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Abstract 

 

Over the past decade, research has shown that studies of human brain tissue are essential to 

increasing our understanding of the nervous system function and mechanisms. Recently, 

postmortem human brain tissue has contributed to the development of a genetic test for 

Huntington's disease (HD) and a treatment for Parkinson's disease (PD). In this regard, 

neurochemical and anatomical studies focusing on postmortem brain tissue today can provide 

details of a disease process and potentially its etiology. Concurrently, development of new 

molecular and neurobiological methods as well as new computer-assisted quantification 

techniques can assist brain tissue research. That collective prospect, in turn, leads to an 

increased demand for postmortem tissue in medical research and thus the need for the 

establishment and management of a brain and tissue bank. For a brain bank to be organized 

and managed, however, certain standardized and agreed upon guidelines must be met, 

involving protocol-based tissue handling and collection of clinical data. The fundamental tenets 

of such an organized brain and tissue bank in Greece are analyzed in the framework of 

(inter)national networks and placed in perspective so as to support its establishment that 

merits substantive contributions to multidisciplinary neurological disease research worldwide. 

 

Keywords: Brain and tissue Bank • neurodegenerative diseases • Alzheimer's disease• 
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Introduction 

 

The history of brain banking goes back as 

far as a century ago. Established collections 

of human postmortem brain tissues stored 

in such brain banks have, over the years, 

boosted research toward many significant 

discoveries, enhancing our understanding of 

central nervous system function(s). More 

significantly, these brain banks still continue 

to support current research on 

neurodegenerative disorders (Ravid and 

Grinberg 2008; Beaulieu 2004; Bell and 

Ironside 1997). Many of these 

neurodegenerative diseases occur 

exclusively in humans and for that reason 

their pathogenesis can only be investigated 

in the human brain tissue. Consequently, 

accessibility to carefully screened 

postmortem human brain tissues is crucial 

for unveiling the mysteries of 

neurodegeneration (Cambon-Thomsen 

2004). In order to achieve such a goal, any 

human brain donated for research must be 

carefully screened and categorized based on 

clinical and pathological data (Beaulieu 

2004; Cassel 1998). Concurrently, the best 

diagnostic classification possible must be 

pursued through maximal scientific utility of 

samples in clinical investigations. Therefore, 

employing reliably established and 

consistent methodologies in investigations 

involving brain tissues is the most 

important and fundamental tenet of success 

for research in neurosciences (Cruz-Sánchez 

et al. 1997).  Based on the aforementioned 

grounds, increasing demand for brain tissue 

combined with rising research activities in 

neurological diseases necessitate the 

establishment of a universally and 

functionally reliable brain and tissue bank 

in Greece. 

 

Organizational, Operational and Safety 

Guidelines for Substantive Brain Banking 

Function 

 

Key to a successful function of a reliable 

brain and tissue bank is the establishment 

of accredited procedures pertaining to the 

influx, testing, deposition and ensuing 

dispensation of material(s) for research and 

training in neurodegenerative diseases.  To 

this end, the following organizational and 

operational procedures will be established 

in the intended brain and tissue bank in 

Greece (Figure 1): 1.  Brain and tissue 

donation to the bank will be activated 

through established calls, announcements 

and relevant publicity conforming to 

currently held and internationally accepted 

standards.  Eligibility criteria pertaining to 

potential donors will be adhered to and 

applied according to such standards. 2.  

Incoming samples will be diagnostically 

screened for identification purposes and 

classified for further processing into entry 

records. 3. Samples will be prepared for 

further deposition and deposited for 

preservation in accordance with strict 

safety and potential biohazard standards 

currently if effect worldwide. 4.  Samples 

and tissue(s) will be dispensed (in parts or 

as a whole) to the research community for 

further investigation upon request.  

Procedures entailing pertinent requests, 

petitions and applications on behalf of 

interested researchers (or research groups 

and organizations), approval by the bank, 

and dispensation of requested material(s) 

will be in place to ensure adherence to all 

scientific and ethical guidelines in effect 

worldwide.  All relevant information will be 

electronically available to the entire 

scientific community as part of the 

incorporation of the Greek brain bank into 

the worldwide network of brain banks.  Key 

aspects of the aforementioned organization 

and function of the brain and tissue bank 

are dwelled on below (vide infra). 
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Fig. 1: Procedures and Guidelines Pertaining to Brain and Tissue Sample Bank 

Organizational and Operational Functions 
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One of the most important issues of brain 

banking is safety of the personnel involved 

in the acquisition and handling of patient 

samples. The importance and 

implementation of personnel safety rests 

heavily on full appreciation of the risks 

involved (Ferrer et al. 2008). For that 

reason, protective clothing should be worn 

during all activities before and after 

autopsy, with attention paid to the 

protection of hands, eyes, mouth and nose 

(Gindro and Mordini 1998). Based on these 

facts, the main risks in brain banking 

emerge during autopsy and procedures 

following autopsy, including preparation of 

cryostat sections and handling of fixed prion 

disease tissue. Under these circumstances, 

the medical staff involved in brain banking 

should be fully trained and justifiably 

competent. Hence, following proper training 

they should read, understand and sign all 

protocols describing the steps involved in 

brain specimen tissue collection (Kearney 

1998). Furthermore, technicians should a) 

wear special bio-safety apparel, such as 

gloves, gowns, face masks, and hair and foot 

covers, in order to minimize contamination, 

and b) comply with the strict biosafety 

guidelines in effect (Hakimian and Korn 

2004; Vonsattel et al. 1995; Von Versen 

1999). In addition, the medical staff should 

be fully immunized against hepatitis A and 

B, and protected against certain pathogens 

leading to tuberculosis or malaria. They 

should also be aware of the fact that the 

process of brain tissue collection involves 

three steps: a) the autopsy procedure, b) the 

stage immediately following autopsy, and c) 

the post-fixation stage. An essential safety 

issue in the post-fixation stage is that 

containment level 2 and/or 3 facilities, 

depending on the nature of involved 

biohazards required for virulent pathogens, 

such as those in Creutzfeldt-Jakob disease 

(CJD). Collectively, the main threat to human 

health from such infective agents is 

accidental inoculation of infected material 

through needle-stick and cutting injuries 

(Katelaris et al. 1994).  

 

The North Greek brain bank will also 

establish a Tissue Procurement Facility 

(TPF), which will collect and provide 

needed tissue specimens for neuroscientists 

to support brain-related research. TPF 

activities include collection and 

preservation of a) fresh and frozen normal 

tissue(s) from excess surgery and autopsy 

material, b) serum specimens from patients, 

and c) maintenance of a tissue database 

with links to clinicopathological data, 

collectively providing the basis for 

comparative investigations (Ahman et al. 

2008; Suh et al. 2009). 

 

In line with the above bank operations, in 

the beginning of an autopsy process, body 

weight, height and skull size are measured. 

Next, cerebrospinal fluid (CSF) is extracted 

in situ from the lateral ventricles by 

transcallosal puncture and a blood sample is 

retrieved from the aorta. The brain is 

measured in both weight and volume, and is 

digitally photographed using an HD camera. 

Most often, brain samples are fixed in 4% 

paraformaldehyde for 3 to 5 weeks (Dodd et 

al. 1988; Ferrer et al. 2007). 

 

Frozen tissue samples should preferably be 

stored at -80 oC or below that temperature, 

although for certain types of tissue storage 

at -20 oC may be adequate. In order to 

examine gene expression in brain tissue 

samples, RNA should be extracted with an 

RNA Stabilization Solution, which is an 

aqueous tissue storage reagent that rapidly 

permeates most tissues to stabilize and 

protect RNA in fresh brain specimens.  It 

eliminates the need to immediately process 

or freeze samples; the specimen can simply 

be submerged in RNAlater Solution and 

stored for analysis at a later date. Samples 

in RNAlater Solution can be stored for 

extended periods of time, under conditions 

where RNA degradation would normally 

take place rapidly. Tissues are stored 

indefinitely in RNAlater Solution at -20°C or 

lower.  Storage at –20°C can also be used for 

archival samples.  Therefore, there is a 

reason for having intermediate and deep 

freeze facilities for storing brain tissue 

samples.  To this end, storage facilities will 

be configured so as to a) store brain tissues 

according to origin, state of pathology, and 

purpose of investigation, and b) use brain 

tissues in specific research tasks in short 

and long term investigations. 

 

Furthermore, -80 oC freezers should have 

proper back-up and alarm systems in case 

of failure, and access should be limited to 

trained technical staff available on a 24 hour 
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basis. Fresh frozen tissue is optimal for 

genomics and proteomics research studies, 

while formalin-fixed tissue is suitable for 

neuropathological and histological analysis. 

Specific anatomical regions as well as 

multiple sclerosis (MS) areas with lesions 

are extracted for further processing 

(Duyckaerts et al. 1993; Hasson and 

Schneiderman 1995). Despite the 

aforementioned advantages, use of frozen 

tissue samples has some drawbacks. 

Specifically, problems arise because a) 

facilities for snap-freezing of fresh 

specimens are not always available in all 

clinics, b) transportation of frozen tissue 

may be difficult, especially between 

hospitals, and use of special holding 

fixatives may lead to loss of antigen 

reactivity, and c) long-term storage of 

frozen tissue also leads to loss of antigen 

reactivity (Daneshtalab et al. 2009). 

Consequently, shorter postmortem periods 

are needed and appropriate freezing 

procedures should be adopted to preserve 

tissue quality (Perry and Perry 1983). Such 

a process can be used in conjunction with 

immunohistochemical and histological 

staining methods, whereby brain tissue is 

fixed in formalin and paraffin (Vonsattel et 

al. 1995).  Collectively, storage facilities in 

the brain bank will be configured so as to a) 

store brain tissues according to origin, state 

of pathology, and purpose of investigation, 

and b) use brain tissues for specific research 

tasks in short and long term investigations. 

 

The World Brain Bank Network 

 

It’s almost impossible to list all current 

active brain banks around the world.  The 

globally established network of brain banks, 

however, indicates that there may be more 

than one hundred such banks worldwide. 

More specifically, “BrainNet Europe” exists 

in Europe and has been funded by the 

European Commission through "Life 

Sciences" of the 6th Framework Program 

(Alafuzoff et al. 2006; Cruz-Sánchez et al. 

1995).  It consists of nineteen established 

brain banks across Europe and is 

coordinated by the Centre for 

Neuropathology and Prion Research 

Ludwig-Maximilians-University of Munich, 

in Germany. On the other hand, there are 

currently forty six brain banks in the United 

States, including many Alzheimer's Disease 

Centers. Moreover, there are several brain 

bank centers in Australia, China, Japan, 

India, and New Zealand (Bidaut-Russell et 

al. 1995). This vast brain bank network 

provides access of researchers and 

neuroscientists to a variety of brain and CNS 

tissue samples. As a result, they support 

research leading to significant 

developments toward understanding the 

genetic basis of neurodegenerative 

disorders (Beaulieu 2004). Tissue samples 

in those banks derive from postmortem or 

surgical procedures. To strengthen its 

quintessential role in research, “BrainNet 

Europe” has also developed a central 

database incorporating a very extensive 

resource of brain material kept in individual 

banks. 

 

In order to help researchers locate samples 

needed for research, common smart 

internet access database applications have 

been devised. For that reason, authorized 

procedures providing access to such 

applications should be managed in a way 

that meets the strictest criteria of legal and 

ethical conduct (Hakimian and Korn 2004). 

In this regard, brain banks must be mutually 

supportive toward sharing protocols and 

methodological procedures, adopting 

sufficiently common approaches in brain 

tissue handling. Through a common 

platform of approved of processes, they 

should provide individual researchers 

access to samples from several centers, 

being fully confident that the provided 

samples are comparable in terms of brain 

tissue value and quality (Jellinger et al. 

1993; Kretzschmar 2009). Management of 

brain and tissue banking efforts in Greece a) 

aspires to the above standards, and b) 

reflects the will of the local scientific 

community to establish closer collaboration 

with the world brain bank, thereby 

strengthening the collective potential and 

resolve to seek and solve problems in 

neurodegeneration.    

 

Dementia Types – Link to Brain Tissue 

Management 

 

As a term, dementia describes the 

symptoms of a large group of illnesses 

including Alzheimer's disease (AD), 

Parkinson's disease, vascular dementia, 

Lewy Body dementia, Huntington's disease, 
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alcohol-related dementia, AIDS-related 

dementia, and Creutzfeldt-Jakob disease 

(Boller et al. 1980; Morris 1993; Stuss and 

Levine 1996). Depending on the causes, 

dementias are classified in four different 

groups: a) Fixed cognitive impairments, 

which include alcohol dementia, Wernicke's 

encephalopathy, and Korsakoff's psychosis, 

brought on by brain injury events. b) Slowly 

progressive dementia, such as Alzheimer's 

disease, vascular dementia or Lewy body 

dementia (Holmes et al. 1999), which begins 

gradually and worsens progressively over 

several years. c) Rapidly progressive 

dementia such as Creutzfeldt-Jakob disease, 

a dementia that worsens over weeks to 

months, and d) Dementia emerging as or 

being a phenotypic manifestation of other 

diseases or a minor feature thereof, such as 

Cognitive Impairment in Parkinson’s 

disease (Hanyu et al. 2012; Knopman et al. 

2003; Mufson et al. 2012). 

 

Depending on which part of the brain is 

affected as a result of dementia, dementias 

may be classified as either cortical or 

subcortical (Lopez et al. 1999). Cortical 

dementia refers to dementia, in which brain 

damage primarily affects the brain's cortex 

or outer layer. Cortical dementias tend to 

cause problems with memory, language, 

thinking, and social behavior (Mendez et al. 

2002). Subcortical dementia affects parts of 

the brain below the cortex. This specific 

type of dementia tends to cause changes in 

emotions and movement in addition to 

problems with memory in most types of 

dementia, degeneration occurs in the 

cerebral cortex, with the pathological 

hallmarks of plaques and tangles depicting 

the emergence and onset of Alzheimer's 

disease (Du et al. 2002). Nearly in all 

dementias, damage occurs in the cerebral 

cortex of the brain.  This brain compartment 

accounts for approximately two-thirds of 

the brain mass and controls a) sensory 

functions, such as hearing, vision and touch, 

and b) cognitive functions such as thought, 

perception and communication.  

 

The neurodegenerative dementias are 

clinically cha-racterized by cognitive and 

functional decline, ensuing from gradual 

loss of nervous cells in particular 

topographic locations and neural systems 

(Esiri et al. 1997; Verghese et al. 2002). As 

dementia progresses, the symptoms are 

more often, followed by gradually 

worsening course with heterogeneous 

clinical, molecular and pathological features 

(Bathgate et al. 2001; Neary et al. 2000).  

 

Given the severity of neurodegeneration 

onset and progression, access to brain and 

tissue from such patients and ensuing 

research on the pathologoanatomical and 

biochemical status of the brain rises as a 

necessity. To this end, establishment of a 

reliable brain and tissue bank in North 

Greece is expected to provide readily 

accessible material for research, based on 

proper diagnostic procedures and tools for 

the evaluation of the brain, offering deep 

scientific insight into the molecular 

pathologies associated with the disease 

itself.  Such diagnostics entail the use of a 

plethora of biochemical and non-

biochemical techniques outlined below. 

 

Diagnosis Tools - Brain Proteomics 

 

One of the most important advances in 

today’s neuroscience involves development 

of brain proteomics, the study of the 

proteome, i.e. all of the proteins expressed 

in the brain (Bayés et Al. 2009; Celis et al. 

1998; Fountoulakis 2001). In the recent 

past, significant strides have been made 

toward understanding specific mechanisms 

involved in Alzheimer’s disease 

neurodegeneration (Cacabelos et al, 2012; 

Korolainen et al. 2010). These mechanisms 

are engaged in an intricate interplay 

between genetic and environmental factors, 

which include oxidative stress, 

inflammation, mitochondrial dysfunction, 

excitotoxicity and iron deposition (Dudley 

et al. 2011). Recently, a number of 

challenging proteomic studies has been 

carried out in the field of Alzheimer’s 

research (Perry and Perry 1983; Stoop et al. 

2010; Yuan and Desiderio 2005). This 

research encompasses proteomic studies in 

humans, where tissue samples are 

recovered from patients with 

neurodegenerative disorders (Micheva et al. 

2012). These samples (solid–liquid) are 

extracted either directly from the brain 

during autopsy or from CSF (Reiber 1994; 

Xu et al. 2006; Zhang et al. 2005). On the 

other hand, proteomic studies on animal 

models are more easily implemented and 
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involve various strains of mice and rats, and 

non-human primates (Yao et al. 2009). In 

addition, genetically modified animals, 

which carry “suspect” genes involved in the 

pathogenesis of neurodegenerative 

diseases, have helped the scientific 

community considerably to understand 

many of the pathways involved in the 

progression of the disease (Gillardon et al. 

2007; Hauptmann et al. 2009; Oddo et al. 

2003). Undoubtedly, gaining knowledge in 

the field has been aided by brain tissue 

protein profiling, a modern approach used 

in proteomic studies. It entails direct 

neuropathological examination of brain 

tissue samples (Sposny and Hewitt 2012). 

To this end, proteomic analysis of various 

brain regions has revealed a disparity in 

gene expression, which includes alternative 

splicing, post translational modifications 

and methylation (Ward et al. 2009). 

Considerable help in this regard has come 

from basic methods in brain proteomics, 

including two-dimensional gel 

electrophoresis (2D-PAGE), sodium dodecyl 

sulfate (SDS) PAGE analysis as well as multi-

dimensional liquid chromatography (LC) 

followed by mass spectrometry (MS) 

(Kiehntopf et al. 2007; O'Farrell 1975;  

Tumani et al. 2012;  Weiss et al. 2009). 

Through such methods, proteomic 

techniques have been able to investigate 

and pinpoint differences in protein 

expression between normal and diseased 

tissue. The same techniques are also used to 

determine the structure and function(s) of 

proteins after post-translational 

modifications, such as glycosylation, 

phosphorylation or carbonylation (Mann 

and Jensen 2003).  Collectively, therefore, 

(bio)molecular technologies a) contribute 

significantly to the formulation of the profile 

in neurodegeneration, and b) constitute 

essential tools of research on brain and 

tissue samples originating in a reliable brain 

bank, thereby aiding advancements in 

diagnosis and potential treatments. 

 

Objectives and Merit of a Greek Brain 

Bank 

 

Presently, there is no organized brain and 

tissue bank operating in North Greece, 

because of the lack of technical 

infrastructure and paucity of brain donors. 

The main objectives of establishing and 

running such a brain bank should be based 

on criteria maintaining gold standards of 

excellence in brain banking, seeking 

archiving, and storing frozen and formalin-

fixed tissue(s). In addition, the essential role 

for such a brain bank is to provide teaching, 

training skills and educational resources for 

neuroscientists, while concurrently 

facilitating (inter)national collaboration 

among research scientists, pathologists and 

clinicians through established bio-ethical 

guidelines. Apart from that, a well-

organized brain bank should a) ensure 

optimum patient and donor care, and 

maintain contact with donor families, 

informing them about diagnosis and 

progress in research, and b) disseminate or 

promote knowledge of brain banking 

through scientific meetings, public fora and 

publications (Figure 2). For such a collective 

endeavor to succeed in North Greece there 

is an urgent need to establish and facilitate 

brain donation through an ethically 

approved process, preserve brain tissue in 

reliable infrastructure facilities, offer 

education, training and information, and 

provide pathological diagnosis to the 

relatives of brain donors, in line with the 

best national and international guidelines. 

To this end, carefully designed campaigns at 

the local and national level are to be 

launched a) emphasizing the importance of 

brain tissue donation programs embraced 

by local and national communities, and b) 

denoting the benefits of society from 

research promoted as a result of the 

availability of ample brain and tissue 

samples. Training of specialist health 

personnel,  dissemination of knowledge, 

education, amply and readily understood 

information in schools, and wide publicity 

through the written Press and all electronic 

media stand to support the establishment 

and viability of such a brain bank, which 

further intends to a) benefit not only North 

Greece but also the abutting Balkan country 

communities, and b) hopefully contribute to 

the global community as an active member 

of an international network of brain banks 

(Donatelli et al. 2006; McKeown et al. 2012) 

. There is a brain bank in Athens, Greece, 

with which we will collaborate very closely.
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Fig. 2: The Principal Objectives for the Organization of Human Brain and Tissue Banking in 

North Greece and Connection to the Global Brain Bank Network 

 

Establishment of the herein proposed brain 

bank aims at setting the foundations for a 

simple, efficient, nationwide system 

targeting brain donation. The initiative 

hopes to motivate more people to get 

involved in brain donation, an action that 

will in turn increase the number of brains 

available for this important research. The 

wider goal is to create a research-based 

brain bank, which will act as a reference 

center, accepting donated brain and tissue 

samples from all over Greece and many 

neighboring countries as well (Bulgaria, 

Albania, Romania, Serbia, etc.), where there 

is currently no such brain bank center in 

operation.  This will promote brain research 

in the field of neurodegenerative diseases in 

Greece and provide the local and greater 

international scientific community with 

brain samples for research that will lead to 

advances in the treatment, cure and 

prevention of brain diseases and disorders. 

Moreover, the proposed brain bank is 

expected to provide information, teaching, 

training and educational resources for 

neuroscientists and patients through 

scientific meetings, public engagements and 

publications.  To this end, the specific brain 

bank is expected to stand as a paradigm of a 

center for research and education in the 

entire Balkan region, progressively  

becoming a research pole of attraction and 

an active center in the worldwide brain 

research community. 

 

Discussion 

 

Brain Bank will help neuroscientists who 

participate in the attempt to gather genetic 

material from tissue and fluid samples of 

the brain. The study material will help, as 

they say, to answer questions about the 

prevention and treatment of neurological 

disorders that affects milllions of people and 

remain incurable. 

 

The main goal of brain banks is to use the 

high quality postmortem brain tissue for 

research purposes and shed light to the 

cellular signaling pathways involved in 

neurological diseases (Cruz-Sánchez and 

Tolosa 1993). These disorders include 

mainly, Parkinson’s disease (Deep-Soboslay 

et al. 2011), the variant Creutzfeldt-Jakob 

Disease (vCJD) and Alzheimer’s disease 

(AD) (Rinne and Sonninen 1968) (Olney and 

Farber 1995) (Chalmers et al. 2009). 

Overall, the use of brain tissue samples has 

proven critical for researchers to study the 

neuronal pathway mechanisms involved in 

brain metabolism (Go et al. 2005). 
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In a global research setting, current 

obstacles for scientists emerge from lack of 

basic knowledge in neurological diseases, 

including Alzheimer’s and Parkinson’s 

diseases, multiple sclerosis, stroke, 

schizophrenia, bipolar disorder, and major 

depression. Gaining such knowledge is 

expected to lead to a better understanding 

of the abnormal mechanisms operating in 

these diseases and will, in turn, help develop 

new approaches for potential treatments 

(Ghosh et al. 2012). Through advances in 

technology, it is now possible to conduct 

large scale studies of genetic variability in 

gene expression control. This, however, 

requires high quality and well-characterized 

human brain tissue samples.  

 

In view of the aforementioned grounds, the 

purpose of establishing such a brain and 

tissue bank in North Greece is to support 

multidisciplinary neuroscience research in 

the framework of a global brain-bank 

network, by providing appropriate tissue in 

an efficient and cost-effective manner, while 

meeting uniformly global, standardized, and 

high ethical and scientific standards of 

operation and accountability. 

 

Conclusions 

 

Over the last decade, genomics, proteomics, 

and research in neuroscience have helped 

scientists delineate key steps in the 

pathogenesis of three major 

neurodegenerative diseases: AD, HD, and 

PD. Justifiably, therefore, many researchers 

believe and hope that the cause of AD and 

PD will be discovered in the next 10 to 15 

years. With this expectation in perspective, 

scientists think of a brain bank as the main 

bridge between patients and researchers. 

This groundbreaking type of organization 

could make it possible for basic scientists to 

probe, peruse and unravel the pathogenesis 

(or key elements thereof) of 

neurodegenerative diseases that can be 

used to design treatments, identify markers 

of active disease, and finally create 

diagnostic tests to encourage early clinical 

diagnosis. Undoubtedly, therefore, 

supporting the establishment of a brain and 

tissue bank in Greece provides a 

breakthrough opportunity for investigators 

to gain access to high quality human 

postmortem tissue to be collected, 

processed, and stored, all through globally 

standardized scientific and ethical criteria, 

for scientific multidisciplinary research, 

meriting tangible results for the benefit of a 

contemporary worldwide human society. 
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