cognitive decline 
 

• overweight and/or diabetes in midlife 

                     increases risk of AD   x1.71   (Hassing et al, 2009) 

 
• poor nutrition  

         -  Swedish study:  low  B12 and folate levels linked to poor memory in     
 people with risk alleles for AD.   

        - 10% of older people have vit B deficiencies (low levels) 

 

• hearing loss 

 mild x2          moderate  x3         severe  x5     risk of dementia 

 controlled for age, diabetes, hypertension 

   

• social isolation 

 

• cardiovascular disease, hypertension 

 

 

 

 

      

     

             



Suggested preventative measures 

 
 

• physical exercise – strongest evidence 

• cognitive enrichment exercises 

• social activities 

• drink coffee? 

• melatonin? 

 

- these may increase chances of healthy brain – not shown to prevent 
 AD 

 

 

 




