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Abstract

Research into neuropsychiatric disorders, including alcohol-related problems, is limited in part by
the lack of appropriate animal models. However, the development of new technologies in
pathology and molecular biology means that many more questions can be addressed using
appropriately stored human brain tissues. The New South Wales Tissue Resource Centre (TRC) in
the University of Sydney (Australia) is a human brain bank that can provide tissues to the
neuroscience research community studying alcohol-related brain disorders, schizophrenia,
depression and bipolar disorders. Carefully standardised operational protocols and integrated
information systems means that the TRC can provide high quality, accurately characterised,
tissues for research. A recent initiative, the pre-mortem donor program called “Using our Brains”,
encourages individuals without neuropsychiatric illness to register as control donors, a critical
group for all research. Community support for this program is strong with over 2,000 people
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registering their interest. Discussed herein are the protocols pertaining to this multifaceted facility
and the benefits of investment, both scientific and financial, to neuroscience researchers and the
community at large.
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Introduction

The New South Wales Tissue Resource Centre (TRC) is an Australian brain bank located in
Pathology at The University of Sydney, Australia. The first autopsy brain specimens were
collected specifically for intramural research projects that focused on the structural changes
in the brain in alcohol-related disorders. Subsequently, with appropriate protocols, ethics
approval and additional funding, this unique resource has evolved into a brain bank for
researchers studying alcohol-related brain damage, dependence and tolerance and the
pathogenesis of schizophrenia, depression and bipolar disorders. TRC staff review and
collect the tissues from coronial and non-coronial cases and process the tissues. Cases are
stored at —80°C for molecular studies and in formalin for pathological studies. Staff co-
ordinate two pre-mortem donor programs and perform neuropsychological assessments on
live donors. Review of relevant medical and lifestyle information is critical for the accurate
characterisation of cases and is done by trained clinical nurses and psychologists. There is a
complex, interactive database for the TRC that allows us to select appropriate tissues for
both intramural and extramural research groups and provide them with anonymous details of
each case. It also facilitates the preparation of reports and promotional material for
stakeholders. There is an independent management committee who oversee the TRC and
makes decisions about the allocation of tissues based on scientific merit and feasibility of
the studies and the track record of requesting researchers.

In recent years, the reliance on accessing donors through forensic and hospital institutions
has changed because of the decline in autopsy rates (Jeganathan et al. 2006; Ward et al.
2001), a worldwide phenomenon (Burton and Underwood 2003; Nemetz et al. 2006; Sinard
2001). Pre-mortem donor programs have now become an important part of the TRC as they
provide us with a comprehensive, longitudinal profile of the health and lifestyle of donors.
These programs also have an educational benefit as they highlight the need for brain tissue
banking to the community. The two pre-mortem donor programs coordinated by the TRC
are the “Gift of Hope” for those with a psychiatric illness and their relatives and “Using our
Brains” for healthy individuals who register as control donors, a critical group for research.

Recent advances in high throughput technologies like genomics and proteomics are being
used commonly in neuroscience research and this has led to an increased demand for frozen
tissue. Researchers require comprehensive clinical and pathological information pertaining
to the tissues. Each researcher using TRC material is required to submit a report annually.
These reports enable us to modify our TRC protocols and procedures to adjust to the needs
of researcher. Those conducting molecular techniques are asked to forward their results on
the tissue integrity such as RIN. The annual report also enables us to summarise outcomes
from the research such as publication of manuscripts and presentations at conferences.

The TRC is now part of the recently developed Australian Brain Donor Program and the
Australian Brain Bank Network. These affiliations allow us to communicate regularly with
brain banks in other States in Australia, develop similar protocols, share data, and combine
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resources to provide tissues to researchers. Together, we are able to seek infrastructure
funding and reach a wider public for promotion of brain banking for medical research. Each
bank tends to have specific disease categories that are different from each other. This review
of the TRC outlines our current protocols and procedures and provides details of outcomes.

There are two main pathways that the TRC uses to access human brain tissue for research.
Firstly, through forensics institutes and secondly pre-mortem donor programs. The TRC has
ethics approval from Sydney South West Area Health Service (Protocol number: X07-0074)
and The University of Sydney (Ref No. 555). Currently, most of the cases are collected from
the Departments of Forensic Medicine (DOFM) in Sydney. TRC staff contact the next-of-
kin (NOK) on the day of autopsy and ask them to consider donating the brain of the
deceased to medical research. Cases are also collected through two pre-mortem donor
programs, “Using our Brains’ (www.braindonors.org) and“ Gift of Hope’
(www.schizophreniaresearch.org.au) as described below. There is a tissue retrieval team on
call 24 h/7 days a week for these programs to aid in minimising the post mortem interval
times.

The TRC selection criteria for DOFM cases prescribes that potential donors are over 17
years of age and have no history of developmental or neurological disorder. They have no
infectious diseases such as HIV or Hepatitis C, no history of substance dependence/abuse
(except for alcohol and/or nicotine) and they did not die of a significant head injury.
Potential donors who have undergone assisted ventilation for more than 24 h prior to death,
or with poor agonal status due to other causes, are also excluded from the collection.

Donor programs

The “Using our Brains’ program encourages people without neuropsychiatric illness to
register as ‘control’ donors. The ‘Gift of Hope’ program invites people with a major
psychiatric illness to consider donating their brain to medical research. People can indicate
their interest in the programs by telephone or registering “on-line” (www.braindonors.org).
Those who register are sent a “consent Kit” that includes a questionnaire covering life-style
and general health issues (previous illnesses, diet, alcohol intake, smoking, drug therapy
etc.) and consent forms. Donors are asked to participate in an interview (about 1 h) that
assesses memory, language and other aspects of thinking. Assessments measure psychiatric
illness and drug/alcohol use (Diagnostic Instrument for Psychosis—DIP), premorbid
intellectual functioning (National Adult Reading Test—NART), cognitive functioning
including immediate/delayed memory, visuospatial/constructional ability, language and
attention (Repeatable Battery for the Assessment of Neuropsychological Status—RBANS),
verbal fluency (Controlled Oral Word Association Test—COWAT), working memory
(Letter-Number Sequencing—LNS), abstract reasoning and problem solving (Wisconsin
Card Sort 64—WCST64). Donors are also invited to have an MRI scan. All donors are
contacted annually and assessments are repeated every 1-6 years, depending on age and
previous performance. Donors can withdraw from the program at any time.

Brain dissection procedure

At autopsy, the brain weight and volume are determined (Harper et al. 1988b) and the brain
is photographed prior to dissection. The cerebrum, cerebellum and brainstem are divided in
the sagittal plane. The cerebellar hemisphere and brainstem are removed from each cerebral
hemisphere by transversely sectioning the brainstem through the rostral midbrain at the level
of the superior colliculi. Each cerebral hemisphere and its contralateral cerebellar
hemisphere and brainstem are assigned a “fresh” or “fixed” status on a random basis. The
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fresh hemisphere is cut into 1 cm coronal slices and several areas are dissected (prefrontal
cortex, anterior cingulate cortex, posterior cingulate cortex, caudate putamen, basal
forebrain, amygdala, thalamus, hippocampus, visual cortex, superior temporal cortex and
motor frontal cortex) and digitally photographed. The dissected tissue blocks and remaining
slices are frozen on pre-cooled trays at a temperature of —80°C. Once frozen the slices and
dissected areas are bagged into clip-lock plastic bags that are sized to reduce the air volume
surrounding the tissue.

The other cerebral hemisphere is fixed in 15% buffered formalin for 3 weeks, and then
embedded in an agar block (Sarris et al. 2002). The agar facilitates serial slicing of the
hemisphere at 3 mm intervals in the coronal plane. Each slice is photographed digitally for
documentation and regional volume analysis.

A number of regions are dissected from the fixed hemisphere for detailed neuropathological
examination. Blocks from the following regions, frontal, parietal, occipital, temporal,
ammons horn, basal ganglia, thalamus, mamillary body, cingulate cortex, cerebellum,
vermis, midbrain, pons and medulla are taken for paraffin embedding. These are sectioned at
7 wm and stained with a standard hematoxylin and eosin protocol. At the discretion of the
neuropathologist, additional stains can be performed including cresyl violet, Luxol fast blue
and Bodian silver with Congo red and immunoperoxidase preparations such as tau,
ubiquitin, alpha-synuclein and beta-amyloid. These stains help to diagnose dementias such
as Alzheimer’s disease. The remainder of the fixed material is stored indefinitely in 10%
formalin until required for research purposes. Figure 1 gives an overview the dissection
processes.

Autopsy reports

Information available from the autopsy reports includes age at death, sex, post mortem
interval, cause of death and relevant pathological findings. Liver pathology is categorised
into: normal, congestion, steatosis (fatty liver) and cirrhosis. The DOFM Analytical
Laboratories perform a toxicological screen on blood samples taken at the time of autopsy.
These provide vital information on blood alcohol levels and therapeutic drug toxicology
including neuroleptics, paracetamol, and anti-depressants. The results of macroscopic and
microscopic neuropathological examinations are also obtained.

Daily alcohol consumption and life time consumption

Daily alcohol consumption is assessed after review of all available medical records and
information from the NOK. Consumption rates are recorded as grams of ethanol per day,
and calculated based on numbers of standard drinks per day. Lifetime consumption is
reported as kilograms of 100% alcohol. This is calculated from numbers of years of drinking
x 365 (days) x mean consumption rate. The age of commencement of drinking is assumed to
be 25 years of age in all calculations except where other ages were specified. Any period(s)
of known abstinence that are greater than 6 months are subtracted from the drinking years
(Harper et al. 1988a).

Smoking history

Smoking history is collated after review of all available medical records and information
from the NOK. This information is categorised into the following groups: non-smoker,
moderate (less than one packet per day), and heavy (=1 packet per day) and those who were
ex smokers. This information is included in the dataset for researchers.
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Type and dose of antipsychotic medication

If cases have been prescribed an antipsychotic medication during their lifetime,
chlorpromazine equivalent dosages are calculated based on available information.
Antipsychotic medication use is always an estimate, and is accompanied by the qualifier that
medication compliance varies. Donors for whom a single chlorpromazine equivalence
estimate is recorded (rather than a range), were prescribed either a single, or a static dose of
antipsychotic medication during their lifetime. In addition, information regarding the
predominant type of antipsychotic medication use (typical vs. atypical) is also recorded, and
is based on a review of available medication use throughout a donor’s lifetime.

Determination of case inclusion

Both tissue integrity and accurate case classification are critical to ensure the reliability of
the material for research. A number of assessments are performed before a case is included
in the TRC for researchers. These include, diagnostic characterisation, review of agonal
status, measurement of brain tissue pH, histological assessment of post-mortem autolysis
and a full neuropathological examination. Cases that are excluded from the research bank,
either due to inability to confirm a DSM-1V psychiatric diagnosis or for neuropathological
reasons, can still be used for developing and testing new methodologies and techniques.

Diagnostic characterization of DOFM cases

The post-mortem clinical diagnosis of each case is determined primarily through extensive
review of medical records by one of two independent clinicians. Where available, data from
pathology reports and neuropsychological tests is also collected. Information relating to the
donor’s psychiatric history, developmental history, family history of mental illness, drug,
alcohol and medical treatment history is collated into a formatted, structured treatment
summary, as previously described (Sarris et al. 2002). If required, further information is
obtained from telephone interviews with the NOK, general practitioners and specialist health
personnel.

The Diagnostic Instrument for Brain Studies (DIBS) is then applied to the clinical summary
described above, to generate a DSM-1V diagnosis (American Psychiatric Association 1994).
The DIBS is a semi-structured instrument designed for post-mortem psychiatric assessment
using medical records and informants where possible. This instrument enables diagnosis at a
sub-syndrome and symptom-based level, providing comprehensive information for
prospective research, while increasing the reliability of clinical diagnosis (Garrick et al.
2006; Keks et al. 1999).

For substance use (alcohol cases), additional operational criteria may be used. The clinical
diagnosis of Wernicke-Korsakoff Syndrome (WKS) is based on criteria that were
established by Caine and her colleagues. These were developed after reviewing the clinical
histories and neurological examinations of 4,000 post-mortem cases (Caine et al. 1997).
Postmortem and neuropathology reports are also crucial in establishing a diagnosis of WKS.
The diagnosis is based on classical histopathological changes in the mamillary bodies
(Harper 1979).

Brain tissue pH

To assess tissue quality (integrity) approximately 3 g of lateral cerebellar hemisphere is
taken and frozen at —80°C at the time of brain dissection. This region has cerebellar cortex,
granular cell layer and white matter and has been shown to be representative of the whole
brain for pH measurement (Kingsbury et al. 1995; Stan et al. 2006). Brain tissue pH is later
measured using one gram of this cerebellar tissue homogenized in 10 volumes of distilled
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water at neutral pH (Harrison et al. 1995). Measurements are taken in duplicate using a
temperature compensating Mettler Toledo MP220 pH meter (Mettler USA).

assessment of autolytic change of cerebellar granule cell layer

The cerebellum is dissected fresh into sagittal slices 1-2 cm thick approximately and fixed
in 15% buffered formalin for 2-3 weeks. Fixed tissues are embedded in paraffin and 7 um
sections are cut and stained with routine hematoxylin and eosin. The granular cell layer of
the cerebellum is assessed microscopically to determine the degree of autolytic degradation
by an experienced neuropathologist. Degradation is graded as nil, mild, moderate or severe
as previously described by Albrechtsen and Ogata et al. (Albrechtsen 1977; Ogata et al.
1986). They defined mild (slight) as a definite decrease in the number of the nuclei stained
by hematoxylin, moderate when there is a diffuse decrease in the number of nuclei and
severe as complete loss of nuclei. Figure 2 shows the different degrees of cerebellar granule
cell layer degradation.

Brain volume measurement

This bank performs volumetric analysis on those cases that meet a DSM-1V classification
and the control cases. Estimates of the volumes of regions of interest are calculated by
application of the Cavalieri principle (Howard and Reed 2005).

m
V=T x A x ZPi
i=1

where V, estimate of volume; T, slice thickness; A, area associated with each point on the
grid

m
ZPi—sum of points counted forregion of interest
i=1

Calculation of the volumes of cortical grey matter, deep grey matter and white matter for
each case is based on photograph images of a sagittally sliced fixed hemisphere at 3 mm.
The overlay grid is divided at 0.6 cm intervals giving an area of 0.36 cm? between points.

Tissue requests

The TRC provides frozen and/or fixed post-mortem human brain tissue to Australian and
international research groups. In order to access this resource a researcher must first submit
a tissue request. The Tissue Request Application form can be obtained from the website
(http://www.nnf.com.au or http://www.pathology.usyd.edu.au/trc.htm) or via email
(trc@med.usyd.edu.au). This form has been developed in line with current New South
Wales legislation and meets ethical and privacy requirements. A principal investigator must
provide his/her biographic sketch, a list of co-investigators and a detailed research proposal.
A current Ethics Committee approval for the research from their host institution is
mandatory. The Scientific Advisory Committee of the Australian Brain Donor Program,
made up of TRC members and independent neuroscientists, reviews each research proposal.
A Material Transfer Agreement must be signed by both parties before tissues are sent to the
researcher. All unused tissues must be returned to the TRC after completion of the project.
Researchers must complete an Annual Evaluation Form this helps us assess the quality of
tissue that they received and provides us with information concerning presentations and
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publications arising from their research. They are also invited to comment on the overall
performance of the TRC.

Information system

Statistics

Results

The current system comprises twelve inter-related databases supported by Filemaker Pro
Advanced 8.5 and Filemaker Server (Filemaker Inc, USA). These cover each of the main
activities of the TRC. Security and confidentiality is maintained through internal and
institutional protection mechanisms. Access to the databases is defined for each staff
member based upon position within the TRC. There is a log for data entry and backup
protocols include offsite storage.

Demographic, clinical, laboratory, radiological and pathological data is collated in a
standardize manner. Data relating to the donor programs includes a comprehensive overview
of lifestyle and neuropsychiatric assessment information. Data sets are provided for all
research projects and include the general demographics, neuropathology diagnosis, DSM-
IV, brain pH, and post mortem interval. The researcher may request other information
depending on project and analysis.

The information system supports databases that store data on the journal publications and
conference presentations arising from research projects facilitated by the TRC and include a
pdf version of article. Information is collected on presentations given by staff to various
community groups. Generation of reports for the stakeholders is streamlined with the use of
specific devised scripts.

Statistical analysis was performed using JMP 6.0 (SAS Institute Inc). Correlation analyses
were performed using the variables of liver pathology and autolysis grading. One-way
ANOVA and student #tests were applied. Current demographic data relating to the donor
programs, and outcomes from the TRC were compared to data collated previously for the
period 1994-1999.

A comparison of the initial 5 years of the brain bank to now has shown a sustained growth in
reported outcomes. Between 1994 and 1999 there were 143 cases collected and 34 research
projects facilitated. Currently there are 535 cases within the TRC collection, of these 46
cases are from the pre-mortem donor programs. To date there have been 7% of the total
number of cases not meeting the inclusion criteria to research bank, of which 5% were due
to insufficient clinical information to determine the DSM-1V classification and 2% for
neuropathology reasons. Cases not meeting the inclusion criteria to the main bank are useful
as trial tissue for technique work up.

The percentage of TRC cases available to researchers comprise of the following diagnostic
groups; Controls 27%, substance abuse (alcohol) 26%, schizophrenia and allied disorders
20% neurodegenerative 21% and other (brain tumour, rare neuropathology) 6%.

The range of post mortem interval of all the TRC cases is 4.5 to 72 h with the mean of 27.7
+ 14.5 h and the median of 24.5 h. For the cases collected through the donor programs the
post mortem interval range was 5-70 h with the mean as 16.5 + 14 h and median of 12.5 h.
Our donors are located throughout metropolitan and rural areas and transport to our facility
may take as long as 8 h. Even so an improvement is seen in the mean and median post
mortem intervals of donor collections.
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The pre-mortem donor programs have 1,220 donors who have progressed through the
consenting process. Fifty-six percent of the donors are male and 44% are female. These are
similar percentages to the first year of the program. However, there is now a change in the
age distribution within each gender group. In 2002, 48% of males and 79% of females were
less than 60 years of age and 52% of males and 21% of females were more than 60 years.
Currently (2007), 45% of males and 56% of females are less than 60 years of age and 55%
of males and 44% of females are more than 60 years. Figure 3 shows the current percentage
distribution of age groups for males and females. There have been 838 assessments
performed, 670 first assessments and 168 follow-up assessments.

Information regarding the promotion of the donor programs and how the donor found out
about the program is useful in the allocation of future resources. The three main avenues of
recruitment are radio (28%), television (30%) and staff presentations to stakeholders (31%).

Our protocols and procedures have been modified in accordance with new technologies and
to optimize tissue quality and availability. In recent years the amendments to the dissection
procedure for freshly frozen brain tissue were significant. An average of 11 anatomical
regions were blocked during fresh dissections in 1998 as compared to 49 regions in 2006.
This assists with the retrieval of tissue for requests and reduces the freeze thaw cycle that is
detrimental to the tissue integrity.

Over the past decade the TRC has provided tissue to 22 Australian and 25 International
Institutions with 110 researchers accessing this facility. The TRC has to date supported 276
different tissue requests. There has been a continued growth in journal and conference
publications, 160 peer reviewed journals and over 200 conference abstracts have now been
presented. In the period of 1994/99 there were 26 peer reviewed journal publications.

Presently there are approximately 35 research projects supported by the TRC annually,
which is equal to the total number of research projects supported in the first 5 years of the
TRC. Over 70% of tissue requests utilise fresh frozen brain tissue dictated by the most
popular research methodologies—genomics and proteomics. This is different to the 1994/99
period where 85% of tissue requests were for neuropathological studies (fixed tissues). The
vast majority of researchers were satisfied with the integrity of provided samples and with
the practices of the TRC.

According to researchers’ feedback, the information on medication type, alcohol
consumption, illicit drug usage and smoking are of growing interest for research purposes.
This information is now included in the data set together with the current clinical
characterization, information on family history of iliness and other medical and medication
histories. Liver pathology is included in the data set for those studying the effects of alcohol
on the brain.

The influence of liver pathology on the brain pH has been assessed for all cases. The mean
brain pH for the four liver pathology categories: normal, steatosis, congestion and cirrhosis
were correlated independent of DSM-1V classification. One way ANOVA and a student’s 7
test was applied. Cases of cirrhosis showed significance to all other groups (normal 0.006,
congestion 0.007, and steatosis 0.008). Figure 4 shows the distribution and means for each
liver pathology group.

A review of the histological findings of the cerebellar granular cell layer in all cases enabled
them to be allocated into normal, mild, moderate or severe groupings. These groups were
then correlated to the brain pH and showed a positive correlation to brain tissue pH
independent of DSM-1V classification. One way ANOVA followed by a student’s T test
showed significance in the severe (P> 0.0001), moderate (£ = 0.006) and mild (£ =0.009)
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group as compared to the normal. The mean brain pH for each group is shown below (Fig.
5).

The database system has developed from a single separate database to the current twelve
inter-related system. The system handles over 3,000 records relating to the pre mortem
donor programs and 1,000 records relating to the tissue based activities. The system now
allows the selection of cases for tissue requests on an increased number of variables.
Feedback from researchers has shown a requested increase in the amount of data available
on each case and the requirement for data storage capacity.

Discussion

The adherence to regulations on establishing, maintaining and the use of human postmortem
tissue is reflected in the management system of the TRC. These regulations have changed
over time in response to social and cultural challenges and require the building of trust and
acceptance from all stakeholders (Gottweis and Zatloukal 2007). Coupled with regulations
and administrative requirements is the need to provide a data management platform that
allows the selection of appropriate cohorts of cases for studies based on search criteria
across epidemiological, clinical and pathological domains. Standard operational procedures
allow the utilisation of the expertise in multiple research centres to analyse the same samples
using various methodologies such as histology, morphometry, genomics, proteomics, and
bioinformatics.

Recent discussions on the planning of biobanks identify that a multidisciplinary team with
clinicians, pathologists, molecular biologists, statisticians, bioinformaticians and tissue
resource managers is ideal (Riegman et al. 2007). In addition, as with our donor programs,
other personnel are required including a donor coordinator who also acts as a community
liaison person and a psychologist to perform the neuropsychiatric assessments for
longitudinal documentation. This long-term investment in infrastructure and personnel is
important for the success of brain banking and ensures a high standard of information on
each case that improves translational research.

Donor programs are long-term enterprises that play a crucial role in supporting the TRC by
providing additional cases that have a complete medical and lifestyle history and short post-
mortem interval. UoB donors have participated in studies that have examined the main
motivating factors that influenced them in their decision to become brain donors. These
studies indicate that the most common reasons for being involved were; to benefit science,
to benefit medicine and to benefit the community. These are similar to motivating factors
that are reported in the transplant literature (Garrick et al. 2006).

Other research that has arisen from the UoB program is the establishment of
demographically adjusted normative data for the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) in an Australian context. In 1998 Randolph (Randolph
1998) devised this brief, highly portable test based on 540 healthy individuals from North
America, who were between the ages of 20-89 years. It has the dual purpose of identifying
and characterizing abnormal cognitive decline in the older adult and as a neuropsychological
screening battery for younger patients (Randolph 1998). Australian donors performed above
expectation on all RBANS summary scores relative to the normative group mean, with the
largest difference found on language based tasks. Results were more variable for individual
RBANS subtests. In general, Australian participants performed slightly better on all verbal
memory tasks except the list recognition subtest. They also performed better for line
orientation, picture naming, semantic fluency and digit span subtests. The largest difference
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between the two groups occurred on the semantic fluency test where Australian participants
scored up to 8 points higher (Green et al. 2008).

The influence of recently developed research technologies demands the integrity of tissue,
accurate and correct diagnostic classification of cases each of which must have a minimum
data set including demographics and health and lifestyle data such as drinking and smoking
habits (Ferrer et al. 2007; Schmitt et al. 2007; Stan et al. 2006; Webster 2006). The validity
of postmortem human brain research relies upon accurate clinical and psychopathological
diagnosis. Our recent findings in comparing the predominant ante-mortem psychiatric
diagnosis to the corresponding post-mortem diagnosis of the TRC cases indicates a
moderate to excellent inter-rater reliability (Sundgvist et al. 2008).

Review of all available medical and lifestyle histories and pre and post-mortem conditions
contribute to the accuracy of case classification and to the value of data analysis (Webster
2006). For example, it has been shown that the clinical diagnosis for almost 80% of
Wernicke Korsakoff Syndrome cases that are diagnosed at autopsy appear to be missed in
major teaching hospitals (Harper et al. 1986; Thomson et al. 2008). Adherence to the
diagnostic criteria as described above and collecting information on pre-mortem variables
aids in the accuracy of diagnosis and allocation of tissue for research projects.

Medical conditions seen in cases that have long-term alcohol use disorders include cirrhosis
of the liver, cardiovascular and pulmonary episodes and seizures. These conditions can have
a significant impact on the metabolic energy cycle which effects brain structure and function
and can modify brain pH. Patients with cirrhosis usually have a poor nutritional reserve due
to anorexia, poor diet, malabsorption, gastrointestinal bleeding and altered metabolic state.
The normal liver converts ammonia to urea in periportal hepatocytes, and to glutamine in
perivenous hepatocytes, but if the liver is diseased ammonia may reach toxic levels within
the portal vein. Neurotoxins like ammonia and manganese have been studied by Kaila and
colleagues who have shown that these effect the homeostasis of brain pH (Kaila and
Ransom 1998). Studies of our cases show that those with cirrhosis have the lowest brain pH.
This might be explained by the metabolic dysregulation of pH during severe ammonia or
manganese intoxication as the cases do not all have prolonged agonal states or long PMIs;
the latter are the most common causes of low pH. Nevertheless, feedback from researchers
who have used tissues from the cirrhotic cases has shown the RNA quality to be of good
integrity (Flatscher-Bader et al. 2006; Guerrini et al. 2005; Okvist et al. 2007).

Review of the histopathological changes of the cerebellar granular cell layer is performed
during the neuropathology reporting. As shown here, there is a correlation between the
severe necrosis and lower mean brain tissue pH. Each case must meet the standard criteria of
the neuropathology review to be suitable for the research collection. This measure helps in
the assessment of the agonal state of cases. This has recently been discussed by Weiss and
colleagues in assessing quality control for microarray analysis (Weis et al. 2007). The
assessment of the cerebellar granule cell layer as a quality measure may assist banks that do
not have facilities to perform the extraction and RNA Integrity Number (RIN). The TRC
researchers using molecular techniques are asked to provide feedback and forward the
results of tissue integrity for each assigned case and this information is entered into the
database.

As previously mentioned, feedback from researchers and donors provides valuable
information for changes in protocols and ultimately, the future management of the TRC. A
review of researcher evaluations lets us know if other data is required and protocols and
procedures are upgraded to include these where possible. This information, together with lay
descriptions of outcome of projects, is useful in preparing reports for stakeholders. The
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progress of any tissue bank can be analysed statistically by reviewing outcomes such as
manuscripts arising from the research, conferences presentations and higher degrees
awarded to undergraduate and postgraduate students. This information is important when
applying for funding and justifying budgets. A comprehensive information management
system is therefore crucial to enable the progress of any tissue bank to be monitored. It is
also essential for the application of future bioinformatic approaches that may arise.

The linkage with the National Brain Bank Network has been instrumental in the
development of quality control analyses of procedures between the centres. A review is
currently in progress and the outcomes will be reported in the near future.

Conclusion

Brain banks are an important resource that will ensure progress in neuroscience research.
Studies on human tissue are particularly relevant for disorders that have inappropriate or no
animal models. Compliance to ethical, pathological and clinical standards and an
understanding of pre-mortem variables that affect the quality of the tissues enhance the
value of research findings. Building and maintaining relationships with stakeholders is an
important consideration for continued growth and support of these types of infrastructure
research facilities.
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Fig. 1.

Fresh Dissection

»Brain volume measurements
are made using a desiccator
prior to the fresh dissection.
»The cerebrum,
cerebellum &
brain stem are
hemisected
followed

»0One hemisphere is chosen
for the fresh dissection, the
other hemisphere is fixed in
15% formalin.

»The hemisphere chosen
for the fresh dissection is
sliced into 1cm thick
slices.

»The contralateral
cerebellum & brainstem
are dissected. The

»Areas of interest are
blocked from the cerebral
slices, cerebellum &
brainstem.

»Separating these areas
from the larger slices
prior to freezing the
tissue makes it easier to
access for researcher

plastic container for
long-term storage in
-80C freezers.

Fixed Dissection

»Marking regions of
interest with ink prior
to embedding allows
easy identification in
the future.

»Photographs are
taken of the fixed
slices prior to blocking
for volumetric ‘point
count' studies
comparing grey & white
matter.

»Blocking areas of
interest to produce
paraffin slides for

»The hemisphere is
‘reconstructed’ in a
plastic container for
long-term storage in
10% formalin.

Over view of the fresh and fixed dissection methods employed by the TRC
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Fig. 2.

Histological findings of autolysis of the cerebellar granule cell layer. Slides were
Hematoxylin and Eosin stained and photographed at magnification 40%. (a) Normal, (b)
Mild, (c) Moderate and (d) Severe
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Fig. 3.
The age distribution of male and female consented through the pre-mortem donor program

Cell Tissue Bank. Author manuscript; available in PMC 2012 July 08.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Page 17

Sheedy et al.
7- . ) ; :
654 : H
i i ' |
e = 1 i '
j= 3 . : .
M -
| -
m T - :
5.5 : g
5 T T
'2 : E -
3 g g 3
f__ 43 o o
o] 2 = &
S
Liver Pathology

Fig. 4.
The mean brain pH (line) of each liver pathology classification
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Fig. 5.
The mean brain pH (line) for the degree of cerebellar granule cell layer autolysis
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