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Abstract

With the mean age of the population increasing, the number of patients with 

dementia is likely to increase. Although Alzheimer’s disease is the most common 

form of dementia, it is recognised that other forms of dementia are more prevalent 

than initially thought. As drug therapies become available, it will become important 

to obtain an accurate clinical diagnosis. Creutzfeldt-Jakob disease (CJD) is a rare 

type of dementia but with the emergence of the new variant form of this disease 

which affects young patients, and is thought to be related to the ingestion of meat or 

meat products from cattle affected with bovine spongiform encephalopathy (BSE), it 

is possible that it may become more common. These concerns have led to the search 

for diagnostic tests which may help in the early diagnosis of these forms of dementia. 

This study investigated whether measurement of cerebrospinal fluid (CSF) brain- 

specific proteins could be used in the assessment of patients with dementia. Four 

proteins were investigated: S-lOOb, an astrocytic protein; and three neuronal 

proteins, neurone-specific enolase, tau protein and 14-3-3. A two site sandwich 

ELISA was developed and evaluated for the measurement of S-lOOb. Levels of all 

four brain-specific proteins were raised in the majority of patients with sporadic 

CJD. The presence of CSF 14-3-3 had the best combination of sensitivity and 

specificity for detecting sporadic CJD. CSF 14-3-3 has recently been included in the 

diagnostic criteria for probable sporadic CJD. The value of measurement of these 

proteins in the new variant, iatrogenic and familial forms of CJD was also 

investigated. None of the CSF brain-specific proteins investigated was of value in 

the diagnosis of Alzheimer’s disease.

17



Acknowledgements

I would like to thank my supervisor Professor E. J. Thompson for his help and 

support, Dr. Geoff Keir for his support, technical advice and help in writing this 

thesis and Miss Janet Alsop for her help in its preparation. I would also like to thank 

Mrs Pat Morris, Miss Mandy Tovell, for their help in the laboratory, and Dr. Gavin 

Giovannoni for his support and encouragement throughout this study.

I would like to thank the following for providing CSF samples and clinical 

information:

From the Dementia Research Group, The National Hospital for Neurology and 

Neurosurgery, London: Professor Martin Rossor, Dr. Richard Harvey, Dr. Nick Fox 

and Dr. John Jannsen

From the National CJD Surveillance Unit, Edinburgh: Professor Bob Will, Dr. 

Richard Knight, Dr. Gillian Stewart, Dr. Margaret McCleod and Miss Jan McKenzie

From the Central Veterinary Laboratory, Weybridge: Mr. Roy Jackman, Mr. Danny 

Matthews, Miss Tracy Marshall and Mrs Sally Everest

I would like to thank the following for supplying reagents and giving technical 

advice

Hoffman La Roche Diagnostics Ltd, Basle, Switzerland: Dr. Drees 

Autogen Bioclear, Wiltshire, UK: Mr Chris Lear 

Affiniti Research Products, Devon, UK: Mr Ian Varndell 

Dakopatts Ltd, Cambridge, UK: Mr David Bates and Ms Jeanette Gorse

I would like to thank Dr. Inga Zerr and Mrs Monica Bodemer, Georg-August- 

Universitat, Gottingen, Germany, for their invaluable help in establishing the 

14-3-3 assay.

18



Finally I would like to thank Dr. Martin Zeidler, Western General Hospital, 

Edinburgh, for all his help, advice and encouragement throughout this study, 

especially during the writing of this thesis.

19



List of Abbreviations used

AD Alzheimer’s disease

ADC AIDS dementia complex

AIDS Acquired immunodeficiency syndrome

Apo E Apolipoprotein E

BSE Bovine spongiform encephalopathy

CBD Corticobasal degeneration

CJD Creutzfeldt-Jakob disease

CMV Cytomegalovirus

CNS Central nervous system

CSF Cerebrospinal fluid

DEAE Diethylaminoethyl

FTD Frontotemporal dementia

GFAp Glial fibrillary acidic protein

GSS Gerstmann-Straussler-Scheinker syndrome

HIV Human immunodeficiency virus

iNOS inducible nitric oxide synthase

EL-1 Interleukin 1

IL-6 Interleukin 6

IL-8 Interleukin 8

MAP Mitogen-activated protein

MMSE Mini mental state examination

MRI Magnetic resonance imaging

MS Multiple sclerosis

NNE Non-neuronal enolase

NPV Negative predictive value

NSE Neurone-specific enolase

PAGE Polyacrylamide gel electrophoresis

PBS Phosphate buffered saline

PD Parkinson’s disease

PiD Pick’s disease

20



PPV Positive predictive value

PSP Progressive supranuclear palsy

SD Standard deviation

SDS Sodium dodecyl sulphate

SF Straight filaments

TMB Tetramethylbenzidine

TNFoc Tumour necrosis factor a

VP Ventricular-peritoneal

VZV Varicella zoster virus

21



Data Handling

Assessment of the statistical difference between groups of patients

When data from two groups of patients were compared, the Mann-Whitney, U test 
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Chapter 1 - Introduction

1.1 Background

Dementia syndromes affect 3-5% of the population (Jorm et al., 1987), and with the 

mean age of the population rising this frequency is likely to increase. Although 

Alzheimer’s disease is the most common form of dementia, it is becoming 

increasingly recognised that other forms of dementia are more common than 

previously thought (Neary et al., 1988; Knopman et al., 1990). Many of these 

dementia syndromes have characteristic clinical features, but in the early stages of 

the disease accurate clinical diagnosis can be difficult. With the development of 

drug therapies such as the cholinesterase inhibitors, donepezil hydrochloride and 

rivastigmine for Alzheimer’s disease, it is important that an accurate clinical 

diagnosis be made early in the disease course. The definitive diagnosis of these 

dementia syndromes is obtained by histological examination of the brain. The 

underlying pathology is one of selective neuronal loss with the deposition of 

characteristic cell inclusion bodies in many forms of dementia. The concentration of 

many brain-specific proteins have been reported to be elevated in the cerebrospinal 

fluid of patients with diseases associated with neuronal loss such as strokes (Scama 

et al., 1982; Sindic et al., 1982; Mokuno et al., 1983; Hay et al., 1984; Persson et al., 

1987). The aim of this study was to develop sensitive and specific methods for 

measuring brain-specific proteins and to evaluate whether these proteins are useful in 

the assessment of patients with dementia. The work focused on four brain-specific 

proteins: S-lOOb, tau protein, 14-3-3 and neurone-specific enolase; and four
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dementia syndromes namely, Alzheimer’s disease, frontotemporal dementia, 

Creutzfeldt-Jakob disease and AIDS dementia complex.

1.2 Brain-specific proteins

The concept of brain-specific proteins was first proposed by Moore and McGregor in 

1965 (Moore and McGregor, 1965). These workers separated proteins from the liver 

and brain of rabbits, cattle, rats and monkeys using diethylaminoethyl (DEAE) 

cellulose chromatography followed by starch gel electrophoresis. Three low 

molecular weight, acidic proteins were consistently found in high concentrations in 

the brain fractions but were either absent or found in low concentrations in the liver 

fractions. These proteins were isolated and two were named 14-3-2 and 14-3-3, after 

their migration position in DEAE cellulose and starch gel electrophoresis, and the 

third, was named S-100 since it was soluble in 100% ammonium sulphate (Moore 

and Perez, 1968). Other structural proteins specific for the central nervous system 

have since been isolated. Tau protein is a microtubule-binding protein whose 

function is to stabilise neuronal morphology (Goedert et al., 1991a). A 

hyperphosphorylated form of this protein has been isolated from the paired helical 

filaments (PHF) of neurofibrillary tangles (NFTs) which are one of the pathological 

hallmarks of Alzheimer’s disease (AD). Hyperphosphorylated tau has also been 

shown to be the major constituent of other intraneuronal inclusion bodies such as 

Pick bodies in Pick’s disease (PiD), corticobasal bodies in corticobasal degeneration 

(CBD) and straight filaments (SF) in progressive supranuclear palsy (PSP). Many 

so called brain-specific proteins are not specific for the central nervous system, but
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present in the brain at much higher concentrations than other tissues, and as such 

these proteins can be used as markers of brain damage.

1.3 S-100 protein

For many years after its initial discovery S-100 was thought to be the first and most 

abundant brain-specific protein. It is now known that S-100 belongs to a family of 

low molecular weight acidic calcium binding proteins, which are highly conserved 

throughout the vertebrate species (Donato, 1991). Initially these proteins were 

thought to be brain-specific but later studies have shown that S-100 proteins are 

found in other tissues or cells, albeit in much lower concentrations than those found 

in the central nervous system (Hidaka et al., 1983; Kindblom et al., 1984; Takahashi 

et al., 1985). These proteins contain no carbohydrate, lipid, nucleic acid or 

phosphate (Fano et al., 1995).

S-100 exists as homodimers or heterodimers of two subunits a  and p which have 

molecular weights of 10.5 and 10.4 kDa respectively. These subunits contain 

hydrophobic regions in both the C and N termini and a Ca2+ binding site of the 

EF-type at the C-terminus (Hiezmann et al., 1991). The binding of Ca2+ to S-100 

causes conformational changes in the protein with exposure of some aromatic amino 

acids, hydrophobic residues and two sulphydryl groups (Baudier and Cole, 1988a). 

They share 45% sequence homology, but have been shown by complement fixation 

and cross-immunofixation to be antigenically different (Mahadik et al., 1979). These 

subunits are also the product of two separate genes, the locus for the a  subunit being
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Iq21 and that for the p subunit being 21q22.2-21q22.3. The classical S-100 proteins 

are S-lOOb (PP), S-lOOao (oca) and S-lOOa (aP).

S-lOOb is found in the Schwann cells of the peripheral nervous system and within the 

of astrocytes of the central nervous system where it reaches a concentration of 10 |llM  

(Moore, 1988). Although the majority of astrocytic S-lOOb is located within the 

cytoplasm, 5-7% is membrane bound (Rusca et al., 1972). At least 80-90% of the 

total S-lOOb pool is found within the brain, with the remainder being located in other 

non-neuronal tissues or cells such as testes, melanocytes and T-lymphocytes (Hidaka 

et al., 1983; Kindblom et al., 1984; Takahashi et al., 1985). S-lOOao is found in 

neuronal cells, particularly hippocampal neurones, of the central nervous system in 

much lower concentrations than S-lOOb (Fano et al., 1995). Outside the central 

nervous system S-lOOao is found in high concentrations in cardiac and skeletal 

muscle, and within the kidneys (Kato and Kimura, 1985; Kato et al., 1986; Takashi 

et al., 1988). S-lOOa is found within astrocytes but not Schwann cells (Fano et al., 

1995).

1.3.1 Physiological functions of S-lOOb

The S-100 family of proteins have both intracellular and extracellular functions. It is 

thought that the intracellular actions of S-lOOb are mediated through their ability to 

modulate the activity of other proteins, termed target proteins, by binding to them in 

a calcium-dependent manner (Fano et al., 1995; Zimmer et al., 1995). S-lOOb has 

been shown to have effects on cell-signalling systems, cell metabolism and cell 

structure. In the presence of GTP, S-lOOb can stimulate the activity of cerebral
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cortex membrane adenylate cyclase system and inhibit membrane bound 

phospholipase-C (Fulle et al., 1989; Fulle et al., 1992) thus influencing membrane 

induced cell transduction. S-lOOb has been shown to bind to 

fructose-1,6-bisphosphate aldolase to increase its Vmax in vitro and thus may play a 

role in regulating cell glycolytic energy production (Zimmer and Van Eldik, 1986). 

S-lOOb can influence cell morphology by binding to tau protein to prevent its 

phosphorylation by calcium dependent protein kinase II (Baudier and Cole, 1988b), 

and by its ability to bind to glial fibrillary acidic protein (GFAp) to prevent its 

polymerisation (Bianchi et al., 1993).

S-lOOb expression by astrocytes has been reported to be stimulated by interleukin-1 

(IL-1) and by cAMP (Zimmer and Van Eldik, 1989; Kahn et al., 1991; Wu et al., 

1993). The extracellular effects of S-lOOb are to stimulate astrocyte proliferation and 

hypertrophy (Whitaker-Azmitia et al., 1990; Selinfreund et al., 1991), promote 

neuritic growth (Kligman et al., 1985), increase neuronal survival (Azmita et al., 

1990), and elevate neurone and glial intracellular calcium concentrations (Barger et 

al., 1992). S-lOOb has also been reported to cause apoptosis (Fano et al., 1993). The 

effect of S-lOOb on cell proliferation appears to be dose dependent with cells 

increasing in number at lower doses of S-lOOb but when the concentration is 

increased the effect is reversed, resulting in cell death (Selinfreund et al., 1991). 

S-lOOb has been shown to stimulate inducible nitric oxide synthase (iNOS) in rat 

cortical astrocytes (Hu et al., 1996), and to cause the death of neurones co-cultured 

with astrocytes by the production of nitric oxide (Hu et al., 1997).
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1.3.2 Methods of S-lOOb measurement

The methods used to measure S-lOOb in blood and CSF have been based on 

immunological assays and include microcomplement fixations tests (Moore, 1966), 

particle counting immunoassay (PACIA) (Sindic et al., 1982), enzyme-linked 

immunoassay (Kato et al., 1982), radioimmunoassay (Persson et al., 1987; Griffin et 

al., 1993) and enzyme-linked immunosorbent assay (ELISA) (Aurell et al., 1989; 

Griffin et al., 1993; Missler et al., 1995). Many of the earlier assays used antisera 

which could not distinguish between the different isoforms of S-100 and used a 

mixture of S-lOOb and S-lOOao as calibrants, therefore they measured total S-100 

rather than S-lOOb. This has resulted in marked differences in the references ranges 

quoted in the literature. A radioimmunoassay and immunoluminometric assay 

specific for S-lOOb are commercially available from Sangtec, Sweden.

1.3.3 Clinical use of measurement of cerebrospinal fluid S-lOOb

Raised concentrations of S-lOOb have been reported to occur in the cerebrospinal 

fluid of patients with strokes (Sindic et al., 1982; Mokuno et al., 1983; Persson et al., 

1987; Lamers et al., 1995), Creutzfeldt-Jakob disease (Sindic et al., 1982; Noppe et 

al., 1986; Jimi et al., 1992; Otto et al., 1997a), meningitis (Sindic et al., 1982; 

Mokuno et al., 1983; Persson et al., 1987; Lamers et al., 1995), Parkinson’s disease 

(Mokuno et al., 1983), brain tumours (Sindic et al., 1982; Mokuno et al., 1983;

Noppe et al., 1986), viral infections of the central nervous system (Sindic et al.,

1982; Mokuno et al., 1983; Noppe et al., 1986), Guillain-Barre syndrome (Sindic et
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al., 1982; Mokuno et al., 1994), epilepsy (Noppe et a l, 1986) and dementia (Noppe 

et al., 1986; Lamers et al., 1995).

There are conflicting reports concerning S-lOOb in the cerebrospinal fluid of patients 

with multiple sclerosis (MS), with some reporting an increase (Michetti et al., 1980; 

Massaro et al., 1985; Noppe et al., 1986; Lamers et al., 1995) and others not (Sindic 

et al., 1982). This apparent discrepancy appears to be due to the type and clinical 

status of the patients investigated. Elevated concentrations of CSF S-lOOb have been 

found in patients in the acute phase of MS but only marginally increased 

concentrations in the non-acute phase of the disease (Mokuno et al., 1983; Massaro 

et al., 1985). A study has shown that CSF S-lOOb concentrations increase after an 

exacerbation of MS, reach maximal concentrations at three weeks and then gradually 

decline (Massaro et al., 1985). It has been suggested that raised concentrations of 

CSF S-lOOb favour a diagnosis of relapsing-remitting rather than secondary 

progressive MS (Jongren et al., 1997).

It has also been suggested that raised CSF concentrations of S-lOOb reflect 

underlying cell damage and may be used to either monitor disease activity or to give 

information about prognosis. Measurement of S-lOOb in sequential CSF samples in 

patients with infections of the central nervous system has shown that concentrations 

fall rapidly in contrast to other CSF components such as cell count and total protein, 

and therefore reflect more accurately the clinical course in these patients (Mokuno et 

al., 1983). Raised concentrations of S-lOOb are found in patients with large cerebral 

infarcts, as assessed by computed tomography, but not in smaller infarcts or transient 

ischaemic attacks (Persson et al., 1987). In large infarcts the raised concentrations of
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S-lOOb were related to disease severity and were maximal between eighteen hours 

and four days post event (Persson el al., 1987). In subarachnoid haemorrhage 

concentrations of S-lOOb in cerebrospinal fluid taken twenty-four hours post event 

were found to be related to clinical outcome as assessed by the Jennett and Bond 

scale (Jennett and Bond, 1975). A patient who had a large intracerebral haematoma 

and underwent surgery and later died, had CSF S-lOOb concentrations which 

increased prior to clinical deterioration post-operatively. A patient with severe head 

injury who had an uneventful recovery had CSF S-lOOb concentrations which rapidly 

returned to normal after an initial increase, suggesting that CSF S-lOOb 

concentrations may be useful in predicting clinical outcome (Persson et al., 1987).

A study investigating CSF S-lOOb and neurone-specific enolase (NSE) in patients 

with Guillain-Barre syndrome found that elevated concentrations of these markers 

were associated with a longer disease duration, whilst normal concentrations of these 

proteins were associated with an early recovery. There was a significant correlation 

between CSF S-lOOb concentrations and recovery time (Mokuno et al., 1994).

CSF S-lOOb measurement may be useful in the diagnosis of Creutzfeldt-Jakob 

disease (CJD). In a study measuring S-lOOb, NSE and CK-BB in sequential CSF 

samples from patients with CJD, it was found that S-lOOb was the only marker to 

remain elevated throughout the whole course of the disease (Jimi et al., 1992). In a 

larger study it was found that concentrations of CSF S-lOOb of greater than 8 ng/mL 

had a sensitivity of 84% and a specificity of 91% for the diagnosis of CJD (Otto et 

al., 1997a).
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1.3.4 Clinical use of measurement of blood S-lOOb

The earliest report of S-lOOb concentrations in the blood was by Persson, who 

reported that increased serum S-lOOb reflected the increased CSF S-lOOb in patients 

with cerebral infarctions, head injury and subarachnoid haemorrhage (Persson et al., 

1987). More recent studies have shown that serum S-lOOb concentrations were 

increased in patients with acute ischaemic stroke (Abraha et al., 1997; Buttner et al., 

1997; Missler et al., 1997) and peak levels were found between days 1-4 post ictus 

(Buttner et al., 1997; Missler et al., 1997). The peak serum S-lOOb concentration 

correlated with both infarct volume and clinical outcome (Abraha et al., 1997; 

Missler et al., 1997). Serum S-lOOb levels were also raised in patients with 

subarachnoid haemorrhage and correlate with neurological damage and with 

outcome assessed at six months (Abraha et al., 1997; Weismann et al., 1997).

Increased serum concentrations of S-lOOb have also been reported to occur in 

patients with head injury (Ingebrigtsen et al., 1996; Waterloo et al., 1997), 

Creutzfeldt-Jakob disease (Otto et al., 1998) and patients undergoing 

cardiopulmonary bypass (Blomquist et al., 1997).

Serum S-lOOb concentrations were increased immediately after head injury and 

declined hour by hour (Ingebrigtsen et al., 1996). In patients with head injury, those 

with raised serum S-lOOb concentrations had a greater incidence of post concussion 

symptoms and were hospitalised for longer when compared to those without 

detectable serum S-lOOb (Ingebrigtsen et al., 1995; Ingebrigtsen et al., 1997). A 

group of head injury patients with and without detectable serum S-lOOb
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concentrations were subjected to neuropsychological assessment at twelve months 

post injury. Although there was no cognitive dysfunction in either group, those 

patients who had measurable serum S-lOOb at time of head injury had slower 

reaction times, poorer selective attention span and poorer sustained attention span as 

assessed by the Seashore rhythm test (Waterloo et al., 1997).

Serum S-lOOb concentrations have been proposed as a marker for cerebral injury 

after cardiac surgery (Westaby et al., 1996; Taggart et al., 1997). Studies have 

shown that patients who have undergone extracorporeal circulation during the course 

of cardiac surgery have increased post-operative concentrations of S-lOOb when 

compared to patients who have not (Westaby et al., 1996). Some reports have 

suggested that the concentration of S-lOOb was related to the length of perfusion 

(Westaby et al., 1996) and others have found no relationship (Taggart et al., 1997). 

Patients undergoing coronary artery bypass grafting (CABG) had lower serum 

S-lOOb concentrations than patients undergoing intracardiac surgery such as valve 

replacements (Taggart et al., 1997).

Serum S-lOOb concentrations have been reported to be elevated in patients who have 

had a cardiac arrest (Rosen et al., 1998). Peak concentrations occur between day 1-3 

post event and are related to degree of coma and length of hypoxia. Those patients 

who died had higher peak serum S-lOOb concentrations than those patients who 

survived. (Rosen et al., 1998).
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1.4 Tau protein

Tau protein is a microtubule-associated phosphoprotein found predominantly within 

the axons of the neurons of the central nervous system (Goedart et al., 1991a), 

although a form of tau, known as big tau, has been found within the peripheral 

nervous system (Goedart et al., 1992a). It promotes the assembly and stabilisation of 

neuronal microtubules (Goedert et al., 1991a). The tau gene is located on 

chromosome 17q21 and contains 15 exons, 11 of which are used to encode the major 

tau protein isoforms (Hardy et al., 1998). Six isoforms are found in the central 

nervous system of healthy adults (Lee et al., 1991), which range from 352-441 amino 

acids in length and differ from each other by the size of the N-terminal inserts and 

the presence of three or four tandem repeat regions of 31-32 amino acids in the 

carboxyl terminal end (Figure 1.1).
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Figure 1.1 Schematic representation o f the six adult tau isoforms. The region 

common to all isoforms is white, the stippled areas are the insertions and the black 

bars represent the tandem repeat regions

Studies with recombinant tau have shown that it is these tandem repeat regions in the 

carboxyl terminal regions which are the microtubule binding domains (Butner et al.,
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1991) and each contain a characteristic Pro-Gly-Gly-Gly motif (Goedart et al.,

1991b).

The expression of tau isoforms is developmentally controlled, in immature brain only 

the shortest isoform with three tandem repeat regions is expressed (Goedert et al., 

1989). Tau protein is a phosphoprotein with two or three phosphorylation sites on all 

isoforms in the adult (Ksiezak-Reding et al., 1992). Foetal tau is phosphorylated at 

six to eight sites on the shortest isoform (Ksiezak-Reding et al., 1992). These 

phosphorylation sites are serine or threonine residues followed by proline, suggesting 

that protein kinases with a specificity for seryl-proline and threonyl-proline residues 

are responsible for phosphorylation. Protein kinases such as mitogen-activated 

protein (MAP) kinase, glycogen synthase kinase-3 and proline-directed protein 

kinase have been shown to phosphorylate recombinant tau on at least some of the 

residues seen in adult and foetal tau (Hangar et al., 1992). The phosphorylation 

status of a protein depends on a balance of phosphorylation and dephosphorylation, 

and tau phosphorylated by MAP kinase is only dephosphorylated by phosphatase 2A 

(Goedert et al., 1992b). The phosphorylation status of tau affects its ability to bind to 

microtubules, tau phosphorylated by MAP kinase has one tenth the ability of 

non-phosphorylated tau to bind to microtubules (Drechsel et al., 1992).

1.4.1 Degenerative diseases with abnormal tau pathology

There are a number of degenerative diseases of the central nervous system which are 

associated with either intracellular or extracellular inclusion bodies consisting of a 

hyperphosphorylated form of tau protein. These include Alzheimer’s disease (AD),
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Pick’s disease (PiD), progressive supranuclear palsy (PSP) and corticobasal 

degeneration (CBD).

1.4.1.1 Alzheimer’s disease

The most common of these disorders is Alzheimer’s disease (AD) in which the 

hyperphosphorylated tau forms paired helical filaments (PHFs) which consist of two 

hyperphosphorylated tau molecules bound together in a helical fashion through the 

microtubule binding region to give a structure with a constriction every 80 nm and a 

width of 22 nm (Goedert, 1993). Straight filaments (SF) are found less frequently 

and consist of hyperphosphorylated tau bound together in a back-to-back 

arrangement, rather than a base-to-base arrangement as seen in PHF, to give a 

narrower width (Crowther, 1991). The phosphorylated tau seen in both of these 

structures is phosphorylated at many of the sites phosphorylated in foetal tau, with all 

six isoforms being phosphorylated (Goedert et al., 1991a). Mass spectrometry and 

use of phosphorylation dependent antibodies has identified many of these 

phosphorylation sites which include serine 202, threonine 231, and serines 235, 262 

and 396 (Lee et al., 1991; Hasegawa et al., 1992; Goedert et al., 1994).

These PHF and SF together form two intraneuronal lesions: the most significant of 

which are the flame-shaped neurofibrillary tangles (NFTs) found in neuronal cell 

bodies and apical dendrites; the other being neuropil threads which are found in 

distal dendrites. Both lesions contain PHF as the major fibrous component with SF 

being the minor component. The appearance of NFTs and neuropil threads correlates 

with disease progression, with their presence starting in the medial temporal lobe and
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gradually moving to the neocortex and allocortex as the disease progresses (Braak et 

al., 1991). A prospective study has shown that the density of NFTs correlated well 

with cognitive impairment (Dickson et al., 1995).

Along with the presence of p-amyloid plaques, the extracellular deposition of 

p-amyloid protein surrounded by dystrophic neuritic growth and reactive glia cells, 

the presence of NFTs are the histopathological hallmarks of Alzheimer’s disease 

(Lantos et al., 1992). The hyperphosphorylated tau protein isolated from NFTs 

consists of a triplet of immunoreactive tau with molecular weights of 60, 64 and 68 

kDa when subjected to SDS-PAGE and Western blotting (Goedert et al., 1992a).

1.4.1.2 Pick’s disease

Pick’s disease (PiD) is a progressive dementia associated with behavioural changes 

and language problems (Brun et al., 1994). It is associated with a marked severe 

lobular atrophy affecting both the frontal and temporal lobes. The histological 

hallmarks of the disease are large swollen cells called Pick cells and intraneuronal 

inclusions called Pick bodies (Lantos et al., 1992) which are found throughout the 

brain. Ultrastructurally these Pick bodies consist of bundles of disordered straight 

filaments with a few helical structures of 24 nm width and 160 nm periodicity (Kato 

et al., 1990; Murayama et al., 1990). These filaments demonstrate tau 

immunoreactivity and have been shown to have a similar phosphorylation pattern to 

that of Alzheimer’s disease PHF, except for serine 262 which is phosphorylated in 

Alzheimer’s disease but not in Pick’s disease (Probst et al., 1996). The tau isolated 

from Pick bodies and subjected to SDS-PAGE showed a doublet of 60 and 64 kDa,
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which corresponded to the smaller two bands of the three bands of PHF-tau isolated 

from the brains of patients with Alzheimer’s disease (Delacourte et al., 19?6).

1.4.1.3 Progressive supranuclear palsy

Progressive supranuclear palsy is a rare neurodegenerative disease the symptoms of 

which include a supranuclear down-gaze paresis and/or prominent early postural 

instability and progressive dementia (Collins et al., 1995). The neuropathological 

features are the presence of NFTs, and the absence of amyloid plaques and neuritic 

plaques. The NFTs are found in the subcortical nuclei of the brain stem, such as the 

basal ganglia and the brain stem (Hauw et al., 1994). In contrast to those seen in 

Alzheimer’s disease, the NFTs seen in PSP are not flame shaped but globose and 

consist mainly of straight filaments. The hyperphosphorylated tau for PSP NFTs 

comprises of a doublet of proteins with molecular weights of 64 and 68 kDa.

1.4.1.4 Corticobasal degeneration

Corticobasal degeneration is a movement disorder with parkinsonian features 

associated with a degree of cognitive impairment. The clinical features are varied 

and can include memory loss, speech disturbance and behavioural changes 

(Schneider et al., 1997). The typical histopathological features include cortical and 

sub-cortical atrophy with gliosis and the presence of slightly basophilic subcortical 

neuronal inclusions, called corticobasal bodies (Feany et al., 1996a). 

Immunocytochemical and ultrastructural studies demonstrate that these bodies are 

similar in structure to the globose NFTs seen in PSP, and also comprise of straight



filaments of hyperphosphorylated tau made up of a doublet of 64 and 68 kDa 

(Ksiezak-Reding et al., 1994).

1.4.1.5 Tau-reactive glial cell inclusions

In addition to neuronal inclusions hyperphosphorylated tau has recently been 

demonstrated in astrocytic and oligodendroglial cells in Pick’s disease, progressive 

supranuclear palsy and corticobasal degeneration (Ikeda et al., 1994; Ksiezak-Reding 

et al., 1994). The oligodendroglial cell inclusions, called coiled bodies, were more 

common in CBD than in PiD or PSP. The astrocytic inclusions were varied in 

structure. In PSP the abnormal tau was found in filaments in the proximal processes 

of astrocytes (Yamada et al., 1992) and in PiD the tau positive inclusions were 

located in the astrocyte cell body. When these astrocytes were present in the white 

matter the inclusion bodies resembled pale Pick bodies (Feany et al., 1996b). In 

CBD the abnormal tau accumulated in the distal cellular processes of reactive 

astrocytes, and these astrocytes formed an annular arrangement in the neuropil. The 

appearance was similar to a neuritic plaque except that the central core did not 

contain amyloid, but a central astrocyte with dilated distal processes demonstrating 

tau immunoreactivity (Feany et al., 1996b).

1.4.2 CSF tau in neurological disease

The development of antibodies to tau protein has enabled the concentrations of tau to 

be measured in CSF. Most of the studies investigating CSF tau concentrations in 

neurological disease have used ELISA technology, some using in-house assays
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(Vandermeeren et al., 1993; Mori et al., 1995; Vigo-Pelfrey et al., 1995) and others 

using a commercial assay available from Innogenetics, Belgium (Arai et al., 1995; 

Jensen et al., 1995; Otto et al., 1997b). All of these assays measured both normal 

phosphorylated tau and hyperphosphorylated tau, and thus measured total tau.

The concentration of total tau in the CSF has been reported to be elevated in patients 

with Alzheimer’s disease when compared to healthy non-demented controls 

(Vandermeeren et al., 1993; Arai et al., 1995; Jensen et al., 1995; Mori et al., 1995; 

Vigo-Pelfrey et al., 1995; Galasko et al., 1997). There was no relation between CSF 

total tau concentration and severity of cognitive impairment (Arai et al., 1995; Jensen 

et al., 1995; Vigo-Pelfrey et al., 1995) as marked elevations were seen early in the 

disease (Arai et al., 1995; Galasko et al., 1997). CSF total tau concentrations were 

not related to age at onset of disease or to the ApoE genotype (Arai et al., 1995). 

Increased concentrations were seen in patients with familial Alzheimer’s disease and 

in carriers of 670/671 mutation in the amyloid precursor protein gene (Jensen et al.,

1995). As CSF total tau concentrations were elevated early in Alzheimer’s disease 

and were significantly elevated when compared to non-demented age-matched 

controls, it was suggested that CSF total tau could be used as an early premortem 

diagnostic test for Alzheimer’s disease.

The problem with this idea is that elevated CSF total tau is not specific for 

Alzheimer’s disease and elevated levels have been reported in other neurological 

diseases such as strokes, amyotrophic lateral sclerosis, normal pressure 

hydrocephalus, acquired immunodeficiency syndrome (AIDS), meningoencephalitis, 

multiple sclerosis, Guillian-Barre syndrome, olivopontocerebellar atrophy, hereditary



cerebellar atrophy, Herpes simplex encephalitis and Lyme disease (Vandermeeren et 

al., 1993; Arai et al., 1995; Jensen et al., 1995; Vigo-Pelfrey et al., 1995). Most of 

these conditions were distinguished from Alzheimer’s disease on clinical grounds. 

More significantly, raised CSF total tau has also been reported to occur in other 

forms of dementia which were less easy to differentiate from Alzheimer’s disease 

clinically. These forms of dementia included Creutzfeldt-Jakob disease, frontal lobe 

dementia, corticobasal degeneration and cortical Lewy body dementia (Arai et al., 

1995; Vigo-Pelfrey et al., 1995; Arai et al., 1997; Otto et al., 1997b; Mitani et al, 

1998).

The production of monoclonal antibodies specific for the hyperphosphorylated form 

of tau protein has enabled a specific ELISA to be developed which measured 

PHF-tau (Blennow et al., 1995). Using this ELISA it was found that PHF-tau was 

significantly raised in the CSF of patients with Alzheimer’s disease when compared 

to age-matched healthy controls. PHF-tau was also increased in vascular dementia 

and frontal lobe dementia. There was a considerable overlap between the 

concentrations seen in Alzheimer’s disease, vascular dementia and frontal lobe 

dementia. Thus measuring the abnormal forms of tau does not increase the 

specificity of CSF tau for the diagnosis of Alzheimer’s disease.

1.5 14-3-3 proteins

14-3-3 proteins are a family of low molecular weight, acidic proteins having a 

molecular mass of 30 kDa (Toker et al., 1992). They were first described in the 

human brain by Boston et al., 1982a,b where they were found to constitute 1% of all
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soluble brain protein. Originally these proteins were considered to be brain-specific 

but are now known to be distributed in other mammalian cells albeit in lower 

concentrations (Boston et al., 1982b; Aitken et al., 1992). There are seven brain- 

specific isoforms a-r|, which are named after their respective elution profile using 

reverse phase high performance liquid chromatography (HPLC) (Ichimura 1988), and 

two other isoforms 0 and T located in epithelial cells and 

T-lymphocytes respectively (Martin et al., 1993). Of all of the brain-specific 

isoforms of 14-3-3 the y isoform is thought to be the most brain-specific (Isobe et al., 

1991). It has been recently shown that the isoforms a  and 5 are the phosphorylated 

forms of the |3 and \  isoforms respectively (Aitken et al., 1995a). Size exclusion 

chromatography and crystallography have shown that 14-3-3 isoforms exist as 

dimers of 60 kDa (Toker et al., 1992; Jones et al., 1995).

A variety of techniques has been used to investigate the distribution of 14-3-3 

proteins within the central nervous system. Early studies using 

immunohistochemistry demonstrated that 14-3-3 proteins were localised in neurones 

and autonomic ganglion cells (Boston et al., 1982a; Isobe et al., 1989). Other studies 

using in situ hybridisation with a cDNA probe showed that the r\ isoform gene was 

most strongly transcribed in Purkinje cells of the cerebellum (Watanabe et al., 1991).

The production of antisera with a high degree of specificity for each of the isoforms 

of 14-3-3 (Martin et al., 1993) enabled the subcellular localisation of these proteins 

to be investigated. The antisera were specific for the highly variable



N-terminal region of the proteins. This is the area which is involved in dimerisation 

and as such is hidden from view in situ. As a result, immunohistochemistry has not 

been able to reveal the localisation of individual isoforms (Martin et al., 1993). The 

localisation of 14-3-3 isoforms in rat brain was investigated by the production of 

subcellular fractions and subsequent SDS-PAGE and Western blotting with specific 

14-3-3 antisera (Martin et al., 1994). This study found that 14-3-3 proteins were 

mainly cytosolic but a small amount, approximately 6% of that found in the 

cytoplasm, was membrane bound. The s, rj, y, p and C, isoforms were found in 

purified synaptic membranes but not found in myelin or mitochondria. The r|, 8 and 

y isoforms but not p or ^ were associated with isolated synaptic junctions.

1.5.1 Physiological function of 14-3-3 proteins

The first function ascribed to 14-3-3 was as an activator of tyrosine and tryptophan 

hydroxylases, the rate limiting enzymes involved in the synthesis of catecholamines 

and serotonin respectively (Ichimura et al., 1988; Isobe et al., 1991). This activation 

also required the presence of calcium/calmodulin-dependent kinase n. The e and £ 

isoforms of the sheep pineal gland have been shown to co-purify with the enzyme 

serotonin N-acetyltransferase (NAT, EC 2.3.1.87) which is involved in melatonin 

synthesis. The 14-3-3 isoforms can be resolved from NAT, suggesting that the 

14-3-3 proteins do not have NAT activity but may have a role in enzyme regulation 

and thus in conversion of serotonin to melatonin (Roseboom et al., 1994). Two 

proteins named Exol and Exo2 isolated from brain cytosol were found to stimulate 

Ca2+- dependent exocytosis in permeabilized adrenal chromaffin cells, have been
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identified as members of the 14-3-3 family (Morgan et al., 1992). There have been 

conflicting reports about the role of 14-3-3 in the regulation of Ca2+- phospholipid 

dependent protein kinase C. Some reports have suggested that 14-3-3 inhibits this 

enzyme in a manner which does not involve competition with its substrates, ATP or 

the co-factors calcium or diacylglycerol (Toker et al., 1990). Other reports have 

found a stimulatory role with 14-3-3 activating protein kinase C activity in the 

presence or absence of diacylglycerol (Isobe et al., 1992). A more recently described 

role for 14-3-3 involves the activation of the protein kinase Raf via binding to 

phosphoserine. The isoforms p and £ have been shown to interact with and possibly 

activate Raf protein kinase in the cytosol and membrane of mammalian cells (Freed 

et al., 1994). It has been suggested that 14-3-3 proteins may act as chaperone 

proteins to facilitate protein-protein interactions and thus may play a role in the 

protein cascades that are involved with intracellular signalling and cell cycle 

regulation (Xiao et al., 1995). The ability of 14-3-3 to act as a chaperone is possible 

due to the structure of the 14-3-3 dimers. The individual isoforms interact via the 

N-terminal regions to form a cup like structure (Aitken et al., 1995b) which contains 

a highly negatively charged centre which has two binding sites. It has been proposed 

that this centre could bind to a membrane associated protein and a series of other 

proteins bind to the outer surface of the protein. In this way 14-3-3 could bring 

proteins into close proximity and enable them to interact (Aitken et al., 1996).
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Figure 1.2 Diagram illustrating the proposed structure of the 14-3-3 dimer.

Adapted from Jones et al., 1995

1.5.2 Clinical use of 14-3-3 measurement

Two proteins, p i 30 and p 131, identified by two dimensional gel electrophoresis have 

been found in the cerebrospinal fluid of patients with Creutzfeldt-Jakob disease 

(CJD) (Harrington et ah, 1986; Zerr et al., 1996). The protein p l3 0  has a molecular 

weight of 26 kDa and a pi of 5.2 and p 131 has a molecular weight of 29 kDa and a pi 

of 5.1 (Harrington et al., 1986). These proteins were found in a large percentage of 

patients with CJD, reports vary from 100% (Harrington et al., 1986) to 84% of 

histologically confirmed CJD (Zerr et al., 1996). Interestingly none of CSF samples 

from three patients with kuru demonstrated the presence of these proteins 

(Harrington et al., 1986) and only two out of six cases of familial CJD were positive 

for p 130/p 131 (Zerr et al., 1996). These proteins were not found in the cerebrospinal 

fluid of healthy volunteers, patients with Alzheimer’s disease, acquired
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immunodeficiency syndrome (AIDS) dementia, Parkinson-dementia complex of 

Guam, multi-infarct dementia, cerebral infarction, Parkinson’s disease, progressive 

supranuclear palsy or encephalitis due to cytomegalovirus, mumps, and varicella 

viruses (Harrington et al., 1986). Some patients with Herpes simplex encephalitis, 

hypoxic brain damage, ischaemic stroke, subdural haematoma and brain tumours had 

detectable pl30/pl31 in the cerebrospinal fluid (Harrington et al., 1986; Zerr et al., 

1996).

The protein p i30 was isolated from normal brain tissue by elution from two 

dimensional electrophoresis gels and subsequently enzymatically digested to give a 

series of peptide fragments. These fragments were sequenced and the resulting 

amino acid sequences compared to those found on the Swiss-Prot data bank (Hsich et 

al., 1996). Three of the sequences obtained matched a part of the sequence of the 

human r\ isoform of 14-3-3 whilst the final sequence matched that of the bovine y 

14-3-3 isoform. Confirmation that pl30/pl31 proteins were members of the 14-3-3 

family was undertaken by identifying the pl30/pl31 spots on two dimensional 

electrophoresis gels with specific 14-3-3 antisera (Hsich et al., 1996).

Subsequent studies using one dimensional SDS-PAGE with Western blotting have 

reported that 14-3-3 was detectable in 95% of patients with definite sporadic CJD 

and 92% of patients with probable sporadic CJD (Zerr et al., 1998). In contrast only 

50% of patients with familial forms of CJD had detectable 14-3-3 (Zerr et al., 1998). 

A small study investigating the recently described new variant form of CJD which 

affects younger patients and is thought to have resulted from eating beef products 

from cattle with bovine spongiform encephalopathy (Will et al., 1996a; Bruce et al.,
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1997; Hill et al., 1997), has found that 14-3-3 is not detected in all cases (Will et al., 

1996b). 14-3-3 was absent from the cerebrospinal fluid of healthy volunteers and the 

majority of patients with Alzheimer’s disease, but is present in some patients with 

Herpes simplex encephalitis, multi-infarct dementia with acute infarction, hypoxic 

brain damage, intracerebral metastases from a bronchial carcinoma, metabolic 

encephalopathy or progressive dementia of unknown cause (Hsich et al., 1996; Zerr 

et al., 1998).

1.6 Neurone-specific enolase (14-3-2)

After the isolation of bovine 14-3-2, specific antibodies were raised and used to 

establish that the protein was neuronal (Cicero et al., 1970). It was renamed neurone 

specific protein (Pickel et al., 1975) and finally neurone-specific enolase (NSE) when 

it was shown to have enolase (2-phospho-D-glycerate hydrolase EC 4.2.1.11) activity 

(Marangos and Zomzely-Neurath, 1976).

The enolases in mammalian tissues are dimers consisting of two of the following 

three immunologically distinct isoforms a, p and y. The aa enolase is found 

primarily in liver cells and the ap and pp enolases are found in skeletal and cardiac 

muscle cells. The central nervous system contains three forms of enolase, aa, ay 

and yy. The aa form is found in glial cells and is identical to the enolase found in 

liver tissue. This form is known as non-neuronal enolase (NNE). The ay and yy 

forms of enolase are present in high concentrations in the neuronal cells of the 

central nervous system (Rider and Taylor 1975; Marangos et al., 1977; Marangos et

46



al., 1978b) and together are known as neurone-specific enolase (NSE). These 

enolases were initially thought to be found only within these cells but subsequent 

studies have demonstrated the presence of yy enolase in neuroendocrine cells 

(Marangos and Schmechel, 1987) and the ay form has been demonstrated in a 

number of non-neuronal tissues or cells including platelets, adrenal cells, large 

intestine and red blood cells (Hullin et al., 1980). Some studies have suggested that 

the hybrid enolase is an artifact of tissue homogenisation and does not exist in vivo 

(Schmechel and Marangos. 1983).

NNE is a larger and less acidic protein than NSE, is more prone to temperature 

inactivation, and is sensitive to inhibition with chloride and urea. Incubation of NNE 

at 50°C for 15 minutes will destroy practically all the enzymatic activity whereas

NSE activity is unaffected even after 1 hour. NNE activity is completely inhibited by 

0.5 M potassium chloride and by the presence of 3 M urea, whereas NSE is 

unaffected (Marangos et al., 1978a,b). Antisera to NNE shows no cross-reaction 

with NSE and suggests that these proteins are likely to be the product of two separate 

genes (Marangos and Schmechel, 1987). The different structural and chemical 

properties of NNE and NSE are summarised in Table 1.1.
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Property NNE (oca) NSE (ay) NSE (yy)

Molecular weight 87,000 82,500 78,000

Subunit molecular weight 43,500 43,500/

39,000

39,000

Isoelectric point 7.2 / 4.7

Substrate Km 1.3 x 104 / 1.2 x 10'4

KaMg 6.1 x 104 / 2.4 x 10‘4

Chloride stability no / yes

Urea stability (3M) no / yes

Temperature stability no / yes

Table 1.1 Structural and functional properties o f NNE and NSE. Adapted from  

Marangos and Schmechel, 1987

The highest concentration of NSE was found the brain with concentrations varying 

from 4-21 |ig/mg soluble protein. There was a wide range of staining intensities with 

some neurones staining up to five times more strongly than others. These differences 

did not appear to be related to cell type, cell size or neurotransmitter type, but maybe 

related to different metabolic needs within different regions of the brain (Marangos 

and Schmechel, 1987). Lower amounts were found in peripheral nervous tissue 

(0.2-1.2 (ig/mg soluble protein) and in various neuroendocrine cells 

(0.9-8.5 |ig/mg soluble protein) (Marangos and Schmechel, 1987). The 

neuroendocrine cells included the adrenal medulla, pineal gland, islet cells of the 

pancreas and other amine precursor uptake and decarboxylation (APUD) cells 

(Schmechel et al., 1978). Some cells which were neither neuronal nor 

neuroendocrine contained NSE, the most significant of these were platelets which
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contained predominantly NNE, with smaller amounts of both ay enolase and yy 

enolase (Marangos et al., 1980). Other cells included erythrocytes, lymphocytes, 

smooth muscle cells of visceral organs, juxtaglomerular organ of kidney and smooth 

muscle of kidney (Brown et al., 1980; Haimoto et al., 1985). Immunohistochemical 

studies using monoclonal antibodies to the gamma subunit have demonstrated the 

presence of NSE in reactive astrocytes near tumours and in abnormal astrocytes 

within tumours of different grades of malignancy (Soler Federsppiel et al., 1987). 

NSE has been shown by immunocytochemical studies to be present in the cytoplasm, 

including the soma, axon and dendrites of neurones (Marangos and Schmechel,

1987), but not the nucleus or the golgi apparatus (Langley et al., 1980).

1.6.1 Methods of measurement of NSE

There are two types of analysis which have been devised to measure NSE in 

biological fluids, those based on immunological detection and those based on 

detection methods that exploit the enzymatic nature of NSE. The immunological 

methods include radioimmunoassay (Brown et al., 1980; Pahlman et al., 1984; 

Cunningham et al., 1990) and enzyme linked immunoassay (Scama et al., 1982; Kato 

et al., 1983; Vermuyten, 1990). The enzymatic techniques are based on either 

protein separation by electrophoresis using agarose gels plus NADPH linked 

detection system (Wevers et al., 1983) or specific anti-NSE antisera linked to a solid 

phase plus an NADH linked detection system (Sorensen et al., 1988) or a 

bioluminescent detection system (Gerbitz et al., 1984).
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1.6.2 Measurement of NSE in neurological disease

The fact that NSE is present in high concentrations in neurones and is relatively 

brain-specific has suggested that measurement of NSE concentrations in serum or 

cerebrospinal fluid (CSF) may give information about the extent of neuronal death.

Markedly raised concentrations of NSE in the CSF have been reported in patients 

with strokes (Scarna et al., 1982; Mokuno et al., 1983; Hay et al., 1984; Persson et 

al., 1987), brain tumours (Royds et al., 1981; Mokuno et al., 1983), head injury 

(Scarna et al., 1982, Dauberschmidt et al., 1983), bacterial meningitis (Vermuyten, 

1990; Inoue et al., 1994), Creutzfeldt-Jakob disease (Wakayama et al., 1987; Jimi et 

al., 1992; Vermuyten, 1990; Zerr et al., 1995; Evers et al; 1998; Kropp et al., 1999) 

and neonatal hypoxic-ischaemic encephalopathy (Garcia-Alix et al., 1994; Thomberg 

et al., 1995). Smaller increases have been reported in Guillian-Barre syndrome 

(Vermuyten, 1990, Mokuno et al., 1994), Parkinson’s disease (Mokuno et al., 1983), 

multiple sclerosis (Royds et al., 1983) and epilepsy (Vermuyten, 1990).

The relationship between CSF NSE concentrations and disease severity has been 

thoroughly investigated by studies of neurological damage such as that seen in 

strokes and head injury. A significant positive correlation was shown between the 

magnitude of CSF NSE concentration and the volume of cerebral infarct when 

measured by computed tomography (CT) scans in non-haemorrhagic cerebral 

infarctions (Hay et al., 1984). Higher CSF NSE concentrations were associated with 

a poorer prognosis for patients with cerebral infarction, subarachnoid haemorrhage or 

head injury (Scarna et al., 1982; Hay et al., 1984; Persson et al., 1987). The
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appearance of NSE in the CSF was time dependent with maximal increases occuring 

between eighteen hours and four days post-ictus (Persson et al., 1987).

There was a close correlation between the NSE concentration in the CSF and that of 

the blood (Scarna et al., 1982). This has lead to a number of studies investigating the 

relationship between blood NSE and prognosis in patients with cerebral hypoxia, 

cerebral infarction, cerebral haemorrhage and head injury (Dauberschmidt et al.,

1983; Schaarschmidt et al., 1993; Butterworth et al., 1996). In all groups 

investigated, higher blood NSE concentrations were associated with poorer outcomes 

(Dauberschmidt et al., 1983; Schaarschmidt et al., 1993). In cerebral hypoxia blood 

NSE concentrations were related to outcome, with those patients having blood NSE 

concentrations of greater than 120 ng/mL having a Glasgow Coma Score (GOS) of 1 

(death) or 2 (vegetative state), patients with moderately raised NSE concentrations 

surviving with some neurological damage whilst those patients with no elevation in 

NSE concentrations having no permanent neurological deficit (Schaarschmidt et al., 

1993). In contrast, patients with head injury, cerebral infarction or cerebral 

haemorrhage could have a poor outcome and show no elevation in blood NSE 

(Dauberschmidt et al., 1983; Schaarschmidt et al., 1993). This may be related to the 

extent and site of injury. The time at which blood concentrations of NSE reached 

their peak showed considerable variation: in a few patients there was an initial 

increase within twenty-four hours which rapidly declined, in the majority there was a 

second increase between twenty-four and seventy-two hours which may have been 

due to secondary neuronal death and in a final group there was a third peak which 

occurred after forty-eight hours and lasted for several days (Schaarschmidt et al.,

1993). It was the increase in blood NSE which occurred after twenty-four hours
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which often preceded the clinical deterioration, which was usually due to cerebral 

oedema.

1.7 Dementia syndromes

Dementia can be defined as a non-reversible cognitive impairment which may 

accompanied by behavioural and/or personality changes. The cognitive changes 

include impairment of memory, language, visuospatial skills, abstraction, calculation 

and judgement. The non-cognitive features may include personality changes, 

delusions, hallucinations, depression, mania, anxiety, aggression, purposeless 

hyperactivity and altered sexual activity (Absher and Cummings 1994). Dementia 

syndromes affect 3-5% of the population (Jorm et al., 1987) and with the mean age 

of the population rising this frequency is likely to increase over the next decade. The 

most common form of dementia is Alzheimer’s disease, which accounts for over 

50% of cases of dementia in patients over the age of 65 years, but only accounts for 

34% of cases in patients younger than 65 years old (Figure 1.3).
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Other
29%

CLBD

Figure 1.3 Relative frequencies o f different dementia in patients a) over 65 years old 

and b) under 65 years old. AD: Alzheimer's disease; CLBD: cortical Lexvy body 

disease; VaD: vascular dementia; FTD: frontotemporal dementia. Adapted from 

Galton and Hodges, 1999

1.7.1 Alzheimer’s disease

The majority of cases of Alzheimer’s disease occur sporadically but a small 

proportion are familial and these patients have an earlier age of onset. At present 

three genes have been identified, the amyloid precursor protein gene on chromosome 

21, the presenillin 1 gene on chromosome 14 and the presenillin 2 gene on
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chromosome 1. Mutations in these genes result in abnormal cleavage of amyloid 

precursor protein and the increased production of the amyloidogenic fragment A(3m 2- 

Alzheimer’s disease is characterised by memory loss, with disorientation with regard 

time and place followed by aphasia and acalculia. The final stages of the disease 

may involve psychiatric disturbances such as aggression, psychosis, delusions and 

hallucinations. Death usually occurs between 5-10 years after the onset of 

symptoms. Several prospective studies which have followed patients to autopsy 

have shown that the accuracy of clinical diagnosis of Alzheimer’s disease is over 

80% (Morris et al., 1987; Tierney et al., 1988; Galasko et al., 1994; Klatka et al.,

1996), but definitive diagnosis depends on the histological examination of the brain. 

The characteristic histological features are neuronal and synaptic loss together with 

the presence of senile plaques composed of (3-amyloid protein, neuritic plaques and 

neurofibrillary tangles (NFTs). These NFTs consist of paired helical filaments (PHF) 

which are composed from hyperphosphorylated tau protein. Several studies have 

demonstrated that patients with Alzheimer’s disease have elevated concentrations of 

tau protein and that these concentrations were raised early in the disease course 

(Vandermeeren et al., 1993; Arai et al., 1995; Blennow et al., 1995; Jensen et al., 

1995; Tato et al., 1995; Vigo-Pelfrey et al., 1995; Galasko et al., 1997; Andreasen et 

al., 1998; Galasko et al., 1998; Kanai et al., 1998). It has been suggested that 

elevated concentrations of tau protein may be used as a diagnostic marker for early 

Alzheimer’s disease and enable accurate pre-mortem diagnosis to be made.
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1.7.2 Frontotemporal dementia

It is increasing recognised that the incidence of non-Alzheimer’s disease forms of 

dementia are more common than previously thought, and may make a significant 

contribution to all cases of dementia (Neary et al., 1988; Knopman et al., 1990). 

Frontotemporal dementia is one of these non-Alzheimer’s diseases and presents 

initially with personality changes such as aggression, obsessive-compulsive 

behaviour and sexual disinhibition. There is preservation of memory, visuospatial 

and calculation skills but language disturbances such as decreased fluency make 

assessment difficult (Brown, 1992). There are two major forms of frontotemporal 

dementia, Pick’s disease and frontal lobe degeneration. The histological features of 

Pick’s disease include marked frontal or temporal lobe atrophy, intense astrogliosis, 

swollen ballooned neurones (Pick cells) with the presence of argentophilic neuronal 

inclusion bodies (Pick bodies). These Pick bodies demonstrate tau immunoreactivity 

and have been shown to be composed of hyperphosphorylated tau protein (see 

section 1.4.1.2). In the early stages Pick’s disease may be difficult to distinguish 

from Alzheimer’s disease (Litvan et al., 1997). Frontal lobe degeneration is 

associated with frontal or temporal lobe atrophy with neuronal loss and spongiform 

changes (microvacuolation) together with mild to moderate astrocytosis (Brun et al.,

1994). Distinguishing between these two conditions on clinical grounds alone is 

difficult and for this reason the two diseases are considered together as 

frontotemporal dementia. A familial form of dementia known as frontotemporal 

dementia with Parkinsonism linked to chromosome 17 (FTDP-17) has recently been 

demonstrated to be caused by mutations in the tau gene. Four mutations have been
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identified and all are associated with abnormal tau cell inclusion bodies (Spillantini 

et al., 1998).

1.7.3 Transmissible Spongiform Encephalopathies (TSEs)

Transmissible spongiform encephalopathies (TSEs) are a family of fatal neurological 

diseases which affect both humans and animals. The brains of patients and animals 

with these diseases have a typical histological appearance of microscopic holes 

giving the brain a sponge-like appearance, neuronal loss, reactive astrocytosis and 

the presence of amyloid plaques (Beck and Daniel, 1987). These amyloid plaques 

are distinct from plaques found in Alzheimer’s disease, in that they contain a protein 

known as the prion protein, and as a result these diseases are often referred to as 

prion diseases. The prion protein is an abnormal form of a normal cellular 

glycoprotein (PrPc) which is highly sensitive to digestion by proteinase K. The 

abnormal form of the prion protein (PrPsc) is partially resistant to proteinase K 

digestion. PrPsc has been shown to be able to transmit disease to experimental 

animals and is identical to the agent causing scrapie, a TSE affecting sheep. PrPsc is 

resistant to many decontaminating procedures which would destroy viruses, such as 

ionizing and ultraviolet radiation, standard autoclaving procedures, alcohols, 

aldehydes such as formaldehyde, formalin and hydrogen peroxide (Advisory 

Committee on Dangerous Pathogens, HMSO, 1998).
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1.7.3.1 Creutzfeldt-Jakob disease

Creutzfeldt-Jakob disease (CJD) was first described in 1922 (Spielmeyer, 1922) and 

is the most common of the human TSEs. It is characterised by a rapidly progressing 

dementia, myoclonus, cerebellar and/or extrapyramidal signs, and typical periodic 

sharp wave complexes on electroencephalogram (EEG). The onset usually occurs 

between the ages of 45-75 years with the peak incidence between 60-65 years. The 

majority (85%) of cases occur sporadically, with 10-15% of cases being familial due 

to mutations in the PRNP gene found on the short arm of chromosome 20 (Robakis 

et al., 1986). The remaining cases are iatrogenic, following the administration of 

contaminated growth hormone (Brown et al., 1985) or in the recipients of human 

dura mater (Thadani et al., 1988) or comeal grafts (Duffy et al., 1974). Gerstmann- 

Straussler-Scheinker (GSS) syndrome and familial fatal insomnia (FFI) are rare 

genetic variants of CJD and account for less than 1% of all the human TSEs.

The diagnosis of these diseases is made by the histological examination of brain 

tissue taken either at postmortem or from a brain biopsy. These procedures have 

several health and safety as well as cultural considerations. Firstly, the infective 

nature of the PrPsc and its resistance to standard hospital sterilisation techniques 

means that surgical equipment used in these procedures cannot be re-used. There has 

been a case of CJD transmitted by the re-use of cortical electrodes (Bernoulli et al., 

1977). This adds substantial costs to these investigations. There are also health and 

safety considerations for clinical and laboratory staff dealing with highly infectious 

brain material, and the problem of disposal of instruments and equipment used in
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such investigations. Brain biopsy itself is not risk free and complications such as the 

formation of cerebral abscesses and haemorrhage may result. Finally patients may 

have cultural and religious objections to postmortem which precludes histological 

examination of brain tissue. All these reasons have spurred the search for an 

alternative diagnostic test for CJD.

Although CSF may contain a small amount of prion protein it is considered to be less 

infective than brain tissue (Advisory Committee on Dangerous Pathogens, HMSO, 

1998). It is less hazardous to obtain than brain tissue, both for the patient and the 

clinician, and instruments used to collect the sample can be discarded at a lower cost 

than surgical instruments. Thus it would be advantageous if a diagnostic test could 

be found which used CSF rather than brain tissue.

1.7.3.2 Familial and iatrogenic CJD

Familial forms of CJD account for 15% of the total number of cases of CJD 

(Collinge and Palmer, 1997). These conditions are associated with either point 

mutations in the coding sequence of the PRNP gene or base pair repeat insertions. At 

present there are 12 point mutations and 9 insertions (Collinge, 1997). The 

discovery that the prion disease Gerstmann-Straussler-Scheinker syndrome (GSS) is 

also associated with a number of PRNP mutations (PrP Pro-Leu102, PrP Ala-Val117,

t QRPrP Phe-Ser ) has led to it being considered an inherited prion disease (Hsiao et al., 

1989; Doh ura et al., 1989; Dlouchy et al., 1992). Patients with GSS present with 

chronic cerebellar ataxia with dementia occurring much later in the disease course. 

The clinical course is much longer than sporadic CJD with the mean duration of



disease being five years. The presence of large numbers of PrP-amyloid plaques is a 

marked feature of GSS. As would be expected cerebellar pathology is quite marked 

with severe atrophy, neuronal loss and reactive astrocytosis.

The familial forms of CJD tend to have a longer duration of illness and an earlier age 

of onset than sporadic CJD. Some mutations, such as PrP Glu-Lys200, may present 

with features indistinguishable from sporadic CJD, whilst others may present with 

cerebellar signs and symptoms (Collinge and Palmer, 1997). There is a wide range 

of clinical presentation even within a family, with some cases presenting with 

sporadic CJD and others having an atypical dementia of long duration (Collinge, 

1997). Other genetic factors may play a part in the way the disease may manifest 

itself, for example patients with PrP Asp-Asn178 will present with sporadic CJD if 

codon 129 on the PRNP gene is homozygous for valine, but will present with fatal 

familial insomnia (FFI) if codon 129 is homozygous for methionine (Goldfarb et al., 

1992).

Patients treated with human cadaveric pituitary-derived growth hormone for 

hypopituitary dwarfism have an increased risk of developing CJD (Brown et al.,

1985). These patients present usually present with cerebellar ataxia with dementia 

appearing late in the disease course. (Johnson and Gibbs, 1998). The majority of 

these patients are homozygous for codon 129 (Johnson and Gibbs, 1998) but the 

disease can occur in patients who are heterozygous for codon 129, but in these cases 

the onset of disease is delayed (Deslys et al., 1998).
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1.7.3.3 New variant CJD

In March 1996 a new form of CJD was described which affected younger patients, 

from age 16-39 years. These patients presented with psychiatric problems, such as 

anxiety, depression, withdrawal and behavioural problems; sensory symptoms such 

as pain in limbs and face; together with cerebellar signs and symptoms. Dementia, 

myoclonus, cortical blindness and akinetic mutism only occurred late in the disease, 

which had an unusually long course, with a median duration of 16 months (Will et 

al., 1996a; Zeidler et al., 1997a,b). Histological examination of the brains of these 

patients showed the characteristic changes associated with TSEs, namely spongiform 

change, neuronal loss and reactive astrocytosis. In addition these patients had kuru- 

like PrP amyloid plaques surrounded by a halo of spongiform change found 

throughout the cerebral cortex and cerebellum. These “florid” or “daisy-like” plaques 

are not seen in patients with sporadic CJD and are a consistent feature of the new 

variant form of CJD. Spongiform change was also found in the basal ganglia and the 

thalamus accompanied by severe thalamic astrocytosis.

The emergence of this form of CJD affecting young people and the temporal 

relationship to the bovine spongiform encephalopathy (BSE) epidemic, led to the 

possibility that this may be the human form of BSE. Studies involving the 

inoculation of brain tissue from patients with new variant CJD and cattle with BSE 

into transgenic mice (Bruce et al., 1997) and studies investigating the glycoform 

structure of the PrPsc found in these diseases (Hill et al., 1997) have confirmed that 

new variant CJD and BSE are caused by the same PrPsc strain.
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1.7.3.4 Bovine Spongiform Encephalopathy (BSE)

In 1985 two diary cattle were noted to have become aggressive and nervous with 

progressive ataxia. Histological examination of the brains from these cows showed 

spongiform changes with astrocytosis which resembled scrapie (Wells et al., 1987).

In the following years the numbers of cattle with these symptoms increased and a 

new TSE, called bovine spongiform encephalopathy (BSE), was described. Since 

1985 170,000 cattle have become infected, with a peak incidence of 36,000 occurring 

in 1992 (Johnson and Gibbs, 1998). The clinical signs of BSE include aggression, 

increased nervousness with a wide eyed stare and a progressive ataxia (Bradley,

1997). The behavioural problems seen in these cattle has led to the disease being 

known as mad cow disease. Histological examination of brain tissue shows 

spongiform change, astrocytosis, neuronal cell loss and deposition of PrPsc adjacent 

to and associated with areas of spongiform change (Wells et al., 1994). The 

consistency of the changes has allowed the diagnosis to be made from a single 

section of the medulla oblongata (Wells et al., 1989). Investigations into the strain of 

the infective agent made using transgenic mice have suggested that only one strain of 

agent has been involved (Bruce et al., 1994). The agent is thought to have arisen 

from the practice of preparing high protein concentrate feed containing meat and 

bone meal from waste sheep and cattle tissues. The rendering process was altered in 

the late 1970’s to reduce the use of hydrocarbon solvent extraction of fat, and this is 

thought to have allowed a strain of scrapie to escape inactivation (Wilesmith et al., 

1991). The epidemic was amplified by the allowing cattle infected with BSE to enter 

the rendering process and ultimately be fed to unaffected cattle.
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1.7.4 AIDS Dementia Complex

The acquired immune-deficiency syndrome was first recognised in the late 1970’s 

and is characterised by an acquired and profound depression of cell-mediated 

immunity. It is caused by infection with the human immunodeficiency virus (HIV) 

which is most commonly transmitted by sexual activity or the administration of 

contaminated blood or blood products. Infection with HIV produces a spectrum of 

disorders from the clinically silent seroconversion to widespread lymphadenopathy 

and benign systemic manifestations such as diarrhoea, weight loss and malaise 

(AIDS related complex). As the disease progresses the symptoms are related to the 

direct effects of the virus on all organ systems as well as effects of reduced cell- 

mediated immunity such as parasitic, fungal, viral and bacterial infections and a 

multiplicity of malignancies.

All parts of the central nervous system may be affected in HIV infection, this may be 

primary infection or secondary to immunosuppression (Adams et al., 1997). At 

autopsy nearly 90% of brains from patients with AIDS are abnormal (Navia et al.,

1986), although only 30% of patients may present with clinical neurological 

abnormalities (Adams et al., 1997). The most common neurological complication of 

HIV infection is a dementing illness, called AIDS dementia complex (ADC). In the 

early stages it presents with lack of concentration and forgetfulness, then progresses 

to apathy, social withdrawal, inappropriate behaviour and acute mania or psychosis 

(Navia, 1994). The pathological changes associated with ADC are most frequent in 

the white matter and deep grey matter such as the basal ganglia, with the cortex being 

relatively spared. The common features are pallor of the white matter with reactive
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astrocytosis accompanied by parenchymal and perivascular infiltrates of 

lymphocytes, macrophages and microglia. Similar changes are seen in the deep grey 

matter and severity reflects that of the white matter changes.

Other common neurological complications of HIV infection are opportunistic 

infections of the CNS, typical pathogens include toxoplasma, cytomegalovirus, 

cryptococcus, Herpes simplex and zoster; and primary cerebral lymphoma (Brew et 

al., 1988). In the early stages ADC complex can be difficult to distinguish between 

clinical depression and early signs of CNS infection or infiltration.

1.8 Problems with differential diagnosis of patients with dementia

Although many forms of dementia have characteristic clinical features, it may be 

very difficult to distinguish between them in the early stages of disease. Magnetic 

resonance scanning may be able to identify regions of brain atrophy, such as the 

hippocampus in Alzheimer’s disease and the frontal and/or temporal lobes in 

frontotemporal dementia, but the degree of brain atrophy may be small in the early 

stages making accurate diagnosis difficult. At present definitive diagnosis is made 

by the histological examination of brain tissue, which is obtained either at autopsy or 

from a brain biopsy. The examination of brain tissue at postmortem provides much 

information about the relative frequencies of the different forms of dementia, but it 

does not give an early diagnosis. There are a number of complications which may 

result from taking a brain biopsy, such as the risk of intracranial haematoma or 

cerebral infection, which make this an unsatisfactory approach. In patients with 

suspected Creutzfeldt-Jakob disease there are the health and safety aspects to
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consider. As the abnormal form of the prion protein PrPsc is not destroyed by normal 

sterilisation techniques, the instruments used for obtaining the brain tissue cannot be 

reused. As these instruments are expensive this adds a financial burden to this 

investigation.

There are a number of neuropsychological tests which are used to evaluate patients 

with cognitive impairment. The most widely used of these is the mini mental state 

examination (MMSE) which is a series of tests designed to assess the patient’s 

orientation, registration, attention and calculation ability, recall and language. It is 

marked on a scale from 0 to 30, with 30 representing a perfect score and less than 23 

considered as evidence of sufficient cognitive impairment for the diagnosis of 

dementia (Cockrell and Folstein, 1988). This particular test is insensitive at 

detecting abnormalities of the frontal lobe, and patients with frontotemporal 

dementia may perform within the normal range despite widespread frontal and/or 

temporal atrophy.

The diagnosis of patients with dementia is complicated by the lack of a set of 

definitive diagnostic tests. The aim of this study is to see whether the measurement 

of brain-specific proteins in the cerebrospinal fluid of patients with dementia can 

help in the differential diagnosis of these patients.
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Chapter 2 - Development of S-lOOb ELISA

2.1 Introduction

The measurement of brain-specific proteins has been hampered in the past by the 

quality of antisera available, which have either lacked specificity or high avidity.

This has resulted in assays which suffered from poor sensitivity and/or cross 

reactivity with closely related proteins. As techniques for purifying proteins and 

producing antisera have improved so has the quality of the antisera available for 

these proteins.

In the past decade a number of commercially available assays have been produced 

for some brain-specific proteins. There are a number of disadvantages to using these 

assays for measuring CSF concentrations of brain-specific proteins. Firstly these 

assays are often designed to measure high concentrations of proteins which occur in 

some types of malignancy, for example high NSE in the serum of patients with 

neuroblastomas or oat cell carcinoma, and serum S-lOOb in melanoma. These assays 

are therefore not ideal for measuring the lower concentrations which are found in 

CSF. Secondly they are expensive and often require specialised equipment to use.

This part of the study was designed to develop a sensitive and specific assay for 

S-lOOb, which was robust, easy to use and relatively inexpensive, and where possible 

the results were compared with commercially available assays.
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2.2 S-lOOb protein

S-lOOb belongs to a family of calcium binding proteins which include the 

calmodulins. The closely related protein, S-lOOa, shares 45-50% sequence 

homology with S-lOOb and many of the early assays for S-100 could not distinguish 

between these two forms (Sindic et al., 1982; Kato et al., 1982; Noppe et al., 1986; 

Persson et al., 1987). Recently monoclonal antisera have become available which 

are specific for either the alpha or the beta forms of S-100.

2.3 S-lOOb ELISA method

Recipes for buffers are given in Appendix A.

Wells of polystyrene 96 flat bottomed well microtitre plate (Nunc-Immuno™ 

Maxisorb, Product No: 4-30341 A, Life Technologies, Paisley, UK) were coated with 

100 pL of 0.67 M barbitone buffer, pH 8.6 containing 1 mM calcium and 1 pg 

monoclonal anti-bovine S-lOOb (Product No: S2532, Sigma-Aldrich Company Ltd, 

Poole, UK). The microtitre plates were incubated overnight at 4°C and then each

well was washed with 4 x 250 pL of 0.1% bovine serum albumin (BSA) in 

phosphate buffered saline (PBS) containing 0.05% Tween 20 (wash solution). 

Unbound protein binding sites were blocked by incubating each well with 250 pL of 

1% BSA in PBS for 30 minutes. The microtitre plate was washed as before and 

50 pL of 0.1% BSA in 0.67 M barbitone buffer, pH 8.6 containing 1 mM calcium 

lactate (incubation buffer) was added to each well. Fifty microlitres of bovine 

S-lOOb standard (Product No: SP1467, Affiniti Research Products, Exeter, UK),
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control samples, CSF or serum was added in duplicate to appropriate wells of the 

microtitre plate. The microtitre plate was incubated for 1 hour at 37°C before being

washed as previously described. One hundred microlitres of horseradish peroxidase 

conjugated rabbit anti-bovine S-lOOb antiserum (Supplied on request, DAKO Ltd., 

Cambridge, UK) diluted 1:1000 with incubation buffer was added to each well and 

the plate was incubated for 1 hour at room temperature. The microtitre plate was 

washed and 100 pL of 1 mg/mL o-phenylenediamine in 0.02 M sodium acetate 

buffer, pH 5.0 containing 0.3% hydrogen peroxide was added to each well. The 

microtitre plate was incubated for 30 minutes in the dark and the enzymatic reaction 

was stopped by the addition of 50 pL of 1 M hydrochloric acid. The absorbance was 

read at 492 nm with blanking at 405 nm using an Anthos 2001 Plate Reader (Denley 

Instruments, Sussex, UK).

2.3.1 Calibration of S-lOOb ELISA

Bovine S-lOOb (Product No: SP1467, Affiniti Research Products, Exeter, UK) was 

diluted with 0.1% BSA in PBS to give concentrations of 0.05, 0.1, 0.25, 0.5, 1.0 and

2.5 ng/mL. Aliquots of these were stored at -20°C. Each batch of standards was

calibrated by analysing the new batch in parallel with the old batch on at least 20 

separate occasions. Figure 2.1 shows a typical standard curve.
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Figure 2.1 Typical S-lOOb standard curve. Each point represents the mean ±SD  o f 

ten separate investigations

2.3.2 The lower limit of detection

The lower limit of detection was calculated from the mean + 3SD of at least twenty 

separate replicate analyses of S-lOOb free sample (incubation buffer). The lower 

limit of detection was found to be 0.04 ng/mL.

2.3.3 Within and between batch precision of S-lOOb ELISA

The within batch precision (CV%) was calculated from the mean ± SD of at least 

twenty replicate analyses of pooled CSF spiked with S-lOOb, performed on a single 

microtitre plate. This was repeated three times and the mean CV% calculated. The 

within batch precision was found to be 9.3% and 5.6% at S-lOOb concentrations of 

0.38 ng/mL and 0.8 ng/mL, respectively. The between batch precision was 

calculated from at least twenty replicates analyses of pooled CSF spiked with S-lOOb 

performed on separate microtitre plates. The between batch precision was found to
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be 8.9% and 8.1% at S-lOOb concentrations of 0.12 ng/mL and 0.34 ng/mL, 

respectively.

2.3.4 The recovery of S-lOOb added to CSF

The ability of the ELISA to measure S-lOOb added to CSF was tested by analysing 

pooled CSF to which a known amount of S-lOOb had been added. Both the unspiked 

and spiked CSF samples were analysed and the difference in S-lOOb concentration 

calculated as a percentage of that added to the spiked sample. The recovery of 

0.5 ng/mL S-lOOb was found to be 94%.

2.3.5 The linearity of the ELISA

Three samples with raised CSF S-lOOb concentrations were diluted with incubation 

buffer to give a set of serial dilutions. The S-lOOb concentrations in these samples 

were measured and found to give a linear relationship (Figure 2.2).
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Figure 2.2 The effect o f serial dilution o f three CSF samples with elevated S-lOOb

2.3.6 Specificity of ELISA for S-lOOb

The specificity of the ELISA for the beta subunit of S-100 was investigated by 

analysing increasing concentrations of the closely related alpha subunit of S-100. 

S-lOOa (Product No: SP 1466, Affiniti Research Products, Exeter, UK) standards of 

10, 50, 100, 250, 500 and 1000 ng/mL were prepared in PBS containing 0.1% BSA. 

These standards were analysed using the S-lOOb ELISA and only the 1000 ng/mL 

standard gave an appreciable result of 0.05 ng/mL. This related to a cross reactivity 

of 0.005% at a S-lOOa concentration of 1000 ng/mL. Thus the assay was highly 

specific for S-lOOb.
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2.3.7 Effect of the calcium concentration of the barbitone buffer on assay 

performance

The effect of calcium on the structure of S-lOOb (Calissano et al, 1969) and on the 

performance of some assays has been well documented (Sindic et al., 1982). To find 

the calcium concentration which gave the optimal dose-response curve, incubation 

buffers containing no calcium, 0.5 mM, 1.0 mM, 2.5 mM and 5.0 mM calcium were 

prepared. The effect of calcium concentration on the S-lOOb standard dose-response 

is shown in Figure 2.3. The results shown are the mean of three separate 

investigations. A calcium concentration of 1.0 mM gave the most linear response 

and was used in all subsequent analyses.
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Figure 2.3 The effect o f increasing calcium concentrations (0, 0.5, 1.0, 2.5 and 5.0 

mM) on the absorbance ofS-lOOb standards. Each point represents the mean ±  SD 

of three separate investigations
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2.3.8 Minimum sample volume required

Increasing volumes of S-lOOb standards were analysed to investigate the minimum 

volume of sample required. A set of standard curves was set up using 10 pL, 25 pL, 

50 pL and 100 pL of sample. The maximal and most linear response was obtained 

using 50 pL of sample.

— 10 microlitre 
—■— 25 microlitre 
—A— 50 microlitre 
—x —100 microlitre

Figure 2.4 The effect o f increasing sample volume on the shape o f the standard 

curve. Each point represents the mean ±SD  o f three separate investigations

2.3.9 The effect of different sample incubation temperatures and times on the 

S-lOOb standard curve

The effect of different sample incubation temperatures and times on the standard 

curve was investigated by incubating S-lOOb standards at 4°C, room temperature and

at 37°C for different lengths of time. Four different combinations of temperature

and time were chosen; 4°C for 5 hours and overnight, room temperature for 5 hours
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and 37°C for 1 hour. Although incubating the samples at 4°C overnight gave the

highest absorbances, it also gave the highest background and gave a relatively flat 

dose response curve between 1.0-2.5 ng/mL. The lowest absorbances were obtained

by incubating the samples at 4°C for 5 hours, but the best dose response curves were

obtained by incubating the samples at either room temperature for 5 hours or 37°C 

for 1 hour. The latter combination was chosen as it required less time.

— 4°C 5 hrs 
— RT 5 hrs 
—A— 4°C O/N 
—e—37°C 1 hr

0 0.5 1 1.5 2 2.5

S-lOOb ng/mL

Figure 2.5 Effect o f time and temperature o f sample incubation on the S-lOOb dose- 

response curve. Results expressed as mean ±  SD o f three replicate analyses

2.3.10 Effect of storage temperature on CSF S-lOOb concentrations

Aliquots of three separate CSF samples were stored at both -20°C and at 4°C in

polypropylene tubes. Each CSF sample was analysed on day 0 and at intervals over 

the next 55 days. The results were expressed as a percentage of the original value 

and are shown in Figure 2.6. CSF S-lOOb concentrations were stable in CSF
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samples stored at -20°C and at 4°C for at least 30 days after which time the 

concentrations were seen to gradually decline.
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Figure 2.6 The effect o f storage conditions on CSF S-lOOb concentrations. The 

results are expressed as the percentage o f the original value. The results shown are 

the mean ±  SD o f three CSF samples

2.3.11 Effect of repeating freezing and thawing on CSF S-lOOb concentrations

CSF S-lOOb concentrations were measured in four CSF samples on the day they

were received by the laboratory. These samples were subsequently stored at -20°C

in polypropylene tubes and subjected to a number of freeze-thaw cycles over a four 

week period. S-lOOb concentrations were measured after each freeze-thaw cycle and 

were expressed as a percentage of the original S-lOOb concentration. The results are 

shown in Figure 2.7.
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Figure 2.7 The effect o f freeze-thaw cycles on CSF S-lOOb concentrations. The 

results are expressed as the percentage o f the original value. The results shown are 

the mean ±  SD of four CSF samples

CSF S-lOOb concentrations were able to withstand at least four freeze-thaw cycles, 

after which the concentrations may be affected.

2.4 Comparison of in-house S-lOOb ELISA with commercially available

assays

2.4.1 S-100 micro-enzyme linked immunoassay

The calibration of the in-house S-lOOb ELISA was compared with a commercially 

available S-100 ELISA called S-100 micro-EIA (InRo BioMedTek AB/ Medisera 

AB) supplied by Affiniti Research Products. The S-100 micro-EIA is a double 

monoclonal-antibody enzyme immunoassay. Antibodies directed against S-100 are 

bound to the surface of the wells of a microtitre plate, and react with S-100 in the 

sample. After washing a second monoclonal antibody against S-100 which is
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conjugated to p-galactosidase, is added. The conjugated anti S-100 antibody binds to 

the bound S-100 in a sandwich. The p-galactosidase is released by the addition of 

the reducing compound glutathione and reacts with the colourless substrate 

o-nitrophenol-p-galactoside to form yellow o-nitrophenol and colourless galactose. 

The absorbance at 410 nm is proportional to the amount of S-100 in the sample.

2.4.2 Comparison of the in-house S-lOOb ELISA and the S-100 micro-EIA 

calibration

The standards supplied with the S-100 micro-EIA assay were assayed using the in- 

house S-lOOb ELISA. The concentrations measured using the in-house S-lOOb 

ELISA were compared to those quoted in the literature accompanying the 

commercial assay, the results are shown in Table 2.1.

Micro-EIA S-100 

standard concentrations 

(ng/mL)

Measured S-lOOb 

concentration using 

in-house ELISA (ng/mL)

Measured S-lOOb (in- 

house)/ quoted S-100 

micro-EIA

0 0 0

0.15 0.08 0.53

0.5 0.09 0.18

1.5 0.16 0.11

5.0 0.48 0.10

Table 2.1 S-lOOb concentration of S-100 micro-EIA standards when assayed using 

the in-house S-lOOb ELISA
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The in-house S-lOOb ELISA only detected an average of 23% of the S-100 micro- 

EIA standards. The information which accompanied the kit did not contain detailed 

information about the composition of the S-100 standards and it is possible that these 

standards contained a mixture of S-lOOb, which is detected by the in-house S-lOOb 

ELISA, and S-lOOa which is not. If this is true, the monoclonal antibodies in the 

S-100 micro-EIA will be able to measure both the a  and (3 subunits of S-100 and as a 

result should be able to measure all of the S-lOOb in the in-house standards. To 

check this, the in-house standards were measured using the S-100 micro-EIA and the 

results are shown in Table 2.2.

In-house S-lOOb 

standard 

concentrations (ng/mL)

Measured S-100 

concentration using S-100 

micro-EIA (ng/mL)

Measured S-100 

(micro-EIA)/ S-lOOb 

in-house value

0 0 0

0.5 0.8 1.6

1 1.05 1.05

2.5 2.0 0.8

5.0 4.8 0.96

Table 2.2 S-100 concentration o f in-house S-lOOb standards when assayed using the 

S-100 micro-EIA

The S-100 micro-EIA measured nearly all the amount of S-lOOb in the in-house 

standards. This suggested that the S-100 micro-EIA measured both 

S-lOOa and S-lOOb and that the standards supplied in the S-100 micro-EIA assay 

contained both forms of S-100.
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2.4.3 Comparison of the in-house S-lOOb ELISA and the Sangtec® S-100 

IRMA calibration

The in-house S-lOOb ELISA was compared to a second commercially available 

assay, the Sangtec® S-100 IRMA, supplied by Cambridge Life Sciences, Cambridge, 

UK. This method uses two capture monoclonal antibodies against S-100 coated on 

to a solid phase bead and a third beta subunit specific monoclonal antibody labelled 

with I125 as a detector antibody. A direct comparison between the two S-100 

methods was not possible as the National Hospital for Neurology and Neurosurgery 

did not have the necessary facilities to measure and handle radioisotopes. 

Nevertheless an investigation into the calibration of the two methods was possible by 

comparing the two sets of standards.

The standards provided in the Sangtec® S-100 IRMA kit were assayed using the in- 

house ELISA and the concentrations obtained compared to those assigned to the 

standards. The results are shown in Table 2.3.
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Sangtec S-100® IRMA 

S-100 standard 

concentrations (ng/mL)

Measured S-lOOb 

concentration using 

in-house ELISA (ng/mL)

Measured S-lOOb 

(In-house ELISA)/ S-100 

(Sangtec S-100® IRMA) 

value
0 0.07 0

0.1 0.08 0.8

0.5 0.18 0.36

1.0 0.32 0.32

5.0 2.54 0.5

Table 2.3 S-lOOb concentration o f Sangtec® S-100 IRMA standards when assayed 

using the in-house S-lOOb ELISA

The in-house ELISA measured approximately 50% of the amount of the Sangtec® 

S-100 IRMA standards. The data sheet accompanying the Sangtec® S-100 IRMA 

contained little information as to the composition of the standards. To check 

whether these standards contained S-lOOa, they were measured using the S-100 

micro-EIA which measures both S-lOOb and S-lOOa. The results are shown in Table 

2.4.
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Sangtec® S-100 IRMA 

S-100 standard 

concentrations (ng/mL)

Measured S-100 

concentration using 

micro-EIA (ng/mL)

Measured S-100 (micro-EIA)/ 

S-100 (Sangtec® S-100 IRMA) 

value

0 0.6

0.5 0.65 1.3

1 0.7 0.7

5 1.8 0.36

10 5.0 0.5

20 10.7 0.5

60 41.9 0.7

Table 2.4 S-100 concentration o f Sangtec® S-100 IRMA standards when assayed 

using the S-100 micro-EIA

The micro-EIA S-100 measured on average 70% of the Sangtec® S-100 IRMA 

standards. This suggested that although there may be S-lOOa in the Sangtec® S-100 

IRMA standards this did not entirely account for the difference between their values 

and those of the in-house standards.

2.4.4 Comparison of the in-house S-lOOb ELISA and the Sangtec® S-100 

IRMA using patient samples

To investigate whether this difference in calibration was paralleled by a difference in 

S-100 results using patient samples, 28 serum samples from three patients with 

severe head injury were measured using the Sangtec® S-100 IRMA and the in-house 

S-lOOb ELISA. The serum samples were analysed using the Sangtec® S-100 IRMA
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at the Clinical Biochemistry Department at The Royal London Hospitals NHS Trust. 

The results obtained using the in-house S-lOOb ELISA were lower, being 

approximately 40% of those obtained using the Sangtec® S-100 IRMA (Figure 2.8).

r\
The correlation between the two methods was good (r = 0.93) when Sangtec® S-100 

IRMA results of below 1 ng/mL were excluded (Figure 2.9). This probably reflects 

the insensitivity of the Sangtec® S-100 IRMA at this level where results were 

obtained by extrapolating below the bottom calibrant of the standard curve.
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Figure 2.8 Correlation between all serum S-100 results from patients with head 

injury when measured using Sangtec® S-100 IRMA and in-house S-lOOb ELISA
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Figure 2.9 Correlation between serum S-100 results from patients with head injury 

when measured using Sangtec® S-100 IRMA and in-house S-lOOb ELISA. Sangtec® 

S-100 IRMA S-lOOb concentrations o f less than 1 ng/mL excluded

The difference between the results obtained with these two assays can be explained 

by the difference in calibration. The calibrants used in the Sangtec® S-100 IRMA 

may possibly contain S-lOOa as well as S-lOOb, but in addition to this there was a 

difference in the assigned values. This difference could not be fully explained even 

after discussion with the company involved.

The reference ranges quoted in the literature for CSF concentrations of S-lOOb in 

patients with non-neurological disease vary considerably. Persson et al., 1987 quoted 

a value of <1 to 6.8 ng/mL, Noppe et al., 1986 a value of less than 0.8 ng/mL, Van 

Engelen et al., 1992 a range of 0.22-1.21 ng/mL and Mokuno et al., 1983 a value of 

0.16-0.52 ng/mL and Missler et al., 1995 a range of 0.94 - 1.92 ng/mL. The 

reference range obtained using the method described in this section (0.18 ± 0.09 

ng/mL) agreed closely with that obtained by Mokuno et al., 1983. The reasons for
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the widely differing reference ranges obtained using these methods, are the different 

calibrants used and the specificities of the antibodies used. Until an international 

calibrant is produced, these differences in S-lOOb concentrations will persist and 

mean that direct comparison of results from different studies will not be possible. It 

also highlights the importance of obtaining method specific reference ranges.

In conclusion the in-house ELISA described in this section is sensitive, specific for 

S-lOOb, and cheaper than the commercially available assays.
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Chapter 3 - Cerebrospinal fluid concentrations of S-lOOb

3.1 Introduction

Cerebrospinal fluid concentrations of S-lOOb were measured in 404 CSF samples 

from patients with a variety of neurological conditions, using the ELISA assay 

described in the Chapter 2. The majority of these samples were obtained from The 

National Hospital for Neurology, with a smaller number of samples being sent to the 

laboratory from hospitals within the United Kingdom or from within Europe. All 

CSF samples received by the laboratory were centrifuged on receipt and the 

supernatant frozen at -20°C within 24 hours. Wherever possible, CSF samples 

received from hospitals other than The National Hospital for Neurology and 

Neurosurgery, were centrifuged and stored at -20°C before being sent to the

laboratory on dry-ice. The final clinical diagnosis was obtained from the discharge 

summary; if this was unclear the medical records were examined by a departmental 

neurologist. The diagnoses in patients with suspected Creutzfeldt-Jakob disease were 

confirmed by neurologists at The National CJD Surveillance Unit, Edinburgh.

Serum and CSF samples from cattle suspected of having bovine spongiform 

encephalopathy (BSE) were also investigated. These samples were provided by the 

Ministry of Agriculture, Food and Fisheries (MAFF) central veterinary laboratory in 

Weybridge, Surrey.
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3.2 CSF S-lOOb in control subjects

One of the major problems in the investigation of CSF proteins is the lack of a 

suitable source of control material. As obtaining CSF by lumbar puncture can cause 

headache and is not without risk, it is hard to find healthy volunteers willing to 

undergo such a procedure. Consequently the control data in this study comes from 

patients with various diseases who have had a lumbar puncture taken as part of their 

diagnostic work up.

Twenty-one patients (mean age 43.3 ± 14.3 years, range 27-74 years; 7M :14F) with 

no evidence of organic brain disease at the time of discharge were used as controls, 

of these patients 9 had headaches, 8 had various neuralgia and 4 had psychological 

syndromes. The cerebrospinal fluid concentration of S-lOOb in this group of patients 

was 0.18 ± 0.09 ng/mL (mean ± SD). The CSF S-lOOb concentration gradually 

increased with age (y = 0.0021x + 0.086) (Figure 3.1). This is in agreement with 

Van Engelen et al., 1992. The reference range for patients greater than 50 years old 

was 0.22 ± 0.05 ng/mL. An upper limit of normal was taken to be 0.39 ng/mL.

There was no affect of gender on the CSF S-lOOb concentrations with the 

concentration being 0.18 ± 0.09 ng/mL (mean ± SD) in females and 0.18 ± 0.04 

ng/mL (mean ± SD) in males.
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Figure 3.1 The effect o f age on CSF concentrations o f S-100b

3.3 CSF S-lOOb concentrations in patients with central nervous system 

(CNS) tissue damage and comparison with CNS inflammation

Cerebrospinal fluid concentrations of S-lOOb have been reported to increase in 

conditions associated with neuronal loss, such as brain tumours and strokes (Sindic 

et al., 1982; Mokuno et al., 1983; Noppe et al., 1986; Persson et al., 1987; Lamers et 

al., 1995), and in inflammatory diseases of the central nervous system, such as 

meningitis and Guillain-Barre syndrome (Sindic et al., 1982; Mokuno et al., 1983; 

Persson et al., 1987; Mokuno et al., 1994; Lamers et al., 1995). Much of the earlier 

work investigating CSF S-100 concentrations was done using methods which failed 

to distinguish between the alpha and beta subunits. The aim of this part of the study 

was to use the sensitive and beta subunit specific ELISA previously described to 

investigate CSF S-lOOb concentrations in a variety of neurological conditions.
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The first group of patients studied was a group associated with acute damage to 

central nervous system (CNS) tissue due to diseases such as strokes, space occupying 

lesions such as brain tumours and finally patients with slowly progressive damage to 

the CNS due to either increased intracranial pressure or due to compression of the 

brain. These patients with CNS damage were compared to patients with 

inflammatory diseases of the central nervous system. The synthesis and release of 

S-lOOb has been shown to be increased by interleukin-1 (Wu et al., 1993) so CSF 

concentrations would be expected to be increased in inflammatory conditions of the 

central nervous system. CSF S-lOOb concentrations have been reported to be 

increased in Guillain-Barre syndrome (Sindic et al., 1982; Mokuno et al., 1994) but 

there have been conflicting reports about the CSF S-lOOb concentrations in patients 

with multiple sclerosis (Michetti et al., 1980; Massaro et al., 1985; Noppe et al.,

1986; Lamers et al., 1995).

3.3.1 CSF S-lOOb concentrations in diseases with CNS tissue damage

CSF S-lOOb was measured in nineteen patients with cerebrovascular disease (mean 

age: 52.9 ± 13.8 years, range 17-77; 12M:7F). Nine of these patients had had a 

haemorrhagic stroke, 3 an ischaemic stroke and 7 an unspecified type of stroke. 

Fourteen patients with central nervous system malignancies were also investigated 

(mean age: 49.9 ± 19.8 years, range 20-69; 10M:4F). Of these patients 5 had benign 

tumours of the meninges, 2 had benign pituitary tumours, 5 had various malignant 

tumours and 2 had an unspecified type of malignancy. Fourteen patients with slowly 

progressing CNS damage were also investigated (mean age: 41.9 ± 13.6 years, range 

24-67; 7M:7F). Of these patients 6 had hydrocephalus, 3 had dystonia, 2 had benign
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intracranial hypertension, 1 had cervical cord compression, 1 had chondrodysplasia 

punctata and 1 had syringomyelia/Arnold Chiari malformation. Statistical analysis 

was performed using Mann-Whitney U test.

The CSF S-lOOb concentrations in these groups of patients are shown in Figure 3.2. 

The mean CSF S-lOOb concentrations were significantly raised in patients with 

cerebrovascular disease (7.90 ± 18.9 ng/mL, p< 0.02) and in patients with central 

nervous system malignancies (1.77 ± 1.86 ng/mL, p<0.02) when compared to control 

subjects. Four patients with cerebrovascular disease had CSF S-lOOb concentrations 

of greater than 10 ng/mL. All of these patients had a large intracerebral bleed and 

three of them subsequently died. There was no difference between the mean CSF 

S-lOOb concentrations seen in patients with benign tumours when compared to 

malignant tumors (1.30 ± 1.42 ng/mL vs 1.42 ± 1.48 ng/mL respectively). Although 

the mean S-lOOb concentration was raised in patients with cerebrovascular disease 

and in patients with brain tumours, not all patients had raised levels. Five patients 

with brain tumours and 8 patients with cerebrovascular disease had concentrations of 

S-lOOb that were considered to be normal. Two of these patients had benign 

pituitary tumours, two unspecified malignant tumours and one malignant tumour of 

the ethmoidal sinus. CSF S-lOOb concentrations were not significantly raised in 

patients with slowly progressing damage to the central nervous system (0.26 ± 0.20 

ng/mL, p=ns) when compared to control subjects, although 3 patients with 

hydrocephalus did have concentrations that were considered abnormal. These results 

agree with those of Sindic et al., 1982; Mokuno et al., 1983; Persson et al., 1987; and 

Lamers et al., 1995 who found raised concentrations of S-lOOb in patients with
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strokes and with the findings of Sindic et al., 1982; Mokuno et al., 1983; Noppe et 

al., 1986 who reported raised concentrations in patients with brain tumours. 

Therefore diseases associated with acute damage to the CNS or space occupying 

lesions may have raised CSF S-lOOb concentrations. In contrast, patients with 

slowly progressing damage to the CNS did not have significantly raised CSF S-lOOb 

concentrations, suggesting that S-lOOb may not be a useful marker of small amounts 

of CNS damage occurring over longer time.

0.0

Figure 3.2 Combined scatter and box and whisker plots o f CSF concentrations of 

S-lOOb in control subjects (O), patients with cerebrovascular disease (A), patients 

with malignancies o f the central nervous system CNS (■) and patients with slowly 

progressing CNS damage (♦). The boxes represent the 25th-75th quartile, divided 

horizontally by the median, the whiskers represent the range and the adjacent scatter 

plots represent the individual values from which the boxes and whiskers are derived. 

The horizontal dotted line represents the upper limit of normal (2.5 SD above the 

mean o f the control subjects)
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3.2.2 CSF S-lOOb concentrations in inflammatory diseases of the central 

nervous system

CSF S-lOOb concentrations were measured in 38 patients with multiple sclerosis 

(MS) (mean age: 48.5 ± 13.8 years, range 31-70; 19M: 18F). All of these patients 

had relapsing and remitting multiple sclerosis, but unfortunately no information was 

available concerning time between last relapse and the CSF sample being taken. 

Eighteen patients with various inflammatory diseases of the central nervous system 

(mean age 51.1 ± 18.3, range 28-55; 8M:10F) were also investigated. Of these 

patients 6 had an unspecified demyelinating disease of the central nervous system,

3 had autoimmune disease affecting the CNS, 3 had neuralgia, 2 had Guillain-Barre 

syndrome, 2 had sarcoidosis, 1 had intracranial phlebitis and 1 had transverse 

myelitis. Statistical analysis was performed using Mann-Whitney U test

The mean CSF S-lOOb concentrations in both of these groups are shown in Table 

3.1. In neither group was the S-lOOb concentration significantly increased, although 

some samples did show elevated levels. Of the patients with multiple sclerosis 5% 

of patients had marginally elevated concentrations (0.41 ng/mL and 0.47 ng/mL); 

this agrees closely with other studies; Sindic et al., 1982 found 6% of patients with 

MS had raised CSF S-lOOb concentrations, whilst a more recent study found 1% of 

patients had elevated concentrations (Lamers et al., 1995). The latter study also 

found that a greater proportion of patients with chronic progressive MS had raised 

concentrations when compared to patients with relapsing and remitting MS. This 

suggests that CSF S-lOOb concentrations may depend on the clinical type of MS. An 

early study (Massaro et al., 1985) investigated the time course of S-lOOb release into
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the CSF after acute exacerbation, and found that raised concentrations were detected 

5 days after the first symptoms and reached maximal concentrations at three weeks. 

This suggests that CSF S-lOOb concentrations may be related to the type of MS and 

also to the time after relapse. The mean CSF S-lOOb concentration was not 

significantly raised in patients with inflammatory disease of the central nervous 

system (0.20 ± 0.06 ng/mL). Although the number of patients studied here is small, 

the results suggest that CSF S-lOOb may be increased in only a small proportion of 

patients with inflammatory diseases of the brain. The increases seen are also of a 

smaller magnitude than those found in patients with acute neurological damage such 

as that which is seen in brain tumours and cerebrovascular accidents.

Patient Group (n)
S-lOOb ng/mL 

mean ± SD
Range

% samples S-lOOb 

> 0.39 ng/mL (n)

Control subjects (21) 0.18 ±0.07 0.05 - 0.39 0(0)

Multiple Sclerosis (38) 0.18 ± 0.10 0.05 - 0.47 5(2)

CNS Inflammatory disease (18) 0.20 ± 0.06 0.09 - 0.29 0(0)

Table 3.1 Concentrations of S- 100b in the cerebrospinal fluid of control subjects, 

patients with multiple sclerosis and patients with inflammatory diseases o f the 

central nervous system

3.4 Serial CSF S-lOOb concentrations

Measurement of CSF S-lOOb concentration can be a useful marker of CNS damage if 

it reflects recent events. Serial CSF samples were obtained from two patients: 

patient 1 after the insertion of a ventricular-peritoneal drain and patient 2 after the
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insertion of two external ventricular drains. In both cases the results obtained were 

related to the clinical course.

Patient 1, a 40 year old male with a frontal lobectomy for treatment of post traumatic 

generalised epilepsy, had 9 sequential CSF samples taken (Figure 3.3). This patient 

had had a lumbar peritoneal drain inserted for treatment of secondary hydrocephalus 

eight months prior to his admission. He was admitted following blockage of the 

lumbar peritoneal drain which was removed and replaced by a ventricular-peritoneal 

shunt on day 0. His post operative recovery was uneventful. The S-100b 

concentration was 4.67 ng/mL post operatively and declined to 0.51 ng/mL by day 5. 

By day 11 the concentration was within the reference range.

6
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Figure 3.3 Serial CSF S-lOOb concentrations in Patient 1 (■)
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In contrast to the uneventful outcome for patient 1, patient 2 had a complicated post

operative history which was reflected by the fluctuating CSF and serum S-lOOb 

concentrations. Patient 2, a 20 year old female with an optic nerve glioma, had 10 

sequential CSF samples taken and 4 serum samples (Figure 3.4). This patient had 

hydrocephalus secondary to the glioma, which was previously treated by the insertion 

of a ventricular-peritoneal (VP) shunt. Prior to admission the patient complained of 

headaches and was diagnosed as having a blocked shunt. On day 0 the VP shunt was 

removed and replaced with an external ventricular drain. The following day she was 

noted to be pyrexial and during the next two days her condition did not improve.

The external drain was reported as draining poorly during this time. The 

concentration of CSF S-lOOb in the drainage fluid was 2.1 ng/mL on day 1 and 

remained high at 2.5 ng/ml on day 3. During the evening of day 4 she had a seizure 

and it was decided to replace the external drain on day 6. Prior to surgery the CSF 

S-lOOb concentration had fallen to 0.47 ng/mL. The CSF S-lOOb post-operatively on 

day 6 was raised at 2.89 ng/mL, although the serum S-lOOb concentration was not 

detectable at this time. On day 7 the patient was pyrexial and coagulase negative 

staphylococcus was grown in culture from the drain CSF. The CSF S-lOOb was still 

raised at 1.13 ng/mL and S-lOOb was detectable in the serum at a concentration of 

1.7 ng/mL. Over the next four days the patient did not improve despite the 

administration of intrathecal vancomycin and the CSF collected during this time was 

blood stained. The CSF S-lOOb concentrations declined from day 7 to day 10 after 

which they started to rise reflecting the presence of CNS infection and/or damage.

On day 12 her condition deteriorated, she had another seizure and subsequently died. 

The serum S-lOOb concentrations mirrored those seen in the CSF.
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Figure 3.4 Serial CSF (■) and serum S-lOOb (□ ) concentrations in patient 2

The results from these two patients showed that CSF concentrations of S-lOOb 

declined steadily after an initial event when there were no complicating factors, but 

that a persistent increase in CSF S-lOOb concentrations suggested a continuing 

neurological insult. Hence CSF S-lOOb appears to be a marker of recent 

neurological damage.

3.5 CSF S-lOOb concentrations in sporadic Creutzfeldt-Jakob disease

CSF S-lOOb concentrations have been reported to be elevated in patients with 

sporadic CJD (Sindic et al., 1982; Noppe et al., 1986; Jimi et al., 1992; Otto et al., 

1997a). The two earlier reports only investigated small numbers of patients and 

compared the results to either healthy controls or patients with other neurological 

diseases. A study investigating serial CSF samples taken in 3 patients found that



CSF S-lOOb remained elevated throughout the course of the illness in all patients 

(Jimi et al., 1992). A more recent study (Otto et al., 1997a) measured CSF S-lOOb 

in 135 patients suspected of having CJD and found that patients with histologically 

confirmed and probable sporadic CJD had significantly raised CSF S-lOOb 

concentrations when compared to patients found not to have the disease.

This part of the study was designed to repeat such work using the in-house S-lOOb 

ELISA and to include patients with the familial, iatrogenic and the new variant forms 

of CJD.

CSF S-lOOb concentrations were measured in 78 patients with suspected sporadic 

CJD. Of these patients, 29 were subsequently found not to have CJD (mean age:

65.1 ± 13.0 years, range 40-82; 18M:1 IF) and thus acted as appropriate disease 

controls. Of the remaining patients 31 had histologically confirmed sporadic CJD 

(mean age: 66.2 ± 9.7 years, range 49-79; 17M: 14F), 10 had probable CJD (mean 

age: 65.0 ± 8.4 years, range 54-80; 6M: 4F) and 8 had possible CJD (mean age: 62.3 

± 8.8 years, range 51-75; 3M:5F). (see Appendix B for disease classification).

The mean concentration of CSF S-lOOb in patients with histologically confirmed 

sporadic CJD was significantly raised when compared to control patients (1.73 ±

1.44 ng/mL vs 0.53 ± 0.25 ng/mL, p < 0.001). The mean concentration of CSF 

S-lOOb was raised in patients with probable CJD (1.90 ± 0.86 ng/mL) as well as in 

patients with possible CJD (2.30 ± 3.46 ng/mL). This work confirms the work by 

Otto et al., 1997a. Statistical analysis was performed using the Mann-Whitney 

U test.
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Figure 3.5 Combined scatter and box and whisker plots o f CSF S-lOOb 

concentrations in patients initially suspected o f having sporadic CJD but later 

proven not to have ( • ) , patients with histologically confirmed sporadic CJD (A), 

patients with probable CJD (■) and patients with possible CJD (♦). The boxes 

represent the 25th-75th quartile, divided horizontally by the median, the whiskers 

represent the range and the adjacent scatter plots represent the individual values 

from which the boxes and whiskers are derived. The horizontal dotted line 

represents the upper limit o f normal (2.5 SD above the mean o f the control subjects)

The mean concentration of CSF S-lOOb was higher in patients initially suspected of 

having sporadic CJD but subsequently found not to have, when compared to healthy 

subjects (0.53 ± 0.25 ng/mL vs 0.18 ± 0.09 ng/mL). By definition these patients will 

have a dementing illness and the majority of these will have Alzheimer’s disease 

(Otto et al., 1997a). CSF S-lOOb concentrations in patients with Alzheimer’s disease 

and other non-CJD dementias will be discussed in section 3.8.

Most patients with CJD present with a rapidly progressing dementia and death 

usually occurs within 2-3 months (Collinge and Palmer, 1997). The acute nature of 

the disease is probably due to the rapid brain destruction which occurs in this
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condition. This results in S-lOOb being released from damaged astrocytes causing an 

increase in the concentrations of this protein in the CSF. The reactive astrocytosis 

found in this condition may also contribute to the raised CSF concentrations of 

S-lOOb. As patients with CJD have significantly increased CSF S-lOOb 

concentrations, measurement of this protein may be useful for diagnosis. The 

sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV) and efficiency of CSF S-lOOb for the diagnosis of histologically confirmed 

and probable sporadic CJD using four different cut-off concentrations is shown in 

Table 3.2. The greatest efficiency was obtained using a concentration of greater than 

0.5 ng/mL.

CSF S-lOOb 

>0.39 ng/mL

CSF S-lOOb 

>0.5 ng/mL

CSF S-lOOb 

>0.8 ng/mL

CSF S-lOOb 

>1.0 ng/mL

Sensitivity 100% 95% 71% 66%

Specificity 34% 66% 86% 93%

PPV 68% 80% 88% 93%

NPV 100% 90% 68% 68%

Efficiency 73% 83% 77% 77%

Table 3.2 The sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and efficiency o f CSF S-lOObfor the diagnosis o f 

histologically confirmed and probable sporadic CJD using four different 

concentrations
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3.6 CSF S-lOOb concentrations in patients with new variant Creutzfeldt- 

Jakob disease

As CSF S-lOOb concentrations were significantly increased in patients with sporadic 

CJD, it was decided to investigate whether they were raised in patients with the new 

variant form of this disease. CSF S-lOOb concentrations were measured in 59 

patients suspected of having new variant CJD. Nineteen of these patients had 

histologically confirmed new variant CJD (mean age 29.0 ± 10.4 years, range 18-53; 

9M: 10F), 8 patients were classified as probable (mean age 25.4 ±6.1 years, range 

19-39; 4M:4F) and 1 patient was classified as possible new variant CJD (age 22 

years, 1M). (see Appendix B for disease classification). Thirty-one patients (mean 

age 34.1 ± 13.1 years, range 15-56; 15M:16F) were found not to have the disease and 

acted as appropriate controls. The mean S-lOOb concentration was significantly 

raised in patients with histologically confirmed new variant CJD when compared to 

those patients without new variant CJD (1.03 ± 0.65 ng/mL vs 0.35 ± 0.21 ng/mL, 

p<0.001). The mean concentration of S-lOOb was 0.81 ± 0.51 ng/mL in patients with 

probable new variant CJD, and the patient with possible new variant CJD had a 

raised CSF S-lOOb of 0.83 ng/mL. Statistical analysis was performed using the 

Mann-Whitney U test.
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Figure 3.6 Combined scatter and box and whisker plots o f CSF S-lOOb 

concentrations in patients initially suspected of having new variant CJD but 

subsequently proven to have not to have (•) , patients with histologically confirmed 

new variant CJD (A) and patients with probable new variant CJD (■). The boxes 

represent the 25th-75th quartile, divided horizontally by the median, the whiskers 

represent the range and the adjacent scatter plots represent the individual values 

from which the boxes and whiskers are derived. The horizontal dotted line 

represents the upper limit o f normal (2.5 SD above the mean o f the control subjects)

The mean concentration of CSF S-lOOb was of a similar magnitude in patients with 

new variant CJD when compared to sporadic CJD (1.73 ± 1.44 vs 1.03 ± 0.65 

ng/mL). The mean concentration of CSF S-lOOb in patients suspected of having new 

variant CJD but later proven not to have, was lower than that seen in patients 

suspected of having sporadic CJD but proven not to have (0.53 ± 0.25 vs 0.35 ± 0.21 

ng/mL). This reflects the fact that different diseases may present as suspected cases 

of new variant when compared to sporadic CJD. The differential diagnosis for 

patients with sporadic CJD includes diseases like Alzheimer’s disease and cortical 

Lewy body disease. As new variant CJD has only recently been described there is 

little information about diseases which may present with similar clinical features.
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One patient with suspected new variant CJD who was found not to have the disease, 

had a raised CSF S-lOOb concentration of 1.2 ng/mL. The final diagnosis of this 

patient was not available at the time of writing.

One of the major differences between the clinical features of new variant when 

compared to sporadic CJD is the duration of illness. The median duration of illness 

for new variant is 16 months compared to 4.5 months for sporadic CJD. This 

suggests that new variant CJD may be a more slowly progressing disease. Despite 

the slower progression the mean CSF S-lOOb concentrations are of a similar 

magnitude to those seen in sporadic CJD.

Table 3.3. shows the sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and efficiency of CSF S-lOOb for the diagnosis of new 

variant CJD using four different cut-off concentrations. The best efficiency was 

obtained using a cut-off concentration of greater than 0.5 ng/mL.
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CSF S-lOOb 

>0.39 ng/mL

CSF S-lOOb 

>0.5 ng/mL

CSF S-lOOb 

>0.8 ng/mL

CSF S-lOOb 

>1.0 ng/mL

Sensitivity 89% 79% 53% 42%

Specificity 68% 84% 97% 97%

PPV 63% 75% 91% 89%

NPV 91% 87% 77% 73%

Efficiency 76% 82% 80% 76%

Table 3.3 The sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and efficiency of CSF S- 100b for the diagnosis o f 

histologically confirmed and probable new variant CJD using four different 

concentrations

3.7 CSF S-lOOb concentrations in patients with mutations of the PRNP gene 

and patients with iatrogenic Creutzfeldt-Jakob disease

Table 3.4 illustrates the CSF S-lOOb concentrations found in 4 patients with 

iatrogenic CJD secondary to the administration of human cadaveric growth hormone, 

3 patients with familial CJD and one patient with Gerstmann-Straussler-Scheinker 

syndrome (GSS). All patients were found to have elevated CSF S-lOOb 

concentrations. This supports the idea that CSF S-lOOb concentrations are elevated 

all forms of CJD. Patients with iatrogenic CJD secondary to human growth hormone 

administration usually present with cerebellar ataxia, with dementia occurring late in 

the disease. Patients with familial CJD may be indistinguishable clinically from 

patients with sporadic CJD, as in the case of patients with the PrP Glu-Lys200 

mutation, or they may present with cerebellar signs and symptoms. Patients with
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familial CJD tend to have an earlier age of onset of disease and a more protracted 

course. It is of interest that CSF S-lOOb concentrations were elevated in all patients 

with iatrogenic CJD and all mutations of the PRNP gene.

Type CJD Patient Id Mutation
Age

(years)
Sex

S-lOOb

ng/mL

Iatrogenic - GH Case 1 n/a 34 M 0.63

Iatrogenic - GH Case 2 n/a 37 M 1.74

Iatrogenic - GH Case 3 n/a 28 M 6.54

Iatrogenic - GH Case 4 n/a 27 F 1.23

Familial CJD Case 1 Insert 67 F 3.80

Familial CJD Case 2 Insert 66 M 0.90

Familial CJD Case 3 PrP Glu-Lys200 51 M 1.31

GSS Case 1 PrP Ala-Val117 44 F 0.46

Table 3.4 CSF S-lOOb concentrations in 4 patients with iatrogenic CJD secondary 

to growth hormone administration, 3 patients with familial CJD and 1 patient with 

Gerstmann-Straussler-Scheinker syndrome (GSS)

3.8 Serum and CSF S-lOOb concentrations in cattle with bovine spongiform 

encephalopathy (BSE)

As CSF S-lOOb concentrations were increased in patients with CJD a study was set 

up to investigate whether cattle with BSE had raised concentrations of serum and 

CSF S-lOOb.
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3.8.1 Serum S-lOOb concentrations in cattle with and without bovine

spongiform encephalopathy (BSE)

Blood samples were obtained from the jugular vein and were allowed to clot

overnight. The serum was removed and stored at -20°C. Blood samples were

obtained from 66 cattle with bovine spongiform encephalopathy (BSE), 14 cattle 

with clinical signs indistinguishable from BSE but histologically negative for BSE 

and 17 healthy cattle from New Zealand. The diagnosis of BSE was made by 

histological examination of the brain with immunohistochemical staining for the 

deposition of the disease associated abnormal prion protein (PrPsc). The mean serum 

S-lOOb concentrations in healthy cattle and in cattle with non-BSE disease were 

similar, being 0.11 ± 0.07 ng/mL and 0.10 ± 0.08 ng/mL respectively. An upper 

limit of normal was calculated from the mean + 2 SD of the serum S-lOOb 

concentrations in healthy cattle and found to be 0.26 ng/mL. The mean serum 

S-lOOb concentration in cattle with BSE was not significantly increased, being 0.16 

± 0.20 ng/mL (Table 3.5). Only nine (14%) cattle with BSE had serum S-lOOb 

concentrations which would have been considered abnormal. Statistical analysis was 

performed using the Mann-Whitney U test.

Disease Group (n)
S-lOOb ng/mL 

Mean ± SD
P value

Healthy Cattle (17) 0.11 ±0.07

Non-BSE Cattle (14) 0.10 ±0.08 ns

BSE Cattle (66) 0.16 ±0.20 ns

Table 3.5 Concentrations o f serum S-lOOb in healthy cattle, cattle with non-BSE 

disease and cattle with histologically confirmed BSE
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3.8.2 CSF concentrations of S-lOOb in cattle with and without BSE

Cerebrospinal fluid samples were taken from the lumbar sac of 50 cattle with BSE 

(mean age 71.2 ± 16.3 months) and 16 cattle with clinical signs indistinguishable 

from BSE but histologically negative for BSE (mean age 69.3 ± 26.1 months). The 

samples, taken prior to slaughter, were centrifuged and the supernatant stored at 

-20°C prior to analysis. There was no significant difference between CSF S-lOOb 

concentrations taken prior to slaughter and those taken immediately after (4.71 ± 

1.75 ng/mL vs 4.55 ± 1.55 ng/mL, p=ns). The mean CSF S-lOOb was significantly 

raised in cattle with BSE when compared to cattle without BSE (4.6 ± 3.8 ng/mL vs 

2.0 ± 0.6 ng/mL, p<0.006) (Figure 3.7). Statistical analysis performed using Mann- 

Whitney U test.
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Figure 3.7 Combined scatter and box and whisker plots o f CSF concentrations o f 

S-lOOb in cattle suspected o f having BSE but proven not to have ( • )  and cattle with 

histologically confirmed BSE (A). The boxes represents the 25th-75th quartile, 

divided horizontally by the median, the whiskers represent the range and the 

adjacent scatter plots represents the individual values from which the boxes and 

whiskers are derived
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To obtain blood and CSF from cattle which could be guaranteed free from exposure 

to the BSE agent, it was necessary to import bovine samples from New Zealand, a 

country without a history of scrapie or BSE. Serum samples were obtained via this 

route but it was not possible to obtain CSF samples. Therefore a reference range for 

CSF S-lOOb in healthy cattle could not be established. Using a cut-off concentration 

of CSF S-lOOb of 3.18 ng/mL, calculated from the mean + 2 SD of S-lOOb 

concentrations in cattle without BSE, 50% of BSE affected cattle were found to have 

elevated CSF S-lOOb concentrations. This suggested that CSF S-lOOb 

concentrations are not sensitive enough to be used on their own as a diagnostic test. 

An elevated CSF S-lOOb may be indicative of BSE but a low concentration would 

not be able to exclude it. One reason for the poor sensitivity when compared to CJD 

may be the stage of illness at which the CSF sample is taken. Cattle with clinical 

signs of BSE are examined by veterinary officers, have clinical samples taken and 

are subsequently slaughtered. In contrast, patients with human TSEs are nursed and 

have a longer protracted illness. It is possible that the CSF samples are taken earlier 

in the disease course in BSE than in CJD. However, there was no correlation 

between CSF S-lOOb concentrations and duration of symptoms measured in days in 

the cattle with BSE in this study, r2 = 0.005 (Figure 3.8). It is possible that the 

number of cattle investigated and the time window of symptoms is too small for a 

relationship between duration of illness and CSF S-lOOb concentrations to become 

evident. A study investigating the time course of CSF S-lOOb concentrations in 

cattle inoculated with the BSE agent is in progress in collaboration with Roy 

Jackman, Central Veterinary Laboratory, Weybridge, UK.
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Figure 3.8 Relationship between the duration of symptoms prior to lumbar puncture 

and CSF S-lOOb concentrations in cattle with BSE

3.9 CSF S-lOOb concentrations in patients with Alzheimer’s disease and 

other non-CJD dementias

In section 3.6 it was shown that patients who were initially suspected of having 

sporadic CJD but who were subsequently proven to have another diagnosis had 

marginally increased concentrations of CSF S-lOOb (0.53 ± 0.25 ng/mL). The 

majority of these patients would probably have had Alzheimer’s disease, but 

obtaining a histologically confirmed diagnosis in this group patients is difficult as 

many would not have had post-mortems performed. It is well known that many 

forms of dementia such as Alzheimer’s disease and frontotemporal dementia are 

associated with astrocytosis (Mann et al., 1993; Sheng et al., 1994; Brun et al.,

1994). This study was established to investigate whether CSF S-lOOb concentrations 

are raised in patients with non-CJD dementia.
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CSF S-lOOb concentrations were measured in 30 patients with Alzheimer’s disease 

(mean age 59.3 ± 9.03, range 48-74 years; 17M: 13F). Twenty-six of these patients 

had the sporadic form of the disease, and 3 had familial Alzheimer’s disease, two 

patients had a mutation in the amyloid precursor protein gene on Chromosome 21 

and 1 had familial Alzheimer’s disease due to a mutation in the presenilin 1 gene on 

chromosome 14. Twenty six patients with frontotemporal dementia (mean age 61.6 

±7.2, range 41-72 years; 18M:8F), 8 patients with cortical Lewy body disease (mean 

age 60.0 ±12.1, range 47-71 years; 6M:2F), 7 patients with corticobasal 

degeneration (mean age 66.7 ± 12.5, range 44-78 years; 4M:3F) and 21 patients with 

unspecified dementia (mean age 54 ± 12.1, range 33-78 years; 10M:1 IF) were also 

investigated. CSF S-lOOb concentrations were also measured in a group of 19 

patients with degenerative diseases of the central nervous system who had associated 

cognitive impairment (mean age 63.0 ± 8.9, range 37-76 years; 14M:5F). Five of 

these patients had progressive supranuclear palsy, 4 had motor neurone disease,

3 had multi-system atrophy, 3 had dementia associated with Parkinson’s disease and

4 had dementia associated with an undefined degenerative process.

For each of the patients with Alzheimer’s disease (AD) and frontotemporal dementia 

(FTD), the S-lOOb concentrations were related to the mini mental state examination 

(MMSE), age at onset of disease and duration of illness.

The mean concentrations of CSF S-lOOb in dementia are shown in Table 3.6. The 

mean S-lOOb concentration was significantly raised in patients with frontotemporal 

dementia. Although the mean CSF S-lOOb concentration was raised in patients with
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Alzheimer’s disease, this increase failed to reach significance. The magnitude of 

these increases was small with only 10% of patients having concentrations above 

0.8 ng/mL. The mean concentration of CSF S-lOOb was also increased in patients 

with corticobasal degeneration (0.62 ± 0.69 ng/mL). Statistical analysis was 

performed using one way ANOVA with Bonferoni modification using SPSS.

For patients with Alzheimer’s disease and frontotemporal dementia there was no 

correlation between the CSF S-lOOb concentrations and the MMSE at the time of 

CSF sampling (r2 = 0.004), between CSF S-lOOb and age at onset (r2 = 0.006) nor 

between CSF S-lOOb and duration of illness (r2= 0.0004). There is evidence to 

suggest that S-lOOb may play a role in the degenerating process in Alzheimer’s 

disease (AD). Concentrations of S-lOOb are increased up to 20 fold in the brain 

tissue of patients with Alzheimer’s disease when compared to age-matched controls 

without dementia (Pena et al., 1995) and the pattern of elevation across the different 

cerebral regions corresponds to those areas most affected with the disease (Van Eldik 

et al., 1994). Histological examination of brain tissue from AD patients has shown 

that reactive astrocytes containing elevated concentrations of S-lOOb are 

associated with neurofibrillary tangles (Yamaguchi et al., 1987). S-lOOb has been 

shown to stimulate neuritic outgrowth and increase intraneuronal calcium and has 

been proposed as a mediator of the cytokine induced degeneration seen in AD (Mrak 

et al., 1995). Severe astrocytosis is also seen in patients with frontotemporal 

dementia, particularly in patients with Pick’s disease (Mann et al., 1993; Brun et al., 

1994). The small elevation in mean CSF S-lOOb concentrations seen in patients with 

dementia, not associated with CJD, probably reflects the degree of astrocytosis which 

occurs in these diseases.
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3.10 CSF S-lOOb concentrations in patients with Human Immunodeficiency 

Virus (HIV) infection

CSF S-lOOb was measured in samples of CSF obtained from 73 consecutive HIV 

infected patients (mean age: 38.1 ± 7.9 years, range 27-62; 52M:21F) who were 

undergoing diagnostic lumbar puncture for assessment of possible neurological 

disease. Thirty-two patients had HIV associated dementia complex (ADC) and all 

had stage 2 or greater dementia according to the Memorial Slone Kettering Criteria 

(Price and Brew, 1988). Sixteen had systemic p-cell lymphoma and were being 

investigated for possible cerebral involvement, 4 had primary CNS lymphoma and 

21 had CNS infections (7 had cryptococcal meningitis, 5 had cytomegalovirus 

(CMV) encephalitis, 6 had varicella zoster virus (VZV) meningoencephalitis, 3 had 

cerebral toxoplasmosis).

The mean CSF S-lOOb concentration was not significantly raised in patients with 

ADC when compared to control subjects (0.36 ± 0.28 ng/mL vs 0.18 ± 0.09 ng/mL, 

p=ns), although 31% of patients had S-lOOb concentrations which would have been 

considered abnormal. The mean concentration of CSF S-lOOb tended to be raised in 

patients with CNS lymphoma (0.57 ± 0.40 ng/mL) but this did not reach significance 

when compared to control subjects.

The CSF S-lOOb concentrations were significantly raised in patients with CNS 

infections when compared to control subjects (2.16 ± 3.4 ng/mL vs 0.18 ± 0.09 

ng/mL, p<0.02). Patients with CNS infections had CSF S-lOOb concentrations
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which were also significantly raised when compared to patients with ADC (2.16 ±

3.4 ng/mL vs 0.36 ± 0.28 ng/mL, p<0.02) and patients with CNS lymphoma (2.16 ±

3.4 ng/mL vs 0.57 ± 0.4 ng/mL, p<0.05).

Of the 6 HIV infected patients with infections who had CSF S-lOOb levels higher 

than those seen in the ADC group (Figure 3.9), 3 had VZV meningoencephalitis, 2 

had CMV encephalitis and 1 had cerebral toxoplasmosis.

These results showed that whilst CSF S-lOOb concentrations were raised in some 

patients with ADC, there was considerable overlap with S-lOOb concentrations seen 

in patients with CNS infections and lymphoma. CSF S-lOOb concentrations greater 

than 2.0 ng/mL were associated with CNS infections rather than either ADC or CNS 

lymphoma.
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Figure 3.9 Combined scatter and box and whisker plots o f cerebrospinal fluid  

concentrations ofS-lOOb in controls subjects (O), patients with ADC ( •) , systemic 

and CNS lymphoma (■) and CNS infections (A). The boxes represents the 25th-75th 

quartile, divided horizontally by the median, the whiskers represent the range and 

the adjacent scatter plots represent the individual values from which the boxes and 

whiskers are derived. The horizontal dotted line is represents the upper limit o f 

normal (2.5 SD above the mean o f the control subjects)

There was no correlation between the CD4 count in patients with HIV infections and

the CSF S-lOOb concentrations (r = 0.0066).

3.11 General discussion of CSF S-lOOb results

Astrocytes are the most numerous cells within the CNS, outnumbering neurones by 

ten to one and make up one third of the brain volume (Norenberg et al., 1994). 

Traditionally astrocytes were considered functionally inert structural cells, this is no 

longer thought to be the case. Astrocytes are not isolated cells but are arranged in 

syncytium mediated through gap junctions (Kettenmann et al., 1983). They are 

involved in many processes within the CNS such as neuronal migration, neurite 

outgrowth, synaptogenesis, regulation of the blood brain barrier, maintenance of
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water, ion and neurotransmitter metabolism, energy and nutritional support of 

neurones, modulation of immune responses and phagocytic function (Norenberg et 

al., 1994). In addition astrocytes possess many enzyme systems that enable them to 

metabolise glutamate, ammonia and free radicals (Norenberg et al., 1994), which 

may be released as a result of neurological injury.

Astrocytes swell in response to CNS trauma such as hypoxia and injury. This is 

mediated by an influx of water secondary to an increase in intracellular osmolality, 

caused by increased intracellular concentrations of Na+, K+ or glutamate. Other 

toxic agents such as free radicals or ammonia may also be involved. This swelling 

affects astrocyte integrity and function and as a result astrocytic proteins, such as 

S-lOOb, may be released. The results described in section 3.2.1 illustrate that 

elevated concentrations of CSF S-lOOb were found in hypoxic injury such as 

intracerebral haemorrhage and infarction. Increased concentrations were also seen in 

space occupying lesions such as brain tumours, which can be thought of CNS injury. 

The CSF S-lOOb concentrations in these cases could therefore be taken as a measure 

of astrocytic integrity.

Not all forms of CNS injury are associated with raised concentrations of CSF 

S-lOOb. Section 3.2.1 showed that CSF S-lOOb were not significantly raised in 

patients with diseases associated with slowly progressing damage to the central 

nervous system. In these cases it is possible that the amount and rate of brain 

damage was such that the astrocytic response could effectively cope with the released 

toxins without loosing any functional integrity.
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Measurement of serial CSF S-lOOb concentrations in 2 patients with ventricular 

peritoneal drains, showed the close association between CSF S-lOOb concentrations 

and clinical outcome. It also demonstrated that CSF S-lOOb concentrations reflect 

recent events as the concentrations rapidly rose and fell in response to the clinical 

situation.

In addition to swelling, astrocytes can undergo other morphological changes, such 

cytoplasmic hypertrophy, production of long, thick cytoplasmic processes with the 

nuclear enlargement and increased amounts of chromatin. There are ultrastructural 

changes which include increased numbers of mitochondria, golgi complexes, 

endoplasmic reticulum and the appearance of bundles of intermediate filaments 

containing glial fibrillary acidic protein (GFAp) and vimentin. These astrocytes are 

known as reactive astrocytes and represent the most characteristic astrocytic response 

seen in the CNS. Reactive astrocytes respond to interleukin-1 (IL-1) by upregulating 

the expression of a number of cytokines such as interleukin-6 (IL-6), interleukin-8 

(IL-8), colony stimulating factor-1 (CSF-1), granulocyte-macrophage CSF, 

granulocyte CSF, tumour necrosis factor-a (TNF-a), S-lOOb and the production of 

astrocyte derived apolipoprotein E (Apo E) (Mrak et al., 1995).

Reactive astrocytosis is a common feature of Alzheimer’s disease, frontotemporal 

dementia and AIDS dementia complex (ADC). In Alzheimer’s disease reactive 

astrocytes are found surrounding neuritic plaques with their processes extending into 

the core of the plaques. S-lOOb has autocrine effects including astrocytic 

hypertrophy and proliferation and increasing astrocytic intracellular calcium 

concentrations. In addition, S-lOOb has been shown to be able to promote neuritic



outgrowth in vitro, increase intraneuronal free calcium and promote neuronal 

survival in vitro. The ability of S-lOOb to promote neuritic growth and the close 

proximity of reactive astrocytes to neuritic plaques has suggested a role for S-lOOb in 

plaque formation in Alzheimer’s disease (Mrak et al., 1995). The neuronal cell loss 

in Alzheimer’s disease has been linked to an increase in intraneuronal calcium, 

suggesting that S-lOOb may be involved in the cell loss seen in this disease (Griffin 

et al., 1993).

An increase in the number and size of S-lOOb expressing astrocytes has been 

demonstrated in brains from HIV infected patients (Stanley et al., 1994). Other 

pathological changes found in HIV brains include neuronal cell loss, thought to be 

mediated by an increase in intraneuronal calcium (Gibbons, 1990) and abnormal 

neuritic outgrowth.

The mean CSF S-lOOb concentrations seen in Alzheimer’s disease and AIDS 

dementia complex are only marginally increased when compared to control subjects, 

although some patients have substantially raised concentrations. This suggests 

reactive astrocytosis per se is not necessarily associated with large increases in CSF 

S-lOOb.

Reactive astrocytosis can be present in diseases associated with acute neurological 

damage such as CJD and CNS infections secondary to AIDS. In both of these 

conditions CSF S-lOOb concentrations are significantly raised when compared to 

control subjects. It is probable that the acute neurological damage with its
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subsequent astrocytic swelling and death is the major contributor to the elevation of 

CSF S-lOOb seen in these conditions.

CSF S-lOOb concentrations were elevated in all forms of CJD investigated: sporadic, 

new variant, familial and iatrogenic. The clinical presentation these types of CJD 

can vary, some forms presenting with ataxia, some with dementia and others with 

psychiatric symptoms. The duration of illness can also vary from a few months to 

several years. Although the underlying histopathology shows variations from type to 

type, which in the case of new variant CJD is very distinct, the characteristic 

spongiform change, neuronal loss, astrocytosis and PrPsc deposition is common to all 

types. This suggests that CSF S-lOOb concentrations are more closely related to the 

common pathological changes seen in CJD than to the clinical presentation. This 

means that elevated CSF S-lOOb can be used as a marker of transmissible 

spongiform encephalopathies regardless of the type.

Inflammatory diseases of the CNS such as multiple sclerosis are not associated with 

increased CSF S-lOOb concentrations, despite the fact that S-lOOb can be induced by 

IL-1.

In summary, CSF S-lOOb concentrations may be elevated in diseases associated with 

acute damage to the central nervous system such as strokes and brain tumours; but 

are not necessarily increased in diseases associated with slowly progressing CNS 

damage or inflammatory diseases of the CNS. Elevated concentrations of S-lOOb are 

not found in all patients with acute damage to the CNS, so normal concentrations 

cannot exclude CNS damage.
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The results described here suggest that CSF S-lOOb concentrations may be elevated 

in diseases associated with acute CNS damage, and that the concentrations reflect 

recent events. CSF S-lOOb concentrations may be increased in patients with 

dementia such as Alzheimer’s disease, frontotemporal dementia and AIDS dementia 

complex. These increases are moderate and probably reflect the astrocytosis seen in 

these diseases. CSF S-lOOb concentrations are significantly raised in patients with 

CJD. This increase is seen in all forms of the disease, and therefore S-lOOb may play 

a role in the differential diagnosis of dementia where CJD is clinically suspected.
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Chapter 4 - Innotest hTau Antigen ELISA for the measurement of 

CSF tau protein

The expense of using pure recombinant tau protein as a calibrant precluded the 

development of an in-house method for measuring CSF tau. As a result, all tau 

measurements were performed using the Innotest hTau Antigen, an enzyme-linked 

immunoassay supplied by Innogenetics, Belgium (UK suppliers: Autogen Bioclear, 

Wiltshire, UK). This assay measured both the normal phosphorylated tau protein 

and the abnormal hyperphosphorylated tau protein. A monoclonal antibody (AT 120) 

which reacted with both the normal and hyperphosphorylated forms of tau protein 

(Vandermeeren et al., 1993) was used as a capture antibody. The monoclonal 

antibody was coated onto the wells of a microtitre plate and after blocking the 

unbound protein sites on the microtitre plate wells, standards and CSF samples were 

added in duplicate. Tau calibrants were prepared from recombinant tau protein and a 

set of calibrants 0, 75, 150, 300, 600 and 1200 pg/mL were used. A pair of 

biotinylated monoclonal antibodies (HT7 and BT2) were added to each well of the 

microtitre plate and the plate was incubated overnight at room temperature. The 

HT7 monoclonal antibody reacted with both normal and hyperphosphorylated tau 

protein, whilst the BT2 monoclonal antibody reacted preferentially with 

hyperphosphorylated tau protein (Goedart et al., 1994). After an overnight 

incubation the microtitre plate was washed and peroxidase conjugated streptavidin 

added. The streptavidin bound to the biotin on the monoclonal antibodies to form a 

complex, the quantity of which was proportional to the amount of tau protein in the 

standard or CSF sample. The microtitre plate was washed and the substrate
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containing 3, 3’, 5, 5’ tetramethylbenzidine (TMB) and hydrogen peroxide was 

added. The peroxidase activity converted the colourless TMB into an insoluble blue 

precipitate. The peroxidase activity was stopped by the addition of sulphuric acid, 

which also converted the insoluble blue precipitate into a soluble yellow product. 

The absorbance of the yellow product was measured at 450 nm and was proportional 

to the amount of tau protein originally present in the sample. A typical standard 

curve is shown in Figure 4.1.
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Figure 4.1 A typical standard curve for the Innotest hTau Antigen ELISA. Each 

point represents the mean ±SD  o f six separate investigations
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Chapter 5 - Cerebrospinal fluid concentrations of tau

Cerebrospinal fluid concentrations of tau were measured in 389 CSF samples from 

patients with a variety of neurological conditions using the sandwich ELISA assay 

from Innogenetics (second generation), described in Chapter 4. This assay measured 

both normal phosphorylated tau protein and the abnormal hyperphosphorylated tau 

found in many dementing diseases. The CSF samples and final diagnoses were 

obtained as previously described (section 3.0).

5.1 CSF tau in control subjects

Twelve patients (mean age: 43.5 ± 12.3 years, range 29-66; 7M:5F), who had a 

lumbar puncture as part of their diagnostic investigations, and who were found to 

have no organic brain disease at the time of discharge were used as control subjects. 

Of these patients 7 had headache, 2 had psychological syndromes, 1 had a sebaceous 

cyst, 1 had strabismus and 1 had a disturbance of skin sensation. The cerebrospinal 

fluid concentration of tau was found to be 160 ± 61 pg/mL (mean ± SD). An upper 

limit of normal was taken to be 315 pg/mL (mean ± 2.5 SD). Gender did not affect 

CSF tau concentrations, the concentration being 160 ± 45 pg/mL in males and 

151 ± 85 pg/mL in females. This agrees well with other studies using the second 

generation Innogenetics tau ELISA assay and the tau ELISA produced by Athena 

Neurosciences Inc, South San Francisco, California (Table 5.1). The reference 

ranges for CSF tau in healthy control populations obtained using the first generation 

Innogenetics tau ELISA is markedly different and must be borne in mind when 

comparing different studies.
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There was no effect of age on CSF tau concentration (r2 = 0.02) (Figure 5.1). This 

confirms the findings of Blennow et al., 1995; Jensen et al., 1995; Tato et al., 1995; 

Vigo-Pelfrey et al., 1995; Andreasen et al., 1998; Galsako et al., 1998, who also 

found no correlation between age and CSF tau concentrations in patients with non- 

neurological disease. In contrast other reports have suggested that CSF tau 

concentrations increase with age (Arai et al., 1995; Kanai et al., 1998; Mecocci et al., 

1998).

y = -0.7028x + 190.32 
r2 = 0.0198 p=ns

♦ ♦

♦
♦  ♦

H---------------- 1---------------- 1----------------- 1---------------- 1
30 40 50 60 70

Age (years)

Figure 5.1 The effect o f age on CSF tau concentrations.

5.2 CSF tau concentrations in patients with neurological diseases

CSF tau concentrations have been reported to increase in diseases associated with 

acute damage to the central nervous system (CNS) such as ischaemic infarction 

(Vandermeeren et al., 1993; Arai et al., 1995; Vigo-Pelfrey et al., 1995), Creutzfeldt- 

Jakob disease (Arai et al., 1995; Otto et al., 1997b) and Herpes simplex encephalitis 

(Vandermeeren et al., 1993). Other diseases with a more slowly progressing CNS 

damage such as amyotrophic lateral sclerosis and normal pressure hydrocephalus
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may also be associated with elevated CSF tau concentrations (Vandermeeren et al., 

1993; Vigo-Pelfrey et al., 1995). Some patients with inflammatory diseases such as 

multiple sclerosis and Guillain-Barre syndrome have been reported to have 

increased CSF tau concentrations (Vandermeeren et al., 1993).

The aim of this part of the study was to investigate whether CSF tau concentrations 

are elevated in patients with acute CNS damage and compare the concentrations to 

those found in patients with multiple sclerosis and miscellaneous neurological 

diseases.

CSF tau concentrations were measured in 51 patients (mean age: 50.6 ±13.1 years, 

range 27-77; 27M: 13F: 1 lunknown) with various neurological diseases. Of these 

patients, 12 had diseases associated with CNS damage (8 had either a haemorrhagic 

or ischaemic stroke, 2 had a benign malignancy of the CNS, 1 had a malignant 

neoplasm and 1 had viral encephalitis); 14 patients had multiple sclerosis and 25 

patients had miscellaneous neurological diseases (8 with unspecified degenerative 

disease of the CNS, 4 with encephalomyelitis, 4 with epilepsy, 3 with gait disorders,

2 with speech disorders, 1 with a dissociative disorder, 1 with a musculoskeletal 

disorder, 1 with a lumbar disc disorder and 1 with benign intracranial hypertension). 

Statistical analysis was performed using the Mann Whitney U test.

The CSF tau concentrations in these patients are shown in Figure 5.2. The mean 

concentration of CSF tau was significantly raised in patients with diseases associated 

with central nervous system damage when compared to control subjects
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(3714 ± 5236 vs 160 ± 61 pg/mL, p< 0.004). Five patients had CSF tau 

concentrations greater than 4000 pg/mL: 2 had an intracranial haemorrhage, 1 had a 

malignant brain neoplasm, 1 had a benign brain neoplasm and 1 had viral 

encephalitis. The mean CSF tau concentration was not significantly raised in 

patients with multiple sclerosis (199 ± 103 pg/mL), although four patients did have 

marginally increased concentrations. This is in agreement with Vandermeeren et al., 

1993 who found four out of twenty patients with multiple sclerosis had increased 

CSF tau concentrations. The mean CSF tau concentration was increased in patients 

with miscellaneous neurological diseases (340 ± 399 pg/mL) but this increase was 

not significantly different from control subjects. Six of the twenty-five patients with 

miscellaneous neurological disease had marginally increased CSF tau concentrations, 

3 had unspecified neurodegenerative disorders, 1 had benign intracranial 

hypertension, 1 had a speech disorder and 1 had encephalomyelitis. The patient with 

encephalomyelitis had a CSF tau of greater than 700 pg/mL whilst 2 of the 3 patients 

with unspecified neurodegenerative disease had CSF tau concentrations of greater 

than 1000 pg/mL.
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10000

10

Figure 5.2 Combined scatter and box and whisker plots o f CSF concentrations o f 

tau in control subjects (O), in patients with diseases associated with acute CNS 

damage ( • ) , in patients with multiple sclerosis (■) and in patients with 

miscellaneous neurological diseases (A). The boxes represent the 25th-75th quartile, 

divided horizontally by the median, the whiskers represent the range and the 

adjacent scatter plots represent the individual values from which the boxes and 

whiskers are derived. The horizontal dotted line represents the upper limit o f normal 

(2.5 SD above the mean o f the control subjects)

These results suggest that CSF tau concentrations may be raised in some patients 

with intracranial haemorrhage, or pressure necrosis secondary to brain tumours, with 

smaller increases occurring in slowly progressing degenerative diseases. These 

results confirm the findings of Vandermeeren et al., 1993; Arai et al., 1995; Vigo- 

Pelfrey et al., 1995) who found raised concentrations in conditions such as stroke, 

cerebrovascular disease, amyotrophic lateral sclerosis, Parkinson’s disease and 

hydrocephalus.

Tau protein is a microtubular protein found predominantly within the axons and 

dendritic processes of the neurones within the central nervous system (Goedart et al,
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1991a). Diseases associated with damage to brain tissue either due to ischaemia 

following stroke or to pressure necrosis, may result in the release of large amounts of 

neuronal proteins such as tau protein into the CSF. This is supported by the 

observations that levels of CSF tau increase after acute ischaemic stroke, reaching a 

maximum within 1-2 weeks, after which the levels decline to normal (Andreasen et 

al., 1998; Arai et al., 1998). A transient increase in CSF tau was reported in a patient 

with asthma induced brain hypoxia (Ohrui et al., 1997). Diseases such as multiple 

sclerosis which are associated with a slowly progressing CNS degeneration, only 

small amount of neuronal proteins may be released into the CSF and thus increased 

concentrations CSF tau may not be detected.

5.3 CSF tau concentrations in patients with Creutzfeldt-Jakob disease (CJD)

Increased concentrations of CSF tau have been reported in patients with sporadic 

CJD (Arai et al., 1995, Otto et al., 1997b). This part of the study was designed to 

expand such work to include patients with familial, iatrogenic and new variant forms 

of the disease.

5.3.1 CSF tau concentrations in patients with sporadic CJD

CSF tau concentrations were measured in 30 patients with histologically confirmed 

sporadic CJD (mean age: 66.0 ±9.1 years, range 49-79; 16M:14F), 10 patients with 

probable sporadic CJD (mean age: 65.0 ±8.4 years, range 54-80; 6M:4F) and 8 

patients with possible sporadic CJD (mean age 62.3 ± 8.8 years, range 51-75;

3M:5F). These results were compared with CSF tau concentrations in a control
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group of 27 patients with suspected sporadic CJD but who were subsequently found 

to have other diagnoses (mean age 64.6 ± 13.4 years, range 40-85; 16M:1 IF). Using 

the Mann Whitney U test, the mean CSF tau concentration was significantly 

increased in patients with histologically confirmed sporadic CJD when compared to 

the controls (5791 ± 6499 vs 873 ± 2508 pg/mL, p< 0.001). The mean CSF tau 

concentration was also increased in patients with probable (10610 ± 8403 pg/mL) 

and possible sporadic CJD (4583 ± 5423 pg/mL). The results are shown in Figure

5.3.

100000 x

10000

10 -L

Figure 5.3 Combined scatter and box and whisker plots o f CSF concentrations o f 

tau in patients initially suspected o f having sporadic CJD but later proven not to 

have ( • ) , patients with histologically confirmed sporadic CJD (A), patients with 

probable sporadic CJD (■), patients with possible sporadic CJD (♦). The box 

represents the 25th-75th quartile, divided horizontally by the median, the whiskers 

represent the range and the adjacent scatter plot represents the individual values 

from which the boxes and whiskers are derived. The horizontal dotted line represents 

the upper limit o f normal (2.5 SD above the mean o f the control subjects)
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The mean CSF tau concentration was raised in patients with suspected sporadic CJD 

but who were subsequently found to have another cause for their dementia, when 

compared to the control subjects (873 ± 2508 vs 160 ±61 pg/mL). The 2 patients 

with the highest tau concentrations in the suspected CJD group had histologically 

confirmed Alzheimer’s disease. This disease is known to be associated with elevated 

CSF tau concentrations and will be discussed further in section 5.4.1. The 

magnitude of CSF tau concentrations seen in patients with definite sporadic CJD was 

comparable to those previously described in the patients with strokes and brain 

tumours. This would be expected as the elevated CSF tau is thought to originate 

from neuronal damage and sporadic CJD is a rapidly progressing disease associated 

with large amounts of neuronal loss. There were 3 patients with histologically 

confirmed sporadic CJD who had CSF tau concentrations within the reference range. 

It is possible that these 3 patients had CSF samples taken either very early or very 

late in the disease course. It has been shown that the elevation of other brain-specific 

proteins such as S-lOOb and NSE in patients with sporadic CJD follow a bell shaped 

curve, with low CSF concentrations seen early in the disease, then rising as the 

disease progresses and subsequently falling prior to death (Jimi et al; 1992). The 

distribution of CSF tau concentrations in patients with possible sporadic CJD 

showed a bimodal distribution with 4 patients having concentrations of greater than 

1000 pg/mL and 4 patients having concentrations of less than 1000 pg/mL. These 

patients are still being monitored and it is possible that those with high CSF tau 

concentrations are patients with sporadic CJD and those with low CSF tau 

concentrations do not have the disease.
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The value of CSF tau in the diagnosis of sporadic CJD was assessed using three 

different cut-off concentrations of CSF tau. The sensitivity, specificity, negative and 

positive predictive values and efficiency at these three concentrations are shown in 

Table 5.2.

CSF tau >315 

pg/mL

CSF tau > 1000 

pg/mL

CSF tau >2000 

pg/mL

Sensitivity 92% 83% 65%

Specificity 63% 89% 93%

PPV 78% 92% 93%

NPV 85% 77% 64%

Efficiency 81% 85% 76%

Table 5.2 The sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and efficiency o f three different concentrations o f CSF tau 

for the diagnosis o f histologically confirmed sporadic and probable sporadic CJD

The best combination of positive predictive value (92%) and negative predictive 

value (77%) was obtained using a cut-off concentration of greater than 1000 pg/mL. 

This cut-off concentration also gave the greatest efficiency of 85%.

5.3.2 CSF tau concentrations in patients with new variant CJD

To investigate whether CSF tau measurement may have a role in the assessment of 

patients with suspected new variant CJD, CSF tau concentrations were measured in 

19 patients with histologically confirmed new variant CJD (mean age: 29.0 ± 10.4
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years, range 18-53; 9M:10F), in 8 patients with probable new variant CJD (mean 

age: 25.4 ±6.1, range 19-39; 4M:4F) and in 1 patient with possible new variant CJD 

(age: 22 years, 1M). The CSF tau concentrations were compared to those found in 

29 patients (mean age: 34.6 ± 12.5 years, range 15-56; 15M:14F) who were initially 

suspected of having new variant CJD, but subsequently proven not to have either by 

improvement in clinical course or by confirmation of another disease.

Although the mean concentration of CSF tau was significantly raised in patients with 

histologically confirmed new variant CJD when compared to control patients (1184 

± 1407 vs 450 ± 1178 pg/mL, p<0.001), there was considerable overlap between the 

two groups. Patients with histologically confirmed new variant CJD appeared to 

have a bimodal distribution of CSF tau concentrations but this was not evident in the 

patients with probable new variant CJD. Whether this bimodal distribution is an 

artefact of the small numbers investigated or is a true feature of this disease needs 

further investigation. The mean CSF tau concentration was also raised in patients 

with probable new variant CJD (978 ± 637 pg/mL) and in the patient with possible 

new variant CJD (1361 pg/mL). Statistical analysis was performed using the Mann 

Whitney U test. Results are shown in Figure 5.4.
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Figure 5.4 Combined scatter and box and whisker plots o f CSF concentrations of 

tau in patients initially suspected of having new variant CJD but later proven not to 

have ( • ) ,  patients with histologically confirmed new variant CJD (■) and patients 

with probable new variant CJD (A). The boxes represent the 25th-75th quartile, 

divided horizontally by the median, the whiskers represent the range and the 

adjacent scatter plots represent the individual values from which the boxes and 

whiskers are derived. The horizontal dotted line represents the upper limit o f normal 

(2.5 SD above the mean of the control subjects)

The value of CSF tau in the diagnosis of new variant CJD was assessed using the 

sensitivity, specificity, positive and negative predictive value and the efficiency of 

the test at three different cut-off concentrations of CSF tau (Table 5.3).
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CSF tau > 315 

pg/mL

CSF tau > 500 

pg/mL

CSF tau > 1000 

pg/mL

Sensitivity 74% 74% 42%

Specificity 79% 89% 93%

PPV 70% 82% 80%

NPV 82% 83% 71%

Efficiency 77% 83% 72%

Table 5.3 The sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and efficiency o f three different concentrations o f CSF tau 

for the diagnosis o f histologically confirmed new variant CJD

The best combination of positive predictive value (82%) and negative predicative 

value (83%) was obtained using a cut-off concentration of greater than 500 pg/mL. 

This concentration is lower than that which gives the best combination of predictive 

values in sporadic CJD.

The mean concentration of CSF tau found in new variant CJD is lower than that seen 

in sporadic CJD (5791 ± 6499 pg/mL vs 1184 ± 1407 pg/mL). The lower CSF tau 

concentration may be due to the more protracted clinical course seen in new variant 

CJD when compared to sporadic CJD. It is possible that with the longer disease 

duration the neuronal loss may occur at a slower rate leading to lower mean CSF tau 

concentrations.
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The concentrations of CSF tau found in patients suspected of having new variant 

CJD were lower than in patients suspected of having sporadic CJD (450 ± 1178 

pg/mL vs 873 ± 2508 pg/mL). This reflects the different diseases which may present 

with similar clinical features in the two diseases. The differential diagnosis for 

patients with sporadic CJD includes Alzheimer’s disease and cortical Lewy body 

disease, which are conditions reported to have increased CSF tau concentrations. As 

new variant CJD has only recently been described, there is very little data about 

diseases which may present with similar clinical features, but it does appear that 

these diseases are less likely to be associated with raised CSF tau concentrations.

5.3.3 CSF tau concentrations in patients with mutations of the PRNP gene and 

iatrogenic CJD

To investigate whether CSF tau concentrations are elevated in patients with the 

iatrogenic and familial forms of the disease, CSF tau was measured in 4 patients with 

CJD secondary to the administration of cadaveric human growth hormone, in 3 

patients with familial CJD and 1 patient with GSS. The results are shown in Table

5.4.
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Type CJD Patient Id Mutation Age

(years)
Sex CSF tau 

pg/mL

Iatrogenic - GH Case 1 n/a 34 M 81

Iatrogenic - GH Case 2 n/a 37 M 3539

Iatrogenic - GH Case 3 n/a 28 M 8186

Iatrogenic - GH Case 4 n/a 27 F 636

Familial CJD Case 1 Insert 67 F 429

Familial CJD Case 2 Insert 66 M 1656

Familial CJD Case 3 PrP Glu-Lys200 51 M 2107

GSS Case 1 PrP Ala-Val117 44 F 686

Table 5.4 CSF tau concentrations in 4 patients with iatrogenic CJD secondary to 

growth hormone administration, 3 patients with familial CJD and 1 patient with GSS 

syndrome.

CSF tau concentrations were elevated in 3 of the cases of iatrogenic CJD and in all of 

the cases of familial CJD and in the patient with GSS.

These results suggest that CSF tau concentrations are raised in nearly all patients 

with sporadic or familial CJD and in over 70% of patients with new variant CJD.

The magnitude of the increases seen may be influenced by the type of CJD as 

patients with new variant CJD tend to have lower concentrations than those with 

sporadic CJD. It is possible that this reflects the rate of neuronal loss in these two 

diseases, with new variant CJD being associated with a longer disease duration, and 

a possible slower rate of neuronal loss, than sporadic CJD. It is also possible that the
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amount of neuronal damage is less in new variant CJD than it is in the sporadic form 

of the disease.

5.4 CSF tau concentrations in patients with Alzheimer’s disease and other 

forms of dementia

Many studies have shown that CSF tau concentrations are elevated in patients with 

Alzheimer’s disease, and it has been suggested that CSF tau may be a useful 

diagnostic test for this disease (Vandermeeren et al., 1993; Arai et al., 1995;

Blennow et al., 1995; Jensen et al., 1995; Tato et al., 1995; Vigo-Pelfrey et al., 1995; 

Galasko et al., 1997; Andreasen et al., 1998; Galasko et al., 1998; Kanai et al., 1998, 

Mecocci et al., 1998). Many of these studies did not compare the CSF tau 

concentrations seen in patients with Alzheimer’s disease with other forms of 

dementia such as frontotemporal dementia or cortical Lewy body disease. These 

forms of dementia may be difficult to distinguish from Alzheimer’s disease (Litvan 

et al., 1997) and are more prevalent than previously thought (Neary et al., 1988; 

Knopman et al., 1990). This part of the study was set up to investigate whether CSF 

tau concentrations could distinguish between these different forms of dementia.

CSF tau concentrations were measured in 26 patients (mean age: 62.2 ± 9.3 years, 

range 49-77; 18M:8F) with Alzheimer’s disease diagnosed according to the 

NINCDS/ADRDA criteria (McKhann et al., 1984). Twenty-three of these patients 

had the sporadic form of the disease and 3 had autosomal dominant familial disease 

Alzheimer’s disease, 2 patients had mutations of the amyloid precursor gene and 1
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had a mutation of the presenillin 1 gene. The clinical diagnosis was confirmed by 

histological examination in 2 patients.

CSF tau concentrations were measured in 28 patients with frontotemporal dementia 

(mean age: 61.4 ±9.1 years, range 41-74; 19M:9F) diagnosed according to the Lund 

and Manchester criteria (Brun et al., 1994). Of these patients 17 were clinically 

diagnosed with Pick’s disease and 11 were diagnosed with frontal lobe degeneration. 

The clinical diagnosis was confirmed by pathological examination in 1 patient with 

Pick’s disease and 1 patient with frontal lobe degeneration. CSF tau concentrations 

were also measured in 8 patients with cortical Lewy body disease (mean age: 59.3 ± 

10.5 years, range 47-71; 6M:2F) who were diagnosed according to the criteria 

described by Me Keith et al., 1992 and in 7 patients with corticobasal degeneration 

(mean age: 63.3 ± 13.1 years, range 46-78; 4M:3F). A group of 39 patients with 

miscellaneous causes of dementia were also investigated (mean age: 56.1 ± 14.2 

years, range 17-85; 23M:16F). Of this group 26 had dementia of unknown cause, 3 

had dementia associated with multi-system atrophy, 3 had progressive supranuclear 

palsy, 3 had a vascular cause for their dementia, 2 had Huntington’s disease, 1 had 

primary progressive aphasia and 1 had motor neurone disease.

The CSF tau results are shown in Figure 5.5. The mean CSF tau concentrations were 

significantly raised in patients with Alzheimer’s disease (823 ± 561 vs 160 ± 61 

pg/mL, p < 0.0005) and frontotemporal dementia (617 ± 409 vs 160 ± 61 pg/mL, 

p<0.03) when compared to control subjects. There was no significant difference 

between the CSF tau concentrations in patients with Alzheimer’s disease and patients
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with frontotemporal dementia. Statistical analysis was performed using one way 

ANOVA with Bonferoni modification using SPSS.

The mean CSF tau concentration was raised corticobasal degeneration (613 ± 401 

pg/mL). Three patients with cortical Lewy body disease had raised CSF tau 

concentrations. None of the patients with multi-system atrophy, progressive 

supranuclear palsy, primary progressive aphasia or motor neurone disease had raised 

CSF tau concentrations. One patient with Huntington’s disease had marginally 

increased CSF tau concentrations and 2 patients with vascular dementia had raised 

CSF tau concentrations. Raised CSF tau concentrations were seen in 42% of the 

patients with unspecified dementia.
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Figure 5.5 Combined scatter and box and whisker plots o f CSF concentrations o f 

tau in control subjects (O), in patients with Alzheimer's disease ( •) , in patients with 

frontotemporal dementia (■), in patients with cortical Lewy body disease (♦), in 

patients with corticobasal degeneration (D), in patients with miscellaneous causes o f 

dementia (X ). The boxes represent the 25th-75th quartile, divided horizontally by the 

median, the whiskers represent the range and the adjacent scatter plots represent the
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individual values from which the boxes and whiskers are derived. The horizontal 

dotted line represents the upper limit o f normal (2.5 SD above the mean o f the 

control subjects)

5.4.1 CSF tau concentrations in Alzheimer’s disease

The concentrations of CSF tau were significantly raised in patients with Alzheimer’s 

disease when compared to control subjects (823 ±561 vs 160 ±61 pg/mL, 

p <0.0005). This finding is in agreement with other studies (Vandermeeren et al., 

1993; Arai et al., 1995; Blennow et al., 1995; Jensen et al., 1995; Tato et al., 1995; 

Vigo-Pelfrey et al., 1995; Galasko et al., 1997; Andreasen et al., 1998; Galasko et al., 

1998; Kanai et al., 1998, Mecocci et al., 1998). Table 5.5 shows the mean CSF tau 

concentrations reported in Alzheimer’s disease in four studies which used the same 

commercial ELISA (second generation, Innogenetics).

Study Method
CSF tau pg/mL 

(mean ± SD)

Blennow et al (1995) 2nd generation Innogenetics 524 ± 280

Andreasen et al (1997) 2nd generation Innogenetics 796 ± 382

Kanai et al (1998) 2nd generation Innogenetics 489 ± 298

Mecocci et al (1998) 2nd generation Innogenetics 436 ± 67

Table 5.5 CSF tau concentrations (mean ±  SD) in patients with Alzheimer’s disease 

measured using the 2nd generation Innogenetics tau ELISA from four different 

studies
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No relationship was seen between age and CSF tau in Alzheimer’s disease 

(r2 = 0.038). This is in agreement with other studies (Blennow et al., 1995; 

Andreasen et al, 1997). It has been reported that there is no difference between CSF 

tau concentrations in patients with early onset Alzheimer’s disease (age less than 65 

years) and late onset Alzheimer’s disease (age greater than 65 years) (Arai et al., 

1995), however other workers have found a difference between these two groups 

(Mecocci et al., 1998). It was not possible to obtain enough data concerning the age 

of onset of disease to investigate this in this study. There was no significant 

correlation between the mini mental state examination (MMSE) and CSF tau in 

patients with Alzheimer’s disease (r2 = 0.17, p=0.18). Although the numbers in this 

comparison are small it is consistent with the findings of Motter et al., 1995; Galasko 

et al., 1997 and Andreasen et al., 1998. Although Kanai et al., 1998 found a positive 

correlation between the MMSE and CSF tau, and Tato et al., 1995 found a positive 

correlation with the Folstein’s mental test examination but not the Rosen score or the 

Blessed dementia scale. Five patients with clinically diagnosed Alzheimer’s disease 

had CSF tau concentrations that would be considered normal. A number of other 

studies have found a small number of patients with clinically diagnosed Alzheimer’s 

disease who had normal CSF tau concentrations (Vandermeeren et al., 1993; 

Blennow et al., 1995; Motter et al., 1995; Vigo-Pelfrey et al., 1995; Galasko et al., 

1997 and Andreasen et al, 1998).
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Figure 5.6 Relationship between CSF tau concentrations and the MMSE in patients 

with Alzheimer's disease

The origin of the increased CSF tau in patients with Alzheimer’s disease may be due 

in part to release from dying or degenerating neurones, and in part due to the 

increased amount of tau protein found within the neurones, in the form of 

neurofibrillary tangles. It is known that tau protein is found in higher concentrations 

in brain tissue from patients with Alzheimer’s disease than in control brain tissue 

(Khatoon et al., 1992).

5.4.2 CSF tau concentrations in patients with frontotemporal dementia

The concentrations of CSF tau are significantly raised in patients with frontotemporal 

dementia when compared to control patients (617 ± 409 vs 160 ± 61 pg/mL, 

p < 0.03). CSF tau concentrations have been reported to be increased in patients 

with frontotemporal dementia (Arai et al., 1997) and patients with frontal lobe 

degeneration (Blennow et al., 1995). In contrast, a recent study did not find an 

increase in CSF tau in patients with frontal lobe degeneration (Mecocci et al., 1998). 

Although the mean concentration of CSF tau is lower in patients with frontotemporal
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dementia than patients with Alzheimer’s disease, there was no statistical difference 

between the two groups.

The relationship between CSF tau and the severity of disease as assessed by the 

MMSE was examined in 13 patients with frontotemporal dementia (Figure 5.7). 

Although the correlation did not reach significance, a relationship may exist between 

CSF tau and the MMSE (r2 = 0.27, p=0.07) (Figure 5.7); as those patients with more 

severe dementia, as assessed by a lower MMSE score, had higher CSF tau 

concentrations. This will require further investigation using a larger number of 

patients.
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Figure 5.7 The relationship between CSF tau concentrations and the MMSE in 

thirteen patients with frontotemporal dementia

The mean CSF tau concentrations in those patients thought clinically to have Pick’s 

disease and those thought to have frontal lobe degeneration were 775 ± 397 pg/mL 

and 374 ± 304 pg/mL, respectively (Figure 5.8). These diseases are difficult to
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distinguish clinically and the final diagnosis can only be obtained by histological 

examination of the brain. Patients with Pick’s disease are characterised by the 

presence of intraneuronal inclusion bodies called Pick bodies which have been 

shown to contain abnormal hyperphosphorylated tau. It is possible that the brain 

tissue from patients with Pick’s disease may contain elevated tissue concentrations of 

tau protein, in a similar manner to patients with Alzheimer’s disease. In contrast, 

patients with frontal lobe degeneration do not have tau containing intraneuronal 

inclusion bodies. Thus the difference between the mean CSF tau concentrations 

between these two groups may be due to the amount of tau protein released by dying 

or degenerating neurones. It may be that CSF tau concentrations may be able to help 

distinguish these two groups, but this needs further investigation with a larger 

number of patients and histological verification of the clinical diagnosis.
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Figure 5.8 Combined scatter and box and whisker plots o f CSF concentrations o f 

tau in clinically diagnosed Pick’s disease patients ( • )  and in clinically diagnosed 

patients with frontal lobe degeneration (■). The boxes represent the 2 5th-75th 

quartile, divided horizontally by the median, the whiskers represent the range and 

the adjacent scatter plots represent the individual values from which the boxes and 

whiskers are derived. The horizontal dotted line represents the upper limit o f normal 

(2.5 SD above the mean o f the control subjects)
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5.4.3 CSF tau concentrations in other forms of dementia

The mean CSF tau concentration was increased in patients with corticobasal 

degeneration and supports the findings of Mitani et al., 1998 who found raised 

concentrations of CSF tau in 4 of 9 patients with corticobasal degeneration.

Of the 8 patients with cortical Lewy body disease, 3 had raised concentrations of 

CSF tau. This is in contrast to a previous study which found CSF tau concentrations 

were significantly raised in all 6 patients with cortical Lewy body disease 

investigated (Arai et al, 1997). Cortical Lewy body disease can exist in a pure form 

or in conjunction with Alzheimer’s disease (Lennox, 1992). It is possible that the 

group with normal tau concentrations may be patients with pure cortical Lewy body 

disease and the group with elevated CSF tau could be patients with a mixed 

pathology. With the small numbers investigated it could be that these two groups of 

CSF tau concentrations reflect the extremes seen in this disease. Further 

investigation using larger numbers of patients with a histological diagnosis is 

required to examine these possibilities. None of the patients with progressive 

supranuclear palsy had raised CSF tau concentrations.

5.5 CSF tau concentrations in patients with Human Immunodeficiency Virus 

(HIV) infection

The most common neurological complication of HIV infection is a dementing illness 

called AIDS dementia complex (ADC). In the early stages it presents with lack of 

concentration and forgetfulness, then progresses to apathy, social withdrawal, 

inappropriate behaviour and acute mania or psychosis (Navia, 1994).
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Other common neurological complication of HIV infection are opportunistic 

infections of the CNS, particularly with toxoplasma, cytomegalovirus, cryptococcus, 

Herpes simplex and zoster; and primary cerebral lymphoma (Brew et al., 1988).

In the early stages ADC can be difficult to distinguish from clinical depression and 

early signs of CNS infection or infiltration. This study was set up to investigate 

whether CSF tau concentrations are raised in patients with ADC, and whether 

measurement of CSF tau can help distinguish between ADC and other CNS 

complications of HIV infection.

CSF tau was measured in samples of CSF obtained from 79 consecutive HIV 

infected patients (mean age: 38.3 ± 8.4 years, range 28-62; 63M:16F) undergoing 

diagnostic lumbar puncture for assessment of possible neurological disease. Of 

these, 26 patients (mean age: 37.4 ± 8.4 years, 22M:4F) had ADC with stage 2 or 

greater dementia according to the Memorial Slone Kettering Criteria (Price and 

Brew, 1988), 6 had systemic B-cell lymphoma and were being investigated for 

possible cerebral involvement, 4 had primary CNS lymphoma, 18 had CNS 

infections (7 had cryptococcal meningitis, 5 had cytomegalovirus (CMV) 

encephalitis, 3 had varicella zoster virus (VZV) meningoencephalitis, 3 had cerebral 

toxoplasmosis) and 25 patients had a miscellaneous collection of abnormalities (8 

had peripheral neuropathy, 8 had headache, 4 had confusion, 2 patients had had fits,

1 had hysterical paraparesis, 1 suffered from alcoholism, 1 had strabismus).
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The mean CSF tau concentration was not significantly raised in ADC (212 ± 180 

pg/mL), lymphoma (135 ± 84 pg/mL), CNS infections (265 ± 200 pg/mL) or 

miscellaneous disorders (143 ± 72 pg/mL) when compared to control subjects 

(160 ±61 pg/mL) (Figure 5.9). Five patients with ADC had increased CSF tau 

concentrations as did 1 patient with CNS lymphoma and 6 patients with CNS 

infections. None of the patients with a range of miscellaneous disorders had raised 

CSF tau concentrations. In a recent study Ellis et al., 1998 reported that CSF tau 

concentrations were not raised in any of the patients with ADC investigated. Both of 

these studies have involved small numbers of patients and need to be expanded. Of 

the 6 patients with CNS infections with elevated tau, 2 had cerebral toxoplasmosis, 2 

had CMV encephalitis, 1 had varicella zoster encephalitis and 1 had cryptococcal 

encephalitis. Statistical analysis was performed using one way ANOVA with 

Bonferoni modification using SPSS.

Of the 5 patients with ADC who had elevated CSF tau concentrations, 4 died within 

two months of the CSF sample being taken. There did not appear to be any relation 

to the severity of dementia, although this was difficult to assess in retrospect. The 

patient with CNS lymphoma who had an elevated CSF tau, also died shortly after the 

CSF sample was taken and histopathology showed a very necrotic CNS pathology. 

These findings suggest that the elevated CSF tau may be related to active brain 

damage occurring in these patients prior to death.
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Figure 5.9 Combined scatter and box and whisker plots o f CSF concentrations o f 

tau in control subjects (O), patients with AIDS associated dementia complex ( • ) ,  

patients with lymphoma (■), patients with CNS infections (A) and patients with a 

miscellaneous range o f disorders (♦). The boxes represents the 25th-75th quartile, 

divided horizontally by the median, the whiskers represent the range and the 

adjacent scatter plots represent the individual values from which the boxes and 

whiskers are derived. The horizontal dotted line represents the upper limit o f normal 

(2.5 standard deviations above the mean o f the control subjects)

There was no significant correlation between the CD4 count in all patients with HIV 

and CSF tau concentrations (r2 = 0.033, p =0.11). This is in agreement with Ellis et 

al., 1998 who also failed to find a correlation between CSF tau concentrations and 

CD4 count in patients with HIV infection.

5.6 General discussion of CSF tau in neurological disease

CSF tau is one of the most abundant microtubule-associated proteins found in the 

vertebrate nervous system. It has been shown by immunohistochemistry to be 

located mainly within the axons and is thought to be important in maintaining 

microtubule stability (Goedert et al., 1991a). There are six isoforms of tau protein



which are produced from a single gene by alternative mRNA splicing (Lee et al., 

1991), each of which is present in the adult human brain. Tau protein is 

phosphorylated at two or three sites on all isoforms in the adult (Ksiezak-Reding et 

al., 1992). The tau protein in some types of dementia is hyperphosphorylated and 

forms cell inclusion bodies such as neurofibrillary tangles in Alzheimer’s disease and 

supranuclear palsy, Pick bodies in Pick’s disease and corticobasal bodies in 

corticobasal degeneration. The main component of these inclusion bodies is 

hyperphosphorylated tau protein and this has stimulated interest in the measurement 

of CSF tau concentrations in these conditions.

As tau protein is a major constituent of the axonal microtubular system, any damage 

to the axons would be expected to release tau protein into the extracellular fluid and 

ultimately into the CSF. The results described in section 5.2 show that elevated 

concentrations of tau protein may be found in diseases associated with ischaemia 

such as intracerebral haemorrhage or infarction; and in necrosis seen in viral 

encephalitis or brain tumours. These disease processes may be associated with either 

an acute brain injury or severe necrosis, and as a result release significant amount of 

axonal proteins into the CSF. This is reflected by the high concentrations of tau 

protein seen in the CSF in these conditions. In contrast diseases such as multiple 

sclerosis, where smaller amounts of axonal damage occur over a longer period of 

time, are not found to be associated with increased CSF tau concentrations.

Creutzfeldt-Jakob disease (CJD) is a fatal neurodegenerative disease characterised by 

extensive neuronal loss, astrocytosis and deposition of an abnormal form of the prion 

protein. The sporadic form of the disease presents as a rapidly progressing dementia
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with death occurring typically within six months. The acute nature of the illness and 

its severity suggests that neuronal loss is rapid and extensive. This would result in a 

large amount of axonal proteins being released into the CSF and results in section

5.3.1 show that high concentrations of CSF tau are found in patients with this 

disease. Patients with the new variant form of the disease have a longer duration of 

illness and the mean CSF tau concentration is lower that that found in sporadic CJD. 

The amounts of brain atrophy and spongiform changes are similar in both diseases, 

suggesting that the difference in mean CSF concentrations in these diseases may be 

the rate of neuronal loss, rather than the amount of neuronal loss.

These results demonstrate that CSF tau concentrations may be elevated in diseases 

associated with acute and/or severe neuronal damage, but are less likely to be 

increased in slowly progressive neuronal damage such as that found in multiple 

sclerosis. In view of this finding, it is interesting that patients with Alzheimer’s 

disease and frontotemporal dementia have elevated CSF tau concentrations. These 

patients have a slowly progressing cognitive impairment with brain atrophy due 

neuronal loss. The CSF tau concentrations would not be expected to be increased 

due to the slow nature of the neuronal loss, especially as other markers of neuronal 

damage such as 14-3-3 and neurone-specific enolase are not elevated (section 7.8 and 

section 9.5 respectively). The reason for the elevated CSF tau concentrations found 

in these dementia syndromes, maybe due to increased brain concentrations of tau 

protein (Khatoon et al., 1992). Both Alzheimer’s disease and Pick’s disease are 

associated with intraneuronal inclusion bodies whose main constituent is 

hyperphosphorylated tau protein. It is possible that the presence of the inclusion 

bodies increases the total amount of tau present within the brain, so that for a given
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degree of axonal loss the amount of tau protein is higher than would be expected.

The finding that mutations in the tau gene are responsible for the frontotemporal 

dementia with Parkinsonism linked to Chromosome 17 (Spillantini et al., 1998), has 

increased the speculation that abnormal tau can cause neuronal damage directly.

This could mean that neurones containing large amounts of hyperphosphorylated tau 

inclusion bodies are more likely to degenerate than those without tau inclusion 

bodies. This suggests that CSF tau may be a very sensitive marker for selective 

neuronal death in these conditions. This is currently being studied by comparing 

MRI imaging as a measure of brain atrophy with CSF tau concentrations. Another 

possible explanation for the high CSF tau concentrations is that hyperphosphorylated 

tau may not be cleared from the CSF as rapidly as normally phosphorylated tau. So 

the elevated CSF tau concentrations seen in Alzheimer’s disease and frontotemporal 

dementia could be due to increased amounts being released from dying neurones or 

from decreased clearance from the CSF.

The use of CSF tau measurement in the assessment of patients with dementia is 

probably limited to distinguishing sporadic CJD from Alzheimer’s disease or cortical 

Lewy body disease, provided an appropriately high cut-off concentration is used as 

described in section 5.3.1. Its role in the differential diagnosis of patients with new 

variant form of CJD is unclear at present due to the small number of patients 

investigated. CSF tau concentrations cannot distinguish Alzheimer’s disease from 

other dementia syndromes such as frontotemporal dementia. Future studies may 

discover whether CSF tau concentrations can distinguish between Pick’s disease and 

frontal lobe degeneration. Further work is also needed to investigate whether those 

patients with cortical Lewy body disease who have high CSF tau, have a dual
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pathology including Alzheimer’s disease. The significance of the elevated CSF tau 

concentrations seen in some patients with AIDS dementia complex (ADC) is also 

unclear and needs further investigation.

In summary, CSF tau concentrations are raised in patients with sporadic CJD and in 

some patients with new variant CJD. Concentrations of CSF tau may also be 

elevated in conditions associated with acute and/or extensive neuronal loss; dementia 

syndromes associated with tau inclusion bodies and in some patients with ADC. The 

role of CSF tau measurement is at present limited to distinguishing sporadic CJD 

from other forms of dementia.
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Chapter 6 - SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) 

and Western blotting for the detection of CSF 14-3-3

6.1 SDS-Polyacrylamide gel electrophoresis

In SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) electrophoresis proteins are 

not separated by their intrinsic electrical charge but by their molecular weight. Prior 

to electrophoresis the sample is diluted with a buffer containing sodium dodecyl 

sulphate (SDS) and a reducing agent, and heated to 100°C. The reducing agent

breaks any inter and intra subunit disulphide bonds and SDS, an anionic detergent, 

denatures the protein by wrapping around the polypeptide backbone. As a result the 

proteins in the sample become rods of negative charge with equal charge per unit 

length. The migration of the protein in PAGE is a function of its size, and after 

visualisation the intensity of the band can give an indication of the amount of protein 

present in the sample.

There are two types of buffer systems used in this type of electrophoresis, continuous 

and discontinuous. In the continuous system the same buffer is used in the gel and 

in the tank, and although this system is easy to set up, it cannot concentrate the 

protein bands and results in poor resolution. The discontinuous system, a large pore 

non-restrictive gel called the stacking gel is layered on top of a separating (running) 

gel. Each gel layer is made with a different buffer and the tank buffer is different to 

the gel buffers. The mobility of the protein is intermediate between the buffer ion in 

the stacking gel (leading ion) and the buffer ion in the upper tank (trailing ion).
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When the electrophoresis is started the buffer ions and proteins move into the 

stacking gel, and the differences in mobility of the buffer ions and proteins cause the 

proteins to be concentrated into a very thin zone called the stack. The proteins are 

then separated on the basis of size once they migrate into the separating gel.

Acrylamide is used for preparing electrophoretic gels for separating proteins by size. 

A mixture of acrylamide and bis-acrylamide polymerises to form a cross-linked 

network with a pore size that is dependent on the concentration of acrylamide used. 

The higher the concentration of acrylamide, the smaller the pore size. The 

polymerisation process is initiated by the addition of ammonium persulphate and 

TEMED (N, N, N’, N’ - tetramethylenediamine). TEMED catalyses the production 

of free radicals from ammonium persulphate which in turn starts the polymerisation 

process. The presence of oxygen will inhibit polymerisation so the gel mixtures are 

often de-gassed prior to use.

6.2 Western blotting

The process of transferring the separated proteins from the gel onto a support matrix, 

usually nitrocellulose to which they bind and become immobilised, using 

electrophoretic transfer is known as either Western blotting or electroblotting. The 

most important advantage of Western blotting is that it moves the proteins from the 

gel matrix which can hinder the access of immunological probes, especially true in 

gradient gels where the gradation in pore size will result in variable access to 

antibodies, to a medium which offers easy and uniform access. Incubation times are 

also reduced as the proteins are bound on the surface of the support matrix. The
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support matrix is less fragile than the polyacrylamide gel and this eases subsequent 

visualisation. The most common support matrix is nitrocellulose which is easy to 

handle and has a good capacity for binding protein (80-100 pg/cm2). Even with this 

high capacity some proteins, especially low molecular weight proteins, may bind 

only weakly or not at all. The mechanism of binding is poorly understood but is 

thought to involve hydrophobic interactions.

In a wet blotting system the gel and nitrocellulose are placed between two porous 

pads soaked in transfer buffer, in a plastic holder. The plastic holder is placed in a 

tank between two platinum electrodes, and the tank filled with transfer buffer. 

Typical buffers used are Tris-glycine buffers, Tris-borate buffers and sodium 

phosphate buffers, the selection of which depends on the gel and detection system 

used. Methanol (20%) is often included to minimise the swelling of the gel which 

occurs during blotting and to increase the protein binding capacity of nitrocellulose. 

The disadvantage of including methanol in the transfer buffer is that it reduces the 

efficiency of transfer so that it needs to be carried out for longer. The blotting occurs 

overnight using a constant current of around 200mA. If constant voltage is used, the 

current will increase as the buffer components of the gel elute out, and this increase 

in current may exceed 1 A.

A semi-dry blotting system can be used as an alternative, in this case the gel and 

nitrocellulose are sandwiched between filter paper soaked in transfer buffer and 

placed directly between two platinum electrode plates. The transfer times are 

shorter, but some high molecular weight proteins may not transfer.

153



6.3 CSF 14-3-3 detection using SDS-PAGE and Western blotting with 

colorimetric detection

The methods described in this section are based on modifications of the method 

described by Hsich et al., 1996.

6.3.1 Preparation of SDS-PAGE reagents

Running Gel buffer (1.5 M Tris-Cl, pH 8.8)

Dissolve 36.3 g Tris in 150 mL deionised water, adjust pH to 8.8 with HC1. 

Make up to 200 mL.

Stacking Gel Buffer (0.5 M Tris-Cl, pH 6.8)

Dissolve 6.0 g Tris in 80 mL deionised water, adjust pH to 6.8 with HC1. 

Make up to 100 mL.

10% SDS

Dissolve 10 g SDS in 100 mL deionised water

10% ammonium persulphate

Dissolve 0.1 g ammonium persulphate in 1 mL deionised water. Prepare 

immediately before use.
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10% acrylamide running gel

30% Acrylamide/bis-acrylamide solution (mix ratio 37.5: 1) 20 mL

(Product Code:A-3699, Sigma-Aldrich Chemicals, Dorset, UK)

Running gel buffer 15 mL

10% SDS 0.6 mL

Deionised water 24.1 mL

10% ammonium persulphate 300 pL

TEMED 20 pL

4% acrylamide stacking gel

30% Acrylamide/bis-acrylamide solution (mix ratio 37.5: 1)

Stacking gel buffer 

10% SDS 

Deionised water 

10% ammonium persulphate 

TEMED

Water saturated 2-methyl-1-propanol

Add 20 mL deionised water to 40 mL 2-methyl-1-propanol in a glass bottle. 

Shake and allow to separate

Gel overlay solution (0.375 M Tris-Cl, 0.1% SDS, pH 5.8)

Running gel buffer 25 mL

10% SDS 1.0 mL

Make up to 100 mL with deionised water.

2.66 mL 

5.0 mL 

0.2 mL 

12 mL 

100 pL 

10 pL
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Sample diluent (0.125 M Tris-Cl, 4% SDS, 20% v/v glycerol, 0.2 M dithiothreitol, 

0.02% bromophenol blue, pH 6.8)

Stacking gel buffer 2.5 mL

10% SDS 4.0 mL

glycerol 2.0 mL

bromophenol blue 2.0 mg

dithiothreitol 0.31 g

The above was dissolved in 10 mL deionised water and stored in 0.5 mL aliquots at 

-20°C

Electrophoresis buffer (0.025 M Tris, 0.192 M glycine, 0.1% SDS, pH 8.3) 

Tris 30.3 g

glycine 144.1 g

SDS 10 g

Dissolve the above in 10 L of deionised water.

6.3.2 Preparation of SDS-PAGE gel (10% running gel and 4% stacking gel)

A SE 600 vertical slab gel unit (Amersham Pharmacia Biotech, Herts, UK) was 

assembled in the dual gel casting stand according to the manufacturer’s instructions, 

using a set of 1.5 mm spacers. The reagents for the running gel, omitting the 

ammonium persulphate and TEMED, were mixed in a 150 mL glass beaker and 

degassed by bubbling helium through. After addition of the ammonium persulphate 

and TEMED the solution was poured between the two 180 mm x 160 mm glass 

plates, assembled in the casting stand. A gap of 4 cm was left at the top of the plates 

and a layer of water saturated 2-methyl-1-propanol was carefully pipetted on top of 

the gel. The gel was allowed to polymerise. Once the gel had polymerised the
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saturated 2-methyl-1-propanol and unpolymerised acrylamide was poured off and 1 

mL of gel overlay solution was added.

In a 50 mL glass beaker all the reagents for the stacking gel, apart from the 

ammonium persulphate and the TEMED, were added and degassed in the same 

manner as the running gel. The gel overlay solution was poured away and after 

rinsing the surface of the gel with 1-2 mL of the stacking gel solution, the remaining 

stacking gel was added. A 10 space comb was added to the stacking gel, being 

careful not to trap any bubbles, and the gel was left to polymerise.

6.3.3 Sample Preparation for SDS-PAGE

For each CSF sample 60 pL was diluted with an equal volume of sample diluent, and 

placed in a boiling water bath for 4 minutes.

6.3.4 Running the SDS-PAGE gel

The comb was carefully removed from the stacking gel and the wells were rinsed 

with electrophoresis buffer. After fitting the gaskets to the upper tank chamber it 

was placed onto the gel and secured using the cams supplied. The lower tank 

chamber was filled with 3 L of electrophoresis buffer and the gel plus upper chamber 

were lowered into the lower tank chamber being careful to avoid trapping any 

bubbles at the bottom of the gel. The upper chamber was filled with electrophoresis 

buffer, making sure that there was no leakage of buffer into the lower chamber. To 

each well 100 pL of diluted CSF sample was added. A positive control
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(cerebrospinal fluid from a histopathologically confirmed case of sporadic 

Creutzfeldt-Jakob disease), a negative control (cerebrospinal fluid from a patient 

without histopathological evidence of sporadic CJD) and molecular weight markers 

were included on each run. The gel was run at 250 V, 50 mA for 3 hours using an 

EPS 200 power supply (Amersham Pharmacia Biotech, Herts, UK).

6.3.5 Transfer of 14-3-3 onto nitrocellulose using Western blotting

6.3.5.1 Preparation of transfer buffer

Transfer buffer (0.025 M Tris, 0.192 M glycine, 0.1% SDS, pH 8.3 containing 20% 

methanol)

Tris 9.1 g

glycine 43.2 g

SDS 3 g

Dissolve the above in 2 L of deionised water, add 600 mL methanol and 

make up to 3 L with deionised water.

Coomassie Brilliant Blue

Dissolve 100 mg Coomssie Brilliant Blue in 100 mL destain solution (70 mL 

water: 10 mL glacial acetic acid: 20 mL ethanol). Filter prior to use. Store at 

room temperature.
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6.3.5.2 Conditions of Western blotting

At the end of the electrophoresis, the gel was removed from the electrophoresis 

system and the lane containing the molecular weight markers was removed and 

placed in Coomassie Brilliant Blue stain for 1 hour and then destained using 

deionised water. The remaining gel was placed into pre-chilled transfer buffer for 30 

minutes. Two pieces of filter paper and a piece of nitrocellulose were cut to the 

same dimensions as the gel and placed into transfer buffer, along with the two fibre 

pads supplied with the Trans-blot® Electrophoretic Transfer cell (Bio-Rad, Herts, 

UK). After 30 minutes one fibre pad was placed onto the plastic gel holder and onto 

this was placed a piece of wet filter paper ensuring that there were no trapped air 

bubbles. The gel was removed and placed on top of the filter paper. A piece of pre

wetted nitrocellulose was placed on top of the gel, being careful not to trap any 

bubbles. The remaining filter paper and fibre pad were placed on top of the gel, all 

bubbles removed and the gel holder closed. The transfer cell was filled with pre

chilled transfer buffer and the cooling coil placed inside the cell and attached to a 

free flowing water system. The gel holder placed into the Trans-blot®

Electrophoretic Transfer cell with the gel facing the cathode. The transfer of proteins 

was carried out using a constant current of 400 mA and a starting voltage of 50 V for 

16 hours.
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6.3.6 Detection of 14-3-3 using immunoblotting

6.3.6.1 Preparation of immunoblotting reagents

Blocking solution (2% milk in phosphate buffered saline (PBS))

Dissolve 1 g non-fat milk powder (Marvel) in 50 mL PBS

Antibody diluent (0.1% milk in PBS)

Dissolve 0.05 g non-fat milk powder (Marvel) in 50 mL PBS

Wash solution (PBS containing 0.05% Tween 20)

500 pL Tween 20 added to 1 L PBS

Rabbit polyclonal anti-human 14-3-3y gamma subunit (Product Code sc-731, Santa

Cruz Ltd, Germany, supplied by Autogen Bioclear, Wilts, UK)

50 pL of the above antibody was diluted in 50 mL PBS containing 0.1% non

fat milk powder

Swine polyclonal anti-rabbit Immunoglobulin HRP conjugate (Product Code: P0217,

Dako Ltd, Cambs, UK)

50 pL of the above antibody was diluted in 50 mL PBS containing 0.1% non

fat milk powder

Amino-ethylcarbazole colour reagent

Dissolve 50 mg of 3-amino-9-ethylcarbazole in 20 mL ethanol, add 100 mL 

acetate buffer, pH 5.2 and 100 pL hydrogen peroxide
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6.3.6.2 14-3-3 immunoblotting technique

After transferring the 14-3-3 onto nitrocellulose, the unbound protein binding sites 

were blocked by incubating the membrane in 2% non-fat milk in PBS for 30 minutes 

at room temperature. The nitrocellulose membrane was rinsed with running water 

and then washed with PBS containing 0.05% Tween 20 (wash solution), and placed 

in 50 mL PBS/milk containing rabbit anti-human 14-3-3y. After incubating the 

nitrocellulose membrane overnight at 4°C, the membrane was rinsed with running

water and washed as described previously, and placed in 50 mL PBS/milk containing 

swine anti-rabbit immunoglobulin HRP conjugate. After incubating the 

nitrocellulose membrane for 1 hour at room temperature, the membrane was rinsed 

with running water and washed with several changes of wash solution over 1 hour. 

The membrane was developed with aminocarbazole colour reagent for 20-30 minutes 

at room temperature, then rinsed under running water and then washed for 30 

minutes before being dried. A 14-3-3 immunoblot prepared using this method is 

shown in Figure 6.1.
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Figure 6.1 14-3-3 immunoblot using colorimetric detection, lane 1: negative 

control; lane 2: positive control; lanes 3-6: samples from 4 patients with sporadic 

CJD. The immunoblot illustrates the range o f 14-3-3 which can be detected in the 

CSF o f patients with sporadic CJD

6.4 CSF 14-3-3 detection using SDS-PAGE and Western blotting with 

enhanced chemiluminescence detection

The method previously described for detecting 14-3-3 in the CSF took three days to 

complete and the immunoblots could be difficult to interpret as the 14-3-3 bands were 

very faint. To improve the sensitivity, enhanced chemiluminescence was used to 

detect the 14-3-3 bands. The improved sensitivity of this method had two other 

advantages, firstly the volume of CSF sample used could be reduced and secondly a 

mini-gel system could be used which reduced the analysis time. The SDS-PAGE 

used the same reagents as previously reported and only significant changes will be 

described.
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6.4.1 Preparation of SDS-PAGE reagents

10% acrylamide running gel

30% Acrylamide/bis-acrylamide solution (mix ratio 37.5: 1) 5.0 mL

Running gel buffer 3.8 mL

10% SDS 150 pL

Deionised water 6.0 mL

10% ammonium persulphate 150 pL

TEMED 10 |iL

4% acrylamide stacking gel

30% Acrylamide/bis-acrylamide solution (mix ratio 37.5: 1) 0.5 mL

Stacking gel buffer 1.0 mL

10% SDS 45 pL

Deionised water 2.5 mL

10% ammonium persulphate 75 pL

TEMED 10 pL

6.4.2 Preparation of SDS-PAGE gel (10% running gel and 4% stacking gel)

A SE 250 Mighty Small™ II vertical slab gel unit (Amersham Pharmacia Biotech, 

Herts, UK) was assembled in a SE 245 Mighty Small dual gel casting stand 

according to the manufacturer’s instructions, using a set of 0.75 mm spacers. The 

reagents for the running gel, omitting the ammonium persulphate and TEMED, were 

mixed in a 50 mL glass beaker and degassed by bubbling helium through. After 

addition of the ammonium persulphate and TEMED the solution was poured 

between the two 100 mm x 80 mm glass plates, assembled in the casting stand. A 

gap of 2 cm was left at the top of the plates and a layer of water saturated 2-methyl-
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1-propanol was carefully pipetted on top of the gel. The gel was allowed to 

polymerise. Once the gel had polymerised the saturated 2-methyl-1-propanol and 

unpolymerised acrylamide was poured off and 1 mL of gel overlay solution was 

added.

In a 50 mL glass beaker all the reagents for the stacking gel, apart from the 

ammonium persulphate and the TEMED, were added and degassed in the same 

manner as the running gel. The gel overlay solution was poured away and after 

rinsing the surface of the gel with 0.5 mL of the stacking gel solution, the remaining 

stacking gel was added. A 10 space comb was added to the stacking gel, being 

careful not to trap any bubbles, and the gel was left to polymerise.

6.4.3 Sample Preparation for SDS-PAGE

For each CSF sample 15 pL was diluted with an equal volume of sample diluent, and 

placed in a boiling water bath for 4 minutes.

6.4.4 Running the SDS-PAGE gel

The comb was carefully removed from the stacking gel and the wells were rinsed 

with electrophoresis buffer. The gel was placed into the SE 250 Mighty Small II 

electrophoresis tank and secured using the clips provided. The ‘upper’ tank buffer 

chamber, which in this design is actually behind the gel, was filled with 75 mL 

electrophoresis buffer, and the lower tank buffer chamber was filled with 125 mL 

electrophoresis buffer. To each well 20 pL of diluted CSF sample was added, and as
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before a positive and negative control was included on each run. The gel was run 

using a 120 V, 40 mA for approximately 1 hour using an EPS 200 power supply 

(Amersham Pharmacia Biotech, Herts, UK).

6.4.5 Transfer of 14-3-3 onto nitrocellulose using Western blotting

6.4.5.1 Conditions used for Western blotting

The proteins from the gel were transferred onto nitrocellulose using a SemiPhor™ 

Semi-Dry Transfer unit (Amersham Pharmacia Biotech, Herts, UK). Six pieces of 

filter paper and a piece of nitrocellulose were cut to the same dimensions as the gel 

and placed into transfer buffer. A mylar mask which had a hole slightly larger than 

the gel was placed onto the base of the transfer unit, which housed the anode. The 

filter papers, nitrocellulose and gel were assembled as shown in Figure 6.2. All 

bubbles were carefully removed between each layer by rolling a glass rod over the 

surface of the filter papers and gel. The transfer of proteins was carried out using a 

constant current of 64 mA and a starting voltage of 8 V for 2 hours using an EPS 200 

power supply (Amersham Pharmacia Biotech, Herts, UK).
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Figure 6.2 Schematic representation o f assembly o f filter paper, nitrocellulose and 

gel for protein transfer using the SemiPhor™ Semi-Dry Transfer unit

6.4.6 Detection of 14-3-3 using immunoblotting

After transferring the 14-3-3 from the gel the nitrocellulose membrane was blocked 

and incubated with antibodies as previously described.

6.4.6.1 Enhanced chemiluminescence

Enhanced chemiluminescence exploits the ability of oxygen radicals to react with 

luminol to produce light (Figure 6.3). The production of oxygen radicals is catalysed 

by the action of horseradish peroxidase on hydrogen peroxide. This light is very 

short lived, merely a few nanoseconds, without the presence of enhancers which 

prolong the emission of light to minutes. This enables the light to be measured either 

in a luminometer for immunoassays or by light sensitive photographic film for 

Western blots.
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h2o2

J  Horseradish peroxidase 

luminol + 0 2* + 0 2-0 2‘ —» a-aminophthalate + N2 + light (~425nm)

Figure 6.3 Horseradish peroxidase catalysed oxidation o f luminol

6.4.6.2 Preparation of enhanced chemiluminescent reagents

SuperSignal® Chemiluminescent Substrate Stable Peroxide Solution 

(Product Code: 1856135, Pierce & Warriner, Chester, UK).

SuperSignal® Chemiluminescent Substrate Luminol/Enhancer 

(Product Code: 1856136, Pierce & Warriner, Chester, UK).

Working ECL reagent

Mix equal volumes of the above solutions, immediately prior to use.

6.4.6.3 Detection of 14-3-3 using enhanced chemiluminescence

After washing the membrane was drained of excess fluid, placed on a level surface 

and covered with 3 mL of working ECL reagent ensuring that the whole surface was 

covered. The membrane was left for 2 minutes before the ECL reagent was poured 

away and the membrane wrapped in clingfilm. The membrane was placed into a 

hypercassette™ (Amersham International pic, Bucks, UK) and covered with a piece
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of Hyperfilm™ ECL™ photographic film (product code: RPN2103H, Amersham 

International pic, Bucks, UK). After 5 minutes the film was removed and developed 

using a X-ograph compact x4 imaging system (Tetenal, Wilts, UK). A 14-3-3 

immunoblot using this method is shown in Figure 6.4.

<— 30kDa

1 2 3 4 5 6 7 8  9 10

Figure 6.4 A 14-3-3 immunoblot developed using enhanced chemiluminescence.

Lane 1: positive control; lane 2: negative control, lanes 3-10: eight CSF samples 

from patients with sporadic CJD.

6.5 Investigation into the presence of 14-3-3 in blood cells

Many CSF samples that were received for analysis were blood stained and this part 

of the study was designed to investigate whether the haemolysis would interfere with 

the analysis of 14-3-3. In addition the presence of 14-3-3 in white blood cells was 

investigated.

Four healthy volunteers (mean age 36.2 ± 6.9 years, 2M:2F) donated 10 mL blood 

which was collected into lithium heparin. Each of the samples was mixed with an 

equal volume of Hanks’ balanced salt solution (modified) (Product code: H 4385 

Sigma-Aldrich Company Ltd, Dorset, UK), and layered carefully onto 5 mL cold

168



Lymphoprep™ (Product Code: 1002705, Nycorned Pharma AS, Norway, supplied by 

Sigma-Aldrich Company Ltd, Dorset, UK) in a 30 mL plastic universal bottle. The 

blood and Lymphoprep™ was centrifuged at 3600 g for 25 minutes. The layer of 

white blood cells was removed and placed into a glass tube. The remaining 

Lymphoprep™ was removed and discarded. The red blood cell pellet was washed 

twice with saline. The Lymphoprep™ containing the white blood cells was 

centrifuged at 3600 g for 15 minutes. The resulting white blood cell pellet was 

washed twice with saline. The red blood cells and the white blood cell pellets were

stored overnight at -20°C.

The red blood cells had haemolysed on storage at -20°C and each of the four 

haemolysates were diluted 1:10 with PBS. Two of the white blood cell pellets 

obtained were diluted 1:2 with PBS. To 30 pL of the red blood cell haemolysates 

and 30 pL of the diluted white blood cells, an equal volume of SDS-PAGE sample 

buffer was added. These samples were boiled for 4 minutes and 20 pL of each of the 

samples was added to two SDS-PAGE gels. In addition, three CSF samples were 

run, one from a histologically confirmed case of sporadic CJD (positive control), one 

from a patient with who was found not to have CJD (negative control) and a third 

sample which came from a traumatic lumbar puncture (test sample). The SDS- 

PAGE gels were subject to the electrophoresis conditions described above and the 

proteins were blotted onto nitrocellulose using the SemiPhor™ Semi-Dry Transfer 

unit. After protein transfer the nitrocellulose membranes were blocked with 2% non

fat milk in PBS for 30 minutes at room temperature. After rinsing the membranes 

with running water, the membranes were washed with PBS containing 0.05% Tween
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20 and placed in either 0.1 % non-fat milk in PBS without antibody or 1:1000 

dilution of 14-3-3 yin 0.1% non-fat milk in PBS. The nitrocellulose membranes 

were incubated overnight at 4°C. The nitrocellulose membranes were rinsed and

washed as described. The membrane which had been incubated with 14-3-3 

antiserum, was placed in a 1:1000 dilution of swine anti-rabbit immunoglobulin HRP 

in 0.1% non-fat milk in PBS plus 0.05% Tween 20; and the other membrane was 

incubated in 0.1% non-fat milk in PBS plus 0.05% Tween 20. Both membranes 

were incubated for an hour at room temperature before being washed for 2 hours 

with PBS containing 0.05% Tween 20. The nitrocellulose membranes were 

developed using ECL detection as previously described.

The resultant immunoblots are shown in Figure 6.5. The 14-3-3 immunoblot shows 

the presence of 14-3-3 in the positive control, test sample and the two white blood 

cell extracts. T-cell lymphocytes have been reported to contain a specific isoform of 

14-3-3, known as tau 14-3-3 (Nielsen, 1991), which is also in low concentrations in 

spleen cells and in mammalian brains (Martin et al, 1993). These results suggest that 

in addition to the tau isoform white blood cells also contain a substantial amount of 

gamma 14-3-3.

A large amount of reactivity is seen in the red blood cell haemolysate, including a 

band with a similar molecular weight to 14-3-3. Examination of the blot which was 

obtained without incubation with 14-3-3 antisera showed no reactivity with the 

positive control, test sample or white blood cell extracts. The red blood cell 

haemolysates showed a similar reactivity in both blots, including the presence of the

170



band with the similar molecular weight to 14-3-3. This suggested that the reactivity 

seen in the haemolysates was due, in part, to endogenous peroxidase activity, which 

is likely to be caused by the haem group present in haemoglobin. There is a band 

present in the 14-3-3 immunoblot which is not present in the other blot, which maybe 

due to cross reactivity of either the 14-3-3 antiserum or the swine anti-rabbit 

immunoglobulin HRP antiserum with other protein(s) containing 14-3-3 like 

sequences. The presence of 14-3-3 immunoreactivity has previously been reported in 

red blood cells (Boston et al., 1982b). The test sample only showed reactivity in the 

blot incubated with 14-3-3 antisera, suggesting that the band seen is due to the 

presence of 14-3-3 from either haemolysed red blood cells or from the CSF and not 

due to endogenous peroxidase activity.

—»
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Figure 6.5 Immunoblots o f CSF samples, red blood cell haemolysates and white blood 

cell preparations (a) with and (b) without 14-3-3 antisera. Lane 1, positive control; lane 

2, negative control; lane 3, test CSF; lanes 4-7 red blood cell haemolysates; lane 8,9 

white blood cell preparations. Arrows mark the position of the 14-3-3 band
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6.5.1 Titration of the 14-3-3-like reactivity of red blood cell haemolysates

Another red blood cell haemolysate was prepared as described and was diluted in 

PBS to give a range of dilutions of 1:40-1:5000. These samples were analysed as 

above to investigate the degree of haemolysis which would produce a positive result 

on the 14-3-3 immunoblot. The haemoglobin concentration was measured in the 

1:40 dilution using a Max M Beckman Coulter analyser (Beckman Coulter UK Ltd, 

High Wycombe, UK) and found to be 7.2 g/L. Samples containing concentrations of 

haemoglobin of 0.4 g/L or greater had significant endogenous peroxidase activity 

(Figure 6.6). This peroxidase activity was present in a number of bands including 

one which was in the 30kDa position, which could be confused with 14-3-3. This 

band was only detectable in the samples having haemoglobin concentration of 

greater than 1.8 g/L. The corresponding bands on the immunoblot developed using 

14-3-3 antisera were stronger, suggesting there may be 14-3-3 in the red blood cell 

haemolysate. This may be due to the presence of 14-3-3 in red blood cells or due to 

contaminating cells such as white blood cells and/or platelets which have not been 

adequately removed by the Lymphoprep.

T-cell lymphocytes are known to contain a specific form of 14-3-3, the tau isoform, 

and the gamma isoform. Platelets have been shown to contain beta, gamma and zeta 

14-3-3 isoforms (Wheeler-Jones et al., 1996). It is also possible that 14-3-3, 

including the gamma form, is present in red blood cells.
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a) 1 2 3 4 5 6 7 8 9 10 b) 1 2 3 4 5 6 7 8 9  10

Hb g/L 7.2 3.6 1.8 0.9 0.4 0.2 0.1 0.05 7.2 3.6 1.8 0.9 0.4 0.2 0.10.05

Figure 6.6 Immunoblots of CSF sample and red blood cell haemolysates with (a) and 

without (b) 14-3-3 antisera. Lane 1: positive control; lane 2-9: red blood cell 

haemolysates; lane 10: test CSF. Arrows mark the position o f the 14-3-3 band
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Chapter 7 - Detection of 14-3-3 in cerebrospinal fluid

The presence of 14-3-3 in cerebrospinal fluid was investigated in 296 CSF samples 

from patients with a variety of neurological conditions, using polyacrylamide 

electrophoresis and enhanced chemiluminescence which is described in section 6.4. 

The CSF samples and diagnoses were obtained as previously described in section 

3.0.

7.1 14-3-3 in patients with sporadic Creutzfeldt-Jakob disease (CJD)

The presence of 14-3-3 was examined in 79 CSF samples from patients suspected of 

having sporadic CJD. Of these patients, 31 were found to have histologically 

confirmed sporadic CJD (mean age: 66.2 ± 9.7 years, range 49-79; 17M:14F), 10 had 

probable sporadic CJD (mean age: 65.0 ± 8.4 years, range 54-80; 6M: 4F) and 8 had 

possible sporadic CJD (mean age: 62.3 ± 8.8 years, range 51-75; 3M:5F). The 

remaining 30 patients were initially suspected of having sporadic CJD but this 

diagnosis was subsequently excluded (mean age: 60.4 ± 17.9 years, range 40-82; 

19M: 1 IF). This group of patients acted as appropriate controls.

The samples were analysed without prior knowledge of the clinical findings and 

wherever possible histological confirmation of the clinical diagnosis was obtained. 

The 14-3-3 results, including the sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and efficiency are shown in Table 7.1.
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Patient Group

CSF 14-3-3 

(number positive/ 

total number)

Histologically confirmed sporadic CJD 24/31

Probable sporadic CJD 10/10

Possible sporadic CJD 4/8

Not sporadic CJD 4/30

Sensitivity 83%

Specificity 87%

PPV 89%

NPV 79%

Efficiency 85%

Table 7.1 The incidence o f detectable 14-3-3 in the CSF o f patients with 

histologically confirmed, probable and possible sporadic CJD, and in patients 

initially suspected o f having sporadic CJD but subsequently proven not to have.

The sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV) and efficiency o f a positive CSF 14-3-3 were calculated using the results 

obtained from the patients with histologically confirmed and probable sporadic CJD

The sensitivity of detection of 14-3-3 for the diagnosis of histologically proven and 

probable sporadic CJD has been reported to be between 90-96% and the specificity 

to be between 94-100% (Hsich et al., 1996; Zerr et al., 1998; Beaudry et al., 1999). 

The sensitivity found in this study was lower at 83%. The reason for this is probably 

the high proportion of atypical cases with long duration of illness which were found 

to be negative for 14-3-3 (Table 7.2). The number of CSF samples received from 

patients with histologically confirmed and probable sporadic CJD from November
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1996 - January 1999 was 41. This is much lower than the total number of cases 

confirmed, which was 108 for 1997-1998. This means that just over a third of 

patients with sporadic CJD were investigated for the presence of 14-3-3, and this 

suggests that the data is skewed towards those patients with an atypical presentation. 

Differences in methodology are unlikely to be the cause of the lower sensitivity, as 

an exchange of CSF samples with Dr. I. Zerr at the German CJD Surveillance Unit, 

showed that there was total concordance of the results produced by the two 

laboratories.

Of the 7 patients with histologically proven sporadic CJD who did not have 

detectable CSF 14-3-3, 5 had either a more protracted disease course or were 

heterozygous for valine .methionine at codon 129 on the PRNP gene (Table 7.2).

Case

number

Age at onset 

disease (years)

Duration of 

disease (months)

Codon 129 

polymorphism

Case 1 61 8 MV

Case 2 68 4 MM

Case 3 61 5 MM

Case 4 79 17 Unknown

Case 5 58 19 Unknown

Case 6 44 17 MM

Case 7 63 >21 MV

Table 7.2 The age at onset, disease duration and codon 129 polymorphism in 

patients with histologically confirmed sporadic CJD who did not have detectable 

CSF 14-3-3 at the time of lumbar puncture
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It is known that the codon 129 polymorphisms on the PRNP gene can alter the 

clinical manifestation of familial CJD, and it has been reported that patients with 

sporadic CJD who are heterozygous at codon 129 are more likely to have a long 

duration of illness and are atypical in presentation (Palmer and Collinge, 1992).

Only 2 of the negative 14-3-3 cases had what would be considered a typical disease 

duration or were homozygous at codon 129. Unfortunately there is no information 

available concerning the timing of the lumbar puncture in relation to the disease 

duration. It is possible that the appearance of 14-3-3 in the CSF follows a bell

shaped curve as has been shown for CSF S-lOOb and neurone-specific enolase (NSE) 

(Jimi et al., 1992), and if the CSF sample was taken either very early or very late in 

the disease, 14-3-3 may not be elevated at that time. The specificity of the 14-3-3 is 

less than that previously reported and the reason for this is unclear.

Of the 4 false positive cases, 1 patient had Alzheimer’s disease, 1 had carcinomatous 

meningitis secondary to small cell lung carcinoma, 1 had cerebral B-cell lymphoma 

and the final patient had a non-viral encephalitis. The presence of 14-3-3 in the CSF 

of these patients could reflect the neuronal cell damage occurring in these diseases, 

although it is very unusual to have a positive CSF 14-3-3 in patients with 

Alzheimer’s disease (see section 7.8).

7.2 14-3-3 in patients with new variant Creutzfeldt-Jakob disease (CJD)

The presence of 14-3-3 was examined in 59 CSF samples from patients suspected of 

having new variant CJD. Of these patients 19 were shown to have histologically 

confirmed new variant CJD (mean age: 29.0 ± 10.4 years, range 18-53; 9M:10F),
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8 had probable new variant CJD (mean age: 25.4 ±6.1 years, range 19-39; 3M:5F) 

and 1 patient had possible new variant CJD (age 22 years, 1M). The remaining 31 

patients were initially suspected of having new variant CJD but this diagnosis was 

subsequently excluded (mean age: 35.1 ± 13.9 years, range 14-59; 15M:16F). These 

patients acted as appropriate controls. The samples were analysed without prior 

knowledge of the clinical findings and wherever possible histological confirmation 

of the clinical diagnosis was obtained. The 14-3-3 results obtained are shown in

Table 7.3.

Patient Group
CSF 14-3-3 

(number positive/ 

total number)

Histologically confirmed new variant CJD 11/19

Probable new variant CJD 5/8

Possible new variant CJD 1/1

Not new variant CJD (control patients) 2/31

Sensitivity 58%

Specificity 94%

PPV 85%

NPV 78%

Efficiency 80%

Table 7.3 The incidence o f detectable 14-3-3 in the CSF o f patients with 

histologically confirmed, probable and possible new variant CJD, and in patients 

initially suspected of having new variant CJD but subsequently proven not to have. 

The sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV) and efficiency of a positive CSF 14-3-3 were calculated using the results 

obtained from the patients with histologically confirmed new variant CJD

178



The clinical criteria for probable new variant CJD are not as well established as for 

the sporadic form of the disease and therefore it has not been included in the 

assessment of the diagnostic value of 14-3-3. The efficiency of 14-3-3 for the 

diagnosis of new variant CJD is somewhat less than that for the diagnosis of sporadic 

CJD (80% vs 85%). This reflects the higher percentage of patients with new variant 

CJD who do not have detectable 14-3-3 results. There is little difference between 

those patients who are negative for 14-3-3 and those who are positive in terms of age 

at onset of disease, disease duration and the timing of the lumbar puncture in terms 

of disease duration (Table 7.4). Of the 2 patients with false positive results, 1 patient 

had a stroke-like illness and subsequently recovered and the other was diagnosed as 

having multiple sclerosis.

Patient group (n)
Age at onset of 

disease in years

Duration of 

illness in months

Time of lumbar 

puncture as % of 

disease duration

14-3-3 positive (10) 31 (19-52) 15 (7-29) 64% (31-83%)

14-3-3 negative (8) 27 (18-51) 14 (8-30) 72% (23-88%)

Table 7.4 Comparison o f the age at onset o f disease, duration o f illness and time o f 

lumbar puncture as percentage of illness between those new variant patients positive 

for 14-3-3 and those new variant patients who are negative for 14-3-3. All results 

expressed as mean (range)
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7.3 Comparison of the CSF 14-3-3 results in patients with sporadic CJD and

the new variant CJD

The percentage of patients with histologically confirmed new variant CJD who have 

detectable CSF 14-3-3 is 58%, this compares to 77% of patients with histologically 

confirmed sporadic CJD. The reason for the lower incidence in new variant CJD, is 

possibly the longer duration of disease seen in this form of CJD, when compared to 

the sporadic form (median duration of 16 months vs 4.5 months, respectively). In 

addition to this difference, the magnitude of the 14-3-3 band peaks seen in sporadic 

CJD is much higher than that seen in new variant. This is illustrated in Figure 7.1 

which shows the range of 14-3-3 band peaks seen in new variant CJD (a) and in 

sporadic CJD (b). The positive control sample (364) and the negative control sample 

(338) are common to both immunoblots, demonstrating that the difference is not due 

to between-assay variation.
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Figure 7.1 Comparison of the 14-3-3 immunohlots obtained in patients with (a) new 

variant CJD and (b) sporadic CJD

Immunobiot (a) lane 1: positive control; lane 2: negative control; lanes 3,4,5,6 and 

9: positive CSF 14-3-3 samples from 5 patients with histologically confirmed new 

variant CJD; lanes 7, 8 and 10: negative CSF 14-3-3 samples from 3 patients with 

histologically confirmed new variant CJD

Immunobiot (b) lane 1, positive control; lane 2, negative control; lanes 3-10 positive 

14-3-3 CSF samples from 8 patients with histologically confirmed sporadic CJD



The previous illustration also demonstrates the range of positivity that can be found 

in these immunoblots. The interpretation can be difficult when smaller 14-3-3 band 

peaks are present, as seen in Figure 7.1a. To see if densitometric scanning of the 

immunoblots would help interpretation, the developed photographic films were 

scanned at 600 dpi using a Bio-Rad Model GS-690 Imaging Densitometer (Bio-Rad, 

Herts, UK), using transmitted light and a red filter. The peak height and peak area 

were calculated for each of the 14-3-3 bands and expressed as a percentage of the 

positive control (364). The results are shown in Table 7.5. It was not possible to 

distinguish the two CSF samples shown in Figure 7.1a with small positive 14-3-3 

bands (342 and 344) from the background using densitometric scanning. It appears 

that the eye is better for discriminating these weakly positive results rather than 

densitometric scanning. The majority of the patients with sporadic CJD have large 

amounts of CSF 14-3-3, although some patients have much lower amounts (133 and 

68). In general patients with new variant CJD have smaller amounts of CSF 14-3-3 

than the majority of sporadic CJD patients.

Patient Group (n)

Peak height 

%  of positive control 

(Mean ± SD)

Peak area 

% of positive control 

(Mean ± SD)

Sporadic CJD (8) 72 ±34 67 ±48

New variant CJD (5) 21 ±5 3.9 ±0.7

Table 7.5 Semi-quantitative measurement o f CSF 14-3-3 in 5 patients with 

histologically confirmed new variant CJD and 8 patients with histologically 

confirmed sporadic CJD
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7.4 The precision of densitometric scanning as a means of quantifying 

14-3-3

To investigate the reproducibility of densitometric scanning as a means of 

quantifying 14-3-3, a CSF sample was run seven times on a single gel. The centre of 

each band was scanned to assess within gel precision, and one band was scanned 

eight times at equally spaced positions throughout the band to assess within band 

precision. The peak height and area was obtained and expressed as a percentage of 

the positive control (364). The results are shown in Table 7.6.

Precision (n)

Peak height 

% of positive control 

Mean ± SD (CV%)

Peak area 

% of positive control 

Mean ± SD (CV%)

Within gel (7) 70.5 ± 12.4(17.5%) 17.1 ±6.2 (36.2%)

Within band (8) 72.1 ±7.0 (9.7%) 16.3 ±3.4 (20.7%)

Table 7.6 The within gel and within band precision o f densitometric scanning o f 

14-3-3 as assessed by peak height and peak area

The best within gel and within band precision was obtained using the peak height 

rather than the peak area as a measure of the amount of 14-3-3. The within gel 

precision for peak height was 17.5% which suggests that densitometric scanning can 

only be used as a semi-quantitative estimation of the concentration of 14-3-3.
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7.5 Investigation of CSF 14-3-3 isoforms in patients with sporadic and new

variant CJD

Although the gamma isoform of 14-3-3 is thought of as the most brain-specific 

isoform, it is not the only one present within the central nervous system. The 

composition of the 14-3-3 isoforms in the CSF was investigated using antiserum 

raised against each of the isoforms (Courtsey of Dr. A. Aitken, Institute of Medical 

Research, Mill Hill, London). Briefly, 500 jllL of CSF was diluted with SDS-PAGE 

sample buffer, boiled and loaded into a 9 cm well on a SDS-PAGE gel (4% stacking 

gel and 10% running gel). A set of molecular weight markers was also run. The 

electrophoresis and protein transfer were performed as described in section 6.3. The 

molecular weight markers were stained with Coomassie Brilliant Blue. After 

transferring the CSF proteins to nitrocellulose, the unbound protein sites on the 

nitrocellulose were blocked using 2% non-fat milk powder in PBS for 30 minutes at 

room temperature. After which the membrane was washed with running water and 

cut into 8 strips. Each strip was placed into 20 mL of 0.1% non-fat milk powder in 

PBS containing 20 jllL of either an isoform specific antiserum or one raised against 

all isoforms. The antisera used are described in Table 7.7.
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Specificity Source Product No Code

All isoforms Santa Cruz sc-629-G All

All isoforms Dr. A. Aitken 1006 All-a

Gamma isoform Dr. A. Aitken 1106 Gamma

Epsilon Dr. A. Aitken 2048 Epsilon

Epsilon - carboxy terminal Dr. A. Aitken 1116 ECT

Eta Dr. A. Aitken 2058 Eta

Zeta Dr. A. Aitken 1002 Zeta

Tau Dr. A. Aitken 199 Tau

Sigma Dr. A. Aitken 789 Sigma

Table 7.7 Description o f the source and specificity o f the 14-3-3 antisera used in the 

investigation o f 14-3-3 isoforms present in the CSF of a patient with sporadic CJD 

and a patient with new variant CJD

The strips were incubated at 4°C overnight. They were then rinsed with running 

water, washed with 0.1% non-fat milk in PBS containing 0.05% Tween 20, and 

placed in 20 mL of 0.1% non-fat milk in PBS containing 20 pJL swine anti-rabbit 

immunoglobulin conjugated with horseradish peroxidase. The strips were incubated 

for 1 hour at room temperature, rinsed under running water and washed with PBS 

containing 0.05% Tween 20 for 2 hours. The strips were developed using 

ethylaminocarbazole as described in section 6.3.6.2.

The CSF 14-3-3 isoforms detected in the CSF of a patient with sporadic CJD and in 

a patient with new variant CJD can be seen in Figure 7.2. The gamma and the 

epsilon isoforms were detected in both forms of CJD, but a third isoform, zeta, could
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only be confirmed in sporadic CJD. A third isoform which could be zeta was 

detected in the new variant CSF using the All antisera, but unfortunately the zeta 

specific antiserum was not sensitive enough to detect the zeta isoform in this patient, 

so the identity of the third isoform seen in the new variant CSF cannot be confirm ed 

but is likely to be the zeta isoform. Unfortunately the All-a antiserum donated by Dr. 

Aitken did not appear to have any 14-3-3 reactivity. It was not possible to obtain 

quantitative scans of the immunoblots to ascertain the relative amounts of these 

isoforms, because of the small size of the bands seen and the very high background 

staining obtained.

All-a Gamm a Epsilon ECT

b) All-a Gamma Tau Sigma Blank Epsilon ECT Eta Zeta

Figure 7.2 Immunoblots showing the isoforms of 14-3-3 present in the CSF o f a) a 

patient with new variant CJD and b) a patient with sporadic CJD. For the source 

and specificity of the individual antisera see Table 7.7
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The molecular weights of the 14-3-3 isoforms seen were calculated and are shown in

Table 7.8.

14-3-3 Sporadic New variant Reported molecular

Isoform CJD (kDa) CJD (kDa) weights**

Epsilon 30.312 30.564 29.219

Gamma 30.105 30.345 28.218

Zeta 29.768 29.950* 27.790

Table 7.8 The calculated molecular weights for the 14-3-3 isoforms detected in the 

CSF o f a patient with sporadic CJD and a patient with new variant CJD. *14-3-3 

isoform detected using the All 14-3-3 antiserum and thought to be the zeta isoform. 

** Molecular weights obtained from human tissue using mass spectroscopy

The immunoblots in Figure 7.2 showed that the same 14-3-3 isoforms are seen in 

sporadic CJD and in new variant CJD. This suggests that the source of 14-3-3 is the 

same in both forms of the disease.

7.6 CSF 14-3-3 in patients with familial and iatrogenic CJD

The presence of CSF 14-3-3 was investigated in 4 patients with iatrogenic CJD 

secondary to the administration of human cadaveric growth hormone, 3 patients with 

familial CJD and 1 patient with Gerstmann-Straussler-Scheinker syndrome. The 

results are shown in Table 7.9. Two of the cases of iatrogenic CJD had detectable 

CSF 14-3-3, as did 1 patient with an insert mutation, however the patient with 

Gerstmann-Straussler-Scheinker (GSS) syndrome did not have detectable CSF 

14-3-3. Those patients with positive CSF 14-3-3 had concentrations which appeared
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to be indistinguishable from those found in patients with sporadic CJD. Patients 

with iatrogenic CJD secondary to human cadaveric growth hormone administration 

usually present with cerebellar ataxia rather than dementia and have a more 

protracted disease than sporadic CJD. The lower incidence of CSF 14-3-3 in these 

patients may be related to the longer duration of disease or the different clinical 

presentation. Further studies are needed to investigate the incidence of detectable 

CSF 14-3-3 in these conditions. Patients with the PrP Glu-Lys200 mutation have a 

very similar clinical presentation and disease course to patients with sporadic CJD, 

and 14-3-3 has been detected in a large number of patients who present with this 

disease, but not in healthy carriers of the mutation (Rosenmann et al., 1997; Zerr et 

al., 1998). CSF 14-3-3 was detected in one of two patients with GSS associated with 

the PrP Pro-Leu102 mutation (Zerr et al., 1998). There is little information about the 

incidence of 14-3-3 in patients with PRNP insert mutations, but the results described 

above suggest that 14-3-3 may only be detected in 50% of cases.
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Type CJD Patient Id Mutation
Age

(years)
Sex CSF 14-3-3

Iatrogenic - GH Case 1 n/a 34 M Negative

Iatrogenic - GH Case 2 n/a 37 M Positive

Iatrogenic - GH Case 3 n/a 28 M Positive

Iatrogenic - GH Case 4 n/a 27 F Negative

Familial CJD Case 1 Insert 67 F Positive

Familial CJD Case 2 Insert 66 M Negative

Familial CJD Case 3 PrP Glu-Lys200 51 M Positive

GSS Case 1 PrP Ala-Val117 44 F Negative

Table 7.9 The incidence o f 14-3-3 in 4 patients with iatrogenic CJD secondary to 

growth hormone administration, 3 patients with familial CJD and 1 patient with 

Gerstmann-Straussler-Scheinker syndrome (GSS)

7.7 CSF 14-3-3 in cattle with and without Bovine Spongiform 

Encephalopathy (BSE)

Initial experiments showed that the SDS-PAGE with Western blotting and ECL 

detection method described in section 6.4 was not sensitive enough to detect the 

14-3-3 in bovine CSF. The sensitivity was improved using an Ultra Super Sensitive 

ECL reagent (Product Code 1856157(8), Pierce and Warriner, Chester, UK). A 

typical immunobiot using this detection system is shown in Figure 7.3.

189



Lane 1 2 3 4 5 6 7 8 9

Figure 7.3 CSF 14-3-3 Immunobiot developed using Ultra SuperSensitive ECL 

reagent. Lanes 1-5, CSF from cattle with BSE; lanes 6-9, CSF from cattle without 

BSE

Using this more sensitive ECL detection system the presence of CSF 14-3-3 was 

investigated in 21 cattle with histologically confirmed BSE and 11 cattle suspected 

of having BSE but with no histological changes consistent with this diagnosis. The 

results are shown in Table 7.10. CSF 14-3-3 was detected in 71% of the cattle with 

BSE and in 18% of the cattle without BSE. These results gave the detection of CSF 

14-3-3 a positive predictive value of 88% and a negative predictive value of 60% for 

the diagnosis of BSE. These results are based on a very small population and need to 

be expanded.
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Cattle Group (n)
CSF 14-3-3 

(number positive/ 

total number)

BSE (21) 15/21

Non BSE disease (11) 2/11

Sensitivity 71%

Specificity 82%

PPV 88%

NPV 60%

Efficiency 75%

Table 7.10 The sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and efficiency o f the detection o f CSF 14-3-3 for the 

diagnosis o f BSE

The amount of 14-3-3 detected in the CSF of cattle with BSE is small. This may be 

due to the poorer reactivity of the anti-14-3-3 antiserum used, for the bovine form of 

the protein when compared to the human form. This will limit the use of this test 

unless more sensitive methods of detection can be found. Due to the problems of 

obtaining bovine brain material, it is unlikely that purified bovine 14-3-3 will 

become available in the immediate future, limiting the chance of producing antisera 

specific for the bovine form of the protein.
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7.8 CSF 14-3-3 in patients with non-CJD dementia and other neurological 

diseases

The presence of CSF 14-3-3 was investigated in 150 patients with either non-CJD 

forms of dementia or neurological/psychological disorders. Of these patients, 19 had 

Alzheimer’s disease (mean age: 60.6 ± 9.3 years, range 47-75; 12M:7F), 17 patients 

had the sporadic form of the disease and 2 had autosomal dominant familial disease. 

Twenty-four patients had frontotemporal dementia (mean age: 60.3 ± 12.6 years, 

range 39-94; 18M:6F), of whom 15 had clinically diagnosed Pick’s disease, 1 had 

histologically confirmed Pick’s disease and 8 had clinically diagnosed frontal lobe 

degeneration. Six patients had cortical Lewy body disease (mean age: 59.3 ± 12.7 

years, range 45-69; 4M:2F), 6 patients had corticobasal degeneration (mean age: 64.8 

± 12.0 years, range 46-76; 4M:2F), 4 patients had vascular dementia (mean age: 61.0 

± 11.6 years, range 59-77; 3M:1F) and 10 patients (mean age: 33.3 ± 3.97 years, 

range 27-40; 10M) had HIV associated dementia complex (ADC) with stage 2 or 

greater dementia according to the Memorial Slone Kettering Criteria (Price and 

Brew, 1988). A group of 19 patients with slowly progressive neurodegenerative 

diseases was also investigated (mean age: 60.9 ± 10.1 years, range 38-77; 14M:5F),

5 had dementia in association with Parkinson’s disease, 4 had unspecified 

neurodegenerative disorders, 4 had progressive supranuclear palsy, 3 had multi

system atrophy, 2 had Huntington’s disease and 1 had motor neurone disease. A 

group of 40 patients with a dementia of unknown aetiology (mean age: 56.3 ± 11.3 

years, range 34-79; 21M:19F) and a group of 22 patients with miscellaneous 

neurological or psychological disorders (mean age: 44.5 ±15.2 years, range 28-66;
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8M:14F) were also investigated. Within the miscellaneous group of disorders,

3 patients had brain tumours, 1 had a stroke, 5 had encephalopathy, 6 had epilepsy, 

2 had multiple sclerosis, 2 had psychological syndromes, 2 had cerebral Whipples’s 

disease and 1 had dystonia. The results are shown in Table 7.11.

Disease Group
CSF 14-3-3 

(number positive/ 

total number)

Alzheimer’s disease 0/19

Frontotemporal dementia 1/24

Cortical Lewy body disease 0/6

Corticobasal degeneration 1/6

Vascular dementia 0/4

AIDS related dementia complex 0/10

Unspecified dementia 0/40

Degenerative disease 1/19

Miscellaneous neurological and psychological disease 4/22

Total 7/150

Table 7.11 CSF 14-3-3 in patients with different forms o f dementia, patients with 

neurodegenerative diseases associated with dementia and miscellaneous 

neurological and psychological diseases

None of the patients with Alzheimer’s disease, cortical Lewy body disease, vascular 

dementia or unspecified dementia had detectable 14-3-3 in the CSF. One patient 

with histologically confirmed Pick’s disease and 1 patient with corticobasal 

degeneration had detectable CSF 14-3-3. None of the patients with progressive
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supranuclear palsy, Huntington’s disease or Parkinson’s disease with dementia had 

detectable CSF 14-3-3, although 1 patient with multi-system atrophy had a positive 

CSF 14-3-3. All 3 patients with brain tumours and the patient with suffering from a 

stroke had detectable 14-3-3, but none of the other neurological or psychological 

disorders investigated was positive.

7.9 Discussion of CSF 14-3-3 results

In 1996, the first report of the use of 14-3-3 in CSF as a diagnostic marker for CJD 

was published (Hsich et al., 1996). It was reported to have a high sensitivity and 

specificity for sporadic CJD. Earlier that year a new form of CJD which affects 

younger patients and has a longer disease duration was described (Will et al., 1996a). 

It was later proved that this disease was related to the ingestion of BSE-infected meat 

products (Bruce et al., 1997; Hill et al., 1997). This stimulated interest in evaluating 

CSF 14-3-3 as a marker of CJD. The need for a premorbid diagnostic test for CJD 

which does not involve the examination of brain tissue has been prompted by the 

finding that instruments used to obtain brain tissue can transmit the disease to other 

patients, even after standard sterilizing procedures.

CSF 14-3-3 has been proven to be of value in the investigation of patients with 

suspected sporadic CJD (Hsich et al., 1996; Zerr et al., 1998; Beaudry et al., 1999). 

This study has shown that there is a population of patients with sporadic CJD who do 

not have detectable 14-3-3 in the CSF. This may be dependent on the duration of the
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illness, the codon 129 phenotype and/or when during the disease course the CSF 

sample was taken.

Patients with other forms of dementia which may be confused with CJD, such as 

Alzheimer’s disease and frontotemporal dementia, have a very low incidence of 

14-3-3; which accounts for the high specificity of this investigation. The 3 patients 

with cerebral tumours and the 1 patient who had a stroke had a positive CSF 14-3-3. 

This would be expected as the majority of 14-3-3 within the CNS is found in the 

cytoplasm of neuronal cells with a smaller proportion being membrane bound 

(Martin et al., 1994), therefore any disease which causes neuronal damage or loss 

would be expected to be associated with a detectable CSF 14-3-3. Other studies 

have shown that patients with multi-infarct dementia, strokes, Herpes simplex 

encephalitis and brain tumours have detectable 14-3-3 (Hsich et al., 1996; Zerr et al., 

1998).

Patients with the familial, iatrogenic and new variant forms of the disease have a 

lower incidence of CSF 14-3-3, than sporadic CJD. In familial and iatrogenic CJD 

this may be related to the disease duration and the clinical manifestation of the 

disease. When 14-3-3 is present in the CSF of patients with these forms of CJD it is 

of the same magnitude as patients with the sporadic form of the disease. In contrast, 

the amount of 14-3-3 present in the CSF of patients with new variant CJD is 

generally less than that seen in the sporadic form of the disease. This suggests that 

there are factors other than disease duration which affect the amount of 14-3-3 

released in new variant CJD. As 14-3-3 is a neuronal protein, it is possible that there 

is less neuronal damage in patients with new variant CJD, although from the
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histopathological examination of the brain tissue from patients with new variant 

CJD, this does not appear to be the case.

In conclusion, CSF 14-3-3 is a useful diagnostic test for the investigation of patients 

with sporadic CJD. It is occasionally detected in patients with non-CJD dementia. 

However, it is likely to be of less value in the investigation of patients with suspected 

new variant CJD, or in the investigation of familial or iatrogenic forms of the 

disease.
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Chapter 8 - Enzyme linked immunoassay for measurement of 

neurone-specific enolase (NSE) in cerebrospinal fluid

Roche Diagnostics Ltd (Welwyn Garden City, UK) kindly donated Cobas®-Core 

NSE Enzyme immunoassay kits. The majority of the CSF NSE results described in 

this thesis were obtained using these kits. The remaining results were obtained using 

kits purchased by the Department of Neuroimmunology.

8.1 Cobas®-Core NSE Enzyme Immunoassay

The Cobas®-Core NSE Enzyme Immunoassay is a solid phase sandwich enzyme 

immunoassay which measures both the ay and yy isoforms. A polystyrene beads 

coated with a monoclonal antibody specific for the gamma subunit of NSE were 

incubated with standards containing known amounts of NSE, controls samples or 

patient samples. A rabbit polyclonal anti NSE antibody was added to each bead,

which were then incubated at 37°C for 15 minutes. The NSE in the standards,

controls or patient samples reacted with both the monoclonal and the polyclonal 

antisera to form a sandwich. After incubation the beads were washed to remove any 

unbound rabbit polyclonal antiserum, and incubated with a goat anti rabbit 

immunoglobulin antiserum conjugated with horseradich peroxidase. The goat 

antiserum reacted with any rabbit anti NSE antiserum bound to the beads.

After washing the amount of NSE bound to the bead was proportional to the amount 

of horseradish peroxidase activity. This activity was measured by adding the
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chromogen 3, 3’, 5, 5’-tetramethylbenzidine (TMB) and hydrogen peroxide. The 

horseradish peroxidase activity converted the colourless TMB into an insoluble blue 

precipitate. The horseradish peroxidase activity was stopped by the addition of 

sulphuric acid, which also converted the insoluble blue precipitate into a soluble 

yellow product. The absorbance of the yellow product was measured at 450 nm and 

was proportional to the amount of NSE protein originally present in the sample. A 

typical standard curve is shown in Figure 8.1.

2.0

a
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Vi-Q<  0.5

0.0
50 1000 150 200

CSF NSE ng/mL

Figure 8.1 Typical standard curve for the Cobas®-Core NSE Enzyme Immunoassay. 

Results shown are the mean and SD o f six replicate analyses

8.2 Stability of CSF NSE

Preliminary studies showed that CSF samples which had been stored at -20°C had

very low concentrations of NSE. The following study was set up to investigate the 

stability of CSF NSE at different storage temperatures and the ability of CSF NSE to 

withstand repeated freeze-thaw cycles.
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8.2.1 Storage of CSF NSE at -20°C and at 4°C

Three CSF samples were pipetted into 100 pL aliquots and stored at both -20°C and

at 4°C. CSF NSE was measured in each sample on day 0 and throughout the next 30 

days. The results are shown in Figure 8.2.

3—Minus 20°C 
■—4°C

H 
40

Figure 8.2 Effect o f storage at -20 °C and at 4 °C on CSF NSE concentration.

Values shown are the mean and SD o f three CSF samples

There is a gradual loss of NSE concentrations in CSF samples stored at both -20°C 

and at 4°C. The NSE concentrations appeared to be more stable at 4°C than at 

-20°C, but overall there was little difference between the temperatures.

10 20 30

Time (days)

199



8.22 The effect of freezing and thawing CSF samples

NSE concentrations were measured in three CSF samples within four hours of being

taken. Each CSF sample had a 1 mL aliquot stored at -20°C in a polypropylene tube.

Each sample was thawed and refrozen four times and the NSE concentration 

measured on each occasion. All analyses were performed within seven days to limit 

the amount of NSE decay due to storage. The results are shown in Figure 8.3.

W

uo
£

100

OiuGo

41 2 30
Freeze-thaw cycles

Figure 8.3 The effect o f repeated freezing and thawing on CSF NSE concentration. 

Results shown are the mean o f three CSF samples

There was significant loss of NSE activity after 1 freeze-thaw cycle and this decay 

continued with further freezing and thawing. A large percentage of the samples 

analysed for NSE were sent to the laboratory from hospitals other than The National 

Hospital for Neurology and Neurosurgery. To standardise the amount of loss of

NSE, all CSF samples were frozen at -20°C before being sent to the laboratory on

dry-ice by courier. The samples were frozen within 2-3 hours of being taken and
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transported to the laboratory within 1-2 days of being taken. It was hoped that this 

would ensure that all samples were kept at the same temperature during transport.

Ideally the samples would not be frozen but kept at 4°C but it is difficult to ensure

that this temperature is maintained during transport. The couriers used in this study 

took two days to deliver the samples and by storing the samples on wet-ice, it is

possible that some samples would have arrived at 4°C and some at ambient

temperature. The majority of samples received from outside hospitals arrived frozen. 

For uniformity, all CSF samples from The National Hospital for Neurology were also 

frozen once before NSE concentrations were measured. The problem of stability was 

discussed with Roche Diagnostics Ltd who recognised the problem which was also 

evident in plasma but to a lesser extent. Some studies have stored CSF samples at

-20°C after the addition of 50% glycerol (Mokuno et al, 1983; Wakayama et al.,

1987), but it would have been difficult to arrange for the appropriate amounts of 

glycerol to be added to the CSF samples sent to the laboratory from outside hospitals.
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Chapter 9 - Cerebrospinal fluid concentrations of Neurone-specific 

enolase (NSE)

Cerebrospinal fluid concentrations of neurone-specific enolase (NSE) were measured 

in 305 CSF samples from patients with a variety of neurological conditions, using the 

Cobas®-Core NSE Enzyme Immunoassay from Roche Diagnostics (Welwyn Garden 

City, UK), described in Chapter 8. This assay measures both the ay and yy forms 

enolase which together constitute neurone-specific enolase. The CSF samples and 

final diagnoses were obtained as described in section 3.0.

9.1 CSF NSE in control subjects

It was not possible to obtain a reference range for patients with non-neurological 

disease due to the lack of stability of NSE in CSF and the expense of the 

Cobas®-Core NSE Enzyme Immunoassay. The reference ranges obtained for CSF 

S-lOOb and CSF tau protein were obtained by collecting over 300 CSF samples and

storing them at -20°C until analysis. Those samples from patients who had no

evidence of organic brain disease at the time of the lumbar puncture were 

subsequently analysed and a reference range obtained. As the concentrations of NSE 

are not stable in the CSF, a large number of CSF samples would have to be measured 

prospectively before adequate numbers of samples from patients with no evidence of 

organic brain disease were obtained. This was prohibitively expensive. The CSF 

NSE concentrations in patients with sporadic and new variant CJD were compared to 

patients suspected of having CJD but subsequently proven not to have the disease. 

These patients acted as appropriate controls for these conditions.
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9.2 CSF NSE concentrations in patients with sporadic CJD

Sporadic CJD is a disease associated with acute neuronal loss, astrocytosis and 

spongiform changes within the brain. Elevated concentrations of CSF NSE have 

been reported in this condition (Wakayama et al., 1987; Vermuyten, 1990; Jimi et al., 

1992; Zerr et al., 1995; Evers et al; 1998; Kropp et al., 1999). This part of the study 

was designed to expand this work and to include other forms of CJD such as the new 

variant and familial forms of the disease.

CSF NSE concentrations were measured in 29 patients with histologically confirmed 

sporadic CJD (mean age: 65.6 ± 9.8 years, range 49-79; 17M:12F), 10 patients with 

probable sporadic CJD (mean age: 65.0 ± 8.4 years, range 54-80; 6M:4F) and 8 

patients with possible sporadic CJD (mean age 62.3 ± 8.8 years, range 51-75;

3M:5F). These results were compared with CSF NSE concentrations in a control 

group of 29 patients with suspected sporadic CJD but who were subsequently found 

to have other diagnoses (mean age 63.6 ± 12.7 years, range 40-85; 18M: 1 IF). Using 

the Mann Whitney U test, the mean CSF NSE concentration was significantly 

increased in patients with histologically confirmed sporadic CJD when compared to 

the controls (58.6 ± 55.9 vs 12.3 ± 7.5 ng/mL, p< 0.001). The mean CSF NSE 

concentration was also increased in patients with probable (157.0 ± 164.7 ng/mL) 

and possible sporadic CJD (76.8 ± 96.1 ng/mL). The results are shown in Figure 9.1.
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■T 603

Figure 9.1 Combined scatter and box and whisker plots o f CSF concentrations o f 

NSE in control patients ( •  ), patients with histologically confirmed sporadic CJD 

(A), patients with probable sporadic CJD (■), patients with possible sporadic CJD 

(♦). The boxes represent the 25th-75th quartile, divided horizontally by the median, 

the whiskers represent the range and the adjacent scatter plots represent the 

individual values from which the boxes and whiskers were derived

One patient with probable CJD had a markedly raised CSF NSE concentration of 603 

ng/mL. The NSE concentrations in patients with possible sporadic CJD showed a 

wide scatter of results. It is possible that those patients with lower NSE 

concentrations may have pathology other than sporadic CJD. At the time of writing 

the final diagnoses for these patients were not available.

The sensitivity, specificity, positive predictive value and negative predictive value of 

NSE for the diagnosis of histologically confirmed and probable sporadic CJD at three 

different cut-off concentrations are shown in Table 9.1.
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CSF NSE 

>25 ng/mL

CSF NSE 

>35 ng/mL

CSF NSE 

>50 ng/mL

Sensitivity 74% 72% 59%

Specificity 93% 100% 100%

PPV 94% 100% 100%

NPV 73% 73% 64%

Efficiency 82% 84% 76%

Table 9.1 The sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and efficiency o f three different cut-off concentrations o f CSF 

NSE for the diagnosis o f histologically confirmed or probable sporadic CJD

The specificity values for the cut-off concentrations of 25 ng/mL and 35 ng/mL agree 

well with other studies. Beaudry et al., 1999 found that CSF NSE had a specificity of 

91.5% using a cut-off concentration of 25 ng/mL and Zerr et al., 1995 found that CSF 

NSE had a specificity of 92% using a cut-off concentration of 35 ng/mL. The 

sensitivities found in this study are slightly lower than those of the above studies, as 

Beaudry et al., 1999 found a sensitivity of 79.7% using a cut-off of 25 ng/mL and 

Zerr et al., 1995 found a sensitivity of 80% using a cut-off concentration of 35 

ng/mL. The reason for this lower sensitivity could be the higher incidence of long 

duration cases of sporadic CJD found in this study (see section 7.1).

9.3 CSF NSE in new variant CJD

CSF NSE concentrations were measured in 19 patients with histologically confirmed 

new variant CJD (mean age: 29.0 ± 10.4 years, range 18-53; 9M:10F), in 8 patients
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with probable new variant CJD (mean age: 25.4 ±6.1, range 19-39; 4M:4F) and in 1 

patient with possible new variant CJD (age: 22 years, 1M). The CSF NSE 

concentrations were compared to those found in 30 patients (mean age: 34.1 ± 13.5 

years, range 15-59; 14M:16F) who were initially suspected of having new variant 

CJD but subsequently proven not to have, either by improvement in clinical course or 

by confirmation of other disease.

The mean concentrations of CSF NSE were significantly raised in patients with 

histologically confirmed new variant CJD when compared to control patients 

(22.5 ± 14.7 vs 14.6 ± 14.2 ng/mL, p<0.02), but there was a considerable overlap 

with the control patients. The mean concentration of NSE was also raised in patients 

with probable new variant CJD (27.8 ±21.9 ng/mL). The patient with possible new 

variant CJD had a CSF NSE concentration of 21.0 ng/mL. Statistical analysis was 

performed using the Mann-Whitney U test. The results are shown in Figure 9.2.
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Figure 9.2 Combined scatter and box and whisker plots o f CSF concentrations of 

NSE in control patients ( •) , patients with histologically confirmed new variant CJD
th(■) and patients with probable new variant CJD (A). The boxes represents the 25 - 

75th quartile, divided horizontally by the median, the whiskers represent the range 

and the adjacent scatter plots represent the individual values from which the boxes 

and whiskers were derived

Two of the control patients had high CSF NSE concentrations. One of these patients 

had a stroke-like illness from which she subsequently recovered. It is likely that the 

raised NSE concentration was due to acute neuronal damage as a result of the stroke. 

It is known that patients with both haemorrhagic and ischaemic strokes have raised 

CSF NSE concentrations (Scarna et al., 1982; Mokuno et al., 1983; Hay et al., 1984; 

Persson et al., 1987), and that the level of NSE is related to the extent of the 

infarction or haemorrhage (Hay et al., 1984). The diagnosis in the second patient is 

not known.

The sensitivity, specificity, positive predictive value and negative predictive value of 

NSE for the diagnosis of histologically confirmed new variant CJD at three different 

cut-off concentrations are shown in Table 9.2.
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CSF NSE 

>25 ng/mL

CSF NSE 

>35 ng/mL

CSF NSE 

>50 ng/mL

Sensitivity 42% 16% 5%

Specificity 93% 93% 93%

PPV 80% 60% 33%

NPV 72% 64% 61%

Efficiency 73% 63% 59%

Table 9.2 The sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and efficiency o f three different cut-off concentrations o f CSF 

NSE for the diagnosis o f histologically confirmed new variant CJD

The sensitivity of CSF NSE is much lower for the diagnosis of new variant CJD than 

it is for the sporadic form of the disease, although the specificity is comparable. The 

reason for this is the much lower mean CSF NSE concentration seen in new variant 

CJD when compared to sporadic CJD (22.5 ± 14.7 vs 58.6 ± 55.9 ng/mL). This may 

be due to the longer disease duration seen in new variant CJD. The mean CSF NSE 

concentrations are similar in the patients suspected of having either new variant CJD 

or sporadic CJD (14.6 ± 14.2 vs 12.3 ± 7.5 ng/mL, respectively).

9.4 CSF NSE concentrations in patients with mutations of the PRNP gene 

and iatrogenic CJD

CSF NSE was measured in 4 patients with iatrogenic CJD secondary to the 

administration of human cadaveric growth hormone, 3 patients with familial CJD 

and 1 patient with Gerstmann-Straussler-Scheinker syndrome (GSS).
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Type CJD Patient Id Mutation
Age

(years) Sex
CSF NSE 

ng/mL

Iatrogenic - GH Case 1 n/a 34 M 25.6

Iatrogenic - GH Case 2 n/a 37 M 41.3

Iatrogenic - GH Case 3 n/a 28 M 112.1

Iatrogenic - GH Case 4 n/a 27 F 15.3

Familial CJD Case 1 Insert 67 F 96.8

Familial CJD Case 2 Insert 66 M 9.7

Familial CJD Case 3 PrP Glu-Lys200 85 M 85.6

GSS Case 1 PrP Ala-Val117 44 F 28.7

Table 9.3 CSF NSE concentrations in patients with PRNP mutations and iatrogenic 

CJD secondary to growth hormone administration

Three out of 4 patients with iatrogenic CJD secondary to cadaveric human growth 

hormone administration had CSF NSE concentrations of greater than 25 ng/mL. 

Three out of 4 patients with mutations of the PRNP gene had CSF NSE 

concentrations of greater than 25 ng/mL. The magnitude of the increases seen in 

both the iatrogenic and genetic forms of the disease suggests that the increases seen 

may be of the same magnitude as those seen in sporadic CJD.
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9.5 CSF NSE in patients with non-CJD dementia and other neurological 

diseases

CSF NSE was measured in 119 patients with either non-CJD forms of dementia or 

other neurological diseases. Of these patients, 12 had Alzheimer’s disease (mean 

age: 59.7 ±8.1 years, range 48-74; 7M:5F), 11 patients had the sporadic form of the 

disease and 1 had autosomal dominant familial disease; 9 patients had frontotemporal 

dementia (mean age: 60.1 ± 6.7 years, range 53-72; 7M:2F), 4 of these had clinically 

diagnosed Pick’s disease, and 5 had clinically diagnosed frontal lobe degeneration;

1 patient had disease corticobasal degeneration (age:46 years, 1M), 3 patients had 

cortical Lewy body disease (mean age: 59.3 ± 5.0 years, range 55-64; 3M) and 

3 patients had vascular dementia (mean age: 67.0 ± 9.2 years, range 59-77; 3M).

A group of 25 patients with slowly progressive neurodegenerative diseases was 

investigated (mean age: 59.6 ± 10.4 years, range 37-77; 19M:6F), 8 of these patients 

had unspecified neurodegenerative disorders, 5 had dementia in association with 

Parkinson’s disease, 4 had progressive supranuclear palsy, 4 had multi-system 

atrophy, 2 had Huntington’s disease and 2 had motor neurone disease. A group of 45 

patients with a dementia of unknown aetiology (mean age: 57.6 ± 12.2 years, range 

34-79; 23M:22F) and a group of 21 patients with miscellaneous neurological or 

psychological disorders (mean age: 46.1 ± 15.0 years, range 27-71; 8M:13F) were 

investigated. Within the miscellaneous group of disorders, 7 had encephalopathy,

6 had epilepsy, 2 had multiple sclerosis, 2 had psychological syndromes, 2 had 

cerebral Whipples’s disease, 1 had meningitis and 1 had dystonia. The mean CSF 

NSE concentrations in each of these groups are shown in Table 9.4.
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There was no significant difference between the CSF NSE concentrations in any of 

the non-CJD dementia and degenerative disease patient groups studied. Some 

studies have found that CSF NSE concentrations are not raised in patients with 

Alzheimer’s disease when compared to controls (Vermuyten et al., 1990; Pametti et 

al., 1995), some have found increased concentrations (Blennow et al., 1994) and 

some have found reduced concentrations (Cutler et al., 1986). An early study 

investigating CSF NSE concentrations found that a number of patients with senile 

dementia had raised concentrations (Royds et al., 1983). The results described here 

suggest that there are no differences between the CSF NSE concentrations found in 

different forms of dementia, and that the increases seen in individual cases are of 

small magnitude. This suggests that CSF NSE measurement is probably of limited 

value in the investigation of patients with dementia.

9.6 CSF NSE in patients with HIV infection

CSF NSE concentrations were measured in 45 patients with HIV infections (mean 

age: 38.6 ± 8.4 years, range 27-62; 36M:9F) undergoing diagnostic lumbar puncture 

for assessment of possible neurological disease. Of these, 11 patients (mean age:

39.5 ± 10.9 years, range 27-62; 9M:2F) had AIDS associated dementia complex 

(ADC) with stage 2 or greater dementia according to the Memorial Slone Kettering 

Criteria (Price and Brew, 1988), 3 had systemic B-cell lymphoma and were being 

investigated for possible cerebral involvement, 3 had primary CNS lymphoma,

13 had CNS infections (5 had cryptococcal meningitis, 3 had cytomegalovirus 

(CMV) encephalitis, 2 had varicella zoster virus (VZV) meningoencephalitis, 3 had 

cerebral toxoplasmosis) and 15 patients had a miscellaneous collection of
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abnormalities (5 patients had headache, 3 had peripheral neuropathy, 2 had 

confusion, 2 had had fits, 1 had hysterical paraparesis, 1 suffered from alcoholism, 

1 had strabismus). The results are shown in Table 9.5. There was no significant 

difference between the CSF NSE concentrations found in any of the groups of 

patients investigated, using one-way ANOVA with Bonferroni modification using 

SPSS.

Group
NSE ng/mL 

(mean ± SD)
NSE Range

%  samples 

NSE > 25 ng/mL (n)

AIDS dementia complex (11) 11.2 ± 10.0 2.2 - 37.4 9(1)

Lymphoma (6) 10.8 ±6.2 5.6 - 20.8 0(0)

Opportunistic infections (13) 14.3 ± 12.2 1.1-49.7 8(1)

Miscellaneous symptoms (15) 9.3 ±7.5 1.1-24.2 0(0)

Table 9.5 CSF NSE concentrations in patients with HTV infection.

CSF NSE was increased in one patient with CNS lymphoma and in one patient with 

cryptococcal meningitis. These conditions are associated with neuronal damage 

secondary to necrosis and as such CSF NSE concentrations would be expected to be 

increased.

9.7 General discussion of CSF NSE concentrations

Neurone-specific enolase is a glycolytic enzyme found in high concentration within 

the neurones of the central nervous system, where it has been reported to constitute 

1.5% of all soluble brain protein. Although it was initially thought to be found only
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within the neuronal cells, NSE has been shown to be present in neuroendocrine cells 

(Schmechel et al., 1978), erythrocytes (Hullin et al., 1980), platelets (Marangos et al., 

1980a) and lymphocytes (Haimoto et al., 1985).

CSF concentrations are increased in diseases associated with CNS damage and/or 

cell loss such as strokes (Scama et al., 1982; Mokuno et al., 1983; Hay et al., 1984; 

Persson et al., 1987), brain tumours (Royds et al., 1981; Mokuno et al., 1983), head 

injury (Scama et al., 1982, Dauberschmidt et al., 1983), bacterial meningitis 

(Vermuyten, 1990; Inoue et al., 1994) and neonatal hypoxic-ischaemic 

encephalopathy (Garcia-Alix et al., 1994; Thornberg et al., 1995). The 

concentrations have been shown to be related to the extent of neuronal damage in 

intracerebral haemorrhage and ischaemia (Hay et al., 1984; Persson et al., 1987) and 

in head injury (Scama et al., 1982). Thus CSF NSE concentrations may be an 

indicator of the presence of neuronal damage and the levels a measure of the extent 

of damage.

The mean concentrations of CSF NSE were significantly increased in patients with 

either sporadic or new variant CJD, when compared to controls. As CJD is a disease 

associated with neuronal loss, the concentrations of NSE would be expected to 

increase. In sporadic CJD the disease duration is short, with a median duration of 4.5 

months, and the loss of neuronal tissue is rapid, and consequently the concentrations 

of NSE can be markedly raised. In contrast, in new variant CJD the disease duration 

is longer, median duration being 16 months, and the mean concentration of CSF NSE 

is lower than in sporadic CJD. This suggests that a more slowly progressing disease, 

with a smaller rate of neuronal loss will result in lower CSF NSE concentrations.
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This slow rate of disease progression may be one of the reasons why CSF NSE 

concentrations do not appear to be increased in other causes of dementia such as 

Alzheimer’s disease, frontotemporal dementia and HIV related dementia complex.

In each of these conditions, the disease duration is much longer than in that found in 

CJD and the rate of neuronal loss is likely to be much slower. The half life of NSE 

from the CSF has been reported to be 3.9 hours in rats (Steinberg et al., 1983), this 

suggests that NSE is rapidly cleared. It is therefore unlikely that NSE accumulates 

during slowly progressing diseases.

The lack of stability of NSE in the CSF when measured using the Cobas®-Core NSE 

Enzyme Immunoassay limits the usefulness of this assay for diagnosis. However if 

CSF samples are analysed shortly after being taken, the measurement of CSF NSE is 

of value in the investigation of patients with suspected CJD.
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Chapter 10 - General Discussion

10.1 CSF brain-specific protein results in different diseases

In this section the results for all of the brain-specific proteins investigated in this 

study for each of five diseases are considered together, and the overall value of the 

CSF proteins discussed. The pattern of results will be compared between the 

different diseases and assessed in context of the underlying pathology.

10.2 Sporadic CJD

Sporadic CJD is a rapidly progressing dementia with a median disease duration of

4.5 months. The characteristic pathological features are neuronal loss, astrocytosis 

and spongiform changes. There is also widespread deposition of the abnormal PrPsc 

protein. The rapid loss of neuronal cells would account for the elevated mean 

concentrations of CSF NSE and CSF tau, and the high incidence of CSF 14-3-3 in 

these patients (Table 10.1).
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CSF protein Sporadic CJD 

Concentration Mean ± SD

Control patients 

Concentration Mean ± SD

NSE 58.6 ± 55.9 ng/mL 12.3 ±7.5 ng/mL

14-3-3 24/31 cases positive 4/30 cases positive

tau 5791 ± 6499 pg/mL 873 ± 2508 pg/mL

S-lOOb 1.73 ±1.44 ng/mL 0.53 ± 0.25 ng/mL

Table 10.1 The mean concentrations o f brain-specific proteins in patients with 

histologically confirmed sporadic CJD and control patients

The increased mean CSF S-lOOb is a result of the rapid loss of brain tissue, which 

would also include the astrocytes, but in addition a proportion of this increase is due 

to the reactive astrocytosis seen in this condition. These brain-specific proteins were 

significantly raised when compared to patients who were initially suspected of 

having sporadic CJD but later proved to have another diagnosis. As a result these 

markers can be used in the diagnosis of patients with suspected sporadic CJD. The 

predictive values and the efficiency of each of these proteins in the diagnosis of 

sporadic CJD is given in Table 10.2.

NSE 

> 35 ng/mL
14-3-3

S-lOOb 

> 0.5 ng/mL

tau

> 1000 pg/mL

PPV 100% 89% 80% 92%

NPV 73% 79% 90% 77%

Efficiency 84% 85% 83% 85%

Table 10.2 Positive predictive value (PPV) and negative predictive value (NPV) for  

CSF NSE, 14-3-3, S-lOOb and tau protein for the diagnosis o f sporadic CJD
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The efficiencies of these proteins were comparable, but each has a different set of 

positive and negative predictive values. To investigate whether combinations of tests 

would improve the diagnostic power of these proteins, the predictive values and 

efficiencies of pairs of proteins were calculated and are shown in Table 10.3. 

Neurone-specific enolase was not included in these calculations as it had a low 

efficiency in the diagnosis of new variant CJD. A diagnostic test for CJD would 

have to be able to diagnose both forms of the disease, as although new variant CJD 

has a different clinical presentation in the early stages, in the latter stages the patients 

can resemble sporadic CJD. As can be seen from Table 10.3 combining the tests did 

not significantly increase the diagnostic power. The numbers of patients investigated 

were small so these studies need to be continued to clarify the situation.
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In contrast to other studies (Hsich et al., 1996; Zerr et al., 1998) this study found that 

a significant proportion of patients with histologically confirmed sporadic CJD did 

not have detectable 14-3-3 in the CSF. This high proportion may reflect the skewed 

population investigated, as was explained in section 7.1. These 7 cases which did 

not have detectable 14-3-3 are of interest, and information concerning the duration of 

illness and the codon 129 phenotype was obtained where possible. This information 

is shown in Table 10.4.

Sex
Age at 

onset

Codon 129 

phenotype

Disease

duration

(months)

tau

pg/mL

NSE

ng/mL

S-lOOb

ng/mL

14-3-3

F 61 MV 8 1731 16.0 0.57 Negative

M 71 MM 4 nd 3.0 0.59 Negative

M 64 MV >21 835 5.0 0.92 Negative

M 63 nd 17 102 4.4 0.41 Negative

M 79 MM 17 101 10.0 0.47 Negative

M 61 MM 5 598 46.0 1.28 Negative

M 58 nd 19 1560 59.0 0.73 Negative

Table 10.4 The sex, codon 129 phenotype, disease duration and CSF S-lOOb, CSF 

tau and CSF NSE concentrations in 7 patients with histologically confirmed 

sporadic CJD who did not have detectable 14-3-3, nd = not done

Two of these 7 patients had essentially normal concentrations of CSF NSE and CSF 

tau with marginal increases in CSF S-lOOb. The normal concentrations of all three 

neuronal proteins suggest that when the CSF sample was taken there was little 

neuronal damage occurring. The marginal! increases in CSF S-lOOb may be due to
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the presence of astrocytosis. These 2 patients had a long disease duration and it is 

possible that these samples were taken late in the course and that the brain loss had 

already occurred by the time the samples were taken. Alternatively the long disease 

duration may reflect the rate of pathological change occuring within the central 

nervous system and the slower rate of neuronal loss resulted in smaller amounts of 

these proteins being released per unit time and the resulting concentration increase 

could not be detected. Two patients had increases in the other CSF proteins and had 

the 14-3-3 checked because of this, and the negative 14-3-3 was confirmed. The 

remaining 3 patients had low concentrations of CSF NSE but elevated concentrations 

of CSF tau and/or CSF S-lOOb. This suggests that these proteins may not be released 

at the same time in the disease process. Two of these 3 patients were heterozygous at 

codon 129, which may have an influence on the pathological changes seen in CJD.

A number of studies have shown that patients who are heterozygous at codon 129 

have a higher incidence of plaque formation (de Silva et al., 1994; Parchi et al.,

1996; Tranchant et al., 1999). It is known that patients who are heterozygous at 

codon 129 have a longer disease duration, which is seen in 1 patient in this study 

who has a disease duration of at least 21 months. Codon 129 genotype also has an 

influence on the disease incubation time in patients who have received contaminated 

growth hormone preparations, patients who are heterozygous have a longer 

incubation than patients who are homozygous (Deslys et al., 1998). Patients who are 

heterozygous at codon 129 are less likely to have EEG changes than patients who are 

homozygous (M Zeidler, personal communication). The influence codon 129 

phenotype on the pattern of CSF brain-specific proteins needs further investigation 

and these studies are underway.
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10.3 New variant CJD

In contrast to sporadic CJD, new variant CJD presents with behavioural changes, 

psychiatric signs and sensory symptoms (Zeidler et al., 1997a,b). As the disease 

progresses cerebellar ataxia develops and dementia, myoclonus and akinetic mutism 

occur late in the disease. The disease affects a younger population and the median 

duration of disease is 16 months. The mean concentrations of the CSF proteins 

measured are shown in Table 10.5.

CSF

protein

New variant CJD 

Concentration 

mean ± SD

Control patients 

Concentration 

mean ± SD

Concentrations in new 

variant CJD expressed 

as % of sporadic CJD

NSE 22.5 ± 14.7 ng/mL 14.6 ± 14.2 ng/mL 38%

14-3-3 11/19 cases positive 2/31 cases positive

tau 1184 ± 1407 pg/mL 450 ± 1178 pg/mL 20%

S-lOOb 1.03 ±0.65 ng/mL 0.35 ±0.21 ng/mL 60%

Table 10.5 The mean concentrations o f CSF proteins in patients with histologically 

confirmed new variant CJD

The mean concentrations of CSF NSE, CSF tau and CSF S-lOOb were significantly 

raised when compared to the controls. The mean concentration of each of these 

proteins was less than that found in sporadic CJD, and the incidence of 14-3-3 was 

less than that seen in sporadic CJD. This suggests that the either the amount of 

neuronal loss which occurs in new variant CJD is less than that found in sporadic 

CJD or that the rate of neuronal loss is slower. There is no evidence from the



histological examination of the brain that patients with new variant CJD have less 

neuronal loss than patients with sporadic CJD. It is established that the disease 

duration is longer in patients with new variant CJD, so this could account for the 

smaller increase in the concentrations of these proteins. This is unlikely to be the 

only reason as there is no difference between the length of disease duration in 

patients who are negative for 14-3-3 and those which are positive for 14-3-3 (Table 

7.4). The mean CSF S-lOOb concentration in patients with new variant CJD is 60% 

of that seen in patients with sporadic CJD, suggesting that astrocytosis is a more 

consistent feature in these two forms of CJD than is neuronal loss. Indeed elevated 

CSF S-lOOb concentrations are found in iatrogenic and familial forms of the disease.

As the mean concentrations of these proteins were significantly raised when 

compared to control patients, they may be of value in the investigation of patients 

suspected of having new variant CJD. The value of each of these proteins in the 

diagnosis of new variant CJD is shown in Table 10.6.

NSE 

> 25 ng/mL 14-3-3
S-lOOb 

> 0.5 ng/mL

tau 

> 500 pg/mL

PPV 80% 85% 75% 82%

NPV 72% 78% 87% 83%

Efficiency 73% 80% 82% 83%

Table 10.6 Positive predictive value (PPV) and negative predictive value (NPV) for  

CSF NSE, 14-3-3, S-lOOb and tau protein fo r  the diagnosis o f new variant CJD
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The efficiency of CSF NSE was less than the other three proteins and is likely to be 

of less value in the assessment of patients with new variant CJD. In addition, the 

concentrations of NSE decline on storage and are reduced by freezing and thawing 

(section 8.2), and as such will limit its usefulness. The efficiencies of CSF 14-3-3, 

CSF tau and CSF S-lOOb were comparable but were slightly less than those seen for 

sporadic CJD. This may be due to the smaller concentrations seen in this condition. 

To investigate whether the efficiency of these markers was improved by measuring 

combinations of proteins, the efficiency of using pairs of proteins was calculated and 

shown in Table 10.7. The efficiency of each of the markers was not significantly 

improved by the addition of another protein.
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The percentage of patients with histologically confirmed new variant CJD with 

detectable 14-3-3 was less than that seen in sporadic CJD. There was no significant 

difference between the duration of illness, the time in the disease course the CSF 

sample was taken and the age of the patient, between those patients who were 

negative for 14-3-3 and those that were positive (Table 7.4). The CSF NSE, CSF tau 

and CSF S-lOOb concentrations in the 14-3-3 negative patients are shown in Table 

10 .8 .

Sex Age tau pg/mL NSE ng/mL S-lOOb ng/mL 14-3-3

F 18 203 15.7 0.23 Negative

M 24 <75 <1 0.29 Negative

F 51 nd 6 0.41 Negative

F 27 78 6.6 0.51 Negative

F 20 136 26 0.79 Negative

F 33 170 10.1 0.84 Negative

M 20 961 11 0.97 Negative

F 23 1327 14 0.77 Negative

Table 10.8 The sex, age, CSF tau, CSF NSE and CSF S-lOOb concentrations in the 

eight patients with histologically confirmed new variant CJD who were negative for  

14-3-3, nd = not done

The results shown in Table 10.8 show that 5 of the 8 patients who were negative for 

14-3-3 had normal concentrations of CSF tau and/or CSF NSE, suggesting that in 

these patients neuronal damage was too small to be detected by these markers, or was 

occurring too slowly for the concentration of the markers to increase in
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concentration. Of the remaining 3 patients, 1 had a marginally increased CSF NSE 

with a normal CSF tau protein, and the other 2 patients had increased CSF tau but 

low CSF NSE concentrations. These results suggest that CSF tau protein may be 

either a more sensitive marker of neuronal damage in these patients, or that the 

release of CSF tau occurs at a different time to the release of CSF NSE and 14-3-3. 

The latter two proteins are soluble and found mainly in the cytoplasm of the neuronal 

cells, with a smaller amount being associated with the cell membrane in the case of 

14-3-3. In contrast tau protein is a structural protein located in the microtubular 

system of the neuronal cells. It is possible that the release of cytoplasmic proteins 

occurs more rapidly than the release of the structural proteins such as tau. The only 

means of investigating this, is to take serial CSF samples from these patients and 

measure each of the proteins over time, however this is not feasible due to the ethical 

considerations involved. Of these 8 patients, 5 patients have CSF S-lOOb 

concentrations above the cut-off concentration of 0.5 ng/mL, with a further patient 

having a small increase in CSF S-lOOb concentration. This suggests that astrocytosis 

is a prominent feature of new variant CJD, and one of the pathological hallmarks of 

this disease is a severe thalamic astrocytosis (Will et al., 1996a).

10.4 Alzheimer’s disease and frontotemporal dementia

These diseases are associated with a slowly progressing cognitive decline, and 

although each disease has a different set of clinical signs and symptoms, they can be 

difficult to distinguish clinically in the early stages. Both of these dementia 

syndromes are associated with neuronal loss and astrocytosis. Alzheimer’s disease is 

characterised by the presence of amyloid plaques which consist of p-amyloid protein,
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and neurofibrillary tangles. These tangles are formed from paired helical filament of 

an abnormal hyperphosphorylated tau protein. There are two forms of 

frontotemporal dementia, Pick’s disease and frontal lobe degeneration. Pick’s 

disease is characterised by the presence of Pick bodies which are intraneuronal 

inclusion bodies consisting of abnormal hyperphosphorylated tau protein, in contrast 

frontal lobe degeneration does not have any tau containing inclusion bodies. The 

mean concentrations of the CSF proteins measured are shown in Table 10.9. There 

was no increase in the concentrations of CSF NSE nor was there a substantial 

number of cases with detectable 14-3-3 in patients with either Alzheimer’s disease or 

frontotemporal dementia. As both of these conditions are associated with a 

prolonged disease duration of several years, the rate of neuronal loss is likely to be 

too slow for these proteins to be significantly raised. In contrast the CSF 

concentrations of tau were significantly raised in both Alzheimer’s disease and 

frontotemporal dementia. It is known that the brain concentrations of 

hyperphosphorylated tau protein are increased in patients with Alzheimer’s disease 

(Wischik et al., 1992), and it is possible that they are also increased in patients with 

frontotemporal dementia. This, together with the fact that hyperphosphorylated tau 

is thought to be neurotoxic, could mean that the neurones containing large amounts 

of tau inclusion bodies are more likely to die and as a result will release large 

amounts of tau protein. This suggests that CSF tau concentrations may be used a 

sensitive marker of neuronal damage and possibly disease severity, although the lack 

of relationship between the MMSE and CSF tau in patients with Alzheimer’s disease 

found in this study would not support this. If this hypothesis is true patients with 

dementia not associated with abnormal tau inclusions would be expected to have low 

concentrations of CSF tau. The results given in Table 10.9 show that patients with
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frontal lobe degeneration have lower concentrations of CSF tau than patients with 

Pick’s disease, although they have very similar rates of neuronal loss. There is an 

overlap between the two groups as illustrated in Figure 5.8 in section 5.4.2, but there 

were only 3 patients with Pick’s disease with essentially normal CSF tau 

concentrations and only 3 patients with frontal lobe degeneration with elevated CSF 

tau concentrations. As these conditions are difficult to distinguish clinically, it is 

possible that these patients may have been mis-diagnosed. Further studies will be 

needed to investigate this.

The CSF S-lOOb concentrations were moderately increased in patients with 

Alzheimer’s disease and in patients with frontotemporal dementia. There was no 

difference between the concentrations seen in patients with Pick’s disease and the 

patients with frontal lobe degeneration. Astrocytosis is a common feature of all these 

forms of dementia.
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10.5 CSF ‘brain-specific proteins’ in patients with AIDS dementia complex 

(ADC)

AIDS dementia complex is the most common neurological complication of HIV 

infection. Pathological features include neuronal loss, particularly in the basal 

ganglia, reactive astrocytosis and inflammatory cell infiltration in the white matter. 

The early clinical features can be difficult to distinguish from opportunistic 

infections affecting the central nervous system. The mean CSF protein 

concentrations for patients with ADC and opportunistic infections are shown in 

Table 10.10.

Patient Group
NSE ng/mL 

mean ± SD (n)

tau pg/mL 

mean ± SD (n)

S-lOOb ng/mL 

mean ± SD (n)

AIDS dementia complex 11.2± 10.0(11) 212 ± 180 (26) 0.36 ± 0.28

Opportunistic infections 14.3 ± 12.2(13) 265 ±200 (18) 2.16 ±3.4  (21)

Control subjects nd 160 ±61 (12) 0.18 ±0.09

Table 10.10 The mean concentrations o f CSF NSE, tau and S-lOOb in patients with 

AIDS dementia complex and HIV infected patients with opportunistic infections of 

the central nervous system

The mean concentrations of the neuronal proteins NSE and tau were not significantly 

elevated in patients with ADC, suggesting that the neuronal loss in this condition 

was either too small or occurring too slowly to be detected by these markers. It is 

interesting to note that the mean tau concentration in these patients was essentially 

normal, in contrast to the tau inclusion body forms of dementia which were
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associated with high mean concentrations, despite the fact that they both are slowly 

progressing diseases. The mean CSF S-lOOb concentration was slightly increased in 

patients with ADC, and reflects the reactive astrocytosis seen in this condition.

The mean concentrations of NSE and tau were not elevated in patients with 

opportunistic infections, in contrast to the marked increase in CSF S-lOOb. This 

suggests that the cause of the elevated S-lOOb is not due to acute brain damage 

affecting both neurones and astrocytes, but due to a specific astrocytic response. 

Astrocytes are known to respond to a number of factors released within the brain in 

response to injury, by proliferating and swelling in size. An opportunistic infection 

can be thought of as a form of brain injury and it is possible that factors such as 

interleukin-1, interleukin-6, tumour necrosis factor and interferon gamma from 

microglial cells; and fibroblast growth factor from the neurones will cause the 

astrocytes to proliferate release S-lOOb. S-lOOb itself can induce further astrocytic 

proliferation and hypertrophy. These stimulated astrocytic release other factors such 

as growth factors, protease inhibitors, amyloid precursor protein, apolipoprotein E 

and transforming growth factor-p, which are thought to play a role in repair.
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Chapter 11 - Conclusions

The aim of this study was to investigate whether measurement of brain-specific 

proteins have a role in the differential diagnosis of patients with dementia. The 

results described here show that the CSF concentrations of S-lOOb, tau and NSE 

were significantly raised in patients with sporadic CJD when compared to patients 

with other forms of dementia. In addition, the presence of detectable CSF 14-3-3 

was much more common in patients with sporadic CJD than in other forms of 

dementia. These results demonstrate that measurement of CSF proteins has a role in 

the diagnosis of sporadic CJD. Indeed, since this study was started the detection of 

CSF 14-3-3 has been recommended as a diagnostic criterion for the classification of 

probable sporadic CJD (Global Surveillance, Diagnosis and Therapy of Human 

Transmissible spongiform Encephalopathies: Report of a WHO Consultation, 1998). 

One of the advantages 14-3-3 has over the other proteins investigated in this study is 

the relatively low incidence of detectable 14-3-3 in other forms of dementia. In 

contrast, CSF S-lOOb and tau are increased in Alzheimer’s disease and 

frontotemporal dementia, but not to the same degree, so each laboratory would have 

to establish its own cut-off concentration. This may lead to difficulties in defining a 

‘positive’ test. The lack of stability of CSF NSE makes it unsuitable as a diagnostic 

test, as CSF samples are often transported to laboratories elsewhere for analysis.

There was a group of patients with sporadic CJD who did not have detectable 14-3-3. 

These patients had either a longer duration of illness and/or were heterozygous at 

codon 129. This needs further investigation to clarify whether these patients
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represent a sub-group of patients with sporadic CJD who have different clinical and 

pathological findings; or whether the absence of 14-3-3 is due to analytical 

considerations, such as the sensitivity of the assay or timing of CSF sampling in 

relation to the disease course.

The value of measurement of these proteins in other forms of CJD has yet to be 

established. It appears that these proteins may not be as valuable in the assessment 

of patients with the iatrogenic or familial forms of the disease. The numbers 

investigated in this study were small, and need to be increased before firm 

conclusions can be drawn. From the numbers of patients investigated with new 

variant CJD, it appears that measurement of ‘brain-specific’ proteins may not be as 

useful as it is in sporadic CJD.

Although the mean CSF S-lOOb concentrations were significantly raised in cattle 

with BSE when compared to cattle with non-BSE diseases, only 50% of the BSE 

cattle had elevated concentrations. This limits its value in diagnosis, in addition the 

practical problem of obtaining CSF samples from these cattle make it unsuitable for 

diagnosis.

Creutzfeldt-Jakob disease is a rare form of dementia, and it would be helpful if 

measurement of these proteins could help in the diagnosis of the more common 

forms of dementia such as Alzheimer’s disease and frontotemporal dementia. Initial 

studies found elevated concentrations of CSF tau in patients with Alzheimer’s 

disease and it was suggested that CSF tau may be an early and sensitive test for this 

disease. The results described in Chapter 5, showed that CSF tau was elevated not
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only in patients with Alzheimer’s disease but also in patients with frontotemporal 

dementia and in patients with Creutzfeldt-Jakob disease. Indeed, there was no 

significant difference between mean concentrations of CSF tau in patients with 

Alzheimer’s disease and frontotemporal dementia, suggesting that measurement of 

CSF tau cannot help distinguish between these two forms of dementia. The other 

markers of neuronal damage such as CSF NSE and 14-3-3 were not increased in 

patients with non-CJD dementia and as such, are of little value in the differential 

diagnosis of these patients. The mean CSF S-lOOb concentrations were significantly 

increased in patients with frontotemporal dementia, but there was considerable 

overlap with control subjects and patients with other forms of dementia, such as 

Alzheimer’s disease, thereby limiting its diagnostic use. CSF S-lOOb concentrations 

were also raised in a third of patients with AIDS dementia complex, but again there 

was considerable overlap with concentrations from control subjects, which limits its 

diagnostic use.

The measurement of a range of different brain-specific proteins can give some 

insight into the pathology underlying different diseases. In patients with CJD the 

most consistent finding in each of the different forms of CJD, whether it be sporadic, 

iatrogenic, familial or new variant, was an increase in CSF S-lOOb concentration. 

This suggests that astrocytosis may be a more consistent pathological finding than 

neuronal loss or damage, in terms of disease type and/or disease duration. This may 

be because astrocytosis occurs throughout the disease course whereas neuronal loss 

is likely to occur later in the disease. The rate of neuronal loss may vary between the 

forms of CJD and this may be why markers of neuronal damage are high in some 

patients and not in others. It was not possible in this study to investigate the
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relationship between disease duration, time of CSF sampling and CSF protein 

concentrations, but this will need to be studied in detail to answer these questions.

The finding that patients with Alzheimer’s disease and frontotemporal dementia have 

elevated concentrations of CSF tau but normal concentrations of other neuronal 

markers, suggest that there must be an additional cause for the increase in CSF tau in 

these patients. It is possible that the abnormal tau found in these diseases 

accumulates in the neurones and is responsible for the neuronal death. As a result 

CSF tau would be a very sensitive marker for selective neuronal loss in these 

patients. A study investigating the relationship between CSF tau concentrations and 

measures of brain atrophy such as MRI imaging is currently underway in patients 

with Alzheimer’s disease.

In summary, CSF brain-specific proteins, in particular 14-3-3, have a role in the 

diagnosis of sporadic CJD. The value of these proteins in the assessment of patients 

with new variant CJD is unclear at present, but it is unlikely that they will be have 

the same diagnostic potential. At present the measurement of these proteins does not 

have a role in the assessment of patients with non-CJD dementia.
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Appendix A 

Recipes for commonly used buffers

• Phosphate buffered saline (lOx concentrated stock)

23 g sodium phosphate 

4 g potassium phosphate 

160 g sodium chloride 

4 g potassium chloride 

Dissolve the above in 1500 mL deionised water. Make up to 2 L. Dilute 1 + 9  with 

deionised water before use.

• 0.67 M Barbitone buffer, pH 8.6 containing 1 mM calcium ( S-lOOb ELISA)

13.1 g sodium barbitone

2.1 g barbitone

290 mg calcium lactate 

Dissolve the above in 750 mL deionised water. Check the pH, adjust if necessary. 

Make up to 1 L.

• 0.2 M Sodium acetate buffer, pH 5.0 (lOx Stock concentration)

54.4 g sodium acetate 

9 mL glacial acetic acid 

Dissolve the above in 1500 mL deionised water. Check the pH and adjust to pH 5.1 

with more glacial acetic acid if necessary. Dilute 1 + 9  with deionised water before 

use.
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Appendix B Disease classification for Creutzfeldt-Jakob Disease

Sporadic CJD Disease Classification Criteria.

a) Definite (histologically confirmed) sporadic CJD:

Diagnosed by standard neuropathological techniques; and/or 

Immunocytochemically and/or Western blot confirmed protease resistant PrP 

and/or presence of scrapie-associated fibrils.

b) Probable sporadic CJD:

Progressive dementia of less than two years plus at least two out of the 

following four clinical features:

Myoclonus

Visual or cerebellar disturbance 

Pyramidal/extrapyramidal dysfunction 

Akinetic mutism;

and a typical EEG during an illness of any duration and/or 

A positive 14-3-3 CSF assay and a clinical duration to death <2 years; 

Routine investigations should not suggest an alternative diagnosis.

c) Possible sporadic CJD:

Progressive dementia of less than two years plus at least two out of the 

following four clinical features:

Myoclonus

Visual or cerebellar disturbance 

Pyramidal/extrapyramidal dysfunction 

Akinetic mutism;

but without an abnormal EEG pattern
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New variant CJD Disease Classification Criteria.

a) Definite (histologically confirmed) new variant CJD

Progressive neuropsychiatric syndrome and neuropathological examination of 

brain tissue showing following features:

Spongiform encephalopathy with abundant PrP deposition, in particular 

multiple fibrillary PrP plaques surrounded by a halo of spongiform vacuoles 

(‘florid’ plaques, ‘daisy-like’ plaques) and other PrP plaques, and amorphous 

pericellular and perivascular PrP deposits especially prominent in the 

cerebellar molecular layer.

b) Probable new variant CJD

i) patients present with all of the following features:

progressive neuropsychiatric disorder 

duration of illness > 6 months

routine investigations do not suggest an alternative diagnosis 

no history of potential iatrogenic exposure 

plus both of the following:

EEG pattern not typical of sporadic CJD* (or EEG not performed)

Posterior thalamic high signal on MRI scan*

ii) patients present with 4 of 5 of the following features:

early psychiatric symptoms 

persistent painful sensory symptoms 

ataxia

myoclonus or chorea or dystonia 

dementia 

plus both of the following:

EEG pattern not typical of sporadic CJD* (or EEG not performed)

Posterior thalamic high signal on MRI scan*

259



c) possible new variant CJD

Either a) or b) without the EEG and MRI investigation

* After review by the National CJD Surveillance Unit in Edinburgh
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matic procedure, is a feasible option because of the economic 
and sentimental value of South American camelids. Finally, 
because of the limited gene pool in this country and the 
relative lack of knowledge of camelid genetics, veterinary sur
geons and owners should be aware of potential hereditary 
defects, and ensure that affected animals are excluded from 
breeding programmes.
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S h o r t  C o m m u n i c a t i o n s

Increased S-lOOb in the 
cerebrospinal fluid of 
some cattle with bovine 
spongiform 
encephalopathy
A. J. E. G r e en , R. Ja c k m a n , T. A. M ar sh all , 

E. J. Th o m p s o n

S-100 belongs to a family of acidic, low molecular weight, cal
cium binding proteins which are well conserved throughout 
the vertebrate species (Donato 1991). There are three iso
forms of S-100 consisting of two subunits a and (3. S-lOOb 
(P(3) is found in high concentrations in the central nervous 
system ( c n s ) where it is located in the cytoplasm of astrocytes; 
smaller amounts are found outside the CNS in Schwann cells 
(Moore 1988), adipocytes (Hidaka and others 1983) and 
melanocytes (Kindblom and others 1984).

Increased concentrations of S-lOOb have been reported in 
the cerebrospinal fluid ( c s f ) of human patients with 
Creutzfeldt-Jakob disease (C JD ) (Jimi and others 1992, Otto 
and others 1997). The rise in S-lOOb occurs early in CJD and 
remains high even when other biochemical markers of brain
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damage such as neurone specific enolase return to normal 
(Jimi and others 1992). Increased concentrations of S-lOOb 
have also been reported in the serum of patients with CJD 

(Otto and others 1998).
CJD belongs to a group of diseases known as transmissi

ble spongiform encephalopathies ( t s e s ) which are associated 
with characteristic spongiform changes in the brain, neuronal 
loss, astrocytosis and deposition within the central nervous 
system of an abnormal form of the prion protein PrPSc (Beck 
and Daniel 1987). In 1986, a form of TSE was described in cat
tle and named bovine spongiform encephalopathy (BSE) 

(Wells and others 1987). Since it was first described over
170,000 cattle have been affected. At present, diagnosis of BSE 

depends on the histological examination of brain tissue and 
demonstration of the presence of PrPSc in CNS tissue. Other 
procedures such as polyacrylamide gel electrophoresis and 
Western blotting for PrPSc, and the demonstration of scrapie- 
associated fibrils in CNS tissue by electron microscopy have 
also been used diagnostically. These tests are expensive, time 
consuming and can only be performed postmortem. There is 
a need for a rapid diagnostic test which can be performed 
while the animal is still alive using blood, urine or CSF. This 
study investigates whether cattle with BSE have elevated con
centrations of serum and CSF S-lOOb and whether the mea
surement of S- 100b could be useful in the assessment of cattle 
with suspected BSE.

Blood samples were obtained from the jugular vein and 
the samples were allowed to clot overnight. The serum was 
removed and stored at -20°C. Blood samples were obtained
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FIG 1: Combined scatter and box and whisker plot of 
individual serum S-lOOb concentrations. The box represents 
the 25th to 75th quartile, divided horizontally by the median, 
the whiskers represent the  range and the adjacent scatter 
plot represents the individual values from which the  box and 
whiskers are derived

from 66 cattle clinically affected with BSE, 14 cattle with clin
ical signs indistinguishable from BSE, but which were histo
logically negative for BSE and 17 healthy cattle obtained from 
New Zealand. Diagnosis o f BSE was made postmortem by his
tological examination o f  the brain sections for vacuolation  
and immunohistochemical staining for the deposition o f the 
disease associated isoform o f the prion protein PrPSc. Cattle 
with non-BSE disease had no histological evidence o f  vacuo
lation or PrPSc deposition.

CSF samples were taken from the lumbar sac from a sep
arate group of 50 cattle with BSE, age 71 -2 (16-3) months, and 
a separate group of 16 cattle with clinical signs indistin
guishable from BSE but which were histologically negative for 
BSE, age 69-3 (26-1) months. Samples were centrifuged and the 
supernatant stored at -20°C before analysis. CSF samples were 
taken before slaughter.

S-lOOb was measured using a two site enzyme-linked 
immunosorbant assay which has previously been reported 
(Green and others 1997). The assay uses bovine S-lOOb as a 
calibrant and mouse monoclonal anti-bovine S-lOOb (Sigma) 
and horseradish peroxidase conjugated rabbit polyclonal anti- 
bovine S-lOOb (Dako). The within-batch and between-batch 
precision as measured by the coefficient of variance was less 
than 6 per cent.

Statistical analysis was performed using one-way a n o v a  

with Bonferroni analysis.
The mean serum S- 100b in cattle with BSE was slightly raised 

(0-16 [0-20] ng/ml) when compared to healthy cattle (0-11 
[0-07] ng/ml) and cattle with non-BSE disease (0-10 [0-08] 
ng/ml), but this increase was not statistically significant (Fig 1). 
There was no significant difference between the mean S-lOOb 
concentration in healthy cattle and cattle with non-BSE disease.

The mean CSF S-lOOb was significantly raised in catde with 
BSE when compared to cattle without BSE (4-6 [3-8] ng/ml vs 
2-0 [0-6] ng/ml, P<0-006) (Fig 2). There was no correlation 
between CSF S-lOOb concentrations and duration o f  sym p
toms measured in days (r2=0-005). Using a cu t-off o f  3-18 
ng/ml calculated from the mean ±2SD o f the non-BSE disease 
group, 50 per cent o f the cattle with BSE would have CSF 
S- 100b concentrations that would be considered abnormal.

This study is the first to report that CSF S- 100b concentra
tions are significantly raised in some cattle with BSE when

s  —

□  Cattle with non-BSE disease (n=l6) 
A  Cattle with BSE (n=51)

£
A

compared to cattle with clinical signs indistinguishable from 
BSE but which are histologically negative for BSE. CSF samples 
from healthy cattle were not investigated due to the difficulty 
in obtaining samples from cattle that could be guaranteed free 
from exposure to the BSE agent within the UK. Agreement was 
not obtained to get CSF samples from cattle in New Zealand 
as part of this project. In addition, the relevance of these cat
tle as a control group may be open to question due to differ
ences in breed and husbandry. Cattle with clinical signs 
indistinguishable from BSE but proven histopathologically not 
to be BSE, were considered to be a more appropriate control 
group. If a diagnostic test is to be useful it has to be able to dis
tinguish between these two groups.

The cause o f the elevated CSF S-lOOb in cattle with BSE is 
probably due in part to the astrocytosis and in part to neu
ronal and astrocytic cell death. None o f the cattle without BSE 
had histological abnormalities including astrocytosis on 
examination o f  brain tissue. No alternative diagnoses were 
obtained in any o f  these cases. This supports studies which 
found that astrocytosis was rare in cattle suspected o f having 
BSE but which were histologically negative for the disease 
(Pollin and others 1992, McGill and Wells 1993). Although  
the mean concentrations o f  CSF S-lOOb are raised in cattle 
with BSE, only 50 per cent o f the cattle with b s e  have elevated 
levels when compared to non-BSE diseased cattle. The average 
time interval between first clinical signs and the CSF sample 
being taken was one month. CSF S-lOOb concentrations may 
not be elevated in the very early stages o f BSE, and studies are 
underway to investigate the time course o f S- 100b release. The 
low sensitivity o f CSF S-lOOb in detecting cattle with BSE may 
preclude its use as a screening test when used alone, but stud
ies are underway to investigate whether the inclusion of other 
tests such as CSF 14-3-3 may improve the detection rate.
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(a)

FIG 1: (a) Horizontal beam  from the  pelvis and fem urs of a 
labrador retriever dog positioned for a hip in extended 
ventrodorsal ( v d )  projection. The os ilium and os ischium are 
close to the  tabletop , and the  fem urs m ake an angle of 25° 
with the  tabletop , (b) Horizontal beam  from the  pelvis and 
fem urs of th e  sam e dog positioned for a hip in extended 
dorsoventral ( d v )  projection. The os ilium and fem ur are in 
the  sam e axis form ing an angle of 25° with the  tabletop . 
Height of the  coxofemoral jo in t relative to  the  tab le top  does 
not vary betw een the  tw o positionings

Comparison of 
ventrodorsal and 
dorsoventral 
radiographic 
projections for hip 
dysplasia diagnosis
J. H. S a u n d e rs , T. G o d e fro id , F. R. Snaps, 

A. F ra n c o is , F. F a rn ir , M . B a llig a n d

CANINE hip dysplasia is a common developmental muscu
loskeletal disorder. At birth, the hips are generally normal, but 
histological changes compatible with hip dysplasia begin 60 
days after birth (Riser 1973). Radiography is still the most 
common method for confirmation of hip dysplasia, and the 
radiographic signs are: subluxation of the coxofemoral joints, 
remodelling o f the edges of the acetabulum, the cranial effec
tive acetabular rim and the acetabular fossa, remodelling of 
the femoral head and/or neck, and signs of degenerative joint 
disease (Gibbs 1997). In 1961, the American Veterinary 
Medical Association recommended a standard projection for 
diagnosis o f hip dysplasia ( a v m a  1961), in which the ven
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trodorsal ( v d ) position was preferred. The hindlimbs were 
recommended to be straight and fully extended caudally, and 
the femurs were to be parallel with the patellas superimposed 
over their midline. Since then, this positioning has been 
accepted worldwide (Ackerman and Nyland 1977, Rendano 
and Ryan 1985).

Positioning of the pelvis and femurs relative to the film dif
fers between the VD and dorsoventral (D v )  projections (Fig 1). 
The pelvic angle and the pelvis-film angle, which are both 
thought to affect the standardisation of hip scoring, are dif
ferent between the two projections (Gibbs 1997). The aim of 
this study was to determine if there would be any differences 
in the diagnosis of hip dysplasia between radiographs made 
in VD and d v  positions on sedated dogs.

Thirty dogs representing eight breeds (eight German shep
herd dogs, seven labrador retrievers, three golden retrievers, 
three rottweilers, three Bernese mountain dogs, two 
Newfoundland dogs, two Irish setters and two bearded col
lies) and with a mean age o f 17-6 months (from eight to 36 
months) were radiographed for evaluation of hip dysplasia. 
All of the dogs were sedated with an intramuscular injection 
of 40 pg/kg medetomidine (Domitor; Pfizer). Two radio
graphs of the pelvis, a VD projection and a DV projection, were 
taken o f each dog (Fig 2), with positioning of the dogs always 
undertaken by the same technician. The VD projection was 
performed according to previously described techniques 
( a v m a  1961, Rendano and Ryan 1985) and the same tech
nique was performed for the DV projection, except that the 
dogs were placed in sternal recumbency. One half of the dogs 
had the v d  projection performed first, while for the other half, 
the DV projection was first.
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Abstract

A sensitive, simple and specific sandwich E L IS A  for S - l()0 b  is described. This method involves the binding of a 
monoclonal anti-S-lOOb antibody to the wall of a microtitre plate. This capture antibody is subsequently incubated with 
S-lOOb standard, control or patient sample in the form of cerebrospinal fluid (CSF). After incubation, the microtitre plate is 
washed and horseradish peroxidase-labelled polyclonal anti-S-lOOb is added (detector antibody). The amount o f detector 
antibody bound to the microtitre plate is proportional to the amount of S-lOOb in the sample. The assay has a lower limit of 
detection of 0.04 n g /m l and shows <  0.006% reactivity with the closely related polypeptide S-lOOa. The assay has a mean 
within-batch precision of 9.3 and 5.6% at S-lOOb concentrations of 0.38 and 0.8 n g /m l, respectively. The between batch 
precision is 8.9 and 8.1% at S-lOOb concentrations of 0.12 and 0.34 n g /m l, respectively. The recovery of S-lOOb from CSF 
spiked with 0.5 n g /m l was 94% with a CV of 8.5%. The assay may be completed in less than 5 h using precoated microtitre 
plates, thus lending itself to routine use in clinical laboratories. Using this ELISA, 154 CSF samples were analysed and 19% 
of samples were found to have elevated levels. The highest levels were found in patients with cerebral haemorrhage or 
central nervous system malignancy. S-lOOb concentrations from individuals without evidence of neurological disease were 
found to be less than 0.4 ng/m l. Only 5% of patients with multiple sclerosis were found to have elevated CSF S-lOOb 
concentrations. Serial CSF samples taken from a patient with an infected in-dwelling shunt showed a dramatic decline, 
suggesting that S-lOOb is rapidly cleared. © 1997 Elsevier Science B.V.

Keywords: S-lOOb; ELISA; Cerebrospinal fluid; Central nervous system

1. I n t r o d u c t i o n

The S-100 family of proteins is defined as a group 
of acidic low molecular weight calcium binding pro
teins which show a highly conserved amino acid

Abbreviations: CSF, cerebrospinal fluid; CNS, central nervous 
system; PBS, phosphate-buffered saline; CV, coefficient o f varia
tion; SD, standard deviation
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fax: + 4 4  (171) 837-8553; e-mail: skgtejt@ ion.bpm f.ac.uk

sequence within the vertebrate species. S-100 pro
teins are dimers of two subunits called a  and (3 
(Fano et al., 1995) and there are three possible 
variants, namely S-lOOb ((3(3), S-lOOa (a(3) and 
S-lOOao ( a a ) .  S-lOOb and S-lOOa are found primar
ily within the central nervous system (CNS), where 
S-lOOb constitutes 90% of the total S-100 (Fano et 
al., 1995; Zimmer et al., 1995). S-lOOb and S-lOOa 
have different locations within the central nervous 
system (CNS), with S-lOOb being an astrocytic pro
tein, whilst S-lOOa is found in neurones, particularly

0 0 2 2 -1 7 5 9 /9 7 /$  17.00 © 1997 Elsevier Science B.V. All rights reserved. 
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hippocampal neurones. S-IOOao is found in high 
concentrations in heart, striated muscle and renal 
cells (Kato and Kimura, 1985; Kato et al., 1985).

A num ber o f studies have reported increased S-100 
levels in the cerebrospinal fluid of patients with 
acute neurological damage, such as cerebrovascular 
disorders, CNS tumours, viral m eningitis and en
cephalitis (M ichetti et al.. 1980; Sindic et al., 1982; 
M okuno et al., 1983; Noppe et al., 1986). Some 
reports have suggested that S -100 concentrations may 
be related to the extent of damage in cerebral haem 
orrhage and infarction, and could be used as a prog
nostic marker (Persson et al., 1987).

These studies have used a variety of methods 
including a m icrocom plem ent conversion assay 
(M ichetti et al., 1980). a particle-counting im 
munoassay (Sindic et al.. 1982), a radioim m unoassay 
(Noppe et al., 1986; Persson et al.. 1987) and an 
enzyme immunoassay (Kato et al., 1982; Aurell et 
al.. 1989; Griffin et al.. 1993). These assays show 
considerable variation in specificity, sensitivity and 
ease of use. Many of the early methods used antibod
ies which were not shown to distinguish between the 
a- and (3-subunits o f S-100. These m ethods also had 
widely differing sensitivities, with one assay able to 
detect 0.04 n g /m l (Griffin et al., 1993) and another 
only 6 n g /m l (M ichetti et al., 1980). As a result of 
these variations, studies investigating S-100 concen
trations in CSF have reached no consensus for the 
concentrations found in patients w ithout evidence of 
neurological disease, although all studies have 
dem onstrated raised levels in patients with acute 
brain damage.

In the light of these limitations a specific and 
sensitive ELISA was devised and used to investigate 
S-lOOb concentrations in patients adm itted to this 
hospital for diagnostic assessm ent o f suspected neu
rological disease.

2 .  M a t e r i a l s  a n d  m e t h o d s

2.1. M aterials

M ouse monoclonal anti-bovine S-lOOb was pur
chased from Sigma (Sigm a Chemical Com pany, 
Poole, UK). Specificity for the (3-subunit was con
firmed using isoelectric focusing and immuno-

blotting against both the a -  and (3-subunits o f S-100 
(Affiniti Research Products, Exeter, UK).

Horseradish peroxidase-conjugated rabbit anti- 
bovine S-100 was purchased from Dako (Copenha
gen, Denmark). Isoelectric focusing and immuno- 
blotting dem onstrated that this antibody reacted pri
marily against the (3-subunit o f S-100. with only a 
minor reactivity against the a-subunit.

S-lOOb is a well conserved protein within species 
and both the monoclonal and polyclonal antibodies 
react with S-100 from a wide variety of mammalian 
species. Sodium barbitone, barbitone, opheny len - 
ediamine, 30% hydrogen peroxide, and bovine serum 
albumin were o f analytical grade (Sigm a Chemical 
Co., Poole, UK). Calcium lactate, acetic acid, sodium 
acetate, hydrochloric acid, sodium phosphate, potas
sium phosphate, potassium chloride and sodium 
chloride were obtained from Merck, FRG.

Nunc M axisorb M icrotitre plates were obtained 
from Life Technologies (Paisley. Scotland).

2.2. S-100 standards

Bovine S-lOOb and S-lOOa were obtained from 
Affiniti Research Products, Exeter. Isoelectric focus
ing o f S-lOOb produced a single band with a pi of 
approxim ately 3 .0 .  A range of standards from  0.1 to 
2.5 n g /m l were prepared by diluting bovine S-lOOb 
in phosphate-buffered saline (PBS) containing 0.1% 
bovine serum albumin and stored in aliquots at 
-  20°C.

2.3. CSF recovery and precision

Pooled CSF samples spiked with S-lOOb were 
used to calculate the within- and between-batch pre
cision and recovery. The within-batch precision is 
expressed as CV% , and was calculated from the 
mean and SD of at least 20 replicate analyses of 
pooled CSF spiked with S-lOOb, perform ed on a 
single m icrotitre plate.

The between-batch precision, expressed as CV%, 
was calculated from the mean and SD from at least 
20 replicates of pooled CSF spiked with S-lOOb, 
each analysis was perform ed on a separate occasion.

The recovery o f S-lOOb was obtained by m easur
ing S-lOOb in pooled CSF before and after the 
addition of a known am ount of S-lOOb. At least 20
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replicates o f unspiked and spiked pooled CSF were 
measured.

2.4. CSF samples

CSF samples from 154 neurological patients (2 0 -  
78 years, 66 females, 88 males) undergoing a routine 
diagnostic lumbar puncture were obtained. The CSF 
samples from 19 patients (2 1 -6 8  years, 11 females, 
8 m ales) with no evidence of organic brain disease 
were used as controls. O f these 19 patients, 8 pa
tients had headache, 8 patients had various neuralgia 
and 3 had psychological syndromes. The remaining 
CSF samples were from 7 patients with cerebral 
haemorrhage, 8 patients with cerebrovascular dis
ease, 13 patients with intracranial neoplasm , 40 pa
tients with multiple sclerosis and 67 patients with 
other neurological diseases. The latter category in
cluded patients with treated meningitis and en
cephalitis. polyneuropathy, Arnold Chiari m alform a
tion, status epilepticus, S tiff man syndrome, motor 
neurone disease, psychosis and benign intracranial 
hypertension.

The CSF samples were centrifuged on receipt and 
the supernatant frozen at — 20°C within 24 h. Analy
sis was perform ed within 3 months.

2.5. Analytical procedure

The m icrotitre plates were coated overnight with 
monoclonal anti-S-lOOb at a concentration of 9.3 
|x g /m l in 0.05 M carbonate buffer, pH 9.5. The 
plate was washed with 0.1%  bovine serum albumin 
in PBS containing 0.05% Tween 20 (wash solution), 
and the unbound sites were blocked with 1% bovine 
serum  in PBS for 30 min.

50 p.1 of standard, control or CSF sam ple were 
added in duplicate to the plate, and 50 |xl o f 0.06 M 
barbitone buffer, pH 8.6 containing 1 mM  calcium 
lactate were then added to each well (incubation 
buffer). The plate was incubated at 37°C for 3 h. 
After washing, rabbit anti-S-100 antibody conjugated 
with horseradish peroxidase diluted 1 /1 0 0 0  with 
incubation buffer was added. The m icrotitre plate 
was incubated for 1 h at room temperature. The 
m icrotitre plate was washed with wash solution and 
100 |xl o f enzym e substrate (1 m g /m l o-phenylen- 
ediam ine in 0.05 M acetate buffer containing 0.01% 
hydrogen peroxide) was added. After incubating the

plate in the dark for 30 min, the reaction was stopped 
by adding 1 M  HC1. The absorbance was read at 492 
nm with 405 nm as the reference wavelength, using 
an Anthos 2001 Plate Reader (Denley Instruments. 
Sussex, UK).

3 .  R e s u l t s

3.1. ELISA standard curve

A typical standard curve is shown in Fig. 1. The 
lower lim it o f detection was calculated from the 
mean plus 3 SD of at least 20 replicate analyses of 
S-100b-free sample (incubation buffer) and was 
found to be 0.04 n g /m l. A range of working stan
dards from 0.05 to 2.5 n g /m l were used. The speci
ficity of this assay was assessed by measuring the 
apparent S-lOOb concentration in a range of S-IOOa 
standards. The only measurable response was seen 
with 1000 n g /m l S-IOOa which gave an apparent 
S-lOOb concentration of 0.051 n g /m l. This corre
sponds to a cross reactivity of less than 0 .0 0 6 ^ .

3.2. Precision o f  ELISA

The mean within-batch precision was 9.3% (0.38 
n g /m l)  and 5.6% (0.8 n g /m l)  and the between-batch 
precision was 8.9% (0.12 n g /m l)  and 8.1% (0.34 
n g /m l) . The recovery of S-lOOb was 94% (0.5 
n g /m l)  with a CV o f 8.5%.

3.3. Storage o f  CSF samples

10 CSF samples were divided into two and one 
aliquot was stored at — 20°C and the other at — 70°C.

2.0

Ec

©oc
(0A

0.5 2.5
-0.5

S-100b ng/ml

Fig. I. A typical EL ISA  standard curve for S-IOOb: 0.05, 0 .1, 
0 .25, 0.5, l.O and 2.5 n g /m l  standards were prepared using 
bovine S-lOOb. S tandard  deviations are shown.
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N o  s t a t i s t i c a l  d i f f e r e n c e  w a s  s e e n  b e t w e e n  th e  C S F  

S - lO O b  c o n c e n t r a t io n s  o f  s a m p le s  s t o r e d  a t  — 2 0 ° C  

a n d  t h o s e  s t o r e d  a t  — 7 0 ° C  w h e n  a n a ly s e d  w i t h in  3  

m o n th s .

3.4. Linearity

S e r ia l  d i l u t io n  o f  a  C S F  s a m p le  c o n t a in in g  4 .7  

n g / m l  S - lO O b  g a v e  r e s u l t s  w h ic h  d e m o n s t r a t e d  a  

l in e a r  r e la t io n s h ip  ( F ig .  2 ) .  T h is  s u g g e s t e d  th a t  th e r e

5

4
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0% 80%20% 40% 100%60%

Percentage of Original Sample

Fig. 2. Effect o f  dilution on C SF S-lOOb concentrations from a 
patient with subarachnoid haemorrhage demonstrating the lack o f  
endogenous binding o f  S-lOOb and a linear dose-response.
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Fig. 3. Box and whisker plot o f  CSF S-lOOb n g /m l ( lo g ,0 scale) in various neurological diseases. Plot show s 0, 25th, 50th, 75th and 100th 
centiles. CNS Haem, cerebral haemorrhage; CN S vascular, cerebral vascular pathology excluding haemorrhage; M S, multiple sclerosis; 
Other, see  text. Upper lim it o f normal ( — ).

Table 1
Distribution o f  CSF S-lOOb concentrations in various neurological disorders

Diagnosis % Sam ples with S-lOOb values >  0.4 n g /m l M ean S-lOOb ±  SD  (n g /m l) Range

Controls 0 0 .20  ±  0.08 0 .0 5 -0 .3 8
Cerebral haemorrhage 86 (6 ) a 20.45 ±  28.07 0 .0 6 -7 9 .6  b
Cerebral vascular disease 25 (2) 0 .42  ±  0.63 0 .0 5 -1 .9 3
CNS neoplasm 62 (8) 2.13 ± 2 .5 1 0 .0 5 -7 .2 3  b
M ultiple sclerosis 5 ( 2 ) 0 .18  ± 0 .0 9 0 .0 5 -0 .4 7
Other neurological diseases 18 (12) 0 .52  ±  1.24 0 .0 5 -8 .2 5

“* Numbers in parentheses indicate number o f  samples.
b Results show a significant difference when compared to controls ( p  < 0.05).

I
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Table  2
D iagnosis o f  patients from  the ‘o ther neurological d iseases’ group w ho have elevated  C S F  S-l(X)b concentrations

D iagnosis N um ber o f patients C S F  S- 100b (n g /m l)

H ydrocephalus I 0.41
M eningococcal m eningitis I 0.47
M echanical problem  o f  shunt 0.64. 0.73. 1.47. 4.07
Polyneuropathy l 0.68
A lcoholic neuropathy l 1.02

M cnieres d isease 1 1.46
S ch izophren ia 1 2.7
Spinal cord  d isease exclud ing  m yelitis 1 3.56
N eurosarco idosis 1 8.25

was no endogenous binding of S-lOOb uncovered by 
dilution.

3.5. CSF S-IOOb concentrations in neurological p a 
tients

The CSF S-IOOb concentrations in 154 CSF sam 
ples are illustrated in Fig. 3, and Tables 1 and 2. The 
mean ±  SD S-IOOb concentration in CSF samples 
obtained from individuals with no evidence of neuro
logical disease was 0.20 ±  0.08 n g /m l. Thus a refer
ence range o f less than 0.4 n g /m l was used for all 
com parisons. Patients with cerebral haem orrhage had 
significantly elevated CSF S-IOOb concentrations 
with the m ean +  SD being 20.5 ±  28.07 n g /m l and 
the highest concentration being 79.6 n g /m l. In con
trast, patients with cerebral vascular disease had 
m arginally elevated CSF S-IOOb concentrations with 
a mean +  SD o f 0.42 ±  0.63 n g /m l and a maxim um  
value o f 1.93 n g /m l.  This slight elevation failed to 
reach significance.

Patients with various m alignancies of the central 
nervous system had significantly raised CSF S-IOOb 
concentrations with a mean ±  SD of 2.13 +  2.51 
n g /m l and a maximum value of 7.23 n g /m l. Only 2 
out o f 40 patients with multiple sclerosis had 
marginally elevated levels o f 0.41 and 0.47 n g /m l. 
O f the other neurological disease group, 18% had 
elevated CSF S-IOOb concentrations. The diagnoses 
o f these individuals are given in Table 2. The highest 
value o f 8.25 n g /m l was seen in a patient with 
neurosarcoidosis.

3.6. Serial S-IOOb concentrations from a patient 
after removal o f  an infected in-dwelling shunt

The renewal o f ventricular fluid every 6 h has the 
consequence that brain proteins can be rapidly cleared 
from  the CSF. This was dem onstrated by the sharp 
fall in CSF S-IOOb concentration following the re
moval on day 0 of a ventricular-peritoneal shunt 
infected with group C Streptococci from a patient

5.0

4 .0  --

o> 3.0 -

0.0
0 5 10 15 20 25 30 35

D a y s

Fig. 4. Rapid decline  o f  C S F  S-IOOb concentration  after rem oval o f a v en tricu la r-p e rito n ea l shunt infected w ith group C S treptococci from  
a patient w ith post-traum atic  ep ilepsy com plicated  by a C S F  leak.
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with post-traum atic epilepsy com plicated by a CSF 
leak (Fig. 4). The CSF S-IOOb concentration fell 
from 4.67 n g /m l on day 1 to 0.56 n g /m l on day 5. 
The levels continue to fall over the next 30 days 
until a concentration of 0.07 n g /m l was seen on day 
35.

4 .  D i s c u s s i o n

S-IOOb has been measured in CSF by a num ber of 
groups (M ichetti et al., 1980; Kato et al., 1982; 
Sindic et al., 1982; M okuno et al., 1983; N oppe et 
al., 1986; Persson et al., 1987; Aurell et al., 1989; 
Van Engelen et al., 1992). The reference ranges for 
patients with non-neurological disease quoted in these 
different reports differ considerably. Persson et al.
(1987) quote a range of <  1 to 6.8 n g /m l, Noppe et 
al. (1986) a range of less than 0.8 n g /m l, Van 
Engelen et al. (1992) a range o f 0 .22-1 .21  n g /m l 
and M okuno et al. (1983) a range of less than 0.51 
n g /m l. The reference range obtained in this study of 
less than 0.4 n g /m l agrees best with that o f M okuno 
et al. (1983). The reason for this variation probably 
lies with the selection of control patients and with 
the specificity o f the assay used to m easure S-IOOb. 
As S-IOOb is one of a family o f proteins which share 
a large am ount of sequence hom ology, it is possible 
that many o f the other antisera used react not only 
with S-IOOb, but also with the closely related S-IOOa. 
The com bination of antisera used in this assay results 
in a high degree o f specificity as concentrations o f 
the a-subunit of up to 1000 n g /m l show only 
0.006%  reactivity.

The lowest am ount o f S-IOOb detected in this 
assay was 0.04 n g /m l S-IOOb, which shows com pa
rable sensitivity to the ELISA described by Griffin et 
al. (1993) and to the fluorescent im m unoassay de
scribed by Kato et al. (1982). The ELISA described 
in this report dem onstrates a linear relationship be
tween absorbance and S-IOOb concentrations be
tween 0.05 and 0.5 n g /m l, and is thus suitable for 
measuring S-IOOb levels in CSF. The ELISA de
scribed by Griffin et al. (1993, 1995) depends on the 
in-house production of polyclonal antisera and its 
subsequent biotinylation, which lim its its use to those 
laboratories which have these facilities. The fluores
cent imm unoassay described by Kato et al. (1982)

involves the im m obilisation of antibody onto silicone 
rubber fragments. This makes the assay lengthy and 
cum bersom e. The ELISA described in this report is 
not dependent on the in-house production of antisera 
or subsequent conjugation, is easy to perform  and 
can be com pleted in less than 5 h if precoated plates 
are used.

This study confirms earlier reports o f elevated 
S-IOOb concentrations in patients with intracranial 
haem orrhage (Sindic et al., 1982; Kato et al., 1982; 
Persson et al., 1987) and intracranial tumours (Kato 
et al., 1982; Sindic et al., 1982). O f the 40 patients 
with m ultiple sclerosis, only two had elevated S-IOOb 
concentrations. These results confirm  other reports o f 
marginal increases in S-IOOb occurring in m ultiple 
sclerosis (M ichetti et al., 1979; M assaro et al., 1985; 
N oppe et al., 1986). Those samples from the other 
neurological disease category having increased S- 
100b concentrations were from patients with condi
tions associated with CNS parenchym al damage. The 
sharp decline in S-IOOb concentrations after removal 
o f an infected ventricular-peritoneal shunt suggest 
that S-IOOb is rapidly cleared from  the CSF and that 
elevated levels are evidence of recent brain trauma. 
The ELISA  described in this paper is specific for the 
S-IOOb form  o f S - 1 0 0 ,  has a high degree o f sensitiv
ity and uses com m ercially available reagents. The 
assay is easy to perform  and is suitable for use in 
clinical laboratories which have an interest in m ea
suring S-IOOb as a sensitive indicator of brain de
struction.
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A b strac t

Levels of S100/3, a calcium-binding protein found in astrocytes, were measured using a sandwich ELISA in the cerebrospinal 
fluid (CSF) of patients with frontotemporal dementia and Alzheimer’s disease and compared with controls. Mean CSF S100/3 
concentrations were significantly raised in patients with frontotemporal dementia when compared with healthy controls 
(0.49 ±  0.28 vs. 0.22 ±  0.08 ng/ml, P <  0.001). There was no correlation between age at disease onset, disease severity or 
length of illness. The increased concentration of CSF S100/3 seen in frontotemporal dementia may reflect the marked astro
cytosis seen in this condition. ©  1997 Elsevier Science Ireland Ltd.

Keywords: Cerebrospinal fluid; S100/3; Frontotemporal dementia; Alzheimer’s disease; Astrocytes

S I00/3, a cytosolic low m olecular weight calcium  binding 
protein, belongs to a family of closely related proteins 
thought to play a role in cell growth and differentiation
[1]. It is found primarily in the central nervous system 
(CNS) astrocytes and has been shown to have neurotrophic 
effects as well as mitogenic and morphological activity on 
astrocytes [15]. A lzheim er’s disease is a com m on neurode- 
generative disease which is characterised by a progressive 
dem entia. The typical neuropathological features are am y
loid plaques and intraneuronal neurofibrillary tangles [11]. 
A ctivated astrocytes have been reported to be associated 
with am yloid plaques and shown to contain elevated levels 
o f S 100/3 [12]. Increased S 100/3 levels have been found in 
the brains o f patients with A lzheim er’s disease and the pat
tern o f elevation across the different cerebral regions corre
sponds to those m ost affected with the disease [14]. Thus it 
has been proposed that S I00(8 may be involved in the patho
genesis o f the disease [12,14], Frontotemporal dem entia is 
associated with focal frontal and temporal lobe cerebral 
atrophy. Tw o main histological changes are seen in this

* Corresponding author. Tel.: +44 171 8373611 ext. 4198; fax: +44 
171 8378553; e-mail: agreen@ ion.ucl.ac.uk

disorder: first, neuronal cell loss and spongiform  change 
(m icrovacuolation) together with mild to moderate astrocy
tosis, which has been designated frontal lobe degeneration. 
Secondly, intense astrocytic gliosis in the presence o f intra
neuronal inclusion bodies (Pick bodies) and inflated neu
rones, which is typical o f P ick’s disease [6]. This study 
investigated w hether elevated cerebrospinal fluid (CSF) 
S I00/3 is found in A lzheim er’s disease and frontotem poral 
dem entia and explored the relationship between CSF S 100/8 
concentrations and disease duration and severity.

Patients from the specialist D em entia Unit at the National 
Hospital for Neurology and Neurosurgery, London, UK, 
were selected for the study. A proportion of patients attend
ing the clinic are adm itted for investigation, including CSF 
examination. W hen CSF is collected, patients are asked to 
consent to the collection o f an additional 3 ml for research, 
which is frozen a t-7 0 ° C  within 30 min o f collection. Stored 
samples from 37 patients with clinically-confirm ed dem en
tia were retrospectively selected. A clinician (RH) reviewed 
the clinical and research notes for each case. The Mini 
Mental State Exam ination score (M M SE) [2] at the time 
of CSF sampling was evaluated and the final diagnosis, 
either from post-m ortem  histology or the last clinical assess-

0304-3940/97/$17.00 © 1997 Elsevier Science Ireland Ltd. All rights reserved
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ment, reviewed. Diagnoses were made according to 
NINCDS/ADRDA criteria [7] for A lzheim er’s disease and 
Lund and M anchester criteria [13] for frontotem poral 
dem entia. Sixteen patients fulfilled NIN CDS/A D RD A  cri
teria for probable or definite A lzheim er’s disease (mean 
age ±  SD 58 + 18 years; 9 males, 7 fem ales), three o f 
w hom  had autosomal dom inant fam ilial disease. Fifteen 
patients fulfilled criteria for frontotem poral dem entia: 
(m ean age ± SD 60 ±  20 years; 12 males, 3 fem ales). N ine
teen patients (mean age 2 7 -7 6  years; 8 males, 11 females) 
with no known organic brain disease were used as healthy 
controls (eight with headache, eight w ith various neuralgias 
and three with psychological syndromes). Tw enty-nine 
patients (mean age 2 6 -7 8  years; 18 males, 11 females) 
with inflammatory conditions o f the CNS were used as 
inflammatory controls (14 had m ultiple sclerosis, 10 had 
various infections and five had inflammatory neuropathy). 
CSF was centrifuged on receipt and the supernatant frozen 
at -7 0 °C  within 24 h. The S 100/3 sandwich ELISA  has been 
described in detail [3]. M ouse m onoclonal anti S I00/3 was 
purchased from  Sigma (Poole, UK) and the horseradish 
peroxidase conjugated rabbit anti S-100 were purchased 
from  Dako (Copenhagen, Denmark). Sodium barbitone, 
barbitone, o-phenylenediam ine, 30% hydrogen peroxide, 
bovine serum album in were o f analytical grade (Sigma, 
Poole, UK). Calcium lactate, acetic acid, sodium  acetate, 
hydrochloric acid (HC1), sodium  phosphate, potassium  
phosphate, potassium  chloride and sodium chloride were 
obtained from M erck, Germany. Nunc M axisorb M icrotitre 
plates were obtained from Life Technologies (Paisley, UK). 
A  range of standards from  0.1 to  2.5 ng/m l w as prepared by 
diluting bovine S 100/3 (Affinity Research Products, Exeter,

UK) in phosphate buffered saline (PBS) containing 0.1%  
bovine serum album in and stored in aliquots at -20°C . 
The m icrotitre plates were coated overnight w ith m onoclo
nal anti S I00/3 and w ashed with 0.1%  bovine serum  album in 
in PBS containing 0.05%  Tw een 20 (W ash solution). 
Unbound sites were blocked with 1% bovine serum albumin 
in PBS for 30 m in and subsequently rinsed with W ash solu
tion. Fifty m icrolitres o f standard, control or CSF sample 
was added in duplicate to the plate, and 50 /d  o f 0.06 M 
barbitone buffer, pH 8.6, containing 1 mM  calcium  lactate 
added to each well (Incubation buffer). The plate was incu
bated at 37°C for 3 h. A fter washing, rabbit anti S-100 anti
body conjugated with horseradish peroxidase diluted 1:1000 
with incubation buffer was added. The plate was incubated 
for 1 h at room  tem perature and washed with W ash solution. 
Enzyme substrate (1 m g/m l o-phenylenediam ine in 0.05 M 
acetate buffer containing 0.01%  hydrogen peroxide) was 
added. After incubation in the dark for 30 min the reaction 
was stopped by adding 1 M HC1. The absorbance was read 
at 492 nm using an Anthos 2001 Plate Reader (Denley 
Instruments, Sussex, UK). The w ithin-batch and between- 
batch precision as measured by the coefficient o f variance 
(CV) was <10% .

The CSF S I00/3 concentration in control subjects was 
0.22 ± 0.08 ng/ml (mean ± SD) (Fig. 1 and Table 1). The 
reference range for patients greater than 50 years old was 
0.24 ± 0.07 ng/ml. The CSF S 100/3 concentration gradually 
increased with age (y  =  0 .002 lx  + 0.107, /?2 = 0.14) but 
was not considered significant. The CSF S 100/3 concentra
tions in patients w ith inflam m atory diseases o f the CNS 
were not increased at 0.19 + 0.13 ng/ml. There was no d if
ference between mean CSF S 100/3 in patients greater than
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Fig. 1. Box and whisker plot of individual CSF S100 (3 concentrations in different types of dementia. Plot show s 0, 25th, 50th, 75th and 100th 
percentiles. Dotted line represents the upper reference limit in healthy controls.
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Table 1

C SF S100/3 concentrations in control subjects and patients with dem entia

Patient group (years) C SF S 100/3 
ng/ml
(m ean ± SD)

% sam ples 
with
increased 
S100/3 (n)

R ange

Healthy controls (27-76) 0.22 ± 0.08 0 .05-0 .38
Healthy controls (52-76) 0.24 ± 0.07 0 .10-0 .39
Inflammatory controls (26-78) 0.19 ± 0 .1 3 7 (2 ) 0 .05-0 .47
Inflammatory controls (50-78) 0.19 ± 0 .1 3 9 (1 ) 0 .05-0 .47
All dem entias 0.41 ± 0.25* 42 (13) 0 .10-0 .99
Alzheimer’s  d isease 0.33 ±0.21** 25 (4) 0 .10-0 .85
Frontotemporal dem entia 0.49 ± 0.28*** 60 (9) 0 .13-0 .99

*P <  0.001 (one-way ANOVA); **P <  0.05 (M ann-W hitney); ***P <  0.001 (Mann-Whitney).

50 years old with inflammatory conditions w hen com pared 
to all controls. The mean concentration o f C SF S 100/3 was 
significantly raised in patients with frontotem poral dem entia 
(0.49 +  0.28 ng/ml, P  <  0.001; M ann-W hitney). The 
m ean concentration o f CSF S I00/3 was also significantly 
raised in patients with A lzheim er’s disease (0.33 ±  0.21 
ng/ml, P <  0.05; M ann-W hitney). The proportion of 
patients having raised CSF S 100/3 was greater in frontotem 
poral dem entia than in A lzheim er’s disease (60% vs. 25%, 
respectively). W hen considered together, there was a signif
icant increase in CSF S 100/3 in all dem entia patients when 
com pared to controls (P <  0.001; one-way ANOVA). 
T here was no correlation between CSF S I00/3 and age at 
disease onset (R2=0.006), M M SE (/?2=0.12) and duration of 
illness (R2 = 0.0004).

There have been m any reports o f increased CSF S I 00/3 
concentrations occurring in diseases associated w ith neuro
nal degeneration [8]. Some o f these studies included 
patients with dem entia but the num bers studied were 
sm all [4,10]. This study shows that som e patients w ith A lz
heim er’s disease and frontotem poral dem entia have raised 
C SF S 100/3. This is m ost m arked in patients with fronto
tem poral dem entia. W e were unable to find a correlation 
betw een CSF S I 00/3 concentrations and age at onset o f d is
ease, severity o f disease or duration o f disease. This m ay be 
due to the nature of the population selected as m ost patients 
were adm itted for investigation early in their illness. 
Patients w ith inflammatory diseases o f the CNS do not 
show a significant increase in CSF S I 00/3, suggesting that 
the increased concentration found in dem entia is not due to 
an inflammatory process. It is know n that reactive astrocytes 
express elevated levels o f S 100/3 and that astrocytosis is a 
com m on neuropathological feature in degenerative dem en
tia [9].

The degree o f astrocytosis found in patients with A lzhei
m er’s disease is variable. At autopsy not all patients show 
m arked astrocytosis, indeed little astrocytosis is found in 
association with diffuse cerebral am yloid plaques [5,9] 
when com pared to neuritic plaques which are associated 
with large numbers o f activated astrocytes [12]. Therefore 
S 100/3 concentrations could reflect the relative proportion of

these two types o f plaque in patients with A lzheim er’s dis
ease.

In frontotem poral dem entia marked astrocytosis is asso
ciated with P ick’s disease, rather than frontal lobe degen
eration where astrocytosis is a m inor feature [6]. Elevated 
CSF S 100/8 concentrations may be a useful predictor of 
Pick-type pathology and help distinguish between these 
two subgroups o f frontotem poral dementia. Thus the raised 
CSF S 100/3 concentrations found in some patients with 
dem entia may reflect the degree o f astrocytosis and may 
provide inform ation about the underlying neuropathology. 
All these patients are subject to long-term  follow-up and 
CSF S I00/8 concentrations w ill be com pared to neurohisto- 
pathological exam ination where possible.
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A bstrac t

Cerebrospinal fluid (CSF) concentrations of tau protein were measured using an enzyme-linked immunosorbent assay which 
measures both normal and hyperphosphorylated tau. Levels of CSF tau were measured in 17 patients with Alzheimer’s disease 
and 23 patients with frontotemporal dementia, and were compared to age-matched healthy controls. The CSF tau concentration 
in control subjects was 198 ± 4 9  pg/ml and no relationship was found between age and CSF tau concentrations in these 
subjects. CSF tau concentrations were significantly raised in patients with both Alzheimer’s disease and frontotemporal demen
tia when compared to healthy controls (802 ±  381 pg/ml, P <  0.001; 612 1 3 8 2  pg/ml, P <  0.05, respectively). In neither 
disease did CSF tau correlate with disease severity as assessed by the Mini Mental State Examination score (MMSE). This 
study shows that CSF tau is significantly raised in patients with frontotemporal dementia. ©  1999 Elsevier Science Ireland Ltd. All 
rights reserved

Keywords: Cerebrospinal fluid; Tau; Frontotemporal dementia; Alzheimer’s disease; Pick’s disease; Dementia

Tau protein is a m icrotubule associated phosphoprotein 
which prom otes m icrotubule assembly and stabilization [9]. 
A hyperphosphorylated form of tau protein, know n as phos- 
phorylated tau, self-associates to create paired helical fila
ments, which are the m ajor com ponent o f neurofibrillary 
tangles (NFTs) [8]. These NFTs are one of the characteristic 
histopathological hallm arks o f A lzheim er’s disease and 
their distribution and density correlate with disease progres
sion and severity [5]. Concentrations o f tau are elevated in 
the CSF o f  patients with A lzheim er’s disease and the 
dem onstration that levels are raised early in the disease 
course, suggests that m easurem ent o f CSF tau maybe a 
diagnostic test for early disease [3,7]. Differential diagnosis 
o f dem entia is also an im portant issue, particularly with 
other prim ary degenerative diseases such as frontotem poral 
dem entia which is associated with focal frontal and tem 
poral lobe atrophy [11,16]. Two main histological patterns

* Corresponding author. Tel.: +44 171 8373611 ext. 4198; fax: +44 
171 8378553; e-mail: agreen@ ion.ucl.ac.uk

are seen in this disorder; firstly neuronal cell loss and spon
giform  changes (m icrovacuolation) together with mild to 
moderate astrocytosis, which has been designated frontal 
lobe degeneration. Secondly, intense astrocytic gliosis in 
the presence o f intraneuronal inclusion bodies (Pick bodies) 
and ballooned, achrom atic neurones, which is typical o f 
P ick’s disease [13,17]. Frontotem poral dem entia (FTD) 
may be difficult to distinguish from  A lzheim er’s disease, 
particularly in the early stages [12], and this study investi
gates whether m easurem ent o f CSF tau can be used to dis
tinguish between these two conditions.

Patients from  the Specialist Dem entia Clinic at the 
National H ospital for N eurology and Neurosurgery were 
recruited for the study. Patients attending the clinic were 
adm itted for investigation, including CSF examination. 
W hen CSF was collected, patients were asked to consent 
to the collection of an additional 3 ml for research, which 
was frozen at -7 0 °C  w ithin 24 h of collection. Stored sam 
ples from 40 consecutive patients with clinically-confirmed 
dem entia were retrospectively selected. A clinician (R.H.)

0304-3940/99/$ - see  front m atter © 1999 Elsevier Science Ireland Ltd. All rights reserved 
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Fig. 1. Combined scatter and box and whiskers plots of cerebrospinal 
fluid concentrations of tau in controls subjects (•), n = 9), patients 
with Alzheimer’s  d isease  (■), n=  17), and patients with frontotem
poral dem entia (A),  n = 23). The box represents the 25th-75th quar- 
tile, divided horizontally by the median, the whiskers represent the 
range and the adjacent sca tter plot represents the individual values 
from which the box and whiskers are derived. The horizontal dotted 
line represents the upper limit of normal (2 standard  deviations 
above the m ean of the control subjects).

reviewed the clinical and research notes for each case. The 
M ini M ental State Exam ination score (M M SE) [6] at the 
tim e of CSF sampling was evaluated and the final diagnosis 
were reviewed either from post-mortem histology in three 
cases or from  the last clinical assessment. D iagnoses were 
made according to Lund and M anchester criteria for FTD
[17] and N INCDS/ADRDA criteria [14] for A lzheim er’s 
disease. N ine patients (58.8 ±  7.9 years; six male, three 
fem ale) w ith no known organic brain disease were used as 
age-m atched healthy controls (six with headache, one with 
prim ary hypertension, one with neuralgia and one with a 
psychological syndrome). Seventeen patients fulfilled 
NINCDS/ADRDA criteria for probable or definite A lzhei
m er’s disease (mean age 58.5 ±  8.6 years; 10 male, 7 
female), two o f whom had autosomal dom inant familial 
disease. The m ean M M SE for these patients was 17/ 
30 ± 4/30 (mean ±  SD). Tw enty-three patients fulfilled cri
teria for FTD  (mean age 60.5 ±  7.8 years; 17 male, 6 
female). The m ean M M SE for these patients was 17/ 
30 ± 5/30 (mean ±  SD). CSF was centrifuged on receipt 
and the supernatant frozen at -7 0 °C  within 24 h. CSF tau 
levels were determ ined by a previously described sensitive 
sandwich enzym e-linked im m unosorbent assay (ELISA) 
(Innogenetics, Belgium ) according to the m anufacturer’s

instructions [19]. This assay measures both normal and 
hyperphosphorylated tau.

The CSF tau concentration in control subjects was 
198 + 49 pg/ml (mean ±  SD) (Fig. 1) (Table 1). There 
was no correlation between age and CSF Tau concentration 
(r2 = 0.061). The upper lim it o f normal was taken to be 300 
pg/ml. The CSF tau concentration was significantly raised in 
patients w ith A lzheim er’s disease when com pared to con
trols (802 ±  381 pg/ml, P  <  0.001). There was no relation
ship between CSF tau concentrations and either age at onset 
of disease (r2 = 0.021) or disease severity as assessed by 
M M SE (r2 = 0.066) in A lzheim er’s disease. CSF tau con
centrations were significantly raised in patients with FTD 
(612 ±  382 pg/ml, P  <  0.05). There was also no relation
ship between CSF tau and either age at onset o f disease 
(r2 = 0.007) or disease severity (r2 = 0.016) in patients 
with FTD. There was no significant difference between 
the CSF tau concentrations seen in patients with Alzhei
m er’s disease and FTD (P >  0.5).

This study dem onstrates that CSF tau concentrations are 
significantly raised in patients with frontotemporal dem en
tia when com pared to age-matched healthy controls. No 
relationship exists between CSF tau concentration and dis
ease severity as assessed by the M M SE or the age at disease 
onset. Although the mean concentrations o f CSF tau were 
lower in the frontotem poral dem entia patients when com 
pared to that of the A lzheim er’s group there was no signifi
cant difference between the two groups of patients. These 
findings expand two previous studies which reported raised 
CSF tau concentrations in patients with frontotemporal 
dem entia [2] and in patients with frontal lobe degeneration
[4]. These studies involved small numbers o f patients and 
did not relate CSF tau concentrations to clinical severity. In 
this study 16 out o f 23 patients with frontotem poral dem en
tia had raised CSF tau concentrations, which agrees with 
Arai et al. (1998) who found six out of eight patients had 
elevated tau. A sm aller proportion o f patients, four out o f 
eleven, w ith frontal lobe degeneration were reported to have 
raised CSF tau. The higher proportion of frontotemporal 
dem entia patients with high CSF tau may be due to the 
inclusion o f patients with P ick’s disease. These patients 
are characterized by the presence of Pick bodies which con
tain hyperphosphorylated tau, and as a result may have 
higher tissue concentrations of tau than frontal lobe degen
eration. A recent study has reported an association between

Table 1

CSF tau concentrations in control subjects and patients with dem entia or other neurodegenerative d iseases

Patient group MMSE (m ean ± SD) CSF tau pg/ml (m ean ± SD) (n) Range

Healthy controls nd 198 ± 4 9  (9) 133-255
Alzheimer’s d isease 17/30 ± 4 /3 0 802 1 3 8 1  (17)* 100-1284
Frontotemporal dem entia 1 7 /3 0 1 5 /3 0 612 1 3 8 2  (23)**+ 84-1425

‘Significantly raised when com pared to healthy controls (P  <  0.001 one-way ANOVA, Bonferroni analysis). “ Significantly raised when compared 
to healthy controls (P  <  0.05 one-way ANOVA, Bonferroni analysis). +Not significantly raised when com pared to Alzheimer’s d isease  (P>0.5 
one-way ANOVA, Bonferroni analysis).
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inherited frontotemporal dem entia and Parkinsonism linked 
to Chromosom e 17 and tau m utations [10]. The frontotem 
poral dem entia patients included in this study are being 
investigated for these mutations, and findings will be related 
to CSF tau concentrations. CSF tau has been reported to be 
increased in other forms o f dem entia including vascular 
dem entia [1], corticobasal degeneration [15] and diffuse 
Lewy body disease [2]. The cause o f raised CSF tau in 
these diseases is unknown but is thought to be due to release 
from dying neurones [4]. Diseases associated with acute 
neurological destruction such as strokes [20], m eningoence
phalitis [3] and Creutzfeldt-Jakob disease [18] have m ark
edly elevated concentration o f CSF tau, suggesting that 
neuronal death may be responsible for the increase in CSF 
tau. The early differential diagnosis o f dem entia in patients 
who have yet to express the whole range of signs and sym p
toms may be difficult, and this is where a sensitive and 
specific diagnostic test would be most useful. This study 
dem onstrates that elevated CSF tau concentrations are not 
specific for A lzheim er’s disease but can occur in other 
dem entias such as frontotemporal dementia.

|1] Andreasen, N., Vanm echelen, E., van de Voorde, A., 
Davidsson, P., H esse, C., Tarvonen, S., Raha, I., Sourander, 
L., Winblad, B. and Blennow, K., Cerebrospinal fluid tau protein 
a s  a biochemical m arker for Alzheimer’s d isease: a  community 
based  follow up study, J. Neurol. Neurosurg. Psychiatry, 64 
(1998) 298-305 .

[2] Arai, H., Morikawa, V., Higuchi, M., Matsui, T., Clark, C.M., 
Miura, M., Machida, N., Lee, V.M.Y., Trojanwski, J.Q . and 
Sasaki, H., Cerebrospinal fluid tau levels in neurodegenerative 
d iseases with distinct tau-related pathology, Biochem. Biophys 
Res. Commun., 236 (1997) 262-264 .

[3] Arai, H., Terajima, M., Miura, M., Higuchi, S., M uramatsu, T., 
Machida, N., Seki, H., Takase, S., Clark, C.M., Lee, V.M.Y., 
Trojanowski, J.Q . and Sasaki, H., Tau in cerebrospinal fluid: a 
potential diagnostic marker in Alzheimer’s d isease, Ann. 
Neurol., 38 (1995) 649-652 .

[4] Blennow, K., Wallin, A., Agren, H., Spenger, C., Siegfried, J. 
and Vanm echelen, E., Tau protein in cerebrospinal fluid: a  bio
chemical m arker for axonal degeneration in Alzheimer’s 
d isease? , Mol. Chem . Neuropathol., 26 (1995) 231-245 .

[5] Dickson, D.W., Crystal, H.A., Bevona, C., Honer, W., Vincent, I. 
and Davies, P., Correlations of synaptic m arkers with cognitive 
status in prospectively studied elderly hum ans, Neurobiol. 
Aging, 16 (1995) 285-298 .

[6] Folstein, M., Folstein, S. and McHughs, P., The ‘Mini mental 
s ta te ’: a practical method for grading the cognitive s ta te  of 
patients for the clinician, J. Psychiatr. Res., 12 (1975) 189-198 .

[7] Galasko, D., Clark, C., Chang, L., Miller, B., Green, R.C., 
Motter, R. and Seubert, P., A ssessm ent of CSF levels of tau 
protein in mildly dem ented patients with Alzheimer’s d isease, 
Neurology, 48 (1997) 632-635 .

[8] Goedert, M., Tau protein and the neurofibrillary pathology of 
Alzheimer’s d isease , Trends Neurol. Sci., 11 (1993) 4 6 0 -465 .

[9] Goedert, M., Crowther, R.A. and Garner, C.C., Molecular char
acterization of m icrotubule-associated proteins tau and MAP2, 
Trends Neurosci., 14 (1991) 193-199.

[10] Hutton, M., Lendon, C.L., Baker, M., Froelich, S., Houlden, H., 
Pickering Brown, S., Chakraverty, S., Isaacs, A., Grover, A., 
Hackett, J., Adamson, J., Lincoln, S., Dickson, D., Davies, P., 
Kwon, J.M., Nowotny, P., Che, L.K., Norton, J., Morris, J.C., 
Reed, L.A., Trojanowski, J., Basun, H., Lannfelt, L., Neystat, 
M., Fahn, S., Dark, F., Tannenberg, T., Dodd, P.R., Hayward, 
N., Kwok, J.B .J., Schofield, P.R., Andreadis, A., Snowden, J., 
Craufurd, D., Neary, D., Owen, F., Oostra, B.A., Hardy, J., 
Goate, A., van Swieten, J., Mann, D., Lynch, T. and Heutink, 
P., Association of m issense and 5'-splice-site mutations in tau 
with the inherited dem entia FTDP-17, Nature, 393 (1998) 7 0 2 -  
705.

[11] Knopman, D.S., Mastri, A.R., Frey, W.H., Sung, J.H. and 
Rustan, T., Dementia lacking distinctive histologic features: a 
common non-Alzheimer degenerative dementia, Neurology, 40 
(1990) 251-266 .

[12] Litvan, I., Agid, Y., Sastri, N., Jankovic, J., Wenning, G.K., 
Goetz, C.G., Verny, M., Brandel, J.P ., Jellinger, K., 
Chaudhuri, K., McKee, A., Lai, E.C., Pearce, R.K.B. and 
Bartko, J.J ., W hat are the obstacles for an accurate clinical 
diagnosis of Pick’s d isease, A clinicopathologic study, 
Neurology, 49 (1997) 62 -6 8 .

[13] Mann. D.M.A., South, P.W., Snowden, J.S . and Neary, D., 
Dementia of frontal lobe type: neuropathology and 
immunohistochemistry, J. Neurol. Neurosurg. Psychiatry, 56 
(1993) 605-614 .

[14] McKhan, G., Drachman, D., Folstein, M., Katzman, R., Price, D. 
and Stadlan, E.M., Clinical diagnosis of Alzheimer’s D isease: 
report of the NINCDS-ADRDA work group under the auspices 
of The Departm ent of Health and Human Services Task Force 
on Alzheimer’s D isease, Neurology, 34 (1984) 939-944 .

[15] Mitani, K., Furiya, Y., Uchihara, T., Ishii, K., Yamanouchi, H., 
Mizusawa, H. and Mori, H., Increased CSF tau protein in corti
cobasal degeneration, J. Neurol., 245 (1998) 44 -4 6 .

[16] Neary, D., Snowden, J.S ., Northen, B. and Goulding, P., 
Dementia of frontal type, J. Neurol. Neurosurg. Psychiatry, 51
(1988) 353-361 .

[17] The Lund and M anchester Groups, Clinical and neuropatholo- 
gical criteria for frontotemporal dem entia, J. Neurol. Neurosurg. 
Psychiatry, 57 (1994) 4 1 6 -418 .

[18] Otto, M., Wiltfang, J., Tumani, H., Zerr, I., Lantsch, M., 
Kornhuber, J., W eber, T., Kretzschmar, T. and Poser, S., Ele
vated levels of tau-protein in cerebrospinal fluid of patients with 
Creutzfeldt-Jakob d isease , Neurosci. Lett., 225 (1997) 2 1 0 -  
221 .

[19] Vanderm eeren, M., Mercken, M., Vanmechelen, E., Six, J., van 
de Voorde, A., Martin, J. and Cras, P., Detection of tau proteins 
in normal and Alzheimer’s d isease  cerebrospinal fluid with a 
sensitive sandwich enzyme-linked immunosorbent assay , J. 
Neurochem., 61 (1993) 1828-1834.

[20] Vigo-Pelfrey, C., Seubert, P., Barbour, R., Blomquist, C., Lee, 
M., Lee, D., Coria, F., Chang, L., Miller, B., Lieberburg, I. and 
Schenk, D., Elevation of microtubule-associated protein tau in 
the cerebrospinal fluid of patients with Alzheimer’s d isease, 
Neurology, 45 (1995) 788-793 .


