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Acronym Definitions 
BICCC BRAIN Initiative Cell Census Consortium 
BICCN BRAIN Initiative Cell Census Network 
BRaIN Biorepository and Integrated Neuropathology 
BRAIN Brain Research through Advancing Innovative Technologies 
CCF common coordinate framework 
EthD-1 ethidium homodimer-1 
FDM family decision maker 
FFPE formalin-fixed, paraffin-embedded 
FISH fluorescence in situ hybridization 
GTEx Genotype-Tissue Expression project 
IHC immunohistochemistry 
IRB institutional review board 
ME medical examiner 
NHP nonhuman primate 
NIH National Institutes of Health 
PMI  postmortem interval 
RIN  RNA integrity number 
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Executive Summary 
The National Institutes of Health Brain Research through Advancing Innovative 
Neurotechnologies (BRAIN) Initiative is a partnership among five U.S. federal agencies and 
private foundations that seeks to revolutionize understanding of the human brain by 
accelerating the development and application of innovative technologies. The NIH Blueprint for 
Neuroscience Research and BRAIN Initiative sponsored a 3-day workshop to discuss best 
practices for preserving tissue quality and establishing a pipeline to support one of its planned 
transformative projects, the Phase III Brain Cell Census. This project will lay the foundation for a 
comprehensive human brain cell atlas. The following themes emerged from the workshop 
presentations and discussions.  

Optimal Tissue Preparation and Stabilization 
The optimal tissue preparation and processing protocol will likely be defined by the 
experiments planned by the end user, rather than be universal. A need therefore exists to 
systematically compare tissue preparation methods across a variety of applications to 
determine which protocols yield the best results for each modality. Systematic comparison of 
different protocols could quantify the effects of different pipeline variables on data quality as 
well as the extent to which the effects can be mitigated. 

Most brain banks store samples that are either fixed or fresh frozen. Although the vast majority 
of end users’ requests are for fresh frozen tissue, it is useful to fix one hemisphere as a 
reference for anatomical ground truth. A shift toward more extensive and thinner slicing of 
banked tissue may improve anatomical precision and promote uniform freezing. Sub-dissection 
of smaller intact anatomical regions prior to initial freezing supports subsequent analysis and 
can be tailored to anticipate the needs of future studies. 

Tissue Processing and Annotation 
Thorough annotation is essential for brain banking efforts and includes the capture of 
comprehensive metadata and extensive photodocumentation of tissue slabs prior to freezing. 
These annotations can be used to inform the utility of a sample for different applications and to 
map data onto a common coordinate framework, which ensures the accuracy of sampling sites 
and thereby facilitates targeted analysis of specific brain regions across specimens and species.  

Histology is a key element of tissue processing, because it can be used to confirm the cellular 
composition and sampling accuracy. Single cell omics applications are another fundamental 
aspect of processing tissue for atlas efforts. These methods provide an unbiased molecular 
classification of cell types in any brain region of any species that enables the hierarchical 
representation of cell types and provides information about cell type proportions, spatial 
distributions, and other phenotypic information.  

Quality Metrics and Control 
Numerous sources of non-biological variation exist in the tissue preparation process that can 
impact the credibility of a reference brain cell atlas. Although traditional quality metrics, 
including postmortem interval and RNA integrity number, are imperfect predictors of tissue 
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quality, pathology metrics such as the autolysis score may be good candidates for assessing 
quality throughout a tissue. The research community must decide which quality metrics are 
most important in order to establish a robust human brain tissue pipeline. 

Biological Diversity and Representative Sampling 
Donor diversity is required to thoroughly characterize human biological and genetic variation, 
as well as to maximize the health impact of human brain research. Therefore, the human brain 
tissue pipeline must be able to acquire a high volume of brains from a diverse and inclusive 
pool of donors. Furthermore, inclusion and exclusion criteria should be as broad as possible 
such that only factors that directly impact tissue quality are excluded. 

Acquiring tissue from a diverse range of donors from different races, ethnicities, gender 
identities, ages, and health conditions is a substantial challenge. Brains from younger 
populations are often difficult to obtain, and underrepresented communities face numerous 
barriers to participation in research. To overcome these challenges and promote an inclusive 
tissue pipeline, the research and brain banking communities must invest in a diverse workforce. 
This workforce will also be charged with defining the qualities of the small number of 
representative brains for use in the human brain cell atlas. 

Partnership and Collaboration 
Collaborations and partnerships are essential for a robust human brain tissue pipeline. A 
dedicated network can link sources and end users of brain tissues and can systematically 
analyze the tissue preparation methods needed to define optimal protocols. This network can 
also institute standards for common data elements and universal consent procedures to 
promote consistency across sites. Medical examiners and organ procurement organizations can 
provide access to a higher number of brains as well as to donor groups that can be difficult to 
engage, including younger neurotypical donors. Educators, community organizers, and 
advocacy groups also serve as valuable partners for the brain banking community, because they 
can promote awareness about the importance of brain research and dispel common myths 
about brain donation. 

Consent for Open Sharing of Data from Postmortem Tissues 
All brain donations must have specific consent for research use. People are often willing to 
provide broad consent when they are treated with respect and given ample information about 
the proposed use of their donated tissues and data. Thus, donor professionals must be well 
trained and respectful. Brain banks should also build a diverse workforce that is familiar with 
cultural attitudes toward brain donation to encourage high rates of consent. Legal restrictions 
on consents vary, and there is a particular need to standardize the use and distribution of 
genetic data, which are not always covered by consents for tissue donation and often relegated 
to controlled databases. A central institutional review board mechanism and advocacy to 
reform the Anatomical Gift Act to include genetic data would promote uniformity in brain 
banking and more widespread sharing of resources.  
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Meeting Summary 

Goal and Scope of the Human Brain Cell Census 
The National Institutes of Health (NIH) Blueprint for Neuroscience Research is a collaborative 
framework that aims to accelerate transformative discoveries in brain function by supporting 
the development of new resources, tools, and opportunities for neuroscientists. Towards this 
goal, Blueprint supports large-scale, collaborative efforts that go beyond the mission of a single 
Institute or Center.  One such cross-cutting effort is the BRAIN Initiative, which Blueprint has 
sponsored since its inception in 2013 and continues to support today.   

The NIH Brain Research through Advancing Innovative Neurotechnologies (BRAIN) Initiative is a 
partnership among five U.S. federal agencies and private foundations that seeks to 
revolutionize understanding of the human brain by accelerating the development and 
application of innovative technologies. The BRAIN Initiative leverages emerging technologies to 
enable new discoveries about neural circuit function, which will then serve as a foundation for 
new therapeutic strategies for human brain disorders. A core element of this effort is the 
dissemination and democratization of technologies for basic discovery and clinical applications. 

The BRAIN Initiative is guided by two strategic plans: BRAIN 2025 and BRAIN 2.0. These plans 
outline the BRAIN Initiative’s continued support for technology development and targeted 
study of circuit components, as well as its commitment to balance individual-investigator 
research with team science, devote resources to large-scale transformative projects, and 
enhance integration of neuroscience and neuroethics. Among the planned transformative 
projects is the Phase III Brain Cell Census, which will build on the success of the BRAIN Initiative 
Cell Census Consortium (BICCC) and the BRAIN Initiative Cell Census Network (BICCN) projects 
to study the full range of brain cell types. Following the BICCC pilot projects, the BICCN initially 
focused on building a comprehensive mouse brain cell census. The BICCN is gradually shifting its 
focus toward nonhuman primate (NHP) and human brains to lay the foundation for a human 
brain cell atlas. BICCN data resources are multimodal and available to the broader research 
community for further study. 

Tissue Quality and Processing for the Human Brain Cell Census 
The acquisition of high-quality human brain tissue is a prerequisite for the construction of a 
human brain cell atlas. Current tissue preparation methods vary across brain banks, and the 
field has not reached consensus on the best protocol for preserving human brain tissue. The 
optimal tissue processing protocol will likely be defined by the experiments planned by the end 
user, rather than be universal. A need therefore exists to systematically compare tissue 
preparation methods across a variety of applications (e.g., physiology, imaging, transcriptomics) 
to determine which protocols yield the best results for each modality.  

Systematic comparison of different protocols could quantify the effects that different pipeline 
variables (e.g., history and health of the subject, postmortem interval [PMI], perfusion, freezing 
and storage methods, dissociation methods for single nuclei experiments) have on data quality 
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as well as the extent to which these effects can be mitigated through computational or 
methodological adjustment. The field would benefit from selecting a standard brain region 
within which all methods would be tested. This standard region should be maximally 
comparable across the broadest swath of subjects; for example, primary motor cortex is a good 
candidate because it can be unambiguously located across individuals and across species. As 
the nation’s only federated network of biobanks, the NIH NeuroBioBanks could distribute a set 
of well-characterized reference tissues to grantees for processing with different methodologies. 
A subset of these experiments could also be performed in NHPs or other animal models. 
Ultimately, this systematic experimentation would form the basis for a set of best practices that 
can be adopted on a large scale to promote consistency across brain banks.  

Optimal Tissue Preparation and Stabilization 
The utility of collected tissue depends on its quality and its intended application. Although a 
perfect human brain akin to the quality of the brain of a laboratory animal is impossible to 
obtain, some tissue preparation methods may yield better tissue quality. 

After a brain donor has been identified, many processes must be set in motion, including rapid 
consent and autopsy. Interviews should be conducted to characterize the donor and obtain 
valuable metadata. Family interviews may capture information that medical records or medical 
examiner (ME) reports may omit. Likewise, toxicology and neuropathology should be 
performed to characterize qualities that are unknown to family members and may fail to meet 
studies’ inclusion or exclusion criteria.   

Fixation and Freezing Methods 
Most human brain banks store samples in either fixed or fresh frozen form. Although most 
requests from end users are for fresh frozen tissue, it is useful to fix one hemisphere as a 
reference for anatomical ground truth, because fixed tissue maintains more structural integrity 
than fresh frozen tissue. Most fixed tissue is preserved with 10 percent neutral buffered 
formalin. Although less common, tissue fixed with 4 percent paraformaldehyde may yield 
higher tissue quality. Fixed tissue is often stored in 1 cm coronal slabs (or smaller pieces of 
those slabs) and can also be available in formalin-fixed, paraffin-embedded (FFPE) blocks. The 
University of Washington Biorepository and Integrated Neuropathology (BRaIN) lab developed 
a rapid autopsy protocol that includes 4 mm coronal slicing, which improves anatomical 
precision and uniform freezing.  

Fresh tissue can be frozen for preservation in numerous ways, and suboptimal freezing 
methods can lead to the formation of artifacts, including ice crystals, freezer burn, and white 
matter collapse. Freezing methods that employ liquid nitrogen or supercooled isopentane yield 
higher quality tissue than ambient freezing of slabs. One successful protocol to prevent white 
matter collapse entails freezing tissue in a dry ice and isopentane slurry on Teflon-coated 
plates. If possible, perimortem perfusion can cool the brain while promoting optimal quality 
(especially for glia) through the use of oxygenated buffer and RNAse/protease inhibitors, which 
can eliminate reactive elements such as RNAse or cytokines and reduce the incidence of blood 
clots. All tissue should be frozen rapidly and stored at -80o Celsius. 
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Dissection and Storage 
Tissue should ideally be stored in slabs that are large enough to withstand desiccation yet small 
enough to be shared. Sub-dissection of smaller intact anatomical regions prior to initial freezing 
facilitates subsequent analysis and distribution, because it mitigates the need for multiple 
freeze-thaw cycles to dissect and distribute samples to end users. Moreover, the intended 
application may dictate the preparation method.  

Sub-dissection of specific regions can be tailored to anticipate the needs of future studies, 
including the construction of the human brain cell atlas. These dissections should be performed 
carefully and according to rigorous protocols to avoid distortion. For example, the use of 
methods that block exposed surfaces can prevent slicing or smearing of tissue, which can alter 
cellular localization. Protocols for embedding brains in alginate also promote more uniform 
slicing of tissue and overall preservation of tissue integrity.  

Tissue Processing and Annotation 

Annotation and Documentation 
Thorough annotation is essential for brain banking efforts and includes the capture of 
comprehensive metadata that will inform accurate analysis and assessment of tissue quality 
and utility. A standardized tissue processing pipeline should include the following valuable 
metadata: age, sex, PMI, hemisphere, self-reported ancestry, cause of death, approximate time 
and location of death, agonal factor score, diseases or health concerns, quantitative lifestyle 
information (e.g., medications, drug use, exercise habits, employment), time in freezer, and 
freeze/thaw cycles. 

Another critical aspect of annotation is extensive photodocumentation of tissue slabs prior to 
freezing. Photodocumentation provides the anatomical information that is necessary for the 
analysis of archived tissue. Researchers can map this anatomical information (e.g., sample 
location with a slab, slab location within a brain) onto a common coordinate framework (CCF), 
which ensures that sampling sites are accurate and facilitates targeted analysis of specific brain 
regions across specimens and species. Such comparative analyses are critical for population-
based studies that span gender identities, ages, ethnicities, and various health conditions. The 
development of a fast 3D scanner would lead to even more robust alignment of brain regions to 
a reference atlas or CCF. 

Histology 
Even with rigid standard operating procedures, tissue sampling heterogeneity is inevitable. 
Histology is a critical component of the review process to confirm the makeup of a sample. In 
addition to confirming a sample’s location in the context of the whole brain, histology can be 
used to assess tissue integrity and identify covariates (e.g., ratios of white to gray matter). 
Comprehensive histology will foster the creation of more comprehensive structural human 
brain atlases, which especially lack subcortical structures and white matter. Human brain tissue 
can be prepared for a variety of histological applications, including immunohistochemistry 
(IHC), RNA scope, and multiplexed fluorescence in situ hybridization (FISH). Lipofuscin 
autofluorescence poses significant challenges for fluorescence-based applications, but ongoing 
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efforts to improve clearing methods, quenching methods, and signal amplification may offset 
these challenges. 

Single Cell Omics 
Single cell omics applications—including transcriptomics and epigenomics—are another  
fundamental aspect of processing tissue for atlas efforts. Single cell omics provide an unbiased 
molecular classification of cell types in any brain region of any species; transcriptionally-based 
classification of cortical cell types was a major component of the first phase of the BICCN. Single 
cell omics methods enable the hierarchical representation of cell types and provide information 
about cell type proportions, spatial distributions, and other phenotypic information. Molecular 
classification at a resolution similar to model organisms has been obtained using frozen single 
nuclei from human brain tissue by the following methods: SMART-seq, 10x, snATAC-seq, 10x 
snRNA-seq, SNARE-seq, snmC2, and snATAC-seq.  

For a human brain atlas, tissue processing for single cell omics methods will likely focus on 
nuclei isolated from high-quality postmortem or surgically resected tissue. Nuclei preparation 
entails several steps, including dounce homogenization, lysis, and filtration, ideally followed by 
a sucrose density gradient and an additional filtration step. Variations in the protocols for 
dissociation and isolation of nuclei, including differences in the isolation buffer and gradient 
type (e.g., sucrose, iodixanol, optiprep, or none at all), may impact the relative abundance of 
each cell type represented in the final results. An outstanding need in this area is a gold 
standard for confirming the cellular composition biases of different dissociation and isolation 
protocols. Also needed are additional protocols to intentionally isolate enriched populations of 
a cell type (especially non-neuronal cell types), which are useful for exploring cellular subtype 
diversity.  

Nuclei can be quantified using DAPI or Trypan Blue. To assess nuclear quality at the DNA level, 
ethidium homodimer-1 (EthD-1) can be applied to observe evidence of poor quality (e.g., 
blebbing). TapeStation results of ATAC-seq libraries can also be informative: laddering of the 
nucleosome-free, mononucleosome, dinucleosome, and trinucleosome fractions correlate 
strongly with the quality of the ATAC-seq libraries. TapeStation results of RNA-seq libraries are 
less reliable, and tools to assess nuclear RNA quality before sequencing are needed. Although 
assessing quality at the RNA level is more difficult, bulk RNA from adjacent tissue sections can 
be used to calculate an RNA integrity number (RIN). RIN scores generally correlate well with 
overall tissue quality, suggesting that pieces of tissue should be saved for RIN calculation.  

Quality Metrics and Control 
The human brain cell census will inform the creation of a reference brain cell atlas for future 
research. However, numerous sources of non-biological variation exist in the tissue preparation 
process that can impact the credibility of this reference. Premortem sources of variation include 
the course of terminal illness and any related medications or interactions with pre-existing 
conditions. The proximal cause of death, including factors related to agonal state, body 
temperature, hypoxic conditions, or nutrition status, may vary even within the same terminal 
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illness. Postmortem variables related to PMI, cooling procedures, and storage conditions (e.g., 
body position and subsequent pooling of blood) will also influence the specimen quality. 

Although often cited as a key driver of tissue quality, PMI is an imperfect predictor of tissue 
quality on its own. Likewise, although RIN is often used as a quality metric, a systematic 
assessment of the range of acceptable RIN scores for different applications, as well as methods 
to improve RIN, is needed.  

Importantly, tissue quality is often not uniform throughout a whole brain. Some commonly 
used quality metrics, including RIN, may not capture this lack of uniformity; one part of a 
sample that is partially degraded may produce a passable RIN score if other parts of the sample 
are well preserved. Regionally-defined quality metrics derived from deep sampling across 
multiple brain regions and different experimental methods would be valuable foundational 
work for the human brain cell census. Pathology metrics such as the autolysis score may also be 
a good candidate for assessing quality throughout a tissue and could also inform systematic 
assessment of other quality metrics, such as PMI. For example, evidence from GTEx 
demonstrated that brain tissue exhibits low autolysis scores when the PMI is 8 hours or less, 
and that moderate autolysis begins after 8 hours. Nevertheless, many brain tissues will show 
only mild autolysis even as PMI approaches 20 hours, suggesting that PMI requirements could 
potentially be loosened in some cases. Hematoxylin and eosin staining is another useful quality 
metric that researchers can use to document hypoxia and other tissue damage. 

Single cell omics can also be leveraged to evaluate the quality of tissues. Integrative analytic 
methods (e.g., Linked Inference of Genomic Experimental Relationships [LIGER]) enable the 
determination of how well cells correspond across transcriptomic datasets and of dataset-
specific features. For example, researchers have used data from single nuclei RNA-seq studies 
to evaluate the influence of tissue sources on resolving cellular architecture. The same results 
were obtained from both postmortem samples (with variable PMI) and acute neurosurgical 
specimens, although a small but consistent expression signature indicative of the source (i.e., 
postmortem versus acute neurosurgical) can be observed.  

The neuroscience community must select the metrics that are most important for determining 
tissue quality and utility in order to efficiently and optimally scale human brain tissue pipelines. 
For example, if PMI is not an essential indicator of tissue quality, then sites that face challenges 
to reducing PMI (e.g., major medical centers) may nonetheless be valuable contributors to the 
brain donation pipeline. Furthermore, some procedures that have been shown to improve 
tissue quality and utility (e.g., alginate embedding, extensive thin slicing) will necessarily 
increase PMI, and therefore their inclusion in pipelines may hinge on PMI standards. Systematic 
study of PMI is needed to establish an evidence-based threshold for acceptable PMI as it 
pertains to resulting tissue quality. 

Tissue Pipeline for Prospective Collection 
Human brain tissue is difficult to obtain—particularly from a wide range of donors representing 
different ages, races, ethnicities, gender identities, and other demographic characteristics. To 
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fulfill the sample requirements of studies that leverage human brain tissue, donors must be 
identified prospectively. Prospective identification will also enable premortem testing (e.g., 
functional magnetic resonance imaging [fMRI]) of donors whose tissue will be used to 
functionally characterize the human brain. 

Biological Diversity and Representative Sampling 
An adult neurotypical reference atlas could serve as the foundation for comparative studies to 
understand variation across individuals and disease states. For example, researchers could align 
data from a disease cohort to the neurotypical reference to identify a vulnerable cell type that 
is consistently less abundant in the context of an illness. Transcriptomic data are especially 
useful for these comparisons, because transcriptomes can vary dramatically across disease 
states. Although animal models are often used to study disease and the brains of higher order 
animals such as NHPs can bear structural resemblance to human brains, no animal brain 
matches the functional or cognitive complexity of the human brain nor can another species 
faithfully recapitulate the physical manifestations of many human diseases. Therefore, the 
collection of human tissue is essential for establishing a true reference for the study of human 
neurological diseases. 

Diversity and Inclusivity 
The construction of a human brain cell atlas will likely require highly characterized, high-quality 
whole brains from a small number of neurotypical individuals. In contrast, the many analyses 
that such an atlas would enable, including larger population-based or disease-based studies, 
will require many more brains. Larger sample sizes will also help to overcome batch effects and 
will enable the robust classification of cell types. Therefore, the human brain tissue pipeline 
must be efficient and capable of acquiring a high volume of brains from a diverse and inclusive 
pool of donors. 

Donor diversity is required to thoroughly characterize human biological and genetic variation, 
as well as to maximize the impacts on health of human brain research (e.g., by enabling the 
identification of minor risk alleles). The study of human variation also presents an important 
opportunity to relate genetic variability to first-order molecular effects in specific cell types. For 
example, an understanding of variation can illuminate what features of a cell type are always 
versus only occasionally present. Although genetic studies do not yet reflect the diversity of the 
global population, additional opportunities to understand the genetic basis of disease and the 
influence of genetic variation on cell biology will arise as studies and tissue pipelines become 
more inclusive. 

Barriers to inclusive participation in research include language barriers and a need to 
disseminate information more broadly. Community engagement is a key to overcoming these 
barriers and must be pursued differently for different communities. The research and brain 
banking communities must invest in a diverse workforce that can help promote meaningful 
communication with underrepresented communities in research. In addition, more 
international collaborations would help to expand the geographic and cultural diversity of 
potential donors. 
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A more diverse workforce will also play an integral role in the construction of an inclusive brain 
tissue pipeline. Diverse perspectives will ensure thoughtful definition of the qualities of the 
small number of representative brains that will inform the human brain cell atlas, including 
race, gender identity, health, and a host of other demographic characteristics. Researchers 
should also decide whether collected samples should be representative of the sample 
population or reflect the most biological diversity, because the latter would necessitate 
oversampling for some populations. 

Complex social, cultural, and political factors influence categorization of donors and evaluation 
of genetic diversity. Brain banks should consider how self-reported ancestry relates to genetic 
ancestry, because this relationship is not always straightforward. Although whole genome 
sequencing on each collected brain would help to identify an individual’s geographic ancestry 
with relative certainty, self-reports are also important to document because they provide 
insight into the personal experience and identity of the donor. Thus, the human brain tissue 
pipeline should include both genetic ancestry and self-reported ancestry as part of the 
metadata that are captured for each brain specimen.  

Age 
Samples should also be inclusive in terms of age, yet most brain donations are from adults. The 
collection of neurotypical brains at younger ages (especially age 17 and younger) is a 
considerable challenge. Even if a young neurotypical donor that meets the inclusion and 
exclusion criteria is identified, the time window to obtain consent from the family and perform 
the autopsy is narrow. 

The collection of fetal brains is especially challenging. Fetal brains are extremely soft and not 
fully myelinated, and therefore a short PMI—ideally 2-4 hours—is critical to avoid liquification. 
However, rapid freezing to obtain an optimal PMI can preclude comprehensive annotation and 
photodocumentation or thorough dissection for subsequent distribution. Furthermore, the 
rapid growth of the brain in utero complicates development of a standardized collection 
protocol. In addition to methodological challenges, it is exceptionally difficult to identify donors 
of fetal brains, particularly at 20-30 gestational weeks, due to lower mortality rates in this 
developmental window and the sensitivity of soliciting rapid consent from grieving parents. 
Given the critical neurodevelopmental processes that occur at this time (e.g., gliogenesis), 
education and outreach about the importance of brain donation, as well as investment in  
highly dedicated staff who can act quickly when opportunities arise, would facilitate 
procurement of these brains for research. 

Inclusion and Exclusion Criteria 
To maximize the number of brains collected by a human brain tissue pipeline, the inclusion and 
exclusion criteria should be as flexible as possible so that only factors that impact tissue quality 
will result in exclusion of the specimen. Mandatory exclusions may include time spent on a 
respirator, moderate-to-severe traumatic brain injury, some viral infections (e.g., hepatitis B/C, 
HIV), metastatic brain tumors, stroke, carbon monoxide inhalation, or injury or death in a fire. 
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Some selection criteria may differentially impact certain groups or communities. For example, 
incidence of mental health issues may be higher in certain populations. Because many potential 
exclusion criteria exist on a spectrum, a threshold for brain donation eligibility must be set. In 
the case of substance use, researchers must decide what substances are subject to exclusion 
criteria (including prescribed medications and substances that are used legally like alcohol, 
tobacco, and increasingly marijuana) as well as what frequency of use or dose might be cause 
for exclusion. Some exclusion criteria may also pertain to a lack of information. For example, 
brain banks could exclude a donor based on an undocumented instance of death and, 
consequently, unknown PMI, although this would likely be too restrictive a policy to be 
sustainable. 

Rather than set strict exclusion criteria and reject potential brain donations, brain banks should 
err on the side of collecting more brains that are extensively documented. If exclusion criteria 
are too restrictive, then the available tissue may not meet the needs of end users. Moreover, 
the field cannot predict the needs of future studies, which hinders the informed selection of 
meaningful exclusion criteria. With rigorous metadata standards designed to capture 
comprehensive information about donors and specimens, future end users will have the 
flexibility to determine what tissue is acceptable for their studies without brain banks 
unnecessarily restricting the collection of large numbers of samples. 

Partnership and Collaboration 
Collaborations and partnerships are central to building a dedicated collection of whole brains 
that can be used for the human brain cell census. In addition to creating a network that links 
sources and end users of brain tissue, partners can work together to systematically analyze 
tissue preparation methods that inform definition of optimal protocols. This network can also 
institute standards for common data elements and universal consent procedures to promote 
consistency across sites. The NIH NeuroBioBank is well situated to support these efforts and 
could provide a starting set of common data elements for future work. 

A nationwide network of MEs could establish these standard practices and meet many of the 
needs of the human brain research community, including the need to increase the diversity of 
the study subject population. The donor diversity of an ME office is likely representative of the 
office location’s demographics. If so, partnerships with MEs in a wide range of locations will 
increase the overall diversity of the brain tissue pipeline. MEs see a high volume of cases that 
include neurotypicals and a wide range of neuropsychiatric diseases. Moreover, ME offices are 
among the best sources for brains from younger age groups that tend to be the most difficult to 
obtain for research. However, MEs must work with local law enforcement, public health 
officials, and politicians on cases of medicolegal interest as well as with public health impact. 
This heavy workload combined with a narrow purpose often precludes participation in 
research. Furthermore, many of the optimal tissue processing protocols that are important for 
research may not regularly occur at an ME office, and full characterization of the specimens 
(e.g., PMI, exposure history) may not always be available. Nonetheless, partnerships between 
brain banks and ME offices could benefit the human brain cell census, especially if funding can 
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be obtained to embed a clinical coordinator at the ME office to participate in triage, perform 
rapid consents, and manage documentation of tissue. 

Organ procurement organizations (OPOs) are an underutilized source for brain donation. As a 
notable advantage, OPOs generally pre-screen tissue prior to the consenting process, which 
facilitates the collection of well-characterized neurotypical controls. However, the services that 
OPOs perform vary. Some OPOs will only identify potential donors, yet others (often large 
research centers) are willing to collaborate with brain banks and researchers on a larger scale to 
target brain donation. 

Partnerships with community organizations, educators, and advocacy groups are also critical to 
supporting brain banking efforts. Non-scientist organizations such as the Brain Donor Project 
support human neuroscience research by working closely with the NIH NeuroBioBank to raise 
awareness of the critical need for brain donation and to simplify the process of becoming a 
brain donor. Families may grant broad consent for brain donation at higher rates if they receive 
information about the importance of human brain donation and research. More education and 
exposure to the concept of brain donation will also help to dispel common myths about brain 
donation, such as the notion that brain donation is automatically included as a part of regular 
organ donation. 

Consent for Open Sharing of Data from Postmortem Tissues 
All brain donations must have specific consent for research use. With premortem consents, a 
living person indicates their willingness to donate their brain after death. With postmortem 
consents, family decision makers (FDMs) consent to the donation of a deceased family 
member’s brain. When donors have consented to providing tissues for transplantation 
purposes, a second-tier consent is required to collect the brain or any other tissues for 
research. In the case of forensic autopsies at ME offices, which are performed without consent, 
additional steps and documentation are needed for the legal release of tissues for any work 
beyond diagnostics (i.e., determining the cause and manner of death). 

Consents vary with regard to how many restrictions are placed on the use and sharing of 
acquired tissues and related data. While institutional review boards (IRBs) generally favor open 
consents, local IRBs and state statutes are not consistent. A central IRB mechanism would 
promote uniformity in brain banking and more widespread sharing of resources. There is a 
particular need to standardize the use and distribution of genetic data, which are not always 
covered by consents for tissue donation. Genetic data are often relegated to controlled 
databases that challenge access by end users. The availability of these data could be enhanced 
through revision of the Anatomical Gift Act or other state legislation to include the use and 
publication of genetic data. Revision of the Act would require support from different states, 
which could be obtained through strong advocacy efforts from brain bankers and the broader 
research community. 

Some groups that have been historically excluded from or even exploited by research may be 
reluctant to consent to the use and sharing of their tissues and genetic data. Nonetheless, 
people tend to be more willing to provide broad consent when they are treated with respect 
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and given ample information about the proposed use of donated tissues and data. Therefore, 
donor professionals must be well trained, respectful, and ideally have clinical experience. 
Further, brain banks should build a diverse workforce that is familiar with cultural attitudes 
toward brain donation in order to increase consent rates among underrepresented populations 
in research. Consent processes should be conducted with ethical oversight and, when possible, 
ongoing communication to the donor’s family to promote the value of scientific research and 
trust with the community. A shift toward dynamic consents, in which FDMs retain the ability to 
withdraw consent for future research, can encourage higher rates of consent by empowering 
the donors and their families with control of their tissues and data. Another opportunity to 
improve donation rates is to include consent for brain donation or general education about 
brain donation in ongoing clinical studies. 

Conclusion and Action Plan 
A set of best practices must be established to support a robust human brain tissue pipeline. 
When selecting these best practices, the field should consider lessons learned from other 
successful tissue collection efforts (e.g., GTEx) as well as from the systematic evaluation of 
tissue processing protocols using animal models and archived human tissues. Immediate next 
steps for the research and brain banking communities include the establishment of a consensus 
set of aspirational goals, identification of the intermediate steps necessary to achieve those 
goals, generation of solutions to common barriers for brain acquisition and processing, and 
definition of common data elements needed to ensure consistency across collection sites. 
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Appendix A: Agenda 
Day 1: February 9, 2021 
 
2:00 PM Introduction and Background: Goal and Scope of the Human Brain Census – 

Andrea Beckel-Mitchener, PhD, Acting Deputy Director, NIH BRAIN Initiative 

2:15 – 6:00 PM Session 1: Tissue Quality and Processing for Human Census 
Chairs: Ed Lein, PhD, Allen Institute and Li-Huei Tsai, PhD, MIT 

2:15 PM Question 1: Are current methods of tissue preparation and stabilization up to 
the task? 
Evan Macosko, MD, PhD, Broad Institute 
Genevieve Konopka, PhD, University of Texas 

3:00 PM Question 2: What are the optimal processing and annotation methods for 
prospective collection? 
Ed Lein, PhD, Allen Institute 
Dirk Keene, MD, PhD, University of Washington Medicine – ADRC 

3:45 PM Break 

4:00 PM Question 3: How might the consortium decide on best tissue collection, 
stabilization, dissection, distribution, and assay protocols? 
Nadejda Tsankova, MD, PhD, Mount Sinai 
Noah Snyder-Mackler, PhD, Arizona State University 

4:45 PM Panel discussion with attendee questions 

Day 2: February 10, 2021 
 
2:00 PM Introduction and Background – Dirk Keene, MD, PhD, University of 

Washington Medicine – ADRC  

2:15 – 6:00 PM Session 2: Open Consent and Tissue Pipeline for Prospective Collection 
Chairs: Dirk Keene, MD, PhD, University of Washington Medicine – ADRC and 
Li-Huei Tsai, PhD, MIT 

2:15 PM Question 1: How can the census ensure biological diversity and a 
representative sample? 
Thomas Hyde, MD, PhD, Lieber Institute 
Steven McCarroll, PhD, Broad Institute 

3:00 PM Question 2: How best to achieve consent for open sharing of census data? 
Deborah Mash, PhD, University of Miami 
Tish Hevel, The Brain Donor Project 
Harry Haroutunian, PhD, Mount Sinai 

3:45 PM Break 
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4:00 PM Question 3: Inclusion/exclusion criteria? 
Kristin Ardlie, PhD, Broad Institute 
Rebecca Folkerth, NYU Langone Health  

4:45 PM Panel discussion with attendee questions 

Day 3: February 11, 2021 
 
2:00 – 6:00 PM Session 3: Breakout Sessions, Reports, and Summary  

Chairs: Ed Lein, PhD, Allen Institute; Dirk Keene, MD, PhD, University of 
Washington Medicine – ADRC; and Li-Huei Tsai, PhD, MIT 

2:00 PM Breakouts for Session 1 Topics 

• Topic 1: Optimal tissue preparation and stabilization methods for 
prospective collection for a single-cell ‘omics-based atlas-ing effort 

• Topic 2: Optimal brain region annotation methods for prospective 
collection 

• Topic 3: How might the consortium decide on best tissue collection, 
stabilization, dissection, distribution, and assay protocols? 

3:00 PM Reports from breakout sessions 

3:30 PM Breakouts for Session 2 Topics 

• Topic 1: Biological diversity and a representative sampling 
• Topic 2: Consent for open sharing of census data from post-mortem tissue 
• Topic 3: Inclusion/exclusion criteria 

4:30 PM Reports from breakout sessions 

5:00 PM Break 

5:30 PM Meeting summary and action plan – John Ngai, PhD, Director, NIH BRAIN 
Initiative 
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