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Abstract  

Alzheimer Disease may result from excessive stimulation of the innate immune system from 

development of underlying opportunistic infections and impaired age related self-

recognition as non-self, due to immunodeficiency and immunosenescence, resulting in 

excessive inflammation and runaway Beta-amyloid production (a component of the innate 

immune system) causing cytosolic calcium overload. Excessive cytosolic calcium may cause 

over activation of calcineurin and inactivation of cis-trans prolyl isomerase (Pin1), with 

subsequent loss of dendritic spine maintenance, and synaptic destruction.  

Improving immune function, identifying and treating infections, avoiding runaway Beta-

amyloid production, inhibiting calcineurin in a manner similar to that utilized in preventing 

tissue transplant rejection, maintaining the negative feedback loop between regulators of 

calcineurin1 (RCAN1) and calcineurin, may lead to improved prevention and treatment of 

Alzheimer Disease and Down’s syndrome. 
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1. Introduction 

Alzheimer’s disease (AD) continues to be a debilitating condition, despite enormous efforts to 

develop treatments, based primarily on the Beta-Amyloid hypothesis. Further research has 

indicated the likelihood of infectious disease activation, possibly due to failure of the immune 

system to recognize foreign invaders, and instead attacks self in ways similar to that which occurs 

in transplant biology. 

Immunosuppression, Immuno-toxicity, immunosenescence and Opportunistic Infections: 

Opportunistic infections may occur from immune suppression and immune-toxicity due to 

multiple agents including metal dyshomeostasis, from excess free copper [1], zinc deficiency [2], 

iron overload [3], aluminum accumulation [4] cytomegalovirus (CMV) encoded interleukin-10 [5], 

diabetes and obesity [6] which have been noted to be related to AD. Aging, the main risk factor for 

AD development, is associated with immunosenescence related to declining adaptive immunity 

involving T and B cells [7]. These abnormalities result in immunosuppression and/or altered 

immune function [7-12]. Such infections from viruses, bacteria or fungi stimulate Beta-amyloid 

production in the brain, Beta-amyloid being an anti-microbial peptide and a normal component of 

the innate immune system [13]. Evidence of viruses, bacteria and fungi have been detected in 

brains of AD patients, indicating AD may arise in response to infections [14]. Human herpes virus 

6A and 7 were identified in AD patients when compared to controls in three independent cohorts 

dispersed geographically with regulatory relationships between viral abundance and Amyloid 

Precursor Protein metabolism indicating a viral relationship with molecular, clinical and 

neuropathological features of AD [15], Cytomegalovirus, Human herpes virus 2, bacteria (including 

spirochetes and periodontal pathogens such as Porphyromonas gingivalis and Treponema 

denticola) [5], and fungi [16] have all been identified in AD brain examinations. Porphyromonas 

gingivalis especially is of interest since it is able to modulate the host immune response through 

virulence factors facilitating development of chronic periodontitis with involvement of additional 

oral flora constituents [17]. Modulating the immune response leads to a form of localized 

immunosuppression in the periodontal region. 

P. gingivalis lipopolysaccharide also circulates systemically in more than half of periodontitis 

patients causing inflammation with higher levels of matrix metalloproteinase-9 [18], 

metalloproteinase-9 being elevated in AD patients [19]. Beta-amyloid appears to be an 

antimicrobial peptide, or natural antibiotic produced by the brain in response to infections as a 

component of the innate immune system [13], rather than a spontaneous development leading to 

AD. This may be the reason efforts to reduce Beta-amyloid production have not prevented AD. 

Recurrent or progressive opportunistic infections, especially in a person with some degree of 

immunosuppression, may lead to increased Beta-amyloid production exceeding clearance. 

Excessive Beta-amyloid production could lead to loss of anti-microbial function through runaway 

domain swap, and runaway Beta-amyloid production or other mechanisms of polypeptide 
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aggregation into a pathogenic Beta-amyloid form [20]. If there are recurrent opportunistic 

infections in AD brain, reducing or eliminating Beta-amyloid production could possibly even 

worsen the condition. This is essentially the “Amyloid Protection Hypothesis” of AD, put forward 

by Tanzi [21] in that Beta-Amyloid is an anciently conserved effector molecule of innate immunity, 

enabling entrapment of pathogens to protect from infection. Increased levels of brain microbes 

may stimulate Beta-amyloid production and deposition, leading to inflammation and AD 

progression[21]. 

Innate Immune System Activation and Inflammation: Innate immune system activation by 

recurrent or chronic infections arising due to immunodeficiency activates toll like receptors (TLR), 

causes acute and chronic inflammation, similar to tissue rejection, as occurs in allogeneic organ 

transplants. TLR’s mobilize intracellular calcium [22], causing calcium dependent calcineurin, to be 

activated. Calcineurin negatively regulates toll like receptor 2 and 4 activation [23]. Patients on 

calcineurin inhibitors having a decreased cytokine response to toll like receptor signaling [22]. 

Excessive Calcineurin activation appears to be an early stage in the pathogenesis of AD and solid 

organ transplant patients on the calcineurin inhibitor, FK506 had a much lower incidence of AD 

than expected [24]. ABeta42 also activates calcineurin through post-synaptic signaling, which in 

turn dephosphorylates (deactivates) Pin1, which maintains dendritic spines [24], leading to loss of 

synapses as happens in AD. Further validation that calcineurin is involed in Beta-amyloid mediated 

synaptic loss involves experimental evidence from transgenetically modified plaque bearing mice 

and wild type mice as well, in which the calcineurin inhibitor, FK-506 (tacrolimus), ameliorated 

plaque related synaptic loss [25]. 

Additional features involved with synaptic loss involve complement and microglia, complement 

possibly being activated by microglia in AD as well, being observed in AD mouse models, since C1q, 

the initiating protein in classical complement cascade or CR3, the microglial complement receptor 

interacts with and is necessary for the toxic effects of Abeta oligomers on synapses and 

hippocampal long term potentiation [26]. Microglia in adult brains engulfs synaptic material 

involving the microglial complement receptor CR3, when exposed to soluble Abeta. This is 

suggestive of inappropriate reactivation of developmental pathways in AD, which prune excessive 

synapses during development, but eliminate essential synapses in AD. Increased expression of 

beta-amyloid precursor protein APP 695, a specific isoform containing 695 amino acids, does occur 

during neuronal differentiation of primary hippocampal neurons in a cell culture system, indicating 

differentiation of neurons is accompanied by increased Beta–APP695 expression and membrane 

retention of the APP695 protein [27]. The Amyloid Precursor Protein is also a receptor for Slit, a 

protein involved in axonal guidance during development [28]. This may indicate Beta-Amyloid is 

moonlighting, or during development, Amyloid precursor protein is involved in neuronal 

development with axonal guidance, leading to synaptic pruning, which occurs during brain 

development.  

Prefibrillary or oligomeric abeta also appears to induce calcineurin activity, which mediates its 

effects on neuronal cells [29]. Pathological loss of Pin1 has been found in synapses of AD cortical 

brain specimens, and in dendritic rafts and post-synaptic density. Pin1 controls cell cycle 

progression and degrading proteins through the ubiquitin proteasome system, which could result 

in the accumulation of misfolded Beta-amyloid plaques and hyperphosphorylated tau tangles 

years, if not decades prior to development of clinical disease as well as altered post synaptic 

density proteins such as Shank protein involved in organization which would cause distorted 
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synaptic structures, increased susceptibility to toxicity and impaired synaptic plasticity [30]. Pin1 is 

a member of a number of a family of molecular chaperones regulating protein folding at proline 

residues. The microtubule-associated protein, tau, has abundant proline residues. Members of the 

Peptidyl-prolyl cis/trans isomerase family interact with and regulate tau. Besides Pin1, FK506-

binding protein (FKBP) 52, FKBP51, and FKBP12 interact with and regulate tau, which is 

hyperphosphorylated in AD. Pin1, FKBP52, FKBP12, cyclophilin A, CyclophilinB and CyclophilinD 

also regulate ABeta production or ABeta toxicity in AD [30]. A cancer related variant of a cell cycle 

inhibitor gene p21Cip1 is associated with a greater risk of AD [31]. The increased susceptibility to 

infections in the elderly is mainly due to decreased efficiency of adaptive immunity to suppress 

microorganisms [32]. Alzheimer patients may also experience a greater degree of 

immunosenescence than the healthy elderly. 

Alzheimer patients have been found to have decreased numbers of CD3+T cells in peripheral 

blood, when compared to non-demented subjects, the cells themselves exhibiting increased 

protein oxidation and nitrosative stress when levels of 3-nitrotyrosine are assessed, the proteins 

being involved in energy metabolism, cytoskeletal structure, intracellular signaling, protein 

turnover and folding and antioxidant response [33]. 

Regulator of calcineurin(RCAN1) discovered as a gene on chromosome 21 in Down’s syndrome, 

or Trisomy 21, is overexpressed in Down’s syndrome (frequently associated with early onset AD), 

and also is linked to pancreatic beta-cell dysfunction in type 2 diabetes. Its functions are primarily 

to inhibit calcineurin and mitochondrial function. Reactive oxygen species, hyperglycemia and 

other forms of cellular stress cause transient increase in expression. Short term expression causes 

protective effects through the calcineurin/NFAT pathway, however long term expression over 

weeks and months causes pathological changes in cells, such as those seen in Down’s syndrome, 

AD, and type 2 diabetes [34]. It’s interesting that Beta-amyloid is expressed, not only in the brain, 

but also the pancreas in type 2 diabetes [35]. 

2. Conclusions 

It appears multiple opportunistic infections in an immune-compromised and/or 

immunosuppressed state, as well as aberrant innate immune system activation against self rather 

than non-self, cause excessive stimulation of the innate immune system through TLR’s, resulting in 

excessive if not runaway Beta-amyloid production. Both Beta-amyloid and recurrent infections 

cause extensive triggering of TLR’s on aged neurons, resulting in increased cytosolic Ca2+, 

calcineurin activation with subsequent loss of Pin1 activity, loss of dendritic spines, synaptic loss, 

and likely death. Microglia is also likely activated causing widespread excessive inflammation.  

Inflammation, neuronal death, and synaptic loss are all features of AD. Efforts to increase 

immunity and avoid infections may be instrumental in both prevention and treatment of AD. 

Calcineurin inhibitors, such as FK506, as suggested by O’Neal, et al [24] may be a useful approach 

in treatment of AD as well, and could be helpful in prevention of synaptic loss from 

immunosensenescence, or excessive inflammation resulting from the aged immune system 

attacking self. Immunosensecence leading to a miss-targeted immune system, (permitting 

infections while attacking self) likely interacts in development of age related diseases such as AD, 

and other age related conditions. Intervention in multiple aspects of AD development and 
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progression may be necessary to achieve success, such as reducing pathogenic oral flora, 

improving overall immunity, and suppressing aberrant immune responses. 

Diet may have some role as well, since diets rich in foods containing polyphenols with nuts, soy, 

citrus, berries, olive oil, tea, leafy vegetables and red wine seem to reduce the chance of 

developing AD [36]. Polyphenols may have some role in reducing bacterial growth in the oral flora 

and intestinal biome [37]. Reducing the impact of age related diseases such as AD may depend on 

enhancing immunological memory through methods such as vaccination and suppressing aberrant 

innate immune response against self, likely in a manner similar to preventing rejection in tissue 

transplants. With immunosensescence, immunotolerance may have been lost. Restoring 

immunotolerance calls for suppression of aberrant innate and adaptive immunity, similarly to the 

approach taken in treating allografts. Medicaitons such as mycophenolate may be helpful in this 

regard as well as the calcineurin inhibitors.  

Besides calcineurin, chronic overexpression of regulator of calcineurin (RCAN1) as occurs in 

Down’s Syndrome/Trisomy 21, also referred to as Down’s Syndrome Critical region 1 (DSCR1) 

which is encoded on chromosome 21, also occurs in AD. RCAN1 expression is up-regulated in aging, 

the greatest risk factor for late onset AD, and also by Beta-amyloid [38]. Beta-amyloid is secreted 

or shed in response to microbial infection in the CNS, likely due to immunosensecence related to 

aging, possibly from latent CMV, as well as reactivation of latent Herpes viruses. This sequence of 

events in the elderly recapitulates the events in Trisomy 21, which almost invariably leads to onset 

of AD at an earlier age than usually presents in late onset AD.  

While a negative feedback loop for calcineurin and DSCR1/RCAN1 is present, it is likely 

overwhelmed in AD and Trisomy 21 [39]. People with the ApoE genotype epsilon4/epsilon4, a 

high-risk genotype for developing AD have higher levels of RCAN1 in lymphocytes than people 

with lower risk genotypes. RCAN1 upregulates glycogen synthase, a tau kinase, which would 

increase tau phosphorylation when RCAN1 is upregulated, hyperphosphorylated tau being 

characteristic of AD. Beta-amyloid causes such upregulation, so RCAN1 links the two hallmarks of 

AD, Beta-amyloid in Alzheimer plaques and hyperphosphorylated tau in neurofibrillary tangles [40]. 

It may be possible to lessen the effects of RCAN1 overexpression through dietary measures.  

This has been investigated in an experimental study involving fish oil supplement provided to 

mice, and there was a modest reduction of RCAN1 RNA and protein following such dietary 

intervention. It was thought such a dietary intervention for persons with Down’s syndrome might 

have some benefit [41]. In a study involving neuronal cell culture, lycopene reduced adverse 

effects of RCAN1 through reducing oxidative stress and apoptosis, indicating a diet including 

lycopene- containing foods could have beneficial effects for persons with Down’s syndrome or AD 

[42]. Considering that calcinerin and RCAN1 regulate calcium and the interrelationship of calcium 

and vitamin D, vitamin D status likely has involvement in AD risk.  

In a study involving vitamin D levels in older adults, deficient vitamin D levels were associated 

with nearly a three times higher risk of developing AD [43]. In a comparison of AD incidence 

between the Monongahela Valley of Pennsylvania, USA, and Ballabgarh, India, the incidence was 

practically three times higher in the Pennsylvania cohort compared to the cohort in India. Being at 

higher latitude, the Pennsylvania location would have lower sunshine exposure, and so could 

possibly have a lower vitamin D status than the lower latitude cohort in Ballabgarh, India [44]. 

Probably in prevention and management of AD, and also Down’s syndrome, avoiding calcium 

overload by maintaining the negative feedback mechanism between RCAN1 and calcineurin 
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expression and function is a prime consideration. It may be possible to assess whether the 

relationship between RCAN1 and calcineurin is optimal through metabolic studies of peripheral 

blood cells, through assessment of RCAN1 expression level. AD being a multifactorial disease, it’s 

unlikely that one approach to management will fit all.  

Further investigations involving immunosenescence and its causes will be helpful in 

understanding if it has a relationship to pathogenesis of AD and the basic causes of aging, which 

likely involve additional fields such as epigenetics, activity and exercise, susceptibility to infections 

and the many aspects of calcium metabolism and signaling. 
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