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Neuropathological Changes in Aging Brain
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Abstract Neuropathological hallmarks of Alzheimer’s disease (AD) include

tangles (NFT) and beta amyloid (Aβ) plaques. Despite numerous neuropathological

studies that assessed the relationship of cognitive decline with neuropathologic

lesions, their correlation still remains unclear. NFTs and Aβ plaques have been

widely implicated and described in normal aging. The number of NFTs in the CA1

and the entorhinal cortex seems to be more closely related to cognitive status,

compared to the amyloid load whose role still remains controversial in the AD. In

this review, we refer to our main studies performed in Geneva during the past two

decades attempting to assess the correlation of pathology with clinical expression.

The theory of cognitive reserve has been proposed for further understanding of

interindividual differences in terms of compensation despite the presence of path-

ological lesions. The increasing prevalence of the AD, the limitations of actual

treatments, as well as the high public cost reflect the imperative need for better

therapeutic and early diagnosis strategies in the future.
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6.1 Introduction

The population is growing older every year creating a big challenge for public

health to cope with the amelioration of life quality with increasing age in the future.

Prevention and early detection of heavy pathological entities in terms of public

health cost and prognosis, such as the Alzheimer’s disease, are necessary. There-

fore, a lot of funding has been invested in the comprehension of pathophysiological

mechanisms and early disease detection biomarkers during the past few years.

Cerebral aging is a very complex process involving molecular mechanisms’

alterations, such as reduced mitochondrial function, increased oxidative stress,

autophagy, the accumulation of ubiquitylated protein aggregates, as well as

impaired signalling of numerous neurotransmitter and neurotrophic factor path-

ways [1]. The main neuropathological findings in the Alzheimer’s disease have

often been described in old individuals without cognitive impairment. Recent

research has turned its interest on the trajectory of normal aging in the human

brain, suggesting that there is a clinicopathological continuum between healthy

aging and dementia. The hypothesis behind this new line of research is that the

quantity and localization but not the nature of the lesions characterize cognitive

deterioration and progression from intact cognition to mild cognitive impairment

and to dementia [2]. We performed a number of clinicopathological studies in order

to address the issue of the lesions’ continuum in a very old population. When

studying neuropathological correlates of centenarians we found that they were

resistant to neurodegenerative process and had mild loss of neurons in the hippo-

campus, restricted to layer II of the entorhinal cortex [3–5].

Neurofibrillary tangles and amyloid plaques are the principal pathological hall-

marks described in both normal aging and neurodegenerative diseases.

Distinguishing demented and non-demented participants based on pathology has

been revealed to be extremely difficult. We will further overview the basic patho-

logical findings in the aging brain, their overlap with the ones in the Alzheimer’s

disease, as well as their clinical correlates.

6.2 Neurofibrillary Tangles: From Healthy Aging
to the AD

Paired helical filaments (PHF) are one of the principal constituents in AD pathol-

ogy. They are found in three distinct intraneuronal regions, forming the major part

of the neurofibrillary tangle (NFT) [6]. Two different groups identified the core

protein component of the PHFs, the tubule-associated hyperphosphorylated tau

protein in 1986 [7–9]. The physiological role of the protein tau involves the

microtubules’ stabilization and their interaction with cytoskeletal filaments [10].
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Braak and Braak described in 1991 a staging scheme concerning NFT lesions in

dementia to differentiate different stages of disease [11]. They suggested that Braak

I and II stages include the transentorhinal cortex with mild implication of the

hippocampus and no implication of the neocortex, corresponding to clinically silent

AD. Stages III and IV include more NFTs in the entorhinal and transentorhinal

cortex, in the hippocampus and mild neocortical pathology corresponding to early

AD. Stages V and VI involve high density of NFTs in the hippocampus, as well as

the neocortex, and are linked to fully developed AD.

Several clinicopathological studies have examined the correlation of cognitive

status and pathological findings [12–14]. Arriagada et al. were one of the first

teams to describe the positive correlation between the number of neocortical

NFTs and the severity of dementia [15]. Over the past few years the Geneva

group has performed a series of clinicopathological analyses with demented and

non-demented subjects [16–22]. NFT number was proved to be strongly related to

cognitive impairment, especially massive NFT formation in the CA1 field, the

entorhinal cortex, and the area 9 of the brain [23]. In line with our studies, other

groups with large autopsy series have concluded that the density of NFTs in

selected cerebral fields is strongly related to the cognitive status as tested by

different neuropsychological tests [24–26].

Tomlinson et al. were the first to describe the presence of NFTs in cognitively

intact elderly people [27]. Since then several other studies have indicated the

presence of NFTs in normal brain aging [28–31]. Our group has performed a series

of autopsies in demented and non-demented population during the past two

decades. NFTs were found to exist in areas such as the entorhinal cortex, the

CA1 field, as well as the temporal cortex [16]. The localization and number of

NFTs correlate with cognitive decline. NFT numbers in the entorhinal cortex or

area 9 could predict almost more than 87 % of the MMSE scores’ variability [17].

We studied a particular subset brain in a subgroup of AD patients that develop

parkinsonism [20]. They represent a percentage of approximately 30 % and present

no Lewy body pathology at autopsy. Our sample included 22 patients with AD,

11 with parkinsonism and 11 without. All cases were carefully selected from a brain

bank of 5,278 autopsies performed in the Geneva University Hospitals after neu-

ropathological AD confirmation and parkinsonism. Post-encephalitic, idiopathic

PD, potentially drug-induced parkinsonism, cases were excluded. The results

showed that parkinsonism in AD is related to an important neuronal loss in the

substantia nigra pars compacta (SN) and in the putamen. Tau deposition was a less

important factor, with densities of NFTs in the SN correlating with parkinsonism

but not in the putamen. These data suggest that a subgroup of patients with AD

develop more subcortical extension with a probable worse prognosis in comparison

with cortical only AD cases.
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6.3 Amyloid Oligomers and Senile Plaques:
From Healthy Aging to the AD

Amyloid deposits in the brain are the second pathologic hallmark of the

AD. Amyloid β peptide is a 39–43 amino-acid peptide generated by enzymatic

cleavages of the β-amyloid precursor protein (β APP) that is very sensitive to the

proteolysis by a set of proteases called secretases. Secretases are responsible for the

production of Aβ(1–40) peptide or Aβ(1–42/43) with a higher tendency to self-

aggregate. Senile plaques consist of amyloid fibrils composed by aggregated Aβ
peptides. Before developing fibrils, they aggregate into oligomers. Soluble

non-fibrillar oligomeric assemblies are suggested toxic at the synaptic level [32].

To further elucidate the molecular entity underlying cognitive impairment and

amyloid deposition we performed a neuropathological study to explore the rela-

tionship of mid-molecular weight Aβ oligomers with their regional distribution and

their relationship with lesion development in controls and mild-to-severe AD

patients. We found that mid-molecular weight Aβ oligomers had the same regional

distribution with fibrillar amyloid pathology both in controls and AD. This

suggests that the formation of oligomers is perhaps necessary for the formation of

stable amyloid plaques (Mid range molecular weight Aβ oligomers in normal

aging and AD: regional and clinicopathological correlations. Bouras, personal

communication).

Numerous studies have focused on its role in the normal aging brain and the

neurodegenerative disease. NFTs and amyloid depositions are very common in

elderly people without any cognitive impairment, particularly in the oldest old [18],

reference NFT. While the correlation of NFT number with the severity of cognitive

decline has been confirmed by several researchers, a direct link for amyloid

deposits still remains unclear. The use of amyloid ligand uptake in PET as one of

the most important biomarkers for the early diagnosis of the AD still remains

controversial. In fact, in the early stages of AD there is no or scarce deposition of

amyloid in the frontal cortex. On the other hand, the soluble oligomers that are

detected by PET should be present everywhere in the brain. In our recent study [20]

we compared amyloid deposition in 1,599 autopsied cases aged 65 and more (mean

age approximately 82.8 years) between 1972 and 2006 in Geneva to detect cohort

effects on age- and AD-related neuropathologic changes. Amyloid-to-NFT stage

ratios were used to account for possible changes in AD prevalence to severity over

time. We found that the brains of older individuals in 2006 were 10 years younger in

terms of amyloid deposition compared to people that died earlier. The amyloid/

NFT ratio was decreased in both demented and non-demented cases confirming the

decreased amyloid in more recent autopsied subjects despite the severity of pres-

ence NFT densities.
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6.4 Vascular Disease

Vascular disease is the second most common dementia disease after AD [33]. We

performed a series of studies to assess the repercussions of vascular burden in brain

aging. A high percentage of AD cases (approximately 2/3) were found to present a

mixed neuropathological profile with the coexistence of vascular pathology con-

fined to microvascular lesions [34] or lacunes [35]. Cortical microinfarct scores

statistically correlated with the clinical variability assessed by the CDR scale.

Subcortical lacunes in the thalamus and basal ganglia predicted cognitive decline

in the elderly in our second series of autopsy including 72 patients. Periventricular

and deep white matter lesions seem to play a very modest role in cognitive decline.

A lot of research has been done in the field to assess the criteria for mixed dementia,

as well as the potential synergistic role of vascular and neurodegenerative disease

when the amount of lesions is not sufficient to provoke disease [36, 37].

6.5 Discussion

Neuropathological lesions of AD have been widely described in cognitive intact

elderly people by several authors. Which is the turnover point over which lesions

become clinically evident? Why elderly people with extended neuropathological

lesions manage to compensate them and remain cognitively intact? Through our

experience in the field and the existing literature we notice that the appearance of

NFTs and amyloid plaques after the age of 50 is inevitable. Despite this common

feature only 10 % of the elderly population (after 65 years) manifests the symp-

tomatology of AD. Each case though presents an individual profile in terms of

lesions and clinical symptomatology with cognitive decline depending on the

number of healthy remaining neurons. Epigenetics have been proposed as a poten-

tial molecular mechanism participating in the AD pathophysiology to explain

interindividual differences [38, 39]. APP DNA methylation has been proved to be

normally methylated and hypomethylated with age, resulting in increased Aβ
production (reference Tohgi et al. reduction with age in methycytosine. Brain Res

Mol Brain Res 70:288–292). Histone modifications have also been described in AD

hippocampal neurons, as well as other brain regions implicated in the disease

[40]. The theory of cognitive reserve [41] has been proposed during the past

years as the most plausible hypothesis to explain interindividual variability in

pathology and clinical expression of AD. Low educational level and occupational

status have been described as risk factors for the AD [42]. Cognitive reserve is

thought to be the moderator between pathological brain changes and clinical

expression [41, 43]. Its pathophysiological basis still remains unclear. Perhaps the

anatomical variability mainly in the entorhinal cortex may play an important role

for the preservation of the cognitive functions. FMRI studies in elderly healthy

controls could help us to further elucidate the underlying neural mechanisms. The

need for more efficient therapeutic strategies is crucial given the actual poor results

from clinical trials, as well as the increasing prevalence of the disease.
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