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Abstract

INTRODUCTION.—Neurodegenerative disorders are associated with different pathologies that
often co-occur but cannot be specifically measured by in vivo methods.
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METHODS.—Thirty-three brain hemispheres from donors with Alzheimer’s disease (AD)
spectrum diagnosis underwent T2-weighted MRI. Gray matter thickness was paired with
histopathology from the closest anatomical region in the contralateral hemisphere.

RESULTS.—Partial Spearman correlation of phosphorylated tau and cortical thickness with TAR
DNA-binding Protein 43 (TDP-43) and a-synuclein scores, age, sex and post-mortem interval

as covariates showed significant relationships in entorhinal and primary visual cortices, temporal
pole and insular and posterior cingulate gyri. Linear models including Braak stages, TDP-43 and
a-synuclein scores, age, sex and post-mortem interval showed significant correlation between
Braak stage and thickness in parahippocampal gyrus, entorhinal cortex and Broadman area 35.

CONCLUSION.—We demonstrated an association of measures of AD pathology with tissue loss
in several AD regions despite limited range of pathology in these cases.
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Introduction

Normal aging and neurodegenerative disorders are associated with a range of pathologies
that often co-occur.(1) Heterogeneous pathologies are commonly observed in post-mortem
studies of older brains(2—4) and they have been reported to have differential contributions
to the pattern of cognitive impairment(5-8). Accordingly, only part of the variation in
cognitive decline in neurodegenerative disorders such as Alzheimer’s disease (AD) can

be explained by the main features of its neuropathological definition.(9) Many of the
pathologies observed in neurodegenerative disorders cannot be specifically detected or
measured by in vivo methods. Nonetheless, successful identification of the topographic
patterns of these pathologies in structural magnetic resonance imaging (MRI) may provide
probabilistic, non-invasive biomarkers for their diagnosis, monitoring and treatment.

Although recent studies combining antemortem MRI and postmortem histopathological
evaluation have improved our understanding of the relationship between neuropathology
and in vivo MRI findings, such studies are uncommon and challenging to conduct.

Research quality antemortem MRI scans are not always available and the heterogeneity

of MRI protocols makes comparison between subjects challenging. Further, links between
regions that are sampled for histology represent a small subset of the regions that can be
measured with in vivo scans. Perhaps the greatest limitation is that antemortem imaging and
postmortem assessment are often several years apart in most studies, such that some aspects
of the pathology would not be present at time of the scan.(10)

Postmortem MRI is an alternative approach to studying pathology-structure relationships

in the brain that does not suffer from a delay between image acquisition and pathological
evaluation. Moreover, ex vivo MRI can be acquired using a consistent protocol that delivers
higher spatial resolution and signal to noise ratio due to the much longer acquisitions that are
minimally affected by motion artifacts as compared to in vivo MRI.(11-13)
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Our goal was to design a study that can serve as a template linking specific patterns

of tissue loss to underlying pathologies to provide insight into the interpretation of in

vivo structural MRI studies in this population. In the present study, we investigated the
association of gray matter thickness in cortical and medial temporal lobe (MTL) subregions
measured from high-resolution 7 Tesla (7T) postmortem MRI and several common AD-
related semi-quantitative neuropathology measures (regional phosphorylated tau (p-tau),
regional neuronal loss, global Braak stage)(14) in a group of brain donors with AD spectrum
diagnosis. The current analysis offers an extension to our prior work in which only MTL
subregions imaged at 9.4T were investigated.(15)

2. Methods

2.1. Participants

Brain hemispheres of 33 donors were obtained from University of Pennsylvania Alzheimer’s
Disease Research Center (ADRC) and Frontotemporal Degeneration Center (FTDC). All
participants provided consent to participate in research in ADRC or FTDC according to

the University of Pennsylvania Institutional Review Board guidelines, and the next-of-kin
provided autopsy consent. The cohort included a random mix of right and left hemispheres.
All the brains included had primary or secondary neuropathological diagnoses of AD (based
on the National Institute on Aging and Alzheimer’s Association [NIA-AA] criteria)(16) or
primary age-related tauopathy (PART) and did not show evidence of significant involvement
with any other type of tauopathy or frontotemporal lobar degeneration with TAR DNA-
binding protein 43 (TDP-43) inclusions (FTLD-TDP). Supplementary Table 1 provides a
comprehensive description of primary, secondary and tertiary neuropathologies for each
case.

2.2. Exvivo MRI scanning

The MRI procedures for this study have been described previously.(17) Hemispheres were
fixed in 10% formalin solution for at least 30 days, desiccated, and placed in a container

of MRI-inert fluid (Fomblin) prior to imaging. Special care was taken to minimize air
bubbles that would cause magnetic susceptibility artifacts. Images were obtained on Siemens
MAGNETOM Terra 7 tesla scanner with a custom birdcage transmit/receive coil. The
scanning protocol included a 3D-encoded T2-weighted sequence with 3 s repetition time
(TR), 383 ms echo time (TE), turbo factor 188, echo train duration 951 ms, bandwidth 348
Hz/px with 4 averages, providing 0.3 mm? isotropic resolution in approximately 2 hours.

(Fig. 1)

2.3. Gray Matter Thickness measurement

Eighteen cortical and MTL regions that largely encompassed areas typically sampled by
neuropathologists for evaluation of AD pathology were examined.(18) Thirteen cortical
regions outside of MTL included middle frontal gyrus, orbitofrontal gyrus, precentral gyrus
(motor cortex), temporal pole, insular gyrus, inferior frontal gyrus (Broca’s area), superior
temporal gyrus, superior parietal lobule, angular gyrus, primary visual cortex (inside the
calcarine sulcus), cingulate gyrus (anterior and posterior parts), the ventrolateral part of
inferior temporal gyrus. Five MTL regions included entorhinal cortex, parahippocampal
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gyrus, subiculum, Brodmann area 35 (BA35) and cornu ammonis 1 (CA1l). (Fig. 2.A)

The same approach developed and validated in our previously published work was used
for cortical thickness measurement.(15, 19) Each region was manually marked with a dot
consisting of few voxels on the MRI scan. Supplementary File 1 elaborates the guideline
used to locate each region dot on MRI. A portion of surrounding grey matter extending 5-10
mm in all directions around each dot was semi-automatically segmented using the active
contour segmentation in ITK-SNAP (version 3.8).(20) Thickness was then measured as the
diameter of a maximally inscribed sphere, computed using Voronoi skeletonization(21),
around the dot which is entirely contained in the segmentation. (Fig. 2.B) This semi-
automated approach to measure cortical thickness was previously used and validated in
Wisse at al.(15) to study thickness-pathology correlations in the medial temporal lobe.

2.4. Neuropathological evaluation

Neuropathological assessment was performed by expert neuropathologists at the University
of Pennsylvania, based on previously established criteria and reported as standard
semiquantitative scores.(18) The tissue specimens were embedded in paraffin blocks and
cut into 6 um sections. Immunohistochemistry evaluation was performed on contralateral
hemisphere to the hemisphere scanned using previously validated antibodies and established
methods:(22) NAB228 (monoclonal antibody [mAb], 1:8000, generated in the Center for
Neurodegenerative Disease Research [CNDRY]), phosphorylated tau PHF-1 (mAb, 1:1000,
a gift from Dr. Peter Davies), TAR5P-1D3 (mAb, 1:500, a gift from Dr. Manuela

Neumann and Dr. E. Kremmer) and Syn303 (mAb, 1:16,000, generated in the CNDR)

to detect AP deposits, phosphorylated tau deposits, phosphorylated TDP-43 deposits and
the presence of pathological conformation of a-synuclein, respectively. Each region was
given a semiquantitative score between 0 (None) and 3 (Severe) for each specific pathology.
Neuronal loss was visually assessed and reported as a semiquantitative score between 0 and
3. Fig. 3 shows samples of pathology slides used for semiquantitative rating of different
pathologies and neuron loss. Sampled regions included occipital lobe, CAl/subiculum,
amygdala, and middle frontal gyrus, cingulate, angular, superior/middle temporal and
entorhinal gyri. For statistical analysis, gray matter thickness in each anatomical region
measured on MRI was paired with neuropathology in either the exact (main regions) or

the closest (exploratory regions) contralateral anatomical region for which semi-quantitative
ratings were available. Supplementary Table 1 includes all MRI thickness measures and
semi-quantitative pathology scores for each case.

We also conducted an exploratory analysis in which a quantitative measurement of p-tau
tangle burden was extracted for each available digitally scanned PHF-1 histology slide by
applying a machine learning technique. The details of this approach are in Supplementary
File 2.

2.5. Statistical analysis

Analyses were performed in R (version 4.1.2). Sixteen regions with available thickness and
paired pathological scores were included in the analysis. One-sided partial Spearman rank
correlations was used to assess correlation of regional p-tau score with cortical thickness,
and age, sex, post-mortem interval, regional TDP-43 and a-synuclein scores were used as
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covariates. We also separately reported the Spearman correlation between semi-quantitative
p-tau score and cortical thickness without any covariates.

We used the same statistical techniques to assess the correlation of grey matter thickness and
exploratory quantitative p-tau tangle burden measures reported in Supplementary File 2.

In order to assess the correlation of Braak stage and cortical thickness, we used general
linear model including age, sex, post-mortem interval, regional TDP-43 and a-synuclein
scores. Because the distribution of Braak stages in our samples skewed towards more severe
(see Table 1), Braak score was entered as a categorical variable with only two categories:
“low/moderate” (stages 0-1V) and “severe” (stages V-VI).

One-sided Spearman correlation was also used to assess the correlation of regional neuron
loss and cortical thickness.

The p-value threshold corresponding to the false discovery rate (FDR) of 0.05 was computed
using the Benjamini and Hochberg method for multiple comparison correction (23), and
statistical tests surviving this correction threshold are highlighted in the result section.
However, other significant results that do not reach this stringent threshold are also reported,
since there is strong prior data to support correlation of p-tau severity and thickness, and it

is unlikely that statistical results with p-values below the 0.05 threshold but above the FDR
threshold are spurious.

3. Results

The mean age of donors at death was 79.40+9.39 years (range, 63-99) and thirteen

(40%) were female. The median Braak stage was V (range: 11-VI). Table 1 summarizes

the demographics and neuropathological characteristics of the brain donor cohort. Older
subjects had lower Braak staging although the correlation between age and Braak stage was
not statistically significant.

One-sided Spearman correlations between regional p-tau score and cortical thickness were
significant in entorhinal cortex (r=-.58, Pvalue=.0005, 27 d.f.), insular cortex (r=-.48, P
value=.0021, 31 d.f.), temporal pole (r=—.45, Pvalue=.0039, 31 d.f.), angular gyrus (r=-.43,
Pvalue=.0061, 31 d.f.), cingulate gyrus (posterior) (r=—.37, Pvalue=.0169, 31 d.f.), superior
parietal lobule (r=-.36, Pvalue=.0207, 30 d.f.) and subiculum (r=-.35, Pvalue=.0263, 30
d.f.). However, only insular and entorhinal cortices, temporal pole and angular gyrus met the
more conservative FDR=0.05 threshold. (Table 2)

Partial Spearman correlations between regional semiquantitative p-tau scores and cortical
thickness with age, sex, postmortem interval and regional TDP-43 and a.-synuclein scores
as covariates were significant in entorhinal cortex (r=—.57, Pvalue=.0019, 23 d.f.), temporal
pole (r=-.38, Pvalue=.0219, 28 d.f.), insular gyrus (r=—.36, Pvalue=.0318, 28 d.f.),
subiculum (r=-.36, Pvalue=.0348, 26 d.f.), posterior cingulate gyrus (r=—.34, Pvalue=.039,
28 d.f.) and primary visual cortex (r=—.33, Pvalue=.0413, 28 d.f.). (Table 2) However,

only the entorhinal cortex meets the more conservative FDR=0.05 threshold. Fig. 4.A,
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demonstrates scatter plots showing regional semiquantitative p-tau score versus cortical
thickness in all 16 regions studied.

Supplementary File 2 contains the result from one-sided Spearman correlations of cortical
thickness and regional quantitative p-tau tangle burden measure in either the exact (main
regions) or the closest (exploratory regions) contralateral anatomical region for which
quantitative measures were available.

Linear models including Braak stage (low/moderate=0-1V versus severe=V-V1), regional
TDP-43 and a-synuclein scores, age, sex and post-mortem interval also showed significant
correlations between Braak stage and cortical thickness in parahippocampal gyrus (t=—3.53;
Pvalue=.0016, 25 d.f.), entorhinal cortex (t=-2.33; Pvalue=.0.0293, 22 d.f.) and BA35
(t=—2.2; Pvalue=.0379, 23 d.f.). Only the parahippocampal gyrus met the more conservative
FDR=0.05 threshold. Fig. 4.B, illustrates bar plots of Braak stage versus cortical thickness in
all 16 regions studied.

Spearman correlations between regional neuronal loss score and cortical thickness were
significant in insular gyrus (r=—.56, Pvalue=.0003, 31 d.f.), entorhinal cortex (r=-.46, P
value=.0067, 26 d.f.), cingulate gyrus (posterior) (r=—.43, Pvalue=.0066, 31 d.f.), CA1l
(r=-.40, Pvalue=.0235, 24 d.f.), ventrolateral part of inferior temporal gyrus (r=-.38, P
value=.0181, 29 d.f.), BA35 (r=-.35, Pvalue=.0324, 27 d.f.), angular gyrus (r=—.34, P
value=.0253, 31 d.f.), parahippocampal gyrus (r=-.31, Pvalue=.0406, 31 d.f.) and temporal
pole (r=-.30, Pvalue=.0470, 31 d.f.). However, only insular and entorhinal cortices and
posterior cingulate gyrus met the more conservative FDR=0.05 threshold. Supplementary
Fig. 1, shows scatter plots illustrating the correlation between regional neuronal loss and
cortical thickness.

4. Discussion

In the current study, we implemented a simple approach for obtaining gray matter thickness
measurements from 7T ex vivo MRI scans in anatomical areas of interest and demonstrated
the feasibility of using this approach to study pathology-thickness correlations in the whole
brain. Our semi-automatic approach of measuring thickness at selected anatomical locations
was previously validated in the MTL(15) and here it showed good inter-rater and intra-rater
reliability.(24) We intended to provide an easy-to-implement approach for directly linking
pathological and radiological measures of neurodegeneration. While in the future, reliable
fully automated approaches for measuring cortical thickness on postmortem MRI, similar to
tools like FreeSurfer(25), will likely be available for ex vivo MRI analysis, the ITK-SNAP
based semi-automated approach used in this study is accessible now and not only offers

a reliable and fast way to obtain thickness measurements in anatomical areas of interest

but also provides necessary data for development and validation of automatic segmentation
methods.(19)

The use of a commercial 7T human MRI scanner instead of the 9.4T animal MRI scanner
in our prior MTL study may make our approach more accessible for other groups and
eliminates the added uncertainty introduced by geometric distortions that occur when
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scanning large samples on scanners intended for small animal imaging.(15) Another
difference between this paper and our earlier MTL study,(15) which included a large number
of FTLD diagnoses, is the more uniform postmortem cohort, limited to brain donors with an
AD spectrum diagnosis. Focusing on just these cases makes our findings on tau-thickness
and neurodegeneration-thickness correlations more relevant to AD research.

We investigated the correlation of regional p-tau pathology score and cortical thickness
across 16 regions of interest (ROIs) and observed significant negative correlations within
entorhinal cortex, temporal pole, insular gyrus, subiculum, posterior cingulate gyrus and
primary visual cortex. This result is in agreement with previous antemortem(26-31) and
postmortem(32) studies demonstrating the association of regional tau pathology and cortical
thickness in AD and healthy subjects. The temporal pole has been reported to be among

the cortical regions showing highest degree of thinning in early stages of AD and our
results showing significant correlation of temporal pole thickness and regional p-tau are

in concordance with that.(33-35). Only the correlation of entorhinal cortex thickness and
regional p-tau score met the more conservative FDR=0.05 threshold for significance. The
entorhinal cortex is one the earliest regions showing neurofibrillary tangle accumulation
during the course of AD (36, 37), therefore stronger correlations in this region are expected.
Surprisingly strong correlations with regional p-tau pathology were not detected for BA35,
which includes the transentorhinal region, identified by Braak & Braak as the earliest site
of AD tau pathology. However, in the exploratory data using quantitative measures of tau
pathology, BA35 thickness did significantly correlate with the tangle burden score on the
hippocampus slide, which includes BA35 (Supplementary File 2).

Our results also demonstrated a significant correlation between Braak staging and cortical
thinning in ROIs, within the temporal lobe. This finding is consistent with the significant
burden of tau pathology in these regions.(38) This is also in line with in vivo reports linking
temporal region tau positron emission tomography (PET) uptake with cortical thickness on
MRI.(26, 27) This result harmonizes with the notion of tau pathology in primary Braak
regions playing an important role in cortical atrophy and subsequent cognitive decline
during course of AD. Similar findings were reported by Whitwell et al. utilizing antemortem
MRI and postmortem neuropathological evaluation, and grey matter loss was only observed
in Braak stages V and V1 and not Il and IV.(39) They suggested that this conflict may

be due to the non-quantitative nature of Braak staging, which mostly shows the pattern of
involvement instead of the severity. Our dataset consisted of both low and high Braak stages.

Tau pathology has also been shown to be associated with neuronal loss in both AD and
normal aging(40-42) and this loss of neurons is likely a key source of cortical thinning.
(14) We observed that cortical thickness was significantly correlated with neuronal loss in
multiple temporal lobe ROIs including temporal pole and entorhinal cortex, insular gyrus
and cingulate gyrus (posterior) - the ROIs that showed significant correlation with p-tau
pathology as well. This result is also consistent with the in vivo finding of tau pathology
predicting the rate of future cortical thinning, particularly in temporal lobe regions.(26, 43,
44)
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One limitation of our study is that although we excluded hemispheres with significant
involvement with any other type of tauopathy or FTLD-TDP except AD, only a small
number of cases had pure AD pathology and existence of co-pathologies was seen in
majority of cases. The other limitation is that the pathology measures and MRI measures
were obtained from contralateral hemispheres, potentially weakening observed associations,
though pathology in AD is usually largely symmetrical between left and right hemispheres,
(45, 46) making the likelihood of bias in these correlations low. A recent study examining
correlations between automatically generated maps of MTL thickness and both contralateral
and ipsilateral semiquantitative MTL tau pathology scores did not detect substantially
different patterns of correlation.(47) In the future, we intend to carry out hemisphere-level
thickness-pathology associations using histology sampled from the same hemisphere and
same anatomical location as the MRI thickness measures, but this process is labor-intensive
and the data are not available yet. Another potential limitation is the reliance on semi-
quantitative measures of pathology, which are necessarily subjective and may not reflect
the burden of pathology in a direct linear way. Our exploratory data in Supplementary File
2 found associations between quantitative tangle burden measures and cortical thickness
that concur with the semiquantitative ratings, but also detected strong associations for
BA35, which were not observed using semi-quantitative ratings. We presented these data
as exploratory because the machine learning-based measures still need to be validated for
the histology protocol used in this paper (6um sections stained with PHF-1), and because
they have limited anatomical specificity (i.e., the same “hippocampus slide tangle burden”
measure captures pathology in the CAL, entorhinal cortex and BA35 regions). Future

work will focus on addressing these limitations of our quantitative measures concurrent
with obtaining histology from the same hemisphere as the MRI-based cortical thickness
measures. (48, 49)

5. Conclusion

This study demonstrates an association of cortical and medial temporal lobe subregional
thickness measured from postmortem MRI with semi-quantitative pathologic measures of
AD pathology and local tissue loss in several common AD regions despite limited range of
pathology in these cases. These initial results provide support for future work that will use
larger datasets and more quantitative pathology measures to better describe the contribution
of multiple pathologies to brain morphology in aging and neurodegenerative disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Neurodegenerative disorders are associated with co-occurring pathologies

which cannot be specifically measured by in vivo methods.

. Identification of the topographic patterns of these pathologies in structural
magnetic resonance imaging (MRI) may provide probabilistic biomarkers.

. We demonstrated the correlation of the specific patterns of tissue loss from
ex-vivo brain MRI with underlying pathologies detected in post-mortem brain
hemispheres in patients with Alzheimer’s disease (AD) spectrum disorders.

. The results provide insight into the interpretation of in vivo structural MRI
studies in patients with AD spectrum disorders.
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Research in context

Systematic review. The authors reviewed the literature using traditional methods like
PubMed. Although recent studies combining antemortem magnetic resonance imaging
(MRI) and postmortem histopathological evaluation have improved our understanding of
the relationship between neuropathology and in vivo MRI findings, they are challenging
to conduct and using post-mortem MRI as an alternative approach has not been fully
studied. The relevant citations are appropriately cited.

Interpretation. Our result demonstrates an association of semi-quantitative measures
of Alzheimer’s disease (AD) pathology with local tissue loss in several common AD
regions.

Future directions. This study provides support for future studies that will use larger
datasets and more quantitative pathology measures to better describe the contribution of
multiple pathologies to brain morphology in aging and neurodegenerative disease.
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Figure 1.
Ex-vivo Magnetic Resonance Image of one hemisphere. (A) axial, (B) sagittal, and (C)

coronal slices. Created with BioRender.com
*Color should be used for Fig. 1 in print.
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Figure 2.
Local regional cortical thickness measurement locations and pipeline. (A) Approximate

dot location for individual cortical regions. (B) Cortical thickness is measured at the 18
landmarks shown, but statistical analyses are performed for 16 regions except Motor cortex
and Orbitofrontal cortex. This is due the fact that currently we do not have neuropathological
data for these two regions. [20] A dot (shown: the superior temporal gyrus cortex dot)

is first placed to define an anatomical landmark, around which a semi-automatic level set
segmentation of the surrounding cortical ribbon is provided. A maximally inscribed sphere
is then computed using Voronoi skelentonization [21] and the diameter of the sphere gives
thickness at that landmark. Created with BioRender.com

*Color should be used for Fig. 2 in print.
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Figure 3.
Examples of pathological assessment for each regional pathology. The columns are severity

ratings (left to right): 0-3. The rows from top to bottom show amyloid plaques (NAB228
antibody), tau pathology (PHF-1 antibody), TDP-43 inclusions (pS409/410 antibody), Lewy
bodies (Syn303 antibody) and neuron loss (Hematoxylin & Eosin staining) in different
cortical and medial temporal lobe regions included in the current work. Scale bars are
shown.

*Color should be used for Fig. 3 in print.
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Figure 4.
(A) Scatter plots showing thickness measurements versus regional semiquantitative tau

scores. Linear regression fit is shown. The one-sided Spearman correlations with age,

sex, post-mortem interval and regional TDP-43 and a-synuclein scores as covariates were
significant in entorhinal cortex, insular gyrus, subiculum, posterior cingulate gyrus and
primary visual cortex (p<0.05). (B) Thickness measurements versus Braak stage. The
p-value of the model including age, sex, post-mortem interval and regional TDP-43 and
a-synuclein scores was significant in Parahippocampal gyrus, entorhinal cortex and BA35
(p<0.05).

*Color should be used for Fig. 4 in print.
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Table 1.

Demographic composition of the brain donor cohort, primary, secondary and tertiary postmortem
neuropathological diagnoses and global neuropathological scoring. Neuropathological measures are derived
from contralateral hemisphere to the hemisphere scanned.
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Brain donor cohort
N 33
Age 79.40£9.39 63-99
Sex 13F,20M
Scanned hemisphere 16 R, 17L
Post-mortem interval (hours) 19.77+13.26
Neuropathological diagnosis
Primary Secondary/tertiary
Alzheimer’s disease 23 7
Lewy body disease 8 14
PART 1 2
Cerebrovascular disease 1 3
LATE 10
Chronic Traumatic Encephalopathy 3
Hippocampal Sclerosis 1
Global neuropathological staging
0 1 2 3
Amyloid (A) 2 4 24
Braak (B) 0 4 10 19
CERAD (C) 5 4 5 19
Six-stage Braakscheme | O | 1 |2 | 3|4 | 5| 6
oOjo|4]|6]|4]|3]16

Abbreviations: PART, primary age-related tauopathy; LATE, Limbic-predominant Age-related TDP-43 Encephalopathy; CERAD, Consortium to

Establish a Registry for Alzheimer’s Disease.
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Correlation coefficients and p-values from one-sided Spearman correlation and partial Spearman correlation of
regional semi-quantitative tau score and cortical thickness with age, sex, post-mortem interval and regional
semi-quantitative TDP43 and a-synuclein scores as covariates. (A) Main regions with paired thickness and
histopathology scores. (B) Exploratory regions in close proximity to the regions with available corresponding

neuropathology score.

MRI region of interest

Corresponding Pathology
region of interest

Correlation coefficient (p-
value) of Spearman
correlation between structure
and local p-tau burden

Correlation coefficient (p-
value) of partial Spearman
correlation between structure
and local p-tau burden

Entorhinal cortex

Entorhinal cortex -0.58 (0.0005) *

-0.57 (0.0019)

Subiculum Cornu ammonis 1/subiculum -0.35 (0.0263) * -0.36 (0.0348) *

Primary visual cortex Occipital gyrus -0.27 (0.0622) -0.33 (0.0413) *
Angular gyrus Angular gyrus -0.43 (0.0061) * -0.31 (0.0519)
Superior temporal gyrus Superior/middle temporal gyrus -0.23 (0.1009) -0.28 (0.071)
Middle frontal cortex Middle frontal gyrus -0.21 (0.1167) -0.24 (0.1136)
Cornu ammonis 1 Cornu ammonis 1/subiculum -0.09 (0.3224) 0.07 (0.3925)

B

Temporal pole Amygdala -0.45 (0.0039) * -0.38 (0.0219) *

Insular gyrus Middle frontal gyrus -0.48 (0.0021) * -0.36 (0.0318) *

Cingulate gyrus (Posterior) Cingulate gyrus -0.37 (0.0169) * -0.34 (0.039) ~
Superior parietal lobule Angular gyrus -0.36 (0.0207) * -0.31 (0.0561)
Brodmann area 35 Entorhinal cortex —0.24 (0.1029) -0.22 (0.1488)
Ventrolateral part of inferior Entorhinal cortex -0.15 (0.2106) -0.07 (0.3616)

temporal gyrus

Cingulate gyrus (Anterior) Cingulate gyrus 0.03 (0.5659) -0.02 (0.4505)
Parahippocampal gyrus Cornu ammonis 1/subiculum —0.09 (0.3156) -0.01 (0.4824)
Inferior frontal Middle frontal gyrus -0.10 (0.2917) 0.09 (0.3311)

*
Significant p-values.
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