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Abstract: Neuroinflammation is considered one of the major causing factors of neuronal dysfunction 

leading to dementia associated with Alzheimer disease (AD) or AD related dementias (ADRD). 

Several published articles have reported potential involvement of microglia, astrocytes, 

oligodendrocyte, B-cell and T-cell linked with different neuroinflammatory signaling pathways. This 

article is intended to provide a summary of various published papers in this area and show the 

neuroinflammatory pathways that associates with the imbalanced level microglia, astrocytes, 

oligodendrocyte, B-cell and T-cell leading to neuronal dysfunction, dementia or cognitive decline of 

neurological diseases like AD and ADRD. Several drugs have been designed and tested, yet unable 

to find an appropriate drug for treatment. Therefore, further attention is essential for deeper 

understanding the underlying mechanism of these diseases for finding an appropriate drug target 

and in this review, we provide the importance of cellular neuroinflammatory pathways that induce 

neuronal dysfunction leading the dementia or cognitive deficits in AD and ADRD. 

Keywords: neuroinflammation; microglia; cognitive impairment; Alzheimer’s disease and related 
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Introduction: 

Alzheimer disease (AD) is considered as the most common cause of dementia which accounts 

60% to 80% cases among the elderly people that accompanies with decline in memory, language, 

problem-solving, confusion with time/place and poor judgment etc.[1–4]. AD and AD related 

dementias (ADRD) is one of the most leading causes of death globally. Number of deaths due to AD 

and ADRD have been reported increased from 0.56 million in 1990 to 1.62 million in 2019[5]. The 

latest reports mark AD ranking at 7th and 5th leading cause of death globally and in the United States 

respectively[1,6]. However, the rank will be much higher if the related dementias would be added[7]. 

Currently 6.7 million Americans with age 65 and older are suffering from AD dementia which means 

1 out of 9 Americans (10.8%) of this age are living with AD[8]. AD and ADRD directly impact both 

health and economy. Majority of caregivers are unpaid family members, friends or others that 

comprise 83% of caregivers[9], if paid that would cost about $339.5 billion just for the year 2022[1]. 

Subsequently, lifetime cost for the care of an individual with dementia is estimated to be $392874 as 

of 2022 USD dollar value of which 70% is borne by the unpaid family caregivers in various ways 

including medications and food[1,10]. Over the past few decades, with the increasing knowledge of 
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underlying pathophysiology of AD/ADRD, several drugs have been developed, and subsequent 

clinical trials have been carried out, nonetheless, challenges for a cure or proper treatment remains 

due to complex pathogenesis of the disease[11–13]. Continuously growing evidence revealed that 

immunological mechanisms are potentially involved underlying the pathogenesis of AD/ADRD[14–

21]. In this review, immune system and neuroplasticity abnormality affecting the neuronal signaling 

leading to cognitive deficits in AD will be discussed based on the available research reports while 

briefly mentioning about other diseases with ADRD. 

Immune System Involved in the Development of Cognitive Deficit in 

AD/ADRD 

Neuroinflammation has been well documented as a key player in most nervous system 

dysregulation diseases and continuously identified as a potential mediator of cognitive deficits. 

Neuroinflammation levels are increased with advancing of age and neurodegeneration, and the 

influence of age on neuroinflammation may contribute to accelerating cognitive impairment through 

glial activation, increased production of proinflammatory cytokines, abnormal neuronal signaling, 

magnifying deterioration of the central nervous system microenvironment etc.[22,23]. Not only the 

AD, dementia is one of the clinical symptoms in several other neurological diseases that associates 

with neuroinflammation such as Vascular Dementia, Dementia Lewy Bodies, Parkinson´s Disease, 

Frontotemporal Dementia, Huntington´s Disease, Wernicke-Korsakoff Syndrome, Sickle cell disease, 

Amyotrophic lateral sclerosis etc.[24–29]. Both the innate and adaptive immune system disregulation 

have been indidicated to have potential role in AD pathogenesis[30–36]. Microglia, astrocyes and 

oligodendrocytes have been accounted for innate immune system dysregulateion in AD. Whereas, 

the adaptive immune system dysregulation has been proposed from the detection of B and T 

lymphocytes in the post-mortem AD brain, cerebrospinal fluid (CSF) of mild cognitive impairment 

(MCI) individuals as well as AD patients[31,37–41], and the presence of higer frequency of T helper 

subsets42. 

Microglial Path in the Neuroinflammation Underlying Cognitive Deficit in 

AD/ADRD 

Microglia comprises of 5%–12% of the total populations of glial cells in the adult rodent brian 

[38,43] and 0.5%–16% in human brain[43,44], indicating close proximity of its level between rodent 

and human. In the brian, the size of microglial cell population remains steady from late postnatal 

stages until aging which is maintained by spatial and temporal coupling of proliferation and 

apoptosis; however the turnover of microglia is remarkably fast allowing renewal of the whole 

population several times during a lifetime as studied in mice and humans [45]. Microglia initiate an 

immune response as it express a wide range of receptors that recognize both exogenous and 

endogenous central nervous system (CNS) insults[46]. Micorglia play a crucial role in establishing 

normal brain development and normal neuronal connectivity and regulatory process such as 

synaptic pruning ensuring elimination of inappropriate synapses while strengthening the 

appropriate ones depending on neuronal activity and experience [45,47] and promote phagocytic 

clearance of cell debris and death cells and provide trophic support insuring tissue repair and 

maintain normal brain homeostasis[48–56]. However loss of homeostasis or tissue change conditions 

induce several dynamic processes in microglia and convert them into an activated state accompanied 

by changes in cellular morphology like shortening of the processes and swelling of the soma, surface 

phenotype, secretory mediators, and proliferative responses[46,57]. The presence of imbalance 

amount of activated microglia is crucial for AD and several neurodegenerative diseases. In AD 

microglial inflammatory activity has been found increased while its’ functions in phgocitic clearance 

are compromised[46]. This compromisation of microglial phagocytosis may be due to enhance 

production proinflammatory cytokines such as IL-1β and TNF-α and other inflammatory mediators 

through binding of PAMP or DAMP (danger- or pathogen-associated molecular patterns) binding to 
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PRRs (pattern recognition receptors expressed in microglia which is evolutionarily conserved family 

of innate immune cell receptors) and the failure of microgial phagocytic activity is associaed with β-

amyloid (Aβ) deposition and clearance in AD[58–60]. In AD as well as Down syndrome patients, 

activated microglia along with immunoglobulins and complement components are also closely 

associated with Aβ deposits in the brain[61,62]. Further, microglia phagocitic also involve synapse 

elimination during early sage but not late postnatal periods through fractalkine receptor CX3CR1 or 

complement receptor 3 (CR3/CD11b) signalling pathways[50,63]. Earlier studies also shpwed that the 

motor skill learning was induded by increased dendritic spine formaion in the motor cortex revealing 

that the degree of new dendritic spine remodelling is associated with improvement in performance 

after learning[64,65]. Interestingly, reduction of microglia by removing brain-derived neurotrophic 

factor (BDNF) in mice showed deficits learning in multiple assignments such as rotaroad test, fear 

conditioning test and nobel object recognition test associates, as well as decrease motor learning-

dependent synapse formation[66]. This may be due to binding of BDNF to neuronal TrkB 

(tropomyosin-related kinase receptor is a a key mediator of synaptic plasticity) increasing TrkB 

phosphorylation[66]. Thus microglia play a central role in establishing synaptic networks by 

remodeling synapses and thereby regulates of synaptic plasticity with learning-dependent dendritic 

spine remodeling and learning-dependent long-term synaptic strengthening long-term potentiation 

(LTP)[50,63,66–68]. It may be noted that LTP is considered to be the foundation of learning and 

memory[69]. Disruption of microglia activation using DAP12 mutant mouse (ΚD75) enhances 

hippocampal LTP [70] whreas greater activation of microglia with the loss of microglial specific 

fractalkine receptor (Cx3cr1) causes LTP reduction [71] and reduction in LTP could be rescued by 

inhibition of IL-1β signaling with the use of Minocycline, an FDA aproved antibiotic drug[72]. On the 

other hand, loss of Cx3cr1 gene in AD mouse mouse worsens cognitive impairments revealing role 

of microglia in AD dimentia[73]. Additioinally, deletion of the NLRP3 inflammasome – which is 

upstream of IL-1β production also rescues LTP that accompanies with the reduction of Ab plaque 

load in an APP/ PS1 AD mice[74]. Further, in hTau-P301S frontotemporal dementia (FTD) mice with 

deletion of microglial Sirtuin 1 (SIRT1, a member of the sirtuin family which plays a potential role in 

key cellular processes, including senescence/aging and inflammation) increases IL-1β production and 

leads to spatial learning and memory impairments, whereas SIRT1 was reduced in aged FTD mice, 

from 13-15 month of age to 20-26 month old groups[75]. This shows that both SIRT1 and microglia 

are reduced upon aging, in which microglial SIRT1 deficiency has effect on aging accompanied by 

tau-mediated memory deficits via IL-1β upregulation in mice. Further, selective activation of IL-1β 

transcription by reduction of SIRT1 may be signilled via hypomethylation of specific CpG sites on 

IL-1β proximal promoter[75]. Notably the epigenetic regulation of IL-1β and microglia with the 

selective hypomethylation of IL-1β is strongly correlated in aging humans and patients with 

dementia[74–78]. Moreover, temporal lobe astrocytes were elevated with IL-1, S-100-, and glial 

fibrillary acidic protein and thereby the astrogliosis in Alzheimer disease may be promoted by 

elevation of interleukin 1[61]. It is also known that aberrant inflammatory responses is associated 

with aging brains in human[79,80]. Specifically, basal levels of proinflammatory cytokines are 

elevated with aging (Sierra et al., 2007), while those of anti-inflammatory cytokines are reduced (Ye 

and Johnson, 1999). Additionally, genetic deletion of pro-inflammatory nuclear factor-jB signaling in 

the hypothalamic microglia of aged brain could restore impairments in hippocampal dependent 

learning and memory in normally aging animals[81]. Moreover, in APP/PS1 mouse model for AD, 

microglia-specific deletion of the gene encoding the PGE2 receptor EP2 restores microglial 

chemotaxis and Aβ clearance, suppresses toxic inflammation, and rescues psynaptic insults and 

memory deficits[82]. This suggessts that epigenetic mechanisms which affects communication and 

pro-inflammatory activation of microglia contributes to cognitive deficits in aging and 

neurodegenerative diseases such as ADRD. More number of pro-inflammatory cytokines have been 

identified to play a role in AD brain such as IL-1α, IL-6, TNF-α, granulocyte-macrophage colony-

stimulating factor (GM-CSF), and IFN-α, which are produced in neurons or microglia[83–86]. The 
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proinflammatory cytokines are recruited from the circulation by endothelial cells, inflammatory cells, 

and the blood–brain barrier (BBB) when biochemical or mechanical damages occur[87,88]. 

Several studies have shown that inflammation is increased in AD patients and as a result 

synaptic function will be declined[89]. There have been positive effects on synaptic plasticity in AD 

models when inflammation was targeted through genetic manipulation. And several reports in 

human studies continue to support microglial inflammatory pathogenesis in AD. Several genome 

wide association studies in humans demonstrated that mutations in microglia regulatory genes such 

as TREM2 (triggering receptor expressed on myeloid cells 2, a lipid/lipoprotein binding receptor) and 

CD33 lead to sporadic AD. It may be noted that TREM2 is an innate immune receptor which is 

expressed on the surface of microglia and some other myeloid cells including macrophages, dendritic 

cells, osteoclasts[90–92]. A heterozygous rare variant rs75932628 of TREM2 gene that encodes 

Arginine to histidine (R47H) in the TREM2 protein was found to be associated with a significant 

increase in the risk of AD[93]. And a rare missense mutation (rs75932628-T) TREM2 gene, was 

predicted to be involved in the R47H substitution of TREM2 in AD[94]. It may be noted that 

rs75932628-T have been found to increase risk for Parkinson's disease, frontotemporal dementia, and 

amyotrophic lateral sclerosis[95–99]. It has been suggested that the risks could be resulted from the 

loss of TREM2 function caused by the mutation Noting that homozygous loss-of-function mutations 

in TREM2 gene, have been associated with an autosomal recessive form of early-onset dementia [100] 

and the anti-inflammatory role of TREM2 through IL-4 pathway in the brain[101], the R47H 

substitution may lead to an increased predisposition to AD through the deregulation of inflammatory 

processes resulting dementia. In CD33 AD susceptibility locus, the risk allele rs3865444-C was 

associated with greater cell surface expression of CD33 in the monocytes of young and older human 

individuals as well as with the diminished internalization of Aβ 42 peptide, accumulation of neuritic 

amyloid pathology and fibrillar amyloid, and increased numbers of activated human microglia[102]. 

Meanwhile, bioinformatic analysis observed that microglia-specific TYRO protein tyrosine kinase 

binding protein (TYROBP) signaling to be the most dysregulated pathway in sporadic AD[103]. 

TREM/TYROBP signaling along with CD33 was also activate phagocytosis while suppressing Toll-

like receptor-mediated inflammation[104,105]. Lack of TREM2 was also cause impaired clearance of 

apoptotic neurons and inflammation which may be responsible for the brain degeneration observed 

in patients with polycystic lipomembranous osteodysplasia with sclerosing 

leukoencephalopathy/Nasu-Hakola disease [92] that has dementia associated with bone cystic 

lesions[106]. On the other hand, Human ApoE apolipoprotein isoforms ApoE2, ApoE3, and ApoE4 

differentially stimulate APP transcription affecting Aβ secretion. ApoE4 showed to be potential 

genetic risk factor for AD, through MAP-kinase signaling pathway increasing cFos phosphorylation 

and APP-gene transcription, that leads to increased APP and Aβ synthesis, while ApoE3 is neutral, 

and ApoE2 plays a protective role[107]. Genetic and proteomics studies with human AD patients 

demonstrated highly significant association of APOE4 level as well as high avidity binding of APOE4 

to Aβ, with late-onset familial AD[108]. A co-inheritance of APOE4 was observed to have 2-fold 

increased risk of dementia in SCD patients[25]. 

It has been demonstrated that aging mice (16 months old) lost synapses in the hippocampus 

compared to the younger mice (1 month old), which is a specific brain region that regulates learning 

and memory[109]. And reduced microglial Aβ peptide uptake and clearance that cause synaptic loss 

in AD and related neurodegenerative disorders is also typically link with increased complement 

system signaling in the early state[109–112]. On the other hand, in human APP transgenic mouse 

model of AD (Tg2576) when complement C3 was deleted there is concomitant loss of C1q with 

increasing synaptic density and prevents age-associated synaptic loss while rescuing LTP[113]. The 

complement protein C1q is the first component of the classical complement pathway that binds to 

fibrillar Aβ with have been shown to activate complement [114,115] and in human AD brain, the 

activation of C1q and with or without the activation of proinflammatory events has been shown to 

be associated with fibrillar Aβ plaques and activated microglia in AD brain with dementia [116] as 

well as in hippocampal LTP observed in mice[117]. 
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The role of microglia promoting synaptic dysfunction during both aging and AD through 

complement signaling is supported by a series of studies. Oligomeric Aβ causes microglia to release 

increased C1q level that marks elimination synapses by microglia through classical complement 

cascade occurred in early stage of AD before overt plaque deposition[117]. Inhibition of C1q, C3, or 

the microglial complement receptor CR3 reduces the number of phagocytic microglia, as well as the 

extent of early synapse loss, whereas microglia in adult brains engulf synaptic material in a CR3-

dependent process when exposed to soluble Aβ oligomers, revealing synaptic dysfunction in aging 

and AD through microglial elevation of complement signaling[117]. 

In human, GWAS on TREM2, CR1, APOJ/Clusterin and CD33, and integrated network studies 

with TYR-OBP also support the microglia and complement-related pathways in late onset 

AD[93,94,103,118–123]. TREM2 levels were elevated in the microglia of AD patients, particularly in 

microglia associated with plaques and neurofibrillary changes, and TREM2 levels correlated with 

markers of neurodegeneration. In post-mortem temporal cortical samples from AD and normal cases, 

TREM2 protein was found to have positive correlation with increased phosphorylated tau and active 

caspase 3, and loss of the presynaptic protein SNAP25; moreover, high immunoreactivity of TREM2 

protein with microglia associated with amyloid plaques and in neuritic pathology-enriched areas in 

the brain[95]. In the unfixed brain taken from AD patient with dementia, plaques with amyloid core 

surrounded by a corona of degenerating neurites were found and the plaques contain the 

complement factors Clq, C3b, C3c, C3d and C4.[124]. On the other hand, HLA-DR-positive (human 

leukocyte antigen D related) reactive microglia were found in gray matter throughout the cortex of 

postmortem brains of patients AD patients with senile dementia and concentrated particularly in the 

brain areas where senile plaque formation occurred; positive correlation between the hippocampal 

HLA-DR-positive cells and numbers of plaques were also found[62]. HLA-DR is class II cell surface 

glycoprotein of the human histocompatibility complex (MHC) which usually expressed on the 

surface of cells that are simultaneously presenting foreign antigen to T-lymphocytes. Another study 

also found HLA-A,B,C (MHC class I) and HLA-DR (MHC class II) positive reactive microglia present 

in postmortem AD brain tissues, however higher number was found with HLA-DR, and HLA-A,B,C 

positive cells were shown to be a separate population from glial fibrillary acidic-protein-positive 

astrocytes[125]. Interestingly, neurotoxic reactive astrocytes are also found to be induced by activated 

microglia A1s (reactive astrocyte type 1) are AD, Huntington’s (HD), Parkinson’s Disease (PD), 

Amyotrophic lateral sclerosis (ALS), and Multiple Sclerosis.[126]. 

Neuronal communication is supported by synaptic networks established in an activity-

dependent manner to facilitate cognitive functions, such as learning and memory[69]. During aging, 

reduction in dendritic spine density and morphology as well as the loss of synaptic plasticity could 

lead to cognitive impairments and susceptibility to age-related neurodegenerative diseases, such as 

ADRD and indicate that the process began during early stage of the disease pathogenesis[69,127,128]. 

Moreover, in APP transgenic mice Aβ causes dendritic spine changes by destabilizing microtubules 

and spine loss can be recovered by microtubule polymerization while the hippocampal spine loss 

closely resembles the progressive changes of spine morphology from mushroom-shaped to 

stubby[128]. 

Along with Aβ and microglia, Tau (tubulin associated unit) protein, encoded by a single gene 

called MAPT is also another potential contributor to the dementia of AD. Tau found abundantly in 

the neurons of CNS, with maximum availability in cerebral cortex, and lesser amount in astrocytes 

as well as oligodendrocytes, and it primarily maintains stability of microtubules in axons[129,130]. 

Tau also has multiple roles in axonal development, exon elongation, exonal transport, iron 

homeostasis regulation, myelination, nuclear architecture, and neurogenesis[131,132]. In different 

neurodegenerative conditions, intraneuronal hyperphosphorylated tau is found to be aggregated 

which known as tauopathies, and it appears to be a leading cause of dementia in AD, in which the 

condition is known to be secondary tauopathy[31]. Tau promotes assembly of microtubules in the 

neurons by binding to tubulin, however in the brain of AD patient tau can dissociate from 

microtubules[133]. In the condition of aberrant hyperphosphorylation of Tau, reduces the binding 
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capacity of Tau, causing microtubule instability and leads to various tauopathies[134]. The major part 

of abnormal neurofilament tau/neuroinflammatory tangles (NFT) is composed of 

hyperphosphorylated tau, and in various neurodegenerative stages, it creates a coupled helical 

filament (PHF) by twisting around each other that can accumulate in the neural perikarial cytoplasm, 

axons, and dendrites, causing deregulation and loss of cytoskeletal microtubules and tubulin 

associated proteins[135]. NFTs also spread from the transentorhinal cortex to the hippocampal 

formation and neocortex[136]. Increased oxidative stress causes accumulation of tau and Aβ at 

synapse sites continually and it results to the loss of dendritic spines, presynaptic terminals, and 

axonal dystrophy[135,137]. In fact, various studies have been carried out to block tau 

hyperphosphorylation using different types of drugs. Interestingly glycogen synthase kinase 3 

(GSK3b) inhibiter, saracatinib, has been found potentially effective showing memory enhancement 

in transgenic mice and the drug is currently undergoing phase II trial[138,139]. In the cerebrospinal 

fluid (CSF) taken from temporal and frontal autopsy brain tissue of AD patients showed that increase 

NFT level with cognitive dysfunction[140]. Further, CSF levels of released tau and Aβ [1–42] has been 

proposed as promising biomarkers for early AD detection[141]. 

Astrocyte’s Role in the Neuroinflammation Underlying Cognitive Deficit in 

AD/ADRD 

Glial cell such as, astrocytes also function in clearing pathological deposits Aβ through 

phagocytosis and degradation in the CNS[142]. Astrocytes constitutes the largest population of glial 

cells in the brain [143]. Apart from the traditionally view being known only as structural elements 

supporting brain structure, astrocytes have many more important functions in the CNS for normal 

development, including developmental synapse formation and pruning through both secreted 

factors and direct contact with the synapse[143–145], and actively modulate synaptic glutamate 

levels, scavenge free radicals, produce neurotrophic factors, and regulate the blood brain 

barrier[143,146,147]. Astrocytes contact neuronal somata, dendrites, spines, and presynaptic 

terminal, possibly through Ca2+ signaling[148]. In adult, hippocampal astrocytes play an important 

role in promoting neurogenesis as observed in adult neural stem cells[149]. Removal of astrocytes in 

mice, caused dramatic decrease in glutamate transporter expression, which can result degeneration 

of granular neurons (since excitotoxic effects of glutamate causes a similar phenotype); this evidence 

that astrocytes are important for the survival of neurons in the adult brain[150]. These series of studies 

reveal a crucial role of deregulation of astrocytes in ADRD. In fact, studies have indicated reactive 

astrocytes could worsen inflammatory processes that can lead to neurodegeneration[151,152]. 

Astrocytes affected by inflammatory conditions produce pro-inflammatory cytokines, IL-1β and 

TNF-α, while increased production of reactive oxygen species (ROS)[153]. Astrocytes vulnerability 

upon injuries such as trauma, infection, misfolded protein accumulation, and excitotoxicity has been 

reported in neurodegenerative disease such as AD, AD, HD and ALS etc.[154]. In AD patients’ 

reactive astrocytes cluster around amyloid plaques are significantly high in the brain [155]. Several 

lines of studies evidence that astrocytes also participate in eliminating amyloid plaques and neurons 

containing Aβ and thereby enhance phagocytosis by microglia [156–158]. Apolipoprotein E (Apoe) 

promotes amyloid formation in the brain and the deposition of Aβ peptides is also affected by the 

expression of astrocyte specific APOE in AD mice[156]. It is suspected that degradation and clearance 

of deposited Aβ by astrocytes through Apoe signaling might be impaired in AD[156]. Additionally 

complement pathway is activated in AD mice in such a way that central complement factor C3 

secreted from astrocytes interacts with microglial C3a receptor (C3aR) to mediate Aβ accumulation 

and neuroinflammation[157].  Aβ also acts as an upstream activator of astroglial nuclear factor 

kappa B (NF-κB) which leads to the release of complement C3, that acts on the neuronal C3a receptor 

(C3aR) influencing dendritic morphology and cognitive function[159]. Hyperactivation of astroglial 

NF-κB worsens Aβ pathology and neuroinflammation in amyloid precursor protein (APP) transgenic 

mice and results C3 elevation, whereas treatment of APP mice with the C3aR antagonist (C3aRA) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 7 of 20 

 

 

ameliorates Aβ plaque and microgliosis[157]. It shows existence of complement-dependent 

intercellular cross talk with Aβ, astroglial NF-κB in AD pathogenesis, as overproduction of Aβ in the 

neurons activates astroglial NF-κB to elicit extracellular release of C3. The C3 in turn interacts with 

neuronal and microglial C3aR to alter cognitive function and impair Aβ phagocytosis in AD[157]. 

The combined treatment of FDA approved drug Adu and focused ultrasound, but not individually 

in 5×FAD mice, significantly lessen cognitive deficit and decreased amyloid plaques level in the 

hippocampus and moreover activation of microglia and the number of astrocytes associated with 

amyloid plaques were also increased[160]. Subsequently, study on APP knock-in mouse (AppSAA) 

with three mutations (Austrian, Swedish, and Arctic) in the APP gene, also revealed alterations in 

lipid metabolism and disease-associated transcriptomic signature in the microglia with high amount 

of intracellular Aβ, vascular amyloid deposits, accumulation of parenchymal amyloid plaques, 

alteration of astroglial and microglial functions, and increased CSF markers of neurodegeneration 

etc,[161]. In AD and Down syndrome patients, interleukin 1 (IL-1), an immune response-generated 

cytokine was found stimulating astrocyte proliferation and reactivity (astrogliosis); up to 30 times as 

many glial cells was present in the brain[61]. Moreover, upregulation of astrocytic GABA and MAOB 

was also found in the postmortem brains AD patients[162]. 

Oligodendrocyte’s Role in the Neuroinflammation Underlying Cognitive Deficit 

in AD/ADRD 

Clinical studies have shown the relationship between depression and dementia, or cognitive 

decline and moreover cross-sectional studies and meta-analyses have repeatedly shown an 

association between late-life depression (LLD) and dementia, particularly AD and vascular 

dementia[163,164]. LLD is linked with vascular change and white matter degeneration in the brain, 

gray matter change and the link between LLD and mild cognitive impairment suggests that 

depression can lead to persistent cognitive impairment[163]. White matter changes are also 

associated with the age and severity of dementia in AD patients[164]. White matter is largely 

composed of glial cell oligodendrocytes[165]. White matter changes have been correlated with AD, 

vascular dementia, dementia with Lewy bodies, and psychiatric disorders with the focus on 

oligodendrocytes and myelin[166,167]. Oligodendrocytes which has a crucial role in the formation 

and maintenance of myelin [168] has also possible roles in the disease process, because myelin 

disruption can lead to the degeneration and death of neurons, disrupt in transmitting signals, and 

result in cognitive impairment, memory loss, and other neurological deficits associated with 

AD[166,169]. In the autopsy tissue sections from AD and Lewy body dementia patients, reduction of 

nuclear diameter of neurons and oligodendrocytes in the CA4 region of hippocampus was 

observed[169]. Damage in oligodendrocytes using demyelinating agent, impaired learning in PS1 

mutant knockin mice with more vulnerable to death by glutamate and amyloid beta-peptide and 

showed abnormality in calcium signaling responsible for their death[166]. Subsequently, TNFα was 

found to promotes proliferation of oligodendrocyte progenitors and remyelination [170] indicating 

that damage on oligodendrocytes would contribute to neuroinflammation leasing to 

neurodegeneration and cognitive impairments. On the other hand, astrocytes, and oligodendrocytes 

in grey and white matter regions of the brain metabolize fatty acids [171] and impaired lipid 

metabolism has a crucial role in AD[172]. White matter lesions with astrocytic, microglial and 

oligodendrocyte precursor cell responses are also often identified by T2-weighted magnetic 

resonance images (MRI) in the aging brain[173]. Further study on APPPS1 mice showed defects in 

myelin integrity and myelin amount associated with chronic plaque deposition and decreased 

oligodendrocytes[174]. Chronic amyloid plaque deposition and decreased oligodendrocyte number 

in the cortex of post postmortem AD brain was also found.[174]. In vitro studies also observed that 

Aβ peptides are toxic to oligodendrocytes because Aβ 1-40, a truncated fragment, Aβ 25-35 induced 

death of oligodendrocytes in a dose-dependent manner[175]. 
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Role of T Cell, B Cell, Neutrophils in the Neuroinflammation Underlying 

Cognitive Deficit in AD/ADRD 

Adaptive immune system is comprised of T cells, B cells, antigen-presenting cells (APCs) like 

macrophages, dendritic cells, and antibodies[176]. The presence of T cells brain of AD and PD 

patients indicates possible interaction between the cerebral innate immune system and the peripheral 

adaptive immune system, and T cell infiltration into the brain promoting crosstalk between T cells 

and microglia, resulting in the acceleration of neuroinflammation has been proposed[176]. Chronic 

inflammatory conditions present in periphery could lead to increase the risk of late-onset AD, 

possibly by inducing neuroinflammation[15], accompanied by alterations in peripheral blood cell 

populations with increased numbers of neutrophils and decreased numbers of T cells and B cells[177]. 

A decrease in peripheral T cells suggests possibility of a proportion or subpopulation of T cells may 

be migrating into the brain[24]. Several subtypes of CD4+ T cells, are also determined by the secreted 

cytokines (IFN-γ, Lymphotoxin, TGFβ, TNFα, FGF, CCL15, CCL17, TNFRSF4, ICOS, IL-4, IL-13, IL-

4, IL-5, IL-6, IL-9, IL-10, IL-17, IL-17F, IL-21, IL-22, IL-25) involved in various immunological 

processes, such as B cell maturation and macrophage activation etc.[24,178]. Antigen presenting cells 

(APCs), such as dendritic cells, B cells and macrophages, can activate CD4+ T cells via MHCII [24] 

and MHCII expressing microglia and astrocytes can directly activate CD4+ T cells[179]. Additionally, 

increased response of Neutrophils leading to raise inflammatory cytokine levels, have also been 

implicated in AD pathogenesis[180]. It may be noted that preclinical, and human post-mortem 

studies in AD have consistently demonstrated the presence of T cells in brain parenchyma[181–184]. 

Modest involvement of T cell infiltration, microglial proliferation and activation, accumulation 

of misfolded self-antigens and progressive neuronal dysfunction, and neural death due to neuro-

inflammatory response is common in various neurodegenerative diseases with cognitive disfunction 

such as AD, PD, ALS, MS, and prion-induced neurodegenerative disease etc.[185,186]. 

Pharmacological inhibition of microglial proliferation by activating colony-stimulating factor 1 

receptor (CSF1R) with GW2580, reduces T cell infiltration in AD APP/PS1, and results improvement 

in memory and open field tasks and in preventing synaptic degeneration[187]. Increased T cell 

infiltration has been observed in brains of AD patients [188] and T cells present in the affected 

hippocampal region are near microglia[181], while the peripheral T cells demonstrated increased 

reactivity to Aβ in AD patients[189]. However, the phenotype of peripheral T cells in transgenic AD 

mice has a regulatory or suppressive role [190] and lower response of CD4+ T cells following re-

stimulation in AD transgenic mice suggests T cell tolerance to the antigen[191]. Microglia are 

suggested to be immune suppressive toward T cells, while peripheral immune infiltrates are causing 

T cell infiltration, activation, pathogenesis, and injury resolution in MS and autoimmune 

encephalomyelitis (EAE)[192]. In AD cases with mild/moderate dementia had increased gene 

expression of the inflammatory molecule major histocompatibility complex (MHC) II in the 

hippocampus, and MHC II protein levels were also increased which was inversely correlated with 

cognitive ability and decreased in T cell numbers in the hippocampus and the cortex; moreover, 

transition into AD dementia correlates with increased MHC II(+) microglia-mediated immunity with 

a parallel decrease in T cell number[193]. Amelioration of AD in Rag2-deficient APP/PS1 mice is 

primarily linked to the loss of pathogenic T cells as well B cells[194]. Rag deficiency increases AD 

progression due to loss of nonspecific immunoglobulin that activates microglial phagocytosis and 

subsequent clearance of Aβ plaques[195]. While immunoglobulins that target Aβ may interfere with 

plaque formation and disease progression, B cells may contribute furthermore than just producing 

immunoglobulins[196]. The contribution of B cells in AD has been shown in three transgenic mice 

models for AD, APP/PS, 3×TgAD (APP/PS/TAU) and 5×FAD (APP-K670N/M671L+I716V+ V717I with 

PS1-M146L+L286V)[196]. Accumulation of activated B cells in circulation, and infiltration of B cells 

into the brain parenchyma leading to immunoglobulin deposits around Aβ plaques, is associated 

with AD[196]. Even when the AD-fostering transgenes were expressed, the loss of B cells alone was 

found to be sufficient to reduce Aβ plaque burden associated with microglia reversing behavioral 
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and memory deficits and restores TGFβ+ microglia[196]. Moreover, since therapeutic depletion of B 

cells at the onset of the disease retards AD progression in mice, suggests that therapeutic target of B 

cells may also benefit for the treatment of AD patients[196]. However, B cells are a heterogenous 

population of cells, and their function and subset accumulation are regulated by the inflammatory 

milieu [196] and lesser studies had been done both in mice and human, further studies are required 

for a more conclusive roles of B cells in ADRD. 

Discussion and Conclusion 

AD or ADRD is one of the most critical health issues that remain to be resolve that brings one of 

most deaths caused by diseases and drastically affects the global economy. The regulatory 

mechanisms underlying the pathology of cognitive deficit in AD or ADRD is highly complex, and it 

needs to be examined from several angles to uncover different regulatory pathways that would 

enable to design appropriate medicine for treatment or cure the cognitive deficit symptoms of the 

diseases. Enormous efforts with thoughtfully designed vast studies have been carried out and as a 

result dysregulation of several molecular and cellular signaling pathways have been identified that 

play potential roles in causing mild/moderate cognitive deficits and dementia of AD/ADRD. 

Discovering of these pathways has directed to designing and producing drugs for treatment to reduce 

or recover memory lost occurred to the affected individuals. However, an appropriate drug to treat 

AD/ADRD is yet to be available. This reveals the insufficiency of the available data and the need to 

take up greater challenges in finding suitable medicine for the treatment, and thereby the need for a 

deeper understanding of the underlying mechanisms of cognitive impairments of the diseases. 

Emerging research on inflammatory pathways that link to immune cells such as microglia, astrocytes 

as well as oligodendrocytes is highly promising. As there are multiple pathways in 

neurodegeneration leading to cognitive deficits in ADRD, designing drugs for multiple target sites is 

needed, to prevent or strop progression or retrieve to normalcy of ADRD. The above several lines of 

enormous studies and several more that have not been covered in this review, has strongly indicated 

that, to bring better understanding of ADRD, it’s treatment or cure requires understanding of 

histopathologic changes in neurodegenerative diseases as it could highlight key aspects of the 

degenerative process leading to dementia. 

Funding: None 

Conflict of interest: Authors have no conflict of interest 

References 

1. 2023 Alzheimer's disease facts and figures. Alzheimers Dement. 2023;19:1598-1695. doi: 10.1002/alz.13016 

2. Schneider JA, Arvanitakis Z, Leurgans SE, Bennett DA. The neuropathology of probable Alzheimer disease 

and mild cognitive impairment. Ann Neurol. 2009;66:200-208. doi: 10.1002/ana.21706 

3. Schneider JA, Arvanitakis Z, Bang W, Bennett DA. Mixed brain pathologies account for most dementia 

cases in community-dwelling older persons. Neurology. 2007;69:2197-2204. doi: 

10.1212/01.wnl.0000271090.28148.24 

4. Kawas CH, Kim RC, Sonnen JA, Bullain SS, Trieu T, Corrada MM. Multiple pathologies are common and 

related to dementia in the oldest-old: The 90+ Study. Neurology. 2015;85:535-542. doi: 

10.1212/WNL.0000000000001831 

5. Li X, Feng X, Sun X, Hou N, Han F, Liu Y. Global, regional, and national burden of Alzheimer's disease 

and other dementias, 1990-2019. Front Aging Neurosci. 2022;14:937486. doi: 10.3389/fnagi.2022.937486 

6. Heron M. Deaths: Leading Causes for 2017. Natl Vital Stat Rep. 2019;68:1-77. 

7. Tai SY, Chi YC, Lo YT, Chien YW, Kwachi I, Lu TH. Ranking of Alzheimer's disease and related dementia 

among the leading causes of death in the US varies depending on NCHS or WHO definitions. Alzheimers 

Dement (Amst). 2023;15:e12442. doi: 10.1002/dad2.12442 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 10 of 20 

 

 

8. Rajan KB, Weuve J, Barnes LL, McAninch EA, Wilson RS, Evans DA. Population estimate of people with 

clinical Alzheimer's disease and mild cognitive impairment in the United States (2020-2060). Alzheimers 

Dement. 2021;17:1966-1975. doi: 10.1002/alz.12362 

9. Friedman EM, Shih RA, Langa KM, Hurd MD. US Prevalence And Predictors Of Informal Caregiving For 

Dementia. Health Aff (Millwood). 2015;34:1637-1641. doi: 10.1377/hlthaff.2015.0510 

10. Jutkowitz E, Kane RL, Gaugler JE, MacLehose RF, Dowd B, Kuntz KM. Societal and Family Lifetime Cost 

of Dementia: Implications for Policy. J Am Geriatr Soc. 2017;65:2169-2175. doi: 10.1111/jgs.15043 

11. Tatulian SA. Challenges and hopes for Alzheimer's disease. Drug Discov Today. 2022;27:1027-1043. doi: 

10.1016/j.drudis.2022.01.016 

12. Dokholyan NV, Mohs RC, Bateman RJ. Challenges and progress in research, diagnostics, and therapeutics 

in Alzheimer's disease and related dementias. Alzheimers Dement (N Y). 2022;8:e12330. doi: 

10.1002/trc2.12330 

13. Frozza RL, Lourenco MV, De Felice FG. Challenges for Alzheimer's Disease Therapy: Insights from Novel 

Mechanisms Beyond Memory Defects. Front Neurosci. 2018;12:37. doi: 10.3389/fnins.2018.00037 

14. Ahmad MA, Kareem O, Khushtar M, Akbar M, Haque MR, Iqubal A, Haider MF, Pottoo FH, Abdulla FS, 

Al-Haidar MB, et al. Neuroinflammation: A Potential Risk for Dementia. Int J Mol Sci. 2022;23. doi: 

10.3390/ijms23020616 

15. Heneka MT, Carson MJ, El Khoury J, Landreth GE, Brosseron F, Feinstein DL, Jacobs AH, Wyss-Coray T, 

Vitorica J, Ransohoff RM, et al. Neuroinflammation in Alzheimer's disease. Lancet Neurol. 2015;14:388-405. 

doi: 10.1016/S1474-4422(15)70016-5 

16. Lecca D, Jung YJ, Scerba MT, Hwang I, Kim YK, Kim S, Modrow S, Tweedie D, Hsueh SC, Liu D, et al. Role 

of chronic neuroinflammation in neuroplasticity and cognitive function: A hypothesis. Alzheimers Dement. 

2022;18:2327-2340. doi: 10.1002/alz.12610 

17. Leng F, Edison P. Neuroinflammation and microglial activation in Alzheimer disease: where do we go 

from here? Nat Rev Neurol. 2021;17:157-172. doi: 10.1038/s41582-020-00435-y 

18. Lopez-Rodriguez AB, Hennessy E, Murray CL, Nazmi A, Delaney HJ, Healy D, Fagan SG, Rooney M, 

Stewart E, Lewis A, et al. Acute systemic inflammation exacerbates neuroinflammation in Alzheimer's 

disease: IL-1beta drives amplified responses in primed astrocytes and neuronal network dysfunction. 

Alzheimers Dement. 2021;17:1735-1755. doi: 10.1002/alz.12341 

19. Sobue A, Komine O, Yamanaka K. Neuroinflammation in Alzheimer's disease: microglial signature and 

their relevance to disease. Inflamm Regen. 2023;43:26. doi: 10.1186/s41232-023-00277-3 

20. Bettcher BM, Tansey MG, Dorothee G, Heneka MT. Peripheral and central immune system crosstalk in 

Alzheimer disease - a research prospectus. Nat Rev Neurol. 2021;17:689-701. doi: 10.1038/s41582-021-00549-

x 

21. Katsel P, Haroutunian V. Is Alzheimer disease a failure of mobilizing immune defense? Lessons from 

cognitively fit oldest-old. Dialogues Clin Neurosci. 2019;21:7-19. doi: 10.31887/DCNS.2019.21.1/vharoutunian 

22. Wang YW, Zhou Q, Zhang X, Qian QQ, Xu JW, Ni PF, Qian YN. Correction to: Mild endoplasmic reticulum 

stress ameliorates lipopolysaccharide-induced neuroinflammation and cognitive impairment via 

regulation of microglial polarization. J Neuroinflammation. 2020;17:353. doi: 10.1186/s12974-020-01990-3 

23. Kumar A. Editorial: Neuroinflammation and Cognition. Front Aging Neurosci. 2018;10:413. doi: 

10.3389/fnagi.2018.00413 

24. Amin J, Gee C, Stowell K, Coulthard D, Boche D. T Lymphocytes and Their Potential Role in Dementia 

with Lewy Bodies. Cells. 2023;12. doi: 10.3390/cells12182283 

25. Chen N, Caruso C, Alonso A, Derebail VK, Kshirsagar AV, Sharrett AR, Key NS, Gottesman RF, Grove ML, 

Bressler J, et al. Association of sickle cell trait with measures of cognitive function and dementia in African 

Americans. eNeurologicalSci. 2019;16:100201. doi: 10.1016/j.ensci.2019.100201 

26. Cheng S, Hou J, Zhang C, Xu C, Wang L, Zou X, Yu H, Shi Y, Yin Z, Chen G. Minocycline reduces 

neuroinflammation but does not ameliorate neuron loss in a mouse model of neurodegeneration. Sci Rep. 

2015;5:10535. doi: 10.1038/srep10535 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 11 of 20 

 

 

27. Hosoki S, Hansra GK, Jayasena T, Poljak A, Mather KA, Catts VS, Rust R, Sagare A, Kovacic JC, Brodtmann 

A, et al. Molecular biomarkers for vascular cognitive impairment and dementia. Nat Rev Neurol. 

2023;19:737-753. doi: 10.1038/s41582-023-00884-1 

28. Bir SC, Khan MW, Javalkar V, Toledo EG, Kelley RE. Emerging Concepts in Vascular Dementia: A Review. 

J Stroke Cerebrovasc Dis. 2021;30:105864. doi: 10.1016/j.jstrokecerebrovasdis.2021.105864 

29. Litke R, Garcharna LC, Jiwani S, Neugroschl J. Modifiable Risk Factors in Alzheimer Disease and Related 

Dementias: A Review. Clin Ther. 2021;43:953-965. doi: 10.1016/j.clinthera.2021.05.006 

30. Wu KM, Zhang YR, Huang YY, Dong Q, Tan L, Yu JT. The role of the immune system in Alzheimer's 

disease. Ageing Res Rev. 2021;70:101409. doi: 10.1016/j.arr.2021.101409 

31. Tamburini B, Badami GD, La Manna MP, Shekarkar Azgomi M, Caccamo N, Dieli F. Emerging Roles of 

Cells and Molecules of Innate Immunity in Alzheimer's Disease. Int J Mol Sci. 2023;24. doi: 

10.3390/ijms241511922 

32. Femminella GD, Dani M, Wood M, Fan Z, Calsolaro V, Atkinson R, Edginton T, Hinz R, Brooks DJ, Edison 

P. Microglial activation in early Alzheimer trajectory is associated with higher gray matter volume. 

Neurology. 2019;92:e1331-e1343. doi: 10.1212/WNL.0000000000007133 

33. Dani M, Wood M, Mizoguchi R, Fan Z, Edginton T, Hinz R, Win Z, Brooks DJ, Edison P. Tau Aggregation 

Correlates with Amyloid Deposition in Both Mild Cognitive Impairment and Alzheimer's Disease Subjects. 

J Alzheimers Dis. 2019;70:455-465. doi: 10.3233/JAD-181168 

34. Hamelin L, Lagarde J, Dorothee G, Leroy C, Labit M, Comley RA, de Souza LC, Corne H, Dauphinot L, 

Bertoux M, et al. Early and protective microglial activation in Alzheimer's disease: a prospective study 

using 18F-DPA-714 PET imaging. Brain. 2016;139:1252-1264. doi: 10.1093/brain/aww017 

35. Kreisl WC, Henter ID, Innis RB. Imaging Translocator Protein as a Biomarker of Neuroinflammation in 

Dementia. Adv Pharmacol. 2018;82:163-185. doi: 10.1016/bs.apha.2017.08.004 

36. Kreisl WC, Lyoo CH, Liow JS, Wei M, Snow J, Page E, Jenko KJ, Morse CL, Zoghbi SS, Pike VW, et al. (11)C-

PBR28 binding to translocator protein increases with progression of Alzheimer's disease. Neurobiol Aging. 

2016;44:53-61. doi: 10.1016/j.neurobiolaging.2016.04.011 

37. Rogers J, Luber-Narod J, Styren SD, Civin WH. Expression of immune system-associated antigens by cells 

of the human central nervous system: relationship to the pathology of Alzheimer's disease. Neurobiol Aging. 

1988;9:339-349. doi: 10.1016/s0197-4580(88)80079-4 

38. Lawson LJ, Perry VH, Dri P, Gordon S. Heterogeneity in the distribution and morphology of microglia in 

the normal adult mouse brain. Neuroscience. 1990;39:151-170. doi: 10.1016/0306-4522(90)90229-w 

39. Stowe AM, Ireland SJ, Ortega SB, Chen D, Huebinger RM, Tarumi T, Harris TS, Cullum CM, Rosenberg R, 

Monson NL, et al. Adaptive lymphocyte profiles correlate to brain Abeta burden in patients with mild 

cognitive impairment. J Neuroinflammation. 2017;14:149. doi: 10.1186/s12974-017-0910-x 

40. Liu Y, He X, Li Y, Wang T. Cerebrospinal fluid CD4+ T lymphocyte-derived miRNA-let-7b can enhances 

the diagnostic performance of Alzheimer's disease biomarkers. Biochem Biophys Res Commun. 2018;495:1144-

1150. doi: 10.1016/j.bbrc.2017.11.122 

41. Lueg G, Gross CC, Lohmann H, Johnen A, Kemmling A, Deppe M, Groger J, Minnerup J, Wiendl H, Meuth 

SG, et al. Clinical relevance of specific T-cell activation in the blood and cerebrospinal fluid of patients with 

mild Alzheimer's disease. Neurobiol Aging. 2015;36:81-89. doi: 10.1016/j.neurobiolaging.2014.08.008 

42. Saresella M, Calabrese E, Marventano I, Piancone F, Gatti A, Alberoni M, Nemni R, Clerici M. Increased 

activity of Th-17 and Th-9 lymphocytes and a skewing of the post-thymic differentiation pathway are seen 

in Alzheimer's disease. Brain Behav Immun. 2011;25:539-547. doi: 10.1016/j.bbi.2010.12.004 

43. Gomez-Nicola D, Perry VH. Microglial dynamics and role in the healthy and diseased brain: a paradigm 

of functional plasticity. Neuroscientist. 2015;21:169-184. doi: 10.1177/1073858414530512 

44. Mittelbronn M, Dietz K, Schluesener HJ, Meyermann R. Local distribution of microglia in the normal adult 

human central nervous system differs by up to one order of magnitude. Acta Neuropathol. 2001;101:249-255. 

doi: 10.1007/s004010000284 

45. Askew K, Li K, Olmos-Alonso A, Garcia-Moreno F, Liang Y, Richardson P, Tipton T, Chapman MA, 

Riecken K, Beccari S, et al. Coupled Proliferation and Apoptosis Maintain the Rapid Turnover of Microglia 

in the Adult Brain. Cell Rep. 2017;18:391-405. doi: 10.1016/j.celrep.2016.12.041 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 12 of 20 

 

 

46. Sarlus H, Heneka MT. Microglia in Alzheimer's disease. J Clin Invest. 2017;127:3240-3249. doi: 

10.1172/JCI90606 

47. Pierre WC, Smith PLP, Londono I, Chemtob S, Mallard C, Lodygensky GA. Neonatal microglia: The 

cornerstone of brain fate. Brain Behav Immun. 2017;59:333-345. doi: 10.1016/j.bbi.2016.08.018 

48. Simon E, Obst J, Gomez-Nicola D. The Evolving Dialogue of Microglia and Neurons in Alzheimer's 

Disease: Microglia as Necessary Transducers of Pathology. Neuroscience. 2019;405:24-34. doi: 

10.1016/j.neuroscience.2018.01.059 

49. Hristovska I, Pascual O. Deciphering Resting Microglial Morphology and Process Motility from a Synaptic 

Prospect. Front Integr Neurosci. 2015;9:73. doi: 10.3389/fnint.2015.00073 

50. Paolicelli RC, Bolasco G, Pagani F, Maggi L, Scianni M, Panzanelli P, Giustetto M, Ferreira TA, Guiducci E, 

Dumas L, et al. Synaptic pruning by microglia is necessary for normal brain development. Science. 

2011;333:1456-1458. doi: 10.1126/science.1202529 

51. Diaz-Aparicio I, Paris I, Sierra-Torre V, Plaza-Zabala A, Rodriguez-Iglesias N, Marquez-Ropero M, Beccari 

S, Huguet P, Abiega O, Alberdi E, et al. Microglia Actively Remodel Adult Hippocampal Neurogenesis 

through the Phagocytosis Secretome. J Neurosci. 2020;40:1453-1482. doi: 10.1523/JNEUROSCI.0993-19.2019 

52. Sierra A, Encinas JM, Deudero JJ, Chancey JH, Enikolopov G, Overstreet-Wadiche LS, Tsirka SE, Maletic-

Savatic M. Microglia shape adult hippocampal neurogenesis through apoptosis-coupled phagocytosis. Cell 

Stem Cell. 2010;7:483-495. doi: 10.1016/j.stem.2010.08.014 

53. Stevens B, Allen NJ, Vazquez LE, Howell GR, Christopherson KS, Nouri N, Micheva KD, Mehalow AK, 

Huberman AD, Stafford B, et al. The classical complement cascade mediates CNS synapse elimination. Cell. 

2007;131:1164-1178. doi: 10.1016/j.cell.2007.10.036 

54. Tremblay ME, Lowery RL, Majewska AK. Microglial interactions with synapses are modulated by visual 

experience. PLoS Biol. 2010;8:e1000527. doi: 10.1371/journal.pbio.1000527 

55. Wake H, Moorhouse AJ, Jinno S, Kohsaka S, Nabekura J. Resting microglia directly monitor the functional 

state of synapses in vivo and determine the fate of ischemic terminals. J Neurosci. 2009;29:3974-3980. doi: 

10.1523/JNEUROSCI.4363-08.2009 

56. Nimmerjahn A, Kirchhoff F, Helmchen F. Resting microglial cells are highly dynamic surveillants of brain 

parenchyma in vivo. Science. 2005;308:1314-1318. doi: 10.1126/science.1110647 

57. Streit WJ, Xue QS, Tischer J, Bechmann I. Microglial pathology. Acta Neuropathol Commun. 2014;2:142. doi: 

10.1186/s40478-014-0142-6 

58. Venegas C, Heneka MT. Danger-associated molecular patterns in Alzheimer's disease. J Leukoc Biol. 

2017;101:87-98. doi: 10.1189/jlb.3MR0416-204R 

59. Del Bo R, Angeretti N, Lucca E, De Simoni MG, Forloni G. Reciprocal control of inflammatory cytokines, 

IL-1 and IL-6, and beta-amyloid production in cultures. Neurosci Lett. 1995;188:70-74. doi: 10.1016/0304-

3940(95)11384-9 

60. Pan XD, Zhu YG, Lin N, Zhang J, Ye QY, Huang HP, Chen XC. Microglial phagocytosis induced by fibrillar 

beta-amyloid is attenuated by oligomeric beta-amyloid: implications for Alzheimer's disease. Mol 

Neurodegener. 2011;6:45. doi: 10.1186/1750-1326-6-45 

61. Griffin WS, Stanley LC, Ling C, White L, MacLeod V, Perrot LJ, White CL, 3rd, Araoz C. Brain interleukin 

1 and S-100 immunoreactivity are elevated in Down syndrome and Alzheimer disease. Proc Natl Acad Sci 

U S A. 1989;86:7611-7615. doi: 10.1073/pnas.86.19.7611 

62. McGeer PL, Itagaki S, Tago H, McGeer EG. Reactive microglia in patients with senile dementia of the 

Alzheimer type are positive for the histocompatibility glycoprotein HLA-DR. Neurosci Lett. 1987;79:195-

200. doi: 10.1016/0304-3940(87)90696-3 

63. Schafer DP, Lehrman EK, Kautzman AG, Koyama R, Mardinly AR, Yamasaki R, Ransohoff RM, Greenberg 

ME, Barres BA, Stevens B. Microglia sculpt postnatal neural circuits in an activity and complement-

dependent manner. Neuron. 2012;74:691-705. doi: 10.1016/j.neuron.2012.03.026 

64. Liston C, Cichon JM, Jeanneteau F, Jia Z, Chao MV, Gan WB. Circadian glucocorticoid oscillations promote 

learning-dependent synapse formation and maintenance. Nat Neurosci. 2013;16:698-705. doi: 

10.1038/nn.3387 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 13 of 20 

 

 

65. Yang G, Pan F, Gan WB. Stably maintained dendritic spines are associated with lifelong memories. Nature. 

2009;462:920-924. doi: 10.1038/nature08577 

66. Parkhurst CN, Yang G, Ninan I, Savas JN, Yates JR, 3rd, Lafaille JJ, Hempstead BL, Littman DR, Gan WB. 

Microglia promote learning-dependent synapse formation through brain-derived neurotrophic factor. Cell. 

2013;155:1596-1609. doi: 10.1016/j.cell.2013.11.030 

67. Udeochu JC, Shea JM, Villeda SA. Microglia communication: Parallels between aging and Alzheimer's 

disease. Clin Exp Neuroimmunol. 2016;7:114-125. doi: 10.1111/cen3.12307 

68. Sipe GO, Lowery RL, Tremblay ME, Kelly EA, Lamantia CE, Majewska AK. Microglial P2Y12 is necessary 

for synaptic plasticity in mouse visual cortex. Nat Commun. 2016;7:10905. doi: 10.1038/ncomms10905 

69. Burke SN, Barnes CA. Neural plasticity in the ageing brain. Nat Rev Neurosci. 2006;7:30-40. doi: 

10.1038/nrn1809 

70. Roumier A, Bechade C, Poncer JC, Smalla KH, Tomasello E, Vivier E, Gundelfinger ED, Triller A, Bessis A. 

Impaired synaptic function in the microglial KARAP/DAP12-deficient mouse. J Neurosci. 2004;24:11421-

11428. doi: 10.1523/JNEUROSCI.2251-04.2004 

71. Rogers JT, Morganti JM, Bachstetter AD, Hudson CE, Peters MM, Grimmig BA, Weeber EJ, Bickford PC, 

Gemma C. CX3CR1 deficiency leads to impairment of hippocampal cognitive function and synaptic 

plasticity. J Neurosci. 2011;31:16241-16250. doi: 10.1523/JNEUROSCI.3667-11.2011 

72. Griffin R, Nally R, Nolan Y, McCartney Y, Linden J, Lynch MA. The age-related attenuation in long-term 

potentiation is associated with microglial activation. J Neurochem. 2006;99:1263-1272. doi: 10.1111/j.1471-

4159.2006.04165.x 

73. Cho SH, Sun B, Zhou Y, Kauppinen TM, Halabisky B, Wes P, Ransohoff RM, Gan L. CX3CR1 protein 

signaling modulates microglial activation and protects against plaque-independent cognitive deficits in a 

mouse model of Alzheimer disease. J Biol Chem. 2011;286:32713-32722. doi: 10.1074/jbc.M111.254268 

74. Heneka MT, Kummer MP, Stutz A, Delekate A, Schwartz S, Vieira-Saecker A, Griep A, Axt D, Remus A, 

Tzeng TC, et al. NLRP3 is activated in Alzheimer's disease and contributes to pathology in APP/PS1 mice. 

Nature. 2013;493:674-678. doi: 10.1038/nature11729 

75. Cho SH, Chen JA, Sayed F, Ward ME, Gao F, Nguyen TA, Krabbe G, Sohn PD, Lo I, Minami S, et al. SIRT1 

deficiency in microglia contributes to cognitive decline in aging and neurodegeneration via epigenetic 

regulation of IL-1beta. J Neurosci. 2015;35:807-818. doi: 10.1523/JNEUROSCI.2939-14.2015 

76. Yokoyama AS, Rutledge JC, Medici V. DNA methylation alterations in Alzheimer's disease. Environ 

Epigenet. 2017;3:dvx008. doi: 10.1093/eep/dvx008 

77. Milicic L, Porter T, Vacher M, Laws SM. Utility of DNA Methylation as a Biomarker in Aging and 

Alzheimer's Disease. J Alzheimers Dis Rep. 2023;7:475-503. doi: 10.3233/ADR-220109 

78. Ma Y, Wang W, Liu S, Qiao X, Xing Y, Zhou Q, Zhang Z. Epigenetic Regulation of Neuroinflammation in 

Alzheimer&rsquo;s Disease. Cells. 2024;13:79. 

79. Lu T, Pan Y, Kao SY, Li C, Kohane I, Chan J, Yankner BA. Gene regulation and DNA damage in the ageing 

human brain. Nature. 2004;429:883-891. doi: 10.1038/nature02661 

80. Cribbs DH, Berchtold NC, Perreau V, Coleman PD, Rogers J, Tenner AJ, Cotman CW. Extensive innate 

immune gene activation accompanies brain aging, increasing vulnerability to cognitive decline and 

neurodegeneration: a microarray study. J Neuroinflammation. 2012;9:179. doi: 10.1186/1742-2094-9-179 

81. Barrientos RM, Kitt MM, Watkins LR, Maier SF. Neuroinflammation in the normal aging hippocampus. 

Neuroscience. 2015;309:84-99. doi: 10.1016/j.neuroscience.2015.03.007 

82. Johansson JU, Woodling NS, Wang Q, Panchal M, Liang X, Trueba-Saiz A, Brown HD, Mhatre SD, Loui T, 

Andreasson KI. Prostaglandin signaling suppresses beneficial microglial function in Alzheimer's disease 

models. J Clin Invest. 2015;125:350-364. doi: 10.1172/JCI77487 

83. Friker LL, Scheiblich H, Hochheiser IV, Brinkschulte R, Riedel D, Latz E, Geyer M, Heneka MT. beta-

Amyloid Clustering around ASC Fibrils Boosts Its Toxicity in Microglia. Cell Rep. 2020;30:3743-3754 e3746. 

doi: 10.1016/j.celrep.2020.02.025 

84. Ising C, Venegas C, Zhang S, Scheiblich H, Schmidt SV, Vieira-Saecker A, Schwartz S, Albasset S, McManus 

RM, Tejera D, et al. NLRP3 inflammasome activation drives tau pathology. Nature. 2019;575:669-673. doi: 

10.1038/s41586-019-1769-z 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 14 of 20 

 

 

85. Stancu IC, Cremers N, Vanrusselt H, Couturier J, Vanoosthuyse A, Kessels S, Lodder C, Brone B, Huaux F, 

Octave JN, et al. Aggregated Tau activates NLRP3-ASC inflammasome exacerbating exogenously seeded 

and non-exogenously seeded Tau pathology in vivo. Acta Neuropathol. 2019;137:599-617. doi: 

10.1007/s00401-018-01957-y 

86. Venegas C, Kumar S, Franklin BS, Dierkes T, Brinkschulte R, Tejera D, Vieira-Saecker A, Schwartz S, 

Santarelli F, Kummer MP, et al. Microglia-derived ASC specks cross-seed amyloid-beta in Alzheimer's 

disease. Nature. 2017;552:355-361. doi: 10.1038/nature25158 

87. DiSabato DJ, Quan N, Godbout JP. Neuroinflammation: the devil is in the details. J Neurochem. 2016;139 

Suppl 2:136-153. doi: 10.1111/jnc.13607 

88. Heneka MT, Kummer MP, Latz E. Innate immune activation in neurodegenerative disease. Nat Rev 

Immunol. 2014;14:463-477. doi: 10.1038/nri3705 

89. Heppner FL, Ransohoff RM, Becher B. Immune attack: the role of inflammation in Alzheimer disease. Nat 

Rev Neurosci. 2015;16:358-372. doi: 10.1038/nrn3880 

90. Schmid CD, Sautkulis LN, Danielson PE, Cooper J, Hasel KW, Hilbush BS, Sutcliffe JG, Carson MJ. 

Heterogeneous expression of the triggering receptor expressed on myeloid cells-2 on adult murine 

microglia. J Neurochem. 2002;83:1309-1320. doi: 10.1046/j.1471-4159.2002.01243.x 

91. Colonna M. TREMs in the immune system and beyond. Nat Rev Immunol. 2003;3:445-453. doi: 

10.1038/nri1106 

92. Takahashi K, Rochford CD, Neumann H. Clearance of apoptotic neurons without inflammation by 

microglial triggering receptor expressed on myeloid cells-2. J Exp Med. 2005;201:647-657. doi: 

10.1084/jem.20041611 

93. Guerreiro R, Wojtas A, Bras J, Carrasquillo M, Rogaeva E, Majounie E, Cruchaga C, Sassi C, Kauwe JS, 

Younkin S, et al. TREM2 variants in Alzheimer's disease. N Engl J Med. 2013;368:117-127. doi: 

10.1056/NEJMoa1211851 

94. Jonsson T, Stefansson H, Steinberg S, Jonsdottir I, Jonsson PV, Snaedal J, Bjornsson S, Huttenlocher J, Levey 

AI, Lah JJ, et al. Variant of TREM2 associated with the risk of Alzheimer's disease. N Engl J Med. 

2013;368:107-116. doi: 10.1056/NEJMoa1211103 

95. Lue LF, Schmitz CT, Serrano G, Sue LI, Beach TG, Walker DG. TREM2 Protein Expression Changes 

Correlate with Alzheimer's Disease Neurodegenerative Pathologies in Post-Mortem Temporal Cortices. 

Brain Pathol. 2015;25:469-480. doi: 10.1111/bpa.12190 

96. Borroni B, Ferrari F, Galimberti D, Nacmias B, Barone C, Bagnoli S, Fenoglio C, Piaceri I, Archetti S, 

Bonvicini C, et al. Heterozygous TREM2 mutations in frontotemporal dementia. Neurobiol Aging. 

2014;35:934 e937-910. doi: 10.1016/j.neurobiolaging.2013.09.017 

97. Cady J, Koval ED, Benitez BA, Zaidman C, Jockel-Balsarotti J, Allred P, Baloh RH, Ravits J, Simpson E, 

Appel SH, et al. TREM2 variant p.R47H as a risk factor for sporadic amyotrophic lateral sclerosis. JAMA 

Neurol. 2014;71:449-453. doi: 10.1001/jamaneurol.2013.6237 

98. Cuyvers E, Bettens K, Philtjens S, Van Langenhove T, Gijselinck I, van der Zee J, Engelborghs S, 

Vandenbulcke M, Van Dongen J, Geerts N, et al. Investigating the role of rare heterozygous TREM2 variants 

in Alzheimer's disease and frontotemporal dementia. Neurobiol Aging. 2014;35:726 e711-729. doi: 

10.1016/j.neurobiolaging.2013.09.009 

99. Rayaprolu S, Mullen B, Baker M, Lynch T, Finger E, Seeley WW, Hatanpaa KJ, Lomen-Hoerth C, Kertesz 

A, Bigio EH, et al. TREM2 in neurodegeneration: evidence for association of the p.R47H variant with 

frontotemporal dementia and Parkinson's disease. Mol Neurodegener. 2013;8:19. doi: 10.1186/1750-1326-8-19 

100. Kober DL, Alexander-Brett JM, Karch CM, Cruchaga C, Colonna M, Holtzman MJ, Brett TJ. 

Neurodegenerative disease mutations in TREM2 reveal a functional surface and distinct loss-of-function 

mechanisms. Elife. 2016;5. doi: 10.7554/eLife.20391 

101. Liu W, Taso O, Wang R, Bayram S, Graham AC, Garcia-Reitboeck P, Mallach A, Andrews WD, Piers TM, 

Botia JA, et al. Trem2 promotes anti-inflammatory responses in microglia and is suppressed under pro-

inflammatory conditions. Hum Mol Genet. 2020;29:3224-3248. doi: 10.1093/hmg/ddaa209 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 15 of 20 

 

 

102. Bradshaw EM, Chibnik LB, Keenan BT, Ottoboni L, Raj T, Tang A, Rosenkrantz LL, Imboywa S, Lee M, 

Von Korff A, et al. CD33 Alzheimer's disease locus: altered monocyte function and amyloid biology. Nat 

Neurosci. 2013;16:848-850. doi: 10.1038/nn.3435 

103. Zhang B, Gaiteri C, Bodea LG, Wang Z, McElwee J, Podtelezhnikov AA, Zhang C, Xie T, Tran L, Dobrin R, 

et al. Integrated systems approach identifies genetic nodes and networks in late-onset Alzheimer's disease. 

Cell. 2013;153:707-720. doi: 10.1016/j.cell.2013.03.030 

104. Chan G, White CC, Winn PA, Cimpean M, Replogle JM, Glick LR, Cuerdon NE, Ryan KJ, Johnson KA, 

Schneider JA, et al. CD33 modulates TREM2: convergence of Alzheimer loci. Nat Neurosci. 2015;18:1556-

1558. doi: 10.1038/nn.4126 

105. Zhong L, Chen XF, Zhang ZL, Wang Z, Shi XZ, Xu K, Zhang YW, Xu H, Bu G. DAP12 Stabilizes the C-

terminal Fragment of the Triggering Receptor Expressed on Myeloid Cells-2 (TREM2) and Protects against 

LPS-induced Pro-inflammatory Response. J Biol Chem. 2015;290:15866-15877. doi: 10.1074/jbc.M115.645986 

106. Bianchin MM, Capella HM, Chaves DL, Steindel M, Grisard EC, Ganev GG, da Silva Junior JP, Neto Evaldo 

S, Poffo MA, Walz R, et al. Nasu-Hakola disease (polycystic lipomembranous osteodysplasia with 

sclerosing leukoencephalopathy--PLOSL): a dementia associated with bone cystic lesions. From clinical to 

genetic and molecular aspects. Cell Mol Neurobiol. 2004;24:1-24. doi: 10.1023/b:cemn.0000012721.08168.ee 

107. Huang YA, Zhou B, Wernig M, Sudhof TC. ApoE2, ApoE3, and ApoE4 Differentially Stimulate APP 

Transcription and Abeta Secretion. Cell. 2017;168:427-441 e421. doi: 10.1016/j.cell.2016.12.044 

108. Strittmatter WJ, Saunders AM, Schmechel D, Pericak-Vance M, Enghild J, Salvesen GS, Roses AD. 

Apolipoprotein E: high-avidity binding to beta-amyloid and increased frequency of type 4 allele in late-

onset familial Alzheimer disease. Proc Natl Acad Sci U S A. 1993;90:1977-1981. doi: 10.1073/pnas.90.5.1977 

109. Shi Q, Colodner KJ, Matousek SB, Merry K, Hong S, Kenison JE, Frost JL, Le KX, Li S, Dodart JC, et al. 

Complement C3-Deficient Mice Fail to Display Age-Related Hippocampal Decline. J Neurosci. 

2015;35:13029-13042. doi: 10.1523/JNEUROSCI.1698-15.2015 

110. Fu H, Liu B, Frost JL, Hong S, Jin M, Ostaszewski B, Shankar GM, Costantino IM, Carroll MC, Mayadas 

TN, et al. Complement component C3 and complement receptor type 3 contribute to the phagocytosis and 

clearance of fibrillar Abeta by microglia. Glia. 2012;60:993-1003. doi: 10.1002/glia.22331 

111. Wyss-Coray T, Yan F, Lin AH, Lambris JD, Alexander JJ, Quigg RJ, Masliah E. Prominent 

neurodegeneration and increased plaque formation in complement-inhibited Alzheimer's mice. Proc Natl 

Acad Sci U S A. 2002;99:10837-10842. doi: 10.1073/pnas.162350199 

112. Maier M, Peng Y, Jiang L, Seabrook TJ, Carroll MC, Lemere CA. Complement C3 deficiency leads to 

accelerated amyloid beta plaque deposition and neurodegeneration and modulation of the 

microglia/macrophage phenotype in amyloid precursor protein transgenic mice. J Neurosci. 2008;28:6333-

6341. doi: 10.1523/JNEUROSCI.0829-08.2008 

113. Fonseca MI, Zhou J, Botto M, Tenner AJ. Absence of C1q leads to less neuropathology in transgenic mouse 

models of Alzheimer's disease. J Neurosci. 2004;24:6457-6465. doi: 10.1523/JNEUROSCI.0901-04.2004 

114. Rogers J, Cooper NR, Webster S, Schultz J, McGeer PL, Styren SD, Civin WH, Brachova L, Bradt B, Ward 

P, et al. Complement activation by beta-amyloid in Alzheimer disease. Proc Natl Acad Sci U S A. 

1992;89:10016-10020. doi: 10.1073/pnas.89.21.10016 

115. Jiang H, Burdick D, Glabe CG, Cotman CW, Tenner AJ. beta-Amyloid activates complement by binding to 

a specific region of the collagen-like domain of the C1q A chain. J Immunol. 1994;152:5050-5059. 

116. Afagh A, Cummings BJ, Cribbs DH, Cotman CW, Tenner AJ. Localization and cell association of C1q in 

Alzheimer's disease brain. Exp Neurol. 1996;138:22-32. doi: 10.1006/exnr.1996.0043 

117. Hong S, Beja-Glasser VF, Nfonoyim BM, Frouin A, Li S, Ramakrishnan S, Merry KM, Shi Q, Rosenthal A, 

Barres BA, et al. Complement and microglia mediate early synapse loss in Alzheimer mouse models. 

Science. 2016;352:712-716. doi: 10.1126/science.aad8373 

118. Hong S, Dissing-Olesen L, Stevens B. New insights on the role of microglia in synaptic pruning in health 

and disease. Curr Opin Neurobiol. 2016;36:128-134. doi: 10.1016/j.conb.2015.12.004 

119. Bertram L, Lange C, Mullin K, Parkinson M, Hsiao M, Hogan MF, Schjeide BM, Hooli B, Divito J, Ionita I, 

et al. Genome-wide association analysis reveals putative Alzheimer's disease susceptibility loci in addition 

to APOE. Am J Hum Genet. 2008;83:623-632. doi: 10.1016/j.ajhg.2008.10.008 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 16 of 20 

 

 

120. Lambert JC, Ibrahim-Verbaas CA, Harold D, Naj AC, Sims R, Bellenguez C, DeStafano AL, Bis JC, Beecham 

GW, Grenier-Boley B, et al. Meta-analysis of 74,046 individuals identifies 11 new susceptibility loci for 

Alzheimer's disease. Nat Genet. 2013;45:1452-1458. doi: 10.1038/ng.2802 

121. Hollingworth P, Harold D, Sims R, Gerrish A, Lambert JC, Carrasquillo MM, Abraham R, Hamshere ML, 

Pahwa JS, Moskvina V, et al. Common variants at ABCA7, MS4A6A/MS4A4E, EPHA1, CD33 and CD2AP 

are associated with Alzheimer's disease. Nat Genet. 2011;43:429-435. doi: 10.1038/ng.803 

122. Lambert JC, Heath S, Even G, Campion D, Sleegers K, Hiltunen M, Combarros O, Zelenika D, Bullido MJ, 

Tavernier B, et al. Genome-wide association study identifies variants at CLU and CR1 associated with 

Alzheimer's disease. Nat Genet. 2009;41:1094-1099. doi: 10.1038/ng.439 

123. Naj AC, Jun G, Beecham GW, Wang LS, Vardarajan BN, Buros J, Gallins PJ, Buxbaum JD, Jarvik GP, Crane 

PK, et al. Common variants at MS4A4/MS4A6E, CD2AP, CD33 and EPHA1 are associated with late-onset 

Alzheimer's disease. Nat Genet. 2011;43:436-441. doi: 10.1038/ng.801 

124. Eikelenboom P, Stam FC. Immunoglobulins and complement factors in senile plaques. An 

immunoperoxidase study. Acta Neuropathol. 1982;57:239-242. doi: 10.1007/BF00685397 

125. Tooyama I, Kimura H, Akiyama H, McGeer PL. Reactive microglia express class I and class II major 

histocompatibility complex antigens in Alzheimer's disease. Brain Res. 1990;523:273-280. doi: 10.1016/0006-

8993(90)91496-4 

126. Liddelow SA, Guttenplan KA, Clarke LE, Bennett FC, Bohlen CJ, Schirmer L, Bennett ML, Munch AE, 

Chung WS, Peterson TC, et al. Neurotoxic reactive astrocytes are induced by activated microglia. Nature. 

2017;541:481-487. doi: 10.1038/nature21029 

127. Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of aging. Cell. 2013;153:1194-

1217. doi: 10.1016/j.cell.2013.05.039 

128. Penazzi L, Tackenberg C, Ghori A, Golovyashkina N, Niewidok B, Selle K, Ballatore C, Smith AB, 3rd, 

Bakota L, Brandt R. Abeta-mediated spine changes in the hippocampus are microtubule-dependent and 

can be reversed by a subnanomolar concentration of the microtubule-stabilizing agent epothilone D. 

Neuropharmacology. 2016;105:84-95. doi: 10.1016/j.neuropharm.2016.01.002 

129. Sjolin K, Kultima K, Larsson A, Freyhult E, Zjukovskaja C, Alkass K, Burman J. Distribution of five clinically 

important neuroglial proteins in the human brain. Mol Brain. 2022;15:52. doi: 10.1186/s13041-022-00935-6 

130. Shin RW, Iwaki T, Kitamoto T, Tateishi J. Hydrated autoclave pretreatment enhances tau immunoreactivity 

in formalin-fixed normal and Alzheimer's disease brain tissues. Lab Invest. 1991;64:693-702. 

131. Ayyubova G. Dysfunctional microglia and tau pathology in Alzheimer's disease. Rev Neurosci. 2023;34:443-

458. doi: 10.1515/revneuro-2022-0087 

132. Kent SA, Spires-Jones TL, Durrant CS. The physiological roles of tau and Abeta: implications for 

Alzheimer's disease pathology and therapeutics. Acta Neuropathol. 2020;140:417-447. doi: 10.1007/s00401-

020-02196-w 

133. Morishima-Kawashima M, Ihara Y. Alzheimer's disease: beta-Amyloid protein and tau. J Neurosci Res. 

2002;70:392-401. doi: 10.1002/jnr.10355 

134. Wang Y, Mandelkow E. Tau in physiology and pathology. Nat Rev Neurosci. 2016;17:5-21. doi: 

10.1038/nrn.2015.1 

135. Breijyeh Z, Karaman R. Comprehensive Review on Alzheimer's Disease: Causes and Treatment. Molecules. 

2020;25. doi: 10.3390/molecules25245789 

136. Pernegre C, Duquette A, Leclerc N. Tau Secretion: Good and Bad for Neurons. Front Neurosci. 2019;13:649. 

doi: 10.3389/fnins.2019.00649 

137. Xia Y, Prokop S, Gorion KM, Kim JD, Sorrentino ZA, Bell BM, Manaois AN, Chakrabarty P, Davies P, 

Giasson BI. Tau Ser208 phosphorylation promotes aggregation and reveals neuropathologic diversity in 

Alzheimer's disease and other tauopathies. Acta Neuropathol Commun. 2020;8:88. doi: 10.1186/s40478-020-

00967-w 

138. Galimberti D, Scarpini E. Disease-modifying treatments for Alzheimer's disease. Ther Adv Neurol Disord. 

2011;4:203-216. doi: 10.1177/1756285611404470 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 17 of 20 

 

 

139. Balaraman Y, Limaye AR, Levey AI, Srinivasan S. Glycogen synthase kinase 3beta and Alzheimer's disease: 

pathophysiological and therapeutic significance. Cell Mol Life Sci. 2006;63:1226-1235. doi: 10.1007/s00018-

005-5597-y 

140. Han P, Serrano G, Beach TG, Caselli RJ, Yin J, Zhuang N, Shi J. A Quantitative Analysis of Brain Soluble 

Tau and the Tau Secretion Factor. J Neuropathol Exp Neurol. 2017;76:44-51. doi: 10.1093/jnen/nlw105 

141. Blennow K, Hampel H. CSF markers for incipient Alzheimer's disease. Lancet Neurol. 2003;2:605-613. doi: 

10.1016/s1474-4422(03)00530-1 

142. Ries M, Sastre M. Mechanisms of Abeta Clearance and Degradation by Glial Cells. Front Aging Neurosci. 

2016;8:160. doi: 10.3389/fnagi.2016.00160 

143. Volterra A, Meldolesi J. Astrocytes, from brain glue to communication elements: the revolution continues. 

Nat Rev Neurosci. 2005;6:626-640. doi: 10.1038/nrn1722 

144. Ullian EM, Sapperstein SK, Christopherson KS, Barres BA. Control of synapse number by glia. Science. 

2001;291:657-661. doi: 10.1126/science.291.5504.657 

145. Hama H, Hara C, Yamaguchi K, Miyawaki A. PKC signaling mediates global enhancement of excitatory 

synaptogenesis in neurons triggered by local contact with astrocytes. Neuron. 2004;41:405-415. doi: 

10.1016/s0896-6273(04)00007-8 

146. Hamby ME, Sofroniew MV. Reactive astrocytes as therapeutic targets for CNS disorders. Neurotherapeutics. 

2010;7:494-506. doi: 10.1016/j.nurt.2010.07.003 

147. Barreto GE, Gonzalez J, Torres Y, Morales L. Astrocytic-neuronal crosstalk: implications for 

neuroprotection from brain injury. Neurosci Res. 2011;71:107-113. doi: 10.1016/j.neures.2011.06.004 

148. Halassa MM, Fellin T, Takano H, Dong JH, Haydon PG. Synaptic islands defined by the territory of a single 

astrocyte. J Neurosci. 2007;27:6473-6477. doi: 10.1523/JNEUROSCI.1419-07.2007 

149. Song H, Stevens CF, Gage FH. Astroglia induce neurogenesis from adult neural stem cells. Nature. 

2002;417:39-44. doi: 10.1038/417039a 

150. Cui W, Allen ND, Skynner M, Gusterson B, Clark AJ. Inducible ablation of astrocytes shows that these cells 

are required for neuronal survival in the adult brain. Glia. 2001;34:272-282. doi: 10.1002/glia.1061 

151. Sofroniew MV. Multiple roles for astrocytes as effectors of cytokines and inflammatory mediators. 

Neuroscientist. 2014;20:160-172. doi: 10.1177/1073858413504466 

152. Niranjan R. The role of inflammatory and oxidative stress mechanisms in the pathogenesis of Parkinson's 

disease: focus on astrocytes. Mol Neurobiol. 2014;49:28-38. doi: 10.1007/s12035-013-8483-x 

153. Hirsch EC, Breidert T, Rousselet E, Hunot S, Hartmann A, Michel PP. The role of glial reaction and 

inflammation in Parkinson's disease. Ann N Y Acad Sci. 2003;991:214-228. doi: 10.1111/j.1749-

6632.2003.tb07478.x 

154. Maragakis NJ, Rothstein JD. Mechanisms of Disease: astrocytes in neurodegenerative disease. Nat Clin Pract 

Neurol. 2006;2:679-689. doi: 10.1038/ncpneuro0355 

155. Perez-Nievas BG, Serrano-Pozo A. Deciphering the Astrocyte Reaction in Alzheimer's Disease. Front Aging 

Neurosci. 2018;10:114. doi: 10.3389/fnagi.2018.00114 

156. Koistinaho M, Lin S, Wu X, Esterman M, Koger D, Hanson J, Higgs R, Liu F, Malkani S, Bales KR, et al. 

Apolipoprotein E promotes astrocyte colocalization and degradation of deposited amyloid-beta peptides. 

Nat Med. 2004;10:719-726. doi: 10.1038/nm1058 

157. Lian H, Litvinchuk A, Chiang AC, Aithmitti N, Jankowsky JL, Zheng H. Astrocyte-Microglia Cross Talk 

through Complement Activation Modulates Amyloid Pathology in Mouse Models of Alzheimer's Disease. 

J Neurosci. 2016;36:577-589. doi: 10.1523/JNEUROSCI.2117-15.2016 

158. Nagele RG, D'Andrea MR, Lee H, Venkataraman V, Wang HY. Astrocytes accumulate A beta 42 and give 

rise to astrocytic amyloid plaques in Alzheimer disease brains. Brain Res. 2003;971:197-209. doi: 

10.1016/s0006-8993(03)02361-8 

159. Lian H, Yang L, Cole A, Sun L, Chiang AC, Fowler SW, Shim DJ, Rodriguez-Rivera J, Taglialatela G, 

Jankowsky JL, et al. NFkappaB-activated astroglial release of complement C3 compromises neuronal 

morphology and function associated with Alzheimer's disease. Neuron. 2015;85:101-115. doi: 

10.1016/j.neuron.2014.11.018 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 18 of 20 

 

 

160. Kong C, Yang EJ, Shin J, Park J, Kim SH, Park SW, Chang WS, Lee CH, Kim H, Kim HS, et al. Enhanced 

delivery of a low dose of aducanumab via FUS in 5xFAD mice, an AD model. Transl Neurodegener. 

2022;11:57. doi: 10.1186/s40035-022-00333-x 

161. Xia D, Lianoglou S, Sandmann T, Calvert M, Suh JH, Thomsen E, Dugas J, Pizzo ME, DeVos SL, Earr TK, 

et al. Novel App knock-in mouse model shows key features of amyloid pathology and reveals profound 

metabolic dysregulation of microglia. Mol Neurodegener. 2022;17:41. doi: 10.1186/s13024-022-00547-7 

162. Jo S, Yarishkin O, Hwang YJ, Chun YE, Park M, Woo DH, Bae JY, Kim T, Lee J, Chun H, et al. GABA from 

reactive astrocytes impairs memory in mouse models of Alzheimer's disease. Nat Med. 2014;20:886-896. doi: 

10.1038/nm.3639 

163. Nozaki S, Yoshimura K, Mimura M. [Depression and dementia: perspectives from clinical studies]. Brain 

Nerve. 2012;64:1387-1397. 

164. Kao YH, Chou MC, Chen CH, Yang YH. White Matter Changes in Patients with Alzheimer's Disease and 

Associated Factors. J Clin Med. 2019;8. doi: 10.3390/jcm8020167 

165. Ohtomo R, Iwata A, Arai K. Molecular Mechanisms of Oligodendrocyte Regeneration in White Matter-

Related Diseases. Int J Mol Sci. 2018;19. doi: 10.3390/ijms19061743 

166. Pak K, Chan SL, Mattson MP. Presenilin-1 mutation sensitizes oligodendrocytes to glutamate and amyloid 

toxicities, and exacerbates white matter damage and memory impairment in mice. Neuromolecular Med. 

2003;3:53-64. doi: 10.1385/NMM:3:1:53 

167. Nasrabady SE, Rizvi B, Goldman JE, Brickman AM. White matter changes in Alzheimer's disease: a focus 

on myelin and oligodendrocytes. Acta Neuropathol Commun. 2018;6:22. doi: 10.1186/s40478-018-0515-3 

168. Baumann N, Pham-Dinh D. Biology of oligodendrocyte and myelin in the mammalian central nervous 

system. Physiol Rev. 2001;81:871-927. doi: 10.1152/physrev.2001.81.2.871 

169. Gagyi E, Kormos B, Castellanos KJ, Valyi-Nagy K, Korneff D, LoPresti P, Woltjer R, Valyi-Nagy T. 

Decreased oligodendrocyte nuclear diameter in Alzheimer's disease and Lewy body dementia. Brain Pathol. 

2012;22:803-810. doi: 10.1111/j.1750-3639.2012.00595.x 

170. Arnett HA, Mason J, Marino M, Suzuki K, Matsushima GK, Ting JP. TNF alpha promotes proliferation of 

oligodendrocyte progenitors and remyelination. Nat Neurosci. 2001;4:1116-1122. doi: 10.1038/nn738 

171. Hofmann K, Rodriguez-Rodriguez R, Gaebler A, Casals N, Scheller A, Kuerschner L. Astrocytes and 

oligodendrocytes in grey and white matter regions of the brain metabolize fatty acids. Sci Rep. 2017;7:10779. 

doi: 10.1038/s41598-017-11103-5 

172. Liu Q, Zhang J. Lipid metabolism in Alzheimer's disease. Neurosci Bull. 2014;30:331-345. doi: 

10.1007/s12264-013-1410-3 

173. Simpson JE, Fernando MS, Clark L, Ince PG, Matthews F, Forster G, O'Brien JT, Barber R, Kalaria RN, 

Brayne C, et al. White matter lesions in an unselected cohort of the elderly: astrocytic, microglial and 

oligodendrocyte precursor cell responses. Neuropathol Appl Neurobiol. 2007;33:410-419. doi: 10.1111/j.1365-

2990.2007.00828.x 

174. Behrendt G, Baer K, Buffo A, Curtis MA, Faull RL, Rees MI, Gotz M, Dimou L. Dynamic changes in myelin 

aberrations and oligodendrocyte generation in chronic amyloidosis in mice and men. Glia. 2013;61:273-286. 

doi: 10.1002/glia.22432 

175. Xu J, Chen S, Ahmed SH, Chen H, Ku G, Goldberg MP, Hsu CY. Amyloid-beta peptides are cytotoxic to 

oligodendrocytes. J Neurosci. 2001;21:RC118. doi: 10.1523/JNEUROSCI.21-01-j0001.2001 

176. Marshall JS, Warrington R, Watson W, Kim HL. An introduction to immunology and immunopathology. 

Allergy Asthma Clin Immunol. 2018;14:49. doi: 10.1186/s13223-018-0278-1 

177. Huang LT, Zhang CP, Wang YB, Wang JH. Association of Peripheral Blood Cell Profile With Alzheimer's 

Disease: A Meta-Analysis. Front Aging Neurosci. 2022;14:888946. doi: 10.3389/fnagi.2022.888946 

178. Caza T, Landas S. Functional and Phenotypic Plasticity of CD4(+) T Cell Subsets. Biomed Res Int. 

2015;2015:521957. doi: 10.1155/2015/521957 

179. Tian L, Ma L, Kaarela T, Li Z. Neuroimmune crosstalk in the central nervous system and its significance 

for neurological diseases. J Neuroinflammation. 2012;9:155. doi: 10.1186/1742-2094-9-155 

180. Zheng C, Zhou XW, Wang JZ. The dual roles of cytokines in Alzheimer's disease: update on interleukins, 

TNF-alpha, TGF-beta and IFN-gamma. Transl Neurodegener. 2016;5:7. doi: 10.1186/s40035-016-0054-4 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 19 of 20 

 

 

181. Togo T, Akiyama H, Iseki E, Kondo H, Ikeda K, Kato M, Oda T, Tsuchiya K, Kosaka K. Occurrence of T 

cells in the brain of Alzheimer's disease and other neurological diseases. J Neuroimmunol. 2002;124:83-92. 

doi: 10.1016/s0165-5728(01)00496-9 

182. Merlini M, Kirabali T, Kulic L, Nitsch RM, Ferretti MT. Extravascular CD3+ T Cells in Brains of Alzheimer 

Disease Patients Correlate with Tau but Not with Amyloid Pathology: An Immunohistochemical Study. 

Neurodegener Dis. 2018;18:49-56. doi: 10.1159/000486200 

183. Unger MS, Li E, Scharnagl L, Poupardin R, Altendorfer B, Mrowetz H, Hutter-Paier B, Weiger TM, Heneka 

MT, Attems J, et al. CD8(+) T-cells infiltrate Alzheimer's disease brains and regulate neuronal- and synapse-

related gene expression in APP-PS1 transgenic mice. Brain Behav Immun. 2020;89:67-86. doi: 

10.1016/j.bbi.2020.05.070 

184. Chen X, Firulyova M, Manis M, Herz J, Smirnov I, Aladyeva E, Wang C, Bao X, Finn MB, Hu H, et al. 

Microglia-mediated T cell infiltration drives neurodegeneration in tauopathy. Nature. 2023;615:668-677. 

doi: 10.1038/s41586-023-05788-0 

185. Schetters STT, Gomez-Nicola D, Garcia-Vallejo JJ, Van Kooyk Y. Neuroinflammation: Microglia and T Cells 

Get Ready to Tango. Front Immunol. 2017;8:1905. doi: 10.3389/fimmu.2017.01905 

186. Perry VH, Nicoll JA, Holmes C. Microglia in neurodegenerative disease. Nat Rev Neurol. 2010;6:193-201. 

doi: 10.1038/nrneurol.2010.17 

187. Olmos-Alonso A, Schetters ST, Sri S, Askew K, Mancuso R, Vargas-Caballero M, Holscher C, Perry VH, 

Gomez-Nicola D. Pharmacological targeting of CSF1R inhibits microglial proliferation and prevents the 

progression of Alzheimer's-like pathology. Brain. 2016;139:891-907. doi: 10.1093/brain/awv379 

188. McGeer PL, Itagaki S, Boyes BE, McGeer EG. Reactive microglia are positive for HLA-DR in the substantia 

nigra of Parkinson's and Alzheimer's disease brains. Neurology. 1988;38:1285-1291. doi: 

10.1212/wnl.38.8.1285 

189. Monsonego A, Zota V, Karni A, Krieger JI, Bar-Or A, Bitan G, Budson AE, Sperling R, Selkoe DJ, Weiner 

HL. Increased T cell reactivity to amyloid beta protein in older humans and patients with Alzheimer 

disease. J Clin Invest. 2003;112:415-422. doi: 10.1172/JCI18104 

190. Baruch K, Rosenzweig N, Kertser A, Deczkowska A, Sharif AM, Spinrad A, Tsitsou-Kampeli A, Sarel A, 

Cahalon L, Schwartz M. Breaking immune tolerance by targeting Foxp3(+) regulatory T cells mitigates 

Alzheimer's disease pathology. Nat Commun. 2015;6:7967. doi: 10.1038/ncomms8967 

191. Monsonego A, Maron R, Zota V, Selkoe DJ, Weiner HL. Immune hyporesponsiveness to amyloid beta-

peptide in amyloid precursor protein transgenic mice: implications for the pathogenesis and treatment of 

Alzheimer's disease. Proc Natl Acad Sci U S A. 2001;98:10273-10278. doi: 10.1073/pnas.191118298 

192. Wlodarczyk A, Cedile O, Jensen KN, Jasson A, Mony JT, Khorooshi R, Owens T. Pathologic and Protective 

Roles for Microglial Subsets and Bone Marrow- and Blood-Derived Myeloid Cells in Central Nervous 

System Inflammation. Front Immunol. 2015;6:463. doi: 10.3389/fimmu.2015.00463 

193. Parachikova A, Agadjanyan MG, Cribbs DH, Blurton-Jones M, Perreau V, Rogers J, Beach TG, Cotman CW. 

Inflammatory changes parallel the early stages of Alzheimer disease. Neurobiol Aging. 2007;28:1821-1833. 

doi: 10.1016/j.neurobiolaging.2006.08.014 

194. Spani C, Suter T, Derungs R, Ferretti MT, Welt T, Wirth F, Gericke C, Nitsch RM, Kulic L. Reduced beta-

amyloid pathology in an APP transgenic mouse model of Alzheimer's disease lacking functional B and T 

cells. Acta Neuropathol Commun. 2015;3:71. doi: 10.1186/s40478-015-0251-x 

195. Marsh SE, Abud EM, Lakatos A, Karimzadeh A, Yeung ST, Davtyan H, Fote GM, Lau L, Weinger JG, Lane 

TE, et al. The adaptive immune system restrains Alzheimer's disease pathogenesis by modulating 

microglial function. Proc Natl Acad Sci U S A. 2016;113:E1316-1325. doi: 10.1073/pnas.1525466113 

196. Kim K, Wang X, Ragonnaud E, Bodogai M, Illouz T, DeLuca M, McDevitt RA, Gusev F, Okun E, Rogaev E, 

et al. Therapeutic B-cell depletion reverses progression of Alzheimer's disease. Nat Commun. 2021;12:2185. 

doi: 10.1038/s41467-021-22479-4 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1


 20 of 20 

 

 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 December 2024 doi:10.20944/preprints202412.2427.v1

https://doi.org/10.20944/preprints202412.2427.v1

