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Abstract This study reports the results of the first

brain tissue banking experience of Turkey in the Unit

for Aging Brain and Dementia at Dokuz Eylul

University, Department of Geriatric Medicine, Izmir.

Here, we have briefly described our efforts on brain

banking in our country, which consist of six brains

from autopsies that had at least two years of clinical

follow-up in the 2015–2017 period. The evaluation led

to the diagnosis of two Alzheimer’s disease (AD) with

cerebral amyloid angiopathy, one AD with dementia

with Lewy bodies, one corticobasal degeneration, one

multiple system atrophy, one vascular dementia. We

believe that the study is of a special importance

because of its potential of becoming a brain banking

center in the region and because of its contributing to

the international knowledge of the neuropathological

features of dementia, while characterizing the epi-

demiology of these diseases in the region.

Keywords Brain banking � Neurodegenerative
diseases � Dementia � Brain donation � Brain autopsy

Introduction

Diagnosis of neurodegenerative diseases such as

Alzheimer’s disease (AD), Lewy bodies and dementia

(DLB), vascular dementia (VaD), Parkinson’s disease

(PD), frontotemporal lobar degeneration (FTLD), and
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others are currently based on established clinical

criteria, which are far from making a definitive

diagnosis, because they are characterized by a com-

plex set of neuropathological features, often with

marked overlapping pathologies (Murphy and Ravina

2003). Also, it is well known that there is only a

moderate relationship between some clinical diag-

noses and subsequent neuropathological diagnoses

(Nelson et al. 2010). It can be said that the first brain

banking efforts started with anatomist collections,

such as William Hunter, who archived almost fifty

brain samples in the eighteenth century (Teacher

1900). Today, in many countries brain banks have

been established to distinguish between healthy brain

tissue and that showing disease or normal ageing and

disease; however, with the exception of Europe and

the US, in the eastern hemisphere China, India, Japan

and South Korea each have only one brain tissue bank

(Lee et al. 2017).

In this paper, we reported the results of Turkey’s

first brain tissue banking experience. Then, approxi-

mately 32 patients enrolled to donate brain tissue. So

far, the brain tissues of six of these donors have been

examined.

Materials and methods

This study, which consists of six brains of autopsies

performed in 2015–2017 period, is based on cases of

Brain Aging and Dementia Unit of Department of

Geriatric Medicine of Dokuz Eylül University. All

patients admitted to an inpatient and outpatient setting

were evaluated by our team of geriatrician, neurolo-

gist, neuroradiologist, psychologist and neuropathol-

ogist. They all had at least two years of clinical follow-

up in our Unit, in which time they underwent

comprehensive geriatric assessment, including brain

imaging, neuropsychological evaluation and labora-

tory evaluation.

Collection of postmortem brains

Informed consent was obtained from the patients

and/or the legal representatives or the relatives (NOK)

during their visit to our clinic. Four of our cases died in

our clinic, one died in another hospital and the other at

home. The NOK of the two cases who died in out

of our clinic contacted our service immediately after

death and then the body was transported to our unit

within 12 h. Our contact service is open 24 h includ-

ing weekends and holidays. One neuropathologist, one

experienced technician and at least three clinicians

were always ready before the body was transported.

All the brains were removed in less than 12 h after

death. The legal representatives/NOK received an

autopsy report with a conclusive diagnosis of their

family member’s neurodegenerative disease.

As a matter of fact, all these stages were carried out

in accordance with the framework and reports of the

BrainNet Europe consortium, which consists of 19

European brain banks (Alafuzoff et al. 2012; Bell et al.

2008; Schmitt et al. 2007).

Ethical issues

All participants and/or their NOK, signed an informed

consent form approved by the Institutional Approval

Board prior to death, allowing for clinical and

laboratory and radiological assessments before death,

and for brain donation after death. (252-SBKAEK,

2015/13-18). Our research was conducted in accor-

dance with the criteria set by the declaration of

Helsinki.

The approval is required for autopsy in our country

unless the legal authorities have already ordered to

perform an autopsy. However, as an essential princi-

ple, we ask for written approval containing informa-

tion about the organization of our brain bank and our

research objectives. Our brain bank works by getting

permission from both the patient before death and

from their NOK (If the patient is not capable, the

written consent is requested from the NOK. Both

patients and the relatives are informed that they can

withdraw consent at any time. For example, NOK of

five other patients have withdrawn their consent so

far, after their patients died.

Clinical assessment

Clinical diagnosis of AD was made according to the

criteria of the National Institute on Aging-Alzheimer’s

Association workgroups (McKhann et al. 2011). DLB

was diagnosed according to the third report of the DLB

Consortium (McKeith et al. 2005). Multiple system

atrophy (MSA) was diagnosed based on the current

diagnostic consensus criteria (Gilman et al. 2008). The

clinical diagnosis of corticobasal degeneration (CBD)
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was made according to Cambridge criteria (Bak and

Hodges 2008). Idiopathic normal-pressure hydro-

cephalus (iNPH) was diagnosed based on the interna-

tional iNPH guidelines (Relkin et al. 2005). Cerebral

amyloid angiopathy (CAA) was diagnosed according

to the Boston criteria (Knudsen et al. 2001). Clinical

diagnosis of VaD was made according to the National

Institute of Neurological Disorders-Canadian Stroke

Network (Hachinski et al. 2006).

Radiological assessment

All cases had neuroimaging including brain magnetic

resonance imaging (MRI) or computerized tomogra-

phy. All brain MRI was performed with at least 1.5 T

MRI machine.

Neuropathological evaluation

All brains underwent a standardized neuropathologi-

cal assessment by one neuropathologist (AED). Cere-

brospinal fluid (CSF) was collected from the lateral

ventricles by transcallosal puncture. After removing

the brain, its weight and volume were measured before

fixation. Each step was digitally photographed from

opening the skull to fixation. The Circle of Willis, the

pituitary gland and the olfactory bulbs were dissected

and fixated. Immediately after brain removal, tissue

fragments 1 cm in size from the neocortex and

hypothalamus were dispersed in 6 tubes, frozen and

stored at – 80 �C for future genomic studies. The time

difference between death time and brain removal was

recorded for each case. The neuropathologist followed

the consensus rules for AD, DLB, MSA and CBD

when applying staining, sampling and microscopic

evaluation. According to these guidelines, a total of 16

sections from frontal, temporal, parietal, occipital

lobes, hippocampus, amygdala, cingulate, basal gan-

glia, thalamus, white matter of watershed areas,

medulla, pons, midbrain and cerebellum were micro-

scopically evaluated. Immunohistochemical stains

were performed using antibodies against a-synuclein
(LB 509; 1:400; Abcam, Cambridge, United King-

dom), phospho-PHF-tau (AT8; 1:200; ThermoFisher

Scientific, Reinach, Switzerland), TDP43 (2E2-D3;

1:500; Abcam, Cambridge, United Kingdom) and b-
amyloid (1:100; Abcam, Cambridge, United King-

dom) following the instructions of manufacturers.

This assessment led to the diagnosis of two ADs

with Cerebral Amyloid Angiopathy (CAA), one DLB,

one CBD, one MSA and one VaD. All clinical,

laboratory, neuroimaging and histopathologic findings

were shown in Table and figure.

Results

Case 1

Her complaints started as restlessness in 2008 at the

age of 70 and she frequently asked the same questions.

When she was admitted to the Unit in 2013, he had

complaints of forgetfulness and poor attention.

According to her clinical and radiologic (Table 1;

Fig. 1a–c) findings, she was diagnosed with Probable

AD. She died from urosepsis in August 2015. The

neuropathologic findings were compatible with AD

(A1, B2, C2) and CAA (Table 1; Fig. 2a–d).

Case 2

In 2014, at the age of 84, she was admitted to our Unit

because of her forgetfulness, inability to walk,

frequent falls, slow motion and speech, difficulty in

swallowing, decreased interest in activities she had

previously enjoyed, and feeling sad. According to her

clinical and radiological findings (Table 1; Fig. 1d–g),

MSA-cerebellar type was diagnosed in our depart-

ment. She died in July 2016 from cardiopulmonary

arrest. The neuropathologic findings were compatible

with MSA (Table 1; Fig. 2e–h).

Case 3

For the past 2 years, he had a forgetfulness in which he

lost his personal belongings and wandered aimlessly,

and his symptoms worsened in the last 6 months,

before he was admitted to our department in 2013 at

the age of 68. He was diagnosed with possible AD and

VaD with clinical and radiologic findings (Table 1;

Fig. 1h–j). He died in May 2016 from aspiration

pneumonia. The neuropathologic findings were con-

cluded to be a VaD (Table 1; Fig. 2i–j).
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Fig. 1 Neuroimaging

Findings of the Cases. a
Axial, b coronal and

c sagittal CT images show

mild enlargement of the

subarachnoid spaces and

mild dilatation of the

ventricular system; d Axial

T2-weighted and e FLAIR
MRI images show

enlargement of the

subarachnoid spaces (arrow)

and hyperintensities

(asterisks) in the subcortical

white matter, f sagittal and
g coronal T1-weighted MRI

images reveal normal size of

midbrain and both

hippocampal bodies;

h axial, i sagittal and
j coronal CT images show

enlargement of the

subarachnoid spaces and

dilatation of the ventricular

system predominantly

affecting the temporal

region (arrows) and

reduction in size of both

hippocampal bodies; k axial

T2-weighted, l sagittal T1-
weighted MRI images show

enlargement of the

subarachnoid spaces

(asterisk) and

disproportionate dilatation

of the ventricular system and

m phase-Contrast MRI CSF

flow measurements reveals

increased velocity

consistent with normal-

pressure hydrocephalus

(arrow); n axial T2-

weighted sagittal T1-

weighted and o MRI images

show enlargement of the

subarachnoid spaces and

mild dilatation of the

ventricular system,

p coronal CT image reveals

mild reduction in size of

both hippocampal bodies

(arrows); q axial, r coronal
and s sagittal CT images

show enlargement of the

subarachnoid spaces, and

dilatation of the ventricular

system and reduction in size

of both hippocampal bodies
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Case 4

She presented to our Unit in December 2013 with

speech alterations, clumsiness, rigidity in left upper

limb, incontinence, parkinsonism, and falls with gait

and balance disturbance with falls. Based on her

clinical and radiologic findings, she was diagnosed

with CBD and iNPH (Table 1; Fig. 1k–m). She died in

September 2016 from aspiration pneumonia. The

neuropathologic findings were compatible with CBD

(Table 1; Fig. 2k–n).

Case 5

In 2013, he was admitted to our Unit with complaints

of nervousness, gradual cognitive decline, and com-

monmemory disorders that began in 2003 at the age of

75 years. Based on these clinical and radiologic

findings (Table 1; Fig. 1n–p), he was diagnosed with

Probable AD. He died in September 2016 from

septicemia. The neuropathologic findings were con-

sistent with AD (A2, B2, C2) and CAA (Table 1;

Fig. 2o, p).

Case 6

In 2014, he was admitted to our clinic with neuroleptic

sensitivity, organized visual hallucination, variable

cognitive status and postural hypotension. The brain

bFig. 2 Neuropathological Evaluations of the Cases. aNeurofib-
rillary tangles in the hippocampus and b neocortex, AT8 stain;

c b-amyloid deposits in the walls of leptomeningeal vascular

structures,B-amyloid stain; d dense-core plaques surrounded by
dystrophic neurites (neuritic plaques), AT8 stain. e Decreased

number of neurons in substantia nigra, H&E stain; f free

neuromelanin is noted in the neuropil, H&E stain; g and h a-
synuclein positivity in the cytoplasm of oligodendrocytes, a-
synuclein stain. i Hyaline arteriolosclerosis in the walls of small

vessels, H&E stain; j a remote infarct with reactive gliosis and

macrophage infiltration, H&E stain. kBallooning neurons in the
cerebral cortex, H&E stain; l ballooning neurons shown by

Neurofilament stain; m neuronal Tau-positivity, AT8 stain;

n tau in the cytoplasm of oligodendrocytes (narrow arrow);

named as ‘‘coiled body’’ and astrocytic plaques (wide arrow)

surrounded by Tau-positive neurites, AT8 stain. o Neurofibril-

lary tangles in the neocortex, AT8 stain; p b-amyloid deposition

in the leptomeningeal vessel walls, b-amyloid stain. q Typical

view of a pigmented neuron with classical Lewy body; H&E

stain; r a-synuclein positivity of the Lewy body; a-synuclein
stain
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imaging findings are presented in Fig. 1q–s. The

diagnosis of probable DLB was considered. He died in

April 2017 from multilobar pneumonia. The neu-

ropathologic findings were compatible with AD (A1,

B2, C2) and DLB (Table 1; Fig. 2q, r).

Discussion

Brain bank and subsequent histopathological evalua-

tion of the human brain in a systematic manner in large

groups has had an important role in advancing our

understanding of the pathogenesis of neurodegenera-

tive diseases and age-related changes in the brain,

while providing additional opportunities to other

researches who can use these material and data

(Vonsattel et al. 2008). The postmortem brain exam-

ination performed in the brain banks, established with

these purposes, provides the accurate diagnosis of the

participant whom the clinicians followed longitudi-

nally with all available clinical, neuropsychological,

radiological and biomarker data, giving the chance to

correlate all these data with the neuropathological

findings (Franklin et al. 2015), since no fluid and

imaging biomarker is currently able to provide a

definitive diagnosis. For instance, case 3 was diag-

nosed and followed as mixed dementia with AD and

VAD, and the neuropathological evaluation of the

brain identified VAD alone. Likewise, case 6, who

underwent serial cerebrospinal fluid removal proce-

dure (Isik et al. 2019), is also remarkable because he

was followed with the clinical diagnosis of probable

DLB and iNPH and was subsequently definitively

diagnosed with AD as well as a-synucleinopathy
based on histopathological evaluation. In fact, these

findings are also very crucial for us to provide more

accurate information for families. Therefore, brain

banks are important for various reasons. For example,

even in the most common dementia type AD, distin-

guishing variations is not always possible and the only

way to achieve a definitive diagnosis is by histopatho-

logical evaluation of the brain. Nowadays, providing a

single umbrella diagnostic terminology for these

diseases is not satisfactory; determining the subgroups

of these diseases is also essential, for instance, as in the

cases of FTLD.

Some of our cases were of particular interest. Two

of them were clinically thought to have NPH; how-

ever, no pathologic findings described in association

with NPH in the literature were identified in either case

(Leinonen et al. 2012), whereas CAA was demon-

strated together with AD pathology in two cases with

AD, compatible with the literature (Smith and Green-

berg 2009).

We observed a rich spectrum of neurodegenerative

diseases even in merely six autopsy cases that were

clinically followed for at least 2 years. Thus, longi-

tudinal assessment of the cases was an important

component of this project. No doubt that these results

are encouraging, but they also confirm the necessity of

autopsy examination and brain banking in our country.

Postmortem interval (PMI), i.e., the time between

death and brain processing, was less than 12 h in our

series. This is similar to a very experienced and funded

donation program in which a median postmortem

interval of 3.0-h was reported (Beach et al. 2015).

Meanwhile, a recent study demonstrated that high-

quality RNA could be obtained from tissue with a PMI

of up to 36 h, and that, indicating stored tissue for

more than two decades at - 80 �C retained its high

quality of RNA and suitability for future researches

(White et al. 2018). Most of our cases developed some

type of terminal infection, giving them a chance to be

hospitalized, and their death was not unexpected,

providing a reasonable PMI; however, transfer of

bodies from the homes of the patients or from nursing

homes can sometimes be problematic.

We are aware that it is a small-scale study, and our

clinical diagnosis was mostly confirmed by neu-

ropathological diagnosis with unexpected findings.

However, this is the first document of our ongoing

effort in brain banking, which is one of the few sources

in Asia. Recognizing the necessity of making a large

number of donations, our immediate goal is to increase

the number of patients enrolled in our program, as well

as focus on research and work for our targets to join a

brain network. Hopefully, some of the non-demented

individuals whom we follow up in our department

volunteer for donations and over time, they will

provide control brain tissue for future studies.

Here, we briefly document our pilot efforts. Brain

banking is a multifaceted joint effort that involves

multiple subspecialties, with not only scientific, but

also financial, social and educational aspects and

ultimately depends on the participation of the patients

and families. We hope that sharing our experiences

and challenges will provide encouragement and a

model to build on, both for ourselves and others
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involved in the diagnosis of and research on the

diseases of the brain.
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