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A B S T R A C T  

In recent years, brain banks have become valuable resources for examining the molecular underpinnings of various neurological and psycho
logical disorders including Alzheimer disease and Parkinson disease. However, the availability of brain tissue has significantly declined. 
Proper collection, preparation, and preservation of postmortem autopsy tissue are essential for optimal downstream brain tissue distribution 
and experimentation. Collaborations between brain banks through larger networks such as NeuroBioBank with centralized sample request 
mechanisms promote tissue distribution where brain donations are disproportionately lower. Collaborations between brain banking net
works also help to standardize the brain donation and sample preparation processes, ensuring proper distribution and experimentation. Ethi
cal brain donation and thorough processing enhances the responsible conduct of scientific studies. Education and outreach programs that 
foster collaboration between hospitals, nursing homes, neuropathologists, and other research scientists help to alleviate concerns among 
potential brain donors. Furthermore, ensuring that biorepositories accurately reflect the true demographics of communities will result in 
research data that reliably represent populations. Implementing these measures will grant scientists improved access to brain tissue, facilitat
ing a deeper understanding of the neurological diseases that impact millions.
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I N T R O D U C T I O N
Brain banking is a process that involves collecting postmor
tem brain tissue samples, a practice that has been ongoing 
since the end of the 19th century (1). Since its beginning, 
the collecting and processing of brain tissue has changed 
drastically and became systematic in the 1960s. It has con
tinued to evolve into what is practiced today in brain banks. 
Currently, the collecting, processing, and analysis of biospe
cimens such as brain tissue has transformed into a meticu
lous process, one that often involves many steps to ensure 
that the largest amount of optimal tissue is banked for distri
bution to researchers. Banked human brain tissue is a vital 
resource, as it provides unique insights into neurological dis
eases in ways that are not possible with non-invasive meas
ures. As central nervous system (CNS) tissue can generally 
only be obtained after death (2), postmortem brain tissue 
serves as one of the only means for comparing changes in 
the brain with datapoints collected during life using other 
methodologies (e.g. cognitive assessments, plasma assays), 
enabling the comprehensive examination of neurological dis
ease processes.

Because neurological disorders are leading causes of disabil
ities and death worldwide, there is an increasing demand for 
research on brain diseases (3). To assist research focused on 
better understanding these complex diseases, brain banks ena
ble researchers to access postmortem human brain tissue from 
individuals with neurological diseases as well as healthy con
trols. Nevertheless, we argue that brain banking in the United 
States needs to become a more collective initiative and more 
widely utilized in the sciences to better serve the increasing 
demand for clinically and neuropathologically characterized 
postmortem tissue samples. Brain banking allows scientists to 
better understand the mechanistic insights in human neuro
logical and psychiatric diseases (4). While some of the compo
nents of these diseases can be observed in other species, 
replicating complex neurologic diseases in non-human organ
isms is not possible. To understand the various brain diseases 
at molecular and cellular levels and advance the development 
of new therapeutic interventions, studies must be conducted 
using human antemortem and postmortem tissue (5). 
Adequate numbers of tissue samples must be available 
for neuroscientists and neuropathologists for these studies. 
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The current processes for obtaining tissue samples in many 
institutions are complex and time-consuming, and this limits 
research productivity. Brain tissue availability is also often not 
sufficient for the existing scientific demand.

Therefore, enhancing productivity in brain banking opera
tions is essential to improving brain tissue access for scientists. 
By conducting studies on comprehensively characterized 
human brain autopsy samples, there will be an ultimate reduc
tion in the existing burden of neurological diseases through 
the identification and confirmation of effective therapeutic tar
gets in neurological diseases.

B R A I N  C O L L E C T I O N  A N D  P R O C E S S I N G
Several challenges currently exist in brain banking and processing 
workflows. For one, autopsy rates have continued to decline in 
recent years from a high of 41.1% in 1964 to less than 5% in 
many hospitals today (6). This results in challenges for neuropa
thologists and scientists studying human diseases as there is a 
declining amount of tissue available for research. Another barrier 
lies in the significant financial cost involved in collecting human 
brain tissue. Published cost estimates of brain tissue approximate 
the cost of collecting a postmortem brain to be $10 000–$30 000 
in the United States (4); this varies based on the geographical 
locations of the brain bank and the brain donor. There is also a 
large time commitment involved from the time of autopsy when 
the brain is removed and dissected to eventually having the brain 
stored properly in the biorepository. Brain bank biorepositories 
contain several different types of neural tissue samples (Fig. 1); 
each has its own conditions for long-term storage. The significant 
cost and time commitment involved in processing and banking 
postmortem brain tissue for research studies pose challenges for 
some institutions that lack the required funding and necessary 
personnel to properly obtain, process, and store postmortem 
human brain tissue samples. This creates a disparity between 
institutions and scientists that do not have sufficient access.

The collection and processing of brain tissue is complex 
and time-consuming. It specifically involves a series of well- 
defined and regulated steps to uphold diagnostic, scientific, 
and ethical standards. To initiate the brain donation process, a 
set of preparatory measures must be taken before death of the 
potential brain donor. Obtaining informed consent is a crucial 
prerequisite that may come from either the individual them
selves directly or from their next of kin.

B R A I N  B A N K I N G  N E T W O R K S  A N D  
C O L L A B O R A T I O N S

There are several examples of successful brain biobanking 
repositories worldwide that have developed and established an 
organized and collaborative approach to brain banking. These 
individual brain banks have established comprehensive proto
cols that help to ensure consistency between brain samples 
before biospecimens are distributed to researchers.

One such example is the BrainNet Europe, or BNE Consor
tium, which was composed of 19 established brain banks 
across Europe. Financial support for BNE's initiatives was pro
vided by the European Commission and the project has con

cluded its activities (7). It was a collaborative network of 
institutions founded to define the standard for quality, safety, 
and ethics regarding obtaining and handling human brain tis
sue. Furthermore, the overall objective of the BNE consortium 
was to share and distribute knowledge and information among 
neuroscientists (7). In addition to the BNE consortium, there 
are other nationally consolidated brain banks, such as the UK 
Brain Banks Network and the Australian Brain Bank, which 
house over 14 000 (8) and 10 000 brains, respectively (9).

Several years after the BNE was founded, the National Insti
tutes of Health (NIH)-funded NeuroBioBank (NBB) was 
developed in the United States. The NBB is a joint initiative 
between 6 brain bank repositories from different institutions 
that have adopted aligned protocols for the collection, proc
essing, and storing of the collected brain samples (Figs 2 and  
3) (9). Although the United States has a larger number of 
brain banks, there is much less integration across US systems 
than there was for BNE. However, opportunities exist to cre
ate a larger collaborative US network in the future via the col
laborative integration of new and existing biorepositories. 
Additionally, more brain tissue samples are becoming available 
through the consolidated national NBB, as each participating 
site of NBB collects approximately 100 brain autopsies per 
year (10). These brain donations have enabled samples from 
over 450 brain autopsy cases to be distributed to researchers. 
The NBB has also further collaborated with Autism BrainNet 
and Track-TBI, which are programs that utilize a collaborative 
network to transform clinical and research knowledge through 
the acquisition of human brain tissue samples (11). Collabora
tion between biorepositories that specialize in researching a 
variety of neurologic diseases will in turn create a greater sense 
of collaboration between researchers. For example, sample- 
derived data from Alzheimer disease (AD) brain autopsy cases 
may be compared with data from brain autopsy cases from 
individuals with Parkinson disease or Down syndrome to 
determine if there are any morphological or microscopic simi
larities across diseases (12). This can be further expanded in 
validation studies to stratify study groups of interest to contain 
large numbers of samples per study group.

Internationally, there is a great need for collaboration to 
compile knowledge and promote improved and equitable 
access to brain specimens and resources to all neuroscience 
researchers (13). While there are surely legal, ethical, and soci
etal restrictions in some areas regarding brain banking, having 
a high degree of international collaboration will ensure that the 
countries that cannot compile large numbers of brain tissue 
samples will have adequate access to tissue for their research. 
This will also promote increased scientific output for the global 
scientific community. Furthermore, international collaboration 
and increased scientific output will enable researchers to 
improve the general public’s current awareness and under
standing of brain donation and tissue banking processes.

E T H I C A L ,  L E G A L ,  A N D  S A F E T Y  
C O N S I D E R A T I O N S

International brain banks must always adhere to both national 
and ethical frameworks (14). Ethical and legal restrictions on 
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brain banking may pose a barrier to the success of collecting and 
banking samples for research purposes. However, if neuropathol
ogists take the appropriate measures to ensure consent, transpar
ency, donor privacy, and proper documentation as defined in 
the BNE code of conduct (2), ethical and responsible brain 
banking is possible. While the BNE does not have the legal 
power to enforce regulations, it does serve as one of the first 
attempts to define ethical standards specific to brain banking in 
Europe that can easily be applied to other brain bank networks.

As organized brain banking operations are a relatively 
recent endeavor worldwide, laws are often ambiguous 

regarding which specific standard operating procedures 
(SOPs) biorepositories should utilize for the systematic collec
tion, processing, storage, and distribution of tissue to research
ers. If new legislation is proposed, it may also modify or 
restrict current brain bank operations and result in uncertainty 
for future operational processes (15). Obtaining informed 
consent from either the brain donor themselves before death 
or getting appropriate authorization from the next of kin is 
essential. The brain donation consent process provides a 
unique opportunity for the brain donor and/or their family 
members to be educated on what is involved procedurally in 

Figure 2. Process for obtaining tissue from NeuroBioBank (Created with BioRender.com).

Figure 1. Representative images of postmortem brain tissue from a formalin-fixed brain donation. (A) Lateral surface of the left 
hemisphere. (B) Medial surface of the left hemisphere. (C) Coronal sections of left (LT) and right (RT) sides. The top right section is the 
tip of the right frontal lobe for reference. (D) Sections of the cervical (left), thoracic (middle), and lumbar (right) spinal cord encased in 
dura mater. (E) Piece of the dura mater.
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the brain donation itself in addition to providing information 
on any potential outcomes, risks, and benefits of the 
brain donation (16). Following the autopsy, the banked 
brain tissue samples are labeled with unique identifiers for de- 
identification and biospecimen tracking purposes, and clinical 
and neuropathologic information is linked to banked samples. 
This process ensures that the privacy of the donor, and their 
family is maintained while also utilizing necessary brain bank
ing tools to support efficient biobanking procedures. This 
includes streamlining biospecimen inventory maintenance and 
enabling efficient laboratory information system sample 
queries to be performed. Efficient laboratory information sys
tem queries promote expedited biospecimen distribution to 
researchers and generate summary data on sample distribu
tions for annual progress reports over specific periods (e.g. 
yearly NIH progress reports for AD center P30 grants in Neu
ropathology and Biospecimen Cores).

Family members of brain donors may proactively main
tain their connection with the brain bank after the donation 
as it maintains a sense of connection to their recently lost 
loved one. Some brain donor family members may be inter
ested in regularly following upcoming or ongoing research 
studies that are related to their relative’s neurologic or neu
ropathologic diagnosis. For example, after losing a loved 
one, donating their brain, and confirming a neuropathologic 
diagnosis of frontotemporal lobar degeneration-tau (Pick 
disease) with a corresponding clinical diagnosis of behavio
ral variant frontotemporal dementia (bvFTD)—family 
members may demonstrate increased interest in following 
studies focused on bvFTD such as the ARTFL-LEFFTDS 
Longitudinal Frontotemporal Lobar Degeneration study. 
Sharing neuropathologic diagnoses and clinicopathologic 
correlations with family members can ultimately help 
achieve a greater understanding of how impactful a single 
human brain donation can be. This may also help to increase 
overall community awareness and engagement in brain 

banking fundraising endeavors in addition to increasing 
brain donation advocacy.

Additionally, safety is a priority for brain banks. The banks 
themselves need to ensure that necessary safety precautions 
are taken as there are inherent risks involved when working 
with potentially infectious postmortem tissue in addition to 
the risks associated with exposures to the specific fixatives 
(e.g. formalin) used to preserve brain tissue (17). While each 
respective biorepository will likely have different protocols, 
universal safety precautions must be followed, as outlined by 
the Centers for Disease Control and Occupation Safety and 
Health Administration in the United States (18), or its equiva
lent agency in other countries. Protective barriers using per
sonal protective equipment are worn at all times when 
handling biospecimens to minimize the risk of exposure to 
potentially hazardous materials for all personnel. Proper train
ing of all laboratory personnel on the protocols used when 
obtaining and storing human brain tissue further ensures a 
safe working environment while also optimizing brain tissue 
sample quality (e.g. reducing postmortem interval time).

Q U A L I T Y  C O N T R O L  A N D  S T A N D A R D  
O P E R A T I N G  P R O C E D U R E S

Quality control and SOPs are fundamental brain banking 
components. Among several established inter-institutional 
brain banking consortiums, there are established “best 
practices” to ensure that minimum biobanking standards are 
met. While individual protocols and procedures may vary 
across institutions, quality control must be prioritized. This is 
best achieved through the implementation of clearly defined 
SOPs for brain specimen collection, banking, sample charac
terization (e.g. standardized neuropathologic assessments), 
sample storage, inventory management, and biospecimen 
distribution.

Figure 3. Locations of participating institutions of the National Institutes of Health NeuroBioBank.
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The interval between time of death and brain removal/ 
processing, i.e. postmortem interval, is a critical factor that 
requires careful navigation by brain banks (19). Striking a bal
ance between achieving short postmortem interval times, 
which are optimal for preserving the biochemical integrity of 
tissues, and efficiently managing human resources is a complex 
task. Processing the brain promptly is desirable but maintain
ing consistent, around-the-clock coverage for brain removal 
and processing, especially in recently established Alzheimer’s 
Disease Research Centers (ADRCs), may present limitations. 
From an institutional standpoint, allocating full-time technical 
support for a low number of brain donations (e.g. 1–2 brains 
per month) may not seem financially viable; this requires 
ADRCs and brain banks to make more financially feasible 
plans for brain autopsy staff coverage. Additionally, while 
many brain banks consider postmortem interval time to be a 
significant indicator of tissue quality (5), some argue that the 
impact of postmortem interval time delays on biomolecular 
characteristics is minimal from a biomolecular perspective 
(20). For example, it has been shown that RNA quality is 
independent of postmortem interval times up to 36 hours 
(19). In the effort to establish standardization across institu
tions, it is essential to address the ongoing need for a clear 
rationale behind significantly shortened postmortem interval 
times and reach consensus on an acceptable brain removal 
timeframe after death to ensure tissues remain viable for 
molecular biological studies.

Additionally, environmental and internal conditions in 
which biospecimens are stored long-term must be optimized. 
Biospecimens should be stored at an optimal pH, temperature, 
and tissue fixative concentration. These conditions have a 
direct relationship with the quality of the tissue and can ulti
mately negatively impact results in later experiments and anal
yses if these conditions are not optimized for long-term brain 
tissue storage (21).

Privacy of brain donors when sharing data and biospeci
mens with researchers is also of utmost importance to protect 
the identity of the donor and their family members. Biospeci
mens must be appropriately de-identified prior to distributing 
brain tissue samples to researchers.

D A T A  C O L L E C T I O N ,  S T A N D A R D I Z A T I O N ,  
A N D  S H A R I N G

Several organizations have begun larger-scale collaborative 
data-sharing initiatives. For example, the National Alzheimer’s 
Coordinating Center (NACC) is an organization coordinated 
by the National Institute of Aging (NIA) that specifically aims 
to distribute data from multiple brain banks. NACC data have 
been collected from over 47 000 research participants at 33 
Alzheimer’s Disease Centers (ADCs) and 4 exploratory ADCs 
(22). NACC houses and maintains valuable data including 
neuropathology information and clinical data in the Uniform 
Data Set (UDS). The UDS contains longitudinal clinical data 
from thousands of clinical research participants; a subset of 
deceased research participants who donated their brains also 
has neuropathologic data available. Data collected from 
research participants that are housed by NACC are from indi

viduals with normal cognition, mild cognitive impairment, and 
dementias. This dataset also contains clinical variables that 
were generated from over 174 000 clinical assessments (1–17 
clinical assessments with a median of 3 clinical assessments 
per research participant) (23). Moreover, the NACC dataset 
specifically contains neuropathologic variables generated from 
over 7340 standardized neuropathologic assessments of post
mortem human brains (58% of the total deceased research 
participants). NACC also stores magnetic resonance imaging 
(MRI) and positron emission tomography (PET) neuroimag
ing data. One potential limitation of the NACC, however, is 
that the data are not representative of the demographics of the 
US population. Rather, the sampling is based on referral or 
volunteer donation and does not reflect the prevalence of 
these diseases in the general population (Fig. 4).

NACC additionally partners with several other organiza
tions to further provide data and specimens to researchers. 
The National Centralized Repository for Alzheimer’s Disease 
and Related Dementias provides biological specimens, and the 
NIA Genetics of Alzheimer's Disease Data Storage Site pro
vides genetic data. These three organizations partner together 
with ADRCs nationally to compile a large amount of data for 
scientists to utilize in analyses. Researchers interested in tissue 
samples or data can make requests using the respective appli
cations that are available online; multiple types of data col
lected from a single individual are often available (22).

However, while many institutional brain banks understand 
the value of collaboration and data standardization, practical 
implementation of these principles remains deficient. In a 
study examining brain banking operation and characterization 
practices, only 8 out of the 24 brain banks had data standard
ization practices in place (5). Additionally, in this study, it was 
found that defining an ideal non-diseased control was a signifi
cant challenge for brain banks, further emphasizing the crucial 
need for the standardization of clinically and neuropathologi
cally classifying control brains.

T E C H N O L O G I C A L  I N N O V A T I O N S
While novel approaches to study the diseases of the brain are 
becoming more common, clinically and neuropathologically 
characterized postmortem human brain samples are still one 
of the most informative resources for researchers to utilize 
when studying neurological disorders and healthy aging. Fur
thermore, many of these novel models are only available at a 
limited number of institutions, which creates a disparity in sci
entists’ ability to conduct their studies.

As biochemical “Omic” techniques such as genomics, epige
nomics, transcriptomics, proteomics, metabolomics, and neu
roimaging are becoming more common and readily available, 
it is essential that brain banking become a more widely used 
practice to generate the necessary biospecimens to support 
these types of experiments (23). To ensure that the samples 
obtained from different brain regions of a single subject can 
be used for diverse research applications, brain banks can 
employ a range of preservation and processing techniques. An 
example is the use of formalin fixation, cryoprotection 
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freezing, and fresh freezing for the storage of tissue samples 
collected from each brain autopsy.

Omic technologies identify susceptibility genes, relevant 
disease-specific pathways, and novel biomarkers for neurologi
cal diseases (Fig. 5). Detection of dysregulated pathways that 
are not present in brain samples obtained from cognitively 
normal individuals enables the identification of new therapeu
tic targets while also contributing to a personalized medicine 
approach to dementia prevention and intervention (23). Com
parisons can be made between regional quantitative postmor
tem neuropathological data derived from postmortem brain 

autopsies and antemortem data collected from neuropsycho
logical assessments, neurological examinations, neuroimaging 
studies, and fluid biomarkers (e.g. CSF or plasma tau). Mak
ing such comparisons to identify significant correlations ena
bles scientists to further delineate pathogenic mechanisms 
underlying neurological diseases (23).

In amyotrophic lateral sclerosis (ALS), much of the 
research that has been done over the past 20 years has pre
dominantly used in vivo imaging studies such as PET or MRI 
to identify the various neuropathological changes (24–26). 
Despite many technological advances, brain imaging studies 

Figure 4. Percent of tissue in National Alzheimer’s Coordinating Center data by race.
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continue to lack the necessary resolution to be able to com
prehensively assess the cellular and molecular structural 
changes in disease states in the brain and spinal cord (24). 
Without access to sufficient clinically and neuropathologically 
characterized postmortem biospecimens from brain banks, sci
entists are unable to perform necessary experiments to validate 
in vivo methods in the human CNS.

Digital pathology (DP) has also been increasingly used in 
recent years. A PubMed search for “digital pathology” 
yielded results showing that the numbers of publications 
nearly doubled from 2013 to 2022, i.e. from 1267 to 2396. 
Technological advances have enabled objective and in-depth 
comparisons to be made through the quantification of neuro
pathological features from whole slide images generated from 
microscopic slides. With more powerful computing and 
improved quantitative DP algorithms, large-scale analyses can 
now be performed on whole slide images that were previously 
not feasible.

With increased DP use across the research community, 
brain banks may also compile large numbers of whole slide 
images that can be used for multiple different types of quanti
tative neuropathological analyses. Whole slide images are a 
powerful research tool for many reasons. Whole slide imaging 
files are created by scanning microscope slides with stained tis
sue sections. Although physical microscope slides develop 
faded staining over time, this does not occur with whole slide 
image files for the optimal preservation of the sample for 
future teaching or research purposes. Additionally, whole slide 

images can be shared an unlimited number of times without 
having to worry about prioritizing research requests in an 
attempt to avoid exhausting a non-renewable tissue resource 
(e.g. hippocampal tissue requests).

Despite the promising potential of DP, its incorporation 
into institutions may face constraints due to infrastructure 
challenges. A survey conducted in 33 ADCs within the NIH 
revealed that the majority had access to a digital slide scanner, 
with Aperio/Leica being the most commonly mentioned 
brand (27). However, some Centers noted associated fees for 
scanner use. Less than half reported no support from their 
ADCs regarding DP and machine learning (ML) resources 
and only half received institutional support for slide scanner 
purchases. There was uncertainty about the file size of the 
scanned images and the storage space occupied by the scans. 
A significant percentage were aware of other departments uti
lizing machine learning. It was concluded that a substantial 
number of ADCs had the opportunity to use digital slide scan
ners. Further investigations are warranted to better compre
hend the obstacles hindering the implementation of DP and 
ML workflows (27). In comparison to a pathological workflow 
that involves just brain tissue, implementing digital DP into 
existing/novel workflows requires additional equipment, prop
erly trained staff, and well-defined quality control procedures 
(28). Above all, while DP has the potential to be greatly bene
ficial, it cannot be a replacement for physical brain tissue (29).

Distributing stained or unstained slides containing tissue 
sections of interest is easier than distributing whole brain or 

Figure 5. Illustration of the role of brain banking in advancing Multiomic technologies. [1] Study Design involves stratifying disease groups 
while aiming to minimize confounding factors. [2] Samples from selected individuals are collected and processed depending on the 
intended detection method for the tissue or extraction. [3] Unbiased statistical analysis is carried out on generated and established 
Multiomic data allowing for integration and biological interpretation. [4] Disease subtyping and biomarker prediction are achieved by 
correlating stratified clinical data with Multiomic profiles which include expression data, copy number variation data, gene mutations, as 
well as pathway/network activation information (created with BioRender.com).
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partial brain samples to researchers. The distribution of 
unstained brain slides enables researchers to perform staining 
experiments while reducing the equipment and materials 
needed to carry out the research study of interest. For exam
ple, researchers do not need to each have their own micro
tome to cut their tissue sections. Distributing physical slides to 
scientists provides the potential additional benefit to brain 
banks of having the opportunity to collaborate with the receiv
ing scientist to obtain whole slide images from their stained 
slides for long-term storage, redistribution, and future analy
ses. Over time, brain banks can easily collect numerous whole 
slide images for integration into their brain bank. In summary, 
“digital brain banking” is an emerging area with substantial 
research potential for brain banks and other tissue banks. 
While DP does require large amounts of data storage and 
computer processing power, the potential benefits far out
weigh the drawbacks. For example, whole slide images can be 
shared with requesting scientists in a matter of minutes versus 
taking days to months to distribute physical brain tissue sam
ples. This is because exhaustible tissue resources require more 
extensive committee review prior to distribution. Taken 
together, DP reduces the timeline of acquiring necessary 
research materials to increase research efficiency.

In response to the diverse techniques employed in research 
projects, laser capture dissection has been examined within 
brain banks, including BrainNet Europe. This method has 
been confirmed as a viable approach for sampling, but its limi
tations are still being assessed (30). Ongoing research seeks to 
determine the most effective laser capture dissection method, 
as well as its optimal integration with freezing techniques and 
preservation methods, to yield the most valuable cellular-level 
data (31).

Utilizing computer technology biorepository management 
software has been designed for precise sample tracking, effec
tive study/trial management, and comprehensive freezer 
inventory control. This software is being employed by several 
brain banks, globally.

N E U R O D E G E N E R A T I V E  D I S E A S E S  A N D  
B R A I N  B A N K I N G

Neurodegenerative diseases such as AD are leading causes of 
death worldwide (32). Brain banking has been crucial for elu
cidating the molecular mechanisms and etiology of these dis
eases. Because CNS tissue samples are generally limited to 
being obtained after death, the need for brain banks continues 
to grow to be able to feasibly provide adequate tissue samples 
to neurodegenerative disease researchers (2). Despite techno
logical innovations such as MRI, genetic, and biomarker stud
ies, brain banking offers researchers an essential validation 
method through histology, cellular, biochemical, and molecu
lar techniques that can only be achieved by analyzing clinically 
and neuropathologically characterized postmortem human 
brain tissue (33).

There are large numbers of studies of neurodegenerative 
diseases using animal models as there are several advantages 
to utilizing animal models alongside characterized human 
brain samples. Animal models allow for the manipulability of 

certain traits or aspects of diseases. For example, mutations in 
APP, PSEN1, and PSEN2 can be replicated in mouse models 
to better understand mechanisms of AD (34). However, 
although they have the ability to recapitulate the proteinop
athy and/or pathological features of diseases of interest, they 
are only able to replicate a small portion of the complex 
human disease processes (34).

P S Y C H I A T R I C  D I S O R D E R S  A N D  B R A I N  
B A N K I N G

As with dementing diseases such as AD and FTD, analysis of 
postmortem tissue enables researchers of psychiatric diseases 
to understand conditions such as schizophrenia, bipolar disor
der, and depression. It has been previously noted that both 
the etiology and pathophysiology of psychiatric disorders are 
not fully understood (14). Because of this, there is an increas
ing demand for postmortem tissue samples from neuropsychi
atric brain banks for the application of modern techniques to 
identify changes at cellular and molecular levels.

In this regard, in the United States, three brain banks have 
followed the models of brain banking that have been devel
oped in Europe. The NIMH Brain Tissue Collection, the Mt. 
Sinai School of Medicine Alzheimer's Disease Brain Bank, the 
Schizophrenia Brain Bank, and Harvard Brain Tissue Resource 
Center are pioneering the acquisition, banking, and distribu
tion of postmortem brains for psychiatric research. Impor
tantly, two of these institutions are part of the NBB, which 
houses thousands more brains for other neurological diseases. 
While there may not be as many psychiatric brains currently 
available in brain banks, having these cases housed within 
these large repositories allows for easier distribution of such 
biospecimens through an already established network. One 
major advantage of having large brain banks as opposed to 
many small institutional biorepositories, is the standardization 
of clinical characterization, neuropathology characterization, 
toxicology, and brain dissection and slide preparation proto
cols (35). These larger institutions have established a larger 
presence through their donations, and establishing several 
smaller individual biorepositories instead results in more chal
lenges when providing adequate samples to outside 
researchers.

O T H E R  D I S E A S E - F O C U S E D  B R A I N  B A N K S
The UNITE brain bank centered in Boston is the largest tissue 
repository in the world devoted to traumatic brain injury and 
chronic traumatic encephalopathy. It houses over 1400 brains 
in addition to spinal cords and eyes. It is known for studying 
the brains of high-profile football players and is presently 
focused on clinical, pathological, and molecular research (36).

The National Posttraumatic Stress Disorder (PTSD) Brain 
Bank led by the Veterans Association (VA) is part of the VA’s 
National Center for PTSD. It is based in Vermont, with recep
tion, assessment, and research sites elsewhere. It receives 
brains from veterans and non-veterans and accepts non- 
military-related PTSD cases. In addition to PTSD, it also col
lects and preserves CNS tissues related to non-diseased 

226 � Journal of Neuropathology & Experimental Neurology, Vol. 83, No. 4,  2024 



donors, ALS, and disorders of Veterans of the 1990–1991 
Gulf War (37).

E D U C A T I O N  A N D  O U T R E A C H
Collaboration between different fields is a necessary compo
nent of successful brain banking. Collaboration between clini
cians, hospitals, nursing homes, pathologists, autopsy 
technicians, and scientists will promote necessary outreach 
and education initiatives to promote brain donation in various 
populations (13). To meet the growing demand for CNS tis
sue in brain banking, comprehensive and personalized public 
education and outreach measures are essential. Collaboration 
between scientific professionals and neuropathologists ensures 
that potential donors are well-versed in how their tissue will 
make an invaluable impact on the scientific community. For 
example, the NBB has an affiliated outreach program that 
serves to educate the general public about the benefits of brain 
donation. The Brain Donor Project (BDP) outlines the main 
procedure to donate a brain, from signing up to the autopsy 
itself (38). It is also possible that brain donation may also be 
included as one of the options for organ donation for individu
als who opt to join national organ donation registries (39). In 
2022 alone, there were a total of 14 903 individuals who 
became deceased organ donors marking 12 consecutive years 
of increased organ donation (40). Had these individuals 
donated their brains as well, there would be thousands more 
tissue samples available for research.

Additionally, there is another source of brain tissue that 
could aid in providing more brains for biorepositories in future 
years. Medical examiners (MEs) and coroner's offices are 
often overlooked in their potential for easing the ever- 
decreasing rates of hospital brains available for research. These 
offices provide a plentiful supply of potential brain donations. 
ME populations of are additionally racially diverse and are 
generally thought to be representative of the demographics of 
the area of the particular ME (41). Being able to bank 
adequate samples that are closely representative of a particular 
population reduces the donation disparities within the brain 
bank. However, there are often times restriction placed upon 
MEs that prevent them from being able to readily share their 
biospecimens with brain banks and other biorepositories. In 
the United States, there is not a centralized standard operating 
procedure on the national level for the donation of postmor
tem brain tissue from MEs. Rather, this varies between 
county-based, district-based, and centralized state ME offices 
(42). In the future, MEs may have a crucial role with the med
ical and research communities’ shared ethical responsibility to 
promote brain donation to meet the ever-increasing demand 
for tissue in brain banks. They have the unique opportunity to 
work as liaisons between the government and biorepositories 
in order to reduce the medico-legal restrictions that currently 
hinder donation (43).

In addition to the donation of diseased brain tissue, the 
donation of non-diseased “control” brain tissue is also essen
tial. These brains are primarily used as a control to compare 
the data from the diseased brain. Control brains are also 
advantageous to help highlight age-related processes that 

occur in the healthy brain. In return, this allows researchers to 
deduce which specific aspects of age-related decline are associ
ated with diseases such as AD and which specific aspects are 
associated with normal age-related neurodegeneration (44).

One ongoing challenge that continues to impact brain banks 
worldwide is the fact that certain populations are underrepre
sented in the number of available banked biospecimens. 
According to the NACC dataset, most brain donors to date 
have been Caucasian. This is true across all neurological classi
fications as illustrated in Figure 4. This is a common problem 
posing a risk to generating generalized data and conclusions, i. 
e. there is limited availability of biospecimens that accurately 
represent the entire population. To overcome this, there have 
been increasing numbers of specialized outreach and education 
programs nationally that aim to increase the donations of spe
cific underrepresented populations. Outreach and education 
programs can develop the most effective materials for each 
unique community to be able to best educate individuals. Tail
ored comprehensive outreach programs for brain banking will 
ultimately increase diversity within brain banks moving for
ward. It is important to have diversity within a large cohort, as 
some conditions may be more prevalent in a particular group.

Common arguments used against brain donation are often 
associated with the high cost, religious compatibility concerns, 
and how the donation might affect funeral arrangements. In 
the case of the NBB, several measures are taken to ensure that 
these concerns are proactively addressed. For example, to 
address the known significant costs that are associated with 
brain donation, in NBB-there is no cost to the donor or family 
of the donor. At the time of autopsy, the NBB has specialists 
that will remove the brain via the posterior aspect of the head 
to ensure that there is no disfigurement (45). Additionally, a 
neuropathological summary of the diseased brain can be pro
vided to the family of the donor upon request.

C O N C L U S I O N
In the coming years, as neurodegenerative diseases continue 
to pose physical and financial burdens on society, brain bank
ing will continue to offer a multitude of opportunities to effec
tively reduce the impact of these diseases through research 
and discovery. Collaboration between intra-institutional brain 
banks, inter-institutional brain banks, and other bioreposito
ries will further help to reduce the existing inequality of access 
to postmortem human brain tissue for research studies. With 
the advent of novel technology growing rapidly in the coming 
years, brain banking as a traditional approach can continue to 
be utilized to validate and support emerging novel quantitative 
scientific methods. Taken together, we have summarized the 
importance of collective action to increase the donations and 
storage of brains in brain banks to better understand neurolog
ical diseases that are a burden to millions of people 
worldwide.
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