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Abstract
We studied Alzheimer’s disease (AD) pathology in the precuneus and surrounding brain areas.
Anatomically, the precuneus corresponds to the medial portion of human cerebral cortical Brodmann
Area 7. This study utilized patients from the University of Kentucky Alzheimer’s Disease Center
autopsy cohort. Data from 47 brains were used comprising patients of differing antemortem cognitive
impairment severities, each with longitudinal clinical data and extensive neuropathological data. We
assessed whether the precuneus and surrounding areas are differentially vulnerable to AD-type
pathological lesions (diffuse amyloid plaques, neuritic amyloid plaques, and neurofibrillary tangles).
Eleven areas of brain were evaluated for each case: amygdala, hippocampal CA1, subiculum,
entorhinal cortex, frontal cortex, superior and middle temporal gyri, inferior parietal lobule, occipital
cortex, posterior cingulate gyrus, Brodmann Area 31, and the precuneus proper. Like other areas of
neocortex, the precuneus demonstrated increased diffuse and neuritic amyloid plaques early in the
evolution in AD, and increased neurofibrillary tangles late in AD. Correcting for the antemortem
cognitive status of the patients, there was no evidence of an increase in the density of AD-type
pathology in the precuneus or neighboring areas relative to other areas of cerebral neocortex. Our
results are not consistent with the idea that the precuneus is involved in a special way with plaques
or tangles relative to other areas of neocortex.
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Previous studies have indicated that the precuneus area of the cerebral cortex may be
specifically vulnerable to early changes of Alzheimer’s disease (AD). These prior studies
include a variety of neuro-imaging modalities: structural analyses (magnetic resonance
imaging, MRI), functional studies of metabolism (both positron emission tomography [PET]
and functional MRI [fMRI]), as well as PET scans using ligands that bind amyloid plaques
([1,7–9,12–16,21,22,26] and see reviews [3,4]). However, there has never been a study that
focuses on neuropathology of the precuneus in AD.

The precuneus itself has been defined as the mesial portion of Brodmann Area (BA) 7 [6].
Immediately ventral to the precuneus is a transitional area, BA 31, and between BA 31 and the
corpus callosum is the posterior cingulate gyrus (PCG, also known as BA 23). The anterior
boundary of the precuneus is the marginal branch of the cingulate sulcus, whereas the parieto-
occipital sulcus provides the posterior boundary [6]. The anatomy is illustrated in Fig. 1. The
function of the precuneus is not well known but may pertain to higher-order representation of
self [4,6,25].

We sought to test the hypothesis that the precuneus is an area of the brain where the
neuropathology of AD is more severe than in other brain areas. The University of Kentucky
Alzheimer’s Disease Center (UK ADC) follows a large clinical cohort longitudinally with
yearly in-depth neuropsychological mental status assessments. All subjects enrolled have
agreed to autopsy and brain donation following death. This manuscript includes analysis of the
clinicopathological indices including premortem cognitive status and quantitative measures of
neurofibrillary tangles (NFTs), diffuse amyloid plaques (DPs), and neuritic amyloid plaques
(NPs). NFT, DP, and NP lesion densities are routinely counted at the UK ADC and can be
compared across different neuroanatomical regions [19]. We found no evidence for a
disproportionate increase in precuneus AD-type pathology relative to other neocortical brain
areas, at any point in the evolution of AD.

Patients who had come to autopsy from UK ADC cohorts were the basis for the study. Research
protocols were approved by the UK IRB. Details of UK ADC recruitment were described
previously [19,24]. All patients had post-mortem consensus conference diagnoses of AD, MCI,
or non-demented—no dementia with Lewy bodies or vascular disease patients were included.
Only patients who had Mini-Mental Status Examination (MMSE) scores within 2 years of
death were used in this project. We gathered recent patients that represented a gamut of
cognitive impairment, focusing on the relatively modestly impaired patients (see below).
Mental status testing of our subjects has been described previously [23]. The present study
focuses on the MMSE conducted closest to the date of death as the ‘severity metric’ for
cognitive impairment. The MMSE score was chosen as it was the most consistently available
measure obtained from both normal and demented subjects over the course of their evaluations.
Other than the range of interest for cognitive impairment and the lack of concomitant
pathologies, this represents a convenience sample and we chose the cases randomly from recent
autopsies at the UK ADC. Since we had no prior knowledge about the severity of pathology
in the regions studied, we had no bias in terms of case selection that would have affected our
main outcome measures (i.e. pathology severity in the precuneus, BA 31, and PCG relative to
other areas of neocortex).

The main focus of the analyses was a comparison of lesion counts between neocortical fields.
Pathological assessments were as described in detail previously [19,20]. Briefly, a total of at
least 25 sections were taken from each brain that included precuneus (mesial BA 7), BA 31,
PCG (BA 23), middle frontal gyrus (BA 9), superior and middle temporal gyri (BA 21 and
22), inferior parietal lobule (BA 39 and 40), occipital lobe including primary visual area (Occ;
BA 17 and 18). A gross anatomical photograph to show the areas selected near the precuneus
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is provided as Supplemental file 1. Thorough neuropathological investigation was performed
including assessment of infarctions and Lewy bodies (via alpha-synuclein
immunohistochemistry) as previously described [19]. Sectioning was performed either fresh
or after fixation. Most of the posterior cingulate gyri sections were sectioned twice, both fresh
and after fixation, and the lesion counts were not affected (data not shown). Lesions were
counted as previously described [19]; silver impregnation and counts are routinely performed
at the UK ADC. Senile plaques were counted using a 10× objective (field size, 2.35 mm2 in
the five most involved fields in each section of the regions described earlier. The most involved
fields were determined by studying the whole section and marking it. Senile plaques were
separated into DPs (plaques without surrounding argyrophilic degenerating neurites) and NPs
(plaques with multiple argyrophilic neurites) in each region. Neurofibrillary tangles were
counted with a 20× objective (field size, 0.586 mm2) in the five most involved fields of each
section of the regions described earlier. An arithmetic mean was calculated from the count of
the five most involved fields for DPs (number of DPs per 2.35 mm2), NPs (number of NPs per
2.35 mm2), and NFTs (number of NFTs per 0.586 mm2) for each region. The same
neuropathological analyst and the same microscope were used for all counts generated.

Means were compared using a linear mixed model with between subject factor MMSE
subgroup, within subject factor brain region, and an unstructured covariance structure for the
repeated measurements across regions. Since the primary hypothesis centers about counts in
the precuneus region, Dunnett’s many to one t-test procedure was used to compare the mean
counts for each region with the mean count for the precuneus region.

Results are shown in Figs. 2 and 3. The neuropathology counts are presented stratified by
MMSE scores: 30 (N = 7); 26–29 (N = 20); 20–25 (N = 10); 11–19 (N = 5); and 0–10 (N = 5),
and see Table 1. Note that the largest group in the present study included people in MMSE
score range 26–29, because we hypothesize that these are in the early stage of cognitive decline.
Four of the patients in this group had the diagnosis of MCI, and four were early AD.

Throughout the neocortex and in the amygdala, the counts for DPs and NPs increased in persons
in correlation to the severity of cognitive impairment. The NFTs increase in the neocortex is
less dramatic than in the medial temporal lobe structures associated with allocortex. As a rule,
the density of plaques and tangles in the precuneus and surrounding structures (area 31 or
posterior cingulate gyri) was in proportion to that of other neocortical regions. There is no
group for any subtype of AD-type pathology where the density of pathology is greater in the
precuneus than all the other areas.

Dunnett’s t-tests were performed to compare the density of DPs, NPs, and NFTs counted in
the precuneus versus the other ten brain areas evaluated. These statistical analyses showed that
the only regions that had mean NFT counts significantly different from the precuneus region
were the entorhinal, amygdala, subiculum, and CA1 hippocampus. The regions that differed
from the precuneus on mean DP counts were the entorhinal, amygdala, subiculum, CA1
hippocampus, and the occipital cortex (P < 0.0002 by Dunnett’s adjustment, 42df). For NP
counts, those differing significantly from the precuneus were the entorhinal, subiculum, CA1
hippocampus, amygdala, and PCG (P < .0003, 42df). In sum, the AD-type pathology in the
precuneus was only statistically different from other neocortical region for DPs versus the
occipital cortex, and for NPs versus PCG. AD-type lesions counts from all other areas of
neocortex were not statistically different from those in the precuneus.

This present study is, to the best of our knowledge, the first to compare the AD-type lesion
densities across different areas of the brain that include specifically the precuneus and adjacent
BA 31. Brains were evaluated across a range of antemortem cognitive impairments. We
hypothesized that the density of AD-type pathology would be disproportionately higher in the
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precuneus relative to other neocortical regions. To test this hypothesis, we compared the counts
of the densities of DPs, NPs, and NFTs in 12 different areas of the brain in 47 different patients
from the UK ADC autopsy cohort. The results did not support our hypothesis as the data from
these patients did not show a disproportionate increase in AD-type pathology in the precuneus
or surrounding areas of the neocortex.

The precuneus is functionally related to the superior parietal cortex [6]. A prior study showed
that amyloid plaque density in the superior parietal cortex is high in a subset of patients with
poor language scores [5]. Another study found correlation between neurofibrillary tangle
densities in the superior parietal, posterior cingulate, and occipital cortex and constructional
apraxia [10]. No prior study has noted a selective increase in pathology in the superior parietal
cortex in early AD overall. The present study included analysis of the PCG, and showed no
significant increase in DPs, NPs, or NFTs in comparison to other areas of the neocortex; this
result has also been found in a prior study of PCG comparing non-demented, MCI, and AD
patients [17]. It is notable that the precuneus (or BA 31 or PCG) has not been highlighted as
an area of early involvement by researchers who have studied many brains extremely
thoroughly (see [2,11]).

The present research was motivated partly by neuro-imaging studies using MRI, fMRI, and
PET scans that indicate precuneus involvement early in the pathogenesis of AD [1,3,4,7–9,
12,14,16,22] The reason(s) for the apparent discrepancy between our findings and that of
various neuro-imaging-based studies is not known. We did not correct for brain atrophy; the
analyses are quantitative but not stereological, as we evaluated densities of DPs, NPs, and
NFTs. However, the lack of correction for atrophy would not explain the apparent discrepancy
with regard to the studies on amyloid binding PET ligands [12,18,22]. It is noteworthy,
moreover, that the neuro-imaging findings have never been corroborated by any post-mortem
study in humans. There may be some reason for systematic bias in the neuro-imaging studies
due to the anatomical location of the precuneus, although speculation on this topic is beyond
the scope of the current study.

There are some limitations to our study design. Amyloid plaques and NFTs are not the only
pathological findings in AD brains, and this study is limited to description of plaque and tangle
densities. Also, even in non-demented individuals, amyloid plaques are relatively abundant in
multiple areas of the cerebral cortex, so it is difficult to pinpoint the particular location in which
amyloid plaques are first seen. This problem derives from the fact that the correlation between
cognitive impairment severity and amyloid plaque densities is relatively poor [19]. Another
drawback to this study is the limited sample size. We anticipate future neuropathological
studies will be performed to corroborate our finding that the precuneus shows no special
vulnerability to plaques and tangles in AD brains.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
A cartoon shows the medial surface of a human brain that has been hemi-sected sagitally. The
numbers refer to Brodmann Area (BA) fields. The precuneus is the mesial area of BA 7. Inferior
to the precuneus is BA 31. The posterior cingulate gyrus (BA 23) is immediately dorsal to the
posterior half of the corpus callosum.
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Fig. 2.
A chart shows the results of amyloid plaque counts from 11 different brain areas. Diffuse
plaques (amyloid plaques without surrounding argyrophilic swollen neurites) are analyzed
separately from neuritic plaques. The results are stratified by MMSE scores. Note that the
results are similar for both subtypes of amyloid plaques. All neocortical regions, as well as the
amygdala, have increased plaque counts as MMSE scores decrease. However, there is no
relative increase in plaque counts referent to the precuneus or surrounding areas relative to
other neocortical areas. Note that ordinate values are different because diffuse plaque densities
are higher than neuritic plaque densities. Error bars indicate S.D.
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Fig. 3.
A chart shows the results of neurofibrillary tangle (NFT) counts from 11 different brain areas.
NFT counts tend to be higher in allocortical areas of the mesial temporal lobe, which are
associated with the hippocampal formation and amygdala. As with the amyloid plaque counts,
there is no evidence of a selective increase in NFT counts in the precuneus, Brodmann area
31, or posterior cingulate gyrus. Error bars indicate S.D.
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Table 1

Cases used for the study.

MMSE group N Average age Average MMSE

0–10 5 85.6 5.2

11–19 5 85.0 16.0

20–25 10 87.0 22.4

26–29 20 84.5 28.2

30 7 87.1 30.0
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