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Abstract
A sensitive and specific Enzyme Linked Immunosorbent Assay (ELISA) was
developed for the detection of antibodies, primarily autoantibodies, to the enzyme
acetylcholinesterase. The working method employed a recombinant human
acetylcholinesterase as the capture antigen, and was developed after investigating
different antigens, solid phase materials, coating procedures and blocking techniques.
The sensitivity of the method was established at 1.8ng/ml of mouse IgG, (AE1)
employing a mouse monoclonal antibody specific for human acetylcholinesterase.
The specificity of the method was confirmed by using human antibodies to the Yta
Cartwright blood group antigen, to act as a positive human control for the assay.
These investigations were important, as there was no data on methods previously
described, leaving the findings of previous researchers open to criticism on grounds of
sensitivity and specificity. The findings of this research required evidential data to
prove the methods analytical parameters and support the results produced by the
method, so as not to be open to similar criticisms. The possible aetiological role of
anti-acetylcholinesterase antibodies was investigated by developing methods capable
of detecting the IgG subclass of anti-acetylcholinesterase antibodies (ELISA).
Methods were developed with the potential to demonstrate IgG binding to tissue
acetylcholinesterase in-vitro (Immunohistochemistry) and the immunological
inhibition of acetylcholinesterase catalytic function, employing monoclonal
antibodies. The ELISA method was employed to determine its potential role as a
technique to detect and grade anti-Yta antibodies. This study also lead to the
development of criteria for the classification of positive, negative and equivocal
results. The ELISA method was then used to determine the incidence of antiacetylcholinesterase antibodies in patients with autoimmune disease and all forms of
Motor Neuron Disease. Positive findings of previous researchers could have been due
to poor assay specificity, and / or detection of allogenic anti-AChE antibodies whose
characterisation had occurred since much of the early work. These clinical studies
produced data that indicated that anti-acetylcholinesterase antibodies are not prevalent
in these disorders, which was not consistent with previous findings.
However, the data generated did reveal that IgG autoantibodies of all subclasses and
specific to neuronal acetylcholinesterase were present in the only individual with
cerebral palsy, included in the study.

Publications taken from data presented in this thesis are listed below:
1) J Geen, D A Hullin, and S.I Hogg. Br J Biomed Sci. Detection of anti-Yta
antibodies employing a sensitive and specific ELISA technique. 1999;56:128-133

2) J Geen, D A Hullin, D M Cassidy and S.I Hogg. Prevalence of antiacetylcholinesterase antibodies in patients with autoimmune disease, employing
an ELISA technique. Proc ACB National Meeting. 1999;Abstract 26: 39.

3) J Geen, S Hadjikoutis, A Strachan, D.A. Hullin, S.I.Hogg and C.M. Wiles.
Autoantibodies to acetylcholinesterase revisited.
Submitted for publication August 1999 to the Journal of Neurological Sciences.

INTRODUCTION

Acetylcholinesterase: Its History, Physiology, Genetics and
Molecular Forms.
The cholinesterases are a family of enzymes termed type B carboxylesterases. These
enzymatic glycoproteins are responsible for the hydrolysis of carboxylic esters of mono
and polyhydric alcohols and phenols \ They can be distinguished from other esterases
such as arylesterases because they have much faster rates of choline ester hydrolysis and
because their catalytic function is completely inhibited by a lOj^mol concentration of the
natural carbamate alkaloid, physostigmine (eserine) 2>3.
Dale accurately predicted the existence of a choline esterase in 1914, while researching
and identifying the existence of muscarinic and nicotinic actions of choline esters in
different tissues. Experimental evidence for Dales' prediction was provided by the work
of Loewi and Navratil in 1926, who showed that the action of acetylcholine (ACh) on a
frog heart was prolonged upon the addition of physostigmine 4. In 1930 Engelhardt and
Loewi conclusively demonstrated the enzymatic nature of the molecule responsible for
the removal of ACh 4. Tn 1932 Stedman and Stedman extracted an enzyme with
"cholinesterase" like catalytic activity from horse serum and the term cholinesterase was
proposed for the enzyme. They assumed that the serum borne cholinesterase was specific
for ACh and the same as that demonstrated previously by Loewi and co-workers 4.
Dale in 1936 demonstrated that ACh was released by the motor neurons upon stimulation
and that the presence of ACh was required for skeletal muscle contraction 4 .
In 1940 Alles and Hawes showed that the serum and erythrocyte borne "cholinesterases"
were different enzymes as the latter could be inhibited by increasing the ACh substrate
concentration. Mendel and Mundell in 1943 extended this work and provided evidence to
support their conclusion that erythrocyte cholinesterase had substrate specificity for ACh

whereas serum cholinesterase seemed more able to catalyze the hydrolysis of aliphatic
esters other than ACh.
In 1949 Augustinsson and Nachmansohn introduced the terms Acetylcholinesterase or
"True" cholinesterase (AChE) and Pseudo or non-specific cholinesterase, for the
erythrocyte and serum enzymes respectively 5.
As a result of research into chemical weapons initiated during the Second World War,
compounds were produced which could be used to differentiate between the two types of
cholinesterase. Differentiation between the two enzyme forms could be established by
observing the catalytic inhibition of the enzymes in the presence and absence of
particular chemical inhibitors. These compounds work by binding reversibly or
irreversibly to the anionic (negatively charged) and / or esteratic sites present on the
surface of the cholinesterase molecules.
Therefore, to date two different forms of cholinesterase with two different genetic loci,
3q26 for pseudocholinesterase (BuChE) and 7q22 for AChE have been identified in man.
The duplicity of these enzyme alleles is a feature common to all vertebrates ] . However,
it is believed that both enzyme forms were derived from a common ancestor, particularly
as they share 53% amino-acid homology in their primary structure 6.

BuChE is synthesized in the liver from where it is secreted into the serum. It has also
been found in other tissues such as the central nervous system of most animal species.
The actual role of this enzyme in its various guises is unclear although several theories
have been postulated.
In humans this enzyme is not essential for life 7, as some individuals possess a mutant
form of the enzyme which results in the lack of any serum cholinesterase activity. This

does not correlate with any pathological abnormality. The only time such a genotype
becomes apparent is when the muscle relaxant drug suxamethonium (succinylcholine) is
given to a patient during intubation prior to surgery. This drug is usually catabolized very
quickly by serum BuChE during the surgical procedure. Post operation the patient may
develop prolonged apnoea due to paralysis of the respiratory muscles caused by the
prolonged presence of suxamethonium in an individual unable to metabolize the
compound.
This thesis is primarily concerned with AChE and not BuChE. Therefore the physiology,
biochemistry, genetics and structure of AChE will be covered in more detail. For a
comprehensive scientific review of the properties of the BuChE, the reader is referred to
the excellent publications of Silver 1974 8 and Massoulie et al 1993 3 .

Table. 1: Comparison of the catalytic properties of the "Cholinesterase" enzymes
found in humans.
Property

Acetylcholinesterase

BuChE

(Erythrocyte / Neural)

(Serum)

(E.C.3.1.1.7)

(E.C.3.1.1.8)

Acetylcholine

Butyrylcholine and

Substrate Specificity:
Preferred Substrate

Proprionylcholine
Activity Towards:
Benzoylcholine

Negative

Positive

Acetylcarnitylcholine

Positive

Negative

Carbamylcholine

Negative

Negative

Physostigmine

YeslO'5 M

YeslO"5 M

Diisopropylphosphofluoridate

YeslO'5 -lO^M

Yes 10"7 - 10"8 M

ISO-OMPA

Resistant

Susceptible

Ethopropazine

Resistant

Susceptible

BW284c51

Susceptible

Resistant

Fluoride

Susceptible

Susceptible

Yes

No

Zinc ions

Yes

No

Activated by Magnesium or

Magnesium more

Manganese more

Manganese ions

effective

effective

Inhibitors:

Inhibition by excess
Substrate (ACh)
Inhibition by Nickel and

Physiology of AChE:

AChE (E.G.3.1.1.7) can be found as an integral protein within the plasma membrane of
erythrocytes, platelets, germ cells, central nervous system, the basal lamina of neuromuscular junctions and pre and post synaptic membranes of the peripheral nervous
system. AChE can also exist as a free secreted enzyme found in the synaptic cleft region
between pre and post synaptic membranes. The only known naturally occurring substrate
for this enzyme is ACh. The main function of this enzyme is to hydrolyze the neurotransmitter ACh to acetic acid and choline at cholinergic synapses. It is one of the most
catalytically active enzymes known, approaching the maximal theoretical limit set by the
molecular diffusion of the substrate 9.
The reaction occurs in two steps:
1) Nucleophilic attack of the carbonyl carbon, acylating the enzyme and liberating the
choline.
2) Rapid hydrolysis of the acylated enzyme yielding acetic acid and restoration of the
esteratic site 9.
The reaction is aided by the combination of a positively charged group (eg. Nitrogen) at
the negatively charged anionic site. This results in the termination of the stimulatory
action of ACh at the post synaptic membrane, allowing the neuron or muscle fibres to
return to a resting state in readiness for further stimulation.
The nervous system of humans can be divided into the Central Nervous System (CNS)
and the Peripheral Nervous System (PNS). The PNS contains both afferent neurons,
which carry signals to the CNS and efferent neurons, which carry signals from the CNS
to effector organs such as skeletal muscle / glandular tissue. The PNS can be divided into

the Somatic Nervous System and the Autonomic Nervous System. The former system is
responsible for the control of voluntary motor actions (eg. skeletal muscle) and the latter
is concerned with the involuntary regulation of the body's internal organs and control
mechanisms such as the heart, gastro-intestinal tract (motility and secretion), thermoregulation, blood vessel control, blood pressure and respiration.
The ANS can be further divided into two, namely the Sympathetic nervous system and
the Parasympathetic nervous system. Generally, the actions of these two systems have
opposite effects on the effector organ. This allows the fine control of important
physiological functions to maintain the homeostatic balance of the body's internal
environment.
The ANS differs from the somatic (motor) system as two neurons, pre-ganglionic and
post-ganglionic fibres are involved in neural transmission. The somatic system only
involves one neuron, which travels from the CNS to the effector organ (generally skeletal
muscle).
All pre-ganglionic fibres of the ANS secrete ACh as the neurotransmitter. This is also
true for the post-ganglionic fibres of the parasympathetic system. The post-ganglionic
fibres of the sympathetic system release noradrenaline, except the neurons that supply the
sweat glands and striated muscle of blood vessels.
The motor neurons of the somatic nervous system also release ACh at the neuro-muscular
junction (NMJ).
All neurons that release ACh at the nerve terminals whether they are neural synapses or
NMJs are termed cholinergic. All these sites possess the enzyme AChE, which is
required to terminate neural stimulation by catabolizing released ACh " .

Cholinergic nerve terminals can also be classified as nicotinic or muscarinic in their
action. These naturally occurring alkaloids can mimic the effects of ACh by interacting
with different receptors at the different post synaptic sites. Their site specific interactions
occur because nicotinic receptors interact with the carboxyl group of ACh and the
muscarinic receptors with the methyl group of ACh.
Nicotinic sites include the NMJ's of the motor system and the autonomic ganglia between
the pre and post ganglionic fibres. Muscarinic sites are associated with the effector organs
of the parasympathetic system (eg. heart muscle) 4.
Recent research has revealed that AChE may have other important physiological and
developmental roles in addition to its catalytic activity associated with the termination of
cholinergic neurotransmission 3>5' 12'14.
In non nervous tissue it has been postulated that AChE may play a role in the regulation
of membrane permeability in red blood cells and the blood brain barrier and motility in
sperm 14. There is also evidence to suggest that AChE can activate macrophage function
via a mannose-fucose receptor and the sugar residues which exist on the surface of the
AChE molecule 14.
AChE is found in large amounts within the substantia nigra of the CNS, where it is
secreted from the dendrites of dopaminergic neurones in a potassium / calcium dependent
manner 13. This action may have a signalling function and it may have an important role
in the pathology of the movement disorder Parkinson's Disease. AChE has been shown to
regulate neurite outgrowth associated with morphogenesis of the embryological nervous
system.

Two mechanisms of AChE function and embryo development have been postulated. The
first involves the catalytic action of ACh hydrolysis, which encourages neural growth
into an ACh deficient region. This is supported by the fact that AChE expression occurs
in the post mitotic neural cells prior to neurite extension 3 . Secondly, AChE may have a
cell adhesion action particularly as it shares amino-acid sequence homology with
adhesion proteins such as neurotactin and glutactin u.
AChE has also been shown to have a serotonin sensitive arylacylaminidase catalytic
action which it has been postulated could catabolize an endogenous analgesic compound
with an appropriate acyl amide bond 5.
Finally AChE expression and gene amplification appear to be increased in some human
tumours, such as meningiomas, neuroblastomas, leukaemia and ovarian tumours 12.The
effect of AChE may be to promote cellular division and growth particularly within the
haematopoietic system.

AChE Genetics:
A single gene locus for AChE, was localized to chromosome 7q22 by Getman in
1992 15. However, previous to that it had been postulated that multiple loci may exist,
each coding for the different molecular forms of AChE that are found at different sites
within the body. It was determined that the phenotypic expression of different forms of
AChE was due to the splicing of the translatable exons of the AChE gene at the 3' end. In
1993 Bartels 16 demonstrated that a mutation at position 322 within the human AChE
gene also accounted for the polymorphism associated with the Cartwright (Yt) blood
group system (see Cartwright blood group system p. 18). Therefore the phenotype of an

individual's AChE expression, specifically the catalytic subunit, is common to all forms
of AChE throughout that person's tissues. This is obviously dependent upon the genotype
of that individual.
The Human AChE gene consists of 7 kilobases containing 6 exons and 4 nitrons.
Exon 1 codes for an untranslated sequence. The genetic sequence upstream from the first
exon, contains the transcriptional regulation region in the form of a G + C rich attenuator
domain containing several promoter sites 17~18.
Exon 2 consists of 1088 base pairs, 975 of which are translated to form a 356 ammo-acid
sequence, inclusive of the 31 amino-acid signal peptide. This exon encodes for the N
terminus GLU 1 of mature AChE (after signal peptide cleavage), the active site Serine
codon (203), the Yt blood group ailelic variant codon (322) and an ATG translation
initialization site.
Exon 3 consists of 485 base pairs, all of which are translated to produce an amino-acid
sequence of 162 amino acids. It contains codons GLU 334 and HIS 447 of the catalytic
triad and the mutation site at codon 446 isolated in the two Yt ailelic forms, but with no
alteration in the amino-acid coded.
Exon 4 consists of 170 base pairs, which are translated to generate an amino acid

sequence 56 amino-acids long.
The resultant mature peptide encoded by exons 2,3 and 4 consists of 543 amino-acids and
constitutes the hydrophilic catalytic subunit common to all human forms of AChE 19.
Splicing at the 3' end of exon 4 can lead to the usage of either exon 5 or exon 6, resulting
in the structural divergence in the carboxyl terminal of the catalytic subunit and
"7O

subsequent differences in tissue expression .
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Exon 5 codes for the H ("hydrophobic") subunit of globular AChE and consists of 128
base pairs and codes for a 43 amino-acid long peptide. This peptide is cleaved at position
558, with a loss of a 29 amino-acid polypeptide, to leave a 14 amino-acid peptide ready
for attachment (glypiation) to a glycophospholipid inositol (GP1) linkage. This occurs as
a result of a post-translational modification within the endoplasmic reticulum. This
generates a heteromeric molecule with a hydrophobic moiety attached to the hydrophilic
catalytic subunit (557amino-acids long) of AChE, allowing it to become inserted into the
plasma membrane lipid bilayer. This form of globular AChE can be found in the
membranes of human red blood cells.
Alternatively exon 6 can be spliced with the 3' end of exon 4. This exon consists of 119
base pairs and codes for a 40 amino-acid long peptide. The subunit encoded is termed the
T ("tailed") subunit of AChE, which has a final peptide sequence of 583 amino acids. The
T subunit form of AChE acts as the precursor to secretory non-amphiphilic globular and
membrane bound amphiphillic (hydrophobic) globular AChE, found chiefly in the
nervous system. It is also the precursor for the asymmetric collagen tailed forms of
AChE, found in the muscles (NMJ's).
The hydrophobic (non GPI) globular form of AChE remains membrane bound through its
combination with a 20 kDa hydrophobic peptide known as a P subunit. The asymmetric
forms of AChE are membrane bound at the NMJ's via a collagen tail known as a Q
subunit (see molecular forms below).
At the 3' end of exon 4 there is region known as the read through ("R") sequence, this
area has no known related peptide in man 21 . This region is also associated with intron 4
(14) and it may have a significant role in the splicing of exon 5, to exon 4
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encodes for a Gi"3 molecular form, but it has only been characterized in heterologous
systems to date.
AChE : Molecular Forms:
AChE can exist in several different molecular forms throughout the human body. The
major determinant of these differences is whether exon 5 or 6 are spliced to exon 4. Other
factors involve the post-translational processing of the common catalytic subunit. The
catalytic subunit initially exists as an inactive enzymatic monomer, which is the precursor
for the generation of the multimeric forms of AChE. The monomer is synthesized in the
endoplasmic reticulum and then undergoes N-glycosylation of available residues on the
surface of the AChE molecule. Evidence has been presented to show that the sites of
glycosylation are different between the red blood cell and brain AChE in mammals 23' 24.
However it is clear that glycosylation improves the efficiency of AChE folding and
subsequent cellular secretion. The carbohydrate content of AChE makes up
approximately 15% of the molecular mass 13> 25- 26.
The catalytic subunit can exist as a monomeric, dimeric or tetrameric structure. It has
been shown that there are 7 free cysteine residues present within the AChE primary
structure. The cysteine residue in position 580 at the C-terminal end of the AChE
catalytic subunit, provides the site for the inter-subunit disulphide bonds between
polymerizing catalytic subunits 27 of the T form. It may also be important for the
attachment of the catalytic subunits to P and Q polypeptide anchors.
The tetrameric forms can be assembled within the Golgi apparatus to produce AChE
oligomeric structures consisting of 8 and 12 catalytic subunits (requires T subunit from
exon 6) 28. Each of these tetramers are attached to a single 50nm long helical, collagen
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tail (Q subunit), via a Proline Rich Attachment Domain (PRAD), to form what are
termed Asymmetric non amphiphilic AChE molecular forms29' 30. These can be found
integrated into the basal lamina at the NMJ's and are given the nomenclature of At, A8
and Ai2. The Ai2 form also makes up 2% of the AChE found in the CNS.
The dimeric form of the enzyme can be linked to a GPI group via ethanolamine and the
end amino-acid, glycine (557) of the C-terminal, but only if the C-terminal is of the H
subtype (exon 5). This structure is termed a dimeric globular amphiphilic form known as
Gia Type I, and can be found in the plasma membranes of human red blood cells. This
form of AChE in humans is sensitive to hydrolysis by phospholipase D, but requires pretreatment with hydroxylamine for release. Gaa Type I is resistant to hydrolysis by
phosphatidylinositol specific phospholipase C (PI-PLC). The resistance occurs because of
palmitoylation of the inositol group of the GPI link. This prevents access of PI-PLC to
the phosphate ester group and its subsequent catabolism 3 .
The tetrameric configurations that possess the T subunit (exon 6) can also be attached to
a hydrophobic peptide tail (P subunit) of approximately 20kDa, resulting in the
generation of another heteromeric form of AChE. The P hydrophobic subunit anchors the
catalytic subunits to the plasma membranes of neural cells and constitutes 80% of the
CNS AChE n . This tetrameric amphiphilic form has the nomenclature of G4a and it is
also associated with the perijunctional membrane of the muscle cell close to the NMJ 3
and lymphocytes.
Other forms of AChE have also been identified, namely a non amphiphilic globular
monomer (G\m) and a non amphiphilic globular tetramer (G4na), which constitute

13

approximately 12% and 8% of the AChE found in the human CNS respectively. These
are fully soluble homomeric and secretory forms of the enzyme n' 31 '34.
Other forms of AChE have also been reported in Torpedo (electric fish), rat, chicken,
rabbit and mouse. These forms constitute monomeric and dimeric amphiphilic AChE. It
is thought these are formed from translation of exons 2,3,4 and 6 (T subunit) of the AChE
gene and are given the nomenclature Gia Type II and G^ Type II. These forms are soluble
without detergent, and this dimer (Type II) can be differentiated from Type I because it is
insensitive to PI-PLC and phospholipase D hydrolysis. The hydrophobicity of Type II is
not associated with an additional lipid group (GPI), but integral to the primary structure
•>

of the 40 amino-acid C-terminal peptide '

* -3

. These forms may exist as the precursor

molecules for the production of higher oligomers, in the animals in which they exist.
It has been demonstrated that both asymmetric and globular forms of AChE are
synthesized by neurons. The globular forms mainly G/3, but also Gina are synthesized in
the cell bodies of neurons, such as motor neurons, and transported via axonal flow to the
nerve terminal. Asymmetric forms are only present in small quantities within the cell
body, but their concentration proportionally increases along the axon of the motor
neuron. Gj 3 can also be found on the outer surface of the axonal plasma membrane of the
motor neuron.
There is still debate as to whether the origin of AChE at the NMJs is neural or muscular.
Evidence to date shows that the majority of the An form of AChE, which is concentrated
within the basal lamina at the NMJs, is of muscle cell origin. However it is clear that
neural innervation, neural trophic factors and muscle activity, are all required to regulate
and maintain the AChE presence at the NMJ.
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Research employing rat skeletal muscle reveals that fast twitch muscles with an extensor
action can adapt to muscle activity by increasing their G4 content, whereas slow twitch
muscles with a tonic (against gravity) action can see a decrease in their 64 content. The
increase in G4 AChE of the extensor muscle may enhance the removal of ACh, which if
allowed to accumulate, could lead to desensitization of the NMJ.
Although this area requires more research it is apparent that the different molecular forms
of AChE may not be physiologically equivalent, even though their catalytic actions are
the same. It has also been seen that the AChE content at the neural - neural synapse
requires innervation to regulate and maintain optimal concentrations of the G* form of the
enzyme 13 .
The regulatory mechanisms of AChE expression are extremely complicated but it is clear
that they involve factors at the genetic, embryological, cellular and physiological level.
All the forms of AChE have been characterized by several different mechanisms. These
include their ability to be solubilized in the presence (amphiphilic) and absence (nonamphiphilic) of a detergent 35~36, their sedimentation coefficients, electrophoretic
properties, carbohydrate content and immunological reactions with different antibodies
(particularly monoclonal). The latter have also been employed to reveal the presence of
the different types of AChE at various anatomical sites 37~ 45.
A better understanding of the regulation, production and secretion of acetylcholinesterase
has been greatly enhanced by the development of transgenic systems capable of the
insertion and translation of the mammalian AChE gene. Such systems include COS-7,
HEK-293 (embryonal kidney cells) cells 46"50 andXenopus laevis (frog) embryos u '51 .
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The production of recombinant Human AChE (HuAChE) by HEK-293 cells revealed that
80% of the AChE produced was secreted as hydrophilic globular GI, Gi and 64 molecular
forms. The smaller molecular forms may constitute degradation products or precursors of
the larger G4 form. It was subsequently postulated that hydrophilic subunits have the
potential to be secreted and only cells that possess the mechanism for tethering the
catalytic subunit, insert it into its plasma membrane 52 . Importantly the production and
commercial availability of this hydrophilic recombinant HuAChE (Sigma) provided
another form of the enzyme for the purposes of research. Other techniques developed
recently such as the polymerase chain reaction (PCR) have also been utilized effectively
to increase the understanding of the mammalian AChE gene and its tissue distribution 53.
The knowledge gathered from research into all aspects of AChE has mushroomed in the
last decade, primarily because of the advances in the scientific techniques listed above.
As a result of the increased understanding of this remarkable molecule, research into its
role in disease has also gathered momentum. This has revealed that AChE has a role in
several disease processes per se or as a marker, and this has lead to the implementation of
different therapeutic strategies for some conditions.
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Table 2: Characteristics of the different Molecular forms of AChE.
Molecular

Sedimentation

Presence of

Solubility

Form

Coefficent with

Structural

Triton -X100

subunits

A,2

16-20S

As

14-15S

A4

8-9S

Exon
Translated
(5 or 6)

Anatomical

Characteristics

Catalytic
Subunit
(T or H)

Collagen
Tail
(Q subunit)
Collagen
Tail
(Q subunit)
Collagen
Tail
(Q subunit)

Nonamphiphilic

T

6

NMJ's
CNS (2%)

Nonamphiphilic

T

6

NMJ's

Nonamphiphilic

T

6

NMJ's

Nonamphiphilic
Nonamphiphilic

T

6

T

6

CNS (12%)
(secreted)
CNS (8%)
(secreted)

T

6

CNS (80%)
Peri NMJ's
Ganglion of
PNS
Axons of
Motomeurons

amphiphilic

H

5

RBC's

amphiphilic

T

6

Gi""

4S

None

G4na

10-11S

None

G4 a

9-10S

20kDa
Peptide
(P subunit)

G2a Type I

6S

G/Typell
(non human)

6S

G!* Type II
(non human)

4S

G 1 na

3-5S

GPI
anchor
None to
date
None to
date
None

amphiphilic

amphiphilic

T

6

Nonamphiphilic

T

6

(R)

(14)

Location

CNS
(precursor)
CNS
(precursor)
CNS
secreted
(Experimental)

Amphiphilic forms generally possess hydrophobic domains (P subunit, GPI, C-Terminal)
that can form micelles on reaction with detergents (Detergent soluble, DS) and aggregate
(except G2a Type II) without the presence of a detergent.
Non-amphiphilic forms lack hydrophobic domains and present as secretory and
asymmetric forms of AChE. They are fully soluble and often require high salt
concentrations to aid their solubility. Therefore they are also termed salt soluble (SS)
forms of AChE.
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AChE and its role in Disease:
The Cartwright Blood Group System (Yt):
In 1956 Eaton and colleagues reported the presence of an allogenic antibody, anti-Yta,
which was directed towards a red cell antigen of high frequency among Caucasians 54 .
The antithetical antibody, anti-Ytb, was demonstrated in 1964 by Giles 5S.
The nature of this antigen was not confirmed until 1992 when it was demonstrated that
AChE on the surface of erythrocytes could be precipitated by monoclonal antibodies to
human Yt antigens. The immune complexes generated were shown to possess AChE
activity 56. Further work with Fab fragments revealed that there are approximately 7000 10,000 AChE sites on the surface of human erythrocytes, but only 3000 - 5000 when
whole monoclonal anti-AChE IgG was employed. This lead to the conclusion that AChE
existed as a dimer within the erythrocyte membrane and spatial interference between
whole

anti-AChE

IgG

antibodies

prevented both

subunits

being quantified

immunologically.
However, for individuals to produce specific antibodies they must lack the antigen
presented to them. Thus it must be postulated that there exists more than one antigenic
form of erythrocyte AChE (polymorphism).
In 1993 it was proved that the polymorphism of the Yt antigen was due to a mutation on
exon 2 at codon 322 of the AChE gene 16. This mutation resulted in the insertion of an
adenine in place of a cytosine of the first base of codon 322. This encodes for the
insertion of an asparagine instead of a histidine amino-acid at that site. The two antigenic
forms are termed Yta (YTl)(histidine) and Ytb(YT2)(asparagine).
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Bartels demonstrated that two other mutations also exist on the AChE gene. The first
occurs on codon 446 but does not result in the insertion of an alternative amino-acid to
the proline normally inserted in the wild type, Yta. It is interesting to note that the
mutations at 322 and 446 always occur concurrently. Therefore a Ytb individual
possesses both mutations. The third mutation on exon 5 (H sub unit form) at codon 561 is
not expressed on the mature protein as it occurs downstream of the cleavage point at
position 558, so it has no conformational significance.
The mutations listed above do not have any effect on the catalytic activity of the AChE57.
It was also postulated that the position of the mutation on codon 322 occurs at an external
site of the AChE molecule. This renders it available for antigenic stimulation and
antibody production by an individual not possessing one or other of the antigenic forms.
Frequency studies have shown that the Yta antigen is very common amongst Caucasians
with a gene frequency of 0.8966 in homozygotes (Yta / Yta). Heterozygous (Yta / Ytb)
individuals exist at a frequency of 0.1006 and homozygous individuals for the Ytb antigen
at a frequency of 0.0028. Therefore 99.7% of the population possess at least one Yta
antigen and 0.3% only possess the Ytb antigen. Studies on other racial groups have shown
that Ytb has a higher frequency among Jews, but has yet to be detected in the Japanese,
Inuit, Thais and native Americans 58~62.
To date an inherited Yt (a-/b-) individual has not been found. This possibly indicates the
importance of this enzyme and viability is not possible without it. However a case of
acquired erythrocyte AChE deficiency has been reported in the literature 63~64. This
patient had red blood cells, which had an AChE activity 15% of normal control cells. The
patient's cells did not react with anti-Yta or anti-Ytb sera and AChE could not be
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immunoprecipitated from red cell ghosts formed from this patients erythrocytes. Testing
of the patients red blood cells 4 months later, showed that AChE activity had risen to
57% of the control cells and that weak positive reactions were being obtained against
anti-Yta. This demonstrated the increased expression of the AChE antigen with time. The
cause of this transient expression of a Yt (a-/b-) phenotype may have been due to an
autoantibody to the AChE antigen. It must be stressed that this individual did not show
any signs of neurological dysfunction.
The clinical significance of the Yt blood group system and its antibodies is not always
clear. The Yta antigen is an immunogenic stimulant although Ytb appears to be less so.
Antibodies to the Yta antigen can appear in monospecific sera although anti-Ytb generally
appears in conjunction with other allo-antibodies after multiple transfusions. Both
antibody types have been known to be stimulated by incompatible blood transfusions and
pregnancy, but neither occur naturally.
Yt antibodies have not been shown to cause any cases of haemolytic disease of the
newborn (HDN), and injurious results due to incompatible blood transfusions are rare.
However, some anti-Yta antibodies have been shown to reduce red cell survival in vivo
and show haemolytic potential in vivo and in vitro. The differences in the clinical
consequences of anti- Yta are probably due to the subclass of the antibody present. Most
anti-Yta antibodies are IgGi and IgG4. To date an IgG3 has not been identified. Some antiYta antibodies can bind complement (IgGi can) and others cannot (IgG4 cannot) and this
may play a role in the clinical significance of these antibodies. These antibodies are also
known as high titre low avidity antibodies (HTLA) because their avidity for the antigen is
not always strong, and this may provide a possible explanation as to why some anti-Yta
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antibodies do not cause any clinical effects. In general these antibodies are not considered
to be particularly potent when compared to other blood group antibodies, but each one
must be assessed independently as instances of anti-Yttt antibodies and red cell
destruction have been cited 65.

AChE and Paroxysmal Nocturnal Haemoglobinuria (PNH):
PNH is a haematological disorder associated with increased sensitivity of red cell lysis by
complement activated via the alternative (fluid phase) pathway. It is an acquired disorder
with an association with aplastic anaemia, myeloproliferative diseases and leukaemias.
PNH is characterized by anaemia, neutropenia (50%), thrombocytopenia (50%) and
increased development of thrombosis. Patients with this disorder show increased red cell
lysis, particularly during sleep, resulting in the voiding of a dark, coloured urine in the
morning. Approximately 50% of cases occur between 20 and 40 years of age and the
commonest causes of death are infection and thrombotic events. The median survival is
about 5 to 10 years 66"67.
The pathology of this disorder is not directly due to a defect in AChE, but to another
membrane bound protein called Decay Accelerating Factor (DAF / CD55). However,
both these proteins in association with Lymphocyte Function Associated Antigen (LFA3), C8 Binding Protein (C8BP) and Membrane Inhibitor of Reactive Lysis (M1RL /
CD59) all have a common membrane anchoring group, namely GPI. It is thought that a
defect in the anchoring molecule acquired by a particular cell clone, results in the lack of
expression of these proteins on the red cell surface. The pathological consequences of the
defect result because DAF and MIRL are important factors responsible for the prevention
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of C3b induced complement activation on the surface of cells. The condition is often
exacerbated by infection or trauma, probably as a result of increased concentrations of
complement factors as part of the acute phase response. Individuals who suffer from this
disorder are shown to have multiple cell populations with respect to the expression of
these proteins and their susceptibility to lysis.
To date three cell types have been classified:
PNHI:- these cells show minimal susceptibility.
PNH II :- these cells show an intermediate susceptibility to cell
lysis.
PNH III:- these cells are particularly susceptible to cell lysis.

Since AChE is also a GPI anchored protein it is now used as a marker for PNH and also
used to determine the frequency of each of the cell population types in PNH individuals
68-69

AChE and Hirschsprung's Disease:
This disease is a genetic disorder occurring at a frequency of 1 in 5000 live births with a
male preponderance of 70-80%. It is characterized morphologically by an absence of
ganglion cells at the distal part of the large intestine. To date four types of aganglionosis
have been classified with 80-90% presenting as having the short segment disease. This
only affects the portion of the large intestine to the sigmoid colon and no further. The
aetiology of the disorder has yet to be established although mutations on chromosome 10
involving the receptor Tyrosine Kinase gene RET, have been found in Hirschsprung
sufferers. It has also been postulated that it may be due to a defect in neural migration
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during embryonic development. The main symptom of the disorder is faecal constipation,
which can lead to faecal compaction and severe discomfort.
Once again, as with PNH, AChE is used as a marker for this disease.
Acetylcholinesterase is found in the nerve terminals, usually as the 64 (10S) and Gi (4S)

forms, which make up the intramural ganglia of the parasympathetic neurons of the
intestinal tract. Other forms of AChE such as G2 and Ai2 have been isolated from
intestinal tissue, although these may arise from the muscle cells. Parasympathetic
innervation is responsible for the regulation of intestinal motility and secretion. The
ganglia (or Plexi) consist of ganglion cells, satellite cells and nerve fibres. The ganglion
cells have a large cytoplasmic area and concentric nuclei 70.
In normal individuals three plexi exist within the intestinal wall, namely:
1) Auerbach's Plexus (or Myenteric Plexus) located between the circular and
longitudinal muscle layers.
2) Meissner's Plexus located just below the muscularis mucosae layer.
3) Henle's Plexus located just above the circular muscle layer.
Patients with suspected Hirschsprung's Disease undergo rectal biopsy and the tissue
stained for the enzymatic activity of AChE. Hirschsprung's Disease can be identified
histologically by the absence of ganglion cells, usually rich in AChE, throughout the
intestinal wall. However, there is generally a significant presence of AChE positive fibres
within the lamina propria and mucosal layers and elevated AChE synthesis of the G4
form, due to extensive neural proliferation. These are regions that should not normally
possess a large neural presence 71 .
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Other methods have employed the determination of the activity of the 64 fraction 72, the
determination and calculation of the ratio between G4 (10S) : GI (4S) forms of AChE 73
or the ratio between AChE and BuChE activity in biopsy material 74. In the case of the
former ratio calculation, 10S:4S ratio is increased in Hirschsprung's Disease by 2.5 times
and in the case of the latter, an AChE:BuChE ratio of greater than 2.0 is diagnostic of
Hirschsprung's.

AChE and Neural Tube Defects:
Neural tube defects (NTD) have a prevalence of 1 / 1800 live births (USA) and can
manifest themselves in several different ways. These include open tube spina bifida
(meningomyelocele), anencephaly and encephalocele. All these lead to anatomical
malformations that can have deleterious effects on the life of affected individuals. The
aetiology is believed to be a failure in the closure of the neural folds / groove, to form the
neural tube at the 4th week of gestation. The defect can be a posterior tube defect or
anterior midline defect, with the former being the more common 10
Due to the high frequency of these disorders their pre-natal diagnosis has become an
important issue. Initially the alpha-feto protein (AFP) concentration within the amniotic
fluid and the serum of mothers carrying an abnormal foetus were shown to be much
higher than mothers with normal pregnancies, at the beginning of the 2nd trimester.
However the measurement of this analyte is not specific for NTD's, as other conditions
such as Down's syndrome (trisomy 21), multiple pregnancy and HDN can give raised
AFP results. To aid the specificity of the detection of NTD's, the AChE concentration of
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maternal amniotic fluid can also be measured, as AChE normally occurs at very low
levels in the amniotic fluid.
In pregnancies where an NTD is present the structures of the nervous system are exposed
in utero, leading to the leakage of foetal neural AChE into the amniotic fluid.

Traditionally a sample of the amniotic fluid can be obtained via amniocentesis and tested
for the presence of AChE by an electrophoretic method, to separate the maternal BuChE
from the foetal AChE.

This method is open to interference from maternal / foetal

erythrocyte AChE released during the trauma of the procedure. This contamination
renders the results unreliable 75.
Other techniques have employed AChE specific inhibitors. Quantification of the total
enzymatic action of cholinesterase (acetylthiocholine as substrate) in the presence and
absence of the inhibitor, allows the AChE activity to be calculated by difference.
However, this technique is also subject to interference from maternal / foetal erythrocyte
AChE activity 76.
More recently immunoassay techniques have been developed which can detect and

measure AChE within amniotic fluid, employing Enzyme Antigen Immunoassays
(EAIA).The first one developed could be open to interference from maternal / foetal
erythrocyte AChE if the samples were frozen and analysed at a later date. The freezing
and thawing resulted in the lysis of any maternal / foetal erythrocytes and release of
membrane bound AChE, resulting in interference. This assay could however be used on
fresh samples of amniotic fluid 77.
More recently two monoclonal antibodies have been developed which can differentiate
between brain and erythrocyte AChE. The antibodies developed recognise an epitope on
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a 10 amino-acid sequence (574-583) of the C-terminal of human AChE, which is only
present on neuronal AChE, after translation of exon 6. Its absence on the erythrocyte
AChE is due to the translation of the alternative exon 5.
The EAIA developed can measure AChE directly without interference from the AChE of

maternal / foetal red blood cells 78.
Once again AChE has been used as a marker of disease although a defect or diseased
state has not resulted from an abnormality of AChE per se.

AChE and Alzheimer's Disease (AD):
Dementia is a syndrome, which is characterized by intellectual deterioration in adults
which can interfere with occupational and social performance. The commonest causes of
dementia are Alzheimer's Disease (AD)(60%) and cerebrovascular disease (20%).
AD is associated with an insidious onset, progressive impairment in memory, reasoning,
abstraction, language and changes in personality.
AD has a prevalence of 1% of Europeans over 60 years of age and 32% of Europeans
over 85 years of age. AD is generally diagnosed by exclusion where a variety of tests are
used to rule out other causes of dementia. It is also important to highlight it is very often
the case that the disease has progressed considerably before the clinician arrives at the
diagnosis of "probable" AD.
The significance of this disease is rapidly increasing as more people are living longer and
the number of individuals developing this disorder is expanding. This has obvious social
and financial effects for many developed countries.
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It is now well established that all sufferers of AD show the presence of senile plaques
(SP) and neurofibrillary tangles (NFT) within the CNS. These findings are not specific
for AD, but can occur in other diseases of the human brain. The SPs are composed of
normal or mutated protein fragments that are deposited extracellularly, which can differ
for various diseases. The protein deposited is termed Amyloid and the common feature
between the proteins of amyloidoses is that the central protein is always folded in the beta
pleated sheet pattern. This beta protein is derived from the beta amyloid precursor protein
(APP) encoded on chromosome 21.
The SPs of AD, as well as possessing the 40 amino-acid long beta protein, also contain
microglial cells at the centre and astrocytes at the periphery of the plaque. All these are
congregated around abnormal neurites (axons and dendrites) and degenerative cell
bodies. They are found in areas of the brain such as the cerebral cortex, entorhinal cortex,
hippocampus and amygdala.
The NFTs are characterized by dense bundles of abnormal fibres, which appear to be
composed of the neuronal protein Tau, in the cytoplasm of certain neurons.
SPs and NFTs are a feature of all aging brains, but the distinction between an aged brain
and an AD brain is the number of SPs and NFTs present.

Recent research has shown that the beta protein is a membrane bound protein that under
healthy conditions undergoes proteolytic digestion at a point integral to the beta region of
the mature APP. However, for the beta protein to be formed, the APP parent molecule
must under go cleavage at sites either side of the beta region. This will release it from the
membrane, and once released, accumulate. Therefore it may be possible that the
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generation of an aberrant protein could alter the sites of enzymatic cleavage resulting in
the accumulation of the beta protein.
To date two types of AD, familial and sporadic have been identified, of which the latter is
the more common. It has recently been shown that the familial form could arise due to a
mutation at position 642 of the APP gene on chromosome 21. This leads to the
accumulation of the beta protein in brain tissue, proving that inappropriate accumulation
of a beta protein can cause dementia.
It has also been demonstrated that the beta protein has neurite promoting properties and
indirect neurotoxic effects. The latter action is obviously very important as it provides
evidence that the beta protein could be responsible for the neural pathology found at the
sites of the neuronal plaques 79. It also provides evidence that the accumulation of the
beta protein precedes the degeneration of the neural tissue and not vice versa.
There is now little doubt that the main symptoms of AD are related to the accumulation
of SPs and NFTs in particular areas of the brain. It has also been established that it is the
cholinergic regions and their associated dysfunction, that are responsible for the
deterioration seen in AD sufferers. However, there is still debate as to whether the
reduction in Choline acyl transferase (ChAT, acetylcholine synthesizing enzyme) is the
direct cause. This would result in the production of low levels of ACh, leading to the poor
cholinergic function associated with AD. This is known as the "Cholinergic Hypothesis"
This hypothesis has come under criticism, particularly as the most severely affected
regions of the brain with a high density of SPs and NFTs (association cortex, limbic /
paralimbic system, thalamic and hypothalamocortical regions) are negative for the
presence of ChAT. It has also been shown that a decrease in ChAT has little effect on the
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behavioural activity of affected animals. The normal aged brain has only 15% of the
ChAT activity of a younger brain with no evidence of dementia.
However, all these regions that are prominently affected possess AChE-containing
neurons. As a result alternative theories are being presented which state AChE per se or
the neurons in which it is found are the sites of SP and NFT formation.
This is a feasible theory as AChE activity within SP's and NFT's has been demonstrated
repeatedly by different groups. Plaques frequently incorporate AChE rich neurons (end
terminals) and tangles can transform AChE perikarya (cell bodies), with the coaccumulation of Tau and amyloid 80. It has also been postulated that there is a shift in the
molecular forms of AChE in the CNS that may have a role in the pathogenesis of AD.
Evidence has shown that the Au form of AChE increases 300-400 fold in AD. It has been
speculated that terminal and / or extracellular An can accumulate, associate with beta
protein and form plaques. This could result in disturbed ACh metabolism in the neural
cell cytoskeletal proteins such as Tau, precluding tangle formation.
Recent research has concentrated on whether there is any change in AChE activity in
cerebral spinal fluid (CSF) 81> 82, brain tissue83 or systemically 84'85 in patients with AD.
It has been postulated that measuring the AChE and BuChE activity in CSF could be
related to the cholinergic function of the CNS, particularly the basal forebrain complex.
Evidence to date shows that these methods may be unreliable in aiding the diagnosis of
AD as conflicting results have been generated. Some results show that AChE activity is
reduced in AD and that it could be used to assess the severity or stage of the disease 8S
whereas other data suggests that total AChE and or BuChE CSF activity shows no change
with AD 82.
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One team used positron emission tomography (PET) to assess AChE activity in vivo and
showed that its activity was reduced in multiple cortical regions on comparison with a
control group 83 .
One method was investigated which involved measuring the AChE and BuChE activity
of lymphocytes and erythrocytes, using acetyithiocholine as the substrate and the
appropriate inhibitors BW284c51 and iso-OMPA. The data produced showed that the
BuChE activity of erythrocytes decreased in AD and the AChE activity of lymphocytes
decreased by up to 60% in AD, particularly sporadic AD sufferers. Further work revealed
that there was a proportionately greater loss of the G4 form of AChE from the
lymphocytes. Thus it was concluded that AChE may have a pivotal role in the
pathogenesis of AD 84.
The measurement of the globular 64 AChE in serum has also been investigated in AD 85 .
The technique involved the use of polyacrylamide gel electrophoresis, which was
capable of separating neuronal G$ from red cell GZ AChE and subsequently
quantifying each peak. It was shown that the G4 form of AChE was reduced in the serum
of individuals suffering from AD and increased in patients with vascular dementia. It was
concluded that this method could be used to aid the differential diagnosis of dementia.
Other researchers have reviewed the distribution and relative quantity of each of the
AChE molecular forms in the brain tissue of normal and AD individuals 86 . These
experiments have revealed that there is a specific loss of the G4 form of AChE. This form
was the membrane bound G4 form of AChE (G4a) and its reduction reflects the loss of
axons, particularly pre-synaptic, in the areas of the brain studied.
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The generation of a transgenic mouse, which possessed a copy of the human AChE gene,
has recently shown that over expression of AChE can lead to progressive cognitive
deterioration, with the loss of memory and learning skills. This data highlighted that an
AChE imbalance may affect both cholinergic and non-cholinergic functions in the CNS,
leading to the symptoms seen in AD 87. This area requires further work, but the
generation of the transgenic mouse may help elucidate the role of AChE in AD.
The research into the possible role of AChE in the aetiology of AD is very important
because it could affect the therapeutic strategies currently employed by some clinicians to
slow the disease or even prevent it. Currently the use of anti-cholinesterase drugs, such as
physostigmine, is being employed to combat the effects and development of AD 88. To
date, the evidence for any therapeutic benefit is insubstantial. These drugs work by
inhibiting the action of AChE within the CNS, thus allowing the accumulation of ACh
from cholinergic neurons. It is postulated that this should minimize the effects of the
cholinergic dysfunction of AD. However, this theory only holds true if the cholinergic
hypothesis is correct. It may become apparent that the use of such agents is actually
deleterious to the patient, because it may be the damage to AChE and its associated
neurons that causes the cholinergic dysfunction. Therefore inhibiting its action could
exacerbate these effects further.
Evidence is now accumulating to suggest that AChE per se, is closely linked to AD. This
includes the altered brain ratio between monomeric and tetrameric AChE, selective
AChE depletion in the adrenal gland and the demonstration of a catalytically active
AChE with an anomalous isoelectric point. All the evidence concerning AChE and AD
will require the re-evaluation of the "cholinergic hypothesis".
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AChE and Myasthenic / Muscular Dystrop hie Syndromes:
A disorder has been described characterized by extreme fatigability upon exertion. It has
been shown that there is a complete lack of the asymmetric form of AChE at the neuromuscular junction. This leads to the accumulation and desensitization of the nicotinic
receptors. The symptoms are exacerbated by edrophonium, a reversible AChE inhibitor,
which is in contrast to its affect on patients with Myasthenia Gravis. There is no defect in
exon 6 of the AChE gene, so it is thought that the defect may lie in the assembly,
transport or insertion of the AChE into the basal lamina 3.
Defects in the G4a forms of AChE have been highlighted in dystrophic mice. The defect
is limited to muscle and the perijunctional site. There is no defect in the synthesis of the
AChE, but there does appear to be an inability for the amphiphilic AChE to become
anchored in the membrane.
There are also data to show that mdx mice (which lack Dystrophin) have decreased levels
of G4a forms of AChE, but this is secondary to a lack of muscular activity 3 .

AChE and Carcinomas:
Several researchers have described the abnormal expression of AChE and BuChE
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types of tumours AChE and BuChE have been associated with include leukaemias,
malignant ovarian cancers, meningiomas and neuroblastomas. The actual function of the
cholinesterases in tumourogenesis is unclear, but it has been postulated that they may
have a role directly or indirectly, in cell adhesion, cell to cell interactions and cell growth.
The enzyme produced may also be of an aberrant phenotype in some cancers. With

32

further work it may become apparent that AChE, in whatever phenotypic form, may be
used as a marker for certain malignancies.

AChE and Amyotrophic Lateral Sclerosis (ALS):

To help understand the disease processes involved and the classification of ALS,
definitions of particular terms need to be discussed.
Lower Motor Neurons (LMN):
These are nerve fibres that consist of a cell body (perikaryon) located in the brainstem or
spinal cord and the axon. An axon of the spinal cord proceeds through the anterior horn,
motor root, plexus and the peripheral nerve to the neuromuscular junction located at a
limb or trunk muscle fibre. An axon of a cranial LMN proceeds through the brainstem
and cranial nerve until it synapses with another neuron that innervates the muscle fibres
of bulbar muscles (see below).
The spinal LMN's exit the spinal cord at different sites (as indicated) and innervate the
skeletal muscles found in the neck, arm, hand, diaphragm (cervical LMN's), back,
abdomen (thoracic LMN's) and back, abdomen, leg and foot (Lumbosacral LMN's).
The cranial LMN's innervate the skeletal muscle fibres of the jaw, face, palate, tongue
and larynx (bulbar muscles).
Upper Motor Neurons (UMN):
These consist of large Betz cells (cell body) and the peripheral axon. The Betz cells are
located in the cerebral cortex, the area of the brain responsible for motor control. The
axons pass through the white matter of the CNS and synapse with other neurons such as
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the LMN's of the brainstem and spinal cord. UMN pathways are termed Corticospinal if
they synapse with spinal LMN's and Corticobulbar if they synapse with cranial LMN's.
The UMN's are responsible for controlling the strength, tone and movement of all
skeletal muscles. They are also associated with higher brain centres, so can be affected by
Qf\

non-motor CNS activity such as mood . Destruction of upper motor neurons can occur
anywhere between the cerebral cortex and the brainstem / spinal cord.

Classification and Diagnosis of ALS:
ALS is also known as Motor Neuron Disease (UK), Lou Gehrig's Disease (USA) and
Charcot's Disease (France). ALS is a fatal disease, which has an incidence of
0.8-2.6 / 100,000 of the population worldwide. It is a disease of the upper middle age
with a mean age of onset of 56 years. There is a male to female preponderance of 1.8:1
and the mean duration of the disease is 2.5 years.
ALS is generally associated with the progressive destruction of motor neurons both
LMN's and UMN's. LMN destruction causes skeletal muscle weakness, muscle wasting,
cramps, incoordination and fasciculations (involuntary muscle contractions). UMN
destruction leads to increased or clonic reflexes, spasticity, stiffness, presence of
pathological reflexes. The aetiology is unknown, although several theories have been put
forward. As a result it is often termed idiopathic ALS. If there is no family history of
ALS it is termed sporadic adult ALS as opposed to familial ALS (FALS) which occurs at
a frequency of 5-10% of all confirmed ALS cases.
However, it must be stressed that ALS is also used in a broader sense to encompass other
sporadic disorders that show evidence of motor neuron pathology and destruction.
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The diagnosis of classical ALS has always posed a problem for the clinician, particularly
as there appear to be several different but related disorders. The diagnostic process is not
made any easier by the lack of simple diagnostic tests for any particular and specific
feature of the disease. The clinician's main tools are a good clinical history, physical
examination and electrophysiological techniques to assess neural and muscular function,
and ruling out other disorders or age as a possible cause of some of the signs and
symptoms.
In 1990 an international working party was set up at El Escorial in Spain, to produce
diagnostic criteria to help formalize and standardize the diagnosis of ALS. In 1994 a
comprehensive document was published to help establish the findings and criteria of the
group 91 . The published criteria also helped categorize patients within a particular level of
diagnostic certainty, namely definite, probable, possible or suspected ALS.
Definite ALS ( ie. Idiopathic, primary, classical ALS of sporadic or familial forms) can
be diagnosed if a patient shows:
1) LMN and UMN signs in the bulbar region and at least two of the other regions,
(bulbar, cervical, thoracic, lumbosacral).
2) LMN and UMN signs co-exist in all three of the spinal regions.
3) Progression of these signs with time, on repeated clinical examinations, a cardinal
sign of ALS.

The group also listed findings that were inconsistent with the diagnosis of ALS. These
included:
1) Sensory dysfunction
2) Sphincter abnormalities
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3) Autonomic nervous system dysfunction
4) Anterior visual pathway abnormalities
5) Movement abnormalities associated with Parkinson's Disease
6) Cognitive abnormalities associated with Alzheimer's Disease.

Within the definition of ALS other motor neurological disorders can be categorized.
These are termed the sub-types of ALS and they are.
1) Progressive Bulbar Palsy (PBP)
2) Progressive Muscular Atrophy (PMA)
3) Primary Lateral Sclerosis (PLS)
All these conditions are thought to be clinical manifestations of a single disease at
different stages of development, hence their classification as ALS subtypes.
PBP is characterized by a chronic atrophy of the bulbar motor neurons that innervate the
muscles that control, the tongue, palate and lips. This is considered the "bulbar" form of
ALS.
PMA is characterized by the destruction of LMN of the spinal cord and less frequently
the brainstem. This disorder presents with weakness and wasting of the limbs, trunk and
sometimes the bulbar muscles. This is often termed the LMN form of ALS.
PLS is characterized by the destruction of UMN of the corticospinal and corticobulbar
tracts. This disorder presents with bulbar and limb dysfunction, on a UMN basis. This is
often termed the UMN form of ALS.
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Table.3: Outline of the classification of ALS and other related adult onset MND's.
"Classical"
ALS Disorders
Sporadic ALS
Familial ALS
PBP
PMA
PLS

ALS Related
Syndromes
(secondary to other
diseases)
Monoclonal
Gammopathy
Infection
(bacterial/viral)
Exogenous Toxins
(lead, mercury)
Physical Injury
Vascular
Endocrine disorders
Hexominidase
Deficiency
(adult Tay-Sachs)

ALS Variants
(MND and other
neurodegenerative
disorders)
Guam Form of ALS

Adult Onset Spinal
Muscular Atrophy
(SMA)
Spinal Muscular
Atrophy.

Dementia
Parkinson's Disease
Cerebellar dysfunction

The classification of Familial ALS has also undergone a review. The criteria for the
classification and diagnosis of FALS were published in 1992 92 .
Table.4: Classification of FALS.

1
2
3
4
4a
4b
4c
4d
4e

A pure LMN syndrome with rapid
progression
ALS associated with dementia of frontal
lobe type
Focal amyotrophy with UMN signs (non
progressive)
Juvenile types with onsets <25 years
Classical ALS; slow progression
Spastic paraparesis with atrophy of legs
Pseudo-bulbar palsy with spastic
paraparesis
ALS with deafness
(Brown- Vialetto-van Laere syndrome)
Infantile onset bulbar palsy
(Fazio-Londe syndrome)

The above disorders must not be confused with other neurological disorders that show
motor neuron degeneration and are associated with a familial inheritance. These include
Kennedy's Disease, which is characterized by progressive dysfunction of the LMN's,
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testicular atrophy, gynaemastia and diminished fertility. This disorder has an X linked
mode of inheritance and the defect lies in the androgen receptor gene. Why this defect
should cause progressive damage to the LMN's is unclear.

Pathology and Aetiology of ALS:
It is important that the cause of ALS is determined, as with all diseases, as this will allow
clinicians and scientists to develop diagnostic tests for the reliable detection of ALS. This
may help in the classification of patients into sporadic and familial forms and help plan
therapeutic strategies for their treatment.
Macroscopically the most conspicuous abnormality of the nervous system is the atrophy
of ventral spine nerve roots, which become grey and reduced in size, particularly in the
cervical region. The ventral horns of the spinal cord are small, with greying of the
normally white lateral and ventral columns. At the microscopic level, the loss of motor
neurons in the spinal cord and lower brainstem is striking 93 . It is also apparent that it is
the large alpha motor neurons (LMN's) that are affected to the greatest degree and that
pre-ganglionic autonomic, sensory and the smaller gamma motor neurons are often
unaffected. The alpha motor neurons are responsible for the carriage of the nerve impulse
from the spinal cord to the skeletal muscle. As a result gross secondary wasting of the
skeletal muscle tissue is clearly evident on a macroscopic level.
Proposals for the aetiology of ALS, must therefore include an explanation for the
selective destruction of alpha motor neurons, the higher prevalence in men, uniform
prevalence worldwide and the existence of familial and sporadic forms with
indistinguishable clinical pictures.
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To date various

genetic,

environmental,

infectious,

endogenous toxins

and

immunological theories have been proposed, but no one theory can account for all the
factors.
Approximately 5-10% of cases of ALS constitute the familial form, with an autosomal
dominant mode of inheritance. Gene linkage experiments have shown that a possible
genetic candidate may lie on chromosome 21 94. Other researchers have established that
an Asp90Ala mutation at exon 4, on chromosome 21, of the Cu/Zn Superoxide
Dismutase enzyme (SODl) gene occurs with considerable frequency in families with
FALS. To date 20 mutations of this enzyme have been associated with FALS accounting
for 20% of FALS cases 95. Despite convincing evidence for the linkage between the
disease and the mutations, the mechanisms leading to motor degeneration are still
unclear. It has been shown that the mutation results in only a minor loss in SODl activity.
Therefore accumulation of free radical agents as a cause of the cell damage due to
decreased SODl activity is unlikely. However, it has been postulated that the
overgeneration of free radical compounds by an overactive enzyme could cause cellular
damage. It is still difficult to explain why motor neurons are more prone to the cellular
damage than other cells, particularly as this enzyme is ubiquitous. Until the mutation can
be linked to the disease process, these mutations may be classified as an incidental
finding in FALS patients.
Another ALS-like disorder was described by Hamida, which was characterized by
chronic slow degeneration of LMN's and UMN's. Gene linkage analysis has linked the
disease locus to chromosome 2, although the gene and its mutation have not been
identified 90.
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Another proposed candidate is a mutation in the gene that encodes for the heavy
neurofilament protein (NF-H) on chromosome 22. It has been proposed that the
production of an abnormal NF-H could result in abnormal intracellular metabolism and
transport. This could disrupt the cells homeostasis, increasing the risk of damage from
free radicals and excitotoxins such as glutamate. This damage and the accumulation of an
altered NF-H, which is commonly found in degenerated motor neurons of ALS, could
cause cell death 96.

Sporadic (Primary Idiopathic) ALS (SALS):
It has been suggested that metal toxins such as lead, mercury and aluminium may be
causative factors in the development of ALS. Lead is known to cause a motor
neuropathy, but studies investigating lead levels in the tissues, plasma and CSF of ALS
patients have been contradictory 90 .
Research has also shown that glutamate induced excitotoxicity can contribute to motor
neuron death. Studies on the disorder termed Lathyrism, induced after exposure to the
chickling pea compound beta-N-oxalylamino-L-alanine (BOAA), have demonstrated that
this chemical can induce excitotoxic effects via the AMPA subset of glutamate receptors.
The use of the drug Riluzole, an inhibitor of pre-synaptic release of glutamate, can
prolong survival times of ALS patients. This evidence has opened up another area of
investigation for a possible cause of ALS.
One other line of research into the aetiology of ALS is the deficiency or inactivation of
neural growth factors. The factors under investigation include ciliary neurotrophic factor
(CNTF), insulin-like growth factor -1 (IGF-1) and brain derived neurotrophic factor
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(BDNF). These compounds are currently under evaluation as therapeutic agents for the
treatment of ALS 90.

SALS as an autoimmune disease:
To date there has been a lot of evidence suggestive but inconclusive, that SALS may have
an autoimmune aetiology 97 .
There are several criteria that must be fulfilled before a disorder can be classified as
being an autoimmune disease 98 . These criteria fall into three groups and the table below
highlights the groups and the types of evidence required for confirmation.

Table.5: Evidential Criteria for an Auto-immune Disease.
Direct Evidence
Circulating Autoantibodies
affecting function of target
cell.
Localized autoantibodies
and their demonstration at
site of lesion.
Localized immunecomplexes at site of lesion,
(identification of Antigen)
Evidence of cell mediated
damage.

Indirect Evidence
Reproduction of autoimmune disease by
experimental immunization
Spontaneous models in
animal experiments.

Circumstantial Evidence
Presence of autoantibodies.
Association with other
autoimmune diseases.

Animal models produced by Association with MHC
haplotype.
dysregulation of immune
system.
Lymphocyte infiltration of
target organ.
Favourable response to
immunosuppression.

Reviewing the table above in association with the literature, it is clear that many of these
criteria are fulfilled by the disease processes of ALS. The presence of immune complexes
in the serum and cerebral spinal fluid (CSF) of ALS was greater than in a control group,
particularly when there was also evidence of damage to the blood brain barrier (BBB) ".
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The generation of an experimental autoimmune disease in an animal, with similar
features of ALS such as motor neuron destruction has been described 100' 101 . The animal
concerned was the guinea pig and the diseases described termed experimental
autoimmune motor neuron disease (EAMND) and experimental autoimmune gray matter
disease (EAGMD). Both disorders provided an autoimmune model that compromised the
motor system, and as such were studied in an attempt to characterize the immunological
aetiology of human ALS. These disorders did not help establish the most likely target
antigen for any autoantibody.
It was also demonstrated that the serum from ALS humans could passively transfer
dysfunction to the neuro-muscular junctions of mouse muscle. In the presence of the ALS
serum the release of the neurotransmitter ACh increased, as a result of increased
spontaneous miniature end plate potential (MEPP) activity. This suggests that there was a
factor present that could alter the physiology of neural transmission at the nerve terminal.
The morphological studies showed that there was also evidence of axonal and NMJ
degeneration as a result of immunological activity 102 .
There is very strong evidence to show that IgG could be demonstrated within a patchy
and coarse cytoplasmic area of the motor neurons of ALS patients at autopsy and that
ALS was associated with known autoimmune diseases such as thyroid autoimmunity 103 .
Work by Fabian showed that rat neurons and particularly rat motor neurons, could
specifically endocytose anti-synaptosomal IgG, from plasma, at the nerve terminal, and
transport them via retrograde axonal flow to the cell body of the neuron. It was postulated
that motor neurons were more efficient than other neurons at transporting anti-neuronal
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IgG, because they projected outside of the CNS and were not protected by the blood
barrier 104
The above evidence at least suggest that the aetiology of ALS may be an immunological
or even an autoimmunological entity and that the processes exist for pathogenesis.
However, research has failed to demonstrate a predominance of a specific major
histocompatibility (MHC) antigen in ALS and there are conflicting data regarding the
efficacy of immunosuppressive drugs on the signs, symptoms and progression of ALS 103>
105 . The latter is true for Multiple Sclerosis (MS), a neurological condition with a known
autoimmune aetiology.
One hypothesis has suggested that an autoantibody to a motor neuron antigen can be
endocytosed at the nerve terminal and transported along the length of the motor neuron to
the cell body. The passage of the antibody could also traverse the synapses between
LMN's and UMN's. Once distributed throughout the motor neuron network the antibody
could elicit its pathological effects. The actual mechanism of neuronal damage has yet to
be postulated, but it may involve complement fixation and or immune complex
formation.
If the autoimmune theory were to be correct, the question arises as to which neuronal
antigens would be suitable candidates for being the target antigen. To date several
prospective neural antigens have been postulated, namely L and P-type voltage gated
Calcium channels 100> 103> m (already implicated in Lambert-Eaton myasthenic syndrome),
gangliosides (GMi, GDlb, anti-sulfated glucuronyl paragloboside, SGPG) 10°- 107 and
AChE 100,108-112,

43

Antibodies to voltage gated calcium channels have been shown to increase the frequency
of miniature end plate potentials as discussed above and their frequency of detection in
ALS patients, with ELISA techniques, has been greater than in control groups. It has
been suggested that these antibodies can alter the function of neural calcium channels and
increase the intracellular concentration of calcium. This in turn could affect the cellular
homeostatic mechanisms leading to cell death. This is a feasible theory as calcium is an
important secondary messenger. Apart from the presence of these antibodies in ALS
there is no other evidence to show that they are prime candidates for the immunological
cause of ALS.
Antibodies to gangliosides have also been shown to occur in ALS patients at a greater
frequency than normal healthy controls. However, these autoantibodies are commonly
found in association with other autoimmune disorders, paraproteinaemias and a variety of
neurological disorders, so their specificity is questionable.
The final antigenic candidate for discussion is AChE. AChE and its role in the
pathogenesis of ALS has been under scrutiny since 1980 when it was suggested that
AChE was lost from the NMJ's as a result of the action of a collagenase enzyme from an
extra-neuronal source 113 . Since then AChE has been investigated as a possible antigenic
site for a pathological autoantibody. As previously described AChE can be found at the
nerve terminals in several different neuron types and in different forms. Research into the
possible role of anti-AChE antibodies and the aetiology of ALS has generated some
interesting data. The presence of such antibodies has been detected selectively in patients
with ALS. Anti-AChE IgG and IgA antibodies present in both serum and saliva have
been shown to cause cell lysis of human erythrocytes, presumably after antibody attack of
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the AChE antigen within the cells' plasma membrane. Contrary to this, there is no
evidence that anaemia is a common finding in ALS. This may be due to the nature of the
anti-AChE antibodies concerned, particularly whether they can activate complement or
not. Heating ALS patient serum to 56°C to destroy complement decreases the amount of
lysis seen with unheated serum. This implies that the lysis was complement induced.
There is evidence to show that the AChE content and turnover is much greater in motor
neurons than in sensory neurons. It is also apparent that experimental inhibition of AChE
activity causes fasciculations in affected muscle, a common symptom in ALS. In addition
there are striking similarities between AChE inhibitor intoxication and the symptoms of
ALS, such as peripheral motor neuropathy and degeneration of the descending
corticospinal tract m. There appears to be increased AChE activity in the plasma of ALS
patients as a result of AChE release from damaged neuro-muscular tissue.
Anti-AChE antibodies detected in ALS patients have been shown to inhibit the enzymatic
action of AChE. This could have obvious neurological consequences.
There has been contradictory evidence to the presence of anti-AChE antibodies in the
serum of ALS patients 115 . It appears that the AChE antigen employed could affect the
specificity and sensitivity of the ELISA assays developed to detect these autoantibodies.
Work carried out by Brimijoin and colleagues describes an autoimmune pre-ganglionic
sympathectomy induced neuropathy in rats injected with anti-acetylcholinesterase
antibodies (ZR 2,3,4,5 and 6). This occurred because only the pre-ganglionic fibres of the
sympathetic nervous system were affected. The data generated showed that in vivo these
antibodies did not affect the motor function of the rats, although the cerebral cortex was a
site of antibody accumulation and damage 116' 117' 118. These results imply that anti-AChE
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antibodies may not have a role in the pathogenesis of ALS. It was also stated that the high
concentrations of AChE at the NMJs could evoke a protective action on the motor
function. This is because 75% of the AChE activity at the NMJs needs to be destroyed
before any pathological changes occur. There may not have been sufficient antibody to
cause widespread damage to the motor neurons and / or NMJs.
Much of the data concerning anti-AChE antibodies requires clarification, so that the
debate on their role in ALS can be settled. This can only occur if sensitive, specific and
robust methods for their detection can be developed. Since much of the early work was
carried out, the description of the Cartwright blood group antigen as AChE in 1992 has
raised the possibility that ALS patients may possess anti-Cartwright antibodies, and it is
these that have been detected by other methods. This could mean that the anti-AChE
antibodies were allogenic and not autogenic in nature, and therefore a misleading and
incidental finding. It has also been noted that that the ELISA methods that use the red
blood cell type XIII form of AChE as the capture antigen, are prone to interference from
binding of the secondary antibody to a non AChE moiety within this preparation. This
resulted in the generation of false positive results 115.
However, these allogenic antibodies could be exploited, as they would be the ideal
positive control for any assay developed to detect human anti-AChE antibodies. To date
the methods developed for anti-AChE antibody detection have not used a known human
positive control. Therefore negative results could be due to poor method sensitivity and
positive results could be due to poor method specificity.
Anti-Cartwright antibodies could be used to control methods developed for IgG subclass
typing and immunohistochemical studies on the tissue binding of anti-AChE antibodies.
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It is postulated that if human allogenic antibodies to human AChE can be detected by any
method, the presence of human autoantibodies should be possible, particularly as
autoantibodies can occur at extremely high titres. The allogenic antibodies will act as a
qualitative positive and sensitive control for the methods developed.
The specificity of the methods developed could be assessed, by reviewing the results
obtained for an assay in the presence of other antibodies with the potential to interfere.
These could include other blood group antibodies, since AChE is an erythrocyte surface
antigen, and sera with other autoantibodies, particularly as anti-AChE antibodies may
occur frequently in autoimmune disease 119.
Employing monoclonal / polyclonal antibodies to AChE will also be an important tool for
the confirmation of positivity and assessing method sensitivity. However, their role as a
control must be second to that of the human antibody. Other methods have used
polyclonal antibodies as positive controls for their assays 115' 119. This could give a false
impression of sensitivity, as polyclonal antibodies can improve the signal of an ELISA
method, hi addition, autoantibodies are often directed towards a single epitope, so the use
of polyclonal antibodies as a control may be misleading.
In 1986 a letter published in the Lancet 12° detailed the close amino-acid homology
between a 550 amino-acid sequence at the C terminal peptide of thyroglobulin (Tg) and
AChE (28.3%). The researchers postulated that these proteins may possess common
antigenic determinants, and proposed that autoantibodies to Tg found in Grave's Disease
may react with the AChE present within the muscle cells of the retro-ocular tissue of the
eye. This may be the aetiology behind the ophthalmic eye signs, which is a characteristic
feature of Graves' ophthalmopathy 121 . This work stimulated a lot of research into the
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possible extraocular antigen involved in Graves' disease 119> 122~125,which generated
contradictory evidence, particularly with autoantibody cross reaction studies.

One possible cause of the contradictory data concerning the cross-reaction studies
between antibodies to AChE and Tg, could be due to the nature of the antigens used. Fish
(Torpedo californica) was used initially 126 and human RBC type Xili AChE was used in
the latter work 119.
However, it was shown in the latter study, that the presence of antibodies to AChE
occurred in 21% of patients with thyroid disease and 12.5% of patients with non-organ
specific autoimmune disease. The AChE antibodies had been demonstrated using an in
house Enzyme Linked Immuno-Sorbent Assay (ELISA) system and confirmed, using an
immune-blotting procedure and inhibition studies 119.
Research had recently been initiated on the possible role of AChE function and
autoantibodies and the aetiology of neurological disorders such as Motor Neuron Disease
(MND) 2' 100' 108~110' 125~128 (often synonymously associated with Amyotrophic Lateral
Sclerosis ALS), Atypical Neurological Disorders ul and Chagas Disease 129 . The latter is
common in Central America and is caused by infection with the protozoan Trypanosoma
cruzi, which can lead to severe cardiac damage and death.
There was considerable evidence to suggest that antibodies to AChE may play a
causative role in the above diseases particularly MND / ALS, as animal models of
neurological disorders were now being produced in the laboratory
monoclonal antibodies specific for AChE.
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This line of research was carried out after interest was gathering into the possible
stimulatory neuronal antigens and autoimmune aetiology of several neurological
disorders 130 ' 131 .
This raises the question as to the possible role of AChE and the antibodies directed
towards this protein and the aetiology of disease, particularly autoimmune disease of the
nervous system.
It was apparent that there were areas within this field that required clarification,
particularly as the ELISA methods employed may not have possessed the necessary
sensitivity and specificity required, to detect such antibodies.
No research has been carried out trying to determine the possible pathological role of
these potential autoantibodies in disease. A primary aim of the present study was to
develop techniques that could be used to determine the physiological characteristics of
any anti-AChE found. This would involve the determination of the subclass of any IgG
anti-AChE antibodies detected (via a sensitive and specific ELISA), determine whether
they would react with human tissue and / or inhibit AChE activity.
It was also important to determine in what disease conditions anti-AChE antibodies may
occur, with a particular interest in Motor Neuron Disease. To date only patients known to

have ALS have been investigated for the presence of anti-AChE autoantibodies, with
contradictory results. This project will use the ELISA method developed to help finally
determine whether autoantibodies to AChE are detected in patients with ALS, but also
investigate the serum of patients with other forms of MND. Such a study may help
determine whether AChE autoantibodies occur in only certain forms of MND. This
would help with the classification of the different forms of MND, and also help
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understand the aetiology of that particular form. This would be carried out by performing
a clinical study on patients with of MND (all sub types)(positive control group) and other
neurological / muscular conditions (negative control group) and investigate the presence
of autoantibodies to AChE within the two groups. One important feature of the study was
to determine the Yt status of all the patients via routine serological methods, to help
establish the nature of any anti-AChE antibodies detected.

Scope of the present investigation:

The methods employed for this project have crossed all the disciplines of Pathology.
They include serological, immunological, biochemical, immunohistochemical and
histochemical techniques.
The fundamental aim of the project was to develop an ELISA assay that was sensitive,
specific, robust and capable of detecting antibodies to AChE. It would take the form of a
two site heterogenous procedure, where bound and unbound material, were separated
prior to the addition of a signal antibody.
Development of an ELISA assay involves the optimization of many variables, such as
coating antigens, coating procedures, the nature of the solid phase, incubation times,
wash solutions, secondary antibodies (their label and their litres) and minimizing
interference from non specific reactions. All these factors were investigated so that a
workable method was developed which had improvements on other methods published
previously 115> 119.
The coating of an antigen to a magnetic particle occurs via the covalent attachment
between the protein antigen and the amino groups generated after activation of magnetic
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particles (oxide) by glutaraldehyde. This covalent reaction is irreversible and does not
alter the biological activity or antigenic integrity of the antigen.
The attachment of antigen to polystyrene wells occurs via passive adsorption.
Hydrophobic reactions between the hydrophobic regions of the well surface and the
hydrophobic ammo-acids of the protein antigen occur spontaneously at a neutral and
alkaline pH 132'133 .
The signal enzyme employed throughout the majority of the project was Horseradish
Peroxidase (HRP), chiefly because it is known to be a more sensitive label than alkaline
phosphatase 134. Two previous methods had employed alkaline phosphatase as the signal
enzyme and this may have affected their sensitivity. It is interesting to note that AChE
has been used as a signal in many ELISA methods because it is also considered a
sensitive label. Both in-house and commercially available conjugated secondary
antibodies were investigated. When it was prepared, the in-house secondary antibody was
labeled with HRP employing the standard periodate method m"133.
Another method which was investigated for the detection of anti-AChE antibodies, was
the use of a Protein A- IgG capture technique. This has been successfully employed to
detect other autoantibodies, namely anti-peroxidase and anti-thyroglobulin antibodies 13S.
This technique exploits the innate IgG binding capacity of protein A and it was
investigated because it was postulated that interference from non-specific binding would
be less of a problem. Protein A is found on the cell surface of Staphylococcus organisms
and it can bind IgG 1,2, 3 (weakly) and 4 via their constant regions. Once attached to a
solid phase (e.g magnetic particles), the coated particles can be used to capture IgG
molecules. If the antibodies captured by the protein A were against AChE, then
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exogenously added AChE could be trapped. The presence of captured AChE could be
detected by exploiting the enzymatic activity of the captured enzyme (antigen) employing
a spectrophotometric method. The enzymatic method would be based on that of Ellman
136 (see below). A positive reaction would indicate the presence of anti-AChE antibodies.
Figure 1 below, shows a diagrammatic representation of the principle behind the method.
When determining the activity of any AChE solution, the method of Ellman was
employed B6 This method was modified for use on the Roche Cobas Fara centrifugal
analyzer. It must be highlighted that the reaction is not specific to AChE, as BuChE can
also hydrolyze the substrate.
Ellmans method utilizes

the

enzymatic

degradation of a thiocholine

ester

(Acetylthiocholine)(ATI) by AChE, to release an aliphatic acid and thiocholine. Two
thiocholine molecules then react with 5:5-dithiobis-2-nitrobenzoate ion (DTNB) to form
the yellow indicator ion, 5-thio-2-Nitrobenzoic acid, whose absorbance is read at between
405 - 420nm. The rate of increase of the absorbance is directly proportional to the activity
of the enzyme present in solution.
The reaction parameters are important for this assay. Temperature is set at 37°C and the
pH of the assay buffer employed is pH 8.0, although it has been shown that the higher the
pH the greater the spontaneous non-enzymatic hydrolysis of the substrate and therefore
increased production of the indicator ion. The substrate (ATI) concentration is also a very
important factor when determining the activity of AChE, as excess [ATI] over lOmM can
inhibit AChE, although it does not inhibit BuChE. Therefore the final [ATI] in the
reaction mixture must be below this critical concentration.
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Figure. 1:
Protein A
ATI / DTNB

Magnetic Particle

Recombinant AChE
(Exogenous)

Ca itu red Anti-AChE antibody

If autoantibodies to human AChE were detected in human serum, it would help to
determine or highlight any role they may have in a disease process, particularly if they
were shown to react with AChE within human tissue. It had already been shown that ALS
serum may induce erythrocyte lysis, but this may be secondary to other antibodies present
in the patient sera. It was postulated that human tissue rich in AChE could be used as an
antigen source to detect human anti-AChE activity using immunohistochemical
techniques. This could only occur if the method could be seen to have sufficient
sensitivity. To help assess this sensitivity it would be possible to make a direct
comparison between the ELISA and any immunohistochemical methods developed, using
monoclonal antibodies.
The use of frozen sections prepared from the large intestine, for the detection of antiAChE antibodies, employing immunohistochemical procedures has not previously been
described, although several publications demonstrate the use of anti-AChE antibodies for
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the detection of AChE in neural tissue 137"141 . One publication described the identification
of ganglion cells in Hirschsprung's Disease, using other neuronal markers such as S-100,
Neuron Specific Enolase (NSE) and Neurofilament Protein (NFP) on fixed tissue but not
AChE 142.
The immunohistochemical technique used to detect the antibodies of interest was an
avidin-biotin method. Avidin -biotin methods are well established and such methods can
amplify the signal produced from the binding of a primary antibody to the antigen of
interest.
Avidin is a glycoprotein with a molecular weight of 68K, and a very high affinity for the
vitamin biotin. The affinity is 1 million times stronger than antibody - antigen reactions
and is essentially irreversible. The avidin molecule can bind four molecules of biotin,
which can be labeled with enzymes and antibodies. The enzyme conjugated to the biotin
for this project was HRP. The secondary antibody used in the system also has a biotin
molecule attached. An avidin complexed with enzyme labeled biotin can react with the
secondary antibody via the biotin molecule attached. This concentrates the signal enzyme
at the site of the primary antibody, which is attached to the antigen of interest in the
tissue. The HRP can be detected using the substrate 3,3'-Diaminobenzidine (DAB), in the
presence of hydrogen peroxide to give a brown precipitate at the antigen site.
This method is known as the avidin-biotin complex technique (ABC).
The pre-treatment of tissue with diluted sera of the host animal of the secondary antibody
and the use of Tween 20 in the wash solution can minimize Non specific binding.

To ensure that the reaction was specific for AChE a histochemical technique was also
employed to demonstrate the presence and enzymatic activity of AChE within the tissue.
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This method is used for the diagnosis of Hirschsprung's disease as previously described
(see page 22).
The techniques employed to detect the presence of tissue AChE enzyme activity are well
documented. They are essentially modified versions of Kamovsky and Roots method
(1960), although Koelle and Friedenwald (1949) also developed a histochemical method
for the detection of AChE prior to this 143'150. The methods are similar as they both
employ the substrate acetylthiocholine iodine, although with the Karnovsky and Roots
method the brown precipitate formed is due to a copper ferrocyanide and the Koelle and
Friedenwald brown precipitate is due to copper thiocholine I44.
The use of a TRIS buffer at pH 7.4 or 7.2 has the added advantage that it can remove
non-specific deposits of copper ferrocyanide. It is also important to ensure that the
concentration of some metal ions, such as copper, does not reach critical amounts, as
these can inhibit the enzyme and affect the methods sensitivity 1S1 .
The copper is present as the copper citrate form, as it renders the copper soluble and
prevents the spontaneous formation of copper ferricyanide 152. The acetyl group of a
thiocholine ester (ATI) is hydrolyzed by AChE to form sulphydryl groups, which reduce
the ferricyanide to a brown copper ferrocyanide precipitate (Hatchetts Brown). To
enhance the colour the sections can be treated with 3,3-diaminobenzidine (DAB), which
is oxidized by copper ferrocyanide to a dark brown polymer. This can be further
enhanced by the addition of osmium tetroxide to form a darker precipitate.
Tetraisopropylpyrophosphamide (iso-OMPA) is used to inhibit BuChE and reduce the
interference from this enzyme (where it is problematic) in all the methods published.
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Tago has published a method that is a further modification of Karnovsky and Roots
which is reported to have better sensitivity than the original Karnovsky and Roots
procedure. Tago employed less concentrated reagents than Karnovsky and Roots but his
procedure still gives sufficient copper ferrocyanide to cleave H2O2 for DAB oxidation 141 .
The addition of metal ions, such as nickel, to the DAB-H2O2 mixture produces high
contrast at the site of enzymatic activity, where the AChE positive cells appear blueviolet.
Other factors which had to be considered when developing a method for the
imrnunohistochemical demonstration of AChE in intestinal tissue, were tissue fixation
and the source of the tissue to be employed for the development of a method that could
detect anti-AChE antibodies.
AChE and its role in the aetiology of autoimmune disease has been under investigation
for the last thirteen years.
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Aims:
With all the facts presented above the aims of the project are listed below:
1)

To develop a sensitive, specific and robust ELISA method that is capable of
detecting AChE antibodies in serum, employing polyclonal / monoclonal
antibodies and human allogenic antibodies. The final method should be capable of
detecting the allogenic anti-Cartwright antibodies particularly of the anti-Yta
form, which will be used as a positive control for the assay.

2)

To determine the incidence of AChE antibodies in different disease conditions,
particularly autoimmune disease, employing the ELISA assay developed.

3)

To develop methods that could highlight any pathogenic action of the antibodies
detected, employing polyclonal / monoclonal antibodies and human antibodies.
These should include subclass typing of anti-AChE IgG antibodies, anti-AChE
binding to human neuronal AChE in vitro and AChE enzymatic inhibition.

4)

Obtain full Ethical Committee approval and carry out a comprehensive controlled
clinical study on neurological patients to ascertain the incidence of AChE
antibodies in different neurological conditions. The positive control group will
consist of patients diagnosed as having MND. These patients will be sub typed
into the different forms of MND. The negative control group will consist of
patients with neurological / muscular disorders not associated with MND and
healthy individuals. The study should also include the determination of the
patients ABO, Rhesus and Cartwright antigenic status. The latter is important
should any anti-AChE antibodies be detected.
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DEVELOPMENT OF AN AUTOMATED METHOD FOR THE DETERMINATION
OF AChE ACTIVITY ON THE ROCHE COBAS FARA CENTRIFUGAL
ANALYZER ADAPTING THE METHOD OFELLMAN.
Reagents:

All reagents used throughout this project were obtained from Sigma chemicals, Poole
Dorset, UK, unless otherwise stated.
Acetylthiocholine Iodide (ATI) substrate [lOmM] (Start Reagent).
29mg of ATI was dissolved in 10ml of deionised water and 20ul of 1M HC1 added. This
reagent is stable for lOdays at 4°C. Final [ATI] in reaction vessel is 0.48mM.
5,5,Dithio-bis (2-Nitrobenzoic Acid)(DTNB)

26mg of DTNB and lOmg of anhydrous sodium bicarbonate were dissolved in 10ml of
0.1M pH 7.0 phosphate buffer.
This reagent is stable for lOdays at 4°C.
Assay buffer

0.1M pH 8.0 sodium phosphate buffer .
This reagent is stable for 2 months at 4° C.
DTNB/Assay buffer.

This was prepared immediately before use.
50ul of stock DTNB reagent is mixed with 900jul of assay buffer.
This reagent is then placed in reagent position C (large reagent) and the ATI is placed in
the start reagent position A of a reagent rack for a Cobas Fara analyzer.
Method:
The method developed was a two shot method where the sample and DTNB reagent were

mixed, prior to the addition of the substrate (ATI).The rate of change in absorbance at
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410nm was measured. The Kinetic algorithm within the software of the Cobas Fara
performs linear regression analysis on the measurement points between and including the
first and last measurements specified in the programme. Utilizing the factor calculated
(see below) and the rate of change in absorbance / minute, the analyzer can calculate the
enzyme activity of the sample solution.
A Reagent blank cuvette is also set up which contains all reagents, with water replacing
the sample volume. The absorbance of the blank cuvette is taken from the absorbance
value obtained for each sample prior to the calculation for enzyme activity.
The volume ratios for the substrate (ATI) and the DTNB were maintained when
calculating the volumes required on adapting the manual method, kindly provided by Dr
D.A.Hullin, for use on the Cobas Fara. All parameters were integrated into the factor
calculation required by the Cobas Fara for enzyme determination.
Formula for enzyme "CALIBRATION" or FACTOR .
U/L
Where AA
T

=

x

r2
SV

= Change in absorbance / minute

Where Factor (F)

Where

AA x 103
T
8

103
g
r2
SV

103
g

x

r2
SV

= Conversion factor for ml to L
= Millimolar absorbance coefficient for DTNB
= Volume of reagent (Replaces Total. Vol.)
= Sample Volume

Calculation of F for AChE determination:
Where
B
= 13,600 M'1 cm'1
r2
SV
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- 0.25ml
= 0.0035ml

F=

103
13.6

x

0.25
0.0035

= 5252

This factor was programmed into the Cobas Fara and used to automatically calculate the
AChE activity.
Precision studies were carried out to determine the within batch and between batch
coefficient of variation (%CV) precision.
The within batch precision was determined by analyzing 20 samples at three different
levels of BuChE and the %CV calculated for the results generated.
The between batch precision was assessed by analyzing 20 samples on three separate
occasions and the %CV calculated for the results generated.
The material used was a commercially available control material containing BuChE and
not acetylcholinesterase. This was diluted 1 in 2 and 1 in 8 to obtain the medium and low
values respectively. Although it is not AChE, this enzyme preparation could still be used
when assessing the precision and therefore reliability of the method developed on the
Cobas Fara. The precision data is shown in Table 6, page 94 for all levels investigated.
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The Cobas Fara Programme developed is outlined below,
MEASUREMENT MODE
ABS
P-I-SRl-A
REACTION MODE
CALIBRATION MODE
FACTOR
REAGENT BLANK
REAG/DBL
WAVELENGTH
410
TEMPERATURE
37.0
DECIMAL POSITION
1
U/L
UNIT
ANALYSIS
P SAMPLE VOLUME
DILUENT NAME
VOLUME
CLEANER CYCLE
REAGENT VOLUME
TIME CONTROL
I INCUBATION
M
M
SRI START REAG 1
DILUENT NAME
VOLUME
TIME CONTROL
WET CYCLE
A READINGS
FIRST
NUMBER
INTERVAL
M
M
CALCULATION
SAMPLE CHECK LIMIT
REACTION DIRECTION
CHECK
CONVERSION FACTOR
OFFSET
TEST RANGE LOW
HIGH
RANGE TYPE
NORM RANGE LOW
HIGH
NUMBER OF STEPS
CALCULATION STEP A
FIRST
LAST
REACTION LIMIT
CALIBRATION
CALIB INTERVAL
FACTOR
REAGENT RANGE LOW
HIGH
LOW
BLANK RANGE
HIGH

3.5
H2O
0.0
OFF
95
NO
10
NO
NO
5.0
H20
0.0
NO
OFF
1.0
17
10
NO
NO
NO
INCREASE
ON
1.00000
1.00000
NO
NO
NORM RANGE
NO
NO
1
KINETIC
1
17
NO
EACH RUN
5252.0
NO
NO
NO
NO
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nm
°C

Hi
Hi

s
s
s

AA

U/L
U/L
U/L
U/L

AA

A
A
AA
AA

PROCEDURE FOR THE PRODUCTION OF AN IN-HOUSE SECONDARY
ANTIBODY BY THE COUPLING OF HORSE RADISH PEROXIDASE TO SWINE
ANTI-RABBIT IMMUNOGLOBVLINS.

Reagents:
Swine anti-rabbit immunoglobulins were obtained from DAKO (High Wycombe, UK).
The solutions described below (A and B)were for the detection of HRP activity.
A) Preparation of Horse Radish Peroxidase assay Buffer

Di-sodium hydrogen phosphate solution (50mM) was adjusted to pH 5.0 with 1M citric
acid.

B) Working assay buffer:
One lOmg OPD tablet and 40^1 of 30% hydrogen peroxide solution to 25mls of Citrate sodium phosphate buffer and the tablet dissolved. The solution must be prepared
immediately before use.
Method:
1) 0.25ml of swine anti-rabbit immunoglobulins was dispensed into dialysis tubing and
dialyzed against 0.1M sodium carbonate - bicarbonate buffer pH 9.5, overnight
at4°C.
2) 5mg of HRP was dissolved in 1ml of distilled water.
3) 200ul of 0.1M sodium periodate was added to 900ul of the HRP solution and mixed at
room temperature for 30 minutes. A lOO^il aliquot of the HRP solution was kept for
analysis.
4) The HRP- Sodium periodate mixture was dialysed against ImM sodium acetate buffer
pH 4.4, overnight at 4°C. When preparing the sodium acetate buffer, its pH was
adjusted to 4.4 with acetic acid.

63

5) Both dialysates were retrieved and mixed together, made up to a final volume of 10ml
with 0.1M sodium carbonate - bicarbonate buffer pH 9,5 and rotated end over end for
2 hours at room temperature.
6) This mixture was dialysed against 2 changes of 1 litre of 0.1M sodium phosphate
0.9% NaCl pH 7.4 buffer overnight.
7) The HRP conjugate was stored at 4°C.

Testing HRP activity of prepared In-house conjugate
1) 1ml of HRP assay reagent was added to a tube and lOOul of secondary antibody was
added and the tube incubated at room temperature for 30 minutes.
2) The colour reaction was stopped by the addition of 50(j.l 3M H2SO4.
3) The absorbance of each tube was then measured at 492nm on a Sophiea photometer
and the results recorded.

PROCEDURE TO COUPLE HUMAN RED BLOOD CELL AChE (TYPE XIII) TO
MAGNETIC PARTICLES.
Reagents:
Magnetic Particles were obtained from Metachem Diagnostics (Northampton, UK).

Method:
Particle washing, activation and coating procedure.
1) 2ml of magnetic particle suspension (concentration as provided from commercial
source) were taken and the particles separated using a magnetic plate.
2) The liquid was decanted and 20ml of 0.1M sodium phosphate buffer pH 7.4 was
added and the particles resuspended in a flat-bottomed tissue culture bottle. The
particles were then separated once more and the process repeated.
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3) The particles were resuspended in 10ml of 0.1M sodium phosphate buffer pH 7.4.
4) The particles were separated as before and the buffer decanted. 10ml of a 5% solution
of glutaraldehyde was added to the particles and then mixed end over end at room
temperature for 3 hours. The particles were now activated.
5) The particles were washed x5 times with 0.1M sodium phosphate buffer pH 7.4, to
remove the glutaraldehyde.
6) 20mg of RBC Stroma AChE Type XIII was dissolved in 20ml of 0.1M sodium
phosphate 0.9% NaCl 1% Triton-X 100 buffer and centrifuged at 3,500rpm, to remove
any undissolved particulate matter.
7) 16ml of the supernatant containing the AChE was added to the washed activated
magnetic particles and mixed overnight (end to end) at room temperature. These are
subsequently termed immune particles.
8) Another set of particles was treated in an identical fashion with the absence of AChE
in the coating step. These particles were used as negative control / non-specific
binding particles for future experiments. These were subsequently termed nonimmune particles.
9) The particles were magnetized and the excess supernatant discarded.

10) Any remaining reactive groups were blocked by the addition of 20ml of 0.2M glycine
solution, and mixed for 2hours at room temperature.
11) The particles were washed x3 with 50ml of 0.1M sodium phosphate pH 7.4 1M NaCl
buffer.
12) An assay buffer was prepared by making up 500ml 0.5M stock solutions of sodium
dihydrogen phosphate and di-sodium hydrogen phosphate. 9g of NaCl was dissolved
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in 162ml of 0.5M di-sodium hydrogen phosphate stock solution. 0.5M sodium
dihydrogen phosphate solution was added until a pH 7.4 was obtained. To this solution
lOg of bovine serum albumin (BSA) was added and the solution made up to 1 litre.
13) The particles (coated and uncoated) were then resuspended in 20ml of assay buffer.
A manual qualitative test to determine whether AChE was bound to the magnetic
particles was carried out employing the reagents of Ellman's method, previously
described. This involved analyzing a range of volumes of AChE coated and non-coated
magnetic particles for the presence of AChE activity.
1) 0.5ml of both types of particles were washed twice in AChE assay buffer pH 8.0 and
the particles resuspended in a final volume of 0.5ml of the same buffer.
2) lOul, 20ul and 50|j,l of washed particles were dispensed in appropriately labelled
duplicate tubes.
3) To each tube 1.0ml of assay reagent (0.9mls of AChE assay buffer pH 8.0, 50|j,l of
DTNB working solution and 50jnl of ATI) was added.
4) The tubes were incubated for 5 minutes at 37° C.
5) After 5 minutes all tubes were placed on a magnetic bed and the magnetic particles
separated.
6) An aliquot of the resultant supernatants was removed and the absorbance of each read
at 410nm on a Syva spectrophotometer against a reagent blank.
The results showing the coupling of AChE to the magnetic particles are highlighted in
Table 7, page 95.
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EXPERIMENT TO DETERMINE WHETHER RABBIT ANTI-HUMAN RBC
MEMBRANE ANTIBODIES REACT WITH HUMAN RBC TYPE XIII AChE IN
SOLUTION.

Method:
1) A stock 30% solution of PEG 6000 was prepared in 0.1M sodium phosphate 0.9%
NaCl pH 7.41% Triton-XlOO buffer (PBST).
2) Dilutions of this stock were made using PBST, to prepare 25%, 20%, 15%, 10%, 5%,
2% and 0% solutions.
3) lOmg/ml solution of Human RBC membrane bound AChE was prepared using PBST
as the solvent. The AChE activity of this solution was determined by the method
previously described on the Cobas Fara.
4) Rabbit anti-Human RBC membrane was titred to 1/10 and 1/50 using PBST as diluent.
5) The tubes were set up as follows:
Tube No.
No Antisera
A
B
C
D
E
F
G
H

Tube No.
1/10 Antisera
I
J
K
L

M
N
O
P

Tube No.
1/50 Antisera

[%PEG] 6000

0

30%
25%
20%
15%
10%
5%
2%
0%

R
S
T
U
V
W
X

6) Tubes A -H were negative controls monitoring the dilutionary and precipitation effect
of each PEG solution on AChE activity in the absence of the antibody.
7) lOOjal of AChE solution were pipetted into each of the appropriately labelled tube.
8) To each tube (I - P and Q-X), lOOjal of the appropriate antisera titre was added and
lOOul of PBST to the negative control tubes (A-H).
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9) All tubes were incubated at 37° C for 1 hour.
10) 200u.l of the appropriate PEG 6000 solution was added to the respective tubes and
incubated at room temperature for 30 minutes.
11) After the second incubation period all tubes were centrifuged at 3500 rpm for 15
minutes and the AChE activity of each of the supernatants was determined employing
the method on the Cobas Fara.
12) The AChE activities of each antisera titre was plotted on a graph of [PEG] v AChE
activity and the results shown in figure 2, page 96.

OPTIMIZATION OF THE MAGNETIC PARTICLE ELISA FOR THE DETECTION
OF RABBIT ANTI-HUMAN RBC STROMA AND THE INVESTIGATION OF
HUMAN ANTI-AChE ANTIBODIES.

The method below highlights the basic procedure followed when detecting both rabbit
and human anti-AChE antibodies. All tubes were generally analyzed singularly unless
otherwise stated. Any deviation from this procedure, particularly when investigating the
optimization of the method for the detection of rabbit anti-human RBC stroma, are
highlighted in the results presented. Results associated with this method are represented
in figures 3,4,5,6 and 7 on pages 97,98,99,100 and 102 respectively.
Reagents:
Swine anti-rabbit IgG - HRP (DAKO) was employed when investigating the effect of
using a commercial secondary antibody on the ELISA under development.
This procedure was followed when investigating the presence of anti-AChE antibodies in
human sera, but a 1/1000 titre of a HRP conjugated Rabbit anti-human IgG (DAKO) was

employed as the secondary antibody.
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Method:
1) A 1 in 5 dilution of the immune and non-immune magnetic particles were prepared
using assay buffer as the diluent.
2) A 1 / 1000 dilution of swine anti-rabbit immunoglobulins - HRP conjugate was
prepared using assay buffer as the diluent.
3) A 1/100 titre of rabbit anti-human RBC membrane antibody was prepared using assay
buffer as the diluent.
4) To each appropriately labelled tube, the following solutions and volumes were added:
50ul of assay buffer, lOjul of rabbit anti-human RBC membrane antibody titre, lOOjul
of 1/5 magnetic particles. A blank tube was prepared using non-immune particles as
the solid phase for each tube. All tubes were prepared in duplicate. These reagents
and volumes were altered according to the parameter under investigation.
5) The tubes were then incubated at 37° C for 1 hour.
6) The tubes either remained unwashed, or were washed once or twice with 1ml of 0.1M
sodium phosphate 0.9% NaCl, pH 7.4 buffer.
7) lOOul of 1/1000 swine anti-rabbit immunoglobulins - HRP conjugate was added to
each tube.
8) The tubes were then incubated at 37° C for 1 hour.
9) All tubes were placed on a magnetic bed, the particles pulled down and the
supernatant decanted.
10) 1ml of O.IM sodium phosphate 0.9% NaCl, pH 7.4 buffer was added to all tubes and
the tubes vortexed. This step was repeated.

11) The presence of HRP was assayed as previously described.
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EXPERIMENT TO DEVELOP AND EMPLOY A MICROTITRE PLATE ELISA
FOR THE DETECTION OF HUMAN AChE ANTIBODIES USING HUMAN RBC
TYPE XIII AChE AS THE ANTIGEN.

Method:
1) A 25ng/ml solution of Human type XIII RBC AChE antigen was prepared using 0.1M
carbonate-bicarbonate 1% Triton X-100 pH 9.6 buffer as the solvent.
2) A washing buffer of 0.01M phosphate 0.5M NaCl 0.1% Tween 20, pH 7.2 was
prepared,
3) A blocking reagent of 3% BSA employing the wash buffer as the solvent, was also
prepared.
4) 200ul of antigen were pipetted into each well of a Dynatech Immulon IV microtitre
plate and the plate incubated overnight at 4°C. Wells A 1 and 2 had 200ul of wash
buffer added to act as blank wells.
5) All wells were washed employing an automated microtitre plate washer (Amersham,
Cardiff, UK) three times.
6) SOOul of blocking reagent was added to each well and incubated at room temperature
for 1 hour.
7) The plate was then washed as described above.
8) lOOul of each serum sample were pipetted into wells in duplicate and the plate
incubated for 2 hours at room temperature.
9) The plate was then washed as described above.
10) lOOul of HRP labelled anti-Human IgG diluted 1/1000 with 3% BSA wash buffer was
added to all wells and incubated for 1 hour at room temperature.
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11) The plate was then washed as described above.
12) 200ul of HRP assay reagent was added to all wells and incubated at room temperature
for 30 minutes. A total tube containing 100^1 of secondary antibody and 200ul of
HRP assay buffer was prepared to ensure that all signal reagents working (well
positions H 11 and 12)
13) The colour reaction was stopped by the addition of SOjul 3M H2SO4.
14) The plate was read at 492nm using an IBG systems plate reader.
The above method was also employed to determine the optimal antigen coating
concentration (eg. 5 and lO^g/ml), incubation temperature (37°C) and action of blocking
agents on the microtitre plate ELIS A under development.
Results aasociated with the above method are shown in figures 8, 9a and b, 10a,b and c
and 11 on pages 105, 106, 109,110 and 112 respectively.
EXPERIMENT TO DETERMINE THE EFFECT OF SODIUM CHLORIDE
MOLARITY, NONIDET40 DETERGENT, AND PHOSPHATE BUFFER COATING
PROCEDURE, ON THE DETECTION OF ANTI-AChE ANTIBODIES USING A
MICROTITRE PLATE ELISA TECHNIQUE.

Reagents:
Anti-Yta (Na Long) supplied by Welsh Blood Transfusion Centre, Talbot Green,
South Wales UK.
Method:
Four coating solutions were prepared containing 0.1M, 0.145M, 0.25M and 0.5M
solutions of sodium chloride-0.5% Nonidet 40 in a 0.01M sodium phosphate buffer pH
7.2. Four further solutions containing 0.1M, 0.145M, 0.25M and 0.5M sodium chloride
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with no Nonidet 40 added, in a 0.01M sodium phosphate buffer pH 7,2, were also

prepared.
5mg of type XIII Human RBC AChE was added to 10ml aliquots of each of the solutions
above and mixed end to end for 1 hour at room temperature.
The AChE activity was measured employing the method on the Cobas Fara and the
protein content of each solution was measured employing a turbidimetric assay, using 3%
sulphosalicylic acid at 600nm.
The solutions were diluted with the appropriate buffer to obtain coating protein
concentrations of 10ju,g/ml.
The wash solution was composed of 0.01M sodium phosphate-0.5M NaCl buffer pH 7.20.5% Nonidet 40 (PBSN).
1) Two Dynatech Immulon IV microtitre plates (Dynatech, Chantilly, Vancouver, USA)
were divided into their eight constituent rows.
2) To each of these rows, 200^1 of the appropriate coating solution was dispensed and
the plates incubated overnight at 4°C. Plate 1 possessed AChE in its coating solutions
and plate 2 did not.
3) The plates were washed x4 with PBSN solution, employing an automated plate
washer.
4) All wells were blocked on both plates with 300^1 of 3% BSA in PBSN for 1 hour at
37°C.
5) The plate was washed x4 with PBSN solution, employing an automated plate washer.
6) The Rabbit anti-Human RBC membranes, anti-Yta and another serum taken at
random were diluted 1/100 in PBSN.
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7) 100^1 of each titre were added to each area of the plate in triplicate.
8) The plates were incubated at room temperature for 2 hours.
9) The plate was washed x4 with PBSN solution, employing an automated plate washer.
10) The secondary Swine anti-Rabbit Immunoglobulins and Rabbit anti-Human IgG HRP
labelled antibodies were diluted to give a titre of 1/1000 and lOOfj.1 of each added to
the appropriate wells.
11) One well was also prepared in each row to assess the Non-specific binding (NSB) of
each of the HRP labelled secondary antibodies.
12) The plate was incubated at room temperature for 2 hours.
13) The plate was washed x4 with PBSN solution, employing an automated plate washer.
14) 200ul of HRP assay reagent was added to all wells of each plate and incubated at
room temperature for 30 minutes. Total wells were set up to which lOOfil of each of
the 1/1000 HRP labelled antibodies was added, to ensure the colour reagent was
functional.
15) The colour reaction was stopped by the addition of 50jj.l 3M HaSO^
16) The plates were read at 492nm using an EBG (Shoreham on Sea, West Sussex, UK),
plate reader.
Results are shown in figure 12, page 115, plotting the mean of each triplicate.
EXPERIMENT TO ASSESS ADHERANCE OF RECOMBINANT AChE TO THE
WELL SURFACE OF A DYNATECHIMMUNLONIV MICROTITRE PLATE.

Reagents:
Human recombinant AChE (Sigma)
Method:
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1) Human recombinant AChE (126jag) was dissolved in 3 ml of 0.01M sodium
phosphate 0.5M NaCl buffer pH 7.2 (PBS), to generate a stock solution of 42|ag/ml.
Five aliquots of stock recombinant AChE were prepared and stored at -70°C until use.
2) An aliquot of stock recombinant AChE solution was taken and diluted in 0.1M
carbonate-bicarbonate buffer pH 9.6 to obtain an recombinant AChE concentration of
lug/ml, and the AChE activity determined using the method previously described on
the Cobas Fara. This was the working coating solution.
3) lOOul of the working AChE solution was added to the first two rows of two Dynatech
Immulon IV microtitre plates.
4) Two wash solutions were prepared consisting of 0.01 M PBS, with one containing a
final concentration of 0.5% Nonidet, and the other one detergent free.
5) Both plates were washed four times with an automated plate washer.
6) To each well 190jul of working DTNB solution and lOul of ATI was added,
(working solutions as for Cobas Fara, see page 59).
7) Two wells (in row three of each plate) contained the above reagents and 50^1 of the
pre-coating AChE solution to act as total wells.
8) Two wells (in row three of each plate) contained the DTNB and ATI working
solutions and no AChE, to act as a blank and monitor any inherent colour changes.
9) Both plates were incubated at 37°C for 15 minutes and the absorbance read at 405nm
on an automated plate reader.
10) The whole process was repeated a further three times and the mean absorbances for
the 24 wells plotted against the number of wash cycles in the presence and absence of
a detergent.
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EXPERIMENT TO DETERMINE THE SENSITIVITY OF THE ELISA METHOD
FOR THE DETECTION OF ANTI-AChE ANTIBODIES, EMPLOYING A MOUSE
MONOCLONAL ANTIBODY.

Reagents:
Rabbit Anti-Mouse Immunoglobulins-HRP Conjugate (DAKO).
The mouse monoclonal antibody (Mmab, IgG) AR1 (Biogenesis, Dorset, UK)
(protein 3.53mg/ml). The antibody was raised to human erythrocyte AChE.

Method:
1) A 2ng/ml coating solution of recombinant AChE was prepared from stock (40(j,g/ml)
stored at -70°C, using a 0.05M carbonate-bicarbonate buffer pH 9.6. The
AChE activity of the coating solution was measured employing the method previously
described on the Cobas Fara.
2) 200^1 of the coating solution (0.05M carbonate-bicarbonate buffer pH 9.6) not
containing AChE and the coating solution containing 2^ig/ml of AChE was added to
the appropriate wells of a Dynatech Immulon IV microtitre plate respectively and
incubated at 37°C for 30 minutes.
3) The plate was then washed x4 with 0.01M sodium phosphate - 0.137M NaCl buffer
pH 7.4, 0.05% Tween 20 (PBS-T).
4) A range of litres of the mouse monoclonal antibody (AR1) were prepared using PBST. The titres prepared were 1/100, 1/200, 1/800, 1/1600, 1/3200, 1/6400, 1/12800,
1/25600, 1/51200, 1/102400 and 1/204800.
5) 200ul of each titre were dispensed in triplicate into the appropriate wells (AChE
coated and non-coated) and the plate incubated at room temperature for 2 hours.
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6) The plate was washed as described above.
7) A 1/1000 titre of HRP conjugated rabbit anti-mouse immunoglobulins was prepared
with PBS-T.
8) 200^1 of a 1/1000 titre of HRP conjugated rabbit anti-mouse immunoglobulins was
added to each well and the plate incubated at room temperature for 2 hours.
9) The plate was washed as described above.
10)200|Lil of freshly prepared Fast OPD (commercially available substrate tablets Sigma,
Poole, UK) were added to each well and the colour allowed to develop for 30 minutes.
11) The reaction was stopped upon the addition of 50^,1 of 3M HaSC^ and the absorbance
read at 492nm on an IBG automated plate reader.
The above method was employed to assess the potential causes of non-specific binding
and method optimization for the detection of anti-AChE antibodies. The factors
investigated and changes from this procedure are listed in the results and discussion. The
results associated with the above method are figures 14 and 15 on page 121 and tables
9a,b,c and d on pages 124-126.
A MODIFIED MICROTITRE PLATE ELISA METHOD FOR THE DETECTION
OF ANTI-AChE ANTIBODIES INHUMAN SERUM AND MOUSE MONOCLONAL
ANTIBODY (Mmab) EMPLOYING A SODIUM PHOSPHATE BUFFER (INHOUSE) OVERNIGHT ANTIGEN COATING PROCEDURE AND BLOCKING
STEP.

Reagents:
Anti-Ytb (supplied by BTS Cardiff)
Goat Anti-Human IgG (Fc Region)-HRP Conjugate (Sigma).
Mouse antibody (IgG 1-Kappa MOPC21) Myeloma Ig (Mmy) (Sigma).
A dilution of 1: 11.5 was made of the Mmy using PBS-0.05% Tween 20 as the diluent.
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Method:
1) 100|Lil 1.0jj.g/ml solution of recombinant AChE in 50mM phosphate, 150mM NaCl ,
pH 7.4 buffer (prepared in-house) was added to wells of a Dynatech Immulon VI
microtitre plate, and incubated at 4°C overnight. The AChE pre and post coating activity
was determined on the AChE coating solution using the method previously described on
the Cobas Fara.
2) The plate was then washed X4 with 50mM sodium phosphate, 150mM NaCl, pH 7.4
0.05% Tween 20 (PBS-T) using an automated plate washer (Denley Instruments Ltd,
Billingshurst, West Sussex, UK).
3) A solution of 1%BSA / 1% casein was prepared using 50mM sodium phosphate,
150mM NaCl, pH 7.4 buffer as the solvent. SOOjal of this solution were added to all wells
and the plate incubated for Ihour at room temperature.
4) The plate was then washed as previously described.
5) All titres of the Mouse Monoclonal Antibody, AEl, to human AChE were prepared
employing a 1 in 100 dilution of human serum in PBS-T as the diluent.
6) lOOul of each sample titre were added in triplicate to the coated blocked wells. The
plate was incubated for 2 hours at room temperature.
7) The plate was then washed as previously described.
8) 1 in 5000 dilution of Rabbit Anti-Mouse IgG-HRP were prepared employing PBS-T
as the diluent.
9) lOOul of the conjugate (1/5000) was added to each of the appropriate wells and
incubated at room temperature for 60 minutes.
10) The plate was then washed as previously described.
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11)200ul of substrate solution were added to all wells and the plate incubated for 30
minutes at room temperature (total wells also had SOjul of appropriate HRP conjugate
added to ensure substrate reagent working).
12) The colour reaction was stopped by the addition of 50^1 of 3M H2SO4 all wells and
the plate read at 492nm on an automatic plate reader.
This method was adapted and developed to detect human antibodies to human AChE.
The adaptations and alterations made to produce a working assay are described in the
results and discussion. The results associated with the above method are figures 17-25
through pages 132-141.

The final working procedure for the detection of
antibodies to human AChE and their IgG subclass type:
Reagents:
HRP labelled anti-human IgGi antibody (Binding Site, Birmingham, UK)
HRP labelled anti-human IgG2 Specific (Binding Site, Birmingham, UK)
HRP labelled anti-human IgG3 Specific (Binding Site, Birmingham, UK)
HRP labelled anti-human IgG4 Specific (Binding Site, Birmingham, UK)
Anti-Yta (1) (supplied by BTS Cardiff)

NA.Long (groupO++++AGT)

Anti-Yta (2) (supplied by BTS Cardiff)

Tumbull (groupA

Anti-Yta (3) (supplied by BTS Bristol)

7438/96 (groupA + AGT)

Anti-Ytb (supplied by BTS Cardiff)

A0485

Anti-Yta (4) (supplied by BTS Bristol)

SB273/G (group O +ve) (+++ AGT)

Anti-Yta (5) (supplied by BTS Liverpool)

7683 (groupB +ve) (++ AGT)

Anti-Yta (6) (supplied by BTS Liverpool)

7907 (groupB +ve) (++ AGT)
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AGT)

Anti-Yta (7) (supplied by BTS Liverpool)

7624 (groups +ve) (++ AGT)

Anti-Yta (8) (supplied by BTS Bristol)

Portier (groupO +ve) (+++ AGT)

Anti-Yta (9) (supplied by BTS Bristol)

Craig (groupO +ve) (+++ AGT)

Method:
1)100ul of 4.0ng/ml solution of recombinant AChE in 50mM phosphate, 150mM NaCl
pH 7.4 buffer was added to all wells of a Dynatech Immulon VI microtitre plate, and
incubated at 4°C overnight (24hours). The pre and post coating AChE activity was
determined on the AChE coating solution using the DTNB method described previously
on the Cobas Fara.
2) The plates were then washed X5 with PBS-T (0.1% Tween 20 can also be used)
employing an automatic plate washer.
3) A 5% solution of casein solution was prepared using 50mM phosphate, 150mM NaCl,
pH 7.4 buffer as the solvent. 300ul of this solution were added to all wells and the plates
incubated for 2hours at room temperature.
4)The plates were then washed as described above.
5)A11 human samples analysed were diluted 1 in 5, using a 2.5% casein solution prepared
with 50mM sodium phosphate, 150mM NaCl, pH 7.4 buffer as the solvent. The Mmab
titres employed are also prepared using the same buffer.
6) lOOul of each sample (Mmab) titre was added to triplicate wells and the plate
incubated at 37°C for 2 hours.

7) The plate was then washed as described above.
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8) A 1 in 25000 titre of Goat Anti-Human IgG (FC)-HRP was prepared employing PBST as the diluent. (1/5000 HRP conjugated rabbit anti-mouse immunoglobulins for
Mmab)
9) For IgG subclass detection HRP conjugated subclass specific secondary antibodies at
litres 1/650, 1/325, 1/1250 and 1/1250 for IgG h IgG2, IgG3 and IgG4 respectively were
used.
10) lOOul of the conjugate were added to each of the appropriate wells and incubated at
room temperature for 60 minutes.
11) The plates were then washed as described above.
12) 200ul of substrate solution were added to all wells and the plate incubated for 30
minutes at room temperature, (total wells also had 50jul of appropriate HRP conjugate
added to ensure substrate reagent working)
13) 50uJ of 3M HaSCU was added to all wells to stop the reaction, and the plate read at
492nm on an automatic plate reader.
The above method or adaptations thereof, were employed to generate data highlighted in
figures 26-31 on pages 143-148, figures 32-35 (IgG subclass), on pages 151-155, figure
74 on page 188 and the clinical studies involving the detection of anti-Yta allogenic
antibodies (page 199), the incidence of anti-AChE autoantibodies in patients with other
autoantibodies (page 206) and Motor Neuron Disease (page 216).
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METHOD TO DETECT MOUSE MONOCLONAL ANTIBODIES (AE1 andAE2) TO
HUMAN RECOMBINANT AChE EMPLOYING A PROTEIN A - IgG CAPTURE
TECHNIQUE.

Reagents:
Magnetic particles (Metachem)
PBS "superblock" (Pierce and Warriner, Chester, UK)
Calculations were carried out to ensure that both mouse proteins had similar IgGi masses.
The myeloma protein content was equated to the protein content of the 1/400 titre of the
mouse monoclonal.
Mouse Myeloma (Mmy)

= 6.3 mg/ml of myeloma protein.

Mouse Mab to AChE (AE1)

= 2.2mg/ml monoclonal protein. A dilution of the

Mmy was performed employing a 1 in 10 dilution of PBS "superblock"/ 0.05% Tween 20
solution, to obtain a total protein content of approximately 2.2mg/ml.
A 1/400 dilution of this dilution was carried out to obtain a total protein content similar to
that of the 1/400 titre of the monoclonal protein.
Method:
1) 75 x 12mm plastic tubes were labelled for each of the Protein A coated magnetic
particle and negative control tubes and the range of Mmab titres to be investigated.
2) The Mmab and Mmy titres were prepared using a 1/10 dilution of "superblock" using
0.01M sodium phosph.ate-0.137M NaCl pH 7.4 0.05% Tween 20 buffer as the
diluent. The Mmab titres investigated were 1/100, 1/400, 1/800, 1/600 and 1/3200.
All tubes were analyzed in duplicate.
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3) Dilutions were made on an aliquot of the stock AChE solution and the activity
assayed to obtain an AChE concentration of approximately 60U/1, using the method
previously described on the Cobas Fara.
4) 1 OOul of coated particles were pipetted into their respectively labelled tubes.
5) lOOul of the appropriate Mmab titre were dispensed into each tube.
6) All tubes were mixed and incubated for 75 minutes at 37°C. The tubes were
occasionally vortexed, to maintain the particles in suspension.
7) All tubes were magnetized to separate the particles from the supernatant and the
supernatant discarded.
8) All tubes were washed x4 (decanting each time) with 1ml of 1/10 dilution of
"superblock" using 0.01M sodium phosphate-0.137M NaCl pH 7.4 0.05% Tween 20
buffer
9) lOOul of the prepared Recombinant AChE (60U/1) was added to the respectively
labelled tubes (stored on ice once titre obtained until use).
10) All tubes were mixed and incubated for 1 hour at 37°C. The tubes were occasionally
mixed, to maintain the particles in suspension.
11) All tubes were magnetized to separate the particles from the supernatant and the
supernatant discarded
12) All tubes were washed as described previously, leaving just the washed magnetic
particle pellet at the bottom after the final wash.
13) The particles were then analyzed for the presence of any bound AChE.
14)DTNB and ATI working reagents were prepared as for the Cobas Fara.
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15) 600|n.l of working DTNB reagent were added to the appropriate tubes. All tubes were
mixed.
16)30ul of working ATI reagent was added to the appropriate tubes. All tubes were
mixed.
17) All tubes are incubated for 15 minutes at 37°C and then magnetized.
18) The supernatants were retrieved and their absorbances measured at 410nm on a Syva
spectrophotometer.
Control tubes set up for the AChE enzyme reaction:
1) DTNB + ATI incubated at 37°C for 15 minutes to determine inherent colour
development.(Blank)
2) Protein A coated particles + DTNB+ ATI no Mmab: incubated at 37°C for 15
minutes, to determine inherent colour development in presence of Protein A coated
particles (true Reagent Blank).
3) DTNB + ATI + AChE (total tube).
Results associated with the above method are highlighted in figure 37 page 157.
METHOD TO DEMONSTRATE THE PRESENCE OFAChE IN THE GANGLION
CELLS OF THE INTESTINAL MUCOSA, EMPLOYING THE KARNOVSKY ROOTS HISTOCHEMICAL TECHNIQUE.

Reagents:
3-triethoxysilylpropylamine (Merck Ltd, Lutterworth, Leicester, UK).
All chemicals were obtained from Sigma Chemicals and were of Analar grade.
Solution A:
This solution was prepared by mixing volumes of a range of other solutions. This
solution provides the substrate for AChE, namely Acetylthiocholine iodide, and the
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BuChE inhibitor tetraisopropylpyrophosphamide (iso-OMPA), to reduce the action of the
potentially interfering BuChE enzyme.
Sodium acetate trihydrate

(0.82g/dl)

25.2ml

Glacial acetic acid

(0.6ml/dl)

0.8ml

O.lMtri-sodium citrate

(2.94g/dl)

2.0ml

30mmol copper sulphate

(0.479g/dl)

4.0ml

Distilled water

4.0ml

Total Volume

36ml (4x 9ml aliquots)

Optional as indicated (ingredients for solution A)
Acetylthiocholine iodide (ATI)

5mg/9ml solution A

4mmol iso-OMPA

13.7mg/9ml solution A

Solution B:

1ml

4mmol potassium ferricyanide (Toxic)

Solutions A and B were prepared in bulk and aliquots of 9.0ml and 1.075ml and stored at
-20°C.

Solution C:
0.05% 3,3-diaminobenzidine (DAB) in "TRIS" buffer pH 7.2.
0.2M "TRIS"

6.25ml

0.1MHC1

10.25ml

Distilled water

25ml

Diaminobenzidene

12.25mg

Require 10ml.
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Method:
A 1cm x 1cm xlcm biopsy of human large intestine tissue was taken from a deceased
patient at post mortem and snap frozen using carbon dioxide (dry ice). 8|um sections were
cut using a cryostat and placed on a glass slide coated with a 2% solution of 3triethoxysilylpropylamine in acetone (APES). This is a compound that aids adherence of
tissue to glass slides under going rigorous immunohistochemical procedures. A
Haematoxylin and Eosin stain was performed on a section to ensure ganglion cells were
present in the tissue resected. All sections were fixed for 30 seconds in 10% formolCalcium solution and washed for 10 seconds in water, before histochemical staining.
AChEHistochemical Staining.

Three variants of solution A were prepared.
1) Contained ATI (AChE substrate) No ATI (Negative control)
2) Contained ATI

and

iso-OMPA

(AChE

substrate

and

BuChE

inhibitor

respectively)(discontinued after first run as no BuChE in tissue)
3) No ATI (Negative control)
4) 1ml of solution B was added to all of these to produce a working solution.
5) Sections were incubated in their appropriate working solution (A + B) for 60 minutes
at 37°C.
6) The sections were washed in water.
7) The sections were incubated in solution C for 30 minutes, before being washed with
water again.
8) The histochemical sections were counterstained for 2 minutes using Gill's
haematoxylin to show the presence of the nuclei.
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9) The sections were then dehydrated cleared and mounted in neutral mounting media .
The ganglion cells should appear brown.
This technique was employed for all histochemical staining of intestinal tissue AChE.

Haematoxylin andEosin staining procedure.
1) The sections are treated with industrial methylated spirits (IMS) 99 for 2 minutes.
2) The sections are then washed gently in running water for 5 minutes.
3) The sections are stained with Gill's Haematoxylin for 4 minutes.
4) The sections were then washed in running water to remove excess stain.
5) The sections were differentiated by three dips in 1% acid alcohol before washing in
running tap water for 2 - 3minutes.
6) Sections were "blued" with lukewarm running tap water.
7) The sections were counterstained with 0.06% eosin in 2% calcium formate for 2
minutes before rapid dehydration in three changes of IMS 99.
8) The sections were cleared in three changes of xylene and mounted in neutral
mounting media using a clean coverslip.
The results of the histochemical and haematoxylin-Eosin stains obtained were
photographed using a Nikon Eclipse E600 light microscope and Nikon FDX-35 camera,
for each of the sections analyzed and the magnification used is indicated on figures
through pages 159-189 and 193 (AChE inhibition).

86

METHOD TO DETECT ANTI-AChE ANTIBODIES USING AChE CONTAINING
CELLS OF THE HUMAN INTESTINAL MUCOSA EMPLOYING AN ABC
IMMUNOHISTOCHEMICAL TECHNIQUE.

Reagents:
HR2 monoclonal antibody (NCL-AChE) (Novocastra, Newcastle upon Tyne, UK).
Biotinylated horse anti-mouse immunoglobulin secondary antibody (Vector Laboratories,
Peterborough, UK)(as per manufacturers instructions)
Avidin-Biotin Complex (Vector Laboratories) (as per manufacturers instructions)
DAB-H2O2 reagent (Biogenex, San Ramon, California, USA) (as per manufacturers
instructions)
Biotinylated sheep anti-Human IgG (Binding site)
Commercial Phosphate Buffered Saline pH 7.2 (Inverclyde Biologicals, Belshill,
Scotland, UK)
Horse Serum (Life Technologies, Paisley, Penfrewshire, UK)
Method:
Colon tissue was obtained post mortem and snap frozen using carbon dioxide (dry ice).
Sum sections were cut from the frozen block of human colon using a cryostat and placed
on a glass slide coated with APES. A Haematoxylin and Eosin stain was performed on a
section to ensure ganglion cells were present in the tissue resected.
All slides were stored at -20°C until required.
Immunohistochemical staining of Human intestinal AChE employing an Avidin-Biotin
Complex technique.

1) Air dried frozen sections (7 in total) were post fixed with acetone for 10 minutes and
air dried for a further 10 minutes.
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2) All of the frozen sections were blocked for 15 minutes with 5% horse serum (same as
host of secondary antibody).
3) The primary antibody (HR2, human antibodies) was diluted with PBS pH 7.2. The
titres were applied to the appropriate sections and incubated for 60 minutes at room
temperature. The negative control remained covered by the 5% horse serum for this
incubation.
4) The sections were then washed with PBS-0.1% Tween solution five times for 1
minute each wash cycle.
5) A working solution of the secondary universal biotinylated antibody (possesses
biotinylated antibodies to mouse and other animals) was prepared by dispensing
lOOul of stock universal antibody and 50^1 of normal horse serum in 5ml of PBS.
6) The working secondary antibody solution was applied to all sections for 25 minutes at
room temperature.
7) The sections were then washed as described above.
8) The working solution of the Avidin-Biotin Complex (ABC) was prepared by adding
lOOul of solution A and B to 5ml of PBS. This was applied to all sections for
25minutes at room temperature.

9) The sections were then washed as described above.
10) The working solution of the DAB- H2O2 was prepared by adding two drops of DAB
and H2O2 concentrates to 5ml of PBS.
11) This was applied to all sections for 5 minutes.
12) The sections were then washed in running tap water for 5 minutes before being
immersed in Gill's Haematoxylin for two minutes.
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13) The sections were then blued in running tap water for 2 minutes, dehydrated in 100%
alcohol, cleared in xylene and mounted.
The results obtained were photographed using a Nikon Eclipse E600 light microscope
and Nikon FDX-35 camera. The magnification used is indicated on the figure. The above
technique is associated with figures through pages 159-189 and 193 (AChE inhibition).

METHOD TO DEMONSTRATE THE IMMUNOLOGICAL INHIBITION OF RED
CELL MEMBRANE AChE.
Reagents:

Mouse inhibitory monoclonal anti-AChE (AE2, Biogenesis)
Cell Stab (Diamed, Dalkeith, Midlothian, UK)
Method:
1) Titres of the AE2 mouse monoclonal antibody were prepared by diluting the Mmab in
PBS pH 7.2. The litres prepared were 1/100, 1/250, 1/500, 1/1000, 1/2500, 1/5000,
1/7500, 1/10,000, 1/25,000, 1/50,000 and 1/100,000.
2) A 1% (200ul /20ml PBS) suspension of Group O Rhesus positive concentrated red
blood cells was prepared from a Sodium Chloride-Adenine-Glucose Mannitol unit of
blood. The cells were washed twice in PBS with the final wash in Cell Stab (aids
antigen antibody reactions).
3) Cells were then re-suspended in 10ml Cell Stab solution and the red cell count
measured employing a Sysmex automated haematology analyzer.
4) 900ul of the washed RBC suspension (1%) were dispensed into 26 appropriately
labelled plastic tubes (all tubes were analyzed in duplicate).
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5) 200(4.1 of each AE2 litre was dispensed into the appropriate tube and all tubes mixed
before incubation at 37°C for 30 minutes (RBC suspension 0.8%) (Total volume of
l.lml)
6) A total RBC AChE activity tube was also prepared, only containing 200ul of PBS
7) All tubes were then washed three times in PBS, before the final addition of 1ml of
PBS buffer to produce a red cell suspension of approximately 0.8% cell suspension.
8) 7ul of Acetylthiocholine iodide (working solution as for Cobas Fara) were added to
the cell suspension in each tube. All tubes were incubated for 3 minutes at room
temperature.
9) The tubes were spun at 1000 rpm for 1 minute and 1ml of the supernatant added to
llnlofDTNB.
10)200^1 of the supernatant were transferred in triplicate to a microtitre plate and the
absorbance read at 405nm on an automated plate reader.
11) A reagent blank was also prepared for the AChE activity where the 1ml of red cell
suspension was replaced by 1ml of PBS.
The results are shown in figure 71, page 191.
EXPERIMENT TO DETERMINE WHETHER THE MONOCLONAL ANTIBODY
AE2 TO HUMAN AChE CAN INHIBIT AChE PRESENT IN THE GANGLION
CELLS FROZEN SECTIONS OF HUMAN LARGE INTESTINE.
Method:
A 220ug/ml concentration of AE2 was applied to a frozen section of human large
intestine (Sum thick) for 1 hour at 37°C, prior to undertaking the AChE histochemical
procedure previously described. Another section remained untreated (total AChE control)
and a third section was incubated as the Mmab with PBS as the adjunct. A 1/500 titre of
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the parent AE2 commercially available preparation was analyzed using the ABC
immunohistochemical method previously described.
EXPERIMENT TO SHOW THE INHIBITIVE ACTION OF THE MOUSE
MONOCLONAL ANTIBODY (AE2) ON HUMAN ERYTHROCYTE AChE IN
SOLUTION.
Reagents:
AChE Type XIII from Human Erythrocytes (Sigma).

Method:
1) lOmg of type XIII AChE from human red blood cells was dissolved in 5ml of 50mM
phosphate, 150mM NaCl, pH 7.4 buffer containing 0.1% Triton-XlOO and mixed for
1 hr end to end at room temperature.
2) The AChE solution was cenrrifuged in a conical tube and for 4 minutes at 3000 rpm.
3) The AChE activity of the supernatant was determined using the DTNB method on the
Cobas Fara. The solution was diluted with 50mM sodium phosphate, 150mM NaCl,
pH 7.4 buffer containing 0.1% Triton-XlOO to obtain an AChE solution of 50 U/L.
4) lOOul of this solution were pipetted into appropriately labelled polystyrene tubes.
5) A range of volumes of the AE2 stock solution (220|Ag/ml) was added to the lOOul
aliquots of the 50U/L AChE solution. Identical volumes of 50mM phosphate, 150mM
NaCl, pH 7.4 buffer containing 0.1% Triton-XlOO were added to the negative tubes,
6) A total tube containing lOOjul of the 50U/L AChE solution and a negative control
tube containing 100^1 of 50mM phosphate, 150mM NaCl, pH 7.4 buffer containing
0.1% Triton-XlOO were also prepared. After mixing, all tubes were incubated for 2
hrs at 37°C.
7) The AChE activity of an aliquot from each tube was then measured in duplicate,
using the method previously described on the Cobas Fara.
The results are shown in figures 83a and b pages 195-196.
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RESULTS AND
DISCUSSION
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Development of an ELISA method for the detection of antiAChE antibodies.
DEVELOPMENT OF A MAGNETIC PARTICLE ELISA FOR THE DETECTION
OF ANTI-AChE ANTIBODIES EMPLOYING HUMAN TYPE XIII RED BLOOD
CELL AChEAS THE ANTIGEN.
The primary aims of this project were to develop a specific, precise and sensitive assay
capable of detecting antibodies to AChE and to determine whether such antibodies have a
role in disease. The results and discussion that follow highlight some of the steps taken to
achieve those aims. The development of an automated AChE method was important for
this project as it was envisaged that many AChE estimations would be required.
The Roche Cobas Fara is a bench top centrifugal analyzer, which offered excellent
flexibility for method development. Temperature, volume (reagent and sample),
wavelength and incubation control are available to the operator. The instrument also has
preset algorithms for calculating enzyme activity, which can be utilized by the operator.

As previously described, Ellman's method for the rapid determination of BuChE / AChE
was adapted for the purposes of this project.
The reaction parameters are important for this assay. Temperature was set at 37° C and
the pH of the assay buffer employed was pH 8.0.
The method developed on the Cobas Fara was a two shot method.
The results tabulated below show that the method has excellent precision across all levels
of BuChE activity.
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Table 6: Results obtained for the Precision studies on the Cobas Fara AChE assay.

Within Batch
Between Batch

Low
JMean = 378U/L)
% Coefficient of
Variation
0.98
1.87

Medium
(Mean = 1383U/L)
% Coefficient of
Variation
J).88
1.33

High
(Mean = 2456U/L)
% Coefficient of
Variation
1.16
1.33

Initially the development of a magnetic particle based ELISA employing a solid phase
and secondary conjugated antibody in house, was investigated. This assay would employ
human type XIII AChE from red cell stroma (Gia GPI linked form) as the capture antigen,
which was covalently coupled to the surface of activated magnetic particles. The coupled
particles would then be used to develop a solid phase heterogeneous ELISA method for
the detection of primary antibodies to AChE. The secondary antibody would take the
form of a horseradish peroxidase (HRP) conjugated swine anti-rabbit immunoglobulin
and rabbit anti-human immunoglobulin.
Initially the particles were used to develop an animal system, employing Rabbit antihuman red blood cell membrane antibodies. Once this had been established, it was
proposed that the method could be developed further and used for the detection of human
antibodies to AChE.
Magnetic particles have been used because bound moieties can be separated from
unbound moieties by the simple process of magnetic separation and washing. This
separation procedure is much less labour intensive than centrifugation or filtering.
Magnetic particles not coated with the AChE antigen were used as blank controls in any
experiments carried out with this system.
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Using a modified version of Ellmaris technique, the results in table 7 show that AChE
was successfully coupled to the magnetic particles and its activity has a direct
relationship with the particle dilution all tubes were analyzed in duplicate and the
absorbances agreeing to within 5% of the mean.
Table 7: AChE activity of coated and uncoated particles.
Volume of AchE Duplicate 1
coated particles
(Abs 410nm)
lOul
0.069
20ul
0.150
0.356
50ul
Volume of Non Duplicate 1
coated particles
(Abs 410nm)
lOul
0.045
20ul
0.042
50ul
0.056

Duplicate 2
(Abs 410nm)
0.075
0.157
0.331
Duplicate 2
(Abs 41 On m)
0.038
0.040
0.044

Mean of Duplicates
(Abs 41 On m)
0.072
0.154
0.344
Mean of Duplicates
(Abs 410nm)
0.042
0.041
0.050

It was then important to establish whether the polyclonal control antibody, rabbit antiHuman RBC membrane, specifically reacts with the Human RBC membrane stroma
coated onto the magnetic particles, and if so, was it titre dependent. This would help
ascertain whether the polyclonal control antibody was an appropriate positive control for
the assay under development. Since the appropriate concentration of polyethylene glycol
6000 (PEG) for the precipitation of the immune complexes was unknown, different
concentrations of PEG had to be added to a mixture of Human RBC membrane bound
AChE - Rabbit anti-Human RBC membranes. A reduction in the AChE activity in the
supernatant of the reaction mixture post centrifugation was used as a marker of immune
complex formation and their subsequent precipitation. If the AChE activity fell below the
AChE activity determined for the control tubes with no rabbit anti-human RBC
membrane (just PEG), then it indicated that immune complexes had been formed and
precipitated by the PEG. The effect of Rabbit anti-Human RBC membrane titre on this
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reaction was also investigated by using two different titres of the primary antibody,
namely 1/10 and 1/50. All tubes were analyzed singularly.
Figure 2 reveals that the polyclonal control antibody reacts with the antigen, thus
providing evidence that the antibody would be an appropriate control for the magnetic
particle anti-AChE ELISA. The antibody also combines with the antigen in a litre
dependant manner. This was important as this could be a function of the clinical
significance of any human anti-AChE antibodies detected.
Figure 2:
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Figure 3 shows that efficient washing of the magnetic particles post incubation with the
primary antibody and pre addition of the secondary antibody is important for the methods
sensitivity. It is clear that inefficient removal of the primary antibody results in the
generation of a poor signal, due to the binding of the secondary antibody to free primary
antibody. This is then lost at the next washing step prior to signal detection. However, it
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must be highlighted that the washing steps are carried out manually and labour intensive,
particularly when analysing large numbers of tubes.

Figure 3:
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The magnetic particle ELISA method under development could distinguish between
different litres of rabbit anti-human RBC stroma as indicated in figure 4 below. Good
resolution of antibody titres would be advantageous in any ELISA developed, as it would
help classify or categorize positive and negative results. This histogram also reveals that
at !20uJ of the 1/100 titre of the rabbit primary antibody there appears to be evidence of a
hook effect. This effect is well documented as interference in immunoassays, but usually
homogeneous assays where free and bound antibody are not separated. These results
suggested that the washing procedures were not working efficiently to remove unbound
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primary antibody, particularly at high concentrations. This was a problem that would
have to be addressed before a final working assay could be developed. It was postulated
that the primary antibody was trapped amongst the particles, making it difficult to remove
all the unbound material. Increasing the number of washes would make the method more
labour intensive and less convenient. Reducing the concentration of magnetic particles
could help with this problem, but the effects on the sensitivity of the assay would also
have to be investigated.
Figure 4:
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It was clear from figure 5 (below) that the concentration of magnetic particles affects the
methods sensitivity significantly, primarily because a more concentrated solution
provided many more antigenic sites for the primary and ultimately secondary antibodies
to bind to. The 1/10 dilution of magnetic particles has given results consistent with values

associated with the hook effect, across all titres of the primary antibody. The 1/2 dilution
of magnetic particles, has also shown a hook effect above a titre of 1/100. Increasing the
particle concentration further (eg. undiluted) may help resolve this problem, but
reviewing the absorbances for thel/2 dilution of uncoated particles the non specific
binding is higher than for the 1/10 dilution, particularly in the presence of increased
primary antibody. This was possibly because the primary antibody was a polyclonal
solution, which contains antibodies to many human RBC surface antigens, and these were
also contributing to the non-specific binding (NSB), due to the increased surface area
available for such interactions. It was encouraging to note that the ELISA could resolve a
titre of 1/10,000 of the rabbit anti-human RBC membrane preparation, as there was a
significant difference in the absorbances between the coated and uncoated particles at this
titre.
Figure 5'
'

Effect of magnetic particle dilution on
sensitivity of ELISA method for the detection
of Rabbit anti-human RBC membrane
antibodies.
1.25-

0.00

1

1/10 dilution AChE coated
1/10 dilution uncoated
1/2 dilution A ChE coated
1/2 dilution uncoated

10

r
100

1000

10000

Rabbit anti-human RBC membrane titre (Log 10)
99

It was postulated that the problems of the hook effect and the non-specific binding may
be minimized by using a commercially available secondary antibody, which would be of
a more pure nature and perhaps better avidity. The increased avidity would allow the
secondary antibody to remain bound to the solid phase bound primary antibody, even in
the presence of high concentrations of free primary antibody.
Figure 6 shows that employing a commercially available secondary antibody did not have
any improvement on the hook effect. The NSB has also remained the same for the 1/2 and
1/10 dilutions of the coated particles for the 1/100 titre of the rabbit anti-human RBC
membranes (only titre tested with each dilution of uncoated particles in this experiment).
The results also confirm that the higher the particle concentration, the greater the signal,
but all dilutions gave absorbances that were higher in the presence of the coated particles
when compared to the absorbances of the uncoated particles.
Effect of increasing particle dilution, 1°antibody
titre and commercial secondary antibody on hook
effect on magnetic particle ELISA tecnique

Figure 6:
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It was decided that analyzing human serum samples for the presence of anti-AChE
antibodies using the ELISA method developed to date, should be the next step. Detection
of positive samples would provide material to develop the assay further, and customize it
for use with human samples. Time could otherwise be spent on improving the hook effect
problem, when it may not be an issue for human samples. A commercially available HRP
conjugated Rabbit anti-human immunoglobulin secondary antibody and a 1/5 dilution of
coated magnetic particles were employed.
Previous researchers had identified a high incidence of antibodies to AChE in individuals
with thyroid autoimmune disease (21%) 119. This patient group was investigated using the
magnetic particle ELISA method developed. Figure 7 highlights that when employing
human serum at neat and 1/100 titres the absolute absorbances were high, suggestive of
specific positive reactions. A 2 standard deviation cut off limit was employed to help
determine serum that was positive or negative for anti-AChE antibodies. This limit was
used because it had been employed by a previous group 119. However, when applying a 2
standard deviation cut off limit from the mean absorbance of all samples analysed at that
titre, only sample 6 at a 1/100 litre has given a "positive" result.
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Figure 7:
Detection of antibodies to AChE in individuals with
Thyroid A utoantibodles employing a magnetic
particle ELISA technique
(Magnetic particle dilution 1/5)
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These samples were reanalyzed in the presence of uncoated particles, to reveal that there
was no significant difference in absorbances from the coated particles (data not shown).
Repeating the experiment in the presence of blocking agents such as sheep serum in an
attempt to reduce any NSB allowing any specific reaction to become evident also showed
no improvement (data not shown). Therefore it was concluded that the reactions plotted
above were of a non-specific nature.
DEVELOPMENT OF A MICROTITRE PLATE ELISA FOR THE DETECTION OF
ANTI-AChE ANTIBODIES EMPLOYING HUMAN TYPE XIII RED BLOOD CELL
AChE AS THE ANTIGEN.
Difficulties were already being encountered with the magnetic particle ELISA method.

The detection of anti-AChE antibodies in human sera using this method had not
generated any positive data. This may not be due to the inadequacies of the method but
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the lack of known positive samples with which to assess the method. However, it is also
clear that there are problems with the effects of non-specific binding, when using human
sera, even when blocking agents have been employed to reduce this effect.
The NSB is probably due to the high protein content of human sera and the lack of
washing steps employed for the magnetic particle assay.
It was becoming apparent that the magnetic particle ELISA had inherent difficulties. As a

result the further development of the magnetic particle assay was stopped for the
following reasons:
a) An increase in the number of washing steps was required to ensure removal of the
primary antibody, which would help minimize the effects of the hook effect, and
NSB. However, this would render the method more laborious as the washing steps do
not lend themselves to automation.
b) Differences in the magnetic particle concentration for both the AChE coated and noncoated particles could render the direct comparison of observed absorbances and
estimation of non specific binding unreliable. The particle concentration would also
have to be reassessed with every new batch generated, to ensure the precision of the
method. This was compounded as only small batches of coated magnetic particles
could be produced at a time, due to the available equipment.
c) The lack of automation was making it difficult for the screening of large numbers of
patient samples.
d) The use of repeated manual procedures could also result in the generation of
experimental error and imprecision.
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e) All samples should be analyzed in duplicate or triplicate to generate better quality
data.
As a result of these problems, the development of a microtitre plate ELISA system for the
detection of AChE antibodies was proposed. The development of such an assay could
remove or at least minimize the variable factors being observed with the magnetic
particle ELISA.
The method involved the passive coating of a polystyrene microtitre plate with the
hydrophobic human type XIII RBC AChE as the antigen using a 0.1M carbonatebicarbonate pH 9.6 buffer. Human anti-AChE should react with this antigen on
incubation. Rabbit anti-human RBC membrane antibodies could still be employed as a
positive control. The secondary antibodies and signal reagents employed were as for the
magnetic particle ELISA. The use of appropriate blocking steps and detergents should
reduce the non-specific binding associated with ELISA methods. The washing steps
could be increased due to the acquisition of a microtitre plate washer.
In the initial experiment, 45 patient samples were chosen for analysis, on the basis that
they possessed autoantibodies to one or both of the common thyroid antigens,
thyroglobulin and microsomal peroxidase. These samples were analyzed for the presence
of antibodies to AChE employing a microtitre plate ELISA.
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Figure 8:

Analysis of patients with Thyroid autoantibodies for the
presence of anti-AChE antibodies employing a rricrotitre
plate EUSAtechnique(antigen AChE TypeXIII [25ng/m!])
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The results plotted above are the mean results of duplicates that were all within 20% of
the mean absorbance. Figure 8 indicates that 8 samples have absorbances greater than the
2 standard deviation positive cut off level. This equates to 18% of the samples analyzed.
This was interesting as it was close to the 21% figure quoted by other researchers 119. The
major differences between the techniques were that this experiment employed a neat titre
of patient sera (instead of 1/100), a 25ug/ml AChE coating (lOug/ml) and a HRP
conjugated (Alkaline Phosphatase) secondary antibody.
Some of these samples were further analyzed under different experimental conditions,
such as antigen concentration, sample titre and primary / secondary antibody incubation
temperature (from room temperature to 37°C), to help determine whether the reaction
was specific or not and if so whether they could be optimized.
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Figures 9a.

Comparison of 5 serum sample litres in
presence of S^g/ml AChE coating employing a
microtitre plate EUSA Method for the detection
of human anti-AChE antibodies
(1°and 2° antibody incubations at 37°C)
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Comparison of 5 serum sample litres in
presence of 10)ig/ml AChE coating employing a
microtitre plate ELISA Method for the detection
of human anti-AChE antibodies
(1°and 2° antibody incubations at 37°C)

Figures 9b.
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Figures 9a and 9b plot the means of duplicate wells which were always within 28% and
14% of the absorbance mean for the 5|ug/ml and lO^g/ml plates respectively. They show
that sample CT has generated results that indicate a specific reaction. There is evidence
of a hook effect above a titre of 1/5 in the presence of a 5|ng/ml antigen coat, which is
increased to a neat titre in the presence of a 10ng/ml antigen coat. This suggests that the
reaction is specific and providing more bound antigen binds more primary antibody,
reducing the hook effect. This also implies that the washing steps require increasing to
reduce the hook phenomenon. The absorbances for sample CT at a 1/5 titre are similar at
0.733 and 0.746 in the presence of the 5 and 10jj,g/ml antigen coats respectively. This
indicates that maximal antibody binding has occurred at this titre before the hook effect
occurs in the presence of a low antigen coating or increased absorbance for the higher
antigen coating. The slightly higher absorbance for the neat titre of sera CT in the
presence of the higher antigen concentration helps support the above explanation.
The initial experiment (see figure 8) employed neat titres and a 25(o.g/ml antigen coat and
the results generated for the possible "positive" samples were low. It is clear that
increasing the antigen coat does not always improve the method's sensitivity if the
sample dilution is not appropriate.
Figures 9a and 9b also show that samples AP and GP are not positive for anti-AChE
antibodies and these and previous absorbances were due to NSB, as no dose response
signal is evident. On reviewing the raw data (not shown) of the initial experiment
(25ug/ml AChE) and this experiment, the NSB of the negative samples analyzed is
reduced from a mean of 0.141 to 0.112 and 0.086 in the presence of a 10 and
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antigen coatings respectively. This indicates that the antigen itself may attract NSB
factors.
Samples IG (33) and EY (5) have generated results, which may be "positive" and
therefore underwent, further investigations to help optimize the EL1SA method under
development.
An experiment to investigate the functionality of the ELISA method with an AChE
antigen coat of 25jj,g/ml and antibody incubations at 37°C was carried out with two of the
samples that had previously been characterized as having the potential to possess antiAChE antibodies. AP was used as a "negative" control for this experiment. The results
are shown graphically in figures lOa, lOb and lOc below. All samples / titres were
analyzed in duplicate and the means plotted. All absorbances obtained were within 20%
of the mean absorbance calculated.
Reviewing Figure lOa it appears that the sample IG has generated results that provide
supportive evidence that sample IG may possess antibodies to AChE. Sample IG (33) has
an increased absorbance in the presence of 25jug/ml antigen coating compared with the
flatter responses of the 5p,g/ml and the lOjag/ml coating concentrations. It could therefore
be concluded that the increased presence of AChE has allowed more of the anti-AChE to
bind and therefore be detected by the secondary antibody. The presence of a high titre
anti-AChE in this serum could be responsible for the hook effect at 25ug/ml and the
flatter responses seen at 5 and lO^g/ml. In the presence of 25fj,g/ml of coating antigen
this effect may become more dramatic, particularly if the resolution between the antibody
titres was minimal. Samples EY (5) (figure lOb) and AP (27) (figure lOc) have generated
absorbances that have exceeded the 2 standard deviation positive cut off limit,
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particularly at the more concentrated sample titres. However they do not show any
significant dose response data. Therefore the significance of these results is unclear but it
is difficult to conclude with confidence that these samples possess antibodies to AChE.
It can be concluded that the microtitre plate EL1SA method has generated data to suggest
that some serum samples possess anti-AChE antibodies. These can be detected with an
AChE antigen coat of 10^ig/ml and a sample dilution of 1/5 to 1/10. It can also be
concluded that the mean NSB of "negative" samples is of an acceptable magnitude,
which will help distinguish between possible positive and negative samples.

Figures lOa.
Comparison of IG (33) serum sample titres in
presence of 5, 10 and 25p.g/ml AChE coating
employed in an ELISAMethod
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Figure 10b.

Graph of EY (5) serum sample titres in
presence of 5,10 and 25^g/ml AChE coating
employed in an ELISA Method
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Figure lOc.

Graph of AP (27) serum sample titres in presence of
5,10 and 26^g/ml AChE coating employed in an
ELISA Method
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Data generated thus far has suggested that the high absorbances obtained for some human
samples may be due to non-specific binding and not due to a specific immunological
reaction.
An experiment was designed to determine whether there is a specific reaction or nonspecific reaction occurring with human samples previously thought to be positive for
anti-AChE antibodies. It also assessed whether the 3% BSA solution was an effective
blocking agent, and an aid to reducing the non-specific binding. To investigate this,
samples previously characterized as being positive and negative for AChE antibodies
were analyzed in the presence and absence of an AChE coating and a 3% BSA blocking
solution. This experiment would also investigate whether the "positive" reactions were
due to human antibodies to the blocking agent bovine serum albumin. Due to the lack of
sample volume samples CT and IG had to be pooled to provide a positive sample for
investigation (samples 1 and 2). Samples previously classified as negative were also
pooled to act as a control (3 and 4). Samples 5-12 were samples chosen at random for
investigation (not necessarily thyroid autoantibody positive).

ill

Figure 11:

Effect of AChE andBSA on specific / non-specific
binding reaction on a microtitre plate EUSA
technique to detect anti-AChE antibodies
(antigen type XIII AChE)
AChE[10fjg/ml] + 3%BSA
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Sample 2 = Pooled
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Sample 4 = Pooled

"Positive" sample (Neat)
"Positive" sample (1/5)
"Negative" sample (Neat)
"Negative" sample (1/5)

The results shown in figure 11 are the plotted means of duplicate wells whose
absorbances were always within 10% of the mean. Figure 11 shows that the pooled
sample previously deemed to show evidence of a positive specific reaction appeared to be
reacting in a non-specific manner. This was concluded because there was no significant
difference in the absorbances obtained for each sample in the presence or absence of the
antigen.
It also showed that the NSB was not significantly reduced by the 3% BSA solution.
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It was unclear as to the nature of the factor responsible for the NSB, but it could have
been an inherent factor in certain samples, whose non-specificity could have been
enhanced by one of the reagents (eg secondary antibody).
The first point of investigation was to establish whether the type X1I1 AChE antigen
being employed was actually binding to the surface of the microtitre plate wells. An
experiment was carried out using the three main antigen concentrations used to date (5,
10 and 25jag/ml), to determine whether AChE activity could be detected after completion
of the coating procedure. The results (data not shown) revealed that the presence of
AChE was not detectable on the surface of the wells for all the concentrations
investigated. This provided further evidence that the results obtained with the human
samples were non-specific in nature.
The antigen source employed to date for this thesis and other researchers119 was an
impure material consisting of AChE type XIII with its Glycophospholipid Inositol (GPI)
hydrophobic chain (all of protein content), phosphate salts and possibly other moieties
(particularly lipid) associated with the red cell bi-lipid membrane. Therefore there were
several possible factors associated with the antigen that could interfere with the integrity
of the assay under development.
1) When weighing out the antigen, the heterogeneic nature of the compound could result
in the same mass containing a different mass of the AChE protein. This could lead to
assay imprecision once the assay is developed.
2) The use of a detergent to render the hydrophobic antigen soluble could interfere with
the passive adsorption of the antigen to the well surface.
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3) Non AChE moieties could also become attached to the surface of the well and
promote both specific and non specific binding reactions.
It is well established that different salt and detergent concentrations can affect the
solubility of type Xlll AChE 35. Therefore the solubility and binding characteristics of the
antigen required further investigation. Using rabbit polyclonal antibodies to human RBC
membranes (1/100 titre) it would be possible to test for the presence of AChE on the
surface of a microtitre plate. This was carried out after solubilizing the antigen in
different salt and detergent solvents.
It had also recently been reported that the Cartwright blood group system was associated
with red cell AChE and that anti-Yta and anti-Ytb were allogenic anti-AChE antibodies.
An anti-Yta antibody was also used as a positive control for this assay. Since 99.7% of
the population possess this antigen, it should be present in the antigen preparation being
utilized in this project.
To ensure a uniform protein (therefore AChE) content in each coating solution the AChE
activity and protein content was measured. Each coating solution was then diluted in the
new 0.01M sodium phosphate coating buffer, to obtain a protein content of lOug/ml.
Table 8: Comparison of protein content and AChE activity in different AChE
solvents (5mg/10ml).
Sodium Chloride Solution
AChE Activity TJ/L
Protein
O.lMNaCl
1.7
SO^ig/ml
0.145MNaCl
2.8
30]itg/ml
0.25M Nad
2.4
30|ug/ml
O.SMNaCl
1.3
30ng/ml
0. 1M NaCl 0.5% Nonidet 40
71.1
40f4,g/ml
0.145M NaCl 0.5%Nonidet 40 45jLig/ml
82
0.25M NaCl 0.5% Nonidet 40 60jag/ml
90
92.5
0.5M NaCl 0.5% Nonidet 40
70|j.g/ml
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These protein concentrations were used to calculate the dilutions required to prepare
lOug/ml AChE coating solutions (assuming all protein in RBC stroma preparation is
AChE).
The results in table 8 clearly show that the presence of a detergent greatly improves the
solubility of AChE. The detergent improves micellular formation allowing the AChE to
take an enzvmatically active form. Whether the production of micelles also exposes the

AChE protein for reaction with 3% sulphosalicylic acid solution is unclear, but it is
evident that the available protein content has increased.
Reviewing the above data it would be assumed that solvents 5-8 would generate higher
absorbances than the solutions lacking nonidet 40.
Figure 12 plots the mean of triplicate analyses for each solvent and sample type, where
all absorbances were within 15.5% of the mean.
Figure 12 (below) indicates that the presence of a detergent and lower sodium chloride
concentrations are more effective at AChE coating than high sodium chloride
concentrations and no detergent alone. This is evident from the calculated specific
reaction of the rabbit polyclonal anti-human RBC membrane antibodies.
Therefore future experiments should employ a 0.1 or 0.145M sodium chloride 0.5%

nonidet 40 solution to dissolve the type XIII AChE antigen, prior to coating.
The anti-Yta antibody has not given significantly different reactions in the presence or
absence of the antigen. This is probably due to the poor sensitivity of the method. To
improve and develop this method the coating concentration of the AChE needs to be
increased.
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Figure 12:

Effect of different AChE solvents on detection of
Rabbit anti-human RBC membrane and human
anti-AChE antibodies employing a microtitre plate
ELISA technique
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The assumption that samples that give high absorbances in the ELISA method under
development are positive for AChE antibodies had been misleading. It was now clear that
the development of the assay required tighter controls to ensure that any high
absorbances are due to a specific immunological reaction. The important factors and
criteria that must be addressed whilst developing an anti-AChE antibody assay have thus
been identified as:
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1) Reduction in the non-specific binding of samples, minimizing the risk of false
positives.
2) Use of polyclonal / monoclonal antibodies to human AChE as controls, particularly
while developing the assay.
3) Use of a human anti-AChE antibody to also act as a positive control for the assay
(anti-Yta antibodies), particularly important for the final working assay.
4) Standardization of the AChE antigenic coat on the wells, to ensure good precision
between assays.
5) Confirmation of specificity of any reactions by comparing the absorbances obtained
for a sample in the presence and absence of an antigen coating.
6) Analysis of all samples in triplicate.

DEVELOPMENT OF A MICROTITRE PLATE ELISA FOR THE DETECTION OF
ANTI-AChE ANTIBODIES EMPLOYING HUMAN RECOMBINANT AChE AS
THE ANTIGEN.
To comply with the above criteria, it was evident that using a more pure antigen would
benefit the project by removing some of the variables associated with the current
antigenic source. A recombinant form of human AChE of the hydrophilic globular form
became commercially available, but it had not been used as an ELISA antigen. Therefore
there was very little information on how it would perform in such an assay. The
recombinant antigen was produced using the eukaryotic vector Human Embryonal
Kidney (HEK293) cells and obtained from Sigma Chemicals. The recombinant human
AChE is generated after translation of transfected exons 2,3,4 and 6 of the human AChE
gene. Thus the material produced and secreted is a hydrophilic and secretory form of

117

human neuronal AChE. The AChE produced then under-goes affinity chromatography
resulting in the purification of the enzyme as confirmed by a single band on
electrophoretic analysis.
It became clear that such an antigen would have the required purity to develop a specific
assay, a consistent protein content, making it easily controllable to aid precision and the
required concentration, which would aid the sensitivity of a potential assay. In addition it
was of a hydrophilic form which lends itself better to the passive adsorption onto the well
surface of a microtitre plate.
Firstly, it was important to ensure that the recombinant human AChE could bind to the
well surface of a microtitre plate. On preparing a solution of the hydrophilic AChE it was
immediately clear that enzyme activity was much greater than that of the type XIII form.
The results in figure 13 (below) plot the mean absorbance of 24 wells for both plate 1
(with detergent) and plate 2 (without detergent). In the case of plate 1 all absorbances
were within 19%, 21%, 16% and 12% of the mean for wash cycles 1,2,3 and 4
respectively, hi the case of plate 2 all absorbances were within 27%, 25%, 22% and 16%
of the mean for wash cycles 1,2,3 and 4 respectively. Figure 13 shows that the
hydrophilic recombinant human AChE has bound and remains bound to the surface of the
wells, but the absorbances fall significantly after the first two washes. This could be due
to the removal of free and / or loosely bound AChE as a result of the washing process.
The decline in AChE coating plateaus after two wash cycles (8 washes in total).
It is therefore postulated that two washing steps each of at least four cycles should be
used prior to the addition of the primary antibody.
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The two steps can be incorporated, one immediately after the coating incubation and the
second after the blocking step. This should help ensure that when the primary antibody is
added to the reaction, there will be a reduced presence of the loosely bound or free
AChE.
It is also clear that plate 2, whose wash did not contain a detergent, does not appear to
have the same degree of AChE binding as plate 1. It is unlikely that this would be due to
the coating solution because the same one was used for both plates. It may be possible
that the detergent of plate 1 wash solution may help the AChE take a confirmation
advantageous for enzymatic activity. This may also help present the AChE in a form that
would also aid immunological reactions. Therefore a detergent will be used as an
ingredient of the wash in future experiments. Having shown that it binds and remains
bound to the plate surface, the recombinant human AChE antigen would be used for the
further development of an ELISA method for the detection of AChE antibodies.
Adherance of Human recombinant AChE to
the surface of a microtitre plate and its avidity
post washing.

Figure 13:
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It was now important to determine whether the ELISA under development could detect
the presence of antibodies to human AChE. To help ensure that the method was specific
mouse monoclonal antibodies (Mmab) to human AChE were employed. The mouse
monoclonal antibody (Mmab) AR1 employed was an IgGi subclass raised against human
erythrocyte AChE. It was decided to use a monoclonal as opposed to a polyclonal
antibody for the development of this method, because it would give a better indication of
the method's sensitivity. This is because polyclonal antibodies can often amplify a given
reaction as many epitopes and potential signal molecules are involved. Other teams have
previously used polyclonal antibodies only. The use of the Mmab could also minimize
the effects of non-specific binding observed in previous experiments. It was also decided
that commercially available buffers and reagents would be employed to minimize any
variables and aid assay precision and reproducibility, particularly while developing the
assay using the new recombinant human AChE.
The procedures followed for the antigen coating and antibody detection were taken from
the protocols published by Sigma 154 . Since it was envisaged that the assay would
eventually be used to screen large numbers of patient samples, the procedure was
modified to decrease the analytical time. The procedure employed for the detection of
anti-AChE antibodies did not include a blocking step and a coating procedure that only
takes 30 minutes was employed.
Tween 20 was employed as the detergent as Nonidet 40 had been discontinued.
A 2ug/ml AChE coating solution was employed to assess the functionality of a lower
antigen concentration, chiefly because of the expense of the product. As per the criteria
established previously, the Mmab was analyzed in triplicate and in the presence and
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absence of an AChE coating to help ascertain the assays precision and extent of any nonspecific binding, which may be occurring with the method.
Figure 14:

Evaluation of sensitivity and specificity of microtitre
plate EUSA for the detection of anti-AChE antibodies
employing a recombinant AChE antigen (2.0ug/ml)
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Figure 15:

Graph highlighting the "Hook" effect of
specific reaction at high Mmab titres on the
microtitre plate EUSA for the detection of
mouse monoclonal anti-AChE antibodies
(2.0ug/ml)
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Figure 14 (above) plots the mean of triplicate absorbances where all absorbances were
within 8% of the mean. Figure 14 shows that the method under development can detect
mouse anti-human AChE antibodies. The absolute absorbances obtained for each Mmab
titre are of a good magnitude, with clear differentiation between AChE coated and
uncoated wells. This is evident to a Mmab titre of 1/204800, which is equivalent to
17.2ng/ml of mouse monoclonal protein. Therefore the method appears to be sensitive.
However, there are several problems with the specificity of the method identifiable from
the data.
Firstly, there appears to be a small presence of a hook effect above a 1/200 titre.
Reviewing the raw data for the Mmab titres from 1/100 to 1/1600 all the absorbances are
very similar. This indicates that the assay has reached saturation and that only minor
differences in the reaction contents of each well may produce a slight difference in the
final absorbance. When all the absorbances are similar, a small difference may appear
significant. However, when subtracting the non-specific reaction from the specific
reaction the hook effect becomes much more apparent at the 1/100, 1/200 and 1/800 titres
as shown in figure 15.
Secondly, there are two non-specific binding issues to be considered.
a) There appears to be a non specific binding interaction or signal, between the AChE
antigen coating and one or more of the reagents present (see figure 14 above). The
absorbance of 0.994 was observed for the reagent blank well (no Mmab) in the
presence of the AChE coat and 0.129 in the absence of the AChE coating. This could
be due to the enzymatic activity of the AChE coat on the signal reagent directly. It
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may also be due to the non-specific binding of the secondary antibody to the AChE
coating antigen.
b) The effect of non-specific binding has the greatest effect at both ends of the Mmab
concentration spectrum. It is high at the more concentrated litres because there are
two NSB factors at work, probably from the primary and secondary antibodies. At the
more dilute titres the effects of the NSB of the secondary antibody will become more
significant as the specific reaction is weaker. When subtracting the non-specific
reaction from the specific reaction the hook effect becomes much more apparent at
the 1/100, 1/200 and 1/800 titres as shown in figure 16 (below). This indicates that a
blocking step may be required to minimize this effect. These issues would have to be
addressed before a reliable, specific and sensitive method could be established.
Figure 16:
Percentage "specific" binding of Mmab reaction on a
microtitre plate ELISA for the detection ofanti-AChE
antibodies employing a recombinantAChE antigen
(2ug/ml).
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An experiment was designed to determine the causes of the non-specific binding / nonspecific reactions observed in the previous experiment and assess whether employing a
blocking step with 5% BSA could reduce these interfering effects.
Wells were set up containing different permutations of reagents and the absorbances
reviewed after completing the assay. From the data it was possible to calculate the
percentage specific binding for each absolute absorbance for the different reagent
configurations. It was also possible to calculate whether 5% BSA had an effect on
reducing the non-specific reactions. Tables 9a, b, c and d highlight the absorbances
obtained when assessing the effects of each of the assay ingredients on the non-specific
binding observed in previous experiments.
Table 9a: Plate 1 Row A:
Well Number
1-3
To determine
specific reaction of
l°Aby
4-6
To determine NSB
effects in absence of
Mmab
7-9 (Total well)

10-12
(Colour reagent
Blank well)
To determine AChE
action on colour rgt

Well Reagent Constituents
No 5% BSA on this Plate
2ug/ml AChE
1/3200 titre of AR1
1/1000 Secondary Antibody
OPD Fast Reagent
3M H2SO4
2ug/ml AChE
No AR1 Mmab
1/1000 Secondary Antibody
OPD Fast Reagent
3M H2 SO4
2ug/ml AChE
No AR1 Mmab
1/1000 Secondary Antibody
with
OPD Fast Reagent
3M H2 SO4
2ug/ml AChE
No AR1 Mmab
OPD Fast Reagent
3M H2 SO4

Mean
Absorbance
1.652

0.659

>3.00

0.084

Plate 2 was run to establish whether 5% BSA could minimize NSB by being employed as
a blocking agent.
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Table 9b: Plate 2 Row A;
Well Number
1-3
To determine
specific reaction of
l°Aby
4-6
To determine NSB
effects in absence of
Mmab
7-9 (Total well)

10-12
(Colour reagent
Blank well)
To determine AChE
action on colour rgt

Well Reagent Constituents
5% BSA used on this Plate
2ug/ml AChE
1/3200 titre of AR1
1/1000 Secondary Antibody
OPD Fast Reagent
3M H2SO4
2ug/ml AChE
No AR1 Mmab
1/1000 Secondary Antibody
OPD Fast Reagent
3M H2SO4
2ug/ml AChE
No AR1 Mmab
1/1000 Secondary Antibody
with
OPD Fast Reagent
3M H2SO4
2ug/ml AChE
No AR1 Mmab
OPD Fast Reagent
3M H2SO4

Mean
Absorbance
1.384

0.566

>3.00

0.086

Plate 3 was run to determine whether any of the effects of NSB are altered by the absence of an
AChE antigen coat in the presence (wells 1-6) and absence (wells 7-12) Row A of 5% BSA.
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Table 9c: Plate 3 Row A:
Well Number
1-3
To determine NSB
of 1° Aby in absence
of5%BSA
4-5
To determine NSB
effects in absence of
Mmab and 5%BSA
6 (Total well)

7-9
To determine NSB
of 1° Aby in
presence of 5%BSA
10-11
To determine NSB
of 2° Aby in
presence of 5%BSA
12
(Total well)

Well Reagent Constituents
No AChE Coating
No 5%BSA
1/3200 titre of AR1
1/1000 Secondary Antibody
OPD Fast Reagent
3M H2SO4
No 5%BSA
No AR1 Mmab
1/1000 Secondary Antibody
OPD Fast Reagent
3M H2 SO4
No 5%BSA
No AR1 Mmab
1/1000 Secondary Antibody
with
OPD Fast Reagent
3M H2 SO4
5% BSA Blocking
1/3200 titre of AR1
1/1000 Secondary Antibody
OPD Fast Reagent
3M H2SO4
5% BSA Blocking
No AR1 Mmab
1/1000 Secondary Antibody
OPD Fast Reagent
3M H2 SO4
5% BSA Blocking
1/1000 Secondary Antibody
with
OPD Fast Reagent
3M H2 SO4

Mean
Absorbance
0.416

0.186

>3.00

0.302

0.184

>3.00

Table 9d: Plate 3 Row B:
Well Number
1-3
To determine the
inherent colour of the
OPD in absence of
5%BSA
10
To determine the
inherent colour of the
OPD in presence of
5%BSA

Well Reagent Constituents
No AChE Coating
No 5%BSA
OPD Fast Reagent
3M H2 SO4
5% BSA Blocking
OPD Fast Reagent
3M H2 SO4
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Mean
Absorbance
0.115

0.107

The data tabulated above was used to help determine the effects of each of the reagents
on the NSB and the blocking effect of the 5% BSA.
To determine the change in absorbance due solely to the specific reaction between the
Mmab (AR1) and the AChE antigen coating, it is important to ensure that the change in
absorbance in the absence of the Mmab / %BSA is taken into account.
In order to establish whether 5%BSA has an effect on improving the specificity of the

total reaction the specific reaction of Mmab in presence and absence of 5% BSA were
compared.
Therefore in the absence of 5%BSA (Plate 1) the Mmab specific reaction can be
calculated as:
X1-X2=

1.652-0.659=

As a percentage of the absolute absorbance 0.993 xlOO =

0.993
60%

1.652

Therefore in the presence of 5%BSA (Plate 2) the Mmab specific reaction can be
calculated as:

Y1-Y2=

1.384-0.566=

As a percentage of the absolute absorbance 0.818 xlOO =
1.384
AChE as a cause for the NSB:

0.818
59%

To determine whether the enzymatic action of the AChE coating is responsible for the
high absorbances, due to the catabolism of the OPD colour reagent, the mean
absorbances were examined and compared, for the wells possessing only colour reagent
and the AChE coating (Plate 1 wells 10-12, Row A), and non AChE coated (plate 3 wells
1-3 row B).
Mean absorbance obtained for plate 1 = 0.084
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Mean absorbance obtained for plate 3 = 0.115
To determine if the 5%BSA has an effect on this activity compare the mean absorbances
for the wells possessing only colour reagent and the AChE coating which had not been
blocked with 5%BSA (Plate 1 wells 10-12, Row A), and the wells possessing only colour
reagent and the AChE coating which had been blocked with 5%BSA (Plate 2 wells 1012, Row A).
Mean absorbance obtained for plate 1 (no BSA Blocking) = 0.084
Mean absorbance obtained for plate 2 (with BSA Blocking) = 0.086
There was no significant decrease detected in the presence of 5%BSA.

Secondary Antibody as a cause for the NSB:
To determine whether the secondary HRP conjugated antibody is responsible for the
NSB, the absorbances obtained for the wells possessing AChE and no AR1 (plate 1 wells
4-6 row A) and the wells not coated with AChE and having no AR1
(plate 3 wells 4-5 row A) were compared.
Mean absorbance obtained for plate 1 (AChE no AR1) = 0.659
Mean absorbance obtained for plate 3 (No AChE no AR1) = 0.186
To determine whether the 5%BSA has an effect on the secondary HRP conjugated
antibody NSB, the mean absorbances for the wells possessing AChE and having no AR1
(plate 1 wells 4-6 row A) and the wells possessing AChE and having no AR1 but blocked
with 5% BSA (plate 2 wells 4-6 row A) were compared.
Mean absorbance obtained for plate 1 (AChE no AR1)

= 0.659

Mean absorbance obtained for plate 2 (AChE, 5%BSA, no AR1)

=0.566

128

There is a decrease of 14% in the NSB of the secondary antibody in the presence of
5%BSA
Primary Antibody as a cause for the NSB:
To determine whether the primary antibody has any effect on the NSB, the absorbances
were reviewed for the wells possessing no AChE and ARl (plate 3 wells 1-3, row A) and
wells possessing no AChE coating with ARl (plate 3 wells 4-5 row A).
Mean absorbance obtained for plate 3 wells 1-3 (No AChE, with ARl)

= 0.416

Mean absorbance obtained for plate 3 wells 4-5 (No AChE, no ARl)

= 0.186

To determine whether the 5%BSA has an effect on the primary antibody NSB, the mean
absorbances obtained for the wells possessing ARl and no AChE (plate 3 wells 1-3, row
A) and the wells possessing ARl, 5%BSA and no AChE (plate 3 wells 7-9 row A) were
compared.
Mean absorbance obtained for plate 3 wells 1-3 (No AChE, with ARl)
= 0.416
Mean absorbance obtained for plate 3 wells 7-9 (No AChE, with ARland 5%BSA)
= 0.302
There is a decrease of 27% of the primary antibody NSB in the presence of 5%BSA.
In summary, the data and calculations listed above have shown that:
1) AChE does not exhibit any catalytic action on the OPD signal reagent. Therefore this
is not the cause of the AChE related non-specific reaction.
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2) The secondary antibody demonstrates evidence of non-specific binding to the AChE
antigen, showing an absorbance 3.5 times higher in the presence of the antigen than in
the absence of the antigen. This is reduced by 14% by the presence of 5% BSA.
3) At a 1/3200 titre of Mmab (AR1), the non-specific binding in the absence of an
antigen coat is 2.2 times higher in the presence of the primary antibody than in the
absence of the primary antibody. This is reduced by 27% by the presence of 5% BSA.
4) The use of 5% BSA does not improve the specificity of the reaction at a 1/3200 titre
of Mmab (AR1). This is true when detecting purified mouse monoclonal antibodies,
but a blocking step may become more important when employing the method for
heterogeneic human samples.
The microtitre plate ELISA method developed thus far showed good sensitivity, although
specificity was still an issue. It was postulated that using a purified mouse monoclonal
antibody produced an artificial environment lacking in any extraneous proteins. The lack
of such proteins may be detrimental to the assay because they could play a role in
reducing the NSB currently being observed. It was thought that investigating the action,
whether advantageous or disadvantageous, of extraneous proteins was required,
especially as the assay would eventually be used for detecting anti-AChE antibodies in
protein rich human serum.
To this end an experiment was designed where the method employed to date would be
used to determine whether Mmab (AE1) to human AChE could still be detected when
diluted in human serum (also diluted 1/100 with PBS). Figure 17 (below) shows the
calculated change in absorbance due to the specific reaction between the Mmab (AE1)
and the AChE. The calculated value was obtained by subtracting the mean absorbance of
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each sample triplicate obtained in the absence of an AChE coat, from the similarly
calculated value in the presence of an AChE coat. All absorbances were within 10% of
the mean. The reaction of the secondary antibody with the AChE coat has to be taken into
consideration and this has been calculated as the difference in the absorbance of the blank
/ NSB wells in the presence and absence of AChE. This graph also shows that the hook
effect previously observed is no longer present. However, it is unclear whether that is due
to the presence of human serum proteins or the reduced protein content of the Mmab AE1
(2.2mg/ml) compared to AR1 (3.53mg/ml). The sensitivity of the assay has also
improved to 10.7ng/ml of mouse monoclonal IgG anti-AChE protein.
Figure 18 reveals that the non-specific binding due to the primary antibody has been
reduced and is more consistent in the presence of human serum proteins. This suggests
that the extraneous proteins could be having a blocking effect. Figure 19 (below) shows
that this effect has increased the magnitude of the specific reaction of the Mmab at both
the more concentrated titres, particularly the 1/800 where a comparison can be made with
figure 16 (page 123). Although a different monoclonal antibody has been used in each
case, it is clear that the presence of extraneous proteins could have helped reduce the
NSB. The NSB effect of the secondary antibody and AChE is still evident and clearly
marked on the figure 18 by a dotted blue line.
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Figure 17:

Graph highlighting the lack of a "Hook" effect
of the specific reaction at high Mmab titres on
the microtitre plate ELJSA for the detection of
mouse monoclonal anti-AChE antibodies
diluted in human sera (2.0uo/ml).
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Figure 18:
Evaluation of sensitivity and specificity of microtitre
plate ELISA for the detection of anti-AChE
antibodies in human serum employing a
recombinant AChE antigen (2.0ug/ml)
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decreasing the secondary antibody titre, however the data presented in figure 21 show
that the percentage specific reaction increases as the secondary antibody titre decreases.
This could be beneficial for the assay because it would help resolve antibody titres at low
concentrations. This highlighted the importance of determining the specific reaction and
not just making decisions on the specificity and sensitivity of a method based on the
absolute absorbances observed.
It was therefore concluded that a lower secondary antibody titre would be employed for
future experiments.
Figure 20:
Comparison ofNSB effect using dfferent titres of
2° antibody in the presence of an AChE antigen
coating (2. Oug/ml).
Ato Mmab with AChE
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Figure 21:
Percentage specific binding of different Mmab
(AE1) tilres in the presence of different 2°
antibody tilres
vzzza 1/6400 % specific reaction
1/204800 % specific reaction
65%

1000.00

2000.00

4000.00

litre of Secondary antibody
(HRP conjugated Rabbit anti-mouse immunoglobulins)

The ELISA method developed to date had a pure antigen, had proven its sensitivity was
capable of detecting low concentrations of mouse monoclonal antibodies to AChE
(10.7ng/ml mouse IgGl) and had overcome the initial problems of NSB and a hook
effect. It was decided that the method be used for the detection of anti-AChE antibodies
in human serum. The use of the microtitre plate system and automated washing steps
would enable large numbers of samples to be screened.
Early experiments (data not shown) highlighted that there was a problem with non
specific binding of human proteins when analyzing human sera, even at a dilution of 1 in
100. This presented new problems now that the Mmab system had been shown to work.
The NSB was caused due to the non-specific binding of the secondary antibody (HRP
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conjugated goat anti-human IgG Fc), particularly when used at a titre of 1/1000. The
NSB appeared to be directly to the AChE (although not as high as that of the anti-mouse
secondary) and to non anti-AChE human proteins.
It was important that the method be capable of detecting the human allogenic anti-Yta
antibody, because previous workers had not used a positive human control (known antiAChE), only polyclonal animal antibodies. After several experiments, reviewing the use
of different blocking agents and incubation times and temperatures (data not shown),
there was no evidence of a detectable specific reaction by any of the sera tested (all
thyroid antibody positive) or anti-Yta positive serum. In the case of the anti-Yta positive
serum, this could have been due to the overwhelming NSB being observed, or poor
method sensitivity in detecting human antibodies to AChE. A third possibility was that
the recombinant AChE was not of the Yta form. Reviewing the 543 ammo acid sequence
of the antigen, histidine was at position 322, proving that theoretically the recombinant
AChE was of the Yta form. However there was no guarantee that the antigen would
assume conformation exposing the Yta antigen, particularly as it was not bound by any
structural moieties, such as a GPI link as in the red cell AChE. Therefore it was important
that immunological proof be found that the recombinant antigen could react with human
antibodies to AChE.
The NSB was not related to the IgG content of each sample analyzed (data not shown).
Re-evaluating all the data, particularly for the human samples analyzed to date, it was
apparent that an aggressive blocking step and a reduction in the secondary antibody titre
would be required to minimize the NSB of the human proteins. Decreasing the latter
would be difficult to assess because its effect on the method's sensitivity could not be
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established as no positive samples had been detected to date. Therefore, investigating the
two parameters above, an acceptable NSB cut off value of <0.2 absorbance units was
established. This value was taken after discussion with other commercial ELISA users,
where such a value is usually considered negative.
In an attempt to streamline the assay a common coating and washing buffer consisting of
50mM sodium phosphate, ISOmMol sodium chloride, pH 7.4 was employed. The wash
also contained 0.05% Tween 20. Such a coating buffer is commonly used and
documented for microtitre plate ELISA's.
A 1% BSA /1% Casein solution was used as an active blocking agent, during a blocking
incubation step. Previous experiments had used BSA in the wash and secondary antibody
diluents, but with no decrease in the NSB (data not shown).
Due to the implementation of an active blocking step it was decided that the coating
procedure be carried out overnight at 4°C. This would allow the remainder of the steps to
be carried out in one working day.
The cost of the recombinant antigen was also becoming an important factor. As a result
only 100^1 (as opposed to 200jul) of a l.Ofxg/ml solution would be applied to each well.
The effect of all these changes on the method's sensitivity and specificity were
investigated using titres of AE1 diluted in a 1/100 dilution of human serum and an antimouse secondary antibody titre of 1/5000.
A mouse myeloma protein (Mmy) of the same subclass (IgGl) as the Mmab was used as
a negative control for the Mmab anti-AChE, to reflect the presence of extraneous proteins
present in human serum, and their effects on the NSB.
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Figure 22 plots the mean absorbance for triplicate analyses, where the absorbances were
always within 6% of the mean. Figure 22 shows that the method although greatly altered,
still had good sensitivity when detecting mouse anti-AChE antibodies (AE1). The
absolute absorbances are lower than for previous experiments (see figures 18 and 19 on
page 131 and 132 respectively), but on comparison of the percentage specific binding
data, the specific reaction is higher at 71% as opposed to 46% for the 1/25600 titre. This
is because previous absorbances have been artificially high due to the NSB of the
concentrated secondary antibody. The mouse myeloma protein at a titre of 1/25600 gave
an absorbance of 0.187 in the absence of the AChE coating compared to 0.183 for the
Mmab at the same titre. This was considered as an acceptable background and not of any
significance. Ideally the percentage specific reaction should be very high considering the
pure nature of the Mmab preparation.
Figure 22:

Sensitivity of Ihe microtitre plate ELISA
for the detection of anti-AChE antibodies
(1.0pg/ml AChE, 1/5000 titre 2° Aby,
1 %BSA/Casein block)
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The first step in adapting the ELISA method to detect antibodies to AChE in human
serum was to determine the inherent background or NSB absorbance from the secondary
antibody at different titres. This was carried out by following the new procedure and
analyzing different titres of a human serum previously known to have given a high NSB
in triplicate, against different titres of the secondary antibody. No blocking step was used,
so as to produce the worst case scenario. The results were reviewed to determine at what
serum and secondary antibody titre the NSB absorbance falls around 0.2. The mean
absorbance was plotted where all absorbances were within 4% of the mean.
Figure 23 shows that a 1/50000 titre of the secondary antibody and a 1/200 titre of human
sera generates an absorbance of <0.2. These parameters were then investigated further.
Figure 23:
EXPERIMENT TO >OSSESS NSB OF HUIVWJ SERA AT
DIFFERENT DILUTIONS OF /WTI-HUM/W IgG Fc HRP
CONJUGATE

05041/15000 HRP
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03-
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Dilution Of Human Sera
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93 "normal" patient samples were chosen at random and analyzed in triplicate for the
presence of anti-AChE antibodies employing a 1/200 dilution of patients serum, a
1/50000 titre of secondary antibody and only in the presence of the antigen coat. The
results generated were used to calculate the mean absorbance and two standard deviations
from the mean. All results were always within 9% of the absorbance mean. These values
were used to classify samples as being negative or potentially positive for anti-AChE
antibodies. Absorbance values that were greater than 2 SD form the mean were
considered positive for anti-AChE antibodies, as per the criteria used previously ' 19.
Figure 24:

Graphical representation of absorbances obtained using an
EUSA technique for the detection of human anti-AChE antibodies.
(1/2OO titre, 1/5OOOO 2°/\by, LOug/ml AChE, 1% BSA / Casein block)

Absorbance (492nm)

Patients analyzed (93 Anonymous patients in total)
4 PATIENTS HAVE ABSORBANCES GREATER THAN 2 S.D.FROM THE MEAN
AN ADDITIONAL 5 PATIENTS HAVE ABSORBANCES GREATER THAN
1 S.D.FROM THE MEAN
MEAN CALCULATED BY INCORPORATING ALL RESULTS GENERATED TO DATE
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The "positive" samples were further investigated by analyzing them in triplicate in the
presence and absence of an AChE antigen coat at different litres, to ascertain whether any
of the reactions were specific. The absorbance of each triplicate was always within 5% of
the mean.
Figure 25 (below) highlights that there was no significant difference in the absorbances
of each of the human samples at all titres, except the 1/100 titre of anti-Yta serum. This
was confirmed by the poor specific reaction percentage figures plotted. The difference
between the absorbances of the anti-human IgG Fc secondary antibody in the presence
and absence of the AChE antigen was calculated as 0.002, indicating the NSB from this
source had been eliminated by reducing the secondary antibody titre to 1/50000.
Figure 25:
Percentage specific binding of 6 potential "positive"samples for
anti-A ChE antibodies employing a microtitre plate ELISA
(1.0ug/ml AChE, 1/50000 titre 2°Aby, 1% BSA / Casein block)
1/100 sera titre
1/200 sera titre
1/4OO sera titre
1/900 sera titre
1/1600 sera titre
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Working on the premise that human anti-Yta antibodies should react with the
recombinant AChE antigen, the poor results generated to date were probably due to the
method's poor sensitivity for these antibodies (although excellent for Mmab). Further
research revealed that anti-Yta antibodies are considered high titre low avidity antibodies
(HTLA). This meant that these antibodies were often weak reactors with the AChE
antigen on the surface of red blood cells even though they could occur at high titres.
However, the results of the previous experiment indicated that a weak specific reaction
could be occurring at a 1/100 titre of the serum positive for anti-Yta. It was decided that
using a more aggressive blocking procedure, less dilute sample titres and increasing the
primary antibody incubation step to overnight at room temperature would enhance the
reaction.
The blocking procedure employed a 5% solution of Casein (in sodium phosphate coating
buffer), which was incubated on the plate for 2 hours at room temperature. All samples
were also diluted in a 2.5% solution of casein. Figure 26 (below) shows that the absolute
mean absorbances of each of the sample triplicates analyzed were low (always within
10% of mean), but the anti-Yta sample titres have given a specific and significant
reaction. This is confirmed by the percentage specific binding values, plotted in figure 27.
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Comparison of A Absorbance for potential "positive"
samples in the presence and absence of an A ChE
antigen coat
(5%/2.5% Casein, 1 .Oug/ml AChE, 1° Aby overnight at
room temp.)

Figure 26:
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Figure 27:

Percentage specific binding of 5 potential "positive"
samples for anti-A ChE antibodies employing a
microtitre plate ELJSA
(1.Oug/ml AChE, 1/50000 titre 2°Aby, 5% / 2.5% Casein
block, overnight 1° incubation)
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These results were encouraging for the anti-Yta sample, but they also highlighted that
samples previously deemed as potentially positive were in all likelihood negative.
Therefore the method was developed further, by increasing the concentration of the
antigen coating, decreasing the dilution of the sera and decreasing the secondary antibody
titre (1/25000). The incubation period and temperature for the primary antibody was also
investigated. An overnight incubation at room temperature was compared with a two
hour incubation at 37°C to monitor any affects on the methods sensitivity and / or
specificity. A shorter primary incubation step would produce a convenient assay. These
alterations were monitored using known anti-Yta positive samples obtained from
reference serology centres at Bristol and Cardiff.
The difference between mean absorbances of sample triplicates in the presence and
absence of an AChE coat are shown in figure 28. All absorbances were within 9% of the
mean.
Figure 28 shows that three of the four sera positive for anti-Yta antibodies (1,2 and 4)
gave positive and specific reactions at 1/5 and 1/10 titres. Sample 3 gave a poor reaction
indicating that the ELISA technique did not have the necessary sensitivity to detect the
antibody present. This sample had been given a very weak positive (microscopic)
reaction by Cardiff Blood Transfusion Centre using an anti-human globulin test (AGT).
This was exploited to help asess the limits of positive and negative reactions using the
ELISA technique.
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Figure 28:
Comparison of A Absorbance for Anti-Ytf and Anti-Ytbsamp/es in
the presence and absence of an AChE antigen coat
(5% / 2.5% Casein, 2.0ug/ml AChE, 1° Antibody overnight at room temp)
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The difference between mean absorbances of sample triplicates in the presence and
absence of an AChE coat are shown in figures 29a and b below. All absorbances were
within 9% of the mean.
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Figure 29 a:

Assessment of sensitivity of Anti-AChE microtitre
plate ELISA assay employing Mmab Titres(AEI)
under different incubation conditions employing an
anti-AChE microtitre plate ELISA technique.
(5%/2.5% Casein, 4.0ug/ml AChE, 1/5000 2°Aby)
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Figure 29b.

Assessment of incubation parameters on Anti-Yt4
and Anti-Ytb reactions employing an anti-AChE
microtitre plate ELISA technique.
(5%/2.5% Casein, 4.0ug/ml AChE, 1/25000 2°A by)
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Figures 29a and b show that increasing the temperature of the primary antibody
incubation step for the Mmab and human serum samples allows the time taken for the
incubation step to be reduced with no significant effect on the sensitivity of the method.

Figure 30:
Comparison of percentage specific binding values of
anti-Yf and Y? samples.
(4.0ug/ml AChE, 1/25000 titre2°Aby, 5% /2.5% Casein block,
1° incubation 37°C for 2 hours)
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Table 10: Data highlighting the improvement in the signal to noise ratio of the antiAChE antibody microtitre plate ELISA assay, as the AChE antigen coating
concentration increases. All plates analyzed by incubating 1° antibody (Mmab AE1
1/6400) at room temperature overnight and a secondary antibody titre of 1/5000.
[AChE] of coating solution (ug/ml)

Mean Abs. AChE

Mean Abs. No
AChE

Specific Rxn as a
% of the Total
Abgorbance

l.Oug/ml
2.0ug/ml
4.0ug/ml

1.112
1.736
2.048

0.164
0.103
0.102

86%
94%
95%

Table 11: Data highlighting the improvement in the signal to noise ratio of the antiAChE antibody microtitre plate ELISA assay, for human serum samples possessing
anti-Yta antibodies.

Anti-Yta

Signal to noise ratio
1/10 titre
l.Oug/ml AChE,
1/50000 titre of 2° antibody
Room
Temp
overnight
incubation

Signal to noise ratio
1/5 titre
2.0ug/ml AChE,
1/50000 titre of 2° antibody
Room
Temp overnight
incubation

Signal to noise ratio
1/5 titre
4.0ug/ml AChE,
1/25000 titre of 2° antibody
Room Temp overnight
incubation

anti-Yta 1
anti-Yta 2
anti-Yta 4

51% (A Abs 0.172)
No Data
No Data

66% (A Abs 0.253)
63% (A Abs 0.2 12)
52% (A Abs 0.1 78)

88% (A Abs 0.852)
81% (A Abs 0.569)
76% (A Abs 0.463)
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Employing a two sample students T test there was a significant difference between the
mean absorbance of triplicate wells for the Mmab titre (1.8ng/ml) in the presence and
absence of the AChE coat, where p= <0.01. The data presented above showed that the
microtitre plate ELIS A method for the detection of anti-AChE antibodies was a sensitive
and specific technique capable of detecting both human and mouse monoclonal
antibodies to human AChE. All absorbances were within 4% of the calculated triplicate
mean. The method was also specific for anti-Yta antibodies as it showed no positive
reaction with the antithetical antibody, anti-Ytb.
This appears to be the first time such antibodies had been detected using an ELISA
technique and the phenotype of the recombinant AChE employed as the antigen had been
confirmed immunologically. It also showed that the antigen was of a conformation that
when bound to the microtitre plate was capable of reacting with the appropriate human
antibody. It was also the first reported use of a reliable human control in the form of antiYta antibodies that had been used in such an ELISA method. Increasing the incubation
temperature for the primary antibody enabled the assay to be shortened allowing the
method to be completed in a 24 hour period. The method could detect 1.8ng/ml of mouse
monoclonal IgG to human AChE (see figure 31 above). It was decided that this level of
sensitivity would be sufficient to detect human antibodies, particularly as the cost of the
antigen was a consideration and a 1/5 dilution of human sera could be employed with no
interference from extraneous proteins. All NSB problems with both the secondary
antibodies have been reduced significantly, by adjusting the secondary antibody titres and
using aggressive blocking techniques. The method did not appear to suffer any

149

interference from a hook effect even at high mouse monoclonal IgG concentrations
(22000ng/ml)(see figure 31 above).
This method could now be used for the clinical studies under investigation as part of this
project, it was also decided that when sufficient samples had been analyzed it would be

possible to determine a reliable value above which all absorbances would be considered
positive. Since so many false positives had been generated with a 2 standard deviation

limit, a 3 standard deviation limit was considered more robust.
One remit of this project was to subclass any anti-AChE antibodies and the ELISA
method developed was now suitable for further adaptation, to enable it to achieve this
aim. This was investigated by using HRP conjugated IgG subclass specific antibodies as
the secondary antibodies. Experiments were carried out employing different titres of antiYta positive sera and each of the specific secondary antibodies.
Subclass typing any anti-AChE antibodies would help establish whether the antibodies
had the ability to evoke pathological changes in a given tissue, primarily through the
activation of complement. IgGl5 IgG2, and IgG3 can all bind complement, although the
latter is the most efficient. IgG4 cannot bind complement and therefore cannot produce
the immunological damage associated with complement activation.
Using HRP labelled human IgG subclass specific antibodies it was reasoned that it would
be possible to modify the microtitre plate ELISA method developed to date, to detect the
specific anti-AChE IgG subclass.
One of the major problems envisaged, was the excess background absorbance obtained as
a result of the non-specific binding of the secondary antibody. Therefore optimization of
the method was necessary for each subclass.
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The aims of this experiment were firstly to determine whether the current ELISA method
could be modified to detect anti-AChE IgG subclass antibodies, and secondly to optimize
the secondary antibody titre, in order to minimize any non specific binding which may
occur with different titres of each of the IgG subclass specific secondary antibodies. Any
data generated could be analyzed and the signal to noise ratio calculated for each of the
secondary antibody titres. Anti-Yta positive serum would be used as the positive control.
A 1/5 working dilution (in triplicate), as for the anti-AChE ELISA method would be
employed. The specificity of this method would be evaluated by observing any reaction
in the presence and absence of an AChE antigen coating.
Figure 32:

Typing of IgG subclass anti-AChE antibodies,
employing a microtitre plate EUSA method.
(Red % figures indicate specific binding)
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A samples were analyzed in triplicate and the mean absorbance plotted in the presence
and absence of an AChE coat. All absorbances were within 4.8% of the calculated
triplicate mean.
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Figure 33a,b,c and d:
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Figures 32 and 33 a-d show that the IgG subclass of anti-AChE antibodies can be
determined using the adapted microtitre plate ELISA method. All absorbances were
within 5.1% of the calculated triplicate mean (1/5 sample titre). Six of the seven anti-Yta
sera possess IgGi anti-AChE antibodies and sample number 9 possesses an IgG4 antiAChE antibody.
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Samples l,5,6,7,and 8 ELISA IgG subclass results were confirmed by serological
techniques (data not shown)(analysis carried out by Welsh Blood Transfusion
Laboratory). Unfortunately there was insufficient serum for samples 2, 4 and 9 to
i

undergo confirmatory analysis. This was the first known report of IgG anti-Yta subclass
antibodies being typed employing an ELISA method. These could be used as a reliable
human positive control for this assay. To help distinguish between positive and negative
results for the subclass typing, the mean and 3 standard deviation absorbance values were
calculated using the mean absorbances of each sample, which appeared to be negative in
the presence of the antigen. Since all but one of the anti-Yta antibodies were IgGi, the
mean absorbances of each sample in the absence of the antigen were used to calculate the
mean and 3 standard deviation values for this subclass. These are highlighted in figures
33 a-d. The absolute absorbances, particularly for the IgG4 anti-AChE were low, although
consistently higher than in the absence of the antigen. The use of less dilute sera titres
(1/3) was investigated and the effect on the signal to noise ratio monitored for the IgGi
antibodies. The lgG4 antibody also had the effect of using a more concentrated secondary
antibody titre investigated.
Figures 34 and 35 show that using a 1/3 titre can improve the signal of the assay, but not
in all cases as seen for samples 4 and 5. Therefore a compromise would be to analyze
positive anti-AChE samples at a 1/4 dilution. The graphs also show that increasing the
secondary anti-IgG4 antibody concentration to 1/1250 has also improved the signal for
sample 9 at a 1/3 dilution. Therefore the 1/1250 titre would be employed routinely for
IgG4 and also IgG3 subclass determination since the latter secondary antibody had a
similar strength to that of IgG4
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Figure 34:

Detection of Anti-Yt3 IgG subclasses 1 and 4 Under
Different Analytical Conditions.
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All absorbances were within 6.9% of the calculated triplicate mean for the samples
diluted a 1/3. Samples diluted 1/5 have been previously discussed (page 152).
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Figure 35:
Signal to Noise Ratio for Anti-Yta Subclass
detection under different analytical conditions
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Protein A -IsG Capture Technique:
The development of the microtitre plate ELISA method for the detection of anti-AChE
antibodies was proving to be a problem. It was then postulated that an alternative method
could be developed for the detection of anti-AChE antibodies. The method had been
previously described for the detection of thyroid autoantibodies and would involve the
capture of human (or mouse) IgG molecules by solid phase bound Protein A 135 . The
principle of the method has been previously discussed. It was argued that such a method
would be less prone to the effects of NSB caused by the inappropriate adherence of
extraneous proteins. A potential improvement in specificity over the microtitre plate
method could result because the end signal exploited the enzymatic activity of AChE. It
was postulated that using low concentrations of AChE would minimize any NSB,
resulting in the development of a sensitive and specific method.
The method employed to coat the magnetic particles with Protein A was based on the
well established glutaraldehyde magnetic particle activating method, which was also used
to coat human type XIIIRBC AChE to magnetic particles at the start of this project.
The assay was optimized with respect to the dilution of Protein A coated particles
required to bind significant amounts of IgG. Figure 36 shows that human IgG was
removed from solution by incubation with different dilutions of Protein A coated
particles. The graph shows that there is a positive relationship between IgG removal and
the concentration of Protein A particles.
The method was also optimized for the concentration of exogenously added recombinant
AChE, to minimize the effects of any NSB by the enzyme (data not shown).
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Once optimized the assay was developed using the mouse monoclonal antibodies AEl
and AE2, to detect the presence of anti-AChE antibodies.
Figure 36:

Comparison of[lgG] content (mg/L) of serum
supernatants (1/4O) after incubation with Protein
A coated and uncoatedparticles.
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Figure 37:
Detection of Mouse Monoclonal anti-AChE
antibodies (AE1 / AE2) employing a
Protein A - IgG capture technique.
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All tubes were analyzed in the duplicate and the mean absorbance plotted as indicated in
figure 37. All absorbances were within 23% for AE1 and 28% for AE2 of the calculated
absorbance mean. On reviewing the data presented in figure 37 it was clear that the
protein A - IgG capture technique could not improve upon the sensitivity of the ELISA
method. This method could only detect Mmab (AE1) to a litre of 1/3200, which is much
less than the 1/1228800 of the ELISA method. This and the labour intensive nature of the
assay was sufficient evidence not to pursue this development. However, it was also
interesting to note that the negative control gave NSB absorbances greater than AE2. This
effect was seen on several occasions (data not shown). On trying to understand this
anomaly it became clear that AE2 is a monoclonal antibody with an inhibitory action on
AChE activity. Therefore if the AE2 was slightly more concentrated than the negative
control myeloma protein more of the exogenous AChE would be bound and its activity
inhibited. This would result in the lower absorbance values being obtained for AE2 than
the negative control. This highlighted another potential problem with this assay in that
any inhibitory anti-AChE antibodies detected with this method would give negative
results.
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Immunohistochemical demonstration of anti-AChE antibodies
on human tissue:
Another aim of the project was to determine whether antibodies to human AChE could be
shown to react with AChE within human tissue. If this could be demonstrated, it could
help explain the pathological action of such autoantibodies and the aetiology of the
symptoms of individuals who possessed these antibodies. To achieve this it was
important to demonstrate the histochemical presence of tissue AChE in the ganglion cells
of the large intestine. Once the positive AChE areas had been established
histochemically, the immunohistochemical demonstration of AChE could be developed
using a mouse monoclonal antibody. This system could then be tested with human antiAChE antibodies to determine whether they can be detected bound to tissue AChE.
There were several areas to consider when developing a potential system to detect such
antibodies binding to tissue.
1) The choice of an appropriate tissue was an important issue.
Brain tissue was considered a good source of AChE and work had previously been
carried out showing immunohistochemical and histochemical demonstration of AChE 137~
138,140,153 jjjftjal wor]j was carried out as part of this project to detect tissue AChE using
commercially available frozen sections of monkey brain (Binding Site) and a mouse
monoclonal

antibody

(AE1).

However,

the

results

generated

employing

immunofluorescent immunohistochemical technique showed little success.

an
The

histochemical demonstration of monkey brain AChE was also unsuccessful. On reflection
it was decided that there were too many variables out of the researchers control when
using these sections and this could affect the reliability of any method developed. These
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included the sectioning and storage of the frozen sections, which could affect the integrity

of the neuronal AChE.
Fresh human brain tissue was considered, but with the current issues of the human variant
of Bovine Spongiform Encephalopathy (BSE), obtaining this tissue had obvious
difficulties and risks attached.
It was also apparent that the structure of brain tissue was complex and locating AChE
positive neurons required an in depth understanding of neural tissue anatomy. This is a
very specialized area in itself, with few people able to profess to be experts in this field.
Reviewing other possible candidates, as a source of tissue AChE, it was decided that the
ganglion cells of the large intestine would offer a good alternative to brain tissue.
The tissue was easily obtainable at post mortem and the ganglion cells provide large
cellular bodies rich in AChE, which are easily recognizable, even by the untrained eye.
The major problem with using this tissue was that there was no literature on any
immunohistochemical techniques for the demonstration of intestinal AChE. Therefore no
anti-human AChE mouse monoclonal antibodies had previously been shown to react with
this form of AChE.
If successful this would be the first demonstration of intestinal AChE employing a mouse

monoclonal antibody and an immunohistochemical technique.
The histochemical demonstration of intestinal AChE is a well established technique used
routinely by many Histopathology laboratories as part of the diagnostic work up for
Hirschsprung's Disease (see introduction).
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2) The development of an animal system would be necessary before any human antiAChE autoantibodies (or allogenic antibodies) could be demonstrated to react with
tissue AChE.
3) The possibility that the allogenic antibody anti-Yta could be used as a positive control
for the system required investigation.
4) The choice of the immunohistochemical technique for the demonstration of any
antibody antigen (AChE) reactions also needed consideration. It was decided that
after the initial failures of the Immunofluorescence technique, the avidin-biotin
complex (ABC) technique would be employed. This is because the ABC technique
can give better sensitivity than the Immunofluorescence method as it amplifies any
positive signal. Secondly the results are more stable and more readily photographed
for presentation as a permanent record.
The

principles

of the

histochemical

(Karnovsky-Roots)

technique

and the

immunohistochemical ABC technique are discussed in the introduction to this thesis, as
are the physiology and anatomical position of the intestinal ganglion cells and AChE.
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Figure 38 shows the presence of ganglion cells with their paler "foamy" cytoplasm on
staining with a routine haernatoxylin and eosin technique.
Figures 39 and 40 show the presence of AChE activity within the ganglion cells of the
large intestine, proving that the AChE antigen was present in the tissue obtained and
could be used as an antigen source. Figure 40 also shows no evidence of any non-specific
reaction from BuChE within the tissue, where the BuChE specific inhibitor iso-OMPA
was not a constituent of the substrate solution. Therefore due to the toxic nature of this
compound it was not employed in further solutions for AChE histochemical work, as it
was not required. Figure 41 (overleaf) shows a negative response in the absence of the
AChE substrate (ATI), confirming that the method was specific for AChE.
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Fig. 38: Haematoxylin and Eosin stain of Ganglion Cells (circled) on a frozen section
of Human Large Intestinal Tissue (Post Mortem Tissue) (x 20).

Fig.39: Histochemical Staining (Karnovsky and Roots) of AChE activity in a
frozen section of Human Large Intestinal Tissue showing position of Ganglion
Cells (iso-OMPA present) (x 20).
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Fig. 40: Histochemical Staining of Ganglion Cells on a frozen section of Human
Large Intestinal Tissue (Absence of iso-OMPA) (x 20).

Fig.41: Negative Control for Histochemical Staining of AChE in Ganglion Cells
(circled) of frozen section of Human Large Intestinal Tissue
(Absence of ATI substrate, no counterstain employed) (x 20).
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The first experiment carried out to demonstrate the presence of AChE within ganglion
cells using an ABC immunohistochemical technique with the Mmab AE1 was
unsuccessful (data not shown). The reasons for this were unclear particularly as there
were no data available on the reactivity of AE1 with intestinal AChE. The negative
results were obtained even after different incubation times and temperatures were
investigated for the primary antibody. The parameters tested were primary antibody
incubation (AE1) at room temperature overnight and at 37°C for Ihour. These are
commonly used incubation criteria for immunohistochemical investigations. Since these
conditions were considered and proved fruitless, other explanations for the negative
results had to be investigated.
The main difference between the sections that had given a positive histochemical result,
and the ones that had given negative immunohistochemical results, was the time delay
between analysis and the time the sections were cut. The sections that had been used for
the immunohistochemical technique had been stored for 2 days on glass slides at -20°C,
whereas the histochemical analysis was carried out immediately after snap freezing the
tissue. It was reasoned that the AChE had deteriorated on storage resulting in a negative
reaction with the AE1 Mmab.
To help determine whether the stored tissue AChE had degraded, the histochemical
technique was used to examine the AChE enzymatic and therefore antigenic integrity.
This was investigated by histochemical analysis of sections which had been stored at
-20°C for 2 days before sectioning and on sections cut from the same block and which
had been stored at -20°C for 3 days as whole tissue.
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This experiment also assessed whether lightly fixing the sections of human colon with
10% formol calcium affected the integrity or reactivity of the AChE present. To date all
sections analyzed using the histochemical method had been lightly fixed with 10%
formol calcium. If fixing was necessary for the enzyme to become active or exposed, this
may account for the negative results obtained for the immunohistochemical procedure
where no post fixation was employed.
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Figures 42, 44 and 46 show that the AChE activity has been detected
within the ganglion cells. This indicated that the AChE has not degraded over
time when stored at -20°C. The figures 44 and 46 also show that post fixation
with 10% formol calcium has no detrimental effect on the antigen and that it is
not required for antigen exposure, as a strong positive reaction has been obtained
on the section that received no post fixation (Figure 42). Further work revealed
that the AChE within intestinal ganglion cells is stable for at least 40 days when
stored as a section on a glass slide at -20°C.
Figures 43, 45 and 47 (negative control slides) show that the reactions were
specific for AChE activity, under each of the experimental conditions.
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Fig.42: Histochemical staining of ganglion cell AChE on a frozen section after 3
days storage as block tissue (No Formol Calcium used) (x 20).

Fig.43: Negative control for Histochemical staining of ganglion cell AChE, for conditions
described above (x 20).

Fig. 44: Histochemical staining of ganglion cell AChE on a frozen section after 3 days
storage as block tissue (Formol Calcium used as post fixative) (x 20).
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Fig. 45: Negative control for Histochemical staining of ganglion cell AChE, for
conditions described above (x 20).

Fig. 46: Histochemical staining of ganglion cell AChE on a frozen section after 2
days storage as block tissue (Formol Calcium used as post fixative) (x 20).

* -v ,..-;-' ?i%

Fig.47: Negative control for Histochemical staining of ganglion cell AChE
(circled), for conditions described previously (see Fig. 43) (x 20).
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Further review of the literature revealed that fixation of the tissue may help expose the
epitopes and / or aid permeabilization of cell structures and help prevent loss of the
antigen, thus allowing the required primary antibody - antigen reaction 146. It also
revealed that the use of the methanol (100%)-H2O2 reagent for the removal of
endogenous peroxidase activity might be damaging to some antigens 149. This was of
interest because that was the procedure employed in the early and unsuccessful
immunohistochemical experiments. This was an area that warranted further investigation.
The removal of endogenous peroxidase activity from tissue is an important step when
employing an ABC-DAB procedure, as tissue peroxidases can give rise to false positive
results or high background staining. One of the major interfering molecules is that of
haemoglobin in red blood cells. However, not all tissues possess such peroxidase activity
so this step can be removed.
An experiment was designed to determine whether the use of the Methanol (100%)-H2O2
reagent (50ml methanol to 4ml 6% H2O2, for 15 minutes at room temperature),
routinely used to remove endogenous peroxidase activity degrades or alters the tissue
AChE under investigation. Also investigated was the use of other post fixatives (fixatives
used after sectioning) on the enzymatic and therefore antigenic integrity of tissue AChE.
The post fixation fixatives investigated were 10% formol calcium (1 minute at room
temperature) and acetone (10 minutes at 4°C). Sections were also analyzed
histochemically in the absence of any post fixation.
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Figures 48 and 50 show that AChE activity is still detectable after post fixation
with acetone and formol calcium respectively. Figure 51 shows that the AChE
activity has been detected with no post fixation confirming the previous findings.
Figure 52 once again shows that the reaction is specific for tissue AChE activity
as no reaction is seen in the absence of the AChE substrate ATI.
Figure 49 shows evidence that the enzymatic activity of AChE has been destroyed
by the treatment with Methanol (100%)-H2O2 reagent (peroxidase quencher).
Small pockets of positivity are still visible at a higher magnification (x40), but a
definite loss of AChE is visible. This indicates that this reagent destroys the
antigenic integrity of the AChE and was the cause of the negative reactions seen
previously with the immunohistochemical technique. As a result further
immunohistochemical investigation of intestinal AChE was carried out, removing
the procedure for the removal of endogenous peroxidase. Acetone was used as the
post fixative of choice, as it delipidates cell membranes, exposing intracellular
antigens. To determine whether the immunohistochemical staining of intestinal
AChE was now possible, a mouse monoclonal antibody HR2 (IgG2b) was
investigated at different titres.
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Fig.48: Histochemical staining of ganglion cell AChE on a frozen section after post
fixation with Acetone (x 20).

Fig.49: Histochemical staining of ganglion cell AChE on a frozen section after
post fixation with Methanol - Hydrogen Peroxide solution (x 40). Small pockets of
positivity visible (circled).

I
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Fig. 50: Histochemical staining of ganglion cell AChE on a frozen section after post fixation
with Formol Calcium (x 20).
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Fig. 51: Histochemical staining of ganglion cell AChE on a frozen section after No
post fixation (x 20).

Fig. 52: Negative control for Histochemical staining of ganglion cell (circled) AChE on a
frozen section after No post fixation (x 20).
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Figure 53 shows the Haematoxylin and Eosin staining of a section of human
intestinal tissue, with the ganglion cells clearly visible. Histochemical
demonstration of AChE enzymatic integrity was also carried out and proved
positive (data not shown). This indicated that the tissue was suitable for the
immunohistochemical demonstration of AChE.
Figure 54 shows that the AChE positive ganglion cells are not well differentiated
from the non-specific background staining at a high titre concentration of 1/20.
More dilute litres as shown in figures 55 (1/100), 56 (1/250), 57 (1/500), 58
(1/750) and 59 (1/1000) give less background staining as the protein content
decreases, producing well defined areas of positively. This is the first time
intestinal AChE has been demonstrated immunohistochemically. Figure 60 has
given a negative result, confirming that the reactions of the previous figures are
specific for AChE. This method could now be used to investigate whether human
anti-AChE

antibodies

(anti-Yta)

could

be

detected

employing

an

immunohistochemical technique and human tissue.
To assess this, different titres of anti-Yta and anti-Ytb positive sera were used as
the primary antibody for the immunohistochemical procedure.
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Fig. 53: Haematoxylin and Eosin stain of Ganglion cells (circled) on a frozen section of
Human Large Intestinal Tissue (New batch, Post Mortem) (x 10).
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Fig. 54: Immunohistochemical staining of Human Large Intestinal ganglion cell AChE
(circled) employing the Mmab HR2 (1/20 titre) and an Avidin-Biotin Complex technique
(x20)

Fig.55: Immunohistochemical staining of Human Large Intestinal ganglion cell AChE
employing the Mmab HR2 (1/100 titre) and an Avidin-Biotin Complex technique (x20)
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Fig. 56: Immunohistochemical staining of Human Large Intestinal ganglion cell AChE
employing the Mmab HR2 (1/250 titre) and an Avidin-Biotin Complex techniaue (x20)

Fig. 57: Immunohistochemical staining of Human Large Intestinal ganglion cell AChE
employing the Mmab HR2 (1/500 titre) and an Avidin-Biotin Complex technique (xlO)

Fig. 58: Immunohistochemical staining of Human Large Intestinal ganglion cell AChE
employing the Mmab HR2 (1/750 titre) and an Avidin-Biotin Complex technique (xlO)
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Fig.59: Immunohistochemical staining of Human Large Intestinal ganglion cell AChE
employing the Mmab HR2 (1/1000 litre) and an Avidin-Biotin Complex technique (x20).
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Fig. 60: Negative control (Absence of HR2 Mmab) for the Immunohistochemical staining of
Human Large Intestinal ganglion cell (circled) AChE, employing an Avidin-Biotin Complex
technique (x20).
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Anti-Yta antibodies have been used successfully as a positive control for the ELISA
assays for the detection of anti-AChE antibodies and their subclass type. It was decided
that this could be exploited once more to determine whether human allogenic anti-Yta and
/ or anti-Ytb antibodies react with tissue AChE. Both antibody types have been
investigated because the tissue source may have come from an individual with either of
the AChE phenotypes. However, it would be very unlikely for the individual to be
negative for the Yta phenotype (only 0.3% of the population).
Optimization of the titre of the secondary biotinylated anti-Human IgG revealed that a
1/1000 dilution gave minimal background staining in the absence of any primary
antibody (data not shown). If positive specific staining of the ganglion cells were
apparent, it would show that human anti-AChE antibodies were capable of reacting
immunologically with human tissue and this could be used as further evidence that
human anti-AChE antibodies may have an aetiological role in disease.
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Figure 61 shows that a 1/1000 titre of the Mmab HR2 has given a positive
immunohistochemical

result,

indicating

that

the

AChE

antigen

is

present.

Immunohistochemical staining of human AChE employing anti-Yta and anti-Ytb
antibodies as the primary antibody is not evident in figures 62-66 and 67-68 respectively.
This may be due to the poor sensitivity of the technique and not necessarily due to an
absence of a specific reaction.
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Fig.61: Mmab HR2 (1/1000) positive control for the Immunohistochemical staining of human
Intestinal AChE. (x20).

Fig.62: Negative result obtained for the Immunohistochemical staining of anti-Yta (neat) antibodies
employing ganglion cell AChE (circled) on a frozen section of Human Large Intestinal Tissue (x20).

Fig.63: Negative result obtained for the Immunohistochemical staining of anti-Yta (1/2) antibodies
employing ganglion cell AChE (circled) on a frozen section of Human Large Intestinal Tissue (x20).
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Fig.64: Negative result obtained for the Immunohistochemical staining of anti-Yta (l/5) antibodies
employing ganglion cell AChE (circled) on a frozen section of Human Large Intestinal Tissue (x20).
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Fig. 65: Negative result obtained for the Immunohistochemical staining of anti-Yta (l/10) antibod
ies employing ganglion cell AChE (circled) on a frozen section of Human Large Intestinal Tissue

Flg.66: Negative result obtained for the Immunohistochemical staining of anti-Yta (l/20) antibodies
employing ganglion cell AChE (circled) on a frozen section of Human Large Intestinal Tissue
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Fi^. 67: Negative result obtained for the Immunohistochemical staining of anti-Ytb (Neat) antibodies
employing ganglion cell AChE (circled) on a frozen section of Human Large Intestinal Tissue

Fig.68: Negative result obtained for the Immunohistochemical staining of anti-Yt (1/5) antibodies
employing ganglion cell AChE (circled) on a frozen section of Human Large Intestinal Tissue
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The immunohistochemical technique failed to detect any reaction between anti-Yt
antibodies and human tissue AChE. The lack of a detectable reaction may have been due
to a lack of sensitivity with the immunohistochemical technique. To determine whether
this could be the reason, the sensitivity of the microtitre plate EL1SA anti-AChE assay
(already known, 1/1228800) and the immunohistochemical method for the Mmab AE1
could be compared. This comparison would make it possible to determine whether the
immunohistochemical method had sufficient sensitivity to detect anti-Yta antibodies once
the sensitivity limit of the microtitre plate ELISA assay for the anti-Yta positive serum
was also known. The comparison was carried out by analyzing a range of titres of an antiYta positive serum employing the ELISA assay developed in the presence and absence of
an AChE antigen coat, and by analyzing titres of the Mmab AE1 employing the
immunohistochemical method.
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Figures 69, 70 and 71 show clear positive staining of ganglion cell AChE at AEl titres of
1/100, 1/500 and 1/1000 respectively. Figure 72 shows that the immunohistochemical
staining of AChE at an AEl titre of 1/2000 is very weak. This was taken as the sensitivity
limit of the immunohistochemical method for AEl. The negative control shows no
evidence of immunohistochemical staining (see figure 73).
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Fig. 69: Immunohistochemical staining of Ganglion cell AChE on a frozen section of Human Large
Intestinal Tissue, employing the Mmab AE1 (1/100) as the primary antibody (x20).
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/•jg. 7tf: Immunohistochemical staining of Ganglion cell AChE on a frozen section of Human
Large Intestinal Tissue, employing the Mmab AE1 (1/500) as the primary antibody (x20).

Fig. 71: Immunohistochemical staining of Ganglion cell AChE on a frozen section of Human Large
Intestinal Tissue, employing the Mmab AE1 (1/1000) as the primary antibody (x20).
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Fig. 72: Immunohistochemical staining of Ganglion cell AChE (circled) on a frozen section of
Human Large Intestinal Tissue, employing the Mmab AEl (1/2000) as the primary antibody (x20).
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ig. 7J:Negative Control (No Mmab present) for the Immunohistochemical staining of Ganglion
cell AChE (circled) on a frozen section of Human Large Intestinal Tissue (x20).
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The difference in sensitivity between the immunohistochemical and the ELISA method
for the Mmab AE1 was:

1228800=
2000

614

Therefore the ELISA method is approximately 600 times more sensitive than the
immunohistochemical method. This means that the anti-Yta sample (1) would have to
give a positive result at a titre of at least 1/600 on the ELISA method to give a positive
result via immunohistochemistry.
Figure 74 below shows that the sensitivity limit of the ELISA method for this anti-Yta
sample is 1/300. All titres were analyzed in triplicate and all absorbances were within
4.8% of the calculated absorbance mean. Due to the lack of sensitivity, it is unlikely that
a

positive

result

would

be

obtained

with

anti-Yta

positive

serum

by

immunohistochemistry. This does not mean that the immunohistochemistry method
cannot be used to show anti-AChE binding by human anti-AChE antibodies, although
they would have to be of a high titre. Other antibodies (if found) may have greater avidity
than the anti-Yta sample employed above, or the epitope to which they bind may be more
accessible. It can be concluded that the negative results are probably due to the methods
lack of sensitivity, because anti-Yt antibodies are directed against an antigen, which is a
constituent of the primary structure of globular (G2) AChE. Since the AChE form within
the intestinal ganglion cells is also of the globular form (Gi, G4) the Yt antigens should be
present. In principle the immunohistochemistry method on human large intestine tissue
provides a technique where human anti-AChE antibodies could potentially be detected.
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Figure 74:

Graph Showing the Sensitivity of the anti-AChE
microtitre plate ELISA assay for Anti-Yta
(sample 1)
1.25-1
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The opportunity of using fresh surgically removed large intestinal tissue as an AChE
antigen source arose during the course of these investigations. It was reasoned that a
fresher tissue sample would offer increased sensitivity for the immunohistochemical
method as any AChE degradation would be minimal. However, on processing the tissue
and carrying out histochemical and immunohistochemical staining of AChE, the tissue
had been damaged by ice crystal artefact. This is shown by visible tears and splits in the
tissue causing leakage of cellular contents, such as AChE (see figures 75 and 76). Figure
76 shows clear evidence of cellular damage as indicated by the arrow. Therefore,
unfortunately this tissue was not suitable for further work.
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Fig. 75: Histochemical Staining of Ganglion Cell AChE (Karnovsky-Roots) on a frozen section of
Human Large Intestinal Surgical Tissue (xlO).

Fig. 76: Immunohistochemical Staining of Ganglion Cell AChE on a frozen section of Human
Large Intestinal Surgical Tissue employing the Mmab HR2 (1/100) as the primary antibody
(xlO). Evidence of severe Ganglion cell destruction by Ice Crystal artefact is arrowed.
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Immunolosical inhibition ofAChE enzyme activity:
There are several ways in which autoantibodies to AChE may be pathognomic. The
antibody may inhibit the enzymatic action of the AChE resulting in the accumulation of
the neurotransmitter acetylcholine. This could result in the continuous depolarisation of
the post-synaptic membrane, leading to the inhibition of further nerve impulses and
stimulation of the end tissue (eg. skeletal muscle). This could lead to paralysis of skeletal
muscles and muscle wasting.
To help develop a technique to demonstrate this immunological phenomenon, the Mmab
AE2 was employed. This Mmab has been shown to inhibit AChE activity by several
researchers 61'65. The Mmab acts as a non-competitive inhibitor and does not bind directly
to the catalytic site, but adjacent to it, causing a conformational change that leads to the
inhibition of the enzyme.
Several techniques were investigated when developing a method that could show the
immunological inhibition of AChE, including a histochemical technique and a modified
version of the Ellman reaction, employing the automated AChE assay on the Cobas Fara.
The strategies investigated are described below.
One method designed to determine whether AChE inhibition can be instigated by an
immunological reaction exploited the RBC AChE antigen. The inhibitory mouse

monoclonal antibody AE2 was used as a positive control.
A range of AE2 titres were reacted with a fixed suspension of red blood cells and the
AChE activity determined employing a modified version of Ellmans reaction as
described by Jones 155. Comparison of the AChE activity in the presence and absence of
AE2 was carried out to determine whether AE2 had a measurable inhibitory affect.
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Figure 77 (below) shows that there was no reduction in red blood cell AChE activity in
the presence of different titres of the inhibitory antibody AE2. This could be due to the
large numbers of AChE antigens on the surface of red blood cells even though only a 1%
suspension was used. The AE2 titres used were too dilute to block a significant number
of sites to cause any inhibition. The number of AChE sites on the surface of the red blood
cell using radioiodinated mouse monoclonal antibodies AE1 and AE2, has been estimated
at between 7,500 to 9,500 sites. The red cell count of the 1% solution of red cells used for
this experiment was measured at 0.09xl0 12 cells (Sysmex cell counter). Therefore the
number of AChE sites can be estimated to be 6.75xl0 14 to 8.55xl0 14. On hindsight it was
unlikely that the antibody titres used for the AE2 were sufficient to have a significant
impact on the AChE activity of red blood cells.
Figure 77:

Immunological inhibition of AChE
employing AE2 and AChE activity of RBC's

- Absorbance for each AE2 titre

E 0.77510

0.521

0.275-

0.025100

10000

1000

100000

Titre of Mmab (AE2)(Log10)

191

1000000

Inhibition of AChE activity on a tissue level employing the Karnovsky-Roots
histochemical method was investigated next. The AChE activity of tissue such as the
ganglion cells of the large intestine could be assessed histochemically after reaction with
an inhibitory antibody such as AE2. This may show that the antibody can bind to the
tissue AChE and have an effect that could be responsible for any pathological changes.
Tissue AChE was investigated because there may be fewer sites for inhibition than on red
blood cells.
Figure 78 shows the total AChE histochemical reaction of the tissue employed. Figure
79 shows that after the addition of the inhibitory Mmab AE2, there are no signs of AChE
inhibition, particularly when compared with the negative control (section not treated with
inhibitory antibody) in figure 80. Figure 81 demonstrates that the positive staining in
figures 78 and 79 is due to AChE activity as no reaction occurs in the absence of ATI.
Figure 82 shows a positive immunohistochemical staining of ganglion cell AChE by a
1/500 titre of AE2. This proves that the antibody has bound to the antigen, but it was not
of sufficient titre to inhibit the enzyme activity of the AChE present. It was concluded
that this was not a potential method to detect the immunological inhibition of AChE.
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Fig. 78: Histochemical Staining of Ganglion Cell AChE (Karnovsky-Roots) on a frozen section
of Human Large Intestinal Tissue (Total positive control section, No AE2)(x20).

Fig. 79: Histochemical Staining of Ganglion Cell AChE (Karnovsky-Roots) on a frozen section
of Human Large Intestinal Tissue treated with 220ug/ml of the Mmab AE2 (x20).

Fig. 80: Histochemical Staining of Ganglion Cell AChE (Karnovsky-Roots) on a frozen section of
Human Large Intestinal Tissue treated with PBS (Negative control for AE2) (x20).
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Fig. 81: Histochemical Staining of Ganglion Cell AChE (circled) (Karnovsky-Roots) on a
frozen section of Human Large Intestinal Tissue
(Negative control section for histochemical reaction, No ATI)(x20).

Fig. 82: Immunohistochemical staining of Ganglion cell AChE on a frozen section of Human
Large Intestinal Tissue, employing the Mmab AE2 (1/500) as the primary antibody (x20).
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Further work on a method to assess any inhibitory action of antibodies on AChE activity
would have to employ a more concentrated antibody and fewer AChE sites. It was
decided that the AChE method on the Cobas Fara could be adapted to determine the
inhibitory action of antibodies. The AChE activity could be more closely controlled,
particularly at a lower AChE activity, where small changes in enzyme function could be
more readily detected. To this end different volumes of the AE2 Mmab at a constant
concentration (220u.g/ml) were tested against a fixed AChE activity. The results obtained
are highlighted in figures 83 a and b below.

Figure 83a:

Inhibitory action of the mouse monoclonal
antibody AE2 on Type XIII AChE enzyme
activity in solution.
—•— AChE activity in presence of AE2
—•— AChE activity in presence of PBS

Volume of AE2 / PBS-Triton added (}il)
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Figure 83b:

Inhibitory action of the mouse monoclonal
antibody AE2 on AChE activity, expressed as
a % decrease in enzyme activity
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Figures 83a and b (above) confirm the inhibitory action of AE2. After the dilutionary
effect, as shown by the PBS-T tubes, there is a decrease of approximately 30% in the
action of AChE across all the volumes of AE2. All AChE activities were within 1% of
the duplicate mean from a single tube.
It appears that this method is capable of demonstrating the inhibitory actions of AChE
antibodies. However, the antibodies will have to be of a significant titre, to ensure that
they are of a significant concentration to inhibit the AChE activity, albeit only 50U/L.
It must be highlighted that BuChE present in the sera of individuals who are found to
possess anti-AChE antibodies, will have to be treated with a specific inhibitor to prevent
any interference with the procedure, when attempting to establish any inhibitory action.
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An alternative would be to purify the IgG content of serum (including the AChE
antibodies) with protein A or G and thus remove the extraneous BuChE, before retrieval
of the IgG for inhibitory studies.
There is no guarantee that any method will be sensitive enough to detect the inhibitory
action of autoantibodies to AChE, as they may not be of a significant titre in serum. This
does not mean that they are of no pathological consequence as they may accumulate and
become concentrated at neuro-muscular junctions to a level where their action becomes
pathological.
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Clinical studies detecting anti-AChE antibodies, (allosenic and
autosenic) in different clinical groups employing the microtitre
plate ELISA method developed.
The methods developed to date have been designed to detect and help establish the
possible role of anti-AChE in disease. This part of the thesis was concerned with putting
the methods, particularly the microtitre plate ELISA method, to a clinical use. It would be
important to analyze different patient groups where anti-AChE antibodies have been
detected previously, and help determine whether similar results could be found.
These studies were performed, as previous methods did not appear to be as sensitive or
specific as the ELISA method developed as part of this thesis. To date no group has taken
account of the possibility that the anti-AChE antibodies detected could have been
allogenic in nature, and none have employed a known human anti-AChE as a positive
control.
The clinical groups investigated would also include patient groups not previously
investigated, for the presence of anti-AChE antibodies.
It was also an opportunity to test the method's specificity and determine a reliable 3
standard deviation cut off limit for positive samples, as significant numbers of patient
samples would be analyzed.
The clinical studies would include.
1) Detection of altogenic anti-Yta antibodies and possible cross reactivity with other
common blood group antibodies.
2) Detection of anti-AChE antibodies in patients with autoimmune disease.
3) Detection of anti-AChE antibodies in patients with different forms of Motor Neuron
Disease and other neuro-muscular disorders.

198

Detection ofallosenic anti-Yf antibodies.
Six of the anti-Yta antibodies have already been investigated during the development of
the anti-AChE ELISA method. A further three samples were obtained from Merseyside
Blood Transfusion Service and analyzed with the others. To date no data had been
generated on whether the method would experience interference from the cross-reaction
of other blood group antibodies. A study was set up using human sera possessing isolated
blood group antibodies (post adsorbed sera, kindly donated by A.Strachan Welsh Blood
Transfusion Service) to common blood group antigens and analyzed for the presence of
anti-AChE antibodies using the microtitre plate ELISA method developed (see table 12
below). The study was also set up to determine whether there was any correlation
between the absorbances obtained on the ELISA method and routine serological grading
of anti-Yta antibodies.
The serological gradings for each antibody were provided with the samples. Routinely an
antibody is graded according to the strength of the reaction it evokes when reacted with
erythrocytes possessing the appropriate antigen in the presence of an anti-human globulin
secondary antibody. The reaction leads to the agglutination of the erythrocytes possessing
the appropriate antigen. The technique is known as the antiglobulin test (AGT) (see table
12).
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Table 12:Yt and non-Yt associated antibodies under investigation.
Sample / Titre
Anti-Ytb 1/5
Anti-Ytfl (1)
Anti-Yta (2)
Anti-Yta (3)
Anti-Yta (4)
Anti-Ytai5)
Anti-Yta (6)
Anti-Yta (7)
Anti-Yta (8)
Anti-Yta (9)
Anti-Lua
Anti-Lub
Anti-Lea
Anti-Leb
Anti-Fya
Anti-Fyb
Anti-K
Anti-E
Anti-e
Anti-C
Anti-c
Anti-D
Anti-Jka
Anti-Jkb
Anti-A
Anti-B
Anti-A+B
Group AB patient
No Antibody's

Sample Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Grade (AGT)
3
4/5
3
1 (WEAK POS)
3
2
2
2
3
3
4
3
4
4
5
4
4
4
4
4
5
4
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Titre
1:16

1:16
1:2
1:32
1:16
1:32
1:4
1:16
1:16
1:16
1:4

Figure 84:
Comparison of Absorbances for isolated Blood Group Antibodies in the presence
and absence of an AChE antigen, employing a microtitre plate ELISA technique.

AChE Coated Plate
Non AChE Coated Plate

Positivity Level 0.243

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Samples possessing different isolated blood group antibodies
(Sample 1 positive for anti-Ytb )
(Samples 2-10 positive for anti-Yta )

All mean absorbances of sample triplicates were within 4% of the calculated triplicate
mean. The use of the recombinant antigen has incurred method specificity for the novel
detection of anti-Yta allogenic antibodies. Production of a Ytb recombinant AChE would
be required before a similar assay could be developed for anti-Ytb antibodies.
It should be highlighted that the Mmab employed to develop the method may show
greater avidity than human anti-Yta antibodies, so a direct comparison of sensitivities
must be viewed with caution. The evidence presented in figure 84 shows that the method
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is specific for anti-Yta antibodies with no interference from other blood group antibodies
including anti-Ytb.
The mean absorbances of the negative samples in the presence of the antigen were used
to calculate the mean and 3 standard deviation limit. The calculated values are listed in
table 13 below.
Table 13: Statistical analysis on mean absorbance of non anti-Yta sample triplicates
in the presence of AChE.

Statistical Value
Number of Values
Mean
Standard Deviation
Upper 2 Standard Deviation limit from Mean
Upper 3 Standard Deviation limit from Mean

19
0.148 absorbance units
0.0318
0.212 absorbance units
0.243 absorbance units

Anti-Yta sample 3 (4 on figure 84) gives a mean absolute absorbance value of 0.222
which is below the positive cut off value of 0.243. Its serological grade was given as 1
(microscopic), indicating a very weak reacting antibody of low titre. Using the 3 standard
deviation criteria this sample would be deemed negative by ELISA. On reviewing all the
data, it clearly gives a proportionally higher value in the presence of the antigen than in
the absence of the antigen when compared to the true negative samples.
It was decided that a second criterion be established, which was the calculated percentage
specific binding. Figure 85 below shows the percentage specific binding of all the
samples analyzed. From this histogram it is clear that all anti-Yta samples have a
percentage specific binding greater than 40%. The precision of the ELISA technique can
be assessed by comparing the percentage specific binding figures (anti-Yta samples 1-6)
for this study and the previous experiments carried out during the development of the
method (see figure 30, page 146). This comparison also shows that the percentage
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specific binding for the anti-Ytb positive sample has decreased from 39% to 12%. This
reduction has been attributed to improved technique, as familiarity with the method has
increased. This has resulted in an improvement in the NSB particularly for negative
samples where it is more significant.
From the percentage specific binding figures of figure 85, it was concluded that a sample
can only be classified as positive for anti-AChE antibodies if the absolute absorbance was
greater than the 3 standard deviation cut off and the calculated specific binding was
greater than 40%.
Samples that only fulfil one of the criteria would be deemed as equivocal.
Establishing such criteria means that all samples would have to be analyzed in the
presence and absence of the antigen to determine the percentage specific binding.
Figure 85:

Calculated percentage specific binding of all sera tested with known isolated
blood group antibodies employing a microtitre plate ELJSA technique for
the detection of anti-AChE antibodies.
TWIT-

89°,<i

1
y

TO

c

1 7S-

78'.^

0

i*

7K6

75?1

68' 4

675
•rr

64' 'o

44' £
rr

0)

w«

Percentac
Ki

r.

!
i\ 1 I i1
1
11 \ I I
^

i

E^ Calculated % specific binding

?
*

12%

XX

40% specific binding

y

|

| w.

Sample Number (see table 12 above)

203

With respect to the use of the method for the detection and grading of anti-Yta antibodies,
further work is necessary to determine whether reliable ELISA absorbance ranges could
be developed and equated to the serological grades currently used. This would provide
the necessary data required for the method to be utilized routinely as a semi-quantitative
assay. The results shown in Table 14 demonstrate that there is a relationship between the
ELISA absorbance and the serological grade. However, there is a grey area in grading the
anti-Yta antibodies by ELISA and by serological means at the 2 / 3 level. This may be
due to serological grading inconsistencies or an inability of the ELISA method to
differentiate between these grades. The clinical significance of these gradings at the 2 / 3
level is not important.
Table 14: Comparison of Serological Grades and Mean ELISA absorbances for
anti-Yta samples, ranked in order of absorbance intensity from highest to lowest.
Sample Number
(1/5 titre)
2
5
3
9
6
7
8
10
4

Serological Grade

Mean ELISA Absorbance

5
3
3
3
2
2
3
3
1

1.237
0.582
0.580
0.565
0.463
0.438
0.429
0.360
0.222

The use of a semi automated method for the detection of these antibodies would remove
the subjectiveness of visual gradings of antibody strength. Low titre anti-Yta antibodies
could be identified by their percentage specific binding value and routine serological
techniques could be used to confirm the positive nature of the specimen.
The advantages this method offers over current serological methods is that there is no
requirement for several cell panels to be used to help identify the anti-Yta, particularly
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when in the presence of a mixture of antibodies. The method is semi-automated if a plate
washer and multi-dispensing pipettes are used and an excess of 40 samples could be
analyzed per plate if duplicate wells were used. The method is highly suitable as a
research tool when investigating anti-Yta antibodies.
Figures 32 and 33a,b,c and d (pages 151 and 152 respectively) show that the ELISA
method has been adaptated to identify the specific subclass of any anti-Yta IgG antibodies
detected. In combination these two methods would be useful research tools in the field of
serology.
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Determining the incidence of anti-AChE antibodies in patients
with autoimmune disease.
One previous study published 119 stated that 21% of patients with autoimmune thyroid
disease and 12.5% of patients with non-organ specific autoimmune disorders showed
evidence of anti-AChE antibodies in their serum, employing an ELISA technique which
utilized type XIII AChE from human red blood cells as the antigen.
This was of particular relevance to this project so a study was carried out to investigate
these claims. To this end patients found to possess autoantibodies to a variety of
endogenous antigens from both organ specific and non-organ specific autoimmune
disorders, were analyzed for anti-AChE antibodies using the ELISA method developed in
this project. Serum known to be positive for anti-Yta antibodies was employed as a
human positive control.
Table 15 highlights the disorders and patient numbers investigated in this and a previous
study 119. Tables 16a and 16b highlight the sera tested and the nature and titre (if known)
of the autoantibodies possessed by those individuals for non-organ specific and thyroid
autoimmune disease. A range of titres of the autoantibodies have also been analyzed
(where possible) to determine whether there is any association with this and the presence
of anti-AChE antibodies. It will also help ascertain whether any interference with the
ELISA with certain autoantibodies is titre dependent.
The numbers analyzed in this study and the previously published study are compared

below.
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Table 15: Comparison of numbers of and types of disorders analyzed in two antiAChE studies.
Autoantibody

1988 study "9

1999 study

Non-organ specific
(ANA / ENA screen)
Rheumatoid Arthritis (RA)

0

20

6

10

Systemic Lupus
Erythematosus (SLE)
Thyroid autoantibodies

10

9

36

45

Confirmed Graves'
Ophthalmopathy

11

Negative Thyroid
autoantibodies

25
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Information not available
although, biochemical Eu',
Hyper and Hypothyroid
patients analyzed.
20

Tables 16a: Samples possessing non-organ specific autoantibodies and analyzed for
the presence of AChE antibodies.
SAMPLE No.
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Antibody / Antibody Pattern
Homogeneous / Speckled
^Speckled
Homogeneous
Nucleolar
Homogeneous / Mitochondria!
Nucleolar
Homogeneous
Speckled
Centromere / Mitochondrial
Centromere

Speckled

Homogeneous
Homogeneous
Speckled / nucleolar
Nucleolar
Speckled
Homogeneous
Smooth muscle
Ribosomal
Microsomal
Rheumatoid Arthritis
Rheumatoid Arthritis
Rheumatoid Arthritis
Rheumatoid Arthritis
Rheumatoid Arthritis
Rheumatoid Arthritis
Rheumatoid Arthritis
Rheumatoid Arthritis
Rheumatoid Arthritis
Rheumatoid Arthritis
Systemic Lupus Erythematosus
Systemic Lupus Erythematosus
Systemic Lupus Erythematosus
Systemic Lupus Erythematosus
Systemic Lupus Erythematosus
Systemic Lupus Erythematosus
Systemic Lupus Erythematosus
Systemic Lupus Erythematosus
Systemic Lupus Erythematosus

Titre
160
1280
160
Not Titred
160
Not Titred
320
160
640
Very Strong
160
160
320
160
Not Titred
160
160
Very Strong
Very Strong
Very Strong
16
32
64

128
256
512
512
512
1024
2048
D/S DNA
D/S DNA
D/S DNA
D/S DNA
D/S DNA
D/S DNA
D/S DNA
D/S DNA
D/S DNA

Centromere and Nucleolar antibodies not routinely titred.
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Table 16b: Samples Positive for one or more Thyroid Autoantibodies and analyzed
for the presence of AChE antibodies
(TPO = Thyroid Peroxidase antibodies, Tg = Thyroglobulin antibodies)
SAMPLE No.
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

Thyroid Autoantibody
TPO / Tg
TPO / Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO / Tg
TPO / Tg
TPO/Tg
TPO/Tg
TPO / Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO / Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO / Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg
TPO/Tg

Titre
400 /Neg
1600/Neg
1600 /Neg
6400 /Neg
6400 /Neg
25/10
100 / 20
25600 / 40
Neg / 80
1600 / 320
400 / 640
25600 / 2560
6400 / 2560
25600/5120
25600/5120
100/80
100/Neg
6400/40
1600/Neg
6400/>5120
1600/Neg
6400/Neg
100/Neg
1600/Neg
6400/40
100/Neg
400/Neg
1600/320
6400/Neg
6400/Neg
1600/2560
1600/Neg
100/Neg
100/Neg
400/Neg^
100//40
100//Neg
1600/2560
1600/2560
100//40
1600/20
25600/80
160/400
400/Neg
1600/320
1600/2560
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Samples 89 to 108 were analyzed for the presence of both Thyroid autoantibodies and
shown to be negative.
Figures 86 and 87 plot the absolute absorbances and the percentage specific binding for
each sample analyzed, respectively. The absolute absorbances of sample analyzed were
used to calculate the mean and 3 standard deviation cut off limit. Table 17 below lists the
values calculated. 94.6% of the absorbances were within 4% of each triplicate mean and
97.5% 6% or less.
Table 17: Running statistical analysis on mean absorbance of non anti-Yta sample
triplicates and autoantibody (positive and negative) samples in the presence of
AChE.
Statistical Value
Number of Values
124
Mean
0.179 absorbance units
Standard Deviation
0.03385
Upper 2 Standard Deviation limit from Mean
0.247 absorbance units
Upper 3 Standard Deviation limit from Mean___0.281 absorbance units

Using the calculated 3 Standard deviation limit one of the samples (number 5) has given
an absolute absorbance greater than this limit (0.305) in the presence of the antigen.
However, the percentage specific binding value was calculated at 33%, which is lower
than the 40% established for positive samples in the previous study.
Therefore this sample must be classified as equivocal.
Reviewing all the data in figures 86 and 87 (below) no other samples have given a
positive result. These findings do not substantiate the results obtained by the previous
researchers, for a range of both thyroid and non-organ specific autoimmune disease
patients.
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Figure 86:
Absorbances obtained for samples known to be positive and negative
for autoantibodies and analyzed for the presence ofAChE antibodies
using a microtitre plate ELBA technique

1.0Absorbances with AChE coat
Absorbances No A ChE coat
I

CM

0.8-

0.6-

0.4H
Positivity Level (0.281)

3SD
0.2-

0.0
10

20

30

40

50

60

70

80

90

Sample Number
1-3anti-Yta positive human controls
4- 23 have non-organ specific autoantibodies
24- 33 are positive for Rheumatoid Factor
33- 42 are confirmed SLE patients
43- 88 have one or both Thyroid autoantibodies
89-108 are Negative for Thyroid autoantibodies
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100

110

Figure 87:
Calculated Percentage Specific Binding of all samples analysed (with autoantibodes)
for the detection ofanti-AChE antibodies employing a microtitre plate EUSA.

g> 755
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o
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*-•
§
I 25-

40% _specific binding

Samples Analysed
(1-3 anti-Yta positive sera)
(4-23 non organ specific autoantibodies)
(24-33 Rheumatoid factor positive patients)
(34-42 SLE positive patients)
(43-% Thyroid autoantibody positive patients)
(89-108 Thyroid autoantibody negative patients)

On reviewing the data of the previous study it was seen that the ELISA method
developed may have had several problems, which could have led to the generation of
false positive results.
Firstly the antigen employed was a preparation of the hydrophobic type Xlil AChE
obtained from human red blood cells, which is difficult to coat to the surface of microtitre
plates as shown in this project. This antigen is not a pure preparation and could possess
non-AChE epitopes, which have resulted in the non-specific binding of non-AChE
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antibodies. Secondly the method employs a secondary antibody titre of 1/1000, a titre
which generated high NSB values for human serum samples during the development of
the method developed for this thesis. These two factors could have lead to the generation
of false positives.
The previous group also used a positive cut off level of 2 standard deviations from the
mean, as the classification point for positive samples. The experience with this project
was that such a cut off limit is too low and false positive values are generated leading to
misclassification.
It was also stated that the older method had a cross reactivity problem with antithyroglobulin antibodies. This could also have lead to the generation of false positive
results, particularly for patients with thyroid autoimmunity. The sensitivity of the method
was also questionable as a rabbit polyclonal antibody to human AChE, at a titre of 1/300
gave an absorbance of 0.114. This value is too low for a positive control, particularly a
polyclonal antibody, which should have the capacity to bind to more than one epitope and
amplify the signal. The absorbances obtained for each sample were always within 15% of
the triplicate mean, whereas the figure is 4% (for 94.6% of absorbances) with the highest
percentage difference calculated as 15% (<1%) with the present method. In the case of
the latter a between batch precision value of 7.7% has been calculated for the
absorbances obtained for repeated analysis of a known anti-Yta sample.
It is also reassuring that the method developed for this project does not experience any
NSB from the autoantibodies, particularly rheumatoid factor, analyzed.
The other possibility for the high incidence of anti-AChE antibodies with the previous
group is that they were detecting allogenic anti-AChE antibodies. If they were autogenic
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in nature there should have been some evidence of increased red cell turnover. This
would occur as their red blood cells would be damaged or removed from circulation by
the anti-AChE antibodies. However, it is unlikely that all the positives had allogenic
antibodies as they would have to have had the Ytb phenotype and have had a blood
transfusion or pregnancy, which stimulated the antibody response. This is assuming the
antigen employed was of the Yta form and the method capable of detecting anti-Yta
antibodies.
The previous group also carried out inhibition of ELISA binding by the addition of free
antigen prior to ELISA analysis and immunoblotting experiments, to confirm their
ELISA results. In the case of the former technique, use of the same antigen to bind the
"antibodies" as employed for the ELISA would lead to decreased binding whether it was
AChE specific or not. The presence of non-AChE moieties within the impure antigen
would account for the reduced ELISA absorbances post incubation with the free antigen.
The immunoblotting experiments generated immunological reactivity at 20, 30, 45, 50,
55 and 130kDa determinants. The method employed used 5% p-mercaptoethanol,
implying that reduced conditions were employed. It is now well established that pure
AChE consists of catalytic subunits of approximately 67kDa 49 . Therefore the dimeric G2
form from human red blood cells has a mass of approximately BOkDa, which gives rise
to two 67kDa subunits upon reduction. Reviewing the immunoblotting data of the
previous group, the only band that showed reactivity in the same region as a possible
AChE determinant was ISOkDa. However, this would have been reduced to 67kDa under
the conditions used and not present on the gel. Therefore the ISOkDa band is probably
not AChE and its reacting antibodies not anti-AChE antibodies.
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It is clear that the immunological reactions previously observed for the ELISA and
immunoblotting techniques were probably due to the binding of antibodies to non-AChE
moieties of the impure antigen or the direct binding of the secondary antibody to a nonAChE molecule.
It can therefore be concluded that there is no evidence to suggest that there is an
increased incidence of anti-AChE antibodies in patients with autoimmune disease. The
previous findings are due to NSB in the ELISA method, the immunoblotting procedure
and inhibition studies due to the impure nature of the antigen employed.
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Determining the incidence of anti-AChE autoantibodies in
patients with all forms of Motor Neuron Disease.
Previous reports had highlighted the possible presence of anti-AChE autoantibodies in
patients with ALS employing different techniques, one being an ELISA method 108'110'
112. As a result of all the data generated it was decided to use the ELISA method
developed for this project to investigate these claims. It was of particular interest because
the previous group had used the type XIII human red cell AChE as the ELISA antigen m.
Since this preparation had already shown evidence of impurities and NSB, using an
ELISA employing the pure recombinant AChE would be a better technique.
Prior to this study commencing, a scientific paper was published investigating the claims
that autoantibodies to AChE were detected in patients with ALS, by a previous group m.
They too were employing an ELISA method utilizing the recombinant AChE n5.
Compared to the method developed for this project, this other ELISA used different
coating solutions, different blocking agents, different conjugated secondary antibodies
(Alkaline phosphatase) and different incubation conditions for the primary and secondary
antibodies, resulting in the assay taking longer than 48hours to complete. They used a
rabbit anti-human AChE polyclonal antibody as the positive control.
Since the only similarity between the ELISA methods was the antigen employed, the
decision was taken to pursue the clinical study notwithstanding. This was chiefly because
the other group had not published any sensitivity data and the use of a rabbit anti-human
AChE polyclonal antibody incubated at 37°C overnight, as a positive control, could give
a false impression of their method's sensitivity. The method developed for this study had
proven sensitivity (1.8ng/ml, p=0.01) with an equimolar mouse monoclonal antibody (see
figure 31, p!48) and as such may detect antibodies not detected by their method. The
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method developed for this project could also detect a known human antibody to AChE,
which could be used as a positive control for all the reagents being employed.
The other group only investigated patients with ALS and no patients with any other form
of MMD. Therefore the patient group investigated for the present study was expanded to
include all MND forms. The study would also include Rhesus, ABO and Yt (Cartwright)
typing of red cell antigens of all patients investigated.
After attaining full ethical committee approval for the study (see appendix A),
agreements of collaboration were obtained from the Department of Neurology at the
University Hospital of Wales and the Welsh Blood Transfusion Centre at Talbot Green.
The study was designed to compare the incidence of anti-AChE antibodies in patients
with a variety of neurological and muscular disorders. The positive control group would
consist of patients clinically diagnosed as having MND (all of its subforms) and the
negative control group would consist of patients with neurological / muscular disorders
unrelated to MND. The El Escorial criteria as published by the working group on ALS
were used to classify the MND patients 91 . The enrolment and phlebotomy of appropriate
patients took place over a period of eight months and the patients recruited from the
Neurology outpatient clinics at the University Hospital of Wales, Prince Charles Hospital
and Rookwood Hospital, Cardiff. Healthy volunteers were recruited from the Clinical
Biochemistry Department at Prince Charles Hospital and the University Hospital of
Wales.
The patients consent was sought prior to phlebotomy and the patients invited to complete
a questionnaire (see appendix B). The patients were also given an information leaflet
describing the purpose of the study (see appendix C).
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One serum sample and one plasma sample (EDTA as coagulant) was taken from each of
the consenting patients via a vacutainer system. The serum sample was centrifuged and
separated into two aliquots before storage at -70°C. Once all the required samples had
been collected, one aliquot of each of these samples was analyzed for the presence of
anti-AChE antibodies employing the microtitre plate ELISA method developed. All
samples were analyzed in the presence and absence of an AChE antigen coating.
Any samples found to be positive for autoantibodies to AChE would undergo further
analysis to determine any possible aetiological role, employing the other techniques
developed.
It was also important that the Yt status of each of the patients who took part in the study
be determined, as this would help clarify whether any anti-AChE antibodies present were
autogenic or allogenic in nature.
The red blood cells of the plasma sample were ABO and Rhesus typed prior to packaging
and transportation to the Welsh Blood Transfusion Laboratory on dedicated same day
transport. The erythrocytes were stored at -196°C in a 40% sucrose solution. Storage in
sucrose prevents cell lysis and it allowed batch analysis when determining the Yt status
of each of the individuals in the study. The Yt status was determined using a routine Low
ionic strength saline (LISS) tube indirect antiglobulin test, where anti-Yta positive sera
was reacted with the study cells and incubated at 37°C. The addition of a secondary
antibody, anti-human globulin and the presence of agglutination indicated that the cells
possess the Yta antigen. The patient data and results were correlated to determine the
incidence of anti-AChE antibodies in either of the two patient groups considered.
Tables 18 and 19 (below) show the patient details for each of the groups investigated.
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Table 18: Patient details of individuals recruited onto the anti-AChE antibody trial
(positive control group) with motor neuron disease (MND)
Patient
Name
MR
BD
LE
FH
MR
WD
KP
DJ
DP
BN
KM
SB
WG
AT
MD
DH
PD
FO'D
MW
MH
MT
RJ
GW
TJ
ME
JR
SH
TL
GL
NH

Male / Date of Plate
Female
Birth
Sample
Number
M
26/10/41 2(O
F
26/5/19
3(C)
M
13/10/33 4(0
M
19/7/29
5(C)
M
2/6/40
6(0
M
7/11/24
7(O
M
1/7/28
8(0
F
19/10/38 9(0
F
7/6/25
10(O
M
7/10/35
H(O
M
31/1/22
12(0
M
17/6/52
13(0
M
7/4/17
14(0
M
3/2/22
15(0
F
3/6/22
16(0
1 1/9/29
F
17(0
M
11/1/41
18(0
26/6/31
F
19(0
16/8/20
M
20(C)
13/4/37
F
21(C)
7/8/25
F
22(C)
26/7/28
23(C)
M
28/10/37 24(C)
M
6/9/44
25(C)
M
26(0
23/8/18
F
5/4/48
27(C)
F
24/11/43 28(C)
M
19/1/23
29(C)
M
30(O
22/11/31
F
31(O
30/3/32
F

Trial
Number

MND
Type

Yt
Status

Anti-AChE
antibodies

22
23
24
25
27
28
29
31
37
38
43
44
45
46
51
63
64
65
66
73
74
75
76
77
78
79
80
81
82
85

PLS
PLS
PMA
PMA
PMA
PLS
PMA
ALS
ALS
ALS
PMA
PMA
PMA
ALS
PMA
ALS
ALS
ALS
PBP
PMA
PMA
PLS
PMA
ALS
PBP
ALS
PLS
ALS
ALS
ALS

Yta

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Yf
Yta
Yf
Yt"
Yf
Yf
Yf
Yf
Yf
Yf
Yf
Yf
Yf
Yta
Yf
Yf
Yf
Yf
Yf
Yf
Yf
Yta
Yf
Yf
Yf
Yta
Yf
Yf
Yf

The mean age of the patients recruited as Positive controls (confirmed MND) was 67
years, where 40% (12) were Female and 60% (18) were Male.
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The frequency of the ABO Rhesus blood types were as follows:
A Rhesus Positive

=36.7% (11)

B Rhesus Positive

= 10.0% (3)

O Rhesus Positive

= 36.7% (11)

A Rhesus Negative

= 10.0% (3)

B Rhesus Negative

= 6.7% (2)

Patients with blood group A

=46.7% (14)

Patients with blood group B

= 16.7% (5)

Patients with blood group O

= 36.7% (11)

Patients with Rhesus Type Negative = 16.7% (5)
Patients with Rhesus Type Positive = 83.3% (25)
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Table 19:Patient details of individuals recruited onto the anti-AChE antibody trial
(negative control group) with neurological or muscular disorders other than motor
neuron disease (MNP) and healthy individuals.
Patient Male / Date of Plate
Trial
Disease Type
Yt
Anti-AChE
Female Birth
Sample
Number
Status
Antibodies
Number
Yta
F
RW
3/9/75
2(A)
2
Epilepsy
Negative
F
SH
15/4/40
3(A)
5
Multiple Sclerosis
Yf
Negative
F
CN
18/946
4(A)
6
Multiple Sclerosis
Yf
Negative
Yta
M
MJ
20/6/76
5(A)
10
Epilepsy
Negative
M
MB
28/1/38
6(A)
26
Kennedy's Disease
Yf
Negative
M
AT
21/6/42
7(A)
30
Kennedy's Disease
Yf
Negative
F
EL
14/11/80 8(A)
32
Epilepsy
Yf
Negative
Yta
M
1 1/6/57
JJ
9(A)
39
Multiple Sclerosis
Negative
F
14/3/41
MS
1<KA)
40
Multiple Sclerosis
Yf
Negative
M
MR
23/2/44
H(A)
41
Multiple Sclerosis
Yf
Negative
F
16/6/49
MC
12(A)
42
Multiple Sclerosis
Yf
Negative
F
DM
12/9/50
13(A)
47
Multiple Sclerosis
Yf
Negative
F
4/3/56
AW
14(A)
48
Multiple Sclerosis
Yf
Negative
F
22/6/70
DL
15(A)
49
Multiple Sclerosis
Yf
Negative
F
18/4/53
SC
16(A)
50
Multiple Sclerosis
Yf
Negative
PA
F
14/12/46 17(A)
52
Torticollis
Yf
Negative
M
6/5/44
MW
53
Torticollis
18(A)
Yf
Negative
17/11/33 19(A)
EW
F
Yf
55
Torticollis
Negative
M
31/1/59
AW
Yf
56
Cerebral Palsy /
20(A)
Positive
Epilepsy
Yf
57
F
Torticollis
8/1/25
BW
Negative
21(A)
Yf
Negative
None
24/9/53
JH
58
F
22(A)
Yf
Torticollis
59
Negative
3/5/55
23(A)
GL
F
Yf
Negative
Multiple Sclerosis
60
2/1 1/42
M
24(A)
LW
Yf
Negative
None
67
7/2/66
25(A)
M
JG
Yf
Negative
None
68
2/1/66
M
26(A)
JW
Yf
Negative
None
69
12/1/63
27(A)
F
ME
Yta
Negative
None
70
6/3/76
28(A)
TW
F
Negative
Yf
None
71
3/1/74
29(A)
MH
M
Yf
Negative
None
72
17/11/56 30(A)
M
SB
Negative
Parkinson's Disease Yf
83
2/3/37
31(A)
DD
M
Yf
Negative
Parkinson's
Disease
84
29/7/41
32(A)
F
CA
Negative
Parkinson's Disease Yf
86
23/6/18
10(E)
M
CS
Yta
Negative
Parkinson's Disease
87
28/12/37 11(E)
F
UC
Yf
Negative
Parkinson's
Disease
29/7/37
88
12(E)
TD
M
Negative
Parkinson's Disease Yf
89
14/2/24
13(E)
RD
M
Yta
Negative
Multiple Sclerosis
1/3/62
14(E)
61
DB
M
Yta
Negative
Multiple
23/9/57
Sclerosis
62
15(E)
F
SS
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The mean age of the patients recruited as Negative controls was 48 years 2 months,
where 54% (20) were Female and 46% (18) were Male.
13 patients had been diagnosed as having Multiple Sclerosis.
4 patients had been diagnosed as having Epilepsy, one of which was also diagnosed as

having cerebral palsy.
2 patients had been diagnosed as having Kennedy's Syndrome (X-linked bulbospinal
muscular atrophy)
5 patients had been diagnosed as having Spasmodic Torticollis.
6 patients had been diagnosed as having Parkinson's Disease.
7 recruits were healthy individuals with no known neurological / muscular disorders.
The frequency of the ABO Rhesus blood types were as follows:
A Rhesus Positive

= 31.6% (12)

B Rhesus Positive

= 13.2% (5)

O Rhesus Positive

= 36.8% (14)

A Rhesus Negative

= 5.3% (2)

O Rhesus Negative

= 10.5% (4)

AB Rhesus Negative

=2.6%(1)

Patients with blood group A

=36.8% (14)

Patients with blood group B

=13.2% (5)

Patients with blood group O

= 47.4% (18)

Patients with blood group AB

=2.6%(1)

Patients with Rhesus Type Negative = 18.4% (7)
Patients with Rhesus Type Positive = 79.0% (30)
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Table 20: Running *'totaP statistical analysis on mean absorbances of Non Yt*
sample triplicates, autoantibody (positive and negative) and Neuro-muscular
negative and positive (MND) control group data in the presence of AChE.
Statistical Value
Number of Values
Mean
Standard Deviation
Upper 2 Standard Deviation limit from the Mean
Upper 3 Standard Deviation limit from Mean

190
0.173 absorbance units
0.0352
0.243 absorbance units
0.279 absorbance units

Figure 88:
Absorbances obtained for Motor Neuron Disease positive
control group and analyzed for the presence of AChE
antibodies using a microtitre plate ELISA technique
1.4Absorbance with AChE coat
Absorbance No AChE coat
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(Motor Neuron Disease Positive control group)
(See Table 18)
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Figure 89:

Calculated percentage specific binding for Motor Neuron Disease
Positive control group
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Figure 90:
Absorbances obtained for Neuro-muscular negative control
group and analyzed for the presence ofAChE antibodies using
a microtitre plate ELISA technique
Absorbance with A ChE Coat
Absorbance No AChE coat
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(See Table 19)

Patient 56 (A.W.) tested negative for anti- Yta antibodies employing the LISS tube
indirect antiglobulin test. Serum 56 was tested against a ten cell panel, six were positive
for the Yta antigen and four were negative for the Yta antigen (therefore Ytb).
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Figure 91:

Calculated percentage specific binding for Neuro-muscular Negative control
group
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Analysis of sample 56 (A.W.) was repeated on the second aliquot of serum stored at
-70°C, and an absorbance of 0.828 in the presence of AChE was observed, with a
calculated specific binding of 75%.
The absorbances obtained for each sample analyzed (both MND negative and positive
groups) were within 4% (for 94.0% of absorbances), with the highest percentage
difference calculated as 11% (<1% of total) with the present method.
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All the patients analysed possessed the anti-Yta antigen on their erythrocytes with no
significant difference in the distribution of ABO / Rhesus blood group types between the
two groups.
Figures 88 and 89 show anti-AChE antibodies were not detected in patients with ALS.
These results confirm the findings of a previous group 1155 who also employed the human
recombmant AChE as the antigen, but the data do not support the findings of another
group112, which employed the erythrocyte type XIII AChE as the ELISA antigen. In the
case of the latter, it seems likely that the use of the impure type XIII AChE from human
red blood cells has generated false positive results. As with our previous study on
autoimmunity, the positive reactions are non-specific for AChE and due to primary and
secondary antibody binding to non-AChE moieties. It is unlikely that the antibodies
detected by this early ELISA were of an allogenic nature since all these individuals
would have to possess the Ytb form of AChE and have had a blood transfusion /
pregnancy to stimulate the production of anti-Yta. Our results show that MND patients
did not have an increased expression of the Ytb phenotype. It is also likely that if ALS
patients had autoantibodies to the type Xffl AChE, they would show an increase in
erythrocyte turnover or anaemia, signs not described in these individuals.
The data of figures 88 and 89 also show that anti-AChE antibodies are not present in any
forms of MND. This is the first time all forms have been investigated and the negative
results reveal that on the basis of the population studied, the presence of anti-AChE
antibodies cannot be used as an aid to help distinguish between the different forms.
When considering all the clinical, physiological and analytical evidence, it is becoming
increasingly unlikely that antibodies to AChE have a role in the aetiology of ALS and
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other MND's. These data do not rule out the possibility that MND's may have an
immunological aetiology, but they do not support AChE as the target antigen.
Figure 90 shows that among non-MND samples all but three samples, Yta2 (positive
control) A.W.(56) (cerebral palsy) and U.C.(87) (Parkinson's Disease) generated
absorbances less than the 3 standard deviation limit and positive cut off value for the
negative control group. Calculating the percentage specific binding reveals that sample
U.C. has a low specific binding value of 25% (see Figure 91), indicating the presence of
an inherent non specific binding factor. Since only one of the positive classification
criteria has been met this patient has been classified as having an equivocal result.
Sample A.W. has a calculated specific binding value of 75%, (see figure 91) indicating
the presence of an IgG anti-AChE antibody. This sample was analysed in a second
experiment and the same value was obtained.
Figure 92:

IgG Subclass Typing of anti-AChE antibody detected
in sample 56 (A.W.) of Motor Neuron Disease Trial.
Yta 2 with AChE coat

1.00-

Y?2 No AChE coat
A.W. with AChE coat
A. W. No AChE coat

0.75CM

c 0.50-

0.25-

0.00

lgG2
lgG3
IgG Subclass Type

lgG1
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lgG4

Figure 92 (above) shows that A.W. possesses serum IgG anti-AChE antibodies of all
subclasses. The specificity of the technique is supported by the lack of a reaction for all
subclasses in the absence of an AChE antigen coat, for sample A.W and the positive
control (known IgGi).
Reviewing clinical notes revealed that AW had a normal full blood count, no history of
autoimmune disorders, anaemia or blood transfusion. The notes showed in addition that
the patient had right-sided pyramidal weakness, behavioural and developmental
difficulties, hypertension, hemi-facial spasm and epilepsy. The medication prescribed
included Sodium Valproate, Phenytoin, (anti-epileptics) Lisinopril (anti-hypertensive),
and Botulinum toxin (Dysport) injections every 2-3 months for the hemi-facial spasm.
These results are the first to describe the presence of IgG (all subclasses) anti-AChE
antibodies in a patient with cerebral palsy. Previous studies have not analysed the serum
for these antibodies in individuals with this disorder.
These results are interesting because the aetiology of cerebral palsy is unknown. It is
thought that cerebral palsy is caused due to an infection, trauma and / or hypoxia at birth,
causing permanent damage to the central nervous system (CNS). An immunological
cause for this disorder has not been suggested or investigated to date. Whether anti-AChE
autoantibodies could be pathognomic and responsible for some of the clinical signs and
symptoms of cerebral palsy is unclear.
Such an autoantibody could elicit some immunological activity on AChE such as
complement activation, particularly by IgG3, binding of the AChE active site to prevent
AChE enzymatic function and prevention of AChE transportation from the cytoplasm of
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AChE synthetic neurones to the synaptic / neuromuscular junctions and interfere with its
non-cholinergic functions.
AChE's non-cholinergic functions are associated with cell to cell interactions and
signalling, particularly in the developing CNS 3 . It could be argued that if anti-AChE
antibodies were a primary cause of cerebral palsy, damage to the neuronal AChE could
result in poor CNS development.
The presence of these autoantibodies could affect motor function at peripheral sites such
as the neuro-muscular junctions, resulting in generalised muscle weakness and poor
motor control. Non-cholinergic functions of AChE also include molecular interactions
with other non-cholinergic neurons such as dopaminergic neurons, particularly in the
substantia nigra, a centre associated with motor function. In this region there are few
cholinergic synapses, but AChE is released from nigrostriatal neurons as a regulatory
molecule 3 . It is possible that inhibition or destruction of AChE in this central region also
affects an individual's motor function.
The presence of a factor causing non-specific binding cannot be ruled out as a cause for
the positive results observed for sample 56 (A.W.). However, such a factor would have to
be capable of bridging human recombinant AChE and each of the five different and
specific secondary antibodies employed. It is possible that this patient has developed
antibodies to Botulinum toxin A administered therapeutically and these are cross reacting
with a similar epitope on AChE. Although Botulinum toxin A is an endopeptidase there
is no evidence to show that it has any homology and therefore immunological similarity
with AChE 3'156.
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Analysing sample 56 (A. W.) for the presence of anti-Yta antibodies produced negative
results. This demonstrates that the anti-AChE antibody could be neuro-muscular specific.
Recent studies have shown that human erythrocyte AChE and neuronal AChE differ in
their glycosylation status 23'24. Assigning the number and site of attachment of the
oligosaccharide side chains in each form has not been investigated to date. The
differences in carbohydrate content have been established because the monoclonal
antibody 2G8 and Elec-39 raised against detergent soluble AChE of Torpedo nacline
timilei and Electrophorus electricus respectively, react with human brain AChE but not
with erythrocyte AChE 23. Further work revealed that the AChE forms differed in their
N-linked carbohydrate content. One group has also produced a monoclonal antibody to
the C-terminal peptide of human brain AChE, which can also distinguish between the two
physiological forms of human AChE

*jo

. This provides strong evidence that different

forms of human AChE can have different epitopes, thus making it theoretically possible
for an individual to develop autoantibodies to either one of the AChE forms. To date an
autoantibody to erythrocyte AChE has yet to be confirmed, all have been allogenic in
nature 62.
The human recombinant AChE employed for this assay is of the neuronal form, since it is
generated after translation of exons 2,3,4 and 6. Studies on the AChE molecules produced
have shown that microheterogeneity exists with respect to their carbohydrate content 49.
Therefore, this antigen may possess all the possible carbohydrate epitopes and
permutations available in-vivo, making it a suitable antigen to detect anti-AChE
antibodies to neuronal AChE in-vitro.
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The presence of IgG anti- neuronal AChE antibodies of all IgG subclasses in the serum of
a patient with cerebral palsy receiving Botulinum toxin therapy, presents evidence that
there is the potential for the AChE of this individual to be the site for immunological
activity. This could have been a secondary occurrence due to an analytical MSB / cross
reactivity interference or due to the stimulation of a primary antibody to AChE per se.
This could have happened as a result of the increased immunological activity at the
neuro-muscular synapses, in response for example to the presence of the Botulinum
toxin. AChE is a secreted extracellular enzyme at the synapses, the site of the Botulinum
toxin's therapeutic action and could have become an antigen in the immunological
milieu, resulting in the generation of an autoantibody. The antibody may also have been
developed soon after birth as a result of an infection or trauma.
Therefore it is important to determine whether the anti-AChE antibody detected in the
patient with cerebral palsy is clinically significant, and if so, whether it is a primary or
secondary aetiological factor.
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Conclusion:
Understanding of the biochemistry and physiological function of AChE has increased
dramatically over the last twenty years and this has generated interest in its possible role
in disease. The content of this thesis has had to combine many scientific fields including,
neurophysiology, biochemistry, serology, histopathology, clinical neurology and
immunology. This is due primarily to the complex molecular nature of AChE.
This project has brought together all these areas, perhaps for the first time, to help

understand AChE and its role in disease, particularly autoimmunity, and to help explain
the experimental findings of this and previous investigations.
It is conceivable that a large protein, which can exist in a free secretory form and which
also resides on the surface of red blood cells could be open to immunological attack. In
the case of the latter, the role of the AChE molecule and the Cartwright blood group
system was established in 1992 and had never been considered in previous work within
this field. However, this was evidence of an allogenic immunological response which
could not be ignored and which was eventually exploited for the first time as part of the
present investigation.
The immunohistochemistry technique developed has shown that it is possible to detect
anti-AChE antibodies to human AChE employing human large intestinal tissue and that

this method has the potential to be employed in future studies.
The use of impure forms of the enzyme as an antigen appears to have clouded the issue
with respect to AChE and autoimmunity. This was a factor that required investigation to
help clarify the data produced at the time this project commenced. The impure antigen
was employed at the start of this project but it soon became apparent that a pure form of
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the antigen was required or the data produced for this project could also fall foul of the
poor specificity of previous methods. However, many of the principles and techniques of
immunoassay development were learnt using the impure antigen at the start of this
project. The availability of a commercial recombinant form of AChE and the foresight to
see a potential use for the product, was the turning point in this research. It is of particular
interest that there is now a drive for all ELISA methods, which detect autoantibodies, to
employ recombinant antigens to remove the doubt of non-specificity.
After many hours of research, problem solving, fine tuning and evaluating possible
techniques, a microtitre plate ELISA method has been developed for the detection of
antibodies to the Yta form of human AChE. The assay is sensitive, specific, precise and
convenient. The method is semi-automated and can be completed in less than 24 hours
which is 50% shorter than the other recombinant AChE method published. Its adaptation
to detect IgG subclass specific anti-AChE antibodies was also a useful research tool for
this project and future work. The method is also capable of detecting anti-Yta blood group
antibodies, another clinical use of the assay not previously described. However, for these
to be detected a concentrated serum titre (1/5) has to be employed and this may have
contributed to the low incidence of AChE autoantibodies detected.
The results generated with the ELISA method have been supported by data published by
other researchers investigating all other aspects of AChE biochemistry and immunology.
These include the differences in glycosylation status between neuronal and erythrocyte
AChE which could help explain the positive results on this projects ELISA and negative
results against red cell AChE (serological). This project is the first to detect a human
autoantibody to AChE, which shows evidence of neuronal specificity.
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The method has also been used to question the findings of other researchers regarding the
prevalence of anti-AChE antibodies in patients with autoimmune conditions 119. This has
also been aided by the increased knowledge of AChE not available at the time of the
previous work.
Use of the ELISA method has also called into question previous findings that
autoantibodies to AChE were present in the serum of patients with ALS when employing
an ELISA method utilizing the impure type XIII AChE antigen 108' 110> u2. it has confirmed
the other findings 115 that these autoantibodies are not present in patients with ALS, when
employing an ELISA that utilized the recombinant AChE. The project has also shown
that anti-AChE autoantibodies are not present in any of the forms of MND studied and
that it is unlikely that AChE is the target antigen, if MND's have an immunological
aetiology.
The detection of an anti-AChE antibody in an individual with cerebral palsy receiving
Botulinum toxin therapeutically, is an exciting and new finding which warrants further
investigation. However, separation, purification and ELISA analysis of this individuals
IgG would help confirm the presence of an "autoantibody" to human AChE.
Much of the data and methods presented in this thesis have not been previously

demonstrated, the more significant of which are listed below:
1) Development of a new ELISA method to detect anti-AChE antibodies to human
AChE, with well defined criteria for the classification of positive, negative and
equivocal results.
2) Detection of IgG anti-Yta allogenic antibodies employing an ELISA method.
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3) Detection of a blood group allogenic antibody employing a recombinant antigen
bound to a solid phase.
4) Use of IgG anti-Yta allogenic antibodies as a positive control for ELISA method
detecting autoantibodies to human AChE.
5) IgG subclass typing of IgG anti-Yta allogenic antibodies employing an ELISA
method.
6) Proven sensitivity of ami-AChE ELISA method to 1.8ng/tnl of Mmab IgG protein.
7) Immunohistochemical detection of human large intestinal tissue AChE with Mmab's
HR2, AE1 and AE2.
8) Immunological confirmation of Yt phenotype as Yta for the commercial recombinant
AChE.
9) Anti-AChE antibodies are not prevalent in patients with autoimmune disease.
10)Anti-AChE antibodies are not present in the serum of patients with any form of
MND.
11) Determining the Yt phenotype status of MND patients.
12) Detection of an IgG anti-AChE antibody in a patient with cerebral palsy receiving
Botulinum toxin therapy.
13) IgG subclass typing of an IgG anti-AChE autoantibody in a patient with cerebral
palsy.

Future work and areas of development:
The results generated by this project have opened up another area that warrants further
investigation, namely the incidence of anti-AChE antibodies in patients with cerebral
palsy and patients who receive Botulinum toxin therapeutically. Such a study would help
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determine whether the anti-AChE antibodies detected in the patient with cerebral palsy
were due to the administration of Botulinum toxin or not. If the anti-Botulinum toxin
antibodies do cross react with human neuronal AChE, the impact on the enzyme's
activity in-vivo would need to be studied.
It would also be prudent to use other techniques apart from the ELISA method such as
Western Blot analysis, to confirm the findings. Other methods could also include the
techniques developed for this project, particularly the immunohistochemistry. With the
advent of automated immunohistochemistry staining analysers, large sample throughput
and improved sensitivity could show tissue reactivity of anti-AChE autoantibodies if any
were found. The tissue type (human large intestine) and positive control(s) (Mmab HR2,
AE1 and AE2) have been highlighted in this thesis.
Another area of research, which has arisen from this thesis, is the use of recombinant
antigens for the detection of blood group antibodies. Such an area has great potential
because employing only one capture antigen removes the need for the manual screening
of complete cell panels, and the results generated are specific. Systems composed of
antigen coated plates (or any other solid phase) capable of detecting antibodies to all the
common blood group antibodies could be devised. Subject to the availability of other
recombinant antigens, this would enable the automation of antibody screening, typing
and grading.
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Appendix B

Patient Questionaire and Declaration of Consent for Anti-Acetylcholinesterase
Antibody Study By Clinical Biochemistry and Department of Neurology at North, East
Glamorgan and UHW NHS Trusts.
Please try to complete as fully as possible: Return attached to specimens / request form
indicating samples for AChE study. In case of queries, contact Mr J.Geen at P.C.H.
Biochemistry dept on ext. 8265. (Where * delete as appropriate).
Specimens required 1 clotted sample (red top tube)
1 EDTA sample (purple top tube)
PATIENTS FORENAME_______________________________________
PATIENTS SURNAME
PATIENTS SEX

M / F*

PATIENTS DATE OF BIRTH
PATIENTS UNIT NUMBER
OCCUPATION (CURRENT / LAST )_
ANY KNOWN EXPOSURE TO PESTICIDES
CLINIC LOCATION

YES / NO *

CONFIRMED NEUROLOGICAL / MUSCULAR DISORDER,
OTHER DISORDERS (eg. Auto-immune disease)_______
PATIENTS BLOOD GROUP (If known)____________
HAS THE PATIENT EVER RECEIVED A BLOOD TRANSFUSION

YES / NO *

IF YES WHEN (YEAR WILL BE SUFFICIENT),_____________________
HAVE FEMALE PATIENTS HAD CHILDREN

YES / NO *

IF YES HOW MANY_______________________________________
HAS THE PATIENT GIVEN CONSENT FOR BLOOD SAMPLES TO BE TAKEN FOR THE
PURPOSES OF RESEARCH?

CONSENT GIVEN

YES / NO *

HAS THE PATIENT GIVEN CONSENT FOR THEIR MEDICAL NOTES TO BE REVEIWED
FOR THE PURPOSES OF RESEARCH? (IF REQUIRED).

CONSENT GIVEN

YES / NO *

PATIENTS SIGNATURE ______________________________________

Appendix C
PATIENTS INFORMATION LEAFLET ON ANTI-ACETYLCHOLCVESTERASE
STUDY
BEING CARRIED OUT AT THE NORTH. EAST GLAMORGAN AND UHW NHS
TRUSTS

Acetylcholinesterase (AChE) is an enzyme protein that can breakdown certain chemicals
found within the nervous system. The protein itself is found mostly in the nerve endings
and it is required for all nerves and muscles to work efficiently.
It has been suggested that the immune system of some people can develop a fault, which
results in the production of antibodies to this important protein.
Antibodies are generally "good" proteins that can bind to other proteins (found in bacteria
and viruses) and stop them from working properly. Unfortunately antibodies can also be
produced in error and these antibodies can damage our own proteins.
Therefore antibodies to Acetylcholinesterase (AChE) may interfere with an individuals
nervous and muscle system.
It is the aim of this research study to see if antibodies to this nerve protein are present in
the serum of people with neurological problems.
It may then be possible to determine whether these antibodies are responsible for the signs
and symptoms experienced by people with some neurological diseases.
If such antibodies are detected, it may help doctors and scientists understand how the
disease develops and help find possible treatments.
All patients that choose to take part in this study can be assured that ALL
information will be treated as strictly confidential.
The researchers would also like to thank all the patients who have consented to take
part in the study and chosen to donate their blood for analysis.
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Detection of anti-Yta antibodies using a sensitive and specific
enzyme-linked immunosorbent .assay
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Abstract: A specific, sensitive and semi-quantitative enzyme-linked
immunosorbent assay (ELISA) is described to detect anti-Yta antibodies in
human serum. Recombinant acetylcholinesterase (AChE E.C.3.1.1.7) was
employed as the coating antigen in the microtitre plate and horseradish peroxidase (HRP)-conjugated specific antibody (IgG) was used as the secondary anti
body. The method developed showed excellent sensitivity, detecting a titre >1
in 600 000 (3.5 ng/mL mouse IgG protein) for mouse monoclonal (mMAb) antiAChE antibody. No cross-reaction was seen with other common blood group
antibodies, confirming the specificity of the method. The recombinant antigen's
AChE phenotype was confirmed as Yf, as no reaction was detected with antiYth-positive sera. The ELISA method correlated closely with the established
serological grading system used routinely in blood transfusion laboratories.
Key words: Acetylcholinesterase. Amyotrophic lateral sclerosis. Blood groups.
Enzvme-linked immunosorbent assay.

Introduction
Acetylcholinesterase (AChE) is a (3-carboxyesterase
found in different molecular forms in a variety of tis
sues. 1 It is found predominantly in innervated tissue
(nervous system and muscle) and the cell membrane of
erythrocytes, where it is associated with the Cartwright
blood group system (Yt). 2-t Despite variation in its
molecular forms, the catalytic unit of human AChE
consistently comprises 543 amino acids, and is com
mon to all forms within an individual.
The catalytic unit can exist as two phenotypes, Yta
(YT1) and Ytb (YT2), where the amino acids histidine
and asparagine reside at position 322 in each of the
allelic forms. 3 Recently, it was confirmed that the
Cartwright epitope resides on AChE. 6 Yf is the most
common form in Europeans, with a frequency of
99.7% (heterozygote [YtH-/Yth+]: 7.8%). The
remaining 0.3% are Yt'-Yth+.7"s
To date, AChE has been associated with several dis
eases, including paroxysmal nocturnal haemoglobinuria (PNH)'( and Hirschsprung's disease;"' the former
is characterised by a lack of AChE enzyme in red cell
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membranes, the latter by a lack of positive histochemical staining for AChE when determining the presence
or absence of peripheral ganglion cells in the large
intestine. The enzyme protein is implicated in
Alzheimer's disease,""14 where AChE plaques within
specific regions of the brain may have a role in the aeti
ology of this disease. As a result, anticholinergic drugs
are now prescribed to treat affected individuals.
The presence of AChE in amniotic fluid is used in
the prenatal investigation of women at risk of carrying
an infant with a neural tube defect (NTD). 1 ' The dis
orders described are associated directly with the pres
ence, activity or structure of the AChE moiety.
However, it has been suggested that the aetiology of
some neurological disorders may involve autoantibodies to AChE,"""21 and their presence has been associ
ated specifically with amyotrophic lateral sclerosis
(ALS). This condition is characterised by the loss of
motor neurons, particularly in the spinal cord and
motor cortex of the brain, leading to neurogenic
atrophy of the skeletal muscles, physical weakness,
paralysis and respiratory failure.
There are conflicting reports"'-' of the prevalence of
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AChE auroantibodies in individuals with ALS, and
this led us to develop a sensitive and specific enzymelinked immunosorbent assay (ELISA) to detect these
autoantibodies in patients with neurological disorders.
Detection of autoantibodies could provide a further
therapeutic option, via immunosuppression,23 for the
treatment of ALS.
The use of anti-Cartwright antibodies (anti-Yt) as a
positive human control is investigated during the devel
opment of the new ELISA. It is postulated that if such
allogeneic antibodies are detected, it would support pos
itive autoantibody results in patients with confirmed Yt
status. The Yt status of patients with anti-AChE anti
bodies would have to be known, because an individual
with the Ytb allele who had received a transfusion of Yt3
red cells could produce allogeneic antibodies to the for
eign antigen. These antibodies could be detected by the
method described here, but could be classified correctly
as allogeneic and not autogeneic in nature.
In addition, the method could be applied to the rou
tine detection of allogeneic anti-Yta antibodies. Such
antibodies, although not naturally occurring,2 are not
uncommon and develop as a result of transfusion and
pregnancy. The clinical effects of anti-YtJ alloantibodies are not generally associated with severe pathology,2
but the variety of the reactions reported may be due to
the species of the immunoglobulin G (IgG) subclass
developed. 2 Whatever their clinical significance, the
detection of such antibodies is a routine function of the
blood transfusion laboratory.
The method described here will permit semi-auto
mated detection of anti-Yta antibodies, without the
need for multiple cell panels, allowing large sample
numbers to be analysed simultaneously with good pre
cision. It is sensitive and specific for the anti-Yta anti
body, with no interference from other blood group
antibodies, which can complicate the picture when
more than one antibody is present.

Materials and methods
Method development
The development of an ELISA method to detect antiAChE antibodies involved investigation of different
coating antigens, a range of coating antigen concentra
tions, different monoclonal and polyclonal primary
antibodies to human AChE, and optimisation of incu
bation times and temperatures. The best results were
obtained using a hydrophilic recombinant AChE
E.C.3.1.1.7 (Sigma, Poole, Dorset) preparation.
Coating solutions of different AChE concentrations
were investigated to determine which gave the best
sensitivity. Table 1 shows the difference in absorbances
of three samples containing anti-Yt1 antibodies, and an
mMAb (AEl, dilution: 1 in 6400), incubated with dif-
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Table 1. Comparison of absorbances obtained for three anti-YP
samples and a 1 in 6400 dilution of mMAb (AEl; incubated with
different concentrations of AChE coating antigen
Absorbance

Primary
antibody

0 ng/mL AChE

2 ug/mL AChE

4 ug/mL AChE

Anti-Yr1 1
Anti-Yf 2
Anti-Yt' 4
AEl

0,132
0.125
0.163
0.103

0.385
0.337
0.341
1.736

0.988
0.694
0.646
2.227

1.501.25-

o>

1.00-

8 0.75m

S3

| 0.500.250.00

2345
Sample number (Anti-Yta )

Fig. 1. Comparison of absorbances obtained for five anti-Yf
samples with different primary antibody incubation conditions:
—+—, overnight at room temperature; —*—, two hours at 37°C.

ferent concentrations (0, 2, 4 ug/mL) of AChE anti
gen coating.
During the development of this method, incubation
time and temperature were also investigated. Figure 1
shows that increasing the incubation temperature to
37°C permitted a shorter incubation time with primary
antibody, with no significant loss in sensitivity (com
pared with overnight incubation at room temperature),
allowing completion in one working day (after antigen
coating).
Working assay
The following method describes the procedure used to
assess the sensitivity (mMAb), specificity (non-anti-Yr1
samples) and resolution of anti-Yt* strength (anti-Yt1).
Recombinant AChE (4 ug/mL solution, 100 uL) in
phosphate-buffered saline (PBS [50 mmol/L sodium
phosphate, 150 mmol/L NaCl] pH 7.4) was added to
all wells of a Dynatech Immulon VI ELISA plate, and
incubated at 4°C for 24 h. The plate was then washed
(x5) with PBS containing 0.05% Tween 20. To block
any vacant sites, casein solution (5% in PBS) (300 uL)
Br J Biumml Set 1999; 56
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was added to all wells in the plate, incubated for two
hours at room temperature, and washed again. All
patient serum samples were diluted (1 in 5) with 2.5%
casein in PBS. Dilutions of mMAb (AE1, American
type culture collection, Biogenesis Ltd, Poole, Dorset,
UK) were prepared in PBS (range: 1 in 6400 to 1 in
614 400). Each sample / mMAb dilution (100 uL) was
added in triplicate to wells in the plate, incubated at
31°C for two hours, and washed again.
Horseradish peroxidase (HRP)-conjugated goat
anti-human IgG Fc (Sigma, Poole, Dorset, UK) (1 in
25 000 dilution) and HRP-conjugated rabbit antimouse IgG (Dako, High Wycombe, Bucks, UK) (1 in
5000 dilution) were prepared in PBS containing 0.05%
Tween. Each conjugate (100 uL) was added to the
appropriate wells, incubated at room temperature for
one hour, and washed again.
HRP substrate solution was prepared using Sigma
OPD Fast™ tablets (o-phenylenediamine dihydrochloride, P9187), following the manufacturer's instruc
tions. Substrate solution (200 uL) was added to all
wells, and the plate incubated for 30 min at room tem
perature. Total wells were prepared by the addition of
appropriately diluted HRP conjugate (50 uL), to
ensure the HRP substrate reagent was working.
The reaction was stopped by adding 3 mol/L H2SO4
(50 uL) and the absorbance (A) was measured with an
IBG automatic plate reader (492 nm). A second plate
was prepared using PBS without added AChE as the
coating solution. This plate was used to estimate the
level of non-specific binding for the assay.

Results
Sensitivity
Results obtained using dilutions of monoclonal AE1
are shown in Fig. 2. A significant reaction was seen at

a 1 in 614 400 dilution of mMAb (A: 0.450) in the wells
coated with AChE antigen. Therefore the potential
sensitivity of the method is a titre in excess of 1 in
614400.
Precision
Intra-assay reproducibility was excellent, with stan
dard deviation (SD) of patient sample triplicates within
4% of the mean. The interassay coefficient of variation
(CV) for absorbance was 7.7% for results obtained with
one anti-Yta sample tested on several occasions (lim
ited data).
A positive result
Absorbances of each anti-Yta-negative sample tripli
cate in the presence of AChE (n= 19) were analysed and
gave a mean (SD) of 0.148 (0.0318).
For known negative sera, an upper limit value was
calculated by adding 3SD from the mean. Above this,
all values were considered positive for anti-AChE anti
bodies. The upper limit for a 1 in 5 dilution was 0.243
(Fig. 3). Mean absorbance in the absence of AChE
coating was 0.144 and 0.133 for anti-Yta-positive and
-negative samples respectively.
Specificity
A recombinant antigen was employed to minimise
interference from cross-reactions. Since AChE is an
erythrocyte antigen, and the potential use for the
method described is in a routine blood transfusion lab
oratory, specificity was established by assessing the
reactions of sera with a known isolated common blood
group antibody (Table 2). The anti-Yta-negative serum
samples employed all contained a single allogeneic
1.4-

2.5-,
^

20-

?

1.5-1

8
I 1.0

•e<a

o
o>

-Q

(upper absorbance limit: 0.243)

0.5

0.0

100

200
300
400
500
Monoclonal (AE1) dilution (x103)

600

Fig. 2. Assessment of the sensitivity of the anti-Vt4 ELISA against
a range of mMAb (AE!) dilutions, with (•) and without (T) AChE
coating.
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Sample number (see Table 2)
' (Samples 2-10 are Anti-Yt a -positive)
Fig. 3. Comparison of absorbances for Yt1, Yth and other common
blood group antibodies, obtained with the ELISA technique, using
AChE-coated plates.

Detection ofanti- Yt" antibodies
Table 2. Yt- and non-Yt-associated antibodies under investigation
Sample number

Antibody

1
2-10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Anti-Yt"
Anti-Yf
Anti-Lu'
Anti-La1"
Anti-Le'
Anti-Leh
Anti-Fy
Anci-Fy'
Anti-K
Anti-E
Anti-e

Anti-C
Anti-c
Anti-D
Anti-JK1
Anti-JK"
Anti-A
Anti-B
Anti-A+B
None

antibody to a common blood group antigen; each was
classified as serological grade 3, 4 or 5, indicating sig
nificant strength.
Mean absorbance for each anti-YtJ-negative sample
triplicate showed no significant difference between
AChE-coated (mean A<0.213) and non-coated plates,
and therefore no evidence of interference from poten
tially cross-reactive common blood group antibodies.
Comparison of ELISA and serological data from the
two methods
A range of anti-Yf antibodies (grades 1-5) were
analysed to determine whether the ELISA was capa
ble of resolving antibodies of different strengths. Of
the nine anti-Yta positive samples, eight gave absorb
ance values greater than the upper limit (A: 0.243),
indicating that a reaction had occurred between anti
body and the antigen coupled to the solid phase (Fig.
3). In the absence of antigen, absorbance values con
sistent with a negative result were obtained with the
same samples.
A positive correlation between the absorbance val
ues obtained with the ELISA and the serological grade
by routine serological method was shown (Table 3),
indicating that the method was able to resolve both
strength and litre of anti-Yta antibody, and is a poten
tial alternative semi-quantitative procedure.
One sample (No. 4, Fig- 3) was graded as weak pos
itive (microscopic) by routine serological methods. A
positive reaction was not obtained with the ELISA at
a dilution of 1 in 5 of the patient's serum. However, at
a dilution of I in 2 a significant difference in absorbance

131

Table 3. Comparison of serological grades and mean absorbance
(ELISA) for anti-Yt* samples, ranked in order of absorbance value
(highest to lowest)
Sample number
25
3
9
6
7
8
10
4

Serological grade

Mean absorbance

5
3
3
3
2
2
3
3
1

1.237
0.582
0.580
0,565
0.463
0.438
0.429
0.360
0.222

value was seen, with and without AChE coating (0.303
and 0.170 respectively). Serological methods (dilution:
1 in 2) had proved negative with this anti-Yta sample
(personal communication).
Allelic form of the AChE antigen
Review of the primary amino acid structure of the
recombinant AChE used showed that it was the Yt"
form.22 Immunological evidence was needed to confirm
that the appropriate epitope was available for antibody
binding and to confirm the antigen's allelic form, and
this was obtained by assaying both anti-Yt" and antiYtb positive sera.
Results obtained with the anti-Ytb-positive sera
showed no significant absorbance, both with and with
out coating antigen, indicating that no antibody bind
ing had occurred. Therefore, the Yta phenotype of the
recombinant AChE antigen employed was confirmed,
and it was apparent that, in solid-phase bound form, it
had a conformation that allowed anti-Yf antibody
binding to the Yt3 epitope.

Discussion
Use of recombinant AChE antigen resulted in method
specificity and improvement over other techniques16
used to detect AChE autoantibodies, and is a novel
means of detecting allogeneic anti-Yta antibodies.
However, it must be emphasised that the assay can only
detect allogeneic or autoantibodies to the Yt3 form of
AChE, and a Ytb recombinant AChE would be needed
before a similar assay could be developed for anti-Ytb
antibodies.
The method described has advantages over existing
ELISA used to detect AChE autoantibodies, and
showed better sensitivity and precision than one
method previously reported,2' in which the polyclonal
antibody used (dilution: 1 in 300) gave an absorbance
of 0.114. However, the mMAb used here may show
greater avidity than human anti-Yt" antibodies, so a
BrJ Biami'JSfi 1999; 56
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direct comparison of sensitivities must be viewed with
caution. The evidence presented shows that the new
ELISA is very sensitive (Table I), but increasing the
AChE coating concentration could increase the sensi
tivity further.
The reported precision is superior to a previous
ELISA method,25 which showed an intra-assay SD of
15% between triplicates. In addition, use of a short
(two-hour) primary antibody incubation step, com
pared with the overnight incubation described in
another method," improved results turnaround.
More importantly, the method described will detect
allogeneic human anti-AChE antibodies. Other meth
ods have not demonstrated this ability, although they
can detect non-human polyclonal antibodies to AChE.
The new ELISA incorporates a proven human anti
body as a positive control, providing supportive evi
dence for any anti-AChE antibodies detected in the
serum of patients with neurological disorders.
Detection and grading of anti-Yta antibodies requires
further work to determine whether a reliable ELISA
absorbance range can be developed and equated to the
serological grades currently used. This would provide
the necessary data for the method to be used routinely
as a semi-quantitative assay. However, there is a grey
area in grading anti-Yta antibodies by ELISA and sero
logical means in the mid-range (2/3) (Table 3). This
may be due to serological grading inconsistencies or
inability of the ELISA method to differentiate these
grades. The use of a semi-automated method to detect
these antibodies would remove the subjectivity of visual
gradings of antibody strength.
The new ELISA has the advantage over current
serological methods that there is no need for several
cell panels to identify anti-Yt% particularly in the pres
ence of a mixture of antibodies. In addition, it can be
semi-automated if a plate washer and multi-dispensing
pipettes are used, and over 40 samples could be assayed
per plate if duplicate wells were used. To date, one
Regional Blood Transfusion Centre has expressed
interest in this method and is currently reviewing its
possible use.
For routine use in a blood transfusion laboratory, a
1 in 2 dilution of sera may be more prudent in the new
ELISA. Based on the data presented, such a dilution
could result in detection of the full serological range of
anti-Yta (1-5). However, non-specific binding may be
more troublesome with low-titre anti-Yt' samples at
such a low dilution, and the positive cut-off absorbance
may need recalculating, based on the lower (1 in 2)
dilutions of known negative sera.
The ELISA developed can be used for the semiquantitative detection of anti-AChE autoantibodies in
individuals with neurological disorders, using allo
geneic anti-Yta antibody as a reliable positive control.
However, the patient's phenotype will have to be estab
Br J Biomed Sci 1999; 56

lished to determine whether the anti-Yt1 antibody
detected is autoimmune or allogeneic in nature - an
important distinction not previously highlighted or
investigated. Such a study has recently received ethi
cal approval and is now underway.
The authors would like to thank Dr J. W. Jones (Merseyside and
North Wales Regional Blood Service) and the International Blood
Group Reference Laboratory, Bristol for supplying anti-Yt' gera.
Thanks are also due to Mrs A. Strachan (Welsh Blood Service,
Talbot Green, S. Wales) for supplying anti-Yt", anti-Ytb and
adsorbed group AB sera and to Dr D. M. Cassidy for his editorial
assistance in the preparation of this manuscript.
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positive result varied between I in 250 and 1 in 350.
L'sing a cut-off of I in 250, overall 71.6% of affected
pregnancies were detected with a false positive rate of
6.1 "55-. The combined detection rate for those laboratories
using free (JhCG was 76.8% and those using total hCG
69.0%. These results are not significantly different
(hypothesis test p=0.294). The mean false positive rate
was also higher for those centres using free 0hCG at
6.7% compared with 5.8% for those using total hCG.
There was an association between gestational age
at time of sampling and detection rate. This was 75.0% in
women screened before 17 weeks and 61.0% in those
screened later (p=<0.0836). This was due to a marked
difference in detection rates in women under 30 years.
In this group the detection rate was 52% in those
screened before [7 weeks but only 15.4% in those
screened later.
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Obstetric cholestasis: a study of the
clinical features in pedigrees to be used
to investigate biochemical phenotype in
nulliparous relatives
J A L Wulker. V A Froome. O Donaldson.

C Williamson and M de Suiet

Di'/'iirrnifiit tiff)iai;iH>Mir C/nwkii/ Putlinliis\: Wniflit
Fleming Bnili/inif. Si Mitn \ Hn\fitul. Pnm! Sm-i-t. London

ir> iPC

Obstetric cholestasis is a condition characterised by
raised serum concentrations of maternal total bile acids
and the liver engines ALT. AST and yGT. Ii can have
serious consequences tor the mother and foetus. The L'K
prevalence is 0.5-1% of pregnancies. The pedigrees that
have been published suggest an autosomal dominant
pattern o! inheritance, but this has not been confirmed
due to insufficient numbers. \Ve identified and.contacted
women who have suffered with OC to establish their
clinical features, and details of their families. These
pedigrees wilt be used to evaluate the usefulness of a sex
hormone challenge test in establishing phenotype in the
nulliparous female relatives.
We identified 81 index cases. Pruritus occurred in all
the pregnant women with OC. Foetal distress occurred in
15% of their pregnancies. Pre-term birth occurred in 37%
of" the pregnancies, and stillbirth in 17%. The frequency
of the following clinical features were found to be signif
icantly different compared with age and race matched
controls: pruritus (p<0.0001). Most women were affected
in all pregnancies, but 23% were not. In women with OC
30% abo experienced non-pregnant cyclical or oral
contraceptive-induced pruritus 31% of the index cases
had a positi\e family history.
This study demonstrates that OC can have significant
adverse effects on maternal morbidity and foetal
outcome. We have also shown that the condition has
a probably genetic basis, and we can use this database
for subsequent evaluation of the sex hormone challenge
test.
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Prevalence of anti-acetylcholinesterase
antibodies in patients with auto-immune
disease, employing an ELISA technique
J Geen, D A Hullin. D M Cassidy and S I Hogg
Deportment of Clinical Biochemistry. Prince Charles
Hospital. Merthyr T\tlj<t CF47 9DT

It has been suggested that ami-thyroglobulin could cross
react with epilopes on acetylcholinesterase (AChE.
E.C.3.1.1.7) and be responsible for the paihogenesis of
Grave's ophlhalmopathy. Subsequent work was not able
to substantiate this hypothesis but did show an apparently
high prevalence of auto-antibodies to AChE in patients
with thyroid autoirnmunity (21%). Such antibodies were
also detected in individuals with non-organ specific auto
immune disease (I2.5%>. These results require further
investigation.
A specific and sensitive ELISA method has been
developed for the detection of ami-acetylchoiinesterase
antibodies. The method was developed initially by using
mouse monoclonal antibodies (Mmab) (AEI) to human
erythroeyle acetylcholinesterase. The Mmab was
employed to assess the method sensitivity which has
been measured to be creator than a 1/10" litre, which
equates to 1.8 ng/inL of mouse IgG protein.
The intra-assay precision between triplicates was
always within 4% of the triplicate mean and the interassay precision between ahsorbances to date has been
calculated as 7.7 rr. Serum possessing Anti'Yt J
(Cartwright) allocenic antibodies was employed as a
human positive control. Samples positive for anti-AChE
antibodies have an absorbance 3SD above the mean for
kno«n negative samples, and the method shows no inter
ference from a high dose hook effect.
This method was used to determine the prevalence of
anii-AChE auto-antibodies in patients with auto-immune
disease, including rheumatoid arthritis, thyroid disease
and non-organ specific disease. The results obtained with
this method have not confirmed the high prevalence of
auio-antibodies to AChE that has previously been report
ed in individuals uith auto-immune disease.
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Seasonal variation in parathyroid
hormone and vitamin D in patients with
primary hyperparathyroidism
I Fowler, P Blackwelf. C Parker. D Hosktng
and N Lawson
Department of Clinical Chemistry, C//> Hasp/lilt, ffncknall
RtHitl. Nottingham \'C? IPB

Seasonal variations in 25-hydro.\y vitamin D were found
in treated and untreated patients with primary hyper
parathyroidism. As expected, higher concentrations of
25-hydroxy vitamin D were found in samples taken from
patients in the summer as compared to samples taken in
the winter (78 [26] nmol/L vs 63 [19] nmol/L, n=26 [10
treated. 16 alendronate-treated patients], mean [SD]).
Pan- A CB :\'<in,a,ul Meeting 1999
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Abstract:
A sensitive and specific Enzyme Linked Immunosorbent Assay (ELISA), employing
human recombinant acetylcholinesterase has been developed for the detection of
human antibodies to human acetylcholinesterase. The method is sensitive to 1.8ng/ml
of mouse monoclonal IgG anti-human AChE (mMab, AE1), with no interference
from a high dose hook effect (22000ng/ml of mMab IgG). The method can detect
allogeneic antibodies to the Yta form of human erythrocyte AChE. The intra-assay
precision was within 4% of the triplicate mean for 94% of absorbances (maximum
11% <1% of total) and inter-assay precision between absorbances was 7.7%.
Adaptation of this ELISA method allowed the IgG subclass typing of IgG anti-AChE
antibodies, which could help to determine the possible role of these antibodies in the
aetiology of any neurological conditions. Routine serological investigations
established the AChE phenotype of each of the patients recruited, to determine
whether anti-AChE antibodies were allogeneic or autogeneic in origin. These
techniques were used to determine the incidence of autoantibodies to AChE in
patients with neurological conditions, including the subtypes of Motor Neuron
Disease. The data presented are not consistent with earlier reports of a high incidence
of autoantibodies to AChE in amyotrophic lateral sclerosis and progressive muscular
atrophy.

Keywords: Acetylcholinesterase, autoantibodies, Motor Neuron Disease, Hemi-facial
spasm, Enzyme Linked Immunosorbent Assay.

1. Introduction:
Acetylcholinesterase (AChE, E.C.3.1.1.7) is the enzyme responsible for the hydrolysis
of the neurotransmitter acetylcholine at synaptic and neuromuscular junctions [1]. In
human the catalytic subunit consists of 543 ammo acids, existing in two phenotypic
forms, namely Yta (histidine at codon 322) and Ytb (asparagine at codon 322), which is
common to ali forms of AChE possessed by an individual [2,3]. In Caucasian
Europeans 99.7% of the population possess the Yta phenotype (7.8% are
heterozygous) and 0.3% possess the Ytb allele only. These phenotypes are responsible
for the stimulation of allogeneic anti-Cartwright blood group antibodies, by an
individual who lacks that antigenic form, usually after exposure as a result of a blood
transfusion or placental transfer [4-6].
AChE has a single genetic locus located on chromosome 7q22 and alternative splicing
of exons 5 and 6 give rise to the various molecular forms [7,8]. Translation of exon 5
results in the generation of a globular dimeric hydrophobic form (G2) possessing a
glycophospholipid inositol (GPI) group, located on the surface of erythrocytes.
Translation of exon 6 generates the production of asymmetric (A4, Ag, Ai2) and
globular (Gi and G4) forms located chiefly at neuromuscular junctions and neural
synapses respectively. Asymmetric forms are attached to collagenous tails, whereas the
globular forms can be attached to a 20kDa proteinaceous hydrophobic anchor or lack
any additional molecular groups (secretory) [1].
Several different neurological conditions were investigated in this study, particularly
the subtypes of Motor Neuron Disease (MND). MND consists of a group of neurodegenerative disorders, namely amyotrophic lateral sclerosis (ALS), progressive
muscular atrophy (PMA), primary lateral sclerosis (PLS) and progressive bulbar palsy
(PBP) [9]- Their classification is governed by the presence of upper and / or lower

motor neuron involvement. The diagnostic criteria for ALS were established and
published in 1994 [10].
Understanding of the aetiology of ALS has remained unclear, particularly for the
sporadic form. Some familial instances have been associated with defects in the gene
encoding the free radical scavenging enzyme Cu/Zn superoxide dismutase 1 (SOD1)
on chromosome 21 [11,12].
Several theories have suggested the involvement of AChE in the aetiology of MND.
Previous studies have suggested a possible link between AChE activity, its molecular
forms and its release from affected muscle in individuals suffering from ALS [13-15].
Other studies have described an immunological aetiology as a possible cause of ALS
[16-19]. Cytotoxic action of sera from ALS patients on human erythrocytes has also
been demonstrated [20-22], although evidence of anaemia due to increased erythrocyte
turnover as a result of immunological damage has not been reported in ALS patients.
A potential immunological aetiology for MND is supported by the demonstration of
retrograde axonal flow of IgG occurring within motor neurones. This could result in
the potential delivery of pathogenic autoantibodies to a neuronal antigen such as AChE
at central sites within the central nervous system, resulting in disease [23].
The possible involvement of AChE and an antibody mediated pathogenesis for ALS
led to the development of an ELISA to detect autoantibodies to AChE. The first
ELISA method developed utilised human hydrophobic erythrocyte AChE (Type XIII)
as the antigen and the data showed that there was a high incidence of autoantibodies to
AChE in individuals with ALS and PMA [24,25]. However, the purity of the antigen
was not assured and no allowance was made for the presence of allogeneic antibodies,
which could give rise to false positive results. The sensitivity and specificity of the

method was not described, with no data on the use of a positive control such as a
known antibody (polyclonal or monoclonal) to human AChE.
A later study on ALS patients employed an ELIS A which utilised a commercially
available human recombinant antigen, but the method described involved two
overnight incubations and they failed to use a human based positive control to help
support the sensitivity of their method [26].
This study aims to investigate whether autoantibodies to AChE can be detected in
individuals with neurological disorders, including all forms of MND. A very sensitive
and specific ELISA method has been developed using a commercially available
hydrophilic human recombinant AChE, which exists as monomeric, dimeric and
tetrameric forms of secretory AChE [27,28]. The method can be completed within
twenty four hours, has proven sensitivity (see figure 1) and specificity and is capable of
detecting human anti-acetylcholinesterase antibodies [29,30]. The method can be
adapted to detect the IgG subclass of any anti-AChE IgG antibodies detected, as the
subclass type can govern the potential aetiology of an immunological disorder.

2. Materials and Methods:
Ethical Committee approval was granted by the Bro Taf Local Research Ethics
Committee (Panel C)(98/2696) for this study to be carried out.
Patients were recruited from Neurology outpatient clinics at the University Hospital
of Wales, Prince Charles Hospital and Rookwood Hospital, Cardiff and signed
consent obtained prior to phlebotomy. Seven healthy controls were recruited from the
Clinical Biochemistry Department at Prince Charles Hospital and the University
hospital of Wales (see Table 1).
One serum sample and one plasma sample (EOTA) was taken from each of the
patients via a vacutainer system. The serum sample was centrifuged and separated
into two aliquots before storage at -70°C. When all the required samples had been
collected, one aliquot of each of these samples was analyzed for the presence of antiAChE antibodies employing the microtitre plate ELISA method developed. All
samples were analyzed in the presence and absence of an AChE antigen coating to
ensure that all reactions were specific for anti-AChE antibodies.
The erythrocytes of the plasma sample were ABO and Rhesus typed, prior to
packaging and transportation to the Welsh Blood Transfusion Laboratory on
dedicated same day transport. The erythrocytes were stored at -196°C in a 40%
sucrose solution (2 part cells to 1 part sucrose solution). Storage in sucrose prevents
cell lysis and allowed batch analysis when determining the AChE phenotype of each
of the individuals in the study. The AChE phenotype of each patient was determined
using a routine Low ionic strength saline (LISS) tube indirect antiglobulin test, where
a known anti-Yta positive sera was reacted with the study cells and incubated at 37°C.
The cells were then washed four times with PBS pH 7.2 before the addition of a
secondary antibody, anti-human globulin. The presence of agglutination indicated that

the cells possess the Yta antigenic form of AChE. A similar serological method would
be employed to test the patients sera for the presence of anti-Yta antibodies (antierythrocyte AChE antibodies) against Yta positive cells, if any anti-AChE antibodies
were detected by ELISA.
The patient data and results were correlated to determine the prevalence of antiAChE antibodies in the patient groups investigated.
Working Assay for the detection of human and Mouse Monoclonal antibodies to
AChE.
The full working microtitre plate ELISA method employing a recombinant AChE
antigen, a blocking step (5% casein), horseradish peroxidase conjugated secondary
antibodies and o-phenylenediamine dihydrochloride as the substrate has been
previously described [29]. The procedure developed was subsequently employed to
assess the sensitivity (mMab), specificity and detection of human serum antibodies to
human AChE.
Two samples (Ytal and Yta2) known to be positive for anti-Yta antibodies were used
as positive human controls. A second plate was prepared and treated in an identical
fashion with the exception that PBS was used as the coating solution with no AChE
added. This plate acted as an estimate of the non-specific binding for the assay.
Results were considered positive if they fulfilled two criteria:
1) Absolute absorbance greater than the calculated 3 standard deviation value from
the mean absorbance of all negative samples, in the presence of the AChE antigen
coat.
2) The calculated specific binding was greater than 40%. This was calculated as
follows:

Absorbance AChE coat - Absorbance no AChE coat
Absorbance AChE coat

X 100

The subclass type of any IgG anti-AChE antibodies detected were determined
employing the above method, but utilising HRP conjugated IgG subclass specific
antisera (The Binding Site, Birmingham, UK). These secondary antibodies were
prepared employing PBS containing 0.1% Tween and diluted to litres of 1/650, 1/325,
1/1250 and 1/1250 for IgGi, IgG2, IgG3 and IgG4 respectively.

3. Results:
All the patients analysed possessed the anti-Yta antigen on their erythrocytes.
Figure 1 clearly shows that the method is sensitive to at least 1.8ng/ml of mMab IgG
protein. Therefore it should be capable of detecting human antibodies to AChE at low
titres and the assay could be used as a semi-quantitative method to assess anti-AChE
titre and avidity as it shows a dose-response relationship. It also highlights that the
method does not appear to be prone to interference from a high dose hook effect to at
least 22000ng/ml of mMab IgG protein.
The use of a human positive control (anti-Yta) helps support any positive results
obtained for other samples, if only to confirm functionality of all the reagents and the
method employed.
Figures 2 and 3 show that anti-AChE antibodies were not detected in patients with any
form of MND. These results confirm the findings of a previous group [26], who also
employed the human recombinant AChE as the antigen, but the data are not consistent
with the findings of another group [24,25], which employed the erythrocyte type XIII
AChE as the ELISA antigen.
Figure 4 shows that among non-MND samples all but three, Yta2 (positive control)
A.W. (hemi-facial spasm) and U.C.(Parkinson's Disease) generated absorbances less
than the 3 standard deviation limit and positive cut off value. Calculating the
percentage specific binding reveals that sample U.C. has a low specific binding value of
25% (see Figure 5), indicating the presence of an inherent non specific binding factor.
Since only one of the positive classification criteria has been met this patient has been
classified as having an equivocal result. Sample A.W. has a calculated specific binding
value of 75%, indicating the presence of an IgG anti-AChE antibody. This sample was
analysed in a second experiment and the same value was obtained.

Figure 6 shows that A.W. possesses serum IgG anti-AChE antibodies of all the
subclasses. The specificity of the technique is supported by the lack of a reaction for all
subclasses in the absence of an AChE antigen coat, for sample A.W and the positive
control (known IgGO.
Reviewing the patients clinical notes the patient has a normal full blood count, learning
difficulties, hypertension, hemi-facial spasm, right sided pyramidal weakness and
epilepsy. The medication prescribed for patient A.W. included Sodium Valproate,
Phenytoin, Lisinopril and Dysport (botulinum toxin) injections every two to three
months. The patient had no history of any autoimmnue disorders, anaemia or a blood
transfusion.
4. Discussion:
When considering all the clinical, physiological and analytical evidence, it is becoming
increasingly improbable that antibodies to AChE have a role in the aetiology of ALS
and other forms of MND.
It is unlikely that the autoantibodies detected by the early ELISA employing type XIII
AChE from human erythrocytes were of an allogeneic nature since all these individuals
would have to possess the Ytb form of AChE and have had a blood transfusion /
pregnancy to stimulate the production of anti-Yta. Our results show that MND patients
did not have an increased expression of the Yt phenotype.
The initial detection of autoantibodies to AChE with this early method are probably as
a result of poor method specificity due to the use of an impure antigen and non specific
binding of the secondary antibody, factors which have been previously described [26].
These data do not rule out the possibility that MND's may have an immunological
aetiology, but they do not support AChE as the target antigen as previously reported.

The results described in the present paper indicate the presence of possible IgG (all
subclasses) anti-AChE antibodies in a patient with hemi-facial spasm receiving
therapeutic botulinum toxin. The sera of individuals with dystonia, receiving botulinum
toxin have not been previously studied for the presence of anti-AChE antibodies.
The presence of a factor causing non-specific binding cannot be ruled out as a cause
for the positive results observed for sample 56 (A.W.). Such a factor however, would
have to be capable of bridging human recombinant AChE and each of the five different
and specific secondary antibodies employed.
It is possible that this patient has developed antibodies to botulinum toxin A
administered therapeutically and these are cross-reacting with a similar epitope on
AChE. Although botulinum toxin A is also an enzyme (zinc endopeptidase), there is no
evidence to show that it has any homology and therefore immunological similarity with
AChE [1,31]. However, all 5 patients with spasmodic torticollis were also receiving
botulinum toxin at a dose 10 times that received by patient AW (hemi facial spasm)
and for a mean duration of 4.6 years, allowing adequate time for anti-botulinum toxin
A antibodies to be formed in these patients. The results show that there was no
evidence of an auto-AChE or cross-reacting antibody in these individuals. This
suggests that the anti-AChE antibodies detected in patient AW are unlikely to be
secondary to any cross-reactivity with anti-botulinum toxin A antibodies.
Analysing sample 56 (A.W.) for the presence of anti-Yta antibodies employing a
serological method produced negative results. This suggests that the anti-AChE
antibody detected in the patient by the ELISA method could be specific for the
neuronal form of AChE.
Recent studies have shown that human erythrocyte AChE and neuronal AChE differ in
their glycosylation status [32,33]. Assigning the number and site of attachment of the

oligosaccharide side chains in each form has not been investigated to date. The
differences in carbohydrate content have been established because the monoclonal
antibody 2G8 and Elec-39 raised against detergent soluble AChE of Torpedo nacline
timilei and Electrophorus electricus respectively, react with human brain AChE but
not with erythrocyte AChE. Further work revealed that the AChE forms differed in
their N-linked carbohydrate content. One group has also produced a monoclonal
antibody to the C-terminal peptide of human brain AChE, which can also distinguish
between the two physiological forms of human AChE [34]. This provides strong
evidence that different forms of human AChE can have different epitopes, thus making
it theoretically possible for an individual to develop autoantibodies to either one of the
AChE forms. To date an autoantibody to erythrocyte AChE has yet to be described, all
have been allogeneic in nature [6].
The human recombinant AChE employed for this assay is of the neuronal form, since it
.is generated after translation of exons 2,3,4 and 6. Studies on the recombinant AChE
molecules produced have shown that microheterogeneity exists with respect to their
carbohydrate content [35]. Therefore, this antigen may possess all the possible
carbohydrate epitopes and permutations available in-vivo, making it a suitable antigen
to detect anti-AChE antibodies to neuronal AChE in-vitro.
The presence of IgG anti-AChE antibodies of all IgG subclasses in the sera of a patient
with hemi-facial spasm presents evidence that there is the potential for this individual's
AChE to be the site for immunological activity. Whether such factors could be
pathognomic and responsible for any clinical signs and symptoms as a result of
antibody action are unclear.

5. Conclusion:

This study has used a sensitive and specific ELISA technique, employing a human antiAChE antibody (anti-Yta) as a positive control, to show that autoantibodies to human
neuronal AChE are not present in individuals with any form of MND.
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Table 1: Details of patients analysed for the presence of anti-AChE antibodies
employing an ELISA method.
Disease

Number

Females / Males

Mean Age

Age Range

ALS

12

7,'5

65.7 years

51.2 -77 .3 years

PMA

11

3,'8

62 .2 years

47.0 -82 .2 years

PLS

5

I/'4

67 .8 years

55.6 -80 1 years

PBP

2

1 ,I 1

67 .3 years

55.8 -78 .8 years

Parkinson's Disease

6

3,'3

66.7 years

57.9 -81 .0 years

Spasmodic Torticollis

5

4,I 1

58.3 years

44.1 -74,.4 years

Hemi-facial spasm

1

0,'1

40..4 years

NA

Multiple Sclerosis

13

9,'4

48 .2 years

29.0 -59 .1 years

Epilepsy

3

2iI 1

21 .7 years

18.4 -23 .8 years

X-Linked Bulbospinal

2

O/'2

59 .2 years

57.0 -61 .4 years

7

3/'4

34 .3 years

23.3 -45 .5 years

muscular atrophy
Healthy Volunteers

ALS: Amyotrophic Lateral Sclerosis
PMA: Progressive Muscular Atrophy
PLS: Primary Lateral Sclerosis
PBP: Progressive Bulbar Palsy

Figure 1: Graph showing anti-AChE assay performance at low (1.8ng/ml) and high
(22000ng/ml) concentrations of Mouse Monoclonal anti-AChE IgG antibody (AEl).
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Figure 2: Absolute absorbances obtained for MND patients analysed for anti-AChE
antibodies in the presence and absence of an AChE antigen coat.
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Figure 3: Histogram of percentage specific binding values for MND patients analysed
for the presence of anti-AChE antibodies.
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Figure 4: Absolute absorbances obtained for non-MND patients analysed for antiAChE antibodies in the presence and absence of an AChE antigen coat.
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Figure 5: Histogram of percentage specific binding values for non-MND patients
analysed for the presence of anti-AChE antibodies.
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Figure 6: Histogram showing IgG subclass absorbances obtained for sample A.W.
(Hemi-facial spasm) and anti-Yta2, a known IgGl anti- Yta, in the presence and
absence of an AChE antigen coating.
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