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Abstract 

The collection of post-mortem brain tissue has been a core function of the Alzheimer Disease Research Center’s 
(ADRCs) network located within the United States since its inception. Individual brain banks and centers follow 
detailed protocols to record, store, and manage complex datasets that include clinical data, demographics, and 
when post-mortem tissue is available, a detailed neuropathological assessment. Since each institution often has 
specific research foci, there can be variability in tissue collection and processing workflows. While published 
guidelines exist for select diseases, such as those put forth by the National Institute on Aging and Alzheimer 
Association (NIA-AA), it is of importance to denote the current practices across institutions. To this end a survey 
was developed and sent to United States based brain bank leaders, collecting data on brain region sampling, 
including anatomic landmarks used, staining (including antibodies used), as well as whole-slide-image scanning 
hardware. We distributed this survey to 40 brain banks and obtained a response rate of 95% (38 / 40). Most brain 
banks followed guidelines defined by the NIA-AA, having H&E staining in all recommended regions and targeted 
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region-based amyloid beta, tau, and alpha-synuclein immunohistochemical staining. However, sampling con-
sistency varied related to key anatomic landmarks/locations in select regions, such as the striatum, periventric-
ular white matter, and parietal cortex. This study highlights the diversity and similarities amongst brain banks 
and discusses considerations when amalgamating data/samples across multiple centers. This survey aids in es-
tablishing benchmarks to enhance dialogues on divergent workflows in a feasible way. 
 

Keywords: Neuropathology, ADRCs, Brain Banks, Tissue Repository, Biobank 

 

 

Introduction 

Brain banks are a fundamental resource to fa-
cilitate scientific research to better understand the 
complex biology of the human brain. Human tissues 
are a critical component in understanding a wide 
range of disorders that affect human health, includ-
ing Alzheimer Disease, Parkinson’s Disease, and 
Chronic Traumatic Encephalopathy (CTE), as well as 
understanding the effects of normal aging.1,2 Within 
the Alzheimer disease and related disorders (ADRD) 
community, the National Institute of Health (NIH) 
has supported many brain-banking efforts, including 
Alzheimer Disease Research Centers (ADRCs).3–5 
Many brain banks have been collecting tissue for 
decades and have developed specific protocols on 
sectioning, staining, and preserving samples typi-
cally driven by a specific research area or focus. For 
example, in a research repository focused on Amyo-
trophic Lateral Sclerosis (ALS), the spinal cord may 
be routinely included in the sampling schematic, 
while this may not be routine in one focused on Alz-
heimer disease (AD).6,7 

A key mandate of ADRCs is to aggregate and 
share the data from research participants, including 
clinical data, neuropsychological assessments, pa-
tient demographics, and when available, neuropa-
thology (NP) assessments as well as tissue samples.8 
The NP data provides the ground truth diagnosis, 
based on a review of a specific set of stained brain 
region slides, using standardized semi-quantitative 
rating scales developed over the past several dec-
ades. For AD these include the Consortium to Estab-
lish a Registry for Alzheimer's Disease (CERAD) 
score, Braak neurofibrillary tangle stage, Thal amy-
loid phase, and others.9–13 Guidelines regarding 
ADRD diagnosis have been previously published and 
updated as research progresses.14–17 

Following initial autopsies, a typical protocol 
will involve the dissection of brain tissue and place-
ment into small cassettes (~30x20x5 mm, but this 
can vary) to be paraffinized, sectioned, and then 
stained either histochemically or immunohisto-
chemically for select markers. However, numerous 
variations exist, such as large format free floating 
sections that may be 40-80 µm thick. The specific 
staining protocols, sample preparations including 
slice thickness, antibodies or other reagents used for 
processing, and the anatomic regions surveyed are 
just a few parameters that can vary from center to 
center, bank to bank, or even case to case.18,14 

Furthermore, with the advent and more wide-
spread availability of whole slide image (WSI) tech-
nology, it is now feasible to digitize neuropathology 
datasets at high resolution. These datasets are more 
easily shared than physical slides and there is a need 
to understand how best to harmonize workflows. 
Data harmonization efforts will require the creation 
of a standardized data dictionary in order to facili-
tate data sharing in the spirit of the FAIR guidelines 
(findability, accessibility, interoperability, and reus-
ability).19 Given potential variability in staining, sec-
tioning, blocking parameters, and naming conven-
tions, we created, distributed, and evaluated a sur-
vey that assessed the current landscape across re-
search institutes to identify common practices in 
ADRD brain banks (Supplementary Document). 

Materials and methods 

The authors, along with input from the ADRC 
digital pathology working group, produced and dis-
seminated a survey to brain bank leaders in the 
spring / summer of 2022, see Supplementary Table 
S1 for list of submitted surveys and Supplementary 
Material 2 for names of members of the ADRC group 
and their affiliations. Survey questions focused on 
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obtaining data for the immunohistochemistry (IHC) 
procedures used, sampling of brain hemispheres, 
WSI scanners available, antibody usage, and brain 
region staining and sampling procedures. For ana-
tomic areas, select landmarks were surveyed to 
identify heterogeneity between sampling proce-
dures among ADRCs (for the complete survey, see 
Supplementary Material 1). 

The survey questions were developed using the 
jotform.com platform (Jotform Inc, San Francisco, 
CA). A URL link to the survey was emailed to 39 past 
and current ADRC Neuropathology Core leaders and 
one non-ADRC brain bank leader. Participation was 
voluntary. Responses contained no personally iden-
tifiable information and results were anonymized. 
Survey responses were compiled in the fall of 2022. 

Survey entries were exported into an excel 
spreadsheet file for analysis. All analyses were done 
using open-source Python libraries through custom 
code found in the GitHub repository, including the 
resulting excel file: https://github.com/Gutman-
Lab/ADRC-np-survey-2023. Categorical data were 
presented as frequencies and percentages. Most 
questions in the survey had multi-select answers 
that were not mutually exclusive (multiple answers 
possible for each question) or were free text-an-
swers. Questions regarding the counter staining-
process for IHC were yes/no questions. 

Results 

The survey requests were sent out to 39 past 
and present ADRC NP core leaders, plus one addi-
tional brain bank leader not affiliated with an ADRC. 
The survey obtained a response rate of 95% (38/40). 
Most surveys were completed by the center’s NP 
leader or co-leader (33/38). The survey collected 
center information regarding the IHC procedure 
used, sampling of brain hemispheres, WSI scanners 
available, antibody usage, and brain region staining 
and sampling procedures. 

IHC processing and counterstaining were simi-
lar across centers, with most respondents stating 
they use hematoxylin counterstain with diamino-
benzidine (DAB) as the chromogen (brown) without 
enhancement (30/38). Other responses included us-
ing neutral red with DAB as chromogen with nickel 

enhancement (3/38) and only DAB with nickel en-
hancement (1/38). Four participants specified only 
using hematoxylin counterstain but neither DAB as 
chromogen with or without nickel enhancement, 
presumably meaning no implementation of IHC, an 
alternative approach, or a misinterpretation of the 
survey question. 

Four of the 38 respondents did not specify the 
brain region they sampled. Of the remaining 34, 
most denoted sampling the brain's left hemisphere 
(32/34), 13 sampled both hemispheres, and two 
sampled only the right hemisphere. Answers to this 
question were not mutually exclusive and included 
sampling the brain's left, right, or both hemispheres. 
Average section thickness varied considerably 
across centers, with the most common section size 
being 5 µm (12/38), followed by 8 µm (7/38), 4 µm 
(6/38), and 6 µm (5/38). Some centers (3/38) sample 
within a range of sizes, i.e., 5 - 7 µm. The thinnest 
section size sampled was 2 µm and the thickest was 
80 µm. Most centers have a single expert or neuro-
pathologist do all the blocking (23/37), with the re-
maining utilizing a group of individuals that routinely 
perform the blocking (14/37); responses were free 
text answers. 

The type of WSI scanner available was also sur-
veyed for all institutions. The most common type of 
scanner denoted was the Aperio / Leica (25/38). 
Other scanners included Olympus, Zeiss, Huron, 
Philips, Hamamatsu NanoZoomer, Keyence, and 3D 
Histotech. Most respondents had access to only a 
single type of scanner (29/38), while four had two 
scanner types available. Five respondents stated 
they had no access to a WSI scanner. These data are 
similar to previously published results.20 

With respect to IHC, most respondents utilize 
the AT8 antibody when staining for tau (23/37, anti-
body information missing for one center) or the 
PHF1 antibody (14/37). Some respondents stated 
using more than one antibody variant for tau stain-
ing, with two centers using three, and two centers 
using two antibodies. Other tau antibodies used in-
clude CP13 and RD3/RD4. Amyloid beta (aβ) staining 
showed more antibodies used by respondents, with 
12 different antibodies in current use. 4G8 (13/37) 
and the 6E10 (9/37) antibodies are the most com-
mon. Only one respondent stated using multiple an-
tibodies for aβ staining (10D5, 4G8, and 6E10). 
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For alpha-synuclein (ɑSyn) and TDP-43, re-
spondents specified phospho-specific or non-phos-
pho-specific antibody use. Most respondents use a 
phospho-specific antibody for TDP-43 (29/37). For 
ɑSyn, about half of the respondents use each type of 
antibody (phospho-specific: 18, non-phospho spe-
cific: 17), and two respondents specified alternative 
approaches (LB509 EMD Millipore & Millipore 
#AB5038P). Additionally, one respondent used both 
phospho and non-phospho-specific antibodies. 

 

Figure 1. Heatmap showing the number of centers using specific 
stains for different sampled brain regions. The vertical axis dis-
plays the 19 brain regions surveyed and the horizontal axis dis-
plays the major stains surveyed. The number in the heatmap sig-
nifies the number of centers that use the stain for that region. 
ɑ-Syn: alpha-synuclein, aβ: amyloid-beta, H&E: hematoxylin & 
eosin. 

Nineteen brain regions were surveyed to as-
sess the stains applied, anatomical landmarks in-
cluded, and sampling methodology. The survey 
identified a set of highly consistent combinations of 
stains and regions across centers/banks. For exam-
ple, the H&E stain was denoted to be used by all re-
spondents. However, there was a set of six regions 
(central gyri, periventricular white matter, anterior 
hippocampus, olfactory bulb, posterior cingulate gy-
rus, and temporal pole) that were not universally 
stained with H&E. Other stains, like ɑSyn, were more 
targeted, with frequent use in the midbrain, amyg-

dala, and anterior cingulate gyrus (n≥30) and mod-
erate use for the frontal gyri, posterior hippocam-
pus, temporal lobe, medulla, olfactory bulb, parietal 
gyri, and the pons (n≥13) (Figure 1). 

 

Figure 2. Bar plots showing the anatomical landmarks sampled 
in four brain regions. The dashed line represents the total num-
ber of submitted surveys (38). The dotted line represents the 
number of respondents that answered the question (varies per 
region). The N value in the vertical label corresponds to the 
value of the dotted line. All answers were non-mutually exclu-
sive. MT: mammilla-thalamic, AC: anterior commissure, addi-
tional region landmark responses can be found in Supplemen-
tary Figure S1. 

As anatomic regions can be vast and vary in 
mediolateral, superior/inferior, or rostrocaudal as-
pects, we also surveyed specific anatomic landmarks 
within select sampled brain regions. For all landmark 
questions, the responses were not mutually exclu-
sive. The inclusion of specific anatomic landmarks 
varied considerably across respondents. For exam-
ple, for the frontal gyri region, most respondents 
consistently sample the middle frontal gyrus (32/37 
centers that collect the region), but only a few re-
spondents stated that they also sample the inferior 
frontal gyrus (8/37). For the cerebellum, nearly all 
respondents stated they sampled the dentate nu-
cleus (36/37), but less than one-third of respondents 
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sampled the vermis (11/37). Similarly, for the thala-
mus and subthalamic nuclei region, not all respond-
ents included the subthalamic nuclei (30/37). Other 
landmarks in this region were sampled by a subset 
of brain banks (Figure 2 shows responses for select 
regions, additional results are included in Supple-
mentary Figure S1). 

For most regions, the majority of respondents 
stated sampling after coronal slicing (>80%) as op-
posed to before. For the cerebellum region, the sur-
vey asked if the sampling was done with longitudi-
nal, transverse, or coronal slicing. Most centers use 
longitudinal sectioning when sampling the cerebel-

lum (21/38), with a subset using transverse (n=6) or 
coronal (n=5) sectioning, or some other approach 
(n=5) (Figure 3). 

Additional questions not reported are those re-
garding the antibody vendor, the select set of re-
gions and the number of gyri and sulci targeted dur-
ing sampling (survey answers can be found at 
https://github.com/Gutman-Lab/ADRC-np-survey-
2023). These questions were free text answers, and 
while we attempted to glean data from these, there 
was too high a level of variability to draw conclu-
sions.

 

 

 

Figure 3. For 18 out of the 19 regions (olfactory bulb excluded), the number of centers that sample the region via different sectioning 
approaches is shown using stacked bar plots. For 17 regions, the survey asked if the centers sampled the region after or before coronal 
slicing. For the cerebellum region, the options were: longitudinal, transversal, and coronal slicing. The numbers show the value of the 
stacked bar. The label in each bar is the brain region. 
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Discussion 

Overall, we received survey responses from 
95% of sites, providing detailed information regard-
ing neuropathology (NP) protocols in select brain 
banks within the United States. Across respondents, 
the most consistently sampled regions include the 
frontal gyri, visual cortex, midbrain, posterior hippo-
campus, and striatum (37/38 centers). The least 
sampled regions include the posterior cingulate gy-
rus and the temporal pole (18/38). Sampled regions 
were denoted to be stained with H&E most often, 
concerning IHC, ɑSyn staining was most frequently 
conducted on the midbrain & amygdala (>32 cen-
ters), and aβ staining was most frequently used in 
striatum, frontal gyri, cerebellum, and posterior hip-
pocampus (>29 centers). There was variability for 
tissue thickness, and the specific antibod-
ies/epitopes for tau, ɑSyn, and aβ. 

The use of specific landmarks to aid in localizing 
sample regions showed a much higher degree of 
heterogeneity (Figure 2). Brain regions can be rela-
tively large, and assigning generic terms or Talair-
ach/MNI space or Brodmann area may not be suffi-
cient for optimal consistency in sampling.21,22 For de-
noting the presence/absence of a particular neuro-
pathologic feature, a level of precise anatomic loca-
tion within a nucleus may or may not be necessary, 
especially when assessing overall diagnoses. How-
ever, depending on what nuclear subregions are ex-
amined, the distribution of aggregate proteins can 
vary, for example in the amygdala, and these may 
alter specific correlations.23–25 There is also variabil-
ity in the performance of staining procedures, and 
how effectively they may reveal pathologies, as 
some have reported for ɑSyn IHC.26 Additional stud-
ies, including those from the BrainNet Europe Con-
sortium and from persons within the ADRC network, 
have aided in understanding intra-rater reliability, 
accuracy to clinical diagnoses, and validation of 
methods in multi-institutional cohorts.10–13, 27–30 De-
pending on the specific scientific question, under-
standing these additional details may be im-
portant.14,15 

Given the recent advancements in digital pa-
thology, to examining other communities that have 
converted to a digital format, such as the radiology 

community, can be advantageous. Within the radi-
ology imaging community, standardization of imag-
ing protocols has been achieved across centers, 
driven in part by the Alzheimer’s Disease Neuroim-
aging Initiative (ADNI), now starting its fourth itera-
tion.31,32 Despite significant differences in MRI scan-
ners across individual institutions, these efforts have 
facilitated the development of comparable imaging 
acquisition protocols across centers. The inherent 
digital nature of MRI datasets has facilitated not only 
the sharing of the original imaging sequences but 
also allows the sharing of standardized quantitative 
measures of brain structure and pathology. For ex-
ample, MRI volumes are often run through a Free-
Surfer pipeline that produces volumetric infor-
mation on individual brain structures, cortical thick-
ness, and white matter/gray matter volume, among 
other detailed statistics.33–36 

While data sharing is also a key focus of the 
ADRC network, sharing the physical autopsy slide 
sets between research centers may often be imprac-
tical. There is a great expense in properly packing 
and shipping large sets of glass slides between cen-
ters, although individual sections or blocks can rea-
sonably be shared at a limited scale. The increased 
availability of whole slide imaging (WSI) platforms is 
enhancing the ability to share high-resolution digital 
pathology images.37,38 These, in turn, can be utilized 
alongside machine learning/artificial intelligence 
(ML/AL) workflows to tackle questions that are oth-
erwise difficult to solve by conventional or tradi-
tional approaches. For example, early work in this 
domain has shown that computational workflows 
can identify and quantify neuropathological hall-
marks of the disease, such as Aβ plaques, in a scala-
ble manner.39–43 However, before similar studies can 
be replicated at scale across a large, diverse collec-
tion of images, it is imperative to begin developing a 
standardized data model to capture pre-analytic 
variables, as these have been denoted to alter ma-
chine learning algorithm outputs.42,44 ML models are 
notorious for making mistakes in unpredictable 
ways when being subject to novel images (i.e., dif-
ferent from images used during model training).45–48 
Thus, it is to be expected that models trained on im-
ages from 5 µm sections would not have similar re-
sults when assessing images from 80 µm sections. 
Similarly, the different staining or sampling ap- 
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proaches between ADRCs might produce images 
that vary slightly or significantly when viewed 
through an ML workflow. Understanding the data is 
equally important as developing the computational 
approach, and the results of this survey will help in 
understanding the depth of heterogeneity in the 
ADRC’s collective database. 
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