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Series Editor's Note 

The interface between clinical immunology and other branches of medical 
practice is frequently blurred and the general physician is often faced with 
clinical problems with an immunological basis and is expected to diagnose 
and manage such patients. The rapid expansion of basic and clinical 
immunology over the past two decades has resulted in the appearance of 
increasing numbers of immunology journals and it is impossible for a non
specialist to keep apace with this information overload. The Immunology and 
Medicine series is designed to present individual topics of immunology in a 
condensed package of information which can be readily assimilated by the 
busy clinician or pathologist. 
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May 1994 



Preface 

The neuromuscular diseases comprise the disorders of peripheral nerve, 
neuromuscular junction, and muscle (Figure 1). This book addresses the 
immunologically mediated neuromuscular diseases, including Guillain-Barre 
syndrome and other autoimmune neuropathies, the Lambert-Eaton myas
thenic syndrome, myasthenia gravis, and the autoimmune diseases of muscle. 
Two chapters are devoted to the vasculitis and human immunodeficiency 
virus-mediated neuromuscular diseases. The experimental models of neuritis 
and myasthenia gravis are addressed in separate chapters. An introductory 
chapter provides a general background to autoimmunity. 

I wish to thank my contributing colleagues, all of whom are recognized 
experts in their respective fields, for their willingness to cooperate in this 
project. Furthermore, I am grateful to Dr Bill Hoffman of Stanford University 
who generously assisted in the editing of several chapters during his time 
spent with us on a sabbatical. I am also indebted to the editor and editorial 
staff of Kluwer Academic Publishers for their help and advice during 
preparation of this book. 

Munich/ Martinsried 
March 1994 
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Myelin; 
Guillain Barre syndrome 

NERVE TERMINAL .. 

Myasthenia gravis 

Muscle fiber: 
Myositis 

Figure 1 Neuromuscular autoimmune diseases. Schematic drawing of a neuromuscular junction, 
showing the terminal axon of the nerve ensheathed with myelin, which in the peripheral nervous 
system is produced by Schwann cells (upper left). Another Schwann cell is shown in close 
contact with the nerve terminal, which is not myelinated but covered with basal lamina. The 
basal lamina also fills the synaptic cleft and the junctional folds of the postsynaptic muscle cell 
membrane, and surrounds the muscle fibre (bottom). The nerve terminal contains synaptic 
vesicles, which store the transmitter, acetylcholine. When a nerve impulse arrives at the nerve 
terminal, the presynaptic nerve membrane depolarizes. Presynaptic voltage-gated calcium 
channels open, allowing influx of calcium into the terminal. This leads to fusion of synaptic 
vesicles with the presynaptic membrane and release of acetylcholine into the synaptic cleft. The 
acetylcholine molecules diffuse to the postsynaptic muscle membrane, where they bind to the 
acetylcholine receptors located on the tips of the postsynaptic folds next to the presynaptic 
membrane. This leads to depolarization of the postsynaptic membrane above excitation 
threshold, initiating an action potential that spreads across the entire muscle fibre membrane 
and eventually triggers the chain of events leading to mechanical contraction of the muscle 
fibre. 

Both pre- and postsynaptic elements of the neuromuscular junction may become targets of 
autoimmune attack in different diseases. The immunological basis of these neuromuscular 
autoimmune diseases is the main subject of this book. 

x 



List of Contributors 

R. J. BAROHN 
Department of Medicine (Neurology) 
University of Texas Health Science Center 
7703 Floyd Curl Drive 
San Antonio, TX 78284 
USA 

D. BURGER 
Division of Immunology and Allergy 
University Hospital 
CH-1211 Geneva 14 
Switzerland 

M.C.DALAKAS 
Neuromuscular Diseases Section 
National Institute of Neurological Disorders 

and Stroke 
National Institutes of Health 
9000 Rockville Pike 
Bethesda, MD 20892 
USA 

D. B. DRACHMAN 
Neuromuscular Unit 
Department of Neurology 
Johns Hopkins School of Medicine 
600 N Wolfe St. 
Baltimore, MD 21205 
USA 

A.G.ENGEL 
Department of Neurology and 

Neuromuscular Laboratory 
Guggenheim Building G801 
Mayo Clinic 
Rochester, MN 55905 
USA 

H.-P. HARTUNG 
Department of Neurology 
Julius-Maximilians Universitiit 
Josef-Schneider Str. 11 
D-97080 Wurzburg 
Germany 

xi 

R. HOHLFELD 
Department of Neurology 
Klinikum GroBhadern 
University of Munich 
Marchioninistr. 15 
D-81366 Munchen 
Germany 

I.ILLA 
Neuromuscular Diseases Section 
National Institute of Neurological Disorders 

and Stroke 
National Institutes of Health 
9000 Rockville Pike 
Bethesda, MD 20892 
USA 

J. T. KISSEL 
Division of Neuromuscular Disease 
Department of Neurology 
Ohio State University 
Columbus, OH 43210 
USA 

K. A. KROLICK 
Department of Microbiology 
University of Texas Health Science Center 
7703 Floyd Curl Drive 
San Antonio, TX 78284 
USA 

R. W. KUNCL 
Department of Neurology 
Johns Hopkins School of Medicine 
600 N Wolfe St 
Baltimore, MD 21205 
USA 

C. LlNINGTON 
Abteilung fur Neuroimmunologie 
Max-Planck Institut fUr Psychiatrie 
Am Klopferspitz 18A 
D-82152 Martinsried 
Germany 



J. R. MENDELL 

IMMUNOLOGY OF NEUROMUSCULAR DISEASE 

A.STECK 
Division of Neuromuscular Disease 
Department of Neurology 
Ohio State University 
Columbus, OH 43210 
USA 

S. MOHAN 
Department of Microbiology 
University of Texas Health Science Center 
7703 Floyd Curl Drive 
San Antonio, TX 78284 
USA 

M.MONZON 
Neuromuscular Diseases Section 
National Institute of Neurological Disorders 

and Stroke 
National Institutes of Health 
9000 Rockville Pike 
Bethesda, MD 20892 
USA 

J. NEWSOM-DAVIS 
Neurosciences Group 
Institute of Molecular Medicine 
John Radcliffe Hospital 
Oxford, OX3 9DU 
UK 

J. D. POLLARD 
Department of Medicine 
Division of Neurology 
University of Sydney 
Sydney, NSW 
Australia 

K. REINERS 
Department of Neurology 
Julius-Maximilians Universitat 
Josef-Schneider Str. 11 
D-97080 WOrzburg 
Germany 

xii 

Department of Neurology 
University Hospital 
CH-4031 Basel 
Switzerland 

P. A. THOMPSON 
Department of Microbiology 
University of Texas Health Science Center 
7703 Floyd Curl Drive 
San Antonio, TX 78284 
USA 

K.V.TOYKA 
Department of Neurology 
Julius-Maximilians Universitat 
Josef-Schneider Str. 11 
D-97080 WOrzburg 
Germany 

A. VINCENT 
Neurosciences Group 
Institute of Molecular Medicine 
John Radcliffe Hospital 
Oxford, OX3 9DU 
UK 

H. WEKERLE 
Abteilung fOr Neuroimmunologie 
Max-Planck Institut fOr Psychiatrie 
Am Klopferspitz 18A 
D-82152 Martinsried 
Germany 

T-M. YEH 
Department of Microbiology 
University of Texas Health Science Center 
7703 Floyd Curl Drive 
San Antonio, TX 78284 
USA 

T. E. ZODA 
Department of Microbiology 
University of Texas Health Science Center 
7703 Floyd Curl Drive 
San Antonio, TX 78284 
USA 



1 
Immunological self-tolerance and 
autoimmunity 
H. WEKERLE 

The immune system has evolved to distinguish between components of its 
own organism and foreign molecules. This is of vital importance, since all 
foreign structures are potentially life-threatening, whether they have invaded 
the organism from outside (e.g. infectious agents), or have arisen within the 
tissues (e.g. tumour cells). Distinction between 'selr and 'non-self' is, however, 
not an easy task. A protective immune cell must be able specifically to 
recognize a foreign structure and to initiate its destruction and elimination; 
at the same time, the immune cell has to interact intimately with other cells 
of the organism during the development of the immune system and even in 
an ongoing immune response. Obviously, these self tissues must not be 
destroyed, but tolerated. 

For a long time, the notion prevailed that immunological self-tolerance 
was due to ignorance, i.e. the absence of self-reactive immune cells from the 
healthy repertoire. This is, however, clearly not the case. Even the healthy 
immune repertoire contains considerable numbers of T and B lymphocytes 
bearing receptors that bind self antigens, yet autoimmune diseases are seen 
only very rarely. 

This apparent paradox is well illustrated by naturally occurring humoral 
autoantibodies. These immunoglobulins, by definition, bind to structures of 
the own body. Most of these autoantibodies are members of the IgM class, 
and are produced by CDS + B lymphocytes. Many, but not all, of these 
autoantibodies possess a broad spectrum of binding specificity, reacting with 
determinants on foreign antigens, and also with autoantigens1,2. These 
antibodies are truly 'natural', produced in the absence of an antigenic 
stimulus, and even without the help of T cells. At least in the mouse, CDS + 
B cells often lack somatic mutations in their variable region genes3, although 
mutations have been found in human tonsillar populations4• 

Although these IgM 'autoantibodies' do bind to self structures, there is no 
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clear evidence for their pathogenic potential. These immunoglobulins may 
be indicators of certain immunologically mediated clinical diseases, without 
being causally involveds. 

There are several criteria for the pathogenic activity of humoral autoanti
bodies. They include the regular binding to structures showing pathogno
monic changes, induction of such changes in tissue culture, and, most 
convincing, transfer of disease to naive (animal) recipients. 

Remarkably few human or experimental diseases are clearly and exclusively 
caused by humoral autoantibodies. Perhaps the best known and most 
thoroughly studied example of a 'humoral' autoimmune disease is myasthenia 
gravis (MG), and its experimental model, experimental autoimmune myas
thenia gravis (EAMG). In both disorders deficits of neuromuscular trans
mission are caused by autoantibodies binding to the postsynaptic nicotinic 
acetylcholine receptor (AChR)6. It should, however, be noted that the 
autoantibodies in MG (as in other autoimmune diseases) are polyclonal and 
heterogeneous. Among the spectrum of anti-AChR autoantibodies, only a 
minority may be actually pathogenic. It thus may not be surprising to find 
quite a poor correlation between the total level of anti-AChR autoantibodies 
and disease severity. This is further emphasized by the fact that only some 
of the many monoclonal anti-AChR autoantibodies produced by hybridomas 
are able to transfer passively experimental myasthenia gravis to naive 
recipients. Factors such as epitope fine-specificity, and isotype contribute to 
the pathogenic capacity of an autoantibody 7. 

Other diseases caused by humoral autoantibodies include pemphigus 
vulgaris, bullous pemphigoid, pernicious anaemia, and, possibly, Graves' 
disease. 

The role of the auto reactive immunoglobulins in the pathogenesis of other 
diseases which have autoantibodies as essential features is much less certain. 
Most patients with systemic lupus erythematosus (SLE) have autoantibodies 
against a variety of auto antigens, which are mainly located within the 
cytoplasm. The most likely effector molecules in the pathogenesis of SLE 
are the anti-cardiolipin autoantibodies, which bind cardiolipin complexed to 
the serum apolipoprotein H. These antibodies are closely associated with 
the human anti-phospholipid syndrome (thrombosis, thrombocytopenia and 
fetal loss), and their induction in experimental animals causes similar clinical 
changes8 . Most of the other autoantibodies found in patients with SLE are 
directed against nuclear components. Some bind to DNA, others to DNA
binding proteins, and still others react only with DNA/protein complexes9 • 

Direct pathogenic activity of these autoantibodies by binding to a defined 
target structure has not been demonstrated convincingly to date. 

The demonstration of autoaggressive T lymphocytes has been much more 
difficult than the identification of humoral autoantibodies. This is due to the 
complex manner in which T cells recognize antigen. In contrast to humoral 
antibodies, which bind to structurally complementary segments on native 
antigens, T cells recognize antigens only in a specifically processed form, 
when they are displayed on the surface of an antigen presenting cell (A PC). 
The APC incorporates the antigen and splits the molecule into small 
peptide fragments. Some of these are bound to products of the major 
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histocompatibility complex (MHC) and transported to the outer membrane 
of the APClo. Accordingly, autoreactive T lymphocytes cannot be identified 
simply by testing their binding to soluble or particulate autoantigen. Their 
demonstration requires in vitro processing and presentation of these epitopes 
in cell culture, a technology which has been developed only over the past 10 
yearsll. 

T cells have an undisputed essential role in many, if not most, autoimmune 
diseases. Autoimmune T cells may be directly involved in the pathogenesis, 
as effector cells attacking self tissues. Alternatively, autoimmune T cells may 
act indirectly, either by recruiting and activating inflammatory cells via 
cytokines, or as helper cells that modulate the production of humoral 
autoantibodies by B lymphocytes. 

Autoaggressive effector T lymphocytes have been identified in most 
experimentally inducible, organ-specific diseases such as experimental auto
immune encephalomyelitis l2, neuritis l3, uveoretinitis l 4, orchitis l5 , thyroid
itis l6, adjuvant arthritis l7 and autoimmune diabetes mellitus l8,l9. All auto
aggressive T lymphocytes express the CD4 membrane phenotype, recognize 
the autoantigenic epitope in context of MHC class II products, and in most 
cases, their cytokine pattern follows the Th1 pattern. 

In addition, T cells may act as helpers required for the production of high 
affinity pathogenic IgG autoantibodies, as shown at first in EAMG20, and 
MG21 • In these experiments, AChR specific T cell lines were shown to 
promote the production of specific autoantibodies by syngeneic AChR
specific B lymphocytes. As is the case for T helper cells in general, 
the autoimmune T lymphocytes are responsible for inducing in B cells 
immunoglobulin class switching and somatic mutation in the variable regions, 
to increase antigen binding affinity. One may assume that T helper cells have 
a similar role in all other autoantibody-dependent diseases. 

There is, however, an additional category of autoimmune diseases, in 
which the role of T lymphocytes has remained elusive. In SLE and its animal 
models, for example, there is indirect evidence for a participation of 
autoimmune T cells. In SLE of humans and mice, anti-DNA autoantibodies 
often show somatic mutations that should be induced by T helper cells22. 

But, as stressed above, there is no strong evidence for the pathogenic capacity 
of these autoantibodies. Furthermore, inactivation of T lymphocytes by 
treatment with T cell-specific monoclonal antibodies has a beneficial effect 
in SLE-prone mice23 suggesting a (hitherto undefined) function of T cells in 
the pathogenesis of lupus-like diseases. 

Considering the pivotal role of auto aggressive T lymphocytes in many 
immunopathological human diseases, determining onset, course and localiz
ation of the disorders, these T lymphocytes should be a most attractive target 
for specific therapeutic strategies24. At least in theory, specific neutralization 
of autoimmune, pathogenic T cells would be the most radical, and at the 
same time least harmful, therapy for autoimmune disease. A broad spectrum 
of T cell-targeted therapies has been proposed, with targets ranging from 
the components of the trimolecular TCR complex, to T cell membrane 
antigens and cytokines25. 

There is compelling evidence that, at least in the case of certain organ-

3 
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specific auto antigens, potentially autoaggressive T cells are normal com
ponents of the healthy immune system. For example, T cell clones specific 
for human myelin basic protein or AChR can be readily isolated from the 
peripheral blood of any healthy volunteerll, and it appears possible that 
these cells have an important role in the organization ofthe immune system26. 

Under physiological conditions, the self-reactive T cell clones never cause 
'spontaneous' tissue destruction. How are the autoimmune T cells prevented 
from causing disease? One way would be to avoid their activation, but this 
alone does not seem satisfactory. There should be additional, safe control 
mechanisms, possibly including network-like lymphocytic suppressor circuits. 
So far, suppressor T cell circuits have not been formally demonstrated in the 
regulation of immunological self-tolerance, but recent work on CD8 T cell
deprived mice may provide support for such cellular control27 ,28. 

There may be situations in which the potential autoimmune effector or 
helper T cells escape from physiological control. In the context of infectious 
diseases, for example, several interacting factors could trigger autoimmune 
T cell activation. Structural components of the infectious agent may resemble 
a self antigen, and may be mistakenly recognized by a truly self-reactive T 
cell- a mechanism termed molecular mimicry29. An ever-increasing number 
of infectious agents (bacteria and viruses alike) possess structures that act as 
superantigens, activating large subsets of T cells, often depending on the T 
cell receptor Vj3 gene product used 30. An exogenous superantigen may 
activate self-reactive T cell and thus promote disease. Finally, an ongoing 
infection may create an inflammatory microenvironment that activates by
standing autoimmune T cells, in the absence of direct TCR ligation31 • 

Activation of auto reactive T cells may not be sufficient to produce 
autoimmune disease. Multiple genetic factors seem to influence susceptibility 
to autoimmunity. This has been particularly well documented for multifactor
ial autoimmune diseases such as spontaneous insulin-dependent diabetes 
mellitus (IDDM) in the non-obese diabetic (NOD) mouse. As well as the 
classical MHC products that influence antigen presentation and generation 
of the T cell repertoire, polymorphisms of other immunologically relevant 
genes, such as those coding for the T cell receptor, immunoglobulin, 
MHC products and cytokines (or their receptors), as well as potentially 
auto antigenic target structures, have recently been found to co-determine 
susceptibility to spontaneous autoimmune disease32. 

The principles outlined in this introductory chapter apply to the group of 
diseases that are the subject of this book. Some of the basic observations 
mentioned here were initially made in experimental and human myasthenia 
gravis, the paradigm of the neuromuscular autoimmune disorders. 
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2 
Neuropathies associated with anti
myelin antibodies 
D. BURGER and A. J. STECK 

INTRODUCTION 

A number of peripheral neuropathies present with primary demyelination, 
in which myelin is preferentially damaged or lost and axons remain largely 
intact. As is the case for other major neurological disorders such as multiple 
sclerosis and myasthenia gravis, demyelinating neuropathies are likely to be 
associated with an autoimmune response to structures of the nervous system. 
Indeed, in these diseases, the pattern of injury to the nervous system is 
extremely selective, and antibodies and/or pathogenic T cells directed to 
components of the tissue involved in the disease process can be detected in 
most patients. Autoimmune diseases result from T or B lymphocytes entering 
an abnormal state of development in which they escape existing mechanisms 
that regulate their immunoreactivities and/or other functional activities. 
However, the mechanisms by which the autoantibodies (produced by 
pathological B cells) and/or pathogenic T cells cause demyelination remain 
unknown. In demyelinating lesions of peripheral nerves the final common 
pathway is invasion of Schwann cell basal lamina by macrophages, pene
tration of myelin lamellae, phagocytosis of myelin and debris, and stripping 
ofaxons. The physiological consequence of this process is the production of 
conduction blocks. The steps preceding this final damage in autoimmune 
demyelinating neuropathy are likely to be T cell mediated and/or antibody 
mediated. 

Neuropathies in which humoral autoimmune mechanisms have been 
implicated include paraproteinaemic polyneuropathies (PPN), acute inflam
matory demyelinating polyneuropathy (also called Guillain-Barre syndrome, 
GBS), and chronic inflammatory demyelinating polyneuropathy (CIDP). 
With the exception of some PPN, the antigen(s) recognized by autoantibodies 
in these diseases have not been clearly identified. Furthermore, whether the 
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Table 2.1 Peripheral nerve myelin lipids 

Lipid 

Total 
Phospholipids (total) 

Sphingomyelin 
Ethanolamine 
phosphoglycerides 

Cholesterol 
Galactolipids (total) 

Galactocerebrosides 
Sulpha tides 

Gangliosides 
LMI 

GMI 

GDlb 

Dry weight 
(%) 

72 
55 
19 
19 

23 
22 
16 
6 

0.3-0.7 

Minor glycolipids < 1 
Sulphated 
glucuronyl 
paragloboside (SGPG) 

Sulphated 
glucuronyl 
lactosaminyl 
paragloboside (SGLPG) 

Structure 

Phosphory1choline-Cer 

Gal-Cer 
S04-3Gal-Cer, S04-3Galpl-4G1c-Cer 

Galpl-4GlcNAcpl-3Galpl-4G1c-Cer 
3 
I 

NeuAcIX2 
Galpl-3GaINAcpl-4Galpl-4G1c-Cer 

3 
I 

NeuAcIX2 
Galpl-3GaINAcpl-4Galpl-4Glc-Cer 

3 
I 

NeuAclX2-8NeuAclX2 

Galpl-4G1cNAcpl-3Galp 1-4G1c-Cer 
3 
I 

S04-3GlcUAcPl 
Galpl-4(GlcNAcpl-3Galpl-4hG1c-Cer 

3 
I 

S04-3G1cUAcpl 

autoantibodies found in the blood stream of patients with neuropathy play 
a role in the pathogenesis of the disease remains to be determined. This 
chapter summarizes and reviews the recent knowledge on the roles of anti
myelin antibodies in these disorders. 

PERIPHERAL MYELIN ANTIGENIC DETERMINANTS 

The peripheral nerve myelin sheath is a specialized expansion ofthe Schwann 
cell plasma membrane. Myelin is exceptionally rich in lipids (Table 2.1) which 
accounts for 70-80% of its dry weight, the remaining 20-30% being proteins. 
The ratio of lipid to protein in myelin is, therefore, the reverse of that found 
in other plasma membranes. Galactocerebroside, which is found in myelin, 
oligodendrocytes and Schwann cells, seems to be a myelin-specific constituent, 
since it is almost absent from other tissues, Sulphatide is present in smaller 
amounts in myelin, oligodendrocytes, Schwann cells, and perhaps other glial 
cells. Gangliosides represent less than 1 % of PNS myelin lipids, LM 1 being 
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the major ganglioside of human PNS myelin, accounting for more than 50% 
of the total lipid bound sialic acid1. Peripheral human myelin also contains 
other minor lipid antigens which could playa role in demyelinating diseases, 
such as the sulphated glucuronyl paragloboside (SGPG) and the sulphated 
glucuronyllactosaminyl paragloboside (SGLPG). SGPG and SGLPG are 
present in myelin and axolemma-enriched fractions in human PNS1. Both 
of these glycolipids are recognized by antibodies of the L2/HNK-l family. 

The protein composition of myelin has long been claimed to be simple: 
only a few protein bands are visualized by Coomassie blue staining of 
polyacrylamide gels after electrophoresis. Po (M r approx. 28000) is the major 
protein component of PNS myelin, accounting for 50-60% of the myelin 
proteins2. Human Po is a glycoprotein containing one unique N-glycosylation 
site that was found by cDNA sequencing3. The N-glycosylation of this site 
is in agreement with the fact that Po possesses only 6-8% carbohydrate by 
weight4• Po is one of the smallest members of the immunoglobulin gene 
superfamily, consisting of 248 amino acids, including 122 residues of a 
V-like Ig-domain. By homophilic interaction of its extracellular domains, Po 
stabilizes the intraperiod line of compact PNS myelins-7. Two main basic 
proteins are present in PNS myelin: myelin basic protein (MBP) and P 2' 
MBP (Mr approx. 18500) is the major protein of CNS myelin, although it 
represents only 6% of total proteins in human PNS myelin2. Because of its 
encephalitogenic properties in inducing experimental allergic encephalomy
elitis (EAE), MBP has been extensively studied as a potential target antigen 
in multiple sclerosis. P 2 (M r approx. 14500) is the smallest basic protein in 
PNS myelin, consisting of 131 amino acid residues. The structure and amino 
acid sequence of P 2 suggest that it is related to a family of cytoplasmic 
proteins that bind lipid ligands. It has therefore been proposed that P 2 may 
be involved in transport of fatty acids into Schwann cells8 • However, its 
location in compact myelin suggests that P 2 probably fulfils a function in 
the maintenance of myelin structure. Other minor protein components which 
are not seen on Coomassie blue staining of gels have been found in PNS 
myelin. The myelin-associated glycoprotein (MAG, Mr approx. 100000), 
which accounts for less than 0.1 % oftotal PNS myelin proteins, is the major 
glycoprotein of CNS myelin, representing 0.5-1 % of the proteins. Like Po, 
MAG belongs to the immunoglobulin gene superfamily consisting of one 
V-like and four C2-like Ig-domains9• Human MAG possesses nine potential 
N-glycosylation sites 1 0,11, for a calculated peptide molecular weight of 69 100, 
and contains 30% of carbohydrate by weight 12. In PNS myelin sheaths, 
MAG is localized in the periaxonal space, the outer mesaxon, the Schmidt
Lanterman incisures, and the paranodalloops13. This localization suggests 
that MAG is involved in glia-neuron and in glia-glia interactions12. The 
glia-neuron adhesive function of MAG has been recently demonstrated in 
vitro14. The expression of MAG occurs early in the myelination process and 
is regulated by the axon-Schwann cell contact1S. Experiments carried out 
by using Schwann cells infected with recombinant retrovirus to introduce 
either MAG cDNA 16 or MAG antisense RNA 17 have shown that MAG is 
implicated in the early myelination process by promoting the initial invest
ment of the axon by the myelinating Schwann cell. However, the axonal 
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receptor for MAG remains to be identified. Human MAG bears the 
L2/HNK-1 carbohydrate epitope, which has been implicated in cell-cell 
interactions 18, 19. This epitope is also present in other PNS myelin com
ponents such as Po and the two acidic glycolipids SGPG and SGLPG. 

THE BLOOD-NERVE BARRIER 

In neuropathies of autoimmune origin, the putative pathogenic antibody or 
T cell has to reach the target antigen in the nervous parenchyma. As is the 
case in the eNS with its well known blood-brain barrier, PNS tissues 
are protected from the external environment. The blood vessels and the 
perineurium display tight junctions (zonulae occludens) located between 
endothelial cells of endoneurial blood vessels and between the perineurial 
cells of the perineurium. Together with the apparent lack of vesicular 
transport, these observations are highly suggestive of a barrier function, 
restricting the exchange of large molecules, such as serum proteins, as 
well as of water-soluble substances between blood and nerves. The PNS 
microenvironment is thus enclosed by a blood-nerve barrier (BNB), which 
consists of endoneurial blood vessels and the perineurium20• Increased 
permeability of the BNB may play an important role in the pathogenesis of 
peripheral neuropathies in which humoral factors such as anti-myelin 
antibodies are likely to playa causative role. 

PARAPROTEINAEMIC POLYNEUROPATHY 

Clinical aspects 

Among the different polyneuropathies, monoclonal gammopathies are stat
istically prevalent, particularly in cases with late onset2 1• A monoclonal 
gammopathy is observed in about 10% of all polyneuropathy patients, 
representing an incidence 6- to 10-fold higher than that found in a control 
population. In over 50% of patients the neuropathy is associated with a 
monoclonal gammopathy of undetermined significance (MGUS), a syndrome 
displaying benign plasma cell dyscrasia with stable production of M protein 
over many years21 ,22. The remainder of gammopathies are represented by 
Waldenstrom's macroglobulinaemia (a malignant proliferation of a B cell 
clone) or myeloma. In demyelinating PPN, monoclonal IgM (M-IgM) is 
much more common than is gammopathy of other immunoglobulin classes, 
and demyelinating PPN with M-IgM is more frequent in MGUS than in 
Waldenstrom's disease23. Despite the fact that these two conditions present 
with quite different prognoses, they seem to damage peripheral nerves in a 
similar way. 

Most patients are males, 40-75 years of age, and neurological signs are 
usually observed before the gammopathy is detected24• Most cases of 
demyelinating PPN with M-IgM fall into an homogeneous group with well 
described clinical features 2s- 29• Sensory symptoms, consisting of paraes-
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thesias, are usually prominent, accompanied by objective evidence of distal 
symmetrical sensory loss. About 75% of patients first present with sensory 
symptoms which, in about half these, are limited to the lower limbs. The 
neuropathy commonly starts insidiously or subacutely with numbness and 
paraesthesias in the hands and feet and progresses proximally. Most of the 
time the disease is painless. Motor signs usually may appear later and are 
slowly progressive. In about 20% of cases motor function is totally preserved, 
but when motor deficits do appear, severe muscle wasting may occur in both 
upper and lower extremities. In some patients, fasciculations have been 
observed. Footdrop and steppage gait are common, and occasionally motor 
weakness may proceed to almost total paralysis of limbs. Cranial nerves and 
autonomic functions usually remain intact, although electrophysiological 
studies may reveal subclinical involvement. The neurological progression 
rate in demyelinating PPN with M-IgM directed against myelin is about 
half that seen in PPN with M-IgM directed against axonal antigen(s)3o. In 
PPN with anti-MAG M-IgM, nerve conduction studies show prominent 
distal slowing: this feature may be useful for selecting patients for specific 
immunological studies31 . 

Some patients with PPN and M-IgM present with distinct diseases, the 
antibody activity being directed against various gangliosides32-39. In such 
cases, motor symptoms are dominant, mainly as a result of axonal damage. 
In at least 60% of patients with PPN and IgM gammopathy33,4o,41, the M
IgM reacts with the carbohydrate moiety of MAG42-44 and Po 4. The epitope 
is also present on two acidic glycolipids occurring in the PNS that have 
been identified as SGPG and SGLPG45,46. Since the first antigen to be 
identified for these M-IgM was MAG47, this disease is often referred to as 
demyelinating polyneuropathy with anti-MAG antibodies. 

The annual incidence of PPN with anti-MAG M-IgM has been estimated 
as 1-5/10000 of the adult population48. The disease is slowly progressive, 
and remissions with treatment are most unusual. Intringuingly, the clinical 
condition of patients does not correlate with serum M-IgM concentration 
or the M-IgM anti-MAG antibody titre41 ,49. There is a similar lack of 
correlation between the severity of the neuropathy and the affinity of the 
M-IgM for MAG or SGPG50. However, the monoclonal protein (M-pro
tein) appears to play a direct role in the pathogenesis of these neuropa
thies26,34,47 ,51,52. 

Pathology of PPN with anti-MAG antibodies 

Nerve biopsy usually reveals demyelinating lesions with remyelination and 
sometimes axonal damage of variable severity41. The myelin sheaths are 
thinner than normal, and segmental demyelination is observed in teased 
single-fibre preparations. Mter some years of progression, numerous figures 
of concentric Schwann cell proliferation, referred to as 'onion bulbs' are 
observed26. Hypermyelinated fibres have been sometimes observed 53. Two 
additional features characteristic ofPPN with anti-MAG M-IgM are deposits 
of M-IgM on the myelinated sheaths, and an ultrastructural alteration, 
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Figure 2.1 Indirect immunofluorescence staining of normal human peripheral nerve section by 
anti-myelin-associated glycoprotein M-IgM from a patient with paraproteinaemic polyneuro
pathy. Antibodies bind specifically to myelin sheaths and not to axons 

consisting of a widening of myelin lamellae in peripheral nerves with a 23 nm 
spacing between the separated leaflets of the intermediate line. 

M-IgM deposits on the affected nerve were first observed in biopsy 
material by direct immunofluorescence, using fluorescent anti-immunoglobu
lin25.54, or immunohistochemically, using peroxidase-anti-peroxidase stain
ing of paraffin-embedded sections55. More recently, M-IgM deposits were 
demonstrated within the compact myelin using direct electron microscopic 
immunocytochemical techniques 56. Indirect immunofluorescence or immuno
peroxidase techniques demonstrate fixation of M-IgM on myelin sheaths 
of normal peripheral nerves and lumbar roots30.57.58. Figure 2.1 shows 
immunofluorescence-labelled M-IgM strongly attached to the normal com
pact myelin sheaths. No labelling is observed in the axons. Direct immuno
fluorescence examination shows specific binding of j,t, K or A. chains on a 
variable number of myelinated fibres in nerve biopsies from afflicted patients. 
In most cases the M-IgM light chain is of the K type. 

Ultrastructurally, normal myelin appears as an ordered structure of stacked 
membrane leaflets with alternating dense lines, representing the cytoplasmic 
part (major dense line), and intermediate lines, representing the extracellular 
part (minor dense line). Patients with PPN and anti-MAG antibodies show 
a widening of myelin lamellae (Figure 2.2): the intermediate lines disappear 
and the major dense lines which remain intact are separated by abnormally 
large spaces of 23 nm, that may contain some granular materials41 .59 or 
orderly criss-crossed organization6o. The widening of myelin lamellae is often 
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Figure 2.2 Electron micrograph of a sural nerve biopsy from a patient with paraproteinaemic 
polyneuropathy and anti-myelin-associated glycoprotein M-IgM. (A) Pathologically myelinated 
axon; (8) larger magnification showing the widening of the external myelin lamellae at the level 
of the intra period line (ax = axon). Reproduced by permission from Neurology24 (Journal 
copyright 1983) 

observed in remyelinating fibres 53, and is usually observed in the external 
leaflets, where only the outermost lamella can be dilated. However, widening 
in the middle or both internal and external parts of myelin sheaths has also 
been observed41.59. Generally, high magnification electron microscopy is 
required to detect only few abnormalities 59. Widening of the myelin lamellae 
is reported to occur in 50% of patients with PPN and M-IgM, and in more 
than 90% of those with PPN and anti-MAG M_IgM41. The widening of 
myelin lamellae has been attributed to the incorporation of M-IgM into the 
myelin sheaths54 and/or to myelin overhydration59. 

Patient management 

Plasmapheresis and chemotherapy are usually used to treat patients with 
PPN. Individually, these treatments seem to be inefficient in most 
cases27 ,58.61. When applied intensively, plasma exchanges alone can result 
in patient improvement: Mussini et al.62 obtained improvement in six of 
seven patients, and Haas et al.63 in one patient. For maximum effectiveness, 
plasmapheresis and immunosuppressive treatment are often combined, 
although no consensus has been obtained concerning the efficiency of this 
treatment programme. Responses showed intraindividual variation: some 
patients show no change, others experience rapid improvement of clinical 
and electro physiological signs, although these relapse when treatment is 
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stopped64. A combination of corticosteroids and chlorambucil treatment, 
with or without plasmapheresis58,65,66 may produce improvement after some 
months of treatment. A correlation between the reduction in circulating M
IgM concentration and clinical condition has been described in two patients66. 

Role of M-lgM In the pathogenesis 

Although plasmapheresis may not produce a systematic improvement in 
PPN patients, a causative role for anti-MAG M-IgM in the disorder is 
strongly suggested by the finding of deposits of the corresponding class of 
heavy and light chain within the myelin of the affected nerve67. Deposits of 
the terminal complement complex (C1q, C3d, and C5), corresponding to the 
sites of myelin lamellae widening, have been demonstrated by direct and 
indirect immunofluorescence and immunoperoxidase assays68,69. Despite 
the above observations, some authors suggest that the secretion of circulating 
M-IgM is a secondary response to a primary damage of the nerve28,67. In 
this case, the chronic stimulation by nerve (myelin) antigens is suggested to 
be the origin of IgM70, which would cross the BNB passively, accumulating 
on the damaged nerve 71. 

More frequently, the pathogenesis of PPN with anti-MAG M-IgM is 
attributed to an autoimmune mechanism in which the M-IgM is the primary 
factor inducing myelin (nerve) damage65,72,73. Current evidence obtained in 
animal models strongly argues in favour of this hypothesis. First, the systemic 
transfusion of patients' M-IgM into chickens produces the characteristic 
widening of the myelin lamellae 74. Second, M-IgM deposits are observed in 
close contact with myelin sheaths following a short period of passive transfer 
of human anti-MAG M-IgM into the marmoset, although clinical signs are 
not observed75. Third, intraneural injection of purified anti-MAG M-IgM 
and complement into feline sciatic nerve causes focal demyelination 76 and 
induces progressive conduction blocks 77. In the latter case it should be noted 
that patient serum causes extensive inflammatory, macrophage-mediated 
demyelination of the feline peripheral nerve, a pathological change that bears 
little resemblance to that seen in human pPN78. Therefore, it is generally 
accepted that, in demyelinating PPN with anti-MAG M-IgM, following an 
unidentified stimulation, naturally occurring B cells secreting IgM directed 
against myelin proliferate and secrete large amounts of anti-myelin 
M_IgM79,8o. The secreted M-IgM may reach the nerve tissue by crossing 
the damaged BNB67. The nervous lesion could be produced directly by the 
M_IgM29 or by secondary complex deposits65. Anti-myelin IgM could also 
interfere with the turnover of myelin and induce secondary demyelination 72. 

The autoimmune hypothesis outlined above raises three main questions 
(Figure 2.3): 

(1) Which factors or conditions are responsible for the proliferation of anti
MAG M-IgM secreting B cell clones? 

(2) How does the M-IgM cross the blood-nerve barrier (BNB) to reach their 
PNS targets? 

14 



NEUROPATHIES ASSOCIATED WITH ANTI-MYELIN ANTIBODIES 

B cell 

blood 

nerve 7 
? 

Figure 2.3 Scheme of the pathogenesis of paraproteinaemic neuropathy with anti-myelin
associated glycoprotein (MAG) M-IgM. Unidentified factors are responsible for the proliferation 
of a B cell clone which secretes anti-MAG M-IgM. The M-IgM cross the blood-nerve barrier 
by an unknown mechanism to reach their targets within the myelin sheath where they produce 
the 23 nm widening of the lamellae at the intermediate line 

(3) How do these particular immunoglobulins produce such singular abnor
malities of myelin structure as the 23 nm spacing of the lamellae at the 
intermediate line? 

As part of our investigations on demyelinating PPN, we have focused our 
attention on the second question; namely, the mechanism by which anti
MAG M-IgM crosses the BNB. Despite the high concentrations of circulating 
anti-MAG M-IgM in demyelinating PPN (5-20mg/ml in MGUS), only a 
small fraction of the total M-IgM seems to penetrate the BNB. This fact 
argues against physical damage to or rupture of the BNB, which would be 
expected to produce a drastic infiltration of the nerve by the antibody. On 
the other hand, there is no correlation between the circulating level and/or 
the titre of the antibody and the clinical condition in most patients, suggesting 
that myelin is not accessible to the whole pool of anti-MAG M-IgM, but 
that the antibody that is able to cross the BNB is pathogenic. However, the 
anti-MAG IgM are monoclonal antibodies, i.e., structurally and chemically 
homogeneous molecules, and the only molecular diversity to be found is in 
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Table 2.2 Relative occurrence of IgM [ 14C]glycopeptide fractions 

Relative occurrence (% of total) 

M-IgM 
Type of oligosaccharide IgM paraproteinaemic M-IgM 
structure normal polyneuropathies Waldenstrom 

Tri- and/or tetra-antennary (total) 34.3 38.0 24.1 
Fully sialylated 1.5 0.0 0.3 
With core fucose 25.8 33.8 21.8 
With 1X(2-3)sialic acid 1.0 0.8 0.0 

Biantennary (total) 28.4 22.0 36.2 
With core fucose 16.4 11.4 30.8 
With 1X{2-3)sialic acid 0.0 0.0 0.0 

High mannose and/or hybrid (total) 37.3 40.0 39.7 
With core fucose 3.3 3.3 8.4 
With 1X(2-3)sialic acid 1.8 0.0 0.4 

the heterogeneity and micro heterogeneity of their oligosaccharide structures. 
IgM possesses five N-glycosylation sites on each heavy chain8 !, and one on 
the J chain 82. Interactions between carbohydrates and carbohydrate receptors 
have recently been shown to be important for the interaction and extrava
sation of a number of inflammatory cells through vascular endothelium. One 
can hypothesize that carbohydrate-selectin interaction(s) may playa role in 
the crossing of the BNB by the neuropathogenic M-IgM. This transvascular 
shift may, for example, be mediated by endothelial cell expression of cell 
surface carbohydrate receptors83. M-IgM bearing a particular carbohydrate 
structure may be able to interact with an endothelial cell selectin, which may 
facilitate crossing of the BNB to reach and damage nerve tissues. In agreement 
with this hypothesis, in a preliminary analysis of IgM [14C]glycopeptides 
(D. Burger, unpublished data), we have observed some structural differences 
between oligosaccharides ofM-IgM from a patient with PPN, from a patient 
with Waldenstrom's macroglobulinaemia without neurological signs, and 
normal IgM (from a pool of 15 normal sera). As shown in Table 2.2 the 
proportion of tri- and/or tetra-antennary oligosaccharides is enhanced in the 
M-IgM of the PPN patient. Sialylated structures are slightly diminished in 
PPN patient M-IgM and some differences are also observed in the proportion 
of core fucosylated structures. Interestingly, enhancement of branching 
(increased tri- and/or tetra-antennary compared to biantennary oligosacchar
ides) is often observed in neoplastic cells of both murine and human origin, 
and seems to be associated with metastatic potentiaI84•8s, which requires the 
tumour cell to cross the vascular endothelial cell layer to invade target tissue. 
However, whether these structural differences account for the pathogenicity 
of a particular anti-MAG M-IgM pool in patients with PPN remains to be 
determined. 

Structure of the carbohydrate epitope 

The epitope recognized by patient M-IgM on MAG, Po and glycolipids is 
also recognized by the mouse monoclonal IgM HNK_1 86,87 raised against 
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human natural killer cells88. However, it seems probable that the anti-MAG 
M-IgM does not recognize natural killer cells, since it displays a lower 
affinity for these cells than does mouse M_IgM89. The results obtained by 
Chou et a1. 4 5, together with the fact that human M-IgM binds other 
glycoproteins that are not recognized by HNK-190, suggest that the epitopes 
recognized by HNK-l and human M-IgM are closely related but may be 
different. Other monoclonal antibodies from rat have also been raised against 
the same epitope, which is now referred to as L2/HNK-1 18. Structural 
characterization and chemical modifications of the carbohydrate moiety of 
SGPG allowed the identification of the sulphated glucuronic acid as an 
important determinant for the binding of the antibodies belonging to the 
L2/HNK-l family45,46,91. Although the presence of sulphate groups in the 
carbohydrate moiety of both MAG and Po was demonstrated earlier92 ,93, 
the presence of glucuronic acid residues in the oligosaccharide structures 
of glycoproteins bearing the L2/HNK-l epitope has only been clearly 
demonstrated in the ependymins of fish brain94. The presence of sulphate 
on these glucuronic acid residues has not been directly demonstrated. Other 
attempts have also failed to demonstrate the presence of a sulphated 
glucuronic acid residue in N-linked oligo saccharides of bovine P095, human 
P0 96 or whole murine brains97. The removal of sialic acids and sulphate 
groups by neuraminidase and methanolysis neutralizes> 95% of oligosacch
aride structures of L2/HNK -I-positive human Po, suggesting that glucuronic 
acid is absent from these structures96. It seems, therefore, that the L2/HNK-
1 epitope in glycoproteins is definitely different from that in glycolipids, since 
it may lack the glucuronic acid residue. Recently, our attention has been 
focused on the oligosaccharide structures that bear the L2/HNK -1 epitope 
in human MAG and Po. In one study98 we found that the epitope for 
HNK-l and M-IgM is borne by complex and hybrid types of N-linked 
oligosaccharide structures on MAG and Po. The N-linked oligo saccharides 
possess a common penta saccharide core with the structure Manal-3(Manal-
6)Manpl-4GlcNacpl-4GlcNAcpI-N-Asn. As a function ofthe sugar residues 
added to this core structure three different types of oligosaccharides can 
occur: high mannose type structures that contain exclusively additional 
mannose residues; complex structures containing additional residues such as 
N-acetylglucosamine, galactose, fucose and sialic acid; and hybrid types of 
these two structures. Taking advantage of the fact that N-linked oligosacch
aride structures display different affinities for lectins, we have used serial 
lectin affinity chromatography to characterize the N-linked oligosaccharide 
structures of human MAG and P0 99 and to identify the structures bearing 
the epitope for human M-IgM and HNK_IIOO. Both these studies have 
shown that the L2/HNK-l epitope is mainly, or exclusively, borne by 
oligosaccharide structures with an a(1-6)fucose residue in the core in MAG 
and in Po. This result has been confirmed by Field et al.96, who showed a 
high degree of fucosylation in L2/HNK-l-positive N-oligosaccharides of 
human Po. The L2/HNK-l epitope is not present, however, on all the 
fucosylated structures of MAG and Po. Considering that sulphation occurs 
after fucosylation of Po 0ligosaccharides101, the a(1-6)fucose residue may 
affect the processing of the sulphated antigenic residue(s), perhaps by acting 
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as a 'no-go, go' signal102 for a glycosyltransferase responsible for epitope 
synthesis. Nevertheless, the fact that all fucosylated structures do not bear 
the epitope suggests that other control mechanisms or signals may affect 
epitope synthesis. Comparison of oligosaccharide structures of human MAG 
and Po 99 showed that, in spite of wide structural heterogeneity, the 
oligosaccharide content of the glycoproteins is homologous to an extent that 
may reflect similarities in their functions in the myelination process and the 
maintenance of myelin structure. However, in these analyses, we assigned 
oligosaccharide structures to glycopeptide fractions as a function of their 
behaviour on lectin affinity columns103. Since then, a comparative analysis 
of bovine and human Po has shown that both glycoproteins bear very similar 
oligosaccharide structures (D. Burger and K. Uyemura, unpublished results); 
mainly hybrid type structures, as demonstrated by mass spectrometry95. 
These results, together with those recently published by Field et ai. 96, indicate 
that the major oligosaccharide structures present on Po are of the hybrid 
type and that these structures may be multiply sulphated. Therefore, we now 
suggest that the major human Po oligosaccharide structures (Po fraction A', 
in reference 99) are probably of the multi sulphated hybrid type. By analogy, 
we hypothesize that MAG glycopeptides interacting with lectins in a similar 
manner to Po glycopeptide fraction A' (dMAG fractions A' in reference 99) 
probably bear multi sulphated hybrid type oligo saccharides rather than the 
bisected biantennary structures that we previously suggested99. In MAG and 
Po, the L2/HNK-l epitope seems to be present on multisulphated structures 
with an ct(1-6)fucose residue in the core and lacking the glucuronic acid 
residue. Whether the ct(1-6)fucose residue and/or the sulphate groups are 
involved in the antibody binding site remains to be determined. 

In the nervous system, a number of glycoproteins involved in cellular 
recognition and/or adhesion share common carbohydrate structures, includ
ing the L2/HNK-l epitope18. These carbohydrate epitopes are well conserved 
during evolution104, suggesting that they play an important functional role 
in the development and maintenance of the nervous system. The L2/HNK-l 
carbohydrate epitope is present mainly, if not exclusively, in molecules such 
as MAG, Po, Lt, NILE, Ng-CAM, N-CAM, 11, hexabrachion, tenascin, 
cytotactin, Fll, cytotactin receptor, and integrin, which are involved in 
adhesion 1 8. Recent evidence supports the idea that the L2/HNK-l epitope 
acts as a ligand in cell adhesionl05.106. However, whether the carbohydrate 
moiety is implicated in the recognition and/or adhesion function of MAG, 
Po, and other neural cell adhesion molecules remains to be determined. 

Diversity of the fine specificity of anti-MAG M-lgM 

Although most, ifnot all, anti-MAG M-IgM recognize the same carbohydrate 
epitope(s) related to the L2/HNK-l epitope, some heterogeneity has been 
observed in their specificity and affinity. Studies carried out with chemically 
modified SGPG have shown that M-IgM display subtle distinct specificit
ies45 ,91,107. The diversity of anti-MAG antibodies is also indicated by their 
differential immunostaining patterns on avian embryonic tissues108 and by 
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the fact that they display various affinities for glycoprotein and glycolipid 
antigens50.109. The search for a 'public' idiotype has been proven particularly 
difficult, since both polyclonal and monoclonal anti-idiotypic antibodies to 
anti-MAG M-IgM rarely share idiotypic determinants11o-114. However, it 
seems that M-IgM do express a public idiotype, as demonstrated with 
polyclonal antiserum generated in primates115. This type of public idiotype 
would be very helpful in the application of specific immunotherapy. Since 
evidence suggests that the primary pathological factor in demyelinating PPN 
is the anti-MAG M-IgM, current therapies are designed to decrease the 
serum titre of this immunoglobulin. This is generally accomplished by 
plasmapheresis or by killing autoreactive B cells with immunosuppressive 
drugs, as described above. This kind of treatment is usually inefficient in 
pPN116, and problems with drug resistance and toxic side-effects due 
to interaction with normal tissue also limit the clinical effectiveness of 
chemotherapy. The development of more selective immunosuppressive ther
apy is therefore important. Since B cell malignancies are usually monoclonal, 
the idiotype of the surface immunoglobulin of each clone is unique to the 
individual and can be viewed as a tumour-specific antigen. Hence anti
idiotypic antibodies represent ideal targeting vehicles for guiding toxic agents 
to B cells117. Highly toxic proteins, generally derived from plant, fungi, or 
bacteria, can be bound covalently to monoclonal anti-idiotypic antibodies, 
to produce immunotoxins that combine the extreme potency of the toxin 
with the selectivity of the ligand. Current experiments carried out in our 
laboratory are designed to investigate the efficiency and specificity of such 
an immunotoxin against immortalized patient B cells (S. Bourdenet-Picasso, 
D. Burger and A. ]. Steck, unpublished results). 

Main target antigen 

Since different antigenic targets have been identified, the question arises of 
the identity of the major target, or the target which is first recognized by the 
pathogenic M-IgM. The localization of the different targets within the 
peripheral myelin sheath is well established. MAG is mainly present in 
'semi-compact' myelin membranes that have a gap of 12-14 nm between 
extracellular leaflets and a spacing of 5 nm or more between cytoplasmic 
leaflets (Schmidt-Lanterman incisures, the peri axonal space, the outer 
me saxon, and the paranodal myelin loops) 13. Po is present in compact 
multilamellar myelinlls. The two glycolipids, SGPG and SGLPG, are 
present in myelinated fibres in myelin and axolemma 1. However, their precise 
localization within the myelin sheath by immunocytochemical methods is 
hampered by the cross-reaction of anti-SGPG/SGLPG antibodies with 
MAG and Po. In addition to the localization of the antigen, the affinity of 
M-IgM for the antigen may playa role in the pathogenesis of PPN. It has 
been shown that M-IgM display affinities for MAG that are 10- to 100-fold 
higher than those for P0119. 

Different experimental approaches have been used to identify the main 
antigen target in demyelinating PPN. Mouse monoclonal antibody to MAG 
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produces widening of myelin lamellae and vesiculation when injected into 
guinea pig optic nerve120, a central nervous system site that contains neither 
Po nor SGPG. This study demonstrates that MAG is an effective target for 
inducing demyelinating features comparable to those observed in PPN. 
Another study has shown that when SGPG and SGLPG are the only 
available target, for example, in rat peripheral nerve, anti-SGPG antiserum 
is able to produce demyelination, along with mild to moderate clinical 
symptoms121. However, in this latter study, although myelin vesiculation 
was observed, the typical widening of myelin lamellae was not induced, and, 
as with intraneural injection of human M-IgM into feline sciatic nerve, after 
a few days, extensive inflammatory and macrophage-mediated demyelination 
was observed. This type of pathology bears little resemblance to that seen 
in human PPN. 

These two studies seem to exclude Po as a major target antigen in PPN 
with anti-MAG M-IgM. However, the fact that deposits of M-IgM occur 
within compact myelin in ViV0 56 may be indicative for a role of Po as a 
potential important target antigen. Indeed, Po, by interacting with itself, is 
probably responsible for myelin compaction at the level of the intermediate 
line in PNS5- 7• One can therefore hypothesize that the pathogenic M-IgM, 
by interacting with the L2/HNK-l epitope on Po, could account for the 
maintenance of the 23 nm spacing between myelin leaflets in patients, and 
that the criss-crossed structures observed in the abnormally wide intermediate 
line could represent the 'adhesive' M-IgM. In fact, the diameter of an IgM 
molecule is about 20 nm - a range that fits well with the 23 nm widening 
observed in PPN. Taken together, these studies indicate that MAG, Po and 
the glycolipids SGPG and SGLPG could playa role in the pathogenesis of 
PPN with anti-MAG M-IgM. 

ACUTE AND CHRONIC INFLAMMATORY DEMYELINATING 
POLYNEUROPATHIES 

Since GBS and CIDP are the subjects of another chapter in this book, here 
we will merely point out the studies concerned with anti-myelin antibodies 
in these inflammatory demyelinating diseases of the PNS. 

Anti-myelin antibodies in GBS 

As has been proposed in the case of multiple sclerosis, it is generally accepted 
that Guillain-Barre syndrome (GBS) is also an autoimmune disease mediated 
by T cells reactive against myelin antigens. Because of its neuritogenic 
properties in experimental allergic neuritis, P 2 is considered to be the major 
T cell antigen in GBS. In addition to cellular autoimmunity, humoral 
demyelinating factors have also been demonstrated in GBS by various 
techniques, but their role as primary pathogenic agents remains uncertain. 
However, several lines of evidence indicate that anti-myelin antibodies may 
playa subsidiary immunopathogenic role in GBS. First, antibodies against 
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Table 2.3 Antibodies against myelin or myelin containing tissues in Guillain-Barre syndrome 
(GBS) 

Positive (%) 

Controls 
and other 

neurological 
Antigen Method GBS diseases Reference 

Human spinal cord Complement fixation 50.0 4.3 122 
Dorsal root ganglion Tissue culture 83.9 31.5 123 
Myelin, spinal cord, Immunofluorescence 66.7 2.2 124 

peripheral nervous 
system 

Peripheral nervous system Antiglobulin consumption 50.0 10.0 125 
Peripheral nervous system Complement fixation 27.3 6.5 126 
Human myelin Complement fixation 11.8 0.2 127 
Rabbit myelin Complement fixation 29.4 0.0 127 
Human optic nerve Complement fixation 11.0 2.0 128 
Human sciatic nerve Complement fixation 7.0 1.0 128 
Rabbit sciatic nerve Complement fixation 7.0 0.0 128 
Lumbar nerve root Complement fixation, 83.3 0.0 129 

mixed haemagglutination 
Sciatic nerve Mixed haemagglutination, 68.8 4.4 130 

immunofluorescence 
Human peripheral nerve Cl fixation 91.7 27.3 131 

myelin 
Human peripheral nerve Cl fixation 100.0 0.0 132 

myelin 
Human peripheral nerve Enzyme-linked 59.0 7.9 133 

myelin immunosorbent assay 

myelin or myelin-containing tissues are found more frequently in patients 
with GBS than in normal subjects or in patients with other neurological 
diseases (Table 2.3). Second, antibody titre is maximal at the onset of the 
disease131 and decreases in parallel with clinical improvement in untreated 
patients134. Third, beneficial responses to plasma exchange are often observed 
in the first few weeks of the disease135,136. Fourth, endoneurial injection of 
acute-phase patient serum into rat sciatic nerve produces focal demyelin
ation137-139 and conduction block140. Finally, acute phase GBS serum 
induces in vitro complement-dependent demyelination, the degree of which 
is a function of the anti-peripheral myelin antibody titre141. 

Numerous studies have attempted to identify the putative target antigen 
in GBS: those concerned with anti-myelin antibodies are summarized 
in Table 2.4. Various results have been obtained using the different anti
gens. In a study using galactocerebroside as an antigen, antibodies were 
detected in 17 GBS patients in one study127, but in none of 100 patients 
in another study128. Inconsistent results have also been found with anti
bodies directed against P2, which have been reported in 0.6-100% of GBS 
patients127,142-144. Some discrepancies are also observed in the proportion 
of GBS patients with anti-ganglioside antibodies or anti-sulphatide anti
bodies (Table 2.4). Such variations may be due to the technique used to 
detect the antibody, the origin of the antigen (for example, the response to 
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Table 2.4 Antibodies against myelin antigens in Guillain-Barre syndrome (GBS) 

Positive (%) 

Controls 
and other 

neurological 
Antigen Method GBS diseases Reference 

Galactocerebroside Complement fixation 11.8 0.2 127 
Galactocerebroside Complement fixation 0.0 0.0 128 
P2 (bovine) [1 zSI]Pz binding 0.6 0.0 126 
Pz (bovine) Enzyme-linked 5.3 0.0 142 

immunosorbent assay 
Pz (bovine) Enzyme-linked 54.5 9.4 143 

immunosorbent assay 
Pz (human) Direct plaque-forming cell 100.0 0.0 144 

assay 
Gangliosides Enzyme-linked 19.2 0.0 36 

immunosorbent assay 
GM1 Enzyme-linked 28.3 1.8 145 

immunosorbent assay, 
thin layer 
chromatography 
immunostaining 

Neutral myelin glycolipid, C1 fixation, thin layer 100.0 33.3 146 
Forssman-like antigen chromatography 

immunostaining 
SGPG Enzyme-linked 25.0 9.0 147 

immunosorbent assay 
Sulphatide Enzyme-linked 21.0 6.5 147 

immunosorbent assay 
LM1 Thin layer 43.0 20.0 148 

chromatography-
enzyme-linked 
immunosorbent assay 

Sulphatide Thin layer 65.0 15.0 148 
chromatography-
enzyme-linked 
immunosorbent assay 

human P2 is greater than that to bovine P 2 (Table 2.4», the phase of the 
disease when the serum was taken (sera of patients obtained during the acute 
phase display greater demyelinating activity than those obtained during the 
recovery phase), and the choice of the antigen. The studies to date have pro
duced a wide spectrum of results and have not clarified the nature of the 
main target antigen (if there is but one) for antibodies in GBS. 

Anti-myelin antibodies in ClOP 

CIDP is a demyelinating disease which is distinguishable from GBS by 
clinical criteria 149 and by the fact that it presents with less prominent 
inflammation150. As is the case for multiple sclerosis, CIDP may be subacute, 
chronic progressive, or remitting151• Since plasmapheresis, with or without 
immunosuppression, is the current treatment of choice, and produces 
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Table 2.5 Antibodies against myelin antigens or myelin containing tissues in chronic inflamma
tory demyelinating polyneuropathy (CIDP) 

Positive (%J 

Controls 
and other 

neurological 
Antigen Method GBS diseases Reference 

Human peripheral nerve C1 fixation 75.0 27.3 131 
myelin 

Human peripheral nerve Enzyme-linked 51.0 7.9 132 
myelin immunosorbent assay 

Pz [ lZ5 I]-Pz binding 0.9 0.0 127 
Galactocerebroside Complement fixation 0.9 0.9 127 
LM1 Thin layer 67.0 20.0 133 

chromatography-
enzyme-linked 
immunosorbent assay 

Sulphatide Thin layer 87.0 15.0 133 
chromatography-
enzyme-linked 
immunosorbent assay 

SGPG Enzyme-linked 0.1 9.0 147 
immunosorbent assay 
and thin layer 
chromatography 

Sulphatide Enzyme-linked 0.1 6.5 147 
immunosorbent assay 
and thin layer 
chromatography 

GM1 Thin layer 67.0 68.0 153 
chromatography-
enzyme-linked 
immunosorbent assay 

improvement in 30-60% of patients152, humoral factors seem to be impli
cated. The search for a humoral pathogenic factor has focused on myelin 
tissues and myelin antigens (Table 2.5). In the relatively few studies that have 
attempted to identify the target antigen in CIDP, the incidence of anti-myelin 
antibody was 3- to 6-fold higher than in controls, suggesting a role for these 
antibodies in the pathogenesis of the disease. However, as is the case for 
GBS, the main target antigen(s) for autoantibodies in CIDP remains to be 
determined. 

CONCLUSION 

Most of the antibodies implicated in the pathogenesis of demyelinating 
neuropathies of autoimmune origin are directed against carbohydrate 
epitopes, with the exception of those directed against the basic protein P 2, 

which are detected in some GBS and CIDP patients. Usually, the immune 
system displays distinct reactivities against carbohydrates or proteins. The 
carbohydrates are mostly recognized by B cells, whereas proteins are usually 
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recognized by both T and B cells. However, T cell responses may be observed 
against glycoconjugates, although activation of T cells by the carbohydrate 
carrier (i.e. the protein) is required. The antibody response to a carbohydrate 
epitope is therefore dependent upon its carrier and upon the presence of B 
and/or T cells able to recognize the glycoconjugate. T cells do not seem to 
be implicated in the pathogenesis of PPN, and inflammatory features are 
therefore mild or absent. In GBS and CIDP, however, inflammation is the 
main pathological finding, but this does not preclude convergence of both 
humoral and cellular autoimmune response, as recently pointed out by 
Hartung and Toyka1S4. 
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3 
Guillain-Barre syndrome and CIDP 
H.-P. HARTUNG, K. REINERS, K. V. TOYKA and J. D. POLLARD 

GUILLAIN-BARRE SYNDROME (GBS) 

Since poliomyelitis has been almost completely eradicated, Guillain-Barre 
syndrome (GBS), described in 19161, has become the most common cause 
of acute paralysis in Western countries. It occurs with an annual incidence 
of 1-2 cases/lOOOOO and affects all ages, men slightly more frequently than 
women. There is no seasonal preponderance. A viral or bacterial infection 
precedes GBS by 1-4 weeks in more than two-thirds of cases2- 4 • 

Clinical features 

While patients often report distal paraesthesiae as the initial complaint, 
weakness is the predominant symptom. This most often takes the form of 
distally accentuated, relatively symmetrical paresis that, in the course of the 
disease, may involve more proximal muscle groups. Arms and legs are 
affected by flaccid paralysis to a similar degree at the nadir of disease in the 
majority of cases. Bilateral facial palsy is present in 30-50% of patients. 
Deep tendon reflexes are absent or greatly diminished. The diaphragm and 
ancillary respiratory muscles are involved in 25-30% of patients, who require 
artificial ventilation. Oropharyngeal muscles are affected in 25-50% and 
some degree of oculomotor palsy is observed in up to 15% of patients (Table 
3.1). Sensory loss is rarely severe, but mild impairment of sensation in a 
glove and stocking distribution is usual. Paraesthesiae and pain are not 
uncommon features4-17. 

Motor weakness can progress rapidly in a matter of hours or more, but 
commonly progresses over a period of several days to 4 weeks. Four weeks 
is the arbitrary cut off in the differentiation of GBS from chronic polyneuritis, 
according to recently redefined criteria (Table 3.2)18. 
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Table 3.1 Frequency of clinical features in Guillain
Barre syndrome 

Weakness 
Upper extremities 
Lower extremities 
Facial 
Oropharyngeal 
Oculomotor paresis 
Areflexia/hyporeflexia 

Sensory abnormalities 
Paraesthesiae 
Mild sensory loss 
Pain 
Respiratory failure 

Autonomic 
Sphincter disturbance 
Arterial hypotension 
Arterial hypertension 
Sinus tachycardia 
Arrhythmia 

% of patients 

20-90 
60-95 

50 
20-50 

10 
95 

70-80 
50 

20-30 
25 

10-20 
15 
30 

30-40 
10-20 

Figures given first denote frequency at the onset of 
the disease, second at nadir 

Autonomic symptoms in Guillain-Barre syndrome 

Symptoms of autonomic dysfunction, affecting both sympathetic and 
parasympathetic systems, often develop acutely and early in patients with 
GBS19-21 . Autonomic dysfunction may decrease or increase a given res
ponse; thus, parasympathetic denervation may lead to either tachycardia or 
bradycardia, and sympathetic dysregulation may produce hyperhidrosis 
as well as hypohidrosis. While the decrease of specific activity is usually 
attributable to the loss of transmission to the receptors, hyperfunction of 
autonomic receptors is thought to result from denervation hypersensitivity. 
In the case of the cardiovascular system, derangement of baroreceptor 
function is probably the most important factor, but up- or down-regulation 
of afferent baroreceptor and efferent receptor sensitivity, as well as alter
ations in circulating compounds such as catecholamines, atrial natriuretic 
factor22,23 and other vasoactive substances may also playa role. 

Acute neurophysiological and histological alterations in the preganglionic 
parasympathetic (vagus) and sympathetic (greater splanchnic) nerve were 
demonstrated in the guinea pig model of GBS, experimental allergic neuritis 
(EAN)24. Only 17 days after inoculation with myelin, marked slowing of 
nerve conduction in myelinated fibres, temporal dispersion of the compound 
action potential, and histological evidence of demyelination and axonal 
damage were shown in teased fibres. As in earlier studies, small myelinated 
fibres showed the greatest damage but unmyelinated fibres also showed 
axonal degeneration. All pathological alterations were more pronounced in 
the sympathetic than in the parasympathetic nerve. 

The reported frequency of autonomic dysfunction in GBS depends on the 
battery of tests applied to screen for such symptoms. In larger series, 
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Table 3.2 Criteria for diagnosis of Guillain-Barre syndrome 

Features required for diagnosis 
Progressive motor weakness of more than one limb. The degree ranges from minimal weakness 
of the legs, with or without mild ataxia, to total paralysis of the muscles of all four extremities 
and the trunk, bulbar and facial paralysis, and external ophthalmoplegia 
Areflexia or distal areflexia with definite hyporeflexia of biceps and knee jerks 

Features supporting the diagnosis 
Clinical features (ranked in order of importance) 

Progression. Symptoms and signs of motor weakness develop rapidly but cease to progress 
by 4 weeks into the illness. Approximately 50% reach the nadir by 2 weeks, 80% by 3 weeks, 
and 90% by 4 weeks 
Relative symmetry of weakness 
Only mild sensory symptoms or signs 
Cranial nerve involvement, most commonly bilateral facial palsy 
Recovery within 2-4 weeks after progression stops 
Autonomic dysfunction: tachycardia, arrhythmia, postural hypotension, arterial hypertension 
may be present and fluctuate 
Absence of fever at onset of neuropathic symptoms 

Cerebrospinal fluid (CSF) features strongly supportive of the diagnosis 
CSF protein. After the first week of symptoms, CSF protein is elevated or has been shown 
to rise on serial lumbar punctures 
CSF cells: s; 10 mononuclear leukocytes/mm3 

Electrodiagnostic features: nerve conduction slowing or block 

Features casting doubt on the diagnosis 
Marked, persistent asymmetry of weakness 
Persistent bladder or bowel dysfunction 
Bladder or bowel dysfunction at onset 
> 50 mononuclear leukocytes/mm3 in CSF 
Presence of polymorphonuclear leukocytes in CSF 
Sharp sensory level 

Features excluding the diagnosis 
Hexacarbon abuse (paint lacquer vapours or glue-sniffing) 
Acute intermittent porphyria 
Diphtheria 
Lead neuropathy 
Purely sensory syndrome 
Poliomyelitis, botulism, toxic neuropathy (nitrofurantoin, organophosphorus compounds, 
dapsone) 

Modified from reference 18 

autonomic dysfunction has been found in more than 50% ofpatients19,2o,25-27. 

Valuable tests for assessing autonomic function in GBS patients include 
investigations of parasympathetic function such as analysis of spontaneous 
heart rate variability28 (Figure 3.1), heart rate response to deep inspiration 
and tilting and heart rate variation during Valsava manoeuvre, as well as 
those of sympathetic regulation, including the thermal sweat test, sympathetic 
skin response, blood pressure response to tilting and during Valsava 
manoeuvre and plasma noradrenalin response to tilting (for an overview see 
references 29, 30). 

There have been numerous reports of patients with GBS showing hypersen
sitivity to drugs acting on the autonomic system, in particular those with 
a cardiovascular target (e.g., phentolamine, nitroglycerin, phenylephrine, 
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Figure 3.1 Autonomic failure in acute Guillain-Barre syndrome: Lack of spontaneous heart 
rate variation. Spontaneous heart rate (expressed as RR intervals; ordinate) recorded over 256 
consecutive heart beats (abscissa) in a healthy control (male, aged 20 years; upper panel) and 
in patients with acute Guillain-Barre syndrome, 8 days after onset of symptoms (lower panel). 
At the time of recording, the patient required artificial ventilation. Note two characteristic 
alterations in GBS-induced autonomic (parasympathetic) dysfunction: (1) tachycardia (mean 
rate, 96/min); (2) lack of physiological sinus arrhythmia. This situation is comparable to the 
denervated heart after heart transplantation surgery. (Recording courtesy of Dr P. Flachenecker) 
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ephedrine, isoproteronol, various anaesthetics and narcotics, muscle relax
ants; for an overview see reference 31). 

As a consequence of autonomic denervation, altered receptor sensitivity 
and erratic responses, the regulation of autonomic function is less tight in 
GBS patients than in healthy individuals, and swings in autonomic tone 
become more pronounced. It is not clear whether tachycardia or bradycardia, 
which are both found in GBS, is more likely to lead to asystole. Sinus 
tachycardia is usually accompanied by paroxysmal hypertension and excess
ive sweating, and bradycardia and atrioventricular block rhythms may be 
seen in the context of 'vagal spells'19 with flushing, bronchorrhoea and 
hypotension. Hypotensive episodes are not invariably the consequence of 
bradycardia but may also be due to vasodilatation with normal heart rate. 
Manipulations that lead to vagal stimulation in healthy individuals (e.g. 
voiding, urinary catheter manipulation, suctioning) may give rise to dramatic 
cardiac depression in GBS patients. Careful observation of patients in an 
intensive care unit is therefore strongly advised during such manoeuvres32. 
However, many acute exacerbations of autonomic function resolve spontane
ously. While no clear-cut correlation between the severity of motor or sensory 
symptoms or nerve conduction velocities and the frequency and severity of 
autonomic disturbance has been found, patients with pronounced axonal 
damage and those requiring artificial ventilation more often develop severe 
autonomic dysregulation. 

Autonomic disturbance other than cardiovascular presents as pupillary, 
gastrointestinal (gastroparesis, rectal incontinence, diarrhoea, constipation, 
ileus), and urogenital (urinary retention or incontinence, impairment of sexual 
function) dysfunction 19. 

Patients with subgroups of GBS-like disorders may exhibit more pro
nounced autonomic symptoms than are usually encountered in' typical 
GBS. Autonomic dysfunction is particularly impressive in some cases of 
inflammatory neuropathy that start with a rapid onset of autonomic 
symptoms and later develop additional sensorimotor symptoms. Pathology 
in these cases reveals mainly axonal degeneration. Patients with acute 
pandysautonomia, which may represent the purely autonomic end of a 
spectrum of GBS-like neuropathies, show severe autonomic symptoms and 
variable sensorimotor deficits at the onset33- 35 or developing later36. 

Course and prognosis 

The different speed with which paralysis may develop has already been 
mentioned. In one large series of 100 patients from Southern England, 34% 
reached their nadir within 7 days, 70% within 14 days, 84% within 21 days, 
and 92% within 1 month, 1 month being the arbitrary cut off which 
distinguishes acute and chronic inflammatory polyradiculoneuropathy1? 
Hughes et al. 3 ? observed several patients who reached maximum disease 
severity after 4 weeks, bur no later than 8 weeks, and thought this to 
constitute a separate entity, for which they suggested the term 'subacute 
idiopathic demyelinating polyradiculoneuropathy'. These patients made a 

37 



IMMUNOLOGY OF NEUROMUSCULAR DISEASE 

Table 3.3 Prognostic factors suggesting poor outcome 

Older age 
Need for artificial ventilation 
Very low distal motor amplitudes (probably reflecting axonal damage) 
Rapid progression (time < 1 week) 
Presence of GMI antibodies (controversial) 
Preceding Campylobacter jejuni infection (controversial) 

faster and more complete recovery. Mildly affected patients with GBS recover 
within weeks, but about half of the patients become bed-bound or chair
bound through the course of their disease and up to one-third require 
artificial ventilation. Mortality figures range from 3 to 13 % 6,8,17,38-46. 

Typically, recovery starts 1-4 weeks after the nadir and proceeds to the 
extent that patients regain their ability to walk unaided within 2-3 months 
of onset; 10-20% are left with some degree of disability after 12 months. 

Recurrences of GBS have been recorded. One or more relapses of acute 
paralysis are seen in 1-5% of patients, who are asymptomatic or only mildly 
affected between attacks. Episodes may be months or years apart, but 
otherwise show the typical features of monophasic GBS47- 49• 

Complications that may determine the fate of the patient are due to 
autonomic disturbances, respiratory failure, and thromboembolism from 
immobilization and intercurrent infections, particularly pneumonia. A num
ber of prognostic factors have been identified in multicentre therapeutic trials 
(Table 3.3)46,50. 

Variant forms of GBS 

In 1956, Fisher described the triad of ophthalmoplegia, limb ataxia and 
areflexia 51. There is still debate about the nature of the neuropathy in Fisher 
syndrome but most would agree that there is no indication of central nervous 
system involvement52- 57 • 

More recently, sveral authors have proposed the existence of a separate 
subgroup of GBS characterized by prominent axonal degeneration on 
electrodiagnostic and pathological examination. Some autopsy studies on 
single cases have shown a conspicuous paucity or complete absence of 
inflammatory demyelination, suggesting the possibility that this clinically 
indistinguishable neuropathy has a different pathogenesis. However, it is also 
conceivable that this simply represents the extreme end of a disease spectrum 
and that early massive inflammation causes severe axonal changes. These 
patients have a poor prognosis58- 61 • 

Epidemics of acute flaccid paralysis have occurred in Mexico, South 
America, China and India62- 64. The clinical presentation is similar but 
electrophysiological features and pathology, characterized by Wallerian-like 
degeneration of motor fibres in the absence of inflammatory changes, 
distinguish this condition from classical demyelinating GBS. For the Chinese 
cases, the term 'acute motor axonal neuropathy' was recently suggested64. 
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Table 3.4 Differential diagnosis of Guillain-Barre syndrome 

Locked-in syndrome 
Brainstem infarction 
Brainstem encephalomyelitis 
Spinal cord compression 
Transverse myelitis 
Acute necrotic myelopathy 
Vasculitic neuropathy 
Acute motor neuron diseases 

poliomyelitis, rabies/enterovirus anterior myelopathies, Chinese paralytic syndrome (acute 
motor axonal neuropathy), cytoplasmic and nuclear neuronopathy 

Biological toxins 
botulism, tick paralysis, diphtheria, ciguatera, buckthorn, snake bite 

Environmental toxins 
heavy metals, arsenic, lead, thallium, gold 

Hexacarbons 
industrial solvents, glue-sniffing 

Organophosphates 
Alcohol 
Porphyric neuropathy 
Borreliosis 
Critical illness polyneuropathy 
Acute pandysautonomia 
CIDP with acute onset 
Hysteria 
Hypokalaemia 
Hyperkalaemia 

Differential diagnosis 

The history and clinical features are sufficiently characteristic to establish 
the diagnosis in most cases, but several disorders may be confused with GBS 
(Table 3.4)3,15,41, 

Antecedent events 

Approximately 70% of patients give a history of acute infectious illness 
antedating neuropathic symptoms by 1-3 weeks, Influenza-like symptoms, 
upper respiratory infection or diarrhoea have usually cleared before onset 
of the neurological disorder. A plethora of viral, bacterial, and mycoplasma 
agents have been associated with GBS, but good evidence for a more than 
chance link with a virus is available only for cytomegalovirus, Epstein-Barr 
virus, vaccinia, variola, and human immunodeficiency virus65- 69, Varicella 
zoster and measles may also possibly be added to this list (summarized by 
Amason and Soliven3) (Table 3,5), More recently, the bacterial diarrhoeal 
agent Campylobacter jejuni has been identified as a common infectious 
trigger 70-76, C. jejuni infection is the most common diarrhoeal illness in the 
western world, and depending on the serological methodology used and the 
geographic background, a preceding C. jejuni infection can be proven in 10-
60% of all patients, It is of particular note that specific serotypes of the 
organism have been identified that are associated with GBS but uncommon 
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Table 3.5 Infections associated with GBS 

Viral 
Cytomegalovirus 
Epstein-Barr virus (EBV) 
Human immunodeficiency virus (HIV) 
Possible: varicella zoster, vaccinia, variola 

Bacterial 
Campylobacter jejuni 
Mycoplasma pneumoniae 

in enteritis not associated with neuropathy (e.g. Penner type 19 in Japan; 
Lior 11 in Germany)70,73,77. The implications of these findings are discussed 
below. 

There have also been numerous reports that GBS may follow certain types 
of vaccination. The most publicized outbreak was that occurring during the 
swine influenza vaccination programme in the USA in 1976. A small increase 
in the number of cases relative to that expected in non-vaccinated individuals 
was reported; however, this occurred only with some lots of vaccine 78-81. 
Cases of an acute motor neuropathy following rabies vaccination have been 
reported from South America, where the vaccine is prepared from rabies 
virus-infected suckling mouse or rat brain82-84. More recently, a report from 
Finland claimed an increased incidence of GBS after vaccination with live
attenuated poliovirus, but the numbers are too small to draw definite 
conclusions85. 

Anecdotal reports are available which linked GBS with therapeutic or 
illicit use of drugs, including gold, amitryptiline, zimeldine, danazol, captopril, 
streptokinase, and heroin (reviewed by Amason and Soliven3). 

Electrophyslological features in Guillain-Barre syndrome 

Electrophysiological testing of the peripheral nervous system has helped to 
elucidate the functional consequences of demyelination and axonal damage 
and has proved useful in the early diagnosis of GBS before abnormalities in 
the cerebrospinal fluid can be found, i.e. within the first days of the 
disease86,86a. The mechanisms of the conduction deficit and its clinical 
implications will now be reviewed, and a strategy for approaching the patient 
is proposed. 

Pathophysiology of nerve conduction in demyelinating 
neuropathies 

Segmental demyelination combined with a variable degree of axonal degener
ation is the characteristic pathological feature of GBS. Patients in later stages 
of GBS, like those suffering from chronic inflammatory demyelinating 
neuropathy (CIDP), also show remyelination of nerve fibres. The effects of 
demyelination alone have rarely been properly separated from those of the 
simultaneous remyelination, largely because motor nerve or even sequential 
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nerve biopsies cannot usually be obtained. The electro physiological character
istics will therefore be discussed primarily on the basis of experimental animal 
data. 

Slowing of nerve conduction 

Mechanisms underlying the slowing of conduction have been elucidated 
in a series of studies on single nerve fibres in mammalian diphtheric 
neuropathyB7,BB. From these and other experiments it is clear that slowing 
of nerve conduction velocity can be evoked by focal (segmental) increases in 
internodal conduction time owing to continuous rather than saltatory 
conduction along an internode. The same phenomenon was seen in regenerat
ing tips of crushed dorsal root fibres in the ratB9, demonstrating that 
demeylinating and remyelinating segments may be present simultaneously 
in an individual fibre, and share common electrophysiological properties. 
Conduction slowing is even more likely to occur in remyelination than in 
demyelination 90. Physiologically, continuous conduction requires a redistri
bution of sodium channels from nodal to internodal segments of the nerve 
fibre; this has not yet been demonstrated in demyelination. Paranodal 
demylination, which may sometimes precede segmental demyelination, is 
more effective in slowing conduction91 . This may explain why conduction 
slowing can occasionally be noted early in the course of GBS, before 
segmental demyelination has occurred. 

Conduction block 

Conduction block describes the complete failure of transmission along a 
nerve fibre segment: a stimulus applied proximal to the lesion fails to produce 
a response distally, while the same stimulus applied distal to the lesion elicits 
a normal response. After transection of a nerve fibre, conduction in the distal 
segment is maintained transiently, while Wallerian degeneration develops. 
Depending on the length of the distal stump and the site of stimulation, such 
conduction may last for some days. In contrast, conduction block in axonal 
neuropathies develops in the degenerating distal segment. However, in 
demyelinating neuropathies, conduction block occurs in the absence of 
axonal damage92. McDonald93 was the first to directly demonstrate conduc
tion block evoked by administration of diphtheria toxin in the region of the 
dorsal root ganglion in the cat. Demyelinative processes occurring in 
experimental allergic neuritis94, and in mechanical derangement95 ,96 were 
later also shown to cause conduction block. 

Observations in the demyelinating and remyelinating stage of the disease 
suggest that intermittent (frequency-dependent) conduction block may be a 
transient stage between normal transmission and total conduction block. 
Intermittent conduction block can best be assessed by examining the 
refractory period of transmission, that is, the longest interval during which 
the second of two impulses does not traverse a region of demyelination97- 99. 

In the clinical situation it is difficult to assess the failure of a nerve to 
transmit a series of impulses. First, intermittent block of single fibres cannot 
be detected by the common recording of compound muscle or nerve action 
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potentials; and second, repetitive appropriate stimulation (20-100 Hz) is not 
tolerated by most patients. This technique has not, therefore, gained wide 
acceptance. 

The effect of temperature on nerve conduction 

Another physiological feature of demyelination is the detrimental effect of 
increased temperature on transmission lOo• Differential effects of temperature 
on sodium and potassium channels, together with a reduced safety factor 
of transmission in demyelination, result in conduction failure at higher 
temperatures. While patients with central demyelination may experience 
more severe symptoms at raised temperatures (Uhthoff's phenomenon in 
multiple sclerosis) similar observations are rarely reported in patients with 
GBS. However, the accentuation of unpleasant or painful paraesthesia with 
increasing temperature (e.g. while resting in bed at night) experienced by 
some patients may have an analogous physiological basis. 

Ectopic nerve excitation 

Symptoms may also be due to the fact that demyelination gives rise to 
spontaneous (ectopic) impulse generation within the nerve101. This is 
the physiological basis for twitching and fasciculations of motor nerves, 
experienced by both the patient and the electromyographer. In more severe 
cases, even cramps may be generated by such spontaneous excitation of 
nerve fibres. Myokymia affecting the extremities and facial muscles are 
occasionally seen in patients with GBS or CIDpl02-106. 

Important indications of the type of abnormality that can be expected in 
demyelinating neuropathies have come from computer simulations106. Such 
modelling demonstrates that the interpretation of electrophysiological data 
is much easier if repetitive examinations have been performed during the 
course of the disease. 

Problems in interpreting electrophysiological findings in GBS 

The electrodiagnostic correlates of demyelination 

Major pitfalls in the interpretation of electrophysiological data in demyelinat
ing neuropathies arise from the common misconception that demyelination 
means conduction slowing, and vice versa. In interpreting nerve conduction 
studies, however, slowing of conduction velocity only indicates demyelination 
along the nerve if there is no axonal loss, i.e. if compound muscle action 
potential (CMAP) amplitudes are near normal. It is important to realize 
that, in the absence of demyelination, preferential loss ofaxons of the fastest 
conducting fibres alone may slow conduction velocity by as much as 40% 
relative to that in the fibres that normally determine the velocity obtained 
in nerve conduction studies 1 07. In patients with the acute axonal form ofGBS, 
inexcitability ofaxons develops within 3 days of onset of symptoms59,108; by 
preferentially affecting fastest conducting fibres, this can also delay the 
earliest CMAP components, imitating early demyelination. 
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Distal conduction block 

Another major pitfall arises from disregarding the possibility of a very distal 
conduction block, and thus considering an unobtainable CMAP as evidence 
of axonal degeneration. While conduction block in a more proximal segment 
of the nerve can easily be detected by comparing CMAP waveform and 
amplitude obtained at two or more stimulation sites along the nerve, 
conduction block distal to the most distal stimulation site possible remains 
undetected by neurographic investigation alone. Needle examination of the 
paretic muscle must be added to the spectrum of tests. If performed after 
time has been allowed for spontaneous activity to develop in the muscle 
(about 3-5 days in proximal muscles or 5-8 days in distal muscles) needle 
electromyography (EMG) will unequivocally distinguish between distal 
conduction block and denervation due to axonal degeneration. 

'Partial' conduction block 

Other difficulties relate to the concept of 'partial' conduction block described 
in demyelinating neuropathies 5• This term is meant to indicate failure of 
conduction in a proportion of fibres within a nerve. As discussed above, for 
an individual nerve fibre, there is nothing between orderly transmission on 
one hand and conduction failure, or conduction block, on the other. 'Partial' 
conduction block in an individual nerve fibre can, therefore, only mean 
something which is more precisely described as 'intermittent' conduction 
block (see above). There is good reason to avoid the ambiguous term 'partial' 
conduction block, although it has been included in the current criteria for 
diagnosing demyelination18 (see Table 3.2). 

The electromyographer must be warned against diagnosing ('partial') 
conduction block simply from differences in CMAP amplitudes between 
distal and proximal stimulation sites. First, the examiner must ensure truly 
supramaximal stimulation at the proximal stimulation site109 to avoid 
producing partial conduction block as a technical artefact. Second, the effect 
of interphase cancellation is often underestimated. In the normal arm nerve, 
an amplitude difference of up to 15% is found between proximal stimulation 
at the elbow and distal stimulation at the wrist. In patients with neuropathies, 
temporal dispersion with inherent interphase cancellation 110 is sufficient to 
account for a greater decrease in amplitude with no conduction block. While 
under these circumstances comparisons based on amplitudes alone require 
a decrease of> 15_40%90.111-112 comparisons of areas under the curve may 
be more consistent in establishing the existence of a real conduction block. 
However, computer simulations even suggest that amplitude or area decreases 
of up to 50% can be produced by interphase cancellation alone, without 
conduction block. Identifying conduction block properly is thus difficult in 
many cases, and the electromyographer should interpret his data 
cautiouslyl13. In general, conduction block can be identified more reliably 
as the length of the segment over which the alteration in waveform occurs 
decreases, and when alteration can be demonstrated to occur abruptly while 
the stimulating electrode travels stepwise along the nerve. Thus, short 
segment stimulation is an important ancillary technique to help define focal 
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Table 3.6 Electrodiagnostic criteria for peripheral nerve demyelination18 

Patient must have three of the foDowing four features: 
1. Reduction in conduction velocity in two or more motor nerves 

a. < 80% of lower limit of normal (LLN) if amplitude > 80% of LLN 
b. < 70% of LLN if amplitude < 80% of LLN 

2. Conduction block or abnormal temporal dispersion in one or more motor nerves: either 
peroneal nerve between ankle and below fibular head, median nerve between wrist and 
elbow, or ulnar nerve between wrist and below elbow. 

Criteria for conduction block: 
a. < 15% change in duration between proximal and distal sites and > 20% drop in 

negative-peak area of peak-to-peak amplitude between proximal and distal sites. 

Criteria for abnormal temporal dispersion and possible conduction block: 
a. > 15% change in duration between proximal and distal sites and > 20% drop in 

negative-peak area or peak-to-peak amplitude between proximal and distal sites. 

3. Prolonged distal latencies in two or more nerves. 
a. > 125% of upper limit of normal (ULN) if amplitude > 80% of LLN 
b. > 150% of ULN if amplitude < 80% of LLN 

4. Absent F-waves or prolonged minimum F-wave latencies (10-15 trials) in two or more 
motor nerves. 
a. > 120% of ULN if amplitude > 80% of LLN 
b. > 150% of ULN if amplitude < 80% of LLN. 

conduction block114. Electrodiagnostic criteria for demyelination are sum
marized in Table 3.6 (after ref. 18). 

Large versus small fibre involvement 

Larger nerve fibres carry more myelin than do small fibres and have therefore 
been assumed to be more resistant to demyelination in GBS. In experimentally 
induced demyelination in the rat, earlier and more severe damage was found 
in small than in thick fibres 115. This may explain the symptoms of a small 
fibre neuropathy in terms of pain and the high proportion of GBS patients 
with autonomic dysfunction (see above). 

Electrophysio/ogical findings 

On the background of time-dependent alterations of physiological nerve 
properties in GBS, it is clear that electrodiagnostic findings in the individual 
patient strongly depend on the stage of the disease, i.e. its severity, as well 
as the point in time when investigations are performed (Table 3.7). The 
following account describes the typical sequence of events in the course of 
the disease. 

Electrophysiology in early GBS 

Nerve conduction studies (Figure 3.2) 

Demyelination first reduces the safety factor of transmission97- 99• At this 
stage, intermittent conduction block can be detected. Distal latencies may 
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Table 3.7 Sequential electrophysiological features of demyelination/remyelination 

Intermittent conduction block 
(prolonged refractory period; reduction of safety factor of neural transmission; increased 
temperature sensitivity) 

Conduction block in a proportion of fibres within a nerve 
(,partial' conduction block) 

F-wave impersistence 
Slowed conduction 
Conduction block in whole nerve 
Abnormal (spontaneous) impulse generation 
Abnormal irritability of the nerve fibre to mechanical stimuli 

(Tinel's sign) 
Repetitive discharges/neuromyotonia 
'Late' components in CMAP 

become prolonged while conduction in the forearm segment of the median 
or ulnar nerve is still within normal limits. As the conduction block affects 
more and more fibres, CMAPs decrease. Only later does conduction slow 
measurably86; this occurs in the roots and proximal parts of the nerves 
earlier than in distal segments, corresponding to the clinical notion that 
paresis of proximal muscles heralds weakness in more distal muscles. 

Neurophysiological data in the preclinical stage of acute demyelination 
rely on investigations in experimental animals. In these studies, the first 
abnormalities were found in proximal nerve conduction, i.e. in F -waves or 
in somatosensory evoked potentials (SEP) recorded from the scalp or the 
spinal cord 116. Ropper and Chiappa 11 7 found similar changes in proximal 
conduction in patients with early GBS. As expected from a radicular site of 
damage, sensory conduction time between Erb's point potential and N13 
(spinal) is prolonged the most. 

F-wave studies are particularly useful in electro diagnosis of early GBS 
because impulses travel the whole length of motor nerve fibres, including the 
motor roots. F -waves represent the recurrent discharge of antidromically 
activated ct-motoneurones l18 and can be elicited in about 2-5% of moto
neurones119. F-wave studies have long been used to identify proximal conduc
tion abnormalities in GBS120. In contrast to the results of earlier studies121 
a more recent study122 places the sensitivity of peripheral nerve conduction 
and F-wave studies above that of SEP, which were found to be helpful only 
if peripheral conduction and F-waves were normal. Since F-wave latencies 
alone may be prolonged irrespective of the site of damage along the nerve123 
they must be compared to more distal nerve conduction to be useful 
diagnostically. 

Recently, F-waves have attracted more attention as an indicator of incipient 
GBS86; delayed F -waves and F -wave impersistence ( < 6 responses obtained 
from 10 stimuli) are the earliest indicators of beginning demyelination 
in neuropathies. The value of F -wave minimum latency determination, 
chronodispersion and persistence was recently confirmed for GBS and 
CIDp124. Pathological F-wave parameters with normal CMAP were found 
to be highly specific for the presence of demyelination in the peripheral nerve. 

In order to demonstrate early demyelination, serial studies including 
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Figure 3.2 Electrophysiological findings in Guillain-Barre syndrome: sequential nerve conduc
tion studies. All recordings were taken from the right tibial nerve in a 34-year-old woman. Skin 
temperature was kept at 34°C during all recordings. The upper trace of each recording represents 

continued 
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proximal nerve segments are useful, and distal latencies and CMAPs should 
be followed. Investigations should include at least three different nerves: the 
diagnostic yield is then more than 90%, whereas abnormalities are found in 
only 50% of patients in whom only one nerve is tested 125. 

Conduction in nerves innervating proximal muscles is difficult to assess 
because only one point for stimulation is accessible. To avoid this problem 
one may determine motor latencies from Erb's point to proximal muscles of 
the upper extremities. If early neurophysiological assessment is possible, a 
prolongation of the axillary nerve latency to the deltoid muscle may be 
detected while other conduction studies are still normal. More pronounced 
slowing in proximal segments of longer nerves compared to more distal 
segments, is of similar importance86. 

Recording of magnetically evoked motor potentials offers a new means to 
investigate proximal motor pathways. In GBS, abnormalities suggesting 
proximal conduction block in a proportion of fibres have been found in 
patients at a stage when conventional nerve conduction studies were still 
normal 126. 

Figure 3.2 continued the compound muscle action potential (CMAP) recorded from the 
abductor hallucis muscle after stimulation of the tibial nerve at the ankle. The figure under the 
curve indicates the distal motor latency (DML, ms). The lower trace shows the CMAP recorded 
following stimulation of the tibial nerve at the knee level. The time after first symptoms is 
indicated together with the motor conduction velocity (MCV, m/s) as calculated for the calf 
segment of the tibial nerve. First symptoms of GBS (tingling in both hands, followed by minor 
weakness of hand grip, grade 4, MRC) occurred 4 days after a late abortion induced in the 18th 
week of pregnancy because of organic heart defect. There was no overt infection preceding the 
GBS. Four days after onset (note that time scale is different from later recordings): the CMAP 
amplitude on distal stimulation was relatively small but still within the normal range. The 
CMAP waveform, however, was abnormally dispersed owing to subnormal conduction velocities 
in a proportion of nerve fibres. CMAP dispersion was even more pronounced on proximal 
stimulation. The comparison of CMAP amplitudes on proximal vs. distal stimulation revealed 
a decrease of 47%, strongly suggesting (but not proving) conduction block in a proportion of 
fibres. DML was marginal, MCV was slightly reduced. F wave persistence was reduced to 40% 
(4/10). Sensory nerve conduction studies on the sural nerves were normal, median nerve DML 
at this stage was moderately prolonged, and the median nerve sensory action potential was 
small with a slightly reduced conduction velocity. At 2 and 4 weeks after onset the disease 
progressed, and the patient became wheel-chair bound. Five plasma exchanges were administered 
up to day 12. The nadir of the disease was reached at day 10, with a pleateau phase until week 
3. Clinical deterioration was paralleled by gross reduction in CMAP amplitude with major 
dispersion. Note that distal motor latencies became progressively prolonged while MCV in the 
calf segment had actually recovered to low normal values. By week 4, F wave persistence 
returned to 80%. Despite severe paresis, needle EMG of the intrinsic foot muscles showed only 
minor spontaneous activity, even after 4 weeks. This confirmed that the rapid decrease of 
CMAP amplitudes was largely due to conduction block rather than the consequence axonal 
degeneration thereby indicating a more favourable prognosis. At 5 months after onset (note 
change in amplitude calibration), despite a steady and subjectively full clinical recovery from 
week 3 onward, deep tendon reflexes were still missing. CMAP amplitudes increased and 
became more compact, and distal latencies slowly decreased. At 20 months after onset motor 
and sensory function had been fully restored, knee jerks had returned, but ankle jerks were still 
missing. CMAP amplitudes increased to normal. MCV stayed in the lower normal range but 
DML remained slightly prolonged. F wave studies were all normal 
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Electromyography 

The reduction in the number of recruitable motor units due to conduction 
block prompts those units already active to discharge at a higher rate than 
normal to reach a given force. An experienced electromyographer will often 
be able to detect this relatively high discharge frequency of smaller motor units 
without additional equipment. Modern EMG machines provide routines to 
quantify motor unit discharge rate and to detect disturbed recruitment of 
motor units. However, for more precise comparison it is necessary to measure 
the force output of the muscle while sampling single motor unit discharges. 
Such analysis has been shown to provide additional information in chronic 
neuropathies, enabling a distinction between axonal and demyelinating 
neuropathies 12 7. 

At present, EMG examination in GBS patients focuses on the identification 
of: 

(1) Altered recruitment of motor units, in that only a reduced number of 
units is recruitable, each discharging at higher rates than normal; 
identification requires an experienced examiner and/or computer sup
port. 

(2) Spontaneous activity which may appear in proximal muscles as early 
as 2 days after onset. If present, it can often be tracked further distally, 
usually arriving in distal muscles after 2-3 weeks. 

(3) Motor units that can be stimulated electrically but cannot be recruited 
voluntarily, thus suggesting conduction block in single fibres. 

(4) Reinnervation potentials in later stages of the disease indicating incipient 
recovery while there is still no voluntary movement of limbs. 

Electrodiagnostic criteria of GBS 

The electrodiagnostic section of the current criteria for diagnosing GBS 1B is 
designed for use in the first 3 weeks of illness only and therefore focuses on 
nerve conduction studies to identify demyelination. 

In more severe cases, however, early EMG also has an important role in 
identifying patients with early axonal damage who usually have a poorer 
prognosis (see Table 3.3). According to the proposed criteria, the diagnosis 
of GBS can be made if, in addition to the appropriate clinical picture and 
cerebrospinal findings (see Table 3.2), three of the criteria listed in Table 3.6 
are fulfilled. 

With respect to the identification of conduction block, these criteria were 
rather permissive. The flood of reports claiming identification of conduction 
block has prompted a reappraisal of the electrophysiological criteria of 
conduction block 113. The recommended term is now 'suggestive of conduction 
block in individual fibres' for data fulfilling the old criteria only, while 
additional evidence is required for the diagnosis of definite conduction block. 
The investigations recommended to corroborate the presence of conduction 
block are listed in Table 3.8. 

For routine nerve conduction studies, most of the additional criteria are 
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Table 3.8 Investigations corroborating the presence of conduction block 130 

Procedure 

Short-segment stimulation 

Recording of single motor units (MU) 

Computer-reconstruction of CMAP from 
single MU 

Criteria 

Abrupt change in area and/or amplitude 
over 2-4cm 
MU can be activated on distal but not 
on proximal stimulation, or MU can be 
activated electrically but not voluntarily 
Reconstruction incomplete 

Table 3.9 Screening criteria for conduction block in routine electrophysiology (modified from 
reference 128) 

Most important: ensure supramaximal stimulation! 
Decrease in CMAP negative phase area and/or amplitude of > 50% on proximal as compared 
to distal stimulation 

technically difficult to meet. Therefore, based mainly on the experimental 
data reported by Rhee et alYo, Lange et al. 128 have proposed the following 
screening method (Table 3.9). Conduction block can be assumed if the area 
and/or amplitude of the negative phase ofthe CMAP on proximal stimulation 
is 50% or less than that on distal stimulation. An area decrease of less than 
50% together with an increase of the duration of the negative phase by more 
than 30% merely suggests temporal dispersion of the potential without real 
conduction block, while the reduction of the area by more than 50% together 
with an increase of the duration by less than 30% would indicate the 
combination of conduction block and temporal dispersion (Figure 3.2). 
Variants of innervation must be excluded when testing for conduction block 
(e.g. the median nerve in patients with Martin-Gruber anastomosis). 

Electrophysiology in advanced GBS 

In advanced GBS, i.e. at the time of the clinical nadir (usually about 1-3 
weeks after onset of symptoms) the electrophysiological situation is best 
described as cumulative demyelination with superimposed axonallesions l11 . 

About 50% of patients show segmental demyelination within 2 weeks of 
onset, increasing to 85% in the third week of the disease. Less than 10% of 
patients never exhibit clear-cut electrophysiological signs of demyelination 
because of the rapid onset of axonal degeneration 106,111. 

Nerve conduction studies 

Maximal nerve conduction abnormalities are found at the time of the clinical 
nadir in both adults ll1 ,129 and in children 130. While clinical deterioration 
usually ceases within 4 weeks, some patients with only prolonged distal 
latencies after 3 weeks may continue to develop conduction block in a 
portion of nerve fibres, and slowing of conduction velocities in the following 
weeks l31 . Conduction velocity in distal nerve segments, for example, may 
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further diminish while there is already clinical improvement at more proximal 
sites 111. 

Motor nerve conduction abnormalities are generally predominant in GBS 
and are much more common than sensory abnormalities during the first 
weeks of illness5. With time, sensory abnormalities tend to become more 
obvious, so that after 3 weeks sensory nerve conduction is abnormal in 80% 
of patients. Sensory abnormalities are more common in the median than in 
the sural nerve132. This seemingly odd finding may have a methodological 
and not a biological basis: while sensory median nerve conduction is 
measured over the distal segment of the nerve, conduction studies examine 
more proximal parts of the sural nerve, thereby preventing the distally 
pronounced abnormalities of nerve conduction from influencing the test 
result. 

Electromyography 

Although in patients with the acute axonal form of the disease axonal 
degeneration may be seen as early as a few days after first signs of muscle 
weakness, needle EMG studies usually become informative only later in the 
disease. Spontaneous activity (fibrillation and fasciculation potentials and 
positive sharp waves) is rare in the first 2 weeks, except for patients with the 
axonal form of GBS. Spontaneous activity may persist for longer in distal 
muscles 111, tested at 2-4 months after the onset. A continuing decrease in 
CMAP amplitude on distal stimulation indicates either axonal degeneration 
with conduction failure or (more favourably) distal conduction block. 
Preservation of distal conduction in the early stage of the disease does not, 
however, ensure a favourable outcome, because axonal degeneration may 
follow very soon46. Close EMG monitoring within the following days can 
make a clear distinction between the two possibilities. 

Electrodiagnosis in variants of GBS 

The electro physiological findings in the Fisher variant of GBS51 resemble 
those of classical GBS133.134 but in 60% of patients show slowed conduction 
in the facial nerve and equivalently prolonged latencies in the blink reflex135. 
Isolated facial nerve conduction slowing may also be seen in classical GBS. 
Conduction slowing has been found to be more pronounced in children with 
GBS than in adult patients, particularly in the patient group under 10 
years of age; the outcome in children, however, is generally much more 
favourable42.135a. 

It is still doubtful whether the 'Chinese paralytic syndrome' (CPS; acute 
motor axonal neuropathy63.64) and similar cases reported in Mexican 
children62 represent a variant of the acute axonal form of GBS. Electrophysi
ological findings in these syndromes differ considerably from those of typical 
GBS and, like the nerve pathology, suggest an underlying axonopathy64. 
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Table 3.10 Correlation between nerve pathology and neurophysiological deficit 

Pathology 

Segmental demyelination 
Early, moderate degree 
Severe, wide-spread 

Late, with remyelination 

Severe distal demyelination, even if early 

Axonal (Wa11erian) degeneration 
Early, if only part of nerve fibres affected 

Late, if all fibres affected 

Neurophysiology 

Conduction block, CMAP m 
Conduction failure, very low and dispersed 
or no CMAP recordable 
Conduction slowing ( < 60% of normal CV 
possible), CMAP low and dispersed 
Proximal conduction preserved but cannot 
be assessed in routine investigation because 
CMAP is lost; no spontaneous activity in 
EMG 

Conduction slowing (no less than 60% of 
normal CV), CMAP ! 
Conduction failure, no CMAP recordable; 
spontaneous activity in EMG 

CMAP = compound motor action potential; CV = nerve conduction velocity; EMG = needle 
electromyography 

Correlation of clinical features with electrophysiology and 
prognostic significance 

Prognostic factors other than those derived from electrophysiological data 
have been discussed above (Table 3.3). It is not the degree of conduction 
slowing but the amount of conduction block and failure that correlates best 
with clinical impairment5 (Table 3.10): rapid reversal of proximal conduction 
block was seen to underlie early clinical recovery in three GBS patients136• 

The marked slowing sometimes observed in GBS is mostly indicative of 
remyelination, that is known to take place even while further demyelination 
occurs along other segments of the same nerve fibre. 

Patients in whom the CMAP amplitude on distal stimulation is reduced 
by more than 80% in the initial nerve conduction study generally have a 
poor prognosis137. However, as discussed above, low CMAP amplitudes on 
distal stimulation are ambiguous with respect to pathogenesis. Needle EMG 
clarifies the physiological basis of this phenomenon, and thereby gives an 
important prognostic clue. While distal conduction block may resolve within 
a few weeks, axonal regeneration proceeds over weeks to months, is ineffective 
over longer nerve segments, and is rarely complete. The degree of axonal 
damage therefore appears to be the limiting factor in prognosis. 

Long-term follow-up studies generally show improved and mostly normal 
nerve conduction after about 1 year, almost in parallel with the recurrence 
of tendon reflexes129. About 30% of clinically recovered patients retain some 
abnormality in nerve conduction125. The fact that the internodal length in 
remyelinated segments of peripheral nerves is only about half that found in 
unaffected nerve segments is not a sufficient explanation for this: in conditions 
such as diphtheric neuropathy conduction velocity finally recovers to normal, 
despite shorter internodes in the remyelinated nerve fibre 138• 
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Pathology 

Asbury and colleagues1a were the first to report in an autopsy series of 19 
cases the features that are now considered the pathological hallmarks of the 
disease: mononuclear cellular infiltration and demyelination, with lymphocytes 
infiltrating the peripheral nervous system from the most proximal root levels 
down to the intramuscular arborization of motor nerves. Lymphocytes were 
seen both in the endoneurium and the epineurium in a peri venular distribution 
(Figure 3.3). Demyelination occurred in those areas which were heavily 
infiltrated by lymphocytes. Subsequent studies of sural nerve biopsies revealed 
different degrees of pathology and various frequencies of mononuclear cell 
infiltration138a,139,140 (Figure 3.4). Obviously, timing of biopsy in a disease 
that evolves at different rates and is characterized by multifocallesions could 
explain these divergent observations. Prineas141 was the first to stress the 
second cardinal feature of the pathology in GBS: macrophage-mediated 
demyelination (Figures 3.5 and 3.6). Ultrastructurally, he showed vesicular 
disintegration and splitting of myelin lamellae and penetration by macro
phages of the basal lamina of the Schwann ce1l142. Macrophages insinuate 
processes between myelin lamellae, which they then phagocytose. Macro
phage processes have also been observed within meylinated axons; this may 
explain some of the associated axonal degeneration. Almost invariably, some 
degree of associated axonal degeneration is observed in this primarily 
demyelinating neuropathy. In single cases, an extraordinary degree of axonal 
degeneration was noted early in the course of the disease6o• Feasby et al. 59 

and Ropper143 called attention to a primary axonal form of the disease that 
was clinically indistinguishable from typical GBS but had characteristic 
electrophysiological features suggestive of primary axonal degeneration. Two 
autopsy studies have been reported59,144. The pathogenesis of these cases is 
elusive and it has been argued that they constitute a separate entity. 

The pathological findings obtained in biopsy and autopsy studies support 
the existence of both cellular and humoral mechanisms in the pathogenesis 
of the disease 1,139,140,144-146. 

Immunopathogenesis 

There have been two schools of thought with regard to the pathogenesis of 
GBS. Despite the early pathological descriptions of significant cellular 
infiltration of the peripheral nervous system, for almost two decades most 
investigators favoured the view that a humoral immune reaction underlies 
nerve damage in GBS 3 ,145,147,148. Several lines of evidence serve to support 
this notion (Table 3.11). Particularly important evidence was provided by 
experiments in which varying degrees of inflammatory demyelination could 
be produced in rodent nerves following intraneural injection of GBS sera 
although such effects were later shown to be relatively non_specific145,149,150. 
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IMMUNOLOGY OF NEUROMUSCULAR DISEASE 

Figure 3.5 Macrophage-mediated demyelination in GBS. Electron micrograph of sural 
nerve biopsy from a patient with GBS showing mononuclear cell infiltration and primary 
demyelination. a = axon, m = mononuclear cell, Sc = Schwann cell. Bar = 2JLm 
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Figure 3.6 Macrophage-mediated demyelination in GBS. Electron micrograph of sural nerve 
biopsy from a GBS patient showing macrophage stripping of the myelin sheath. (A) A 
macrophage process (m) is separating several outer myelin lamellae (my) from the main sheath. 
Bar = 1 Jim. (B) High power showing macrophage process (m) insinuating between myelin 
lamellae (my). Note Schwann cell cytoplasm (sc) is markedly oedematous. Bar = 1 Jim 
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Table 3.11 Evidence for a humoral pathogenesis of Guillain-Barre syndrome (GBS) 

Transfer studies 
Demyelination of organotypic nerve cultures by GBS sera 
Macrophage-associated demyelination of rat sciatic nerve following intraneural transfer of 
GBS sera 
Production of conduction block after intraneural injection of GBS sera into rat sciatic nerve 

Immunofluorescent studies on IgG, IgM, complement deposition on nerve fibres 
Circulating antibodies to peripheral nerve/peripheral nerve myelin 
Circulating antibodies to glycolipids 
Detection of circulating cytokines in GBS sera 
Activated complement components (C3a, C5a, C5b-9) detected in plasma, cerebrospinal fluid 
and in situ 
Therapeutic efficacy of plasma exchange 
Therapeutic efficacy of high-dose intravenous immunoglobulin 

Humoral pathogenesis 

Numerous studies attempted to identify disease specific circulating antibodies 
binding to peripheral nerve or purified myelin components utilizing different 
techniques. Many groups found antibodies to peripheral nerve myelin with 
varying frequency in GBS but also in other neurological disorders or healthy 
individuals145,148,151. Occasionally antibodies have been detected with 
specificity for two of the major proteins of peripheral myelin, the 29 kDa 219 
amino acid transmembrane glycoprotein PO and the 14kDa 131 amino acid 
protein P2152, but this has not been disease-specific. Recently, Connolly and 
co-workers153 reported high titres of IgM and IgG antibodies to the 
cytoskeletal protein p-tubulin in 20% of GBS patients, 57% of those with 
CIDP, and only 2% of controls. However, the significance of these findings 
is at present unclear. 

More recently, attention has focused on lipid antigens as targets for B cell 
immune responses in GBS. Lipids make up about 75% of the total 
nerve dry weight. Major myelin lipids are cholesterol, galactosylceramide 
(cerebroside) and galactosylceramide-3-0-sulphate (sulphatide); smaller 
amounts of several different gangliosides and complex neutral glycolipids 
(GD1a, GD1b, GTlb, GM1, GM2, GM3, GD2, GD3, LM1) are also 
present 154, 15 5. 3'-LM 1 has been identified as the major monosialoganglioside, 
accounting for approximately 30% of total ganglioside sialic acid (Table 
3.12). 

Using the C1 fixation and transfer assay, complement fixing antibodies to 
human myelin were originally identified in 90% of GBS patients and were 
reported to belong mostly to the IgM class156-158. Serial determinations 
disclosed the absence of immunoglobulin isotype switching to IgG which 
would be compatible with the (auto)antigen being a thymus-independent 
antigen (i.e. carbohydrate/glycoconjugate rather than protein)157. These IgM 
antibodies were found to bind to carbohydrate residues similar to those of 
the Forssman antigen, a ceramide containing five carbohydrate residues 
which is present in many mammalian species and infectious agents. The 
Forssman antigen gives rise to a heterophilic antibody response, which can 
be determined in low titre in about one-third of normal individuals. However, 
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Table 3.12 Structures of g1ycolipids 

GMI 

GTlb 

GDla 

GDlb 

GM3 

GM2 

LMI 

HexLMl 

Sulphatide 

SGPG 

Carbohydrate sequence 

Galpl-3GaINAcpl-4GalPl-4GIcpl-lCer 
3 
I 

NeuAcIX2 

NeuAcIX2-3Galpl-3GaINAcpl-4Galpl-4GIcp-lCer 
3 
I 

NeuAclX2-8NeuAclX2 

NeuAcIX2-3Galpl-3GaINAcpl-4Galpl-4GIcpllCer 
3 
I 

NeuAcIX2 

Galpl-3GaINAcpl-4Galpl-4GIcpl-lCer 
3 
I 

NeuAclX2-8NeuAclX2 

NeuAcIX2-3Galpl-4Glcpl-lCer 

GaINAcp-4Galpl-4GIcpl-l Cer 
3 
I 

NeuAcIX2 

NeuAcIX2-3Galpl-4GlcNAcpl-3Galpl-4GIcpl-lCer 

NeuAcIX2-3Galpl-4GlcNAcpl-3Galpl-4GlcNAcpl-3Galpl-4GIcpl-1 

S04-3GalpI-ICer 

S04-3GlcApl-3Galpl-4GlcNAcpl-3Galpl-lCer 

Cer, ceramide (N-acylsphingosine); LM1, sialosyl paragloboside; HexLM1, sialosyllactosaminyl 
paragloboside; SGPG, sulphoglucuronyl paragloboside 

recently Ilyas and co-workers158a were unable, using a different assay, to 
detect increased serum titres of antibodies to neutral glycolipids, particularly 
the Forssman antigen, in a series of 54 GBS patients when compared to 
individuals with other diseases or healthy controls. 

Several groups have now provided evidence for a humoral immune 
response to acidic glycoconjugates in 5-6% of GBS patients. Antibodies 
were directed to one or more of the gangliosides GMl, GDla, GDlb, GTlb, 
asialo-GMl, and LMl 70,75,76,152,155,158,158a,159-173 (Table 3.13). A number 
of investigators found a convincing association of GMl antibodies with a 
more severe and predominantly axonal type of GBS. These antibodies 
could also be detected more frequently in patients who had a preceding 
Campylobacter jejuni infection than in those withouC 6 ,171-174. However, 
others 70,75 found no association with preceding infection. Yuki et al. 172,173 

reported on the association of anti-GDla antibodies with severity of GBS. 
The reported discrepancies in the frequency of these antibody responses may 
reflect differences in the detecting system applied and in patient selection175• 

Immunogenetic background may also playa role: most Japanese patients 
with severe GBS, anti-ganglioside antibodies and evidence of a preceding 
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Table 3.13 Ganglioside antibodies in Guillain-Barre syndrome (GBS) and Miller-
Fisher syndrome (MFS) 

Reference Syndrome Frequency ]sotype Glycolipid antigens 

163 GBS 1/26 IgG LM1, hexose 
2/26 IgG GDlb 
2/26 IgM GDla, GTlb 

155 GBS 29/50 IgG/IgM LM1 
GBS 1/50 IgG/IgM GM1 
GBS 1/50 IgG/IgM GDlb, GTlb 

171 GBS 2/2 IgG GM1 
76 GBS 14/95 IgG/IgM GM1,GDlb 
46 GBS 34/100 IgG/IgM GM1 
170 GBS 4/22 IgG/IgM/IgA GM1, G01b, 

asialo·GMl 
174 GBS 5/16 IgG/IgM GM1, GOlb 
166 GBS 36/53 IgG/IgM Acid glycolipids 
158a GBS 11/53 IgG LM1 

GBS 12/53 IgG/IgM GOla and/or GOlb 
GBS 16/53 IgG/IgM GM1 and/or GDlb 
GBS 18/53 IgG GM1 

172 GBS 2/10 IgG GOla 
173 GBS 7/37 IgG/IgM GM1,GOla 
161 GBS 1/1 IgG GM1, G01b, asialo-

GMI 
183 GBS 2/20 IgG GM1 
162 GBS 12/42 IgG/IgM GM1, G01b, asialo-

GM1 
169 GBS 13/24 IgG/IgM GM1, GOlb 
70 GBS 7/31 IgG/IgM/IgA GM1, GDla, GDlb 
75 GBS 6/58 IgG/IgM GM1,GDlb 
180 MFS 6/6 IgG GQ1b 
181 MFS 4/4 IgG GQlb 
178 MFS 13/16 IgG/IgM GQ1b 

C. jejuni infection were found to have the HLA-B35 haplotype176,177. 
Interestingly, in a study of 19 Japanese patients with the Fisher variant, a 
statistically significant association with a different haplotype, HLA-B39, was 
noted188. In Caucasians no particular association between MHC class I or 
II gene haplotypes and GBS has been found179. Fredman et al. 160 found 
antibody activity predominantly to LMI in 43% of GBS patients and also 
in 67% of CIDP patients, as well as in 20% of blood donors who served as 
controls. Anti-sulphatide antibodies were detected with even higher frequency 
(65% of GBS and 87% of CIDP cases)164. In view of the higher incidence 
of these antibodies in patients with chronic polyneuritis, the authors surmised 
that these antibodies may result secondarily from repeated shedding of 
myelin antigens following the initial insult to the nerve. This seems attractive 
because, in contrast to earlier reports, Fredman et al. 160 found that most of 
these antibodies belong to the IgG class, that is, they are part of a 
secondary immune response. IgM and IgA class antibodies have also been 
observed158,160,163-166. Anti-SGPG antibodies of IgM or IgG class were 
detected in 13 of 53 (25%) GBS sera164. 

It is noteworthy that in a high proportion of patients with the Fisher 
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variant of GBS, antibodies were detected that reacted with the ganglioside 
GQlb178,180,181. In a recent series of 31 consecutive patients with GBS we 
have been unable to find a significant correlation between the presence of 
GMI antibodies and any clinical features of the disease 70. 

The common structural denominator of the glycolipid antigens is the 
terminal Gal(pl-3)GaINac carbohydrate moiety. It has been proposed that 
at least part of this antibody reactivity results from natural immunity, and 
that the level of such antibodies is increased following polyclonal stimulation 
of immunoglobulin production155• Interestingly, studying the effects of GBS 
sera on rat Schwann cell cultures, Mithen et al. 182 observed cytotoxic damage 
in 31 % of 52 samples but found no correlation between cytotoxic activity 
and the presence of antibodies directed to glycolipids. 

A key question is to what extent gangliosides and other glycoconjugates 
are immunogenic183. Ganglioside antibodies can be detected in many 
autoimmune diseases and in normal individuals155. Intramuscular adminis
tration of gangliosides to healthy individuals apparently does not yield 
significant serum levels of anti-ganglioside antibodies184 and no changes in 
serum cytokine levels or local production of cytokines by peripheral blood 
monocytes are observed. One study found no significant formation of serum 
antibody to GMI following therapeutic administration of gangliosides to a 
population of patients with Alzheimer's disease155• The situation may, 
however, be different if gangliosides are administered to patients with ongoing 
nerve inflammation. There are single cases on record of patients presenting 
with GBS in temporal association with parenteral administration of a 
ganglioside mixture; in some instances this was associated with high titres 
of anti-GMI antibodies174,185,186. In another study from Italy, no increase 
in serum titres of GMI antibodies was noted in GBS patients who had 
previously received gangliosides for therapeutic purpose169. An epidemiologi
cal survey in the Ferrara region of Italy showed that the incidence of GBS 
was not related to the widespread use of a ganglioside mixture for therapeutic 
purposes; this argues against a disease-precipitating role of gangliosides187• 

Addition of gangliosides to the inoculum used to produce EAN did not 
increase disease severity188,189. Administration of gangliosides to animals 
with active EAN neither improved nor worsened the neuropathy 190. Anti
GMI antibodies generated in Lewis rats by immunization with a ganglioside 
preparation containing GMI showed cross-reactivity with other glycolipids 
but did not bind the Galp(I-3)GaINac glycoprotein, although this epitope is 
commonly recognized by anti-GMI antibodies found in patients with lower 
motor neuron syndromes167,191. This has been taken to indicate that anti
ganglioside antibodies in patients with lower motor neuron disease, and by 
extrapolation in those with GBS, probably do not result from autoreactivity 
to gangliosides released after nervous tissue damage. Collectively, these data 
point out the immunological relevance of carbohydrate structures as target 
epitopes that are shared extensively with glycolipids and glycoproteins. 

The ganglioside GM1, while being a minor glycolipid of peripheral nerves, 
is of particular interest as a potential autoantigen since it is localized at and 
around the nodes of Ranvier. Antibodies to GMI binding to this region could 
conceivably interfere with regular impulse propagation but experimental 
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evidence for this is still incomplete192. 
It should be noted that the mechanisms by which immune responses are 

initiated against carbohydrate antigens differ from those mounted against 
proteins. Carbohydrates contain repetitive sugar sequences that can directly 
activate B cells by cross-linkage of the surface immunoglobulin receptors in 
an antigen-specific manner, obviating the need for helper T cells. Alternatively, 
as has been mentioned, these repetitive structures can induce polyclonal 
activation of B cells with ensuing generation of long-lived IgM responses. 
Hence, without isotype class switch of the immunoglobulins produced, no 
immunological memory is generated193. It is, however, conceivable that 
bystander T cell-derived cytokines could modulate this response and induce 
class switching from IgM to IgG or to affinity maturation194.195. Humoral 
immune responses to peptide antigens require helper T cells. This in turn 
implies the trimolecular interaction of the autoantigen(s}, T cell receptors 
and MHC class II antigens to initiate clonal proliferation for all antigen 
specific T helper cells. As a consequence, affinity maturation, class switching 
from IgM to IgG and instruction of memory B cells occur196. Gangliosides 
themselves, however, cannot be intracellularly processed and presented in 
the context of MHC class II molecules197. It follows that in order to be 
rendered immunogenic, gangliosides must be bound to a protein or be 
part of a cross-reactive glycoprotein. In this instance, a pre-existing CD5 
population-derived anti-carbohydrate antibody-positive B cell could act as 
antigen presenting cell to process and present a peptide fragment from the 
carrier protein to the T cell. The T cell could then provide cognate help to 
B cells, with resulting IgG antibody production. Gangliosides have been 
reported to exert immunosuppressive actions190.198, and their neutralization 
might release immunostimulatory mechanisms. However, at present, the 
pathogenic significance of antibodies to glycolipids remains elusive. 

Circulating antibodies to nerve antigens must pass the blood-nerve barrier 
to gain access to the myelin sheath. Blood-nerve barrier disruption is an 
early event in inflammatory demyelination. Several lines of evidence indicate 
that antibodies act by initiating the complement cascade with subsequent 
generation of the proinflammatory peptides C3a and C5a199 and the 
assembly of the membrane attack complex C5b_9157 .200-203. These activated 
complement components have been detected in plasma and cerebrospinal 
fluid of GBS patients, as has been mentioned earlier, and in situ deposition 
at the sural nerve has been observed157.204. In EAN the terminal complement 
complex could be localized by immunocytochemistry on Schwann cells and 
along myelin sheaths prior to demyelination205. 

An alternative role of antibodies pertinent to the mechanisms of demyelin
ation could be their engagement in antibody-dependent cellular cytotoxicity 
(ADCC)206. Antibodies bind to macrophage via their Fc portion and guide 
them to the potential autoantigen(s). 

Cellular immune reactions 

The landmark paper of Asbury et al. 1a first emphasized the role of mononuclear 
cells in GBS. Results in the animal model of experimental autoimmune 
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Table 3.14 Evidence for the involvement of T cells in Guillain-Barre syndrome 

Pathological findings: multifocal infiltration of nerve roots and nerves in perivascular distribution 
Induction of experimental autoimmune neuritis by myelin specific T cells 
Presence of activated T cells in peripheral blood (increased HLA-DR expression, up-regulation 
of transferrin receptor; increased soluble interleukin-2 receptor; increased interleukin-2 concen
trations) 
Proliferative responses of T cells in peripheral blood to PO, P2, and peptides 

neuritis clearly documented a pivotal role ofT cells in initiating inflammatory 
demyelination 145, 147,207. Lewis rats that were T cell depleted or thymecto
mized did not develop EAN upon active immunization with myelin. Transfer 
of lymph node cells recovered from animals with actively induced EAN 
could produce the disease. Most tellingly, EAN could be induced by adoptive 
transfer of autoreactive P2- and PO-specific T celllines208-210, while ablation 
of T cell function suppressed EAN211 . 

Attempts to demonstrate disease-specific T cell sensitization in GBS 
patients yielded inconsistent results207,212-214. Most recently, Taylor et al. 215 

and Khalili-Shirazi et al. 216 reported an early transient proliferative response 
of blood mononuclear cells to the myelin protein PO and synthetic pep tides 
thereof in GBS and some ClOP patients, and a continued response to P2 
and P2 peptides in up to 60% of GBS patients. Responses to at least one of 
these antigens were also found in 36% of ClOP patients and 25% of normal 
controls. It has been possible to isolate P2-specific T cell lines from one GBS 
patient and three normal individuals217. Evidence for systemic T cell 
activation has been furnished (Table 3.14). GBS patients have a higher 
number of circulating T cells carrying on their surface the activation markers 
HLA-OR, the transferrin receptor, and the interleukin-2 (IL-2) receptor218. 
Furthermore, concentrations of the soluble interleukin-2 receptor as well as 
of IL-2 itself are increased in patients with GBS; titres paralleled disease 
activity219-222. 

At present we do not know whether T cells specific for P2 or PO play any 
pathogenic role. Clearly, further investigations are required to explore in 
more detail the T cell repertoire to myelin antigens in GBS patients and in 
controls. Autoreactive T cells in order to gain access to peripheral nerve 
have to be activated and migrate across the blood-nerve barrier. Adhesion 
molecules expressed on T cells, monocytes, and endothelial cells govern 
cellular trafficking: recent work in animals with EAN suggests that intercellular 
adhesion molecule 1 (ICAM-1) may be of particular importance223-225. T 
lymphocytes could be instrumental in several ways 145,207 including providing 
cognate help to B cells such that these are instructed to synthesize myelin 
antigen-specific antibodies, and recruiting macrophages in a delayed hyper
sensitivity reaction and stimulating them to enhanced phagocytic activity 
and elaboration of inflammatory mediators 200. Most of the data obtained in 
experimental autoimmune neuritis would be compatible with such a function. 
T cells could exert direct cytotoxic damage to the myelin sheath or the 
Schwann ce1l226. There is little in vivo evidence to support this notion. It is, 
of course, also conceivable that T cells may suppress the ongoing immune 
response and terminate the acute monophasic disease. One study reported 
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that the CD8 + cytotoxic/suppressive subset of T lymphocytes in blood was 
diminished compared with hospital controls early in the course of the 
disease2 2 7 . 

As has been mentioned above, macrophages feature prominently in the 
cellular infiltrate of the nerve lesion in GBS. They may be derived from 
blood-borne monocytes that have crossed the blood-nerve barrier or from 
endoneurial macrophages. These are numerous in normal nerves, where they 
are situated outside the basal lamina of the blood vessels228,229. This 
perivascular distribution renders them uniquely suited to act as antigen 
presenting cells in the peripheral nervous system. One prerequisite for a cell 
to function as professional antigen presenter is the display on its surface of 
MHC class II gene products. Biopsy studies in GBS patients documented 
the presence of MHC class II molecules both on Schwann cells and 
macrophages (Figures 3.7-3.9)240. Further studies have shown that MHC class 
II antigens are expressed on Schwann cells not only in GBS but also in a 
variety of non-inflammatory neuropathies230-233. Work carried out in 
experimental autoimmune neuritis would suggest that macrophages act as 
chief professional antigen presenters in peripheral nerves234. Recently, 
Atkinson et al.235 presented immunoelectron microscopic evidence that 
MHC class II antigens were expressed exclusively on endothelial and 
perivascular mononuclear cells. 

Beyond their role in the induction phase of an immune response, 
macrophages have been shown to be of pivotal importance in the ampli
fication and effector phase of immune-mediated demyelination2oo,207,236. 
Mechanisms by which macrophages can damage peripheral nerves include 
phagocytosis of myelin, the generation of proinflammatory cytokines such 
as IL-l, IL-6 and tumour necrosis factor-oc (TNF-oc), and the release of potent 
inflammatory mediators acting at short range such as proteases, oxygen 
radicals, eicosanoids, complement components and possibly nitric oxide 
metabolites36,200,205,215,237-239,241,244,248,249. Macrophages are known to 
be rendered activated by T cells through the T cell-derived cytokines, 
interferon (IFN)-y, and TNF -oc. Their role in the pathogenesis of immune
mediated demyelination has been clarified again in the animal model EAN. 
An immunocytochemical study demonstrated the presence of cells positive 
for IFN-y in nerve roots; this correlated with the number of MHC class II 
antigen-positive macrophages during the course of EAN243. The functional 
role of IFN-y was established by in vivo manipulation. Administration of 
recombinant rat IFN-y greatly worsened myelin-induced and T cell line
mediated EAN. Conversely, in vivo administration of a monoclonal antibody 
to IFN-y, neutralizing the endogenously produced cytokine, abrogated 
EAN245,246. TNF-IX was also identified in EAN lesions, where it appeared 
around the time of first clinical symptoms. Intraperitoneal administration of 
antibody to TNF-IX reduced the severity of the disease247. Finally 20-50% 
of GBS patients have raised serum levels of TNF_1X249a. Both IFN-y and 
TFN-IX stimulate the release of inflammatory mediators from macrophages 
and, in addition, TNF -IX apparently possesses toxic properties towards 
myelin224,250. It is also possible that cytokines also modulate nerve impulse 
propagation and channel properties of Schwann cells. 
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Figure 3.7 MHC class II molecules in GBS. Transverse section of sural nerve immunostained 
with mouse monoclonal antibody to MHC class II molecules and peroxidase-conjugated goat 
antimouse IgG. (A) normal human nerve reaction product (black stain) is seen on occasional 
resident mononuclear cells (m), endothelial cell (e) and perineurial cells (p). In B, from a patient 
with GBS, dense reaction product is present throughout the endoneurium. Bar = 10 Jlm 
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Figure 3.8 MHC class II molecules in GBS. Electron micrograph of sections from sural nerve 
from the same GBS patient illustrated in Figure 3.7 and immunostained for MHC class II 
molecules. (A) With primary and secondary antibodies. (B) Without primary antibody. a = axon, 
Sc = Schwann cell. Note reaction product on Schwann cell surface membrane. Bar = 1 JIm 
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Figure 3.9 MHC class II molecules in GBS. Electron micrograph of section from sural nerve 
of a GBS patient. Immunostained with a peroxidase-antiperoxidase technique to human class 
II molecules. Note reaction product labels surface of endothelial cells. Bar = 1 J-lm 

Several lines of evidence have suggested that monocytes/macrophages are 
activated in GBS. Monocytes isolated from peripheral blood ofGBS patients 
early in the course of their disease released increased amounts of toxic oxygen 
metabolites upon stimulation with phorbol diester, and elevated levels of 
neopterin, a biosynthetic product liberated in response to IFN-y, have been 
measured in GBS sera. Macrophages are activated by IFN-y, and neopterin 
production mirrors the presence of this cytokine in the patients' circul
ation207 ,22o. Studies ofcytokines in the pathogenesis ofGBS are summarized 
in Table 3.15. 

The two hypotheses of a cellular or a humoral pathogenesis for GBS are, 
of course, not mutually exclusive. On one hand, antibodies to protein antigens 
are generated as a consequence of T /B cell interaction, and on the other, 
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INFECTION 

Figure 3.10 Overview of immune responses in GBS. An attempt has been made to incorporate 
evidence from studies in the animal model experimental autoimmune neuritis and investigations 
in patients with GBS to implicate immunoinflammatory reactions in the pathogenesis of GBS. 
The upper shaded panel represents the systemic immune compartment (peripheral blood). 
There, T cells circulate with specificity for myelin antigens. How they are triggered to become 
activated remains elusive (Table 3.16). An attractive hypothesis implies sharing of antigenic 
epitopes on microbes and myelin (molecular mimicry) and holds that an immune response 
mounted to the infectious agent is inadvertently misdirected to peripheral nerve. T cells, through 
release of cytokines, can either instruct B cells to proliferate and secrete myelin-directed 
antibodies and/or elaborate interferon (IFN)-y which is known to enhance vascular permeability 
and activate macrophages. T cell independent antigens can directly stimulate B cell proliferation 
obviating the need for cognate T cell help. The systemic immune compartment is separated 
from nerve by the blood-nerve barrier. This is not complete and its function is disturbed early 
in inflammation when T cells are instrumental in breaching it. Subsequently, antibodies and 
inflammatory mediators can access peripheral nerve. Breakdown of the blood-nerve barrier 
also permits invasion of additional T cells, neutrophils, monocytes, and macrophages. If 
auto reactive T cells encounter an antigen presenting cell in nerve (endoneurial macrophage, 
pericyte, possibly Schwann cell) that upon stimulation by TFN-y or tumour necrosis factor 
(TNF)-a expresses MHC class II gene products on its surface along with accessory recognition 
molecules (e.g. TCAM-I) plus the relevant autoantigen in suitably processed form, they can 
clonally proliferate and initiate a local immune response. Macrophages are activated by IFN
y or TNF-a to enhanced phagocytosis and release noxious mediators that act on the myelin 
sheath. Myelin-directed antibodies can bind via the Fc receptor to macrophages and guide 
them to their target. Through activation of the complement system they effect demyelination 
of nerve fibres. Mast cells subserve a role in providing vasoactive amines that open the blood
nerve barrier 

cooperation between T cells, macrophages and antibodies can be envisaged. 
Activated T cells could induce blood-nerve barrier changes, enhancing 
permeability and thereby allowing circulating antibodies access to the 
relevant antigenic structures on the myelin sheath (Figure 3.10). 
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Table 3.15 Involvement of cytokines in the pathogenesis of Guillain-Barre syndrome 

Studies in humans 
Interleukin-2 concentrations paralleling clinical disease activity in blood 
Increased neopterin concentrations as a mirror of interferon-y in blood 
Increased interleukin-6 concentrations in blood 
Increased tumour necrosis factor-IX concentrations in blood 

Evidence from studies in experimental autoimmune neuritis 
Increased interferon-y concentrations paralleling disease severity in blood 
Localization in situ of interferon-y and tumour necrosis factor-IX immunoreactivity paralleling 
disease activity 
Enhancement of disease by recombinant interferon-y 
Attenuation/abrogation of disease by neutralization of endogenously produced interferon-y or 
tumour necrosis factor-IX 

Table 3.16 Possible mechanisms of immune activation in Guillain-Barre syndrome 

Activation of autoreactive T cells 
Molecular mimicry: cross-reactivity of myelin-specific T cells with antigenic structures on 
microbes 
Activation of T cells by bacterial superantigens (? antigen-independent) 
PolycIonal T cell activation by viral infections and antigen-nonspecific bystander inflammatory 
demyelination 

B cell activation 
Cognate T cell help 
Molecular mimicry: sharing of B cell epitopes on myelin and microbes 
Infection-triggered polycIonal B cell activation which raises low level 'natural' glycolipid 
antibodies above threshold 

Initiation of the immune response 

While much has been learnt about pathological events following activation 
of the immune system, the initiating mechanisms are yet to be elucidated. It 
is intriguing to implicate antecedent infections as triggers of the immune
mediated attack on peripheral nerves. A number of mechanisms may explain 
such a link (Table 3.16). Microbial agents may act as polyclonal activators 
stimulating lymphocyte proliferation, or may directly precipitate the liber
ation of cytokines which coordinate immune responses and exhibit inflamma
tory properties. In this context, induction of MHC class I and II molecules 
in response to IFN-y or TNF-IX, in association with self-antigens, may prime 
an auto reactive T cell response. So-called superantigens of microbial origin 
(e.g. enterotoxins) can trigger oligoclonal responses of T lymphocytes with 
a limited bias of their receptor usage2 51. In patients developing G BS following 
C. jejuni infection, generation of anti-GM1 antibodies may be dependent on 
the elaboration of the heat-labile 68 kDa enterotoxin which uses GM1 as its 
receptor252. The enterotoxin-receptor complex could then act as an antigenic 
carrier for the terminal Galp(1-3)GaINac hapten. Microbes may directly 
infect and destroy immunocompetent cells, resulting in an altered balance 
between immunosuppressive and immunostimulating mechanisms. Finally, 
infecting organisms can contain chemical structures that mimic normal host 
self protein, forming the basis of molecular mimicry253.254. Under these 
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circumstances, a B or T cell response initially directed towards microbial 
antigens may cross-react with self constituents resulting in autoimmunity. 
Currently available evidence suggests that polyclonal activation of B or T 
lymphocytes and molecular mimicry are both possible mechanisms by which 
a preceding microbial infection may be linked with the subsequent immune
mediated nerve damage in GBS. It has been reasoned that the presence of 
antiglycolipid antibodies of low and medium titre reflect polyclonal B cell 
stimulation155. Autoimmunity due to molecular mimicry can only occur 
when shared epitopes are different enough to break B or T cell tolerance 
and when the response is mounted against a self epitope of the host that 
carries significant biological activity253. 

With regard to molecular mimicry, computer searches have shown partial 
homology of amino acid sequences for cytomegalovirus, varicella zoster 
virus, and the PO glycoprotein154. PO is a neuritogen in rat EAN209,255, and 
transient early T cell responses to this glycoprotein have been recorded in 
GBS patients216. Circulating antibodies have also occasionally been detected 152. 

Recently, immunochemical evidence for a shared antigenic determinant 
between herpes simplex virus ribonucleotide reductase and peripheral nerve 
PO with a molecular weight of 29 kDa has been produced256• With respect 
to the association between GBS and C. jejuni infection, a cross-reactive 
epitope contained in the lipopolysaccharide moiety of C. jejuni (PEN 19) 
and GM1 isolated from a GBS patient with GMI ganglioside antibodies 
has been identified257• 

There is now evidence to suggest that nerve dysfunction and tissue damage 
in GBS result from an orchestrated action of immunocompetent cells, 
inflammatory cells, their soluble communication signals, and their injurious 
biosynthetic products (Figure 3.10). Definite proof that GBS has an autoim
mune aetiology still needs to be furnished. In general, autoimmunity 
culminating in peripheral damage could result from a failure of mechanisms 
that normally operate to maintain self-tolerance, such as incomplete deletion 
or silencing of self-reactive clones or the aberrant stimulation or regulation 
of self-reactive lymphocytes that are normally anergic to self-antigens. One 
typical feature of autoimmune diseases, the association with particular MHC 
class II haplotypes, is lacking in GBS. Typical of autoimmune diseases, 
however, is the observation that infections often precede GBS. Nerve damage 
cannot be attributed to the infectious agent itself but is probably a 
consequence of host immune responses. The possible pathogenetic links 
between infection and disease include polyclonal lymphocyte activation, 
alterations of self-antigens to create partially cross-reactive neoantigens, and 
cross-reactivity to epitopes shared by nerves and microbes (molecular 
mimicry). Results of research over the past few years make it increasingly 
likely that multiple autoantigenic epitopes exist for both T and B cell 
responses. T and B cell responses directed against the same, or possibly 
different, epitopes may cooperate in launching an immune attack on 
peripheral nerves. The pathogenic significance of anti-glycoconjugate anti
bodies has yet to be established. Studies on T cell sensitization to neural 
antigens, examination of nerve-specific antibody repertoire, association with 
infections by different organisms with diverse antigenic characteristics, 
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Table 3.17 Treatment of Guillain-Barre syndrome 

Number of patients/ 
Reference design Treatment Results 

273 40; open, randomized Prednisolone (n = 21) vs. Corticosteroid group 
conventional therapy slightly worse 
(n = 19) 

39 245; open, randomized Plasma exchange 3- Plasma exchange 
5 x 40-50mljkg body significantly superior 
weight vs. conventional 
therapy (n = 122) 

264 220; open, randomized Plasmapheresis of Plasma exchange 
albumin/fresh frozen significantly superior in 
plasma 4 x l00mljkg particular with early 
body weight vs. institution 
conventional therapy 
(n = 109) 

263 37; open, randomized Plasmapheresis (n = 20), Improvement in the 
61 plasma for at least 5 therapy group 
sessions vs. conventional 
therapy 

274 242; double-blind 5 x 500mg No significant difference 
randomized methylprednisolone i.v. 

vs. placebo 
46 147; open, randomized Intravenous Immunoglobulins at least 

immunoglobulin (n = 74) as efficient as PE, 
5 x 400mg/kg body possibly superior 
weight vs. plasmapheresis 
(n = 73) 

different clinical courses, and distinct electrophysiological changes and 
pathological alterations raise the possibility that Guillain-Barre syndrome 
may have several aetiologies. 

Management 

Immunotherapy 

Plasma exchange 

Following a number of anecdotal reports, two definite open randomized 
multicentre trials established the therapeutic efficacy of plasma 
exchange39,45,258-264 (Table 3.17). In the North American trial published in 
198539, 122 patients were treated with plasmapheresis while 123 received 
supportive therapy. Patients included were incapable of walking independ
ently and 200-250mljkg body weight of plasma were exchanged over 7-14 
days. Overall, patients treated with plasma exchange improved more rapidly, 
needed less assisted ventilation, spent less time in intensive care units, and 
less time in the hospital. Treatment was most efficacious when initiated 
within 1 week of the onset of neuropathic symptoms. If plasma exchange 
could not be instituted within 2 weeks of onset of symptoms, patients did 
not benefit. Interestingly, outcome at 6 months was the same in plasmapher-
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esed and conventionally treated patients. These results were corroborated 
by the study ofthe French Cooperative Group263, who treated 111 patients 
with plasma exchange and 109 patients with supportive measures. Plasma 
exchange was started within 17 days of disease onset, and comprised 4 x 2 
plasma volumes. Plasmapheresed patients had a more rapid onset of recovery, 
shortened time to unassisted walking, and shorter duration of mechanical 
ventilation. This trial also demonstrated equal effects of replacing plasma 
with albumin or fresh frozen plasma. Since five of 52 patients who received 
fresh frozen plasma contracted hepatitis, these investigators advised against 
its use as replacement fluid. In a follow-up report264 the French Cooperative 
Group recently reported the 1-year assessment of patients receiving either 
plasma exchange or conventional treatment. In contrast to the North 
American study, long-term benefit from plasmapheresis was observed as 
demonstrated by full recovery of muscular strength at 1 year: 71 % in the 
plasma exchange group and 52% in the control group. However, the use of 
plasma did not affect the incidence of severe motor disability. These studies 
also served to identify predictive factors (Table 3.3). Poor outcome was 
associated with diminished summed compound muscle action potentials 
« 20% of normal) upon distal stimulation in the North American 
triaI50,137,272. Plasma exchange was still beneficial in this group. Up to 
25% of patients have been reported to experience some kind of relapse 
approximately 1-2 weeks after plasma exchange; this usually responds to 
further plasmapheresis265~271. Relapses after plasma exchange are generally 
thought to result from antibody rebound, and in one study recurrence of 
disease after plasma exchange was indeed associated with increased levels of 
peripheral myelin-directed antibodies2 70,2 71. It is not known whether patients 
with less severe neuropathy (those still ambulatory) profit from plasma 
exchange, and whether frequent exchanges would provide more benefit. 
Plasma exchange is reasonably safe, but is not totally without risk, particularly 
in patients with conditions such a GBS, who are particularly prone to 
infections and autonomic disturbance. Such risks, combined with limited 
availability of apparatus and trained personnel, and efficacy in only 60% of 
patients, prompted the search for alternative treatments. 

Corticosteroids 

A small, open, randomized trial of oral prednisolone (60mg/day), in the 
treatment ofGBS showed no benefit273. Recently, a double-masked, multicen
tre trial has been completed which looked at the effects of a high-dose 
intravenous methylprednisolone regimen. A total of 242 patients were 
randomized to receive intravenous methylprednisolone 500 mg/day for 5 
days or placebo within 15 days of onset of neuropathic symptoms. They 
were not able to run. No significant difference was noted in any outcome 
parameter between the 124 patients treated with high dose corticosteroids 
and 118 patients who received placebo, and the relapse rates were not 
different in the two treatment arms274. These results are somewhat surprising 
in view of the dramatic effects seen with corticosteroids in the animal model. 
Such treatment diminishes production of inflammatory mediators and dampens 
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cellular reactions involved in inflammation. Several possible explanations 
for the lack of effect have been advanced, including interference by steroids 
with macrophage function in the repair phase, and suppression of Schwann 
cell proliferation, with consequent inhibition of remyelination. Steroids may 
also prevent the development of anti-idiotypic antibody or T cell suppressor 
mechanisms that normally control immune responses and allow recovery 
from GBS. 

High-dose intravenous immunoglobulin (IVIG) 

High-dose intravenous immunoglobulin has shown therapeutic promise in 
a number of disorders of a presumed autoimmune nature. Van der Meche 
and his colleagues recently reported the results of an open randomized trial 
in which patients were assigned to receive either five plasma exchanges (200-
250 mljkg body weight) or five doses of intravenous immunoglobulin (0.4 gjkg 
body weight/day)46. Treatment was initiated within less than 2 weeks and 
all patients were unable to walk independently. The predefined outcome 
measure was improvement at 4 weeks by at least one grade on a 7-point scale 
of motor function. The trial was stopped when an interim analysis of 150 
patients revealed that 53% of the 74 patients who received immune globulin 
had improved by one grade or more compared with 34% of those treated 
with plasma exchange. Median time to improvement by one grade was 27 
days with immunoglobulin therapy and 41 days with plasma exchange. 
Fewer patients receiving immunoglobulin required assisted ventilation, and 
the mean duration of intubation was 15.2 days, compared with 22.6 days in 
those treated by plasma exchange. This study also looked at prognostic 
factors that had been identified in previous trials: univariate analysis showed 
that old age and low distal amplitude of the compound muscle action 
potential was associated with a poorer prognosis (Table 3.3). However, when 
a multivariate logistic-regression analysis was performed only age remained 
statistically significant. Furthermore, serologically proven C. jejuni infection 
(36% of 129 patients examined) and the presence of antibodies to GMI 
(30%) predicted a poorer outcome in this trial. While these results would 
suggest superiority of IVIG over plasma exchange, one has to consider that 
patients receiving plasma exchange in this trial fared significantly worse than 
in two previously published studies. A number of differences between the 
two treatment arms may have biased the outcome. Plasma exchange was 
delayed by a mean of 1 day compared with IVIG. Plasmapheresed patients 
were older, had been ill longer before commencement of therapy and had 
on average lower summed distal compound muscle action potentials. 
Moreover, reports are appearing that caution against the preferential use of 
IVIG because relapses and worsening of the disease occurred during the 
treatment275,276. There is, therefore, need for further evaluation of this 
treatment. A multicentre trial is underway in which patients will be 
randomized to receive either plasma exchange, IVIG or a combination of 
both therapies. 

IVIG is not completely without risk: back pain, meningeal reaction, fever, 
tachycardia and headache during or within hours of completing the infusion 
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Table 3.18 Proposed mechanisms underlying therapeutic efficacy of plasma exchange and high
dose intravenous immunoglobulin therapy in Guillain-Barre syndrome 

Plasma exchange 
Removal of pathogenic circulating factors (antibodies, complement, cytokines, inflammatory 
mediators) 
Immunomodulation (favouring suppressor mechanisms) 

High-dose intravenous immunoglobulin 
Anti-idiotypic antibodies 
Blockade of Fc receptors on macrophages 
Down-regulation of B cells/antibody production 
Contaminating soluble HLA class II gene products and soluble CD4 molecules interfering 
with T cell activation 
Induction of T suppressor cells 

are known side_effects277 ,278. Anaphylactic reactions can occur in patients 
with IgA immunodeficiency and anti-IgA antibodies279• It may also be 
hazardous to administer IVIG to patients with impaired renal function28o,281. 

Mechanisms by which this therapy is thought to act are summarized in 
Table 3.18283-288. 

General care of GBS patients 

Ropper et ai. 15 give an excellent account of the general medical management 
and the nursing care of patients with GBS. Immobilized patients are 
particularly prone to nosocomial infections (pneumonia, tracheobronchitis, 
urinary infections, and less commonly, sepsis), and up to 5% of bed-bound 
patients develop embolism as a consequence of immobilization: appropriate 
early antibiotic treatment and anticoagulation with heparin can prevent 
these complications. Pain may be particularly troublesome, and occurs in 
up to half of the patients. Non-steroidal analgesics or carbamazepine may 
be effective. Meticulous nursing care is required and, above all, psychological 
support. Physical therapy is of paramount importance. It includes facilitation 
of pulmonary toilet, range of motion exercises, appropriate limb positioning, 
strengthening exercises, and assisted mobilization. Later on, gait retraining 
and instruction in the use of orthotic devices is provided. Based on his large 
experience at the Massachusetts General Hospital Neurology ICU, Ropper 
has established criteria for admission of GBS patients to intensive care units 
(Table 3.19)15. 

Potentially life-threatening complications resulting from autonomic dys
function are discussed above. Acute autonomic disturbances often resolve 
spontaneously, and it is not always necessary to administer blood pressure 
regulating drugs during hypertensive periods, since the situation often 
resolves within a short period of time. Fluid administration is preferred for 
the treatment of hypotension: sympathomimetics are best avoided because 
blood pressure may over-react. However, episodes of second- and third-degree 
atrioventricular block and severe bradycardia should prompt consideration of 
a (temporary) demand pacemaker to avoid progression towards asystole. 

Patients should be intubated if vital capacity goes down to 12-15 ml/kg. 
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Table 3.19 Criteria for admitting patients with Guillain-Barre syndrome to an intensive care 
unit 

Deteriorating vital capacity < 18-20mljkg: signs of diaphragmatic fatigue 
Poor cough, accumulating secretions, aspiration pneumonia 
Progressive weakness associated with difficulty swallowing 
Major dysautonomic features (wide blood pressure and pulse fluctuations, arrhythmias, heart 
block, pulmonary oedema, profound ileus with risk of visceral rupture) 
Hypotension precipitated by plasma exchange, or plasma exchange planned in a ventilated or 
unstable patient 
Secondary sepsis 
Chest pain 

If bulbar paralysis is present, intubation is recommended at a vital capacity 
of 15_18mljkg15,289,29o. 

CHRONIC INFLAMMATORY DEMYELINATING 
POLYRADICULONEUROPATHY (CIDP) 

Diagnosis 

Patients with CIDP present with evidence of polyradiculoneuropathy that 
evolves subacutely over more than 4 weeks or chronically over many months; 
the disease course may be progressive, characterized by relapses and 
remissions, or occasionally a subacute and monophasic course291 ,292. In a 
patient with the latter clinical course, the diagnosis is usually made when 
neurophysiological studies provide evidence of underlying demyelination, 
and other causes of demyelination, including malignancy, paraproteinaemia, 
and metabolic disorders such as diabetes or renal failure, have been 
excluded291-296. Occasional patients present acutely, as in GBS, but subse
quently follow a progressive or relapsing course and the diagnosis of CIDP is 
made in retrospect295. Histological confirmation of demyelination is usually 
deemed appropriate since treatment of this condition may involve the use 
of potentially toxic immunosuppressive agents. There are no reliable incidence 
figures ofCIDP. The prevalence has been estimated to be about 3-5/100000 
of population292. 

Clinical features 

The majority of patients present with a sensorimotor peripheral neuropathy 
although some cases are predominantly motor; occasional patients have a 
predominantly sensory neuropathy and may resemble cases of sensory 
neuropathy associated with malignancy291-297. Since CIDP is a polyradic
uloneuropathy, weakness is usually seen in proximal and distal muscles. 
Sensory symptoms and signs were evident in about 75% of the cases reported 
by McCombe et al.295 and pain was a symptom in about one-fifth. Cranial 
nerve involvement has been reported in approximately 16% of patients295, 
which is less than that seen in patients with GBS. Postural or intention 
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tremor is occasionally present298. Two-thirds of the patients reported by 
McCombe and colleagues295 followed a chronic relapsing course and one
third had a chronic progressive course or a monophasic illness with a 
subacute onset. These proportions have varied in other series293.297. The 
mean age of onset of the relapsing cases was 26.8 years, compared with 51 
years in the non-relapsing group, a finding which provides further evidence 
for regarding CIDP as the peripheral nerve analogue of multiple sclerosis299. 
Other uncommon clinical features include papilloedema, nerve hypertrophy 
and Horner's syndrome293. 

Differential diagnosis 

The most common problem in differential diagnosis is provided by the 
hereditary demyelinating neuropathies, particularly HMSN-I, when no family 
history is available. Electrophysiological changes can be very helpful. 
Neuropathies associated with malignancy must also be excluded. Demyelinat
ing neuropathy may occur in association with lymphoma, carcinoma and 
myeloma, including POEMS (polyneuropathy, organomegaly, endocrino
pathy, monoclonal gammopathy, skin changes) syndrome. Metabolic causes 
of demyelinating neuropathy include diabetes, uraemia, hypothyroidism and 
acromegaly, while drugs that may induce demyelinating neuropathy include 
amiodorone and perhexilene maleate. Neuropathy associated with N -hexane 
and 2,5-hexanedione (glue sniffing) may be associated with paranodal 
demyelination and slow motor nerve conduction294.295a.296. 

HIV infection and Lyme disease may cause neuropathy. Cerebrospinal fluid 
pleocytosis is commonly seen in CIDP associated with HIV infection66. 

Neuropathy may also be associated with monoclonal gammopathy of 
undetermined significance (MGUS). Most clinicians exclude all MGUS
associated neuropathies. However, a case can be made for including IgG
and IgA-associated neuropathies, since these are often similar in all respects 
to CIDP and respond to the same treatments 300. Neuropathies associated 
with IgM MGUS, however, are usually slowly progressive sensorimotor 
polyneuropathies with mostly distal weakness and sensory abnormalities. 
About 50% of patients show specific binding to myelin-associated glyco
protein (MAG) and related epitopes and widened myelin lamellae on 
electron microscopy, and much controversy surrounds their response to 
treatment3°1.302. For these reasons neuropathies associated with IgM MGUS 
are excluded from the definition of CIDP (see Chapter 2). 

Differential diagnosis also includes multifocal motor neuropathy with 
persistent conduction block. Lewis and co-workers112 described five patients 
selected from a group of 40 with CIDP, who presented with mononeuritis 
multiplex with prominent motor manifestations; there were unique electro
physiological features of well localized, persistent motor conduction block 
and some temporal dispersion. These regions of conduction block were 
located at sites other than the usual sites of nerve entrapment and distal 
sensory action potentials were preserved. Furthermore, conduction block 
persisted for months or years. Parry and Ciarke303 described a further group 
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of patients with similar findings, who presented with muscle atrophy, cramps 
and fasciculations, and preserved tendon reflexes, who had initially been 
diagnosed as having motor neurone disease. In one case, severe motor 
conduction block was seen in the forearm segment of the median nerve, yet 
the ascending mixed nerve action potential was normal. Pestronk et al.167.304 
and other workers have reported high titres of antibodies against GM1 and 
other gangliosides in some patients with lower motor neurone syndrome of 
the type described above. However, the specificity of these antibodies 
remains to be determined. Some authorities regard these cases as a CIDP 
variant112.305 and others regard them as a separate entity167.304. This issue 
is unresolved at this present time. 

Recurrent Guillain-Barre syndrome must also be excluded41.48.306. Acute 
recurrent episodes of this type with complete or virtually complete recovery 
are considered to be recurrent GBS, rather than CIDP. 

Prognosis 

In the series of McCombe et al. 295, 76 patients were reviewed at an interval 
of 1-41 years (mean 10.6) after disease onset. Seventy-three per cent made a 
good recovery with only minor degrees of disability, but 6% had died as a 
result of the disease. Only 2% of patients were unable to work. The prognosis 
was better in patients with relapsing disease than in those with progressive 
disease. 

Autonomic symptoms in chronic inflammatory demyelinating 
neuropathy 

Clinically relevant autonomic dysfunction is much rarer in chronic inflamma
tory neuropathy than it is in GBS. Correspondingly, unmyelinated fibres 
show only a minor degree of pathology in this disorder29. 

Clinical variants of ClOP 

Chronic ataxic sensory neuropathy 

Occasionally, patients present with a peripheral neuropathy without weak
ness; they display prominent sensory symptoms and signs, gait ataxia, 
depressed or absent reflexes, but no clinical evidence of muscle weakness or 
wasting. In some cases there is electrophysiological evidence of demyelination 
in motor fibres in addition to clinical, electro physiological and pathological 
evidence of demyelination in sensory fibres. Other patients, however, show 
electro physiological abnormalities confined to sensory fibres, and occasion
ally abnormalities of the sensory evoked studies only may be found, implying 
that the pathological changes are predominantly within the dorsal root 
proximal to the dorsal root ganglion. These cases should be differentiated 
from sensory neuropathy or neuronopathy associated with carcinoma, 
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Sjogren's syndrome, coeliac and amyloid disease307. Such cases may represent 
the opposite spectrum of disease to those with multifocal motor neuropathy. 

Focal hypertrophic neuropathy 

Cases of focal 308 and muitifocal309 hypertrophic neuropathy have been 
described, with pathological findings of demyelination and inflammation as 
in CIDP. The enlarged nerves were located within the brachial plexus and 
in cranial and thoracic regions. Some patients followed a relapsing course 
and were responsive to corticosteroid treatment. 

Multifocal motor neuropathy with persistent conduction block 

This neuropathy, although regarded by some authors as a separate disease 
entity304, is considered by others as a CIDP variant112.305. Kaji and co
workers310 have recently examined the pathological changes in a typical 
case, and have shown demyelination at the site of conduction block and 
nerve enlargement. The changes were indistinguishable from those of 
inflammatory demyelination. 

Chronic demyelinating polyneuropathy with monoclonal 
gammopathy 

Patients with clinical, electrophysiological and pathophysiological features of 
a chronic demyelinating polyneuropathy indistinguishable from CIDP may 
have an associated monoclonal gammopathy, particularly of the IgG or IgA 
class30o. Such patients may also respond to the same treatment regimens as 
others with CIDP and are regarded by some authorities as a subgroup of 
CIDp301. 

Electrophysiology of chronic inflammatory demyelinating 
neuropathy (ClOP) 

Electrophysiology is crucial to the diagnosis of CIDP and reveals abnormalit
ies in almost all patients295,297. The electrophysiological features of CIDP 
are similar to those found in advanced stages of Guillain-Barre syndrome: 
typical signs of multifocal demyelination with or without additional axonal 
degeneration. Because of the longer time course of the disease, conduction 
slowing is more pronounced owing to the greater proportion of chronic 
demyelination and remyelination usually found in CIDP. As a consequence 
of conduction slowing there may be gross temporal dispersion of CMAP, 
leading to persistently small CMAP amplitudes. Unlike the situation in GBS, 
antecedent illness is usually lacking in CIDP, and initial symptoms may be 
vague so that the beginning of the disease cannot be determined precisely 
enough to make a proper distinction between early and late findings in 
CIDP. Some conclusions may, however, be drawn from evaluating the course 
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Figure 3.11 Correlation between clinical improvement with plasma exchange therapy in CIDP. 
Data taken from a 16-year-old girl suffering from the chronic relapsing form ofCIDP. Following 
the deliberate discontinuation of effective long-term immunosuppressive therapy, plasma 
exchange therapy was administered because of a sudden severe relapse. Arm-outstretch time is 
depicted on the left (solid line), followed by dynamometric evaluations of hand grip strength 
on later check-ups (dashed line). Times of plasma exchanges are indicated by arrows above the 
top trace, and immunosuppressive medication is listed below the graph. Note the immediate 
and dramatic clinical response to plasma exchange, followed by the stabilization while under 
immunosuppression. Discontinuation of medication after more than 4 years was again 
followed by a deterioration in symptoms which was again reversed by reintroduction of 
immunosuppression. (From reference 358a, with permission) 

of electrodiagnostic measures in the relapsing form of CIDP (Figures 3.11, 
3.12). 

Electrophysiological criteria for diagnosing ClOP 

The electro physiological research criteria for the diagnosis of CIDP are 
basically identical to those published for GBS and aim at identifying 
multifocal conduction block as the essential finding related to demyelination 
(Table 3.6). In order to prove the presence of conduction block, additional 
tests are required (Table 3.8). Reduction in sensory conduction velocity below 
80% of the lower limit of normal and absent H reflexes lend further support 
to the diagnosis of CIDp130a. In practice, CIDP must always be considered 
if a patient with chronic polyneuropathy shows electrophysiological signs of 
demyelination, so particular effort must be made to detect slowing of nerve 
conduction or conduction block and temporal dispersion of CMAP or sensory 
nerve action potential (NAP). Conduction slowing is characteristically patchy 
in distribution and non-uniform along a particular nerve, a finding which is 
most helpful in differentiating between this acquired demyelinating neuropathy 
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Figure 3.12 Sequential nerve conduction studies in CIDP treated with plasma exchange 
therapy. Ulnar (solid line) and peroneal nerve (dashed line) motor conduction velocity (NCV), 
distal latency (dL) and compound muscle action potential (CMAP) amplitude in the patient 
shown in -Figure 3.11. Plasma exchanges (indicated by arrows over top trace) were clinically 
effective and mostly followed by an increase of CMAP amplitudes and normalization of dL 
while NCV remained basically unchanged. This demonstrates that distal nerve segments may 
be more susceptible to the immune attack in CIDP than more proximal parts of the nerve. 
(From reference 358a, with permission) 
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and hereditary neuropathies from which it may be indistinguishable clin
ically311,312. 

Abnormal NAP are more clearly detectable with needle recordings, but 
the surface technique is usually sufficient to discover abnormal dispersion 
or total absence of NAP. As in GBS, it is important to examine an appropriate 
number of nerves (at least two motor nerves in the upper limbs and two in 
the lower limb); sensory conduction should be examined in at least two 
nerves. In addition to conventional nerve conduction studies, F waves are 
particularly helpful and should be analysed with respect to persistence 
(number of F waves obtained on 10 successive stimuli), latency, and 
chronodispersion. Thus, F wave impersistence or absent F waves in the 
presence of near normal CMAP amplitudes is highly suggestive of proximal 
demyelination which otherwise would escape attention124. 

CMAP and NAP amplitudes are more difficult to interpret in ClOP than 
in many other forms of neuropathy. Owing to the wider scatter of individual 
nerve fibre conduction velocities in chronic demyelination, phase cancellation 
becomes important, and may lead to a substantial decrease in amplitude (as 
well as area under the curve) in the absence of any conduction block. As a 
result, conduction block can only be diagnosed if the area under the curve 
and/or CMAP amplitude are diminished by at least 50% on proximal 
compared to distal nerve stimulationllO,128 (Table 3.9). 

Electromyography (EMG) is an indispensable complement to nerve 
conduction studies in ClOP. EMG is the best means to substantiate axonal 
lesions, which occur in more than 50% of patients with CIOP295. 

The contribution of electrophysiology in the differential diagnosis 
of CIDP 

While acute GBS can be readily diagnosed, problems may arise if the time 
of onset of the disease is unclear or if relapses occur. The latter situation is 
rare (less than 5% in large series). The differential diagnosis requires further 
laboratory data because electrophysiologically, the relapsing form of acute 
GBS cannot be distinguished from neuropathy associated with acute inter
mittent porphyria313 or in some forms of connective tissue disease, such as 
systemic lupus erythematosus or Sjogren's syndrome314 where, as in other 
cases of vascular neuropathy315, even focal conduction block can occur in 
the absence of conduction slowing. 

Another difficult differential diagnosis is that of ClOP and hereditary 
motor and sensory neuropathy (HMSN). Here, the pattern of demyelination 
may help to establish the correct diagnosis. In hereditary neuropathies, 
demyelination (and therefore conduction slowing) is more uniformly distri
buted along the entire length of the nerves, while its distribution in acquired 
chronic polyneuritis is more likely to be patchy311,312,317. With proper 
criteria, conduction block could not be confirmed to occur in HMSN type 
1 at a1l312. In both disorders, conduction slowing can be particularly 
pronounced at sites of physiological entrapment, such as the carpal tun-

79 



IMMUNOLOGY OF NEUROMUSCULAR DISEASE 

nel90.131. However, not all patients can be properly classified by these 
criterial09.317. 

Multifocal conduction block in a proportion of nerve fibres within a nerve 
is the hallmark of chronic motor polyneuropathy associated with antibodies 
against ganglioside M1 (GM 1 antibodies)304. Because of its almost exclusively 
motor pathology, the most important differential diagnosis of this type of 
neuropathy is spinal muscular atrophy, or even amyotrophic lateral sclerosis. 
Clinically, involvement of bulbar muscles along with clear pyramidal signs 
are not compatible with a diagnosis of GM1-associated polyneuropathy. 
GMl-associated neuropathy presents with multifocal conduction block, the 
focality of which should be tested for by 'inching' along individual nerves. 
Segments with conduction block and marked slowing have been shown to 
be 3-10 em long114. Distal latencies are normal, but there may be more than 
one site of pathology along the individual nerve. Sensory conduction remains 
unaffected at the sites where motor fibres are blocked. Another characteristic 
feature of this type of chronic pure motor neuropathy is the predominant 
involvement of distal muscles of the upper extremities. Whether patients 
reported with persistent motor conduction block at the same site over years 
and some sensory abnormalities112 also belong to this group or form another 
variant of CIDP is not clear. 

Other chronic neuropathies, in particular those associated with dysprotein
aemia, acquired immunodeficiency syndrome (AIDS) and neoplasia, have 
electrophysiological signs that are not distinctly different from CIDP. Thus, 
electrophysiology cannot help in separating these entities from classical 
CIDp5•318. 

Patients with uraemic or diabetic neuropathy may sometimes fulfil the 
electrodiagnostic criteria of CIDP, including conduction block319; this 
emphasizes the often neglected notion that electrodiagnostic studies help in 
establishing the diagnosis but are not alone sufficient to reach the diagnosis. 

Central involvement in CIDP 

Occasionally, patients with typical clinical and electrophysiological signs of 
CIDP also develop symptoms of central nervous system pathology320. If 
upper motor neurone signs are also present, studies of conduction in the 
CNS by magnetic cortical stimulation can reveal additional slowing in the 
pyramidal tract. However, it may be difficult properly to determine the 
latencies of CMAP elicited by magnetic stimulation because the variation in 
potential shape and latency tends to become much more pronounced owing 
to peripheral demyelination alone, not taking into account the effect of 
dispersed conduction in the pyramidal tract. Because of the over-riding effect 
of the peripheral pathology, studies of central motor conduction are not 
sensitive enough to detect subclinical involvement of central pathways. MRI 
studies have suggested central demyelination in some cases of CIDP, raising 
the possibility of a more than chance association between CIDP and multiple 
sclerosis321.322 which has also been disputed323. 
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Electrodiagnostic clues to prognosis 

Prognostic indicators in CIDP electrodiagnosis have not yet been established, 
though it seems that the general statements made in GBS are also valid in 
this entity: the more pronounced axonal damage (as validated by EMG) the 
poorer is the general outcome. Conduction block may persist to a relevant 
extent and contribute to paresis, but slowed conduction itself remains 
functionally unimportant. Unbalanced recovery of conduction with consequen
tial desynchronization of impulses may, however, be responsible for tendon 
reflexes failing to recover in spite of good recovery of muscle strength. 

F-wave latencies often remain considerably prolonged, and with poor 
recovery F-waves remain unobtainable. Unlike the situation in GBS (see 
above), sensory nerve action potentials of the arm are usually not more 
severely affected than sural nerve NAP, probably because the longer time 
course has levelled out early differences. 

As in GBS, needle EMG helps in determining whether low CAP amplitudes 
result from persistent distal conduction block or axonal degeneration. Despite 
appropriate treatment, denervation potentials in the affected muscles may 
persist for several years, but may sometimes disappear with some delay 
during periods of clinical recovery. Thus, spontaneous activity in the EMG 
still recordable years after the disease has come to a clinical standstill raises 
the suspicion that compensatory factors such as physical exercise may have 
improved the patient's condition despite further very slow progression of the 
disease. 

Magnetic resonance imaging 

Advances in MRI techniques have recently allowed accurate imaging of the 
cauda equina and nerve roots. MRI is currently being evaluated as an 
adjunct in the diagnosis of inflammatory neuropathies. Crino et al. 324 

recently reported a patient with biopsy proven CIDP in whom abnormal 
enhancement of the cauda equina and spinal nerves could be demonstrated 
following gadolinium injection. Gadolinium enhancement is probably the 
consequence of blood-nerve barrier disturbance associated with inflam
mation. Similar findings were obtained in a patient with GBS325• 

Pathology of ClOP 

Post-mortem studies have shown that inflammatory demyelinating lesions 
predominate within the spinal nerves, nerve roots and major plexuses, but 
they may be found at any level within the peripheral nervous system, 
including autonomic nerves and at the distal ends of motor fibres294,326,327. 

Although no abnormality may be found in sural nerve biopsies, at least one 
abnormality is usually detected (Table 3.20)291,293,294. The presence of 
inflammatory cells, macrophages and T cells may provide confirmatory 
evidence of the diagnosis (Figure 3.13). This is usually accompanied by up
regulation of MHC class I and II antigens328. Evidence of chronicity may 
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Table 3.20 Pathological features of chronic inflammatory demyelinating polyneuropathy 

Endoneurial or subperineurial oedema 
Demyelinated nerve fibres - large fibres devoid of myelin 
Macrophage phagocytosis of myelin 
T cells may be present 
Thinly myelinated fibres 
Axonal degeneration 

be provided by 'onion bulb' formations (Figure 3.13), due to repeated 
segmental demyelination and remyelination of cluster formation as a result 
of axonal degeneration and regeneration291 ,297. The ultrastructural finding 
of macrophage stripping of myelin sheaths is important, since it is virtually 
diagnostic of inflammatory demyelinating neuropathy141,299. 

Immunopathogenesis of ClOP 

Immunogenetic factors 

A role for genetic factors in CIDP is suggested by its association with certain 
HLA antigens, unlike GBS, which has no such associations in most 
populations studied, with the possible exception of HLA-B35 in patients 
with the axonal subtype of the disease176,179,329, A significantly increased 
number of patients were HLA-B8-positive in three studies330-332 and another 
class I antigen, HLA-CW7, was over-represented in the latter study. An 
association with HLA-DR2 was suggested by Feeney et al. 333, but this 
finding needs to be confirmed. There is also an increased frequency of the 
abnormal M3 allele of cd-antitrypsin, the major proteinase inhibitor, in 
CIDP patients. 

Cell-mediated immunity 

The pathological changes within nerves of patients with CIDP are highly 
suggestive of a delayed hypersensitivity cell-mediated immune response: 
myelin is removed by macrophages, the dominant inflammatory cell within 
the endoneurium, although CD4 + and CD8 + T cells may also be demon
strated within the lesions328. The up-regulation of MHC class I and II 
molecules within these lesions230.328 provides further evidence for the 
presence of T cells. Additional evidence of T cell activation in CIDP has 
been provided by the demonstration of an increased percentage of circulating 
Tcells positive for the DR activation marker218 and the presence of increased 
serum levels of soluble IL-2 receptors219-221. However the antigen to which 
such activated T cells may be directed has not been identified: some workers 
have reported T cell hyper-responsiveness to crude nerve antigens or P2 
basic protein, but others have not confirmed these findings217,334,335. 

Autoantibodies 

Immunofluorescent studies by Dalakas and Engel298 showed immunoglobu
lin bound to Schwann cell or myelin membranes in nine of 12 patients; 
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Figure 3.13 Electron micrographs of sural nerve biopsies from two patients with chronic 
inflammatory demyelinating polyneuropathy showing inflammatory cells within onion bulb 
formation. a = axon, m = mononuclear cell. Bar A = 2 Jlm, B = 2.5 Jlm 
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Figure 3.14 Immunofluorescent study showing binding C3 to myelin sheaths. Serum from a 
patient responsive to plasma exchange was incubated with normal sural nerve and then with 
goat anti-human antibody C3. M = myelin sheath; BV = blood vessel. Bar = 10 pm 

however this high proportion of positive results has not been confirmed in 
recent studies of larger numbers of patients295 . Hays and co-workers204 

reported the presence of chemotactic split products of complement on the 
outer portion of the myelin sheath in two of four patients with CIDP, but 
in only one patient was immunoglobulin also deposited at the same site 
(Figure 3.14). Koski and co-workers l56 found anti-myelin antibody using a 
complement (Cl) fixation and transfer assay in the majority of GBS patients 
but in only three of 12 CIDP patients with progressive disease and seven 
patients with a relapsing disease. However, Hughes et al. 212 , using a 
conventional complement fixation assay, found anti-myelin antibody in none 
of 11 cases, and Latov et al. 158 obtained positive results in only two of nine 
cases. Enzyme-linked immunosorbent assays used to detect antibody to 
defined myelin antigens PO, P2 and galactocerebroside have, with rare 
exceptions, failed to do S0145,212,213,217,335,336. Studies using thin layer 
chromatography showed antibody to GMI gangliosides in three of 20 CIDP 
patients, but these patients were said to be ofthe multifocal motor neuropathy 
subgroup, which by some workers is regarded as a different disease entity304. 

Passive transfer studies 

Since many patients with CIDP respond to plasma exchange it is a reasonable 
assumption that the sera removed from such patients may contain a 
demyelinating agent, possibly antibody. Several groups have injected CIDP 
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sera intraneurally, but most sera have not produced demyelination336-338. 
In one patient however whole serum and the IgG fraction was potently 
demyelinating339. Systemic transfer of serum or IgG into normal or tolerant 
mice has produced only negative results148,338,341,342 while long-term 
transfer to marmose~ monkeys induced a functional deficit without overt 
neuropathy in the recipient animals. This may speak for a species barrier 
pertinent to the putative demyelinating antibodies. The intact blood-nerve 
barrier in the recipients may have precluded the development of a clear-cut 
neuropathy. 

It is of considerable interest that antibody plays an important role in the 
pathogenesis of three animal models of CIDP. In chronic EAN in the 
rabbit343 the clinical course and electrophysiological findings are highly 
reminiscent of human CIDP, and marked hypertrophic changes are evident 
in nerve roots and peripheral nerve. The anti-myelin antibody level in these 
animals correlates to some degree with the disease course, in that stabilization 
of the disease by plasma exchange or plasma infusion is accompanied by a 
decline in antibody leveP44-346. Saida et al. 347 have shown that the 
demyelinating activity of rabbit EAN serum is largely due to anti-galactocer
ebroside antibody. Moreover repeated immunization of rabbits with 
galactocerebroside produces a chronic experimental neuritis which shares 
some features of human CIDp348-35o. Finally, in chronic relapsing experi
mental allergic encephalomyelitis in the guinea pig, repeated episodes of 
demyelination occur within the nerve roots, resulting in hypertrophic 
change351. Serum from these animals produces demyelination when given 
into the subarachnoid space of naive animals and the demyelinating activity 
is due to anti-myelin oligodendrocyte glycoprotein (MOG)352. 

Synthesis 

The pathological changes within nerves in CIDP suggest a major role for 
cell-mediated mechanisms; macrophages are clearly the major effectors in 
the process of demyelination, but CD4 + and CD8 + T cells, though more 
sparse, are present. There is however no clear evidence at this stage for a 
cytotoxic role for these T cells in vivo, despite evidence from in vitro studies 
regarding Schwann cell cytotoxicity by CD4 + EAN-producing P2-reactive 
T cells226. In the analogous animal model, EAE, MBP-reactive T cells 
accumulate within perivascular regions but do not themselves penetrate the 
CNS parenchyma353. Autoreactive neural-specific CD4 + T cells clearly 
accumulate around neural endothelium354 and, by means of their cytokine 
production, recruit macrophages and increase the permeability of the blood
nerve/brain barrier. In the peripheral nervous system this process may allow 
circulating anti-myelin antibodies access to endoneurium, where they bind 
to myelin sheaths with consequent demyelination. 

The effectiveness of plasma exchange in CIDP may, then, result from 
removal of antibody, or the soluble products of cells, such as cytokines or 
even proteases or free radicals produced by macrophages20o. High dose 
immunoglobulin may act by blocking Fc-receptors, thus inactivating myelin 
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Table 3.21 Treatment of chronic inflammatory demyelinating polyneuropathy 

Number of patients/ 
Reference design Treatment Results 

356 28; open, randomized Prednisone (initially Corticosteroids slightly 
120 mg; tapering over 3 better 
months) (n = 14) vs. nu 
therapy (n = 14) 

368 27; open, randomized Prednisone (initially No additional benefit 
120mg; tapering over 9 from azathioprine 
months) (n = 13) vs. 
prednisone + azathioprine 
(n = 14) 

360 17; open Fresh frozen plasma, Lv. Patients improved for up 
(l00mg/kg body weight) to 4 months 
for 5-76 days 

359 29; double-blind, Plasma exchange (6 x in Plasma exchange 
randomized 3 weeks) (n = 15) vs. superior 

sham exchange (n = 14) 
365 7; double-blind, Immunoglobulin (Lv.) All improved with 

randomized, placebo- (400mg/kg body weight immunoglobulin 
controlled, cross-over for 5 days) vs. placebo 

366 52; open Immunoglobulin Improvement in 32 
(400mgjkg body weight patients; 9 brought to 
Lv. for 5 days) remission, 21 needed 

regular repeats 
367 18; double-blind, Immunoglobulin (n = 15) No difference 

randomized, placebo- (400mg/kg body weight 
controlled i.v. for 5 days) vs. placebo 

(n = 13) 

phagocytosis or promoting anti-idiotypic antibody interac-
tions282 ,283,285,287,292. 

Management of ClOP 

Several therapeutic options are available for CIDP; different centres may 
vary in the primary treatment used, depending upon availability and cost of 
the various procedures. Results of published trials are reviewed in Table 
3.21. 

Corticosteroids 

The efficacy of these agents has been shown in many uncontrolled stud
ies298,355a,356. Patients may be commenced on a daily dose of 1 mgfkg for 4 
weeks and then changed to an alternate day regimen with gradual dose 
reduction (lOmg/month) to an acceptable maintenance level. However 
patients may respond to smaller starting doses, such as 0.5 mg/kg, and for 
some with relapsing disease, short courses of relatively low dose may be 
sufficient to induce a relapse. Certainly this is the cheapest and most 
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convenient form of therapy. High doses for a prolonged period are unsatisfac
tory due to the serious complications associated with these agents. 

Plasmapheresis 

This treatment has been shown to be effective in uncontrolled stud
ies339.357.358.358a and a controlled study359. It is preferred by some as first 
line therapy because of the side-effects of corticosteroids356a. Plasma exchange 
is effective in a high proportion of cases (about 75%) and is safe therapy. In 
our institution no serious side-effects have been encountered over a 10-year 
period since fresh frozen plasma was discarded as a replacement fluid. It is, 
however, expensive, available only in specialized centres, and cannot be used 
in small children. Regimens for plasmapheresis vary, depending upon plasma 
volumes exchanged. In severely affected patients 7-10 2-1 exchanges may be 
given over 10-14 days, resting the patient over weekends. Out-patient 
therapy may then be continued once or twice weekly, gradually decreasing 
to a maintenance regimen of once every 3-4 weeks. Other centres exchange 
larger volumes; twice-weekly plasmapheresis may be given for 3 weeks then 
once or twice weekly for a further 3 weeks with gradual reduction to once 
every 3-4 weeks294. There is limited but convincing evidence that selective 
immunoadsorption of plasma to a tryptophane-polyvinyl alcohol resine 
(selective immunoadsorption) may also remove the putative pathogenic 
factors from plasma342; (Heininger, Borberg, Hartung, Grabensee, Toyka, 
unpublished observations). 

High-dose intravenous immunoglobulin (lVIG) 

The efficacy of this therapy was first reported by Vermeulen et ai.360 and 
subsequently in several uncontrolled studies361-364. A placebo-controlled 
crossover study in patients selected for their known response to IVIG was 
published by van Doorn et ai. 365; all patients were shown to respond to 
IVIG but not to placebo, thus providing evidence for the efficacy of IVIG 
in some patients. No controlled trial comparing IVIG to plasmapheresis or 
steroid has yet been published. Van Doorn and colleagues have reported 
their experience in 52 CIDP patients treated with IVIG366; 62% 'improved, 
the majority over a mean follow-up period of 4 years, but 65% of these 
patients needed intermittent therapy to maintain the improvement. The 
recommended dose is 0.4 g/kg body weight/day over 5 consecutive days. 
Maintenance therapy is usually 0.4 g/kg every second week, although in some 
patients the dose may gradually be reduced to approximately half of this. 
However, a randomized double-blind, placebo-controlled multicentre trial 
to assess the efficacy of high-dose intravenous immunoglobulin treatment 
on 5 consecutive days showed a similar degree of improvement of patients 
in the IVIG treatment group (4 of 15) and the placebo group (3 of 13) 
patients367. One has to conclude that only a subgroup of CIDP patients 
may benefit from intravenous immunoglobulin, and that we have to search 
for criteria to identify them. The advantages of IVIG include its ease of 
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administration, few contraindications, and safety. Such advantages are clear 
in the treatment of small children, patients with poor venous access and 
cardiovascular instability, and those from remote areas. The infrequent 
complications ofthis therapy (anaphylactic reactions, particularly in individu
als with IgA deficiency, thrombotic events, renal failure and aseptic meningitis) 
have been referred to earlier. 

Immunosuppressive agents 

Some patients remain unresponsive to the front-line therapies described 
above, and immunosuppressive therapy may be necessary. In addition, for 
patients responsive but dependent upon chronic plasmapheresis or human 
immunoglobulin, the interval between these expensive therapies may be 
increased by immunosuppressive treatment. No controlled trials have been 
reported for immunosuppressive drugs except for azathioprine; Dyck and 
co-workers368 found no benefit from the addition of azathioprine to 
prednisone therapy. 

Azathioprine nevertheless has been reported to be effective in a small 
number of uncontrolled studies with small numbers of patients342.358a.369, 
it is given in a daily dose of 2-3 mgjkg initially with a stepwise reduction 
after reaching remission for a prolonged time. Full blood count and liver 
function should be monitored weekly for 6 weeks and then at monthly 
intervals. 

Cyclophosphamide has been reported to be particularly effective in patients 
with motor neuropathy and multifocal conduction block305. It may be given 
orally in a daily dose of 2-3 mgjkg, or intravenously and used in higher dose 
as pulse therapy, for example 3-5 mg/kg intravenously twice weekly, or 10-
15 mgjkg every 7-10 days. Adverse side-effects of cyclophosphamide 
treatment include haemorrhagic cystitis, alopecia, sterility, mucosal ulcer
ation, cancer and interstitial pulmonary fibrosis. A high fluid intake and 
frequent voiding are recommended during its use, with regular assessment 
of bone marrow function305. 

Cyclosporin A (CSA) has been reported to be effective in patients who 
have failed to respond to other therapies37o. It may be commenced in a dose 
of 8-10 mgjkg/day with reduction to 5 mgjkg by 3 months. Further gradual 
dose reduction may be effected as improvement occurs. Whole blood CSA 
level, creatinine clearance and serum creatinine levels should be monitored, 
and the dose regulated accordingly. Nephrotoxicity is dose-dependent and 
is the most serious side-effect. 

Recommendations 

First-line therapy will depend on the resources available, both technical and 
financial. Corticosteroid therapy is simple and cheap, but is acceptable only 
when remission is readily achieved with moderate dosage and when a 
reduction to a small maintenance dose is easily obtained. In practice, 
corticosteroid therapy may be effective in subacute cases with a monophasic 
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course and in some relapsing cases to induce a remission. In progressive and 
other relapsing cases, other treatment modalities are often needed. 

Since immunoglobulin therapy has not yet proven effective by an acceptable 
double blind, randomized trial, we recommend plasma exchange in those 
centres where it is available. This may be used on an out-patient basis for 
patients not in need of emergency hospital admission, or more intensively 
for patients admitted to hospital. In patients who have not responded to 
plasma exchange, immunoglobulin should be tried; this may be used instead 
of plasmapheresis in young children or patients with venous access problems 
or those with other contraindications. 

When these therapies are not effective, immunosuppressive agents may be 
used. They may also play a role in the treatment of patients who need 
plasmapheresis frequently, or when this is not effective alone. Azathioprine 
is certainly associated with the least side-effects, but some find it less helpful 
than cyclosporin A in those patients unresponsive to the first-line therapies. 

In patients suffering from multifocal motor neuropathy with conduction 
block, cyclophosphamide has been reported to be the most effective agent; 
moreover, steroids and plasmapheresis appear to be ineffective in this 
patient group305. Some of these patients may also respond to high dose 
immunoglobulin therapy371,372. 
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4 
Peripheral neuropathy due to 
vasculitis: immunopathogenesis, 
clinical features and treatment 
J. T. KISSEL and J. R. MENDELL 

INTRODUCTION 

In the 15 years that have elapsed since the publication of Fauci et al.'s 
seminal view on vasculitis!, there has been significant growth in our 
understanding of this enigmatic group of disorders. Advances in basic and 
clinical research have resulted in new concepts concerning the aetiology, 
immunology, and pathophysiology of the vasculitides, and new proposals 
for the diagnosis and classification of these diseases. More importantly, new 
and innovative therapies have been proposed based on current formulations 
of the immunopathogenesis of the blood vessel damage. Most of this 
information is immediately relevant for the practising clinician, who is faced 
with the formidable task of diagnosing and treating these difficult patients. 
This review will summarize our current understanding of vasculitis affecting 
the peripheral nervous system and outline the diagnosis and clinical manage
ment of these patients. 

DEFINITION AND EPIDEMIOLOGY 

The vasculitides are a heterogeneous group of disorders, all of which are 
characterized by inflammation and necrosis of blood vessel walls, with 
secondary ischaemia in affected tissues1•2• Vasculitis may be a primary 
disease or may occur secondary to some other disease process, such as an 
infection, toxin, connective tissue disease or neoplasm. Precise figures 
concerning the incidence of vasculitic neuropathy are unavailable. However, 
some idea of the frequency of these disorders can be gleaned from a 
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recent report of the American College of Rheumatology Subcommittee on 
Classification of Vasculitis3 ,4. In this project, rheumatologists from 48 
medical centres throughout North America submitted their cases of vasculitis 
to a central co-ordinating centre (Mayo Clinic) for precise classification. 
Over a 5! year period, 1000 new cases of vasculitis were submitted for 
analysis. Since peripheral neuropathy occurs in up to 75% of patients with 
primary vasculitis in most seriesS- 8, this would indicate approximately 750 
new cases of vasculitis neuropathy in the 48 centres over the study period. 
This translates to roughly three cases per year per centre, a figure very close 
to that of several published series of vasculitic neuropathy, including that 
from our own centre9- 11 . Vasculitic neuropathy is, therefore, relatively 
uncommon; nevertheless, it is important to the clinician as a challenging 
diagnostic problem and a potentially treatable cause of neurological disability. 

PATHOGENESIS 

Although all of the vasculitides are assumed to have an autoimmune 
pathogenesis, the precise sequence of immunological events causing vessel 
injury is not well understood. The events that trigger the immune reaction 
and the antigens that serve as targets for the autoimmune processes have 
not been identified for most of these disorders. The factors involved in 
determining the size of the blood vessels affected and their organ distribution, 
both factors crucial in determining the clinical expression of the disease, also 
remain unknown. In fact, most of the evidence for the autoimmune origin 
of vasculitis is indirect, derived from analyses of the inflammatory infiltrates 
in affected tissue and the clinical response to immunosuppressive drugs. 

A growing consensus has emerged that three predominantly humoral 
mechanisms (vascular deposition of circulating immune complexes, direct 
antibody attack on blood vessels, and antibody-induced degranulation of 
neutrophils causing passive endothelial cell damage) and one predominantly 
cell-mediated mechanism (direct endothelial cell destruction by cytotoxic T 
cells) are responsible for most primary vasculitides in humans. 

Humoral mechanisms 

The most extensively studied and perhaps best understood pathogenic 
mechanism for vasculitis is the passive deposition of circulating immune 
complexes. According to this model (Figure 4.1), antibodies interact with 
circulating antigens that have been processed by antigen-presenting cells to 
form complexes of varying size, usually under conditions of antigen 
excess1,2,12. These immune complexes activate complement and become 
coated with C3b and C4b, triggering host regulatory and defence mechanisms. 
The erythrocyte C3b receptor (CR1) is particularly important, binding the 
antigen-antibody-C3b complexes for transport to the liver, where they are 
cleared from the circulation 1 2-17. Insufficient host regulatory mechanisms 
allow complexes to be deposited in vessel walls, a reaction facilitated by the 
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Figure 4.1 Schematic representation of immune 
complexjleucocytoclastic model of vasculitis. Anti
gen-antibody complexes, formed in the circulation, 
deposit in vessel walls and activate complement. 
Chemotactic factors are generated that recruit poly
morphonuclear leucocytes (PMN) which release 
intracytoplasmic enzymes. Complement C5b-9 
membrane attack complex (MAC), a ring-shaped 
membranolytic structure, is also generated contri
buting to vessel wall damage (see text for details). 

Immune-Complex Mediated Leucocytoclostic Vasculitis 
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action of histamine and bradykinin16. Local deposits of immune complexes 
activate the complement system, generating factors chemotactic for neutro
phils such as C3a and C5a. The immune complexes are phagocytosed through 
the interaction of neutrophil Fc receptors with the Fc portion of the 
complexed antibody12,18. The neutrophils release proteolytic enzymes, free 
radicals, and various inflammatory and chemotactic peptides which damage 
the vessel walls directly in the so-called leucocytoclastic reactionl,12, 19. These 
processes secondarily recruit macro phages and lymphocytes that also 
infiltrate the vessel wall. The complement membrane attack complex (C5b-9) 
which is formed as the result of complement activation probably also 
contributes to the vessel wall injury (Figure 4.2)12,20. As part of the process 
the coagulation system is activated by the pro coagulant effects of damaged 
endothelium, the action of C5b-9 (which increases platelet prothrombinase 
activity) and the binding of coagulation factors Va and Xa to the endothelial 
cell membrane12,16,17,21,22. 

The final result of this cascade of events is compromise of the blood vessel 
lumen, resulting in reduction of blood flow and ischaemic damage in the 
distribution of the involved vessels. The exact vessels targeted by the process 
are determined by additional factors, including properties of the inciting 
antigen (such as type, size, and quantity), characteristics of the immune 
complexes (i.e. whether formed in antigen or antibody excess), physiochem
ical properties of the blood vessels, and the genetic susceptibility of the 
host 12,16,17,19. 

These classic forms of immune complex reaction have been studied most 
extensively in animal models of vasculitis, especially in experimental acute 
and chronic serum sickness and the Arthus reaction1,2,16. In man, the clearest 
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Figure 4.2 Sural nerve specimen from a patient with peripheral nerve vasculitis immunostained 
for complement membrane attack complex showing intense transmural deposits in a single 
epineurial vessel20 (indirect immunofluorescent technique x 250) 

evidence favouring immune complex-mediated vasculitis occurs in patients 
with hepatitis B antigenaemia, in whom circulating and vascular deposits 
can be demonstrated; such patients account for one-third of cases of 
polyarteritis nodosa1 .16. Immune complexes may also be important in many 
of the secondary vasculitides, where the inciting agent may be an infectious 
organism, an exogenous toxin (usually a systemic drug), or a neoplasm. 

Support for immune complex-mediated peripheral nerve vasculitis is based 
on the consistent demonstration of deposits of immunoglobulin, complement, 
or both in the epineurial vessels of nerve biopsies from patients with 
vasculitic neuropathy (Figure 4.2)11.20.23. In one study, the pattern of 
immunofluorescence was assessed to be 'granular' or inhomogeneous in 
seven of 23 patients (33%); this pattern is characteristic of that seen in other 
immune complex diseases, particularly those affecting the kidney23. 

An immune complex vasculitis need not necessarily involve circulating 
antigen-antibody complexes. An alternative possibility involves antibody 
directed against antigens within the microvasculature. Endothelial cells 
can serve as antigen-presenting cells for either exogenous or autologous 
antigens 17.24. This might explain organ specificity, since particular endothelial 
cells expressing tissue-specific antigens could be altered by an inciting 
event17.25. This mechanism is supported by the demonstration of anti
endothelial cell antibodies (or AECA) in several autoimmune disorders, 
including systemic lupus erythematosus, rheumatoid arthritis, Kawasaki 
disease, scleroderma, and the systemic necrotizing vasculitides of Wegener's 
granulomatosis and polyarteritis nodosa26-3o. In one series, 18 of 21 patients 
(86%) with a proven systemic vasculitis had detectable AECA 26, although 
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the incidence has not been that high in other series27- 3o. There is some 
suggestion that the level of AECA may correlate with disease activity. 
Presumably these antibodies lead to endothelial cell damage through 
complement-mediated or antibody-dependent cell-mediated cytotoxic mech
anisms; direct evidence for either of these mechanisms, however, has not 
been established. The putative antigens against which the AECA are directed 
have not been precisely identified for any of the vasculitic syndromes. 

Recently, the discovery of the anti-neutrophil cytoplasmic autoantibody 
(ANCA), has provided another potentially important humoral mechanism 
for mediating vessel damage in the vasculitides31 . ANCA was initially 
described in 1982 in patients with systemic vasculitis and necrotizing 
glomerulonephritis. Subsequently ANCA has been demonstrated in patients 
with Wegener's granulomatosis, classic and microscopic polyarteritis, Churg
Strauss syndrome and 'small vessel' vasculitis27 ,29,31-36. Using indirect 
immunofluorescent staining, ANCA produces either a 'cytoplasmic' (C
ANCA) or a 'perinuclear' (P-ANCA) staining pattern related to two different 
antigens29 ,31. C-ANCA is produced by antibody reactivity to proteinase-3, 
a neutral serine proteinase; the P-ANCA pattern results from antibody to 
myeloperoxidase. Both are enzymes of the neutrophil primary granule. Many 
studies have reported sensitivities and specificities of 90-95% for C-ANCA 
in patients with Wegener's granulomatosis30-32. More importantly, there is 
provocative evidence that the ANCA titre may correlate with disease activity, 
falling below detectable levels with treatment and rising significantly prior 
to a clinical relapse31 ,33,37. 

ANCA has a wide range of actions, including the ability to activate 
neutrophils and release reactive oxygen species that can damage endothelial 
cells36. These antibodies induce neutrophil degranulation and also bind to 
neutrophil proteases, inhibiting their inactivation by protease inhibitors and 
allowing them to remain active in the circulation27. 

The role of both AECA and ANCA in the pathogenesis of vasculitis 
neuropathy is unknown. A single recent study found AECA in only two of 
12 patients with vasculitic neuropathy, including one of five patients with 
isolated peripheral nerve vasculitis38. In a separate clinicopathological study, 
a single vasculitis patient with an IgG-K paraprotein was found to have a 
homogeneous pattern of immune deposition in epineurial vessels on nerve 
biopsy. This pattern was judged to be similar to the glomerular basement 
membrane pattern deposition seen in Goodpasture's syndrome, and suggested 
that the antibody was an AECA23 . Further studies are required to determine 
the importance of both AECA and ANCA in the vasculitic neuropathies. 

Cellular mechanisms 

Despite the experimental and pathological studies which support a humor
ally-mediated, immune complex mechanism for some types of vasculitis, it 
is clear that other immunopathogenic processes are more significant in many 
other types, particularly those affecting peripheral nerves. The presence 
of granulomatous changes in Wegener's granulomatosis, Churg-Strauss 
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syndrome and giant cell arteritis supports a role of cell-mediated mechanisms 
in these disorders. Recent immunohistological studies of peripheral nerve 
vasculitis also provide evidence for this concept. Studies from our laboratory 
using quantitative cell typing on the infiltrates in 22 nerve biopsies from 14 
patients with systemic vasculitis and eight patient with isolated peripheral 
nerve vasculitis demonstrated cellular infiltrates composed primarily of T 
cells (71 % of cells) and macrophages (28%)20. Two-thirds of the T cells were 
of the CD8 cytotoxic/suppressor subset. Although immunoglobulin and 
complement deposits were seen in 80% of the biopsy specimens, B cells were 
extremely rare (only 2% of cells) and neutrophils were never observed. These 
observations, which have been confirmed by other investigators ll ,23, suggest 
that the classic leucocytoclastic reaction is not the primary process in patients 
with vasculitic neuropathy. Similar immunohistological studies in other 
vasculitic syndromes, including temporal arteritis39 and Wegener's granulo
matosis40, have demonstrated a predominance of macrophages and CD8+ 
lymphocytes. Other investigations have demonstrated circulating levels of 
lymphocyte-secreted cytokines, such as interferon-a and interleukin (IL)-lB 
and 2, in patients with vasculitis24,41-43. Cytotoxic T lymphocytes specific 
for class 2 major histocompatibility complex (MHC) antigens have also been 
shown to lyse endothelial cells in culture after exposure to interferon-y24. 
These observations support a role for a cell-mediated, cytotoxic process in 
vasculitis. 

The endothelial cell appears to playa vital role in cell-mediated vasculitis. 
Endothelial cells express class 1 MHC antigens and can be induced to express 
class 2 antigens24, a finding well demonstrated in patients with peripheral 
nerve vasculitis44. Endothelial cells can serve as antigen-presenting cells and 
can be induced to secrete prostaglandin, chemotactic factors and a number of 
cytokines (including IL-l, IL-6 and intercellular adhesion molecule)24,38.41-43 
all of which act to recruit and activate lymphocytes, perpetuating the cycle 
of immune damage in vasculitis. 

It is highly unlikely that a single immunological mechanism can explain 
the wide variety of clinical and pathological manifestations of the different 
vasculitic diseases. While many, if not most, of the vasculitic syndromes may 
arise from a combination of humoral and cellular mechanisms, acting either 
sequentially or simultaneously, some immunological specificity must develop 
to explain the widely differing clinical, serological and histological findings 
that are often found in patients with distinct vasculitic diseases. 

PATHOLOGY 

Irrespective of the immune mechanisms involved, the final outcome for all 
vasculitic syndromes is compromise· of the vessel lumen with resulting 
ischaemia in the distribution of the involved vessels. Peripheral nerve 
vasculitis affects the 50-300 p,m vessels of the vasa nervorum. Peripheral 
nerve ischaemia causes axonal degeneration as the major pathological process; 
selective demyelination is unusuaI45-47. Because of the rich anastomotic 
vascular supply of nerve fascicles and the random, focal nature of the 
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Figure 4.3 Two fascicles from a sural nerve biopsy performed in a patient with isolated 
peripheral nerve vasculitis. The smaller fascicle on the left is essentially unaffected while that 
on the right shows severe myelinated fibre loss, particularly on the left side of the fascicle 
(paraffin-embedded and osmicated; x 2(0) 

vasculitis process, axonal degeneration is characteristically asymmetrical 
between and within individual fascicles (Figure 4,3)9.46,48. This asymmetrical 
involvement is most prominent in proximal nerves, while distally the 
branching and intermixing of nerve fibres can result in a homogeneous 
pattern9 ,47. Recent morphometric studies by Fujimura et al. have demon
strated that myelinated fibres are more susceptible to ischaemia than are 
unmyelinated fibres, and larger myelinated fibres (> 7/-lm) are particularly 
vulnerable to damage4 7 • Nevertheless, unmyelinated fibres and even Schwann 
cells are susceptible to ischaemia. We have observed biopsy specimens 
of nerve in which facsicles have demonstrated nearly complete loss of 
intrafascicular cellular components within the intact perineurium. This loss 
of cellular components would impede axonal regeneration, as observed by 
Fujamuri et al.47 . 

CLINICAL PRESENTATION 

The extent and temporal progression of the ischaemia in peripheral nerves 
determines the type and pattern of neuropathic disease in patients with 
vasculitic neuropathy. The classic pattern is a multiple mononeuropathy (or 
mononeuritis multiplex), where involvement of individual nerves can be 
clinically identified. Recent series, however, have revealed this to be the 
presenting pattern in only 10- 15% of patients with vasculitic neuro-
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pathy9,lO,46. More commonly, the tempo and extent of the disease process 
obscures the involvement of individual nerves, producing an overlapping 
multiple mononeuropathy. The process may superficially appear symmetrical 
but careful examination reveals asymmetry between sides. This pattern occurs 
in 50-60% of patients and results from the summated effects of multiple 
individual nerves being involved in an affected limb. Finally, a distal 
symmetric 'stocking-glove' polyneuropathy can arise when vasculitic disease 
at multiple levels of individual nerve trunks leads to overlapping distal 
involvement, resulting in a symmetrical pattern of deficits49,5o. This pattern, 
which occurs in 30-40% of patients, may be difficult to distinguish from 
other types of distal axonopathies9,lo. 

Burning, dysaesthetic pain in the distribution of involved nerves is found 
in 70-80% of patients9. Most often, ischaemia affects motor and sensory 
fibres, causing both sensory loss and muscle weakness. Rarely, vasculitis can 
selectively damage cutaneous sensory nerves lO. 

Peripheral neuropathy in a patient with multi-organ systemic disease 
(including kidney, lungs, bowel, skin, or central nervous system) suggests a 
systemic necrotizing vasculitis (Group 1, see discussion below). Approximately 
50% of patients presenting to a neurologist have an isolated peripheral nerve 
vasculitis (Group 4). Patients with hypersensitivity vasculitis (Group 2) and 
giant cell arteritides (Group 3) rarely have involvement of the peripheral 
nerves. In any patient with vasculitis, including those in whom involvement 
is restricted to peripheral nerves, non-specific constitutional symptoms such 
as fever, malaise, and weight loss are common. The presence of any of these 
symptoms in a patient without neuropathy should raise a strong suspicion 
of an underlying vasculitis. 

DIAGNOSIS 

The diagnostic evaluation of a patient with a suspected peripheral nerve 
vasculitis should include studies specifically directed toward identifying an 
underlying disorder or serological abnormality pointing toward a vasculitic 
syndrome or connective tissue disease. These studies include renal function 
studies, liver enzymes, urinalysis, erythrocyte sedimentation rate (ESR), 
antinuclear antibody titre, extractable nuclear antigens, rheumatoid factor, 
ANCA and AECA assays, serum complement, cryoglobulins, hepatitis B 
antigen and antibody, and total peripheral eosinophil count. We have not 
found assays for immune complexes helpful in individual patients; if they are 
performed, an entire battery of screening tests must be obtained since each 
test (e.g. Raji cell assay, C1q binding assay, latex fixation test) detects immune 
complexes of differing sizes and morphology13. 

In patients with isolated peripheral nerve vasculitis, all serum and urine 
tests are usually normal, although the ESR is frequently mildly elevated 
« 50mm/h)9. Normal results of laboratory studies should not direct 
attention away from a vasculitis if the clinical picture warrants this consider
ation. 

Electromyographic (EMG) and nerve conduction studies are important in 
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Fig. 4.4 High power view of sural nerve biopsy from a patient with isolated peripheral nerve 
vasculitis showing intense mononuclear cell infiltration through this epineurial vessel wall with 
resultant necrosis (haematoxylin and eosin, x 650) 

demonstrating the distribution and severity of peripheral nerve disease 51 ,52, 

Not only can the physiological changes demonstrate subclinical sensory or 
motor involvement but, more importantly, these studies can indicate a 
multiple mononeuropathy which has escaped clinical detection. The electro
myographic findings of fibrillations, sharp potentials, and motor unit dropout 
reflect the degree of axonal destruction and the tempo of the process. EMG 
evidence of reinnervation can also be helpful in following the patients for 
signs of recovery. Nerve conduction studies often demonstrate unevokable 
sensory or motor action potentials, and conduction block is occasionally 
seen53,54. 

Serological and electrodiagnostic studies can suggest an underlying vascu
litis, but definitive diagnosis rests on the demonstration of vascular inflam
mation and necrosis in a tissue specimen (Figure 4.4). Nerve biopsies are 
usually restricted to the cutaneous sensory nerves, specifically the sural, 
superficial peroneal and superficial radial. Motor nerves, even the deep motor 
branch to the peroneus brevis, are not easily accessible and biopsies carry 
the risk of causing muscle weakness. Of the cutaneous nerves, biopsy of the 
superficial peroneal nerve is preferred since a simultaneous muscle biopsy of 
peroneus brevis can be obtained through the same incision. A simultaneous 
sampling of both nerve and muscle will provide a higher diagnostic yield. In 
a study by Said et al.46 the vasculitis was confirmed more frequently in the 
peroneus brevis muscle (80% of patients) than in the superficial peroneal 
nerve (only 55% of patients). Details concerning the technical aspects of the 
superficial peroneal nerve biopsy procedure and appropriate preparation of 
nerve specimens have recently been summarized 55. 

A pathological diagnosis of vasculitis requires the presence of transmural 
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mononuclear cells, and evidence of vessel wall necrosis (Figure 4.4). Inflam
matory infiltration restricted to the perivascular regions, and not invading 
the vessel wall, is not sufficient for diagnosis but can be suggestive in the 
appropriate clinical and laboratory setting. Immunofluorescent staining 
reveals immunoglobulin and complement deposits in the vessel wall in over 
80% of patients11 ,20,23. In older, partially healed lesions, fibrin deposition 
and recanalization of vessels may be seen. As discussed above, an asymmetri
cal pattern of nerve fibre loss, even in severely affected nerves, is often 
observed9 ,46,48. 

CLASSIFICATION AND TREATMENT 

Precise classification of the vasculitic process has implications beyond an 
academic exercise. Accurate classification provides a conceptual framework 
for understanding underlying immunopathogenic mechanisms and helps 
guide therapeutic decisions. The traditional approach to classification has 
been based on clinical features and size of affected blood vessels. More 
recently, investigators have proposed newer schemes based on recent serologi
cal findings, such as the 'ANCA-associated vasculitides'31. Our present 
knowledge of immunopathogenic mechanisms for most of the vasculitides is 
not adequate to permit a complete classification in this manner. 

We have found a useful clinical scheme to be a modification of that initially 
proposed by Scott56. This divides the vasculitides into four principal groups: 

(1) Systemic necrotizing vasculitis 
Classical polyarteritis nodosa (PAN) 
Allergic angiitis and granulomatosis (Churg-Strauss disease) 
Wegener's granulomatosis 
Vasculitis with connective tissue disease 
Overlap syndromes 

(2) Hypersensitivity vasculitis 
Henoch-Schonlein purpura 
Serum sickness 
Vasculitis associated with infections 
Drug-induced vasculitis (amphetamines, heroin, cocaine) 
Vasculitis associated with malignancy 
Vasculitis with connective tissue disease 

(3) Giant cell arteritis 
Temporal arteritis 
Takayasu's arteritis 

(4) Localized vasculitis 
Isolated peripheral nervous system vasculitis (non-systemic vasculitic 
neuropathy) 
Isolated angiitis of the central nervous system 

This scheme serves principally to emphasize the distinction between the 
hypersensitivity vasculitides (Group 2), which usually affect the skin and 
tend to arise secondary to some other underlying illness or process, and the 
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systemic vasculitides which are primary disorders (Groups 1, 3 and 4) that 
cause major organ failure. A detailed discussion of the clinical, radiological, 
and laboratory features of each of the diseases in this classification is beyond 
the scope of this review. The American College of Rheumatology has recently 
published diagnostic criteria for seven of the common types of vasculitis 
listed in the classification, including polyarteritis nodosa, Churg-Strauss 
syndrome, Wegener's granulomatosis, hypersensitivity vasculitis, Henoch
Sch6nlein purpura, temporal arteritis and Takaysu's arteritis 3 ,4. These 
criteria are based on an analysis of over 800 patients with vasculitis and 
should be consulted when trying to diagnose and classify a patient. It is 
important to remember, however, that a significant number of patients (16% 
in the American College of Rheumatology Study) will not fit neatly into any 
specific disease category, and must be classified as having an 'overlap 
syndrome' or 'non-specific vasculitis'. These patients must simply be classified 
in the most appropriate category and managed accordingly. 

IMMUNOSUPPRESSIVE THERAPY 

Once vasculitis has been confirmed by biopsy and the patient's syndrome 
has been classified as accurately as possible, an appropriate therapeutic 
regimen can be planned based on a consideration of the underlying 
pathophysiological mechanism. For example, in patients with peripheral 
nerve involvement due to a hypersensitivity vasculitis (Group 2), the initial 
step in treatment is to remove any inciting antigen that might be triggering 
immune complex formation and secondary damage to the blood vesselS7 • 

This approach is most effective for vasculitides related to drug use, but also 
applies to many of the infectious vasculitides. Unfortunately, this group 
represents only a small minority of patients with peripheral nerve vasculitis, 
and in patients in groups 1, 3 and 4, no inciting antigen can be identified. 
Patients with peripheral nerve involvement as part of a systemic necrotizing 
vasculitis (Group 1) are treated with a combination regimen involving 
corticosteroids and a cytotoxic agent. The rare patient with peripheral nerve 
vasculitis due to a giant cell arteritis (Group 3) can often be managed with 
corticosteroid monotherapy. Patients with isolated peripheral nerve vasculitis 
(Group 4) represent a special group, since they do not have a life-threatening 
disease but the immunopathogenic lesion appears identical to the peripheral 
nerve vasculitis of Group 1. Recommendations regarding this group are 
discussed separately below. 

A typical combination regimen for systemic necrotizing vasculitis consists 
of oral prednisone, 1.5 mgjkgjday and oral cyclophosphamide (2 mgjkgjday). 
Prednisone is give as a single, morning dose for 2-4 weeks and then as an 
alternate day regimen at the same dose. In fulminant, severe cases we 
recommend initiating corticosteroids with a 'pulse' of intravenous methyl
prednisolone (1 g every other day for six doses) followed by institution of the 
every other day oral regimen. Combined drug therapy is continued until 
significant improvement occurs and the clinical condition has stabilized. At 
this time, prednisone can be tapered at a rate no faster than 5 mg every 2 
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weeks. If a relapse of symptoms occurs during the tapering of the prednisone, 
a bolus of oral prednisone, and occasionally with intravenous methylpredniso
lone, is the treatment of choice. Cyclophosphamide is continued for approxi
mately 1 year and then stopped if there is no evidence of active disease. 

Careful monitoring is crucial in these patients to avoid side-effects58 •59. 

Weight and blood pressure should be monitored closely. Steroid-induced 
hyperglycaemia usually occurs early in the course of administration. Patients 
should also be monitored for potassium loss, especially if they require a 
diuretic for blood pressure control. Ocular evaluations for development of 
cataracts and glaucoma should be performed. Patients must be warned of 
and agree to the risk of osteonecrosis of the head of the femur60• A low 
sodium, low simple sugar, low calorie diet supplemented with vitamin D and 
calcium may limit weight gain and the development of osteoporosis. We 
strongly recommend single daily or alternate day, morning doses of pred
nisone since this is usually as effective as split-dose therapy. Oral hydration 
(at least eight glasses of water per day) is encouraged to prevent the 
haemorrhagic cystitis which occurs in approximately 15% of patients 
receiving cyclophosphamide61 •62. A complete blood count is obtained 
monthly, and the drug dose is adjusted to keep the total white count above 
3000/mm3 and the neutrophil count above 1000/mm3 . 

The purine analogue azathioprine is our drug of choice in patients who 
cannot tolerate cyclophosphamide; it is used in an analogous fashion to 
cyclophosphamide63•64. The principal side-effects of azathioprine include 
leukopenia and an allergic-type reaction (fever, arthralgias, nausea or 
vomiting); this occurs in about 10% of patients63 • Rechallenge with azathio
prine at lower doses causes identical symptoms and always precludes further 
use of the drug. Chemical hepatitis can also occur with azathioprine. Other 
immune-modifying therapies, including plasma exchange and pharmacologi
cal agents such as cyclosporin, colchicine, dapsone, and methotrexate have 
found only anecdotal use in the vasculitides and their present role in treating 
these diseases is uncertain65 . 

In addition to immunosuppression, other therapeutic modalities must 
often be employed in these patients to minimize the morbidity of the disease. 
Aggressive physical and occupational therapy programmes are often helpful 
in improving range of motion and maintaining strength. This latter benefit 
is particularly important since many of these patients require prolonged 
prednisone therapy and are at risk for developing steroid myopathy. Judicious 
use of agents such as carbamazepine, clonazepam and amitriptyline may be 
effective in treating neuropathic pain. 

PROGNOSIS 

There have been no prospective studies assessing the long-term prognosis of 
patients with peripheral nerve vasculitis, either as an isolated entity or 
combined with an underlying systemic disease. Support for the use of 
prednisone and cyclophosphamide has been demonstrated in prior retrospec
tive studies of systemic necrotizing vasculitis, not necessarily involving 
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peripheral nerves. For example, several studies demonstrated that the 
untreated 5-year survival rate for patients with polyarteritis nodosa was less 
than 15%, improving to 40% with corticosteroid treatment alone. When 
cyclophosphamide was added to the regimen, however, long-term remissions 
were induced in 90% of patients, and therapy could eventually be discontinued 
in most of these patients66 ,67. Similar results were demonstrated for Wegener's 
granulomatosis, where complete remission rates above 90% were reported 
with combination prednisone/cyclophosphamide therapy68. 

Dyck et al. recently reviewed the Mayo Clinic experience with 65 patients 
(45 with an underlying systemic necrotizing vasculitis and 20 with nonsystemic 
vasculitic neuropathy) over a 20-year periodlO. Approximately one-third of 
patients with systemic vasculitis died (within a median time of 1.5 years of 
presentation) while none of their patients with isolated peripheral nerve 
vasculitis had died after a mean follow-up time of 11.5 years. This markedly 
different prognosis may justify the separation of patients with isolated 
peripheral nerve vasculitis from those with an underlying systemic disease. 
A similar poor prognosis for peripheral neuropathy complicating systemic 
necrotizing vasculitis was reported by Hawke et al. ll ; 50% of patients in 
this series died within a mean of 36 months of presentation and the 5-year 
survival was only 37%, despite aggressive treatment. All patients received 
prednisone, either alone or in combination with plasma exchange or other 
immunosuppressive agents (azathioprine, chlorambucil, or cyclophospham
ide). Neurological disability improved with treatment in the majority of the 
patients despite a poor outcome due to involvement of other organ systems. 
An interesting finding in their study was that no patient treated adequately 
with cyclophosphamide died within a mean follow-up time of 25 months 11. 

FUTURE THERAPIES 

Future work must focus on prospective studies of the natural history and 
effects of combination immunosuppressive regimens in patients with all types 
of vasculitic neuropathy, particularly those with isolated peripheral nerve 
vasculitis. In addition, controlled trials must be performed comparing 
the standard combination cyclophosphamide/prednison~ regimen to other 
immunosuppressive agents, such as cyclosporin, colchicine, methotrexate 
and dapsone. 

A second area for future investigation concerns the value of intravenous 
immunoglobulin (IVIg) in treating patients with peripheral nerve vasculitis. 
IVIg has found widespread use in the treatment of many immunodeficiency 
and autoimmune disorders, particularly idiopathic thrombocytopenic pur
pura and Kawasaki disease69-71 • It is currently undergoing active investi
gation in diseases such as inflammatory muscle disease, inflammatory 
demyelinating neuropathy, and myasthenia gravis. The mechanism of action 
of IVIg may involve the presence of anti-idiotype antibodies in the IVIg 
which react with the pathogenic antibodies in the patient. Alternatively, the 
IVIg might compete for Fc receptors on effector cells, disrupt B cell 
maturation and T-helper cell/B cell interaction, or inhibit activated com ple-
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ment intermediates69- 71 . 

In one provocative study, IVIg was given to seven patients with systemic 
vasculitis, all of whom had ANCA. All seven had a significant clinical 
improvement, and five went into a full clinical remission. This improvement 
was mirrored by a fall in the ANCA titres, which were reduced to a mean 
of 51 % of the pretreatment values within 6 weeks of therapy. These authors 
also found anti-idiotype antibodies in IVIg that reacted with idiotypes on 
the ANCA, providing a theoretical reason for the clinical improvement in 
these patients 72. Further studies will be needed to establish whether IVIg 
is applicable to a wider group of patients with systemic vasculitis, including 
ANCA-negative patients and those with isolated peripheral nerve vasculitis. 

Another fundamental goal is an improved understanding of the immuno
pathogenic mechanisms underlying peripheral nerve vasculitis, including the 
identification of inciting antigens and precise definition of the immunopatho
genic mechanisms. This information will lead to the development of target
specific therapies. In this regard, preliminary work has begun on several 
novel concepts of therapy for these diseases. 

The first concept involves a more specific consideration of vessel thrombosis 
as a contributing factor to organ damage in vasculitic lesions. This aspect 
of va sculi tic injury has received relatively little attention. Conn has presented 
a hypothesis that glucocorticoids may contribute to the ischaemic damage, 
despite their anti-inflammatory properties 73. This hypothesis is based on 
glucocorticoid inhibition of prostacyclin production by endothelial cells with 
preservation of the platelet thromboxane-prostaglandin system. Both systems 
are known to be activated by the immune processes of vasculitis, but 
glucocorticoids may inhibit the beneficial effects of the prostacyclin system 
while letting the platelet thromboxane system act unopposed to promote 
vasoconstriction and thrombus formation. Further experimental and clinical 
studies such as the use of anti-platelet agents, will be necessary to assess the 
potential role of glucocorticoid-inhibition of prostacyclins in the pathogenesis 
and treatment of vasculitic neuropathy. Currently it is probably appropriate 
to add an anti-platelet agent to the regimen of a patient who is neurologically 
deteriorating or showing signs of peripheral ischaemia despite aggressive 
immunosuppressive therapy 73. 

A second area of future investigation will be directed towards the 
clinical use of monoclonal antibodies. Genetically engineered monoclonal 
antibodies 74 could be generated to block specific pathways of the immune 
system, or may even be directed against endothelial cell antigens that might 
trigger the vasculitic process. Such antibodies could be designed to more 
easily cross through the blood-nerve barrier. A recent report by Mathieson 
et al.75 described the successful use of two monoclonal antibodies in a patient 
with intractable systemic vasculitis. Both were rat monoclonal antibodies; 
one was directed against the human CD4 molecule of T helper cells. The 
second monoclonal was directed against human lymphocytes and was 
genetically engineered by transfecting the hypervariable regions of the rat 
antibody onto normal human immunoglobulin genes. This eliminated 
immune complex-mediated serum sickness due to the development of anti-rat 
antibodies in the human host. The therapy proved effective, inducing 
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remission lasting 12 months in a patient previously refractory to treatment. 
No anti-idiotypic antibodies to the engineered monoclonal antibodies were 
detected, a potent side-effect of this strategy of therapy observed in the 
treatment of allograft rejection. In the future, improved methods to generate 
human monoclonal antibodies may eliminate this problem. 
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5 
Autoimmune-mediated models of 
peripheral nerve disease 
C. LlNINGTON 

Autoimmune responses to peripheral nerve autoantigens are believed to play 
a major role in the pathogenesis of several inflammatory demyelinating 
diseases of the peripheral nervous system (PNS). This concept is based on 
the observation that autoimmune responses to peripheral nerve tissue induce 
an experimental autoimmune neuritis (EAN) in laboratory animals that 
has clinical, electrophysiological and histopathological similarities to the 
Guillain-Barre syndrome (GBS)1,2. EAN is used extensively as an animal 
model for GBS, but modifications to the original immunization protocols also 
provide animal models for chronic idiopathic demyelinating polyneuropathy 
(CIDP)3-6 and paraproteinaemia-associated neuropathies (PAN)7. 

The immunopathogenesis of each variant of EAN is mediated by a unique 
mixture of autoimmune responses and immune effector mechanisms. In each 
case disease is initiated by an autoimmune response directed against 
peripheral nerve myelin. The identity of the auto antigen concerned determines 
the clinical course, immunopathology and severity of the subsequent disease. 
The detailed analysis of the autoimmune response to PNS myelin has 
therefore provided a large body of data relevant to the immunopathogenesis 
and treatment of a range of human diseases. This chapter will review the 
present status of models of peripheral nerve disease mediated by myelin
specific immune responses and their clinical relevance. However, it should 
be pointed out that the myelin sheath is not the only potential target 
for autoimmune attack in the PNS. Immune responses directed against 
neuronal/axonal components are receiving increasing attention with respect 
to their potential involvement in motor neuron diseases. 

123 



IMMUNOLOGY OF NEUROMUSCULAR DISEASE 

IMMUNE REACTIVITY WITHIN THE PERIPHERAL NERVOUS 
SYSTEM 

The pathogenesis of any tissue-specific autoimmune disease is dependent 
upon the ability of the tissue to interact with components of the immune 
system. In autoantibody-mediated diseases, the induction of a pathological 
response is determined primarily by the accessibility of the autoantigen 
within the target tissue to the autoantibody in the peripheral blood. Tissue 
damage is then a consequence of either the activation of complement or cell
dependent immune effector mechanisms; alternatively the autoantibody may 
interfere directly with physiological function of the target cell. All three of 
these mechanisms operate, to varying extents, in myasthenia gravis, the 
classical example of a human autoantibody-mediated disease9 • 

The situation in T cell-mediated autoimmune disease is, however, more 
complicated. The induction of a tissue-specific inflammatory response is 
dependent on the local, antigen-specific activation of a T cell by an antigen
presenting cell (APC). T cells do not respond directly to intact antigens, but 
to small peptides derived from the parent antigen by proteolysis lo. Moreover 
full activation of the T cell via its specific T cell receptor (TcR) requires the 
peptide to be associated with an appropriate major histocompatibility 
complex (MHC) molecule on the surface of the APCll . In this respect, CD4 + 
T cells have an absolute requirement for class II MHC gene products, whilst 
CD8+ T cells require the peptide to be associated with a class I MHC gene 
productll . Activation ofT cells, therefore, involves a trimolecular interaction 
involving MHC, peptide and TcR complexlo. This interaction is central to 
the immunopathogenesis of all T cell-mediated diseases and is of great 
interest as a potential target for antigen specific immunotherapiesl2,l3. 

In the peripheral nervous system the endothelial blood-nerve barrier 
limits the free exchange of both cells and proteins between the blood and 
nerve. Circulating antibody is therefore generally excluded from the body of 
the nerve, although some passive leakage of antibody may occur at the level 
of the nerve roots and root entry zones. In contrast to the passive and limited 
diffusion of antibody into the PNS, immunosurveillance of the nervous 
system by T cells is believed to be an active process. This hypothesis is based 
on studies of T cell traffic into the CNS l4- l6, which indicate that only 
activated T cells can penetrate the endothelial blood-nerve barrier. The 
initial interaction of the activated T cell with the vascular surface of the 
endothelium is mediated by cell adhesion molecules and their appropriate 
ligands expressed on the interacting cell surfacesl7 ,l8. Thereafter, penetration 
into the parenchyma requires in addition the expression of appropriate 
enzymes enabling the T cell to degrade extracellular matrix and basement 
membranel9,2o. These steps are independent of the antigen specificity of the 
T cell. However, once within the nerve the antigen-specific activation of the 
T cell by a resident APC is an absolute prerequisite for the generation of a 
local inflammatory response. Immunohistochemical studies have identified 
a small number of pericytes in the PNS that express high levels of class II 
MHC on their surface2l . These cells probably represent the crucial population 
of APCs that present PNS auto antigens to T cells within the nerve in vivo. 
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In addition, Schwann cells can also be induced to express MHC antigens in 
vitro following exposure to interferon-y22,23, These class II MHC+ Schwann 
cells can then also act as fully competent APCs, processing and presenting 
both foreign and endogenous antigens to T cells in vitro22- 25• In addition, 
MHC + Schwann cells can also act as targets for cytotoxic CD4 + and CD8 + 
T cells in vitro, although it is uncertain whether these interactions are of 
significance in vivo. Whatever the identity of the APC with which the T cell 
interacts in vivo, the immediate consequence will be the local production of 
cytokines, which will then orchestrate the subsequent inflammatory response 
in the nerve26• 

THE COMPOSITION AND MOLECULAR ORGANIZATION OF 
PERIPHERAL NERVE MYELIN 

The pathophysiology of autoimmune-mediated diseases of peripheral nerve 
is dependent upon the function and structural organization of the antigenic 
target, which in EAN is the PNS myelin sheath. Myelin is synthesized in the 
PNS by Schwann cells, which enwrap a defined length of an axon with a 
spiral extension of their plasma membrane; this subsequently compacts to 
form multilammellar myelin. The compacted membrane remains in direct 
continuity with the Schwann cell plasma membrane which forms the 
outermost surface of the myelin sheath. The function of the sheath is to 
increase nerve conduction velocity, by inducing saltatory conduction between 
the nodes of Ranvier. Any disruption of the sheath and its interaction with 
the axon leads to a decrease in the conduction velocity and ultimately to 
conduction block (see references 27 and 28 for reviews of the ultrastructural 
organization and physiology of the PNS). 

X-ray diffraction studies have revealed that the compacted myelin mem
brane consists of a regular repeating unit with a periodicity of 18 nm. During 
the formation of compact internodal myelin virtually all fluid is removed 
from the extracellular and cytoplasmic compartments leaving an extracellular 
water space about 5 nm wide, while the intracellular space between the 
apposing cytoplasmic surfaces is reduced to only 4 nm. This compacted 
membrane structure accounts for 90-95% of the entire length of the myelin 
sheath. However, at its proximal and distal ends the intracellular space 
expands to form tongues of cytoplasm, the paranodal loops, which contain 
mitochondria and other organelles. The paranodal cytoplasm is connected 
with the cytoplasm surrounding the Schwann cell nucleus by a network of 
cytoplasmic channels that extend both laterally and radially throughout the 
compact sheath. In view of the dimensions of the myelin sheath, which in 
large motor axons may reach a length of more than 1 mm and consist of 100 
layers of compacted membrane, these channels probably play an important 
role in the metabolic maintenance of the myelin sheath. 

With the exception of the outermost surface of the myelin sheath, exposure 
of the membrane to solutes in the extracellular fluid is limited by a complex 
series of intra-myelinic junctional complexes. These junctions limit the lateral 
diffusion of protein along the extracellular apposition of the compacted 
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membrane. Another array of junctional complexes anchor the tips of the 
paranodal loops to the axonal surface. These myelin-axonal junctions also 
provide a barrier to the free diffusion of proteins and other large molecules 
into the periaxonal space which separates the inner surface of the myelin 
sheath from the axon27. Disruption of the paranodal junctions results in the 
retraction of the myelin sheath from the node of Ranvier (paranodal 
demyelination) and is an important contributory factor to the pathophysiol
ogy of inflammatory diseases of the PNS28• 

The composition of PNS myelin is remarkably simple. It is lipid rich and 
contains only three major protein components, the PO glycoprotein, myelin 
basic protein (MBP) and the P2 protein, all of which have some potential 
to induce EAN29• The protein composition of peripheral nerve myelin 
isolated from several species is illustrated in Figure 5.1. The major protein 
is the PO glycoprotein which accounts for at least 50% of the total 
membrane protein in all species studied. The PO protein is a member of the 
immunoglobulin gene superfamily and its amino acid sequence is compatible 
with it being a simple transmembrane glycoprotein 30. Homotropic interac
tions involving the extracellular, IgG C2-like domain of PO are responsible 
for compaction of the extracellular apposition of myelin31 . In addition, the 
cytoplasmic domain of PO is highly charged and may stabilize the cytoplasmic 
apposition of peripheral nerve myelin by ionic interactions with membrane 
lipids30• The PO glycoprotein is also one of the few proteins that is specifically 
expressed in peripheral but not in central nerve myelin. PO-specific antisera 
therefore provide an ideal immunohistochemical marker for myelinated PNS 
tissue. 

This is not the case for MBP and P2 protein, which together account for 
a further 15-25% of the PNS myelin membrane protein. The relative 
concentrations of these proteins in the PNS varies widely between different 
species (Figure 5.1). In murine PNS myelin, less than 0.1 % of the total 
membrane protein is P2 protein, whereas in bovine PNS myelin P2 protein 
accounts for almost 20% of the myelin proteins, whereas the converse is true 
for MBP, which is only a minor component of bovine PNS myelin. In 
addition neither protein should be considered as PNS specific: MBP is 

Figure 5.1 (Opposite) The protein composition of peripheral nerve myelin isolated from several 
mammalian species. 50 jlg samples of peripheral nerve (PNS) myelin protein were separated by 
SDS-polyacrylamide gel electrophoresis and either stained directly with Coomassie Blue (Panel 
A), or electroblotted onto cellulose nitrate membranes and P2 protein detected using either a 
polyclonal rabbit anti-P2 antisera (Panel B), or mouse monoclonal antibodies (mAb) generated 
using purified bovine P2 protein (Panels C and D). Lane 1, mouse; lane 2, rat; lane 3, human; 
lane 4, rabbit; lane 5, bovine. In contrast to the PO glycoprotein, which is the major protein 
component of PNS myelin in all five species, the concentrations of P2 protein and MBP vary 
dramatically. The samples have been applied to the gel so that the concentration of MBP in 
PNS myelin is clearly seen to decrease from mouse to cow, whereas the concentration of P2 
protein increases. This is also seen in panels B-D in which the P2 protein is specifically stained. 
Also note that the two mouse mAbs detect a heterogeneity in the mouse antibody response to 
bovine P2. The mAb used in C binds to an epitope common to the bovine, rabbit and human 
proteins, but which is absent in the murine protein. In contrast, the mAb used in D reacts with 
the P2 protein of all five species. (Illustration by courtesy of Dr T.V. Waehneldt) 
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present in the CNS myelin of all species, while although P2 protein is specific 
for murine PNS myelin, it is also present at low concentrations in the CNS 
of many larger mammals, including man32.33. 

MBP is located at the cytoplasmic surface of compact CNS myelin, where 
it plays an important role in maintaining the structure of the cytoplasmic 
apposition34.35. However this is not the function of MBP in PNS myelin. 
This is demonstrated in the dysmyelinating mouse mutant, shiverer, in which 
exons 3 7 of the MBP gene are deleted, abolishing MBP expression in both 
the CNS and PNS. This results in a complete absence of CNS myelination, 
but has no effect on PNS myelination36, where the structure of the myelin 
sheath is normal despite the absence of MBp37. 

The function of P2 protein in PNS myelin is also unknown. The amino 
acid sequence and three-dimensional structure of P2 protein indicates that 
it is a lipid-binding protein, suggesting that it may have some role related 
to lipid metabolism38.39. A large number of quantitatively minor proteins and 
glycoproteins, such as 2',3'-CNPase and the myelin-associated glycoprotein 
(MAG), are also found in PNS myelin29.35, but the immunology of these 
minor components is poorly understood. An exception is MAG which is of 
clinical interest as it is a target autoantigen in an IgM-associated PAN40. 
Like the PO glycoprotein, MAG is a transmembrane glycoprotein and a 
member of the immunoglobulin gene superfamily41, but the localization of 
the two proteins is different. PO is found in compact myelin, while MAG is 
localized within membranes adjacent to cytoplasmic compartments, such as 
the periaxonal and· outermost regions of the myelin sheath42.43. The 
localization of MAG, together with its large extracellular domain, suggest 
that MAG-specific antibodies could disrupt myelin-axonal interactions at 
the paranodes, in addition to triggering immune-mediated demyelination. 

Protein, however, constitutes only a minor part of the myelin membrane: 
over 70% of the dry weight of PNS myelin is lipid. The major PNS myelin 
lipids are cholesterol, phospholipids and galactosyl ceramide (GC), whilst 
plasmalogens and sulphatide are also present in smaller amounts29. PNS 
myelin also contains low concentrations of several different gangliosides 
and complex glycolipids. These glycolipids have been implicated in the 
pathogenesis ofGBS and antibody-mediated polyneuropathy44,45. Unfortun
ately, it is difficult to explore the pathological significance of glycolipid
specific autoantibody responses in animal models as they exhibit wide 
interspecies variability in their tissue distribution. Moreover, the epitopes of 
immunopathological importance are carbohydrate structures, which are also 
expressed by many glycoproteins. The classical example of this phenomenon 
is the presence of sulphated glucuronic acid epitopes on both MAG and 
myelin glycolipids, which are targeted by a pathogenic monoclonal IgM 
antibody response in a subgroup of patients with an IgM PAN45-47. 

EXPERIMENTAL ALLERGIC NEURITIS 

Experimental allergic neuritis (EAN) was first described in rabbits following 
immunization with peripheral nerve tissue in adjuvantl. EAN is characterized 
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clinically by an ascending paraparesis/paralysis which begins 10-14 days 
after immunization. The onset of clinical disease is associated with the 
appearance of a perivascular infiltrate of lymphocytes and macro phages in 
the PNS, together with endoneurial oedema, focal demyelination and varying 
degrees of axonal degeneration2. Macrophages are the major effector cell 
within the EAN lesion, they not only phagocytose myelin debris, but they 
also extend processes between the extracellular apposition of compact myelin 
lamellae and actively strip membrane from the sheath. However, the extent 
of demyelination in acute models of EAN is dependent on the intensity of 
the inflammatory response within the nerve. Immunization with low doses 
of immmunogen results in a mild clinical disease in which the lesions are 
concentrated in the nerve roots and axonal changes are minimal. High doses 
of immunogen induce a more severe disease in which the entire PNS is 
involved, often with a fatal outcome. In this case inflammation of the nerve 
is intense and axonal degeneration is the major pathological feature of the 
lesions. The consequence is a massive secondary loss of myelin, but the pro
found neurophysiological deficit that may persist for many weeks following 
disease onset in such EAN models is a direct consequence ofaxonalloss26. 

Modifications of the original immunization protocol for inducing EAN 
can induce both hyperacute and chronic progressive or relapsing forms of 
EAN in the appropriate strains of experimental animal. Chronic relapsing 
EAN (CREAN) can be induced in a number of animal species3,5,48,49 and 
provides a useful model of CIDP in man. The histopathology of CREAN is 
similar to that of acute EAN, with the exception of 'onion bulb' formations 
of Schwann cells surrounding demyelinated axons. More recently CREAN 
was induced in Lewis rats either by treatment with cyclosporin4 or the 
repetitive transfer of P2 protein-specific T celllines6. 

The clinical and histopathological features common to both EAN and 
inflammatory demyelinating diseases of the PNS in man suggest that similar 
immune effector mechanisms are involved in both situations. EAN has 
therefore been used to identify PNS autoantigens and to investigate potential 
therapeutic strategies for the human diseases, GBS and CIDP. Identification 
of the immune effector mechanisms and auto antigens involved in EAN was 
initially complicated by the nature of the immunizing antigen. Immunization 
with either peripheral nerve tissue or PNS myelin triggers a complex 
autoimmune response involving both T and B cell responses to several PNS 
auto antigens. It was therefore not surprising that evidence has been obtained 
implicating both humoral and cellular mechanisms in the immunopathogen
esis of the disease. The capacity of EAN serum to induce demyelination both 
in vivo following direct intraneural injection50, and in vitro when added to 
myelinating organotypic cultures51 suggested that humoral mechanisms were 
important in the pathogenesis of EAN. This concept was further supported 
by the observations that both complement depletion 52 and plasmapheresis53 
also significantly reduce the severity of EAN. However, neither clinical 
disease nor demyelination can be transferred to naIve recipients by systemic 
injection of EAN sera. Clinical EAN could only be successfully transferred 
to syngeneic recipients using lymphocytes obtained from animals immunized 
with PNS antigens54,55. 
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This apparent dichotomy was resolved following the identification of the 
key autoantigens involved in the pathogenesis of EAN. Both cellular and 
humoral arms of the immune system are involved in the pathogenesis of 
EAN induced by active immunization with either PNS tissue or PNS myelin. 
However these responses are directed against different auto antigens and it 
is the T cell response that appears to be critical for disease induction. 
In actively induced EAN the auto aggressive T cell response is directed 
predominantly against the P2 and PO proteins56~59. The first PNS myelin 
component to be identified as an autoantigen able to induce EAN was the 
P2 protein56,57,6o. The passive transfer of EAN to naIve recipients by P2 
protein-specific CD4 + T cell lines in the rat provided the formal proof that 
EAN is a T cell-mediated autoimmune disease61~63. Subsequently, using the 
same techniques it was demonstrated that PO protein-specific T cells can 
also adoptively transfer EAN in the Lewis rat64. As the passive transfer of 
activated T cells specific for either auto antigen induce the same constellation 
of histopathological and clinical signs as in acutely actively induced EAN64,65, 
an autoaggressive CD4 + T cell response is the minimal requirement to 
initiate EAN. 

In contrast to the autoimmune T cell response, autoantibodies to PNS 
myelin only play a secondary role in the pathogenesis of the disease. 
Circulating autoantibodies which recognize epitopes exposed at the surface 
of the myelin sheath can initiate demyelination providing that the permeability 
of the blood-nerve barrier to serum proteins is enhanced. This was 
demonstrated in rats which received an intraneural injection of 5-hydroxy
tryptamine (5-HT) in addition to multiple intraperitoneal injections of serum 
obtained from rabbits with EAN66. The 5-HT induced localized mast cell 
degranulation, resulting in an increased permeability of the blood-nerve 
endothelium to antibody in the circulating blood and severe local demyelin
ation. In EAN the local inflammatory response also increases the permeability 
of the blood-nerve barrier to serum proteins, antibody-dependent comple
ment activation and cell-mediated cytotoxicity responses directed against 
the myelin sheath can then be expected to enhance demyelination and further 
amplify the inflammatory response26. 

T cell-mediated autoimmune responses to peripheral nerve 
myelin 

All three major PNS myelin proteins, MBP, P2 protein and the PO 
glycoprotein, can induce a T cell-mediated inflammatory response within the 
peripheral nervous system. However, T cell responses to MBP, which is 
present in both PNS and CNS myelin29, induce experimental autoimmune 
encephalomyelitis (EAE), an inflammatory disease of the CNS in which there 
is very little peripheral nerve involvement67. The reason why the PNS is 
spared in MBP-induced EAE remains to be determined, but may be related 
to tissue specific differences in antigen processing and presentation. In the 
rat, only T cells specific for either the P2 protein or PO glycoprotein initiate 
an autoimmune inflammatory response restricted to the PNS64,65. 

130 



AUTOIMMUNE-MEDIATED MODELS OF PERIPHERAL NERVE DISEASE 

Intravenous injection of as few as 5 x 104 P2-specific T cells induces 
clinical signs of EAN in syngeneic recipients 4-5 days after cell transfer61 . 

The pathology of T cell-mediated EAN is dependent on the number of T 
cells transferred: passive transfer of low numbers of T cells results in the 
formation offocal perivascular infiltrates of mononuclear cells, predominantly 
macrophages65• The intensity of this inflammatory response increases with 
the number of cells transferred, as does the extent of demyelination. However, 
as is also the case in actively induced EAN, demyelination is generally 
secondary to axonal degeneration, the major pathological feature of EAN 
induced by the passive transfer of large numbers of P2-specific T cells (Figure 
5.2). A similar pathology with extensive axonal degeneration extending into 
the dorsal columns of the spinal cord is also observed in a chronic relapsing 
model of EAN induced by the repeated transfer of P2-specific T cells6 • 

Active immunization with PO glycoprotein in adjuvant induces EAN in 
the Lewis rat with a similar efficiency and time course as the P2 protein59• 

However, as discussed previously, P2 protein is a cytoplasmic component of 
PNS myelin and is therefore inaccessible to autoantibody. In contrast PO is 
a transmembrane glycoprotein with a clearly defined extracellular domain, 
which can theoretically provide a target for a demyelinating autoantibody 
response. The successful adoptive transfer of EAN by PO-specific T cell 
lines6 4, however, demonstrates that a common T cell-mediated effector 
mechanism predominates in the immunopathogenesis of PO-induced EAN. 

The autoimmune T cell response to P2 and PO has been analysed in great 
detail in the Lewis rat, and disease-inducing T cell epitopes have been 
identified for both proteins. The P2 protein contains a single immunodomin
ant neuritogenic determinant located within residues 61-70 of the protein's 
amino acid sequence6B• In contrast, the PO glycoprotein contains two 
neuritogenic T cell epitopes64. One epitope is located within the amino acid 
residues 56-71 of the extracellular IgG-like domain of PO, whilst the second 
is encompassed by residues 180-199, located within the protein's cytoplasmic, 
carboxyl-terminal sequence. The immunological properties of these two 
domains of PO are very different. The cytoplasmic epitope is immunodominant 
and EAN-inducing T cell lines specific for this epitope can be selected from 
the cell repertoire of rats immunized with PNS tissue. This is not the case 
for the epitope identified within the extracellular domain of PO which is 
cryptic, no T cell response being observed following immunization with 
either PNS tissue, myelin or purified PO protein64. These observations 
suggest that the proteolytic pathways involved in the processing of PO protein 
differ between the PNS and peripheral immune system. This is important 
with respect to those clinical studies that attempt to identify autoaggressive 
T cell responses in the peripheral blood, as the auto antigen of interest may 
not be appropriately processed by the blood APe populations. 

The observation that PNS myelin components with such different functions, 
localization and structure as the PO glycoprotein and P2 protein initiate T 
cell-mediated EAN suggests that other neuritogenic PNS auto antigens will 
be identified. However, regardless of the auto antigen involved it appears that 
the primary immunopathogenic processes triggered by the autoaggressive T 
cell response will be the same. 
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Immunopathogenesis of T cell-mediated autoimmune diseases of 
peripheral nerves 

The precise sequence of immunological and cellular events involved in the 
course of the development of the EAN lesion is still uncertain. However, the 
initial step in T cell-mediated EAN is the migration of the autoantigen
specific CD4 + T cell into the PNS followed by antigen-specific activation 
by a local class II MHC-positive APe. In the PNS a population of 
constitutively class II MHC+ pericytes probably functions as resident APCs. 
The antigen-specific interaction of the T cell and APC triggers a variety of 
cellular functions in both cell types. This may lead to apoptosis of the T ce1l69 

but, more importantly, the local production of cytokines will be stimulated; 
this determines the course of the subsequent inflammatory response26• One 
of the earliest effects is on the vascular endothelium, where cytokines act to 
up-regulate the expression of cell adhesion molecules on the vascular surface 
of the endothelial cells 70. Vascular permeability is also increased, both by 
the direct effects of cytokines on endothelial cells 71, and indirectly via 
cytokine-induced mast cell degranulation 72. Although many cytokines are 
certainly involved in this early response, interferon-y appears to playa central 
role, increasing vascular permeability, up-regulating the expression of MHC 
molecules and cell adhesion molecules on PNS elements and activating 
infiltrating monocytes. Thus systemic injection of recombinant interferon-y 
enhances the clinical and histopathological signs of T cell-mediated EAN, 
while treatment with antibodies to interferon-y can suppress disease develop
ment73. 

The first detectable pathological changes within the nerve that correspond 
to this cascade of molecular interactions are an increase in the permeability 
of the blood-nerve barrier to serum proteins and perivascular infiltration 
by small numbers of T cells65 •74• This occurs about 72 h after intravenous 
injection of activated P2-specific T cells and precedes the onset of clinical 
disease by 12-24 h 75. Subsequently there is a rapid migration and accumu
lation of inflammatory cells, predominantly macrophages, into the peripheral 

Figure 5.2 (Opposite) The pathology and extent of tissue damage in P2 protein-specific T cell
mediated experimental allergic neuritis is dependent on the number ofT cells transferred. Lewis 
rats were injected intravenously with either 105 (a,c) or 107 (b,d) freshly restimulated P2 protein
specific T cell lines and the pathological changes in the sciatic nerves examined 7 (a,b) and 19 
days (c,d) later. Animals receiving the lower cell dose exhibited a complete loss of tail tone 
between 5 and 7 days post-T cell transfer, which had completely resolved by day 10. In contrast 
animals injected with 107 T cells exhibited complete hind limb paralysis by day 5. The clinical 
severity of the disease decreased after day 7, but severe hind limb paraparesis was still apparent 
on day 19. Seven days after T cell transfer both groups of animals had infiltrates of inflammatory 
cells associated with oedema throughout the peripheral nervous system (PNS). However these 
pathological changes were much more marked in the PNS of rats injected with 107 T cells. In 
these animals demyelination and debris containing macrophages can also be observed (b). 
Twelve days later the low dose group exhibited minimal pathological changes in the PNS, 
which included evidence of remyelination (c, arrows). In striking contrast the sciatic nerves of 
rats injected with 107 T cells are almost completely demyelinated and axonal degeneration is 
the most obvious pathological feature (d). Bar = 50 j.lm. (Reproduced from reference 130: with 
permission) 
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nerve, accompanied by a large increase in endoneurial fluid pressure and 
endoneurial oedema65.75.76. These pathological changes within the nerve are 
associated with a progressive slowing of nerve conduction velocity, and 
eventually with complete conduction block 4-5 days after T cell transfer75. 
Electrophysiological changes initially reflect paranodal demyelination, but 
in severe inflammatory lesions conduction failure is due to the overwhelming 
destruction ofaxons. 

In this subsequent stage of lesion development in T cell-mediated EAN, 
mUltiple effector mechanisms are involved, with macrophages playing a 
central role. Activated macrophages secrete a large number of cytotoxic 
agents including proteases, lipases, glycosidases, reactive oxygen metabolites 
and toxic cytokines 77-80. These have detrimental effects on the blood-nerve 
barrier, further increasing oedema in the nerve81, as well as compromising 
myelin stability and the functional integrity of the axon26. Depletion of the 
macrophage population or inhibition of their biological activities suppresses 
the development of clinical disease, demonstrating their importance in disease 
pathogenesis82.83. 

The interaction of macrophages with myelin in EAN lesions appears to 
be selective. They first attach to apparently normal myelin sheaths and then 
strip the myelin lamellae from the axon, finally phagocytosing and degrading 
the membrane (Figure 5.3a,b). The molecular basis of this interaction is 
unknown, but antibody-independent activation ofthe alternative complement 
pathway by the PO protein on myelin or myelin debris84 may deposit C3i 
on the membrane surface, providing a ligand for macrophage CR3 receptor. 

Clearly, activation of the complement cascade will be enhanced in the 
presence of circulating antibody to the myelin surface. Antibody bound to 
myelin will induce an Fc-dependent ADCC response, whilst opsonization 
with antibody and complement products will enhance macrophage-mediated 
phagocytosis. Extrapolating from the pathological consequences of anti
myelin antibodies in T cell-mediated autoimmune CNS disease, the pathology 
of the lesion will be defined by the balance of T cell- and antibody-mediated 
effector mechanisms85. However, in the absence of an overwhelming antibody 
response to myelin, the key factors in lesion development are the T cell
mediated increases in the permeability of the blood-nerve barrier to serum 
proteins, and the recruitment and activation of macrophages in the lesion. 

Figure S.3 (Opposite) Interaction of monocytes with myelinating Schwann cells in P2 protein
specific T cell-mediated experimental allergic neuritis. (A) A mononuclear cell has invaded the 
myelin sheath and is located between the compact myelin and Schwann cell cytoplasm (asterisks). 
Although the myelin sheath appears normal at this point in time note that the monocyte is 
already starting to interact with both the outer surface of the myelin membrane and the 
contiguous membrane underlying the cytoplasmic compartment of the Schwann cell. (B) At a 
later stage many debris containing macrophages are seen. In this example several such cells 
have breached the basal lamina surrounding a demyelinating axon. It should be noted the 
interactions that target the macrophages to attack a particular Schwann cell/myelin sheath are 
not understood and it is a common observation that whilst one axon is undergoing active 
demyelination, other myelin sheaths in the vicinity remain apparently unaffected 
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THERAPEUTIC STUDIES ON EAN 

There are clearly several stages in the development of the EAN lesion that 
may be amenable to therapeutic intervention. Ideally, one would wish 
to specifically neutralize the autoaggressive T cell population without 
compromising general immunological competence 1 2, 13,86. The strategies 
investigated have attempted either to render the autoaggressive T cell 
response anergic/non-reactive, to eliminate the T cell population, or to 
prevent them from interacting with antigen-presenting cells within the target 
tissue. 

T cell tolerance to the neuritogenic P2 protein can be induced by 
pretreating rats with soluble P2 in the absence of adjuvant87,88. However, 
the less invasive approach of establishing oral tolerance to PNS autoantigens 
has yet to be investigated in EAN, although it has proved successful in 
suppressing EAE89,90. In contrast, many studies have investigated the 
possibility of using monoclonal antibodies (mAb) to CD4 + T cell differen
tiation antigens to eliminate or functionally inactivate the autoaggressive T 
cell response. Unfortunately, anti-CD4 mAb treatment is only really effective 
when the mAb is given prophylactically91. Moreover, an anti-CD5 mAb 
paradoxically enhanced the clinical severity of EAN and caused relapses92. 
A more promising approach uses an antibody recognizing the rat a/p TcR. 
This antibody not only inhibits the development of T cell-mediated EAN, 
but also reverses the development of actively induced EAN when given 
therapeutically93. It may also be possible to eliminate specifically the 
pathogenic T cell population in EAN using TcR V gene-specific mAbs94,95. 
It is, however, uncertain at present whether the neuritogenic T cell responses 
to P2 or PO proteins preferentially use specific TcR Vp genes96, as has been 
reported in EAE97-99. Interestingly, attempts to prevent EAN induction by 
vaccination with attenuated P2-specific T cell lines have been unsuccessfuPoo 
suggesting that multiple TcRs may be used in EAN. 

In addition to these attempts to inhibit the induction of EAN at the level 
of the autoaggressive T cell response, a wide range of other less specific 
therapeutic strategies have been investigated. Intercellular adhesion molecule 
(ICAM) 1 plays an important role with respect to T cell-endothelial cell 
interactions, and anti-ICAM 1 antibody can inhibit EAN101, as can interfering 
with mast cell degranulation 102 and treatment with cyclosporin A 103. 
However, in view of the central role they play in the pathogenesis of the 
lesion, elimination of macro phages, or the pharmaceutical inhibition of their 
biological activities are at present the methods of choice with regards 
treatment of EAN26,80,82,83,104. 

Autoimmune B cell responses to peripheral nerve myelin 

Although a myelin-specific autoimmune T cell response is the minimal 
requirement to induce EAN, it has already been stated that sera from animals 
with EAN induced using PNS tissue or myelin mediate demyelination, both 
in vivo and in vitro. In the rabbit, GC is the immunodominant myelin antigen 
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responsible for this demyelinating autoantibody response51,105. Moreover 
GC-induced EAN in the rabbit appears to be the only paradigm for 
an autoantibody-mediated neuropathy 7. A proportion of rabbits injected 
repeatedly with galactocerebroside and bovine serum albumin develop 
symptoms of a peripheral neuropathy 7, associated with a multifocal conduc
tion block in the PNS106 and a demyelinating PNS lesion which has some 
similarities with classically induced EAN7. The pathogenicity of the anti-GC 
antibody response in this model is not doubted, although anti-GC antibodies 
do not bind to micellar dispersions of the purified lipid, as the galactose 
headgroup is tightly hydrogen bonded in the plane ofthe hydrophobic/hydro
philic interface107. The addition of auxiliary lipids, cholesterol and phospho
lipid, disrupt GC-GC hydrogen bonds and increase the mobility of the 
galactose headgroup, allowing the antibody to bind to epitopes situated in 
that region108. The ability of anti-GC antibody to mediate demyelination in 
vivo and in vitro indicates that a similar conformation is adopted at the 
surface of the myelin membrane. In vitro, anti-GC antibody-mediated 
demyelination is complement dependent and rapid, whereas in the absence 
of complement the binding of the anti-GC antibody to the myelin surface 
induces myelin swelling, i.e. a separation of the extracellular apposition 
increasing the periodicity of the membrane by about 10-15 nm109. Similar 
changes also occur in vivo following injection of the antibody directly into 
the sciatic nerve51 . Addition of complement initiates lysis of the Schwann 
cell and demyelination. In this model the perivascular cuffs of small 
lymphocytes which are characteristic of T cell-mediated EAN are absent 
during the early stages, suggesting that GC-induced EAN is primarily 
antibody-mediated7. 

However, a number of observations suggest that the situation may be 
more complicated and that, in addition to the GC-specific autoantibody 
response, other immune effector mechanisms are required to precipitate 
lesion formation. In particular, not all animals with high titre anti-GC IgG 
responses develop EAN170 and remyelination can occur despite a sustained 
demyelinating, anti-GC antibody response in the serum 7 ,II 0,111. Interestingly, 
a study of rabbits immunized with only complete Freund's adjuvant revealed 
the presence of subclinical inflammatory lesions in the PNS 112. Lymphokines 
produced in these inflammatory foci may increase the permeability of the 
vascular endothelium, allowing an initial influx of antibody and complement 
to initiate demyelination. It should be noted that although GC is also a 
major component of CNS myelin, no CNS abnormalities have been reported 
in GC-induced EAN in the rabbit. Although GC-induced EAN is relatively 
poorly characterized the ability of a glycolipid to initiate a demyelinating 
neuropathy is of great clinical interest. Autoantibodies to epitopes on 
sulphated glucuronic acid-containing glycoconjugates, both lipid and pro
tein45-47, are the pathological entity responsible for a subset of IgM 
associated PANs. Immunization of rabbits with one of the target antigens, 
sulphoglucuronyl paragloboside, has also been reported to induce a mild 
clinical disease, associated with electrophysiological evidence of demyelin
ation45. 
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Autoimmune responses to peripheral nerve myelin in human 
disease 

Although the pathology and clinical course of EAN has similarities with 
both GBS and ClOP, there is no conclusive evidence that these human 
diseases are autoimmune mediated. Peripheral T cell activation is certainly 
associated with disease activity in GBS, but the antigen specificity of this 
response is unknown113. Some patients with GBS also exhibit enhanced T 
cell responses to either P2 protein or the PO glycoprotein (reviewed in 
reference 114). However, the data obtained are inconsistent. This may be 
due in part to differences in the groups of patients studied, the time elapsed 
between disease onset and sampling, and techniques used to detect the 
autoimmune T cell response. Studies of the dynamics of auto antigen-specific 
T cell responses in the blood of animals with EAN indicate that the time at 
which the patient's peripheral blood lymphocytes are tested is crucial. In 
EAN induced by active immunization with P2 protein, the P2-specific T cell 
response in the peripheral blood is transient and can be only detected shortly 
before and during disease onset115. This also appears to be true for GBS. 
Although a T cell response to P2 protein may be present at disease onset, 
it is often no longer detectable some days later116. 

It must also be remembered that the presence of an autoimmune T cell 
response to PNS myelin proteins in the peripheral blood is not restricted to 
patients with peripheral nerve disease, as P2-specific T cells are present in 
the immune repertoire of healthy controls117. Moreover, a pathogenic T cell 
response may be restricted to specific epitopes. The Lewis rat mounts a 
vigorous T cell response to two epitopes in the P2 protein. One epitope 
involving amino acids 58-72 can induce EAN, whilst the second, amino 
acids 14-27, is not neuritogenic118. The situation is likely to be far more 
complicated in man than in inbred strains of experimental animal. This has 
been clearly demonstrated with respect to the human T cell response to 
MBP, which can utilize multiple MHC class II haplotypes, T cell receptor 
V and V{3 elements and which recognizes a large number of epitopes119.120. 

Theoretically, it may be easier to detect and demonstrate the presence of 
a pathogenic autoantibody response. However the significance of autoanti
bodies and the identity of the putative target autoantigens in GBS and ClOP 
are still hotly debated. As in EAN, plasmapheresis has a considerable clinical 
benefit for some patients with GBS or ClOP, indicating that a humoral 
immune response may be involved in disease pathogenesis121.122. The 
demyelinating activity of immunoglobulins from patients with GBS and 
ClOP has also been demonstrated, both in vitro, following intraneural 
injection and in vitro using myelinating PNS cultures as targets (reviewed 
in references 114, 123). The titre of anti-peripheral nerve glycolipid anti
bodies decreases in parallel with clinical improvement in some patients with 
GBS124. Most of the complement fixing anti-myelin antibody response in 
GBS has been reported to be of the IgM isotype and directed against 
neutral glycolipids44, but other investigators implicate autoantibodies 
recognizing gangliosides and other glycolipids in the pathogenesis of this 
disease40.45-47 .125-127. 
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A specific demyelinating autoantibody response has been identified in a 
large proportion of patients with an IgM PAN. In these patients, the 
pathogenic entity responsible for their neuropathy is a monoclonal IgM 
antibody recognizing a carbohydrate determinant expressed by MAG, 
PO and several acidic, sulphated glucuronyl glycolipids (SGGL) in PNS 
myelin40,45-47,125-127. Injection of this IgM into the cat PNS induced 
demyelination and associated electrophysiological abnormalities, confirming 
the pathogenicity of this antibody response128. However, the mode of action 
of the IgM within the patient's PNS is unclear: despite the high circulating 
concentration of the IgM and the demonstration of IgM and complement 
in the myelin sheath, complete loss of PNS myelin does not occur. Electron 
microscopic analysis reveals a selective widening of the extracellular apposi
tion of the myelin sheath, associated with a penetration of IgM along the 
surface of the membrane. The absence of gross complement-mediated 
demyelination in these patients may reflect a high expression of CD59 on 
the surface of the Schwann cell (Lassmann, personal communication). CD59 
is a membrane bound inhibitor of complement activation, the function of 
which is to protect cells from the consequences of autologous complement 
activation. The electrophysiological deficit in these patients may therefore 
reflect a decrease in conduction velocity, or conduction block mediated by 
the disruption of myelin/myelin and myelin/axonal interactions, in addition 
to myelination per se. 

Other PAN patients express IgM with specificities other than SGGL or 
MAG. One group of patients has a monoclonal IgM response to chondroitin 
sulphate, a component of the extracellular matrix, rather than to PNS myelin. 
Although the pathogenicity of this IgM response still has to be confirmed it 
suggests that a peripheral neuropathy can be triggered by antibody-mediated 
reactions within the nerve that do not directly involve the myelin sheath. 
This is also the case in patients with lower motor neuron disease and 
various forms of motor neuropathy129 in whom IgM autoantibodies to 
a Gal(fJl-3)GaINAc epitope is implicated in the disease pathogenesis. 
Interestingly, this epitope is expressed by numerous glycoproteins and 
glycolipids and is widely distributed throughout the nervous system, including 
peripheral nerve myelin antigens, and other tissues. In vivo, however, the 
autoantibody only appears to be deposited at the nodes of Ranvier, suggesting 
that molecular microenvironment plays an important role in determining 
the accessibility of the epitope to antibody. 

Analysis of the immunopathogenic mechanisms operating in EAN has 
identified a number of potential immune effector mechanisms and PNS 
autoantigens that may be involved in human disease. It is now vital to 
establish protocols that can differentiate between pathogenic and non
pathogenic autoimmune T cell responses in man. Only when this goal 
is achieved will it be possible to consider developing antigen-specific 
immunotherapies for GBS and CIDP. In the meantime it can only be hoped 
that novel pharmaceutical strategies will be developed for these diseases that 
will limit the inflammatory response and associated tissue damage in the 
PNS. 
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6 
Immunology of the motor nerve 
terminal 
A. VINCENT and J. NEWSOM-DAVIS 

INTRODUCTION 

The approaches that have so successfully established the autoimmune basis 
of myasthenia gravis (MG; see Chapter 7, this volume) have lent themselves 
to the study of other putative autoimmune disorders. Development of an 
animal model of MG by immunization against purified acetylcholine recep
tors (AChR) from the electric ray, and identification of the reduced numbers 
of muscle AChRs using the specific neurotoxin [ 125IJO(-bungarotoxin (0(
BuTx), predated the observations that confirmed the role of antibodies in 
this disease, i.e. the detection of anti-AChR antibodies, the clinical response 
to plasma exchange, and passive transfer of MG to experimental animals. 
By contrast, in the Lambert-Eaton myasthenic syndrome (LEMS) and 
acquired neuromyotonia (Isaacs' syndrome, NMT) the autoimmune nature 
of the human disorder was evident before the target antigens could be 
identified. It is now thought that the target in LEMS is the voltage-gated 
calcium channel (VGCC), and in NMT may be the voltage-gated potassium 
channel (VGKC). When the relevant human channels have been better 
characterized, and their genes cloned and expressed, it should be possible to 
identify directly the target(s) ofthe autoantibodies, and to establish experimen
tal disease in animals. The success of the experimental approaches described 
in this review has begun to influence treatment of these conditions, and 
further investigation into their immune aetiologies may lead eventually to 
specific immunotherapy. 

LEMS 

LEMS, first characterized electro physiologically by Lambert et al. 1, is one 
of a group of disorders that can arise as a 'remote effect' of a neoplasm. 
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Table 6.1 Paraneoplastic neurological disorders 

Site Disorder Neoplasm 

Cerebrum Limbic encephalitis Small cell lung 

Brain stem Opsoclonus-myoclonus Neuroblastoma, 
gynaecological 

Encephalitis Small cell lung 

Cerebellum Subacute degeneration Ovarian, lymphoma, 
small cell lung 

Retina Retinitis Small cell lung 

Spinal cord Myelopathy Small cell lung 

Peripheral nerve Subacute sensory Small cell lung 
neuropathy 
Neuromyotonia Lung cancer, 

thymoma 

Neuromuscular LEMS Small cell lung 
junction 

Myasthenia gravis Thymoma 

Target of antibodies 

Neurones 

Neuronal nuclei 

Neurones 

Purkinje cells 

Retinal cells 

Spinal cord protein 

Neuronal nuclei of dorsal 
root ganglia 
Peripheral nerve, ? K + 

channels 

Presynaptic Ca2+ 
channels 
Postsynaptic acetylcholine 
receptors 

These paraneoplastic disorders can involve the cerebrum, brainstem, retina, 
cerebellum, dorsal root ganglia and spinal cord as well as peripheral nerve 
and the neuromuscular junction (for review, see reference 2). Table 6.1 lists 
the principal diseases and their associated neoplasms. It should be noted 
that some of the conditions can occur in the absence of an associated tumour 
(e.g. opsoclonus-myoclonus, LEMS, NMT, MG). As the table shows, the 
range of associated neoplasms is small. Small cell lung cancer (SCLC) is the 
most common, perhaps because it is probably of neuroectodermal origin 
and may therefore share cross-reactive determinants with the nervous 
system3 . 

Incidence 

A prospective survey of 150 patients with SCLC\ taken together with other 
retrospective studies, suggests a LEMS incidence of 3% (and an overall 
incidence in the general population of about 4 per million). LEMS was the 
most common paraneoplastic syndrome encountered in this series. However, 
not all patients with LEMS have an associated cancer. In the series of 50 
patients reported by O'Neill et ai. 5 , about one-third had no detectable cancer, 
and most of these were non-smokers (i.e. low risk for SCLC) with a clinical 
history of LEMS of longer than 5 years. 

Clinical features 

The syndrome is characterized by proximal muscle weakness, most marked 
in the lower limbs, and autonomic dysfunction, including dry mouth, sexual 
impotence and constipation. Ptosis and bulbar symptoms may also occur, 
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Figure 6,1 Relationship between increment in the compound muscle action potential (CMAP) 
after maximal voluntary contraction (MVC) and initial CMAP amplitude. Electrophysiological 
findings in LEMS patients (., cancer detected; 0, no cancer detected). Filled squares are 
values from control subjects, the lowest of which was 8.4 m V. Only two LEMS patients had 
values within the control range. The percentage increment after maximal voluntary contraction 
for 10-15 s, MVe, shown on a logarithmic scale, shows an inverse correlation with the 
compound muscle action potential (CMAP) amplitude. Taken with permission from reference 
5 

and there may be respiratory involvement. On examination, muscle weakness 
is typically accompanied by augmentation of strength and recovery of reflexes 
during the first few seconds of sustained maximum effort (in contrast to 
MG), and the initially depressed tendon reflexes often show post-tetanic 
potentiation. A complete list of symptoms and signs is given in reference 5. 

The edrophonium (Tensilon') test may be positive, as it is in MG, and there 
may be increased jitter on single-fibre EMG. The definitive diagnosis is made 
by demonstrating a reduced compound muscle action potential amplitude 
in a resting muscle that increases more than 2-fold following 15 s maximal 
voluntary contraction of the muscle (see Figure 6.1). LEMS has to be 
distinguished from MG, from the congenital myasthenias, and from poisoning 
by Botulinum toxin (BoTx). Anti-AChR antibodies are usually detectable in 
MG, and reflexes are typically brisk. Most of the congenital myasthenic 
syndromes begin in infancy or early childhood (for a review see reference 6). 
BoTx poisoning could be difficult to exclude, although it is rare. The presence 
of anti-VGCC antibodies would confirm LEMS, but raised titres are only 
clearly detected in a proportion of patients using the current method with e25IJw-conotoxin from Conus geographus. 
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Figure 6.2 Ca2 + dependency of ACh release at the neuromuscular junction. Schematic diagram 
showing position of active zone particles (AZP), thought to be the voltage-gated calcium 
channels (VGCC), in the 'active zones' on the nerve terminal membrane opposite the postsynaptic 
folds. Release of ACh takes place when nerve terminal depolarization causes the VGCCs to 
open allowing a rapid local increase in Ca2+ concentration. This leads to the fusion of the 
synaptic vesicles with the nerve terminal, and ACh release. The intra terminal mechanisms are 
unknown 

Experimental studies on LEMS muscle 

Electrophysiology of neuromuscular transmission in LEMS 

Neuromuscular transmission depends on the release of acetylcholine (ACh) 
from the nerve terminal and its interaction with postsynaptic AChRs (Figure 
6.2; for reviews see reference 7). ACh is released in packets, or quanta, each 
of which contains 5000-10 000 molecules of the neurotransmitter. It diffuses 
across the synaptic cleft, binds to the AChRs and causes opening of the 
AChR-associated ion channel, allowing cations (mainly Na +) to enter the 
muscle fibre. When individual packets of ACh are released the resulting 
depolarization (the miniature endplate potential, MEPP) can be recorded by 
a microelectrode inserted into the muscle fibre close to the end plate. 

When a nerve impulse invades the nerve terminal, the action potential 
causes the opening of VGCC, which allows the rapid local influx of Ca2+ 
ions into the cytoplasm. Ca2 + acts on a presynaptic mechanism to cause the 
almost simultaneous release of about 50 packets of ACh. The combined 
effect of all the ACh results in the end plate potential (EPP) which, in normal 
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muscle, triggers a muscle action potential (MAP) and muscle contraction. 
The quantal content (m), that is the number of packets of ACh released per 
impulse, can be measured by various methods (see reference 7). The use of 
Il-conotoxin, a neurotoxin that predominantly blocks the muscle action 
potential8, leaving the nerve action potential intact, makes it possible to 
record MEPPs and EPPs from the same muscle fibres in the absence of 
muscle contraction. m can then be calculated from the ratio between the 
MEPP and EPP after the appropriate corrections. 

In LEMS the number of quanta released is substantially reduced, and the 
EPP may be too small to trigger the muscle action potential9 . During 
repetitive nerve stimulation the size of the EPP increases with restoration of 
muscle fibre activation. The abnormality of quantal release, overcome by 
repetitive stimulation, can be reproduced by treating normal human muscle 
with high levels of Mg2+. Mg2+ competitively blocks the entry of Ca2+ into 
the nerve terminal, and thus these observations are consistent with a defect 
in Ca2+ influx underlying the abnormality of quantal release in LEMS 9 . 

The recovery of muscle contraction during repetitive stimulation is thought 
to be due to build-up of Ca2+ within nerve termini. 

These conclusions were reinforced by the studies of Engel and his 
associates10 who applied freeze-fracture electron microscopy to muscle 
biopsies from LEMS patients. They found that the active zone particles 
(AZP), thought to represent the transmembrane VGCC, were reduced in 
number and lacked their usual orderly arrangement in double parallel arrays 
(Figure 6.3). Biochemical measurements made in muscle biopsies from LEMS 
patients showed that ACh release was reduced even though the storage and 
synthesis of the neurotransmitter were normal11 . 

Autoimmune basis for LEMS 

Several observations suggested an autoimmune basis. Organ-specific auto
antibodies and an increased incidence of other autoimmune disorders are 
frequently found 12.13. Substantial clinical improvement, sustained for several 
weeks, followed plasma exchange, implying the existence of a humoral 
factor 14. This improvement could be maintained by administration of 
th~ immunosuppressive drugs prednisolone and/or azathioprine15. The 
association of LEMS with an increased incidence of the HLA haplotype AI, 
B8, DR3, and with certain immunoglobulin heavy chain markers also 
indicated the importance of immunogenetic factors in susceptibility16. 

In order to investigate the presence of a causative antibody, mice were 
injected intra peri tone ally with IgG prepared from LEMS plasma, at a dose 
of lOmg/day, for periods ranging from 2 to 80 days14.17,18. Although the 
animals did not generally show clinical weakness (probably because the 
safety factor for neuromuscular transmission is high in rodents), there was 
a significant reduction in m measured at diaphragm endplates in vitro 17 ,18. 

This made it possible to investigate in greater detail the underlying basis for 
the defect in quantal release. 

First, the reduction in m was not due to an effect on the propagation of 
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Figure 6.3 Active zones in LEMS. Active zones in the presynaptic membrane face of nerve 
terminals from human muscle biopsies. A. Healthy control muscle: active zones consist of 
double parallel rows of AZPs (arrows) and a few smaller parallel rows or clusters (arrow-heads). 
B. LEMS muscle: there are fewer parallel rows, and more clusters of AZPs. However, the total 
number of particles in rows or clusters is reduced overall. The schematic reconstructions are 
based on the mean results of nine patients and 14 controls. Scale 111m. Taken with permission 
from reference lO. Courtesy of Dr A Engel 

the action potential into the nerve terminal, since both MEPP frequency 
and ACh release were reduced in LEMS IgG-treated diaphragms when release 
was stimulated directly by incubating the muscle in high concentrations of 
K + 19. Neither was the effect at the intraterminal site of Ca2+ activation of 
the release mechanism; the Ca2+ -independent K + -stimulated increase in 
MEPP frequency which occurs in Ca2+ -free solutions, or in the presence of 
the pharmacological agents ouabain and lithium, was not affected by LEMS 
IgG20. These observations indicate that release which is not dependent on 
Ca2+ entry is normal. On the other hand there was clearly a reduced 
sensitivity to external Ca 2+ . The quantal content, m, (Figure 6.4), and Ca 2+ -
dependent K + -stimulated increase in MEPP frequency, both responded to 
increases in external Ca2 +. These observations are consistent with a reduced 
number of functional VGCC21 ,22 limiting the amount of Ca2+ entry into 
the nerve terminal following depolarization. 

LEMS IgG usually had no short-term effect on the mouse diaphragm in 
vitro, and appeared to require several hours to achieve any reduction in 
m19 ,22. This is probably not due to a problem with accessibility of the IgG 
to the neuromuscular junction, since some MG IgG preparations have 
reduced AChR function within 3 h23, and similar results are found with 
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Figure 6.4 Ca2+ dependency of quantal content in LEMS. m was measured in mouse 
diaphragms after injection with control (.) or LEMS (0) IgG. The preparation was kept in 
a high Mg2 + concentration (7.2 mM) to reduce the quantal content to levels which could be 
easily measured. At each Ca2 + concentration the quantal content is reduced in LEMS IgG
treated mice (shifted to the right), but it responds normally to increases in Ca2+ in the bathing 
fluid (slope of line is not changed). Log-log plot. Taken with permission from reference 21 

application of the LEMS preparations to cultured cells (see below). The 
electro physiological studies on passively-transferred LEMS are further 
reviewed by Wray24. 

Antibody binding in the passive transfer model 

Fukunaga et al. 25 found that passively transferred LEMS produced changes 
in the number and orderly arrangement of AZPs, very similar to those 
previously observed in biopsies from patients with LEMS10. In further 
studies, the early events were investigated in mice after 2 days of injections. 
The earliest sign was a decrease in the distance between the active zone 
particles in the outside rows, followed by clustering of the particles, finally 
resulting in a reduced number of active zones and of particles that were 
identified as AZPs by careful stereoscopic measurements26. In parallel with 
these observations, Fukuoka et al. 27 demonstrated IgG binding to the nerve 
terminal membrane by immunoperoxidase and immunoferritin staining 
(Figure 6.5). These studies not only suggested that the LEMS antibodies 
were directed against the active zone particles, but also suggested that their 
mechanism of action involved cross-linking of the AZPs on the surface of 
the nerve terminal, followed by internalization. This was confirmed by 
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Figure 6.5 Immunoferritin localization of human IgG after injection with LEMS IgG. The 
ferritin particles are concentrated near the active zones (arrows). Magnification x 81 900. Taken 
from reference 27, courtesy of Dr A Engel 

showing, in organ culture that, whereas Fab monomers derived from LEMS 
IgG by papain digestion were ineffective, divalent F(ab'h generated by pepsin 
digestion produced results which were similar to those with whole IgG28. 

None of the morphological studies on muscles from either LEMS patients 
or mice with passively transferred disease have suggested complement
mediated damage to the nerve terminal; indeed the physiological evidence 
suggests that the nerve terminal function is normal except with respect to 
the number of functioning VGCCs. These findings have been reviewed by 
Engel29• 

Role of small cell lung cancer in LEMS 

Before the autoimmune basis for LEMS was established it had been suggested 
that a peptide secreted by SCLC tumours was responsible for the neurological 
syndrome. This theory did not receive support from the studies of Lambert 
and Lennon30, who successfully transplanted SCLC tumours into athymic 
nude mice but found no neuromuscular dysfunction in the recipients. It is now 
clear that, in SCLC-associated LEMS, tumour cells trigger autoantibodies to 
surface determinants that cross-react with similar determinants at the 
neuromuscular junction. 

SCLC expresses various neurone-specific markers, including neurone
specific enolase and UJ13A, and can secrete neuroactive pep tides such as 
ACTH and bombesin31 . It can generate short-duration action potentials 
which are similar to those found in cultured neurones 3, inhibited by VGCC 
antagonists. Thus it is not surprising that individuals in whom particular 
immune response genes appear to be markers for increased susceptibility16 
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develop antibodies against cell surface components of the tumours, including 
VGCCs, and that these autoantibodies have the potential to cross-react with 
CNS determinants. Interestingly, tumour biopsies from patients with SCLC 
and LEMS show more macrophage infiltration but lower levels of expression 
ofHLA class I than SCLCs from patients without LEMS32. One explanation 
for these features would be that an active immune response to the tumour 
could have triggered destruction of the more highly differentiated, HLA
expressing cells. 

Effect of LEMS sera on cultured cells 

In order to investigate the nature of the target antigen in LEMS and to help 
establish a source of the antigen for diagnostic assay, various neuronal and 
small cell lung cancer cells have been investigated for expression offunctional 
VGCc. Depolarization of the SCLC line, MAR 10, with high K + resulted 
in influx of 45Ca2+ which could be inhibited by incubation in the presence 
of known VGCC blockers such as dihydropyridines, phenylalkylamines and 
large divalent cations33. This K + -stimulated Ca2+ flux was reduced when 
the SCLC cells were cultured in the presence of LEMS IgG, but unaffected 
by control IgG, including that from patients with other neurological diseases. 
LEMS IgG inhibits Ca2+ flux, though to a varying extent, in a number of 
different neuronal and SCLC lines34 (Figure 6.6). A similar effect could be 
demonstrated by electro physiological experiments using whole-cell patch 
clamp recordings from the neuronal cell line, NG 108, adrenal chromaffin 
and rat pituitary cells35-37. In most cases the effects depended on exposure 
of the cells for a minimum of several hours, consistent with the evidence 
cited above that the autoantibodies act by cross-linking the VGCCs leading 
to their internalization, rather than by direct blocking of the Ca2+ channel 
itself. However, occasional LEMS IgG preparations have demonstrated a 
more direct effect. 

The relevance of these observations to the aetiology of LEMS is indicated 
by a close correlation between the inhibition of Ca 2 + flux by an individual 
patient's IgG and the CMAP measured in the patient's muscle at the time 
of serum sampling38 (Figure 6.6). 

/mmunoprecipitation assay using r25/jw-conotoxin 

The Ca2+ flux studies suggested that the cell lines might be a good source of 
the antigen to use in immunoprecipitation assays for diagnosis and monitor
ing the disease. Calcium channels are heterogeneous and several different 
subtypes have been described based on their inactivation kinetics and 
pharmacological properties (Table 6.2). Cells of neuronal origin were thought 
to express N type VGCC as well as Land T types. N type are poody blocked 
by dihydropyridines but susceptible to inhibition by w-conotoxin, another 
neurotoxin (distinct from the /l-conotoxin that inhibits Na + channels, see 
above) from Conus geographus, the fish-eating snail. For this reason several 
groups have extracted VGCCs from neuronal cell lines, labelled them with 
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Figure 6.6 LEMS IgG reduces VGCC function. A. Effect of IgG on K + -stimulated Ca2+ flux 
in a small cell cancer line (top) and the PCl2 phaeochromocytoma cell line (bottom). Cells were 
incubated for 7 or 3 days, respectively, with IgG from healthy controls (CON), other neurological 
disorders (OND) and LEMS patients with or without small cell lung cancer (SCLC). Results 
are expressed as a percentage of values in cells grown in medium without IgG. B. Correlations 
between inhibition of K + -stimulated Ca2 + flux and amplitude of the CMAP in individual 
LEMS patients. Results from both cell lines as in A. Taken with permission from reference 38 

Table 6.2 Neuronal calcium channel subtypes 

Sensitivity of Ca2 + flux to antagonists 

Type Dihydropyridines w-conotoxin w-aga-toxin 

L 
N 
P 

+ + 
++ 

+, Relatively weak inhibition or reversible binding 
+ +, Strong inhibition or binding 

++ 

e25I]w-conotoxin, and showed that LEMS sera can immunoprecipitate the 
radioactivity (Figure 6.7). However, the proportion of LEMS patients in 
whom this assay is positive varies39- 41 . 

Recently, immunoprecipitation asays have been performed using as antigen 
VGCCs extracted from a SCLC tumour cell line derived from a LEMS 
patient42• Interestingly, sera from only four of 13 LEMS patients immunopre
cipitated [ 125I]w-conotoxin-Iabelled VGCCs, whereas all 13 inhibited K + -
dependent Ca 2 + flux in the line. This was consistent with the relative lack 
of effect of w-conotoxin on the K + -dependent Ca2+ flux, suggesting that in 
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Figure 6.7 Radioimmunoassay for LEMS. A. Immunoprecipitation of [ 125I]w-conotoxin
labelled VGCCs, extracted from a human neuroblastoma cell line, by serum from a LEMS 
patient (O). Serum from a healthy control (O) did not precipitate any radioactivity. Dotted 
lines show precipitation when the cell line was presaturated with non-radioactive w-conotoxin. 
B. Serum antibody titres against [ 125I]w-conotoxin-labelled VGCCs, measured as in A, in 
LEMS and control groups (HC, healthy; SCLC, small cell lung cancer without LEMS; OND, 
other neurological controls; MG, myasthenia gravis; RA/SLE; rheumatoid arthritis and systemic 
lupus erythematosus). Taken with permission from reference 41 

this line, and possibly in the neuronal cell lines mentioned above, w-conotoxin 
binds to a subpopulation of VGCCs which are not the main target for LEMS 
antibodies. There is still considerable debate about the importance of different 
VGCC types in neuronal function and recent work suggests that the P type 
channel, first described in Purkinje cells43, might be most important 
functionally at the neuromuscular junction44. This channel is not susceptible 
to J-l-conotoxin but is inhibited by FTX and w-aga-toxin fractions of the 
American funnel web spider, Agelenopsis aperta45 . Studies in progress aim 
to use this and other P-type toxins to label VGCCs for diagnostic assays. 
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Other antigens in LEMS 

There has been some interest in the possible involvement of antigens other 
than the VGCC in the aetiology of LEMS. Chapman et al.46 reported 
electro myographic evidence of LEMS in rats immunized with purified 
Torpedo cholinergic nerve terminals. About 50% of animals showed a small 
initial MAP with an increment of the second of paired stimuli. The 
antigen has not been identified, but recently a 56 kDa polypeptide, possibly 
synaptotagmin, a synaptic vesicle protein, has been shown to bind some 
LEMS antibodies on Western blots47 . It appears, therefore, that either 
VGCCs are not the only target antigens in LEMS, or VGCCs are associated 
with synaptic vesicle proteins and co-purify with them. It was interesting 
that the sera positive for binding to synaptotagmin were also positive 
for immunoprecipitation of w-conotoxin-binding47 . A possible interaction 
between VGCC and synaptotagmin is suggested. 

Treatment of LEMS 

Both groups of patients may benefit symptomatically from 3,4 diaminopyrid
ine (3,4DAP) that increases ACh release by blocking nerve K + channels48• 

In SCLC-associated LEMS, specific tumour therapy often leads to improve
ment in or even recovery from neurological symptoms49. This implies that 
removal of the antigenic stimulus leads to reduced levels of anti-VGCC 
antibodies though this has not yet been reported. In patients without 
SCLC for whom 3,4DAP is insufficient treatment, immunosuppressive 
drugs (prednisolone and azathioprine) can be valuable 15 . Patients who are 
apparently cancer-free at presentation should be followed carefully to ensure 
early detection of the appearance of SCLC if they are in a high-risk group. 

ACQUIRED NEUROMYOTONIA 

Acquired neuromyotonia (NMT) (Isaacs' syndrome 5 0) is a syndrome of 
continuous, spontaneous muscle fibre activity that causes muscle stiffness, 
painful muscle cramps and in most cases visible undulating myokymia. 
Excessive sweating and hypertrophy of the muscles may occur as a result of 
the hyperactivity, and creatine kinase levels may be raised. It may arise 
in isolation, but has also been reported in association with peripheral 
neuropathies, thymoma, myasthenia gravis and occasionally with lung cancer 
(for review see reference 51). The characteristic electro my 0 graphic findings 
are spontaneous doublet, triplet or multiplet motor unit discharges with high 
instantaneous frequencies, that occur as irregular bursts or immediately 
following nerve activation (Figure 6.8), and may be associated with fascicu
lations and fibrillation potentials5o ,52. Its abolition by d-tubocurarine and 
its typical persistence after proximal peripheral nerve block indicated its 
origin in the terminal portion of the motor nerves50. It also continues during 
sleep or general anaesthesia. It should be distinguished from other causes of 
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Figure 6.8 Evidence for an autoimmune basis for neuromyotonia (NMT) in a 17-year-old 
male. A. Spontaneous motor unit discharges recorded with a concentric needle electrode 
from the resting gastrocnemius muscle. B. Mean discharge rate/s of motor units in medial 
gastrocnemius showing marked improvement following two treatments with plasma exchange 
with a 6-month interval. C. Curare sensitivity of neuromuscular transmission in mice injected 
with patient's IgG (e), compared with control IgG (0) or untreated (.). NMT IgG treatment 
resulted in resistance to curare with a shift of the dose-response curve to the right. Taken from 
reference 54 with permission 

159 



IMMUNOLOGY OF NEUROMUSCULAR DISEASE 

visible myokymia, which tend to be more focal and rhythmical in distribution, 
and from the stiff man syndrome which is of central origin. 

Aetiology of neuromyotonia 

The nature of this rare condition was unknown until recently. However, in 
the last few years it has become apparent that in some patients the aetiology 
is autoimmune. Several cases have been reported in association with 
thymoma, and/or with MG and also occasionally with lung cancer (Table 
6.1). Penicillamine, a drug which is known to induce a variety of autoimmune 
diseases, has been reported to induce neuromyotonia which improved after 
withdrawal of treatment53 . These clinical features thus raised the possibility 
of an autoimmune aetiology. This was supported by the report of a clear 
response to plasma exchange 54 (Figure 6.8), confirmed in other cases55, that 
implicates a humoral factor. Moreover, passive transfer of NMT IgG into 
mice resulted in increased efficacy of neuromuscular transmission 54, as shown 
by enhanced resistance to d-turbocurarine (Figure 6.8). These experiments 
indicate that the IgG had an effect on the neuromuscular junction, though 
the mice did not show any overt hyperactivity, and there was no evidence 
of spontaneous nerve activity. 

An interpretation proposed for these observations was the presence of 
antibodies to voltage-gated K + channels that normally control nerve 
excitability and transmitter release. This was supported by recent experiments 
which have shown an increase in the number of quanta of ACh released per 
nerve impulse in mice receiving IgG from two patients with NMT56• The 
increase was similar to that found when normal mouse muscle was incubated 
with the K + channel blocker 3,4DAP. Thus anti-K + channel antibodies, by 
reducing the number of functional channels, may underlie the increase in 
nerve terminal excitability that characterizes NMT. Whether similar or 
related antibodies affect targets within the blood-nerve barrier in the human 
condition remains to be seen, but it is of interest in this context that 
oligoclonal bands were detected in the cerebrospinal fluid of three NMT 
patients51 , consistent with the production of IgG within the CNS. 

Voltage-gated K + channels, like their calcium counterparts, are known to 
be heterogeneous, in this case deriving from alternate splicing of several 
different, but related, genes. Defining the exact nature of the antigen, and 
finding a suitable antigen source for an immunoassay will not be easy, but 
an approach based on the use of specific neurotoxins, similar to that being 
used in LEMS, appears to be promising. 

CONCLUSIONS 

The approaches described in this review have proved successful in establishing 
an autoimmune basis for LEMS. In particular the passive transfer of IgG 
to mice has allowed more detailed investigations of antibody-mediated 
physiological effects than can be performed on human muscle biopsies, and 
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the study of inhibitory effects on ion fluxes in human neuronal cell lines has 
made it possible to begin to identify and characterize the target antigen in 
LEMS. Similar approaches are now being used to investigate the aetiology 
of NMT. Appropriate cell lines will, in the future, provide the starting 
material for purification and cDNA cloning of the antigens for both LEMS 
and NMT. These in turn will enable further investigation of the underlying 
immune mechanisms involved in the aetiology of the diseases, and should 
lead eventually to attempts to provide specific immunotherapy. 
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7 
Myasthenia gravis 
D. B. DRACHMAN and R. W. KUNCL 

INTRODUCTION 

Myasthenia gravis (MG) is undoubtedly the most thoroughly understood 
neuromuscular autoimmune disease, and is perhaps the best understood of 
all human autoimmune disorders. The clinical features of muscle weakness 
and fatigue were first recognized in the seventeenth century 1 , and were well 
described by 19002 •3 . The neuromuscular junction was identified as the 
general site of abnormality because of the resemblance of MG to curare 
poisoning, and the favourable clinical response to treatment with anticholin
esterase drugs4 . The development and application of neurotoxins from elapid 
snake venoms\ that bind specifically to acetylcholine receptors (AChRs), led 
to the precise identification of the deficit of available AChRs at neuromuscular 
junctions6 . These highly specific neurotoxins permitted purification and 
characterization of the AChR molecule, initially from the richest sources -
the electric organs of electric eels and rays 7 - and subsequently from a wide 
variety of sources, including human muscle. At present, genes for all subunits 
of the AChR have been sequenced and cloneds-10, and AChR subunits have 
been produced by recombinant technologyll,12. An experimental model 
(EAMG) induced by immunization of animals with purified AChR 13 has 
greatly facilitated studies of the pathogenesis and treatment of MG. The key 
role of AChR-specific antibodies in the pathogenesis of MG14, and the 
mechanisms by which they interact with AChRs15, have now been clearly 
elucidated. 

From the clinical point of view, both diagnosis and treatment of MG have 
advanced remarkably. Formerly a fatal or disabling disease in the majority 
of cases16, MG no longer carries a 'grave' prognosis. With the use of modern 
immunotherapy, most myasthenic patients can be restored to fully productive 
lives17. 

Despite these important advances, significant gaps in our knowledge 
remain, and are the focus of current research. The factors that initiate and 
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maintain the pathological autoimmune response in MG are not yet known, 
as is also true for all other spontaneously occurring autoimmune diseases. 
The cellular immunology of MG is currently the subject of intensive study. 
Based on detailed knowledge of the molecular structure of the AChR, efforts 
to map the epitopes with which B cells and T cells interact are underway. 
As will be discussed further, the heterogeneity of the immune responses at 
both B cell and T cell levels makes this a formidable task. 

In view of the extensive knowledge of the pathogenesis and immunology 
of MG, it should be possible to devise specific methods of immunotherapy, 
and ultimately, to cure the underlying disorder. However, this goal has as 
yet remained elusive. 

In this chapter, we will attempt to summarize current knowledge about 
the pathogenesis, immunology, clinical features, diagnosis, and present and 
future treatment of MG. 

THE NEUROMUSCULAR JUNCTION IN MG 

It is now thoroughly established that the basic abnormality in MG is a 
deficit of available AChRs at neuromuscular junctions. This was first 
demonstrated by the use of 125I-Iabelled rx-bungarotoxin (rx-BuTx), which 
binds specifically and virtually irreversibly to nicotinic AChRs of skeletal 
muscles5. The number of AChRs can be determined by saturation of a muscle 
biopsy specimen with e25I]rx-BuTx, and measurement of the amount of 
radioactivity bound to neuromuscular junctions6.18. Comparison of the 
number of AChR binding sites per neuromuscular junction in deltoid muscles 
from large groups of healthy individuals and myasthenic patients showed a 
highly significant difference: the myasthenic patients' junctions had only one
third as many AChRs on the average (0.7 ± 0.1 x 107, compared with 
2.1 ± 0.2 x 107 for normal individuals), and there was only 5% overlap 
between the two groups6.19. Indeed, measurement of junctional AChRs in 
muscle biopsies, when available, is one of the most sensitive and reliable 
diagnostic tests for MG. In addition to the reduction of AChRs, neuromuscu
lar junctions from myasthenic patients show morphological changes of 
simplification of the postsynaptic membrane folds, and an increase in the 
gap between pre- and postsynaptic membranes2o. 

The reduction in junctional AChRs accounts for most, if not all, of the 
clinical and physiological abnormalities in MG. No additional defects of 
pre- or postsynaptic function that might further impair neuromuscular 
transmission have been reported in MG. Neither resting nor stimulation
evoked release of ACh is reduced21 .22. Channel properties of the remaining 
AChRs at myasthenic junctions were reportedly normal, in terms of open 
times and current flOW23. Moreover, an experimental animal model in which 
the number of available AChRs in rats was reduced by specific blockade 
with rx-cobratoxin, reproduced the characteristic features of human MG. The 
animals were weak, and showed decremental responses on repetitive nerve 
stimulation, typical of the pattern in MG24. The decremental responses were 
markedly improved by administration of anticholinesterase agents. Post-
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tetanic responses, thought to be particularly characteristic of MG, were also 
reproduced by the AChR blockade model. 

Both the clinical and the electrophysiological features of MG are well 
explained by the reduction of available AChRs. The basic principle is that 
the amplitude of endplate potentials (epps) depends on the number of 
interactions between presynaptically released ACh molecules and postsynap
tic AChR molecules. A reduction of either the amount of ACh released, or 
the number of AChRs, would result in a reduction of the epp amplitude. At 
the normal junction, the interactions are more than sufficient to produce 
epps large enough to trigger muscle potentials without failures. The excess 
above threshold has been termed the 'safety margin' of neuromuscular 
transmission25. In MG, the decreased number of AChRs limits the number 
of interactions, giving rise to epps of diminished amplitude. Therefore, epps 
at some neuromuscular junctions are below the threshold necessary to trigger 
muscle action potentials. This results in failure of neuromuscular transmission, 
which has been demonstrated both by intracellular recording26,27 and by 
the method of single fibre electromyography (SFEMG)2S (see section on 
diagnosis). When transmission fails at many junctions, the power of the whole 
muscle is reduced, which is manifested clinically as weakness. Neuromuscular 
fatigue is the single most characteristic feature of MG. The patient cannot 
sustain or repeat forceful muscular contractions. Electrophysiologically, 
fatigue is recognized as a progressive decrement in the amplitude of muscle 
responses evoked by repetitive stimulation of motor nerves. These fatigue 
phenomena result from the reduced safety margin at myasthenic junctions, 
superimposed on the normal decline of evoked ACh release, which is termed 
'presynaptic rundown'. During repeated stimulation of normal motor nerves, 
the amount of ACh released per impulse decreases after the first few impulses, 
since the nerve is unable to sustain its original release rate29. In the 
myasthenic patient, this results in progressive failure of transmission because 
of the reduced numbers of AChRs (low safety factor) at neuromuscular 
junctions. In healthy individuals, the safety margin is sufficiently great so 
that transmission failure and fatigue do not occur except at high stimulation 
rates of 40-50 Hz. 

THE ACETYLCHOLINE RECEPTOR 

The nicotinic AChR of skeletal muscle is the target of the autoimmune 
response in MG. The AChR is a ligand-gated channel, composed of five 
subunits arranged around a central pore. It extends through the muscle 
membrane, with about half the total height of the molecule (55 A) projecting 
outside the membrane, and about 15 A within the cytoplasm30. As seen from 
above, it has been compared to a doughnut; the arrangement of subunits is 
like that of barrel staves around a central cavity31. Each AChR molecule 
consists of two a-subunits, and one each of p, b, and either,), or s (see below). 
The different subunits have considerable homology to each otherS, suggesting 
a common ancestral origin. Each of the subunits has four hydrophobic 
domains, implying that it traverses the membrane four times32. The amino 
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terminus is located extracellularly, but it is not yet certain whether the 
carboxyl terminus is external or internaP3,34. Each of the two IX-subunits 
bears an ACh binding site, which is located extracellularly, and is centred 
around amino acids 192-193. Functionally, the ion channel is closed in the 
resting state. It is activated to open when both IX-subunit binding sites are 
occupied by the agonist, ACh, or by closely related analogues. Blocking 
agents such as IX-BuTx or curare bind at or near the same site, preventing 
access to ACh. 

AChRs are closely regulated by motor nerves35-39. There are important 
differences between the AChRs of innervated mature muscles and those of 
denervated or immature muscles. In normally innervated mature muscle 
cells, AChRs are localized almost exclusively at the neuromuscular junction. 
Following denervation, or in immature skeletal muscle cells, AChRs are 
distributed over the entire surface of the muscle membrane, due to increased 
synthesis and insertion of extrajunctional-type AChRs. The junctional AChRs 
of innervated muscles have an 6 subunit in place of a '}' subunit4o,41, have 
channel properties of high conductance and short open times42, and the 
majority of the AChRs turn over relatively slowly (half-life in mice, about 
12 days)42. By contrast, the extrajunctional type AChRs of denervated or 
immature muscles have a '}' subunit rather than an 6 subunit, have low 
conductance and long open time channel properties42, and turn over rapidly 
(half-life in mice < 1 day). The motor nerves regulate the synthesis, 
subunit composition, distribution, and stabilization of AChRs35-45. There is 
substantial evidence that ACh transmission plays a key role in the regulation 
of these properties36,39,44,45. 

The richest natural source of AChR is the electric organ of the electric ray 
(Torpedo) or eel (Electrophorus), which consists of arrays of neuromuscular 
junction-like structures capable of producing powerful electrical discharges46. 
Fetal bovine muscle has been used for the production of relatively large 
amounts of mammalian AChR47. Human AChR extracted from amputated 
limbs is commonly used for diagnostic radioimmunoassay (RIA) of anti
AChR antibodies48. Relatively small amounts of AChR can be purified from 
this source by affinity chromatography. The human cell line TE671, derived 
from a rhabdomyosarcoma, was found to express AChR of the extra junctional 
type, and has been used as a source of human AChR49,5o. One of the most 
important advances in this area has been the cloning and sequencing of 
genes for all the AChR subunits of many species, including Torpedo and 
man8-IO• It is now possible to produce fusion proteins consisting of large 
stretches, or even entire subunits, of AChR by genetic engineering 11 ,12. 

Although these proteins lack the conformational attributes of natural AChR, 
they are useful for studies of T cell recognition in MG. Structurally and 
functionally intact AChRs have also been produced in frog oocytes51. 
Eventually, AChR generated by modern biotechnology may playa key role 
in future therapeutic strategies. 
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Table 7.1 Antibody-mediated autoimmune disease: criteria 

1. Antibody is present in patients with the disease. 
2. Antibody interacts with the target antigen. 
3. Passive transfer of the antibody reproduces the disease features. 
4. Immunization with the antigen produces a model disease. 
5. Reduction of the antibody ameliorates the disease. 

HUMORAL PATHOGENESIS OF MG: INTERACTION OF 
ANTIBODIES WITH AChR 

It is now widely accepted that the neuromuscular abnormalities in MG are 
brought about by antibody-mediated processes. The evidence for this satisfies 
a set of five criteria recently proposed to define the relationship between a 
putative autoantibody and a disease presumed to be autoimmune (Table 
7.1)52. It is instructive to apply these criteria to MG, as well as to the other 
neuromuscular diseases described in this volume. 

(1) Antibody is present. Overall, 80-90% of patients with MG have detectable 
serum antibodies to AChR, as measured by the standard RIA53- 55. The 
high proportion of antibody-positive patients supports the concept 
of antibody-mediated pathogenesis of MG. However, the absence of 
detectable circulating antibodies in more than 10% of myasthenic sera, 
including some from patients with severe generalized disease, provides 
an intriguing exception. Moreover, the serum antibody concentration 
does not correspond well with the clinical severity of weakness in 
MG53,56.57. These disparities initially led to questions about the 
relationship of anti-AChR antibodies to the pathogenesis of MG (see 
below). 

(2) Interaction with target antigen. One of the seminal developments in MG 
was the identification of the AChR at the neuromuscular junction as the 
molecular target of the disease process6 •13 . Despite knowledge of the 
target, demonstration of antibody at the site of junctional AChRs proved 
technically difficult. However, electron microscopic immunochemistry 
identified IgG at the postsynaptic membranes of myasthenic patients' 
neuromuscular junctions, localized appropriately so as to affect AChRs58. 

(3) Passive transfer experiments provided the most direct evidence of the 
pathogenic role of autoantibodies. IgG from myasthenic patients was 
repeatedly injected into mice, reproducing the characteristic features of 
MG, including reduced amplitudes of miniature endplate potentials, and 
a reduction of AChRs at neuromuscular junctions, as well as weakness 
and decremental responses to repetitive nerve stimulation15•59. The 
success of these studies depended on adequate cross-species reactivity 
between the human antibody and the mouse AChR; and reliable methods 
for detecting the key features of MG in the mice. 

(4) Model disease (EAMG). The availability of purified AChR permitted the 
immunization of experimental animals to produce EAMG13,60-62. This 
model, which is discussed in detail in Chapter 8, clearly demonstrated 
that an immune response directed against AChRs is capable of producing 
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key features of MG. However, the model does not reproduce the 
spontaneous human disease exactly, since the immunizing event (injection 
of relatively large amounts of AChR in adjuvant) is highly artificial. 
Further, the cellular effector mechanisms and the rapid course of the 
response in EAMG differ from those of spontaneous human MG. 

(5) Reduction of serum anti-AChR antibodies by immunosuppression or 
plasmapheresis results in marked clinical improvement in the great 
majority of patients63 ,64. 

In summary, the criteria linking the autoantibody and the disease process 
have been amply satisfied in MG, and the principle of antibody-mediated 
pathogenesis is widely accepted. 

Mechanisms of action of AChR antibodies 

How do anti-AChR antibodies effect a reduction in the number of junctional 
AChRs? At least three mechanisms are thought to participate in this effect: 
(1) accelerated endocytosis and degradation of AChRs; (2) functional blockade 
of ACh binding sites; and (3) damage to AChRs, in conjunction with 
complement and/or cellular elements. 

Accelerated degradation of AChRs 

The ability of myasthenic patients' IgG to accelerate the degradation of 
AChRs was first demonstrated in a rat skeletal muscle cell culture system, 
using [125IJIX-BuTx as a probe to follow receptor degradation65- 67. The rate 
of appearance of the breakdown product [ 125IJtyrosine in the medium 
reflects degradation of AChRs68. When immunoglobulin from myasthenic 
patients is added to the cultures, the AChR degradation rate increases by 
up to 2-3 fold. Sera from approximately 90% of myasthenic patients produce 
significant acceleration of AChR degradation in muscle culture systems55 ,57. 

This accelerated loss or 'modulation' of AChRs is the basis for a commercially 
available diagnostic test for MG. The ability of myasthenic patients' IgG to 
induce accelerated degradation of AChRs depends on its capacity to cross
link the receptors69,70. Cross-linking can be produced by IgG molecules 
because they are divalent, and are therefore capable of binding to identical 
antigenic sites on different AChR molecules. Monovalent Fab fragments, 
prepared by enzymatic cleavage of IgG from myasthenic patients, do not 
cause accelerated degradation, although they retain their ability to bind to 
single AChRs. However, if a second 'piggyback' antibody against the Fab 
fragments is added, to cross-link AChR-Fab complexes in the culture system, 
AChR degradation is accelerated. Morphological studies using freeze-fracture 
electron microscopy show that antibody-linked AChRs are drawn together 
in tightly packed clusters within the muscle membrane 71. The clustered 
AChRs are rapidly endocytosed by way of clathrin-coated pits that are 
known to transport a variety of other surface components to the interior of 
cells. The internalized AChRs then undergo enzymatic degradation within 
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lysosomes. The critical step that is accelerated by anti-AChR antibodies is 
endocytosis of the AChRs. 

Antibody-accelerated degradation of AChRs has also been shown to occur 
at intact neuromuscular junctions in vivo 72. This is not a trivial point, since 
junctional AChRs differ from the extrajunctional type AChRs of cultured 
skeletal muscles in their subunit composition, immunological reactivity, and 
turnover rates. 

Blockade of AChRs 

Antibodies from many myasthenic patients are capable of blocking the 
ligand-binding site of AChRs. Depending on the method used, the proportion 
of myasthenic patients' sera that block the ligand binding site has been 
reported to vary from 7% to nearly 90% under optimal conditions57.73~75. 
Because of the small size of the ACh-binding site (see above), it is unlikely 
that blockade is due to attachment of the antibody directly to the site itself. 
The blocking antibodies are thought to bind near the site, producing steric 
hindrance. 

Damage to neuromuscular junctions 

Several lines of evidence suggest that complement-mediated damage contri
butes to the effect of anti-AChR antibodies. Electron microscopy of neuro
muscular junctions from myasthenic patients revealed simplification of 
postsynaptic folds, which has been attributed to complement-mediated 
damage2o. Immunocytochemical methods have demonstrated the presence 
of the 'membrane attack complex' of complement at most neuromuscular 
junctions 76. In the passive transfer model, the pathogenic effect of myasthenic 
IgG is enhanced by the presence of complement in recipient animals59. 

Anti-AChR antibodies and the severity of MG 

It has been repeatedly noted that there is a poor correlation between the 
clinical severity of MG and the absolute concentration of circulating anti
AChR antibody53,56,57. However, a relative change in the serum anti-AChR 
antibody concentration in a given patient generally correlates with a change 
in clinical status63.64,77~79. This suggested that different subsets of antibodies 
may have different capacities to alter the neuromuscular junction, and 
thereby produce the clinical manifestations of MG. There is evidence that 
the functional ability of the antibodies to reduce the available junctional 
AChRs by the mechanisms outlined above, might reflect their role in the 
disease process more accurately than the absolute antibody concentration. 
Using a rat skeletal muscle culture system, the ability of immunoglobulin 
from MG patients to induce accelerated degradation and/or blockade of 
AChRs was measured57. Interestingly, immunoglobulin from some patients 
had a predominant effect on degradation, while others predominantly 
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produced blockade. The potential of different antibodies for producing these 
differential effects may relate to the specific AChR epitopes to which they 
bind. When these two functional effects produced by each serum were 
mathematically combined, the result corresponded most closely with the 
clinical status of the patientS7. Others have argued that the ability to induce 
loss of AChRs in culture may merely correlate with anti-AChR antibody titres, 
but differences in experimental conditions make comparisons difficult80 ,81. In 
any case, it is clear that these two functional activities of the autoantibodies 
represent at least some of their clinically relevant properties. Undoubtedly, 
other factors, such as the ability of the antibodies to bind complement, or 
intrinsic properties of the patient's neuromuscular junctions such as the 
safety factor of neuromuscular transmission, can also influence the degree of 
muscle weakness in individual patients. 

Binding sites of anti-AChR antibodies 

The large size and complex structure of the AChR molecule make it highly 
likely that the specific epitopes to which anti-AChR antibodies bind play an 
important role in the antibodies' ability to alter neuromuscular function. 
First, pathologically relevant antibodies probably bind to the extracellular 
domains of the AChR molecule, to which they would have access82. Second, 
the ability of antibodies to cross-link AChR molecules, and thus induce 
accelerated degradation, must be critically dependent on spatial consider
ations. In order to permit cross-linking of AChRs, the epitope must be 
located at a site close enough to its outer rim to permit the arms of the IgG 
molecule to span adjacent AChR molecules. On the other hand, there must 
not be two identical sites available for internal cross-linking within a single 
AChR molecule. Third, blocking antibodies must bind at or near the ACh 
binding site, close to amino acids 192-193 of the a-subunit. Finally, other 
spatial constraints could influence the ability to achieve a high enough 
antibody density to induce activation of complement. 

In order to study the binding sites of anti-AChR antibodies, competition 
studies have been carried out82-8S. Monoclonal antibodies (Mabs) with 
known binding sites were used to 'protect' the particular region of AChR to 
which they bind. The binding of individual patients' sera to Mab-protected 
AChR, or to unprotected AChR, was measured by RIA. Competition between 
the Mab and the patient's serum antibodies was indicated by a reduction in 
the amount of serum antibody bound to the protected AChR. Competition 
studies give only an approximation of the antibody specificity, since the large 
size of the antibody relative to the small size of the epitope to which it binds 
may sterically hinder access to the competing antibodies. Nevertheless, using 
this type of analysis, it is clear that the majority of anti-AChR antibodies 
bind to the a-subunit. Lindstrom et ai. have emphasized that a relatively 
large proportion of anti-AChR antibodies from human MG patients bind 
to a restricted portion of the a-subunit82 ,83, which they have designated the 
'main immunogenic region' (MIR)82,83,8s. In nearly 80% of patients, more 
than half of the anti-AChR antibody was found to bind the MIR 83. However, 
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the remainder of the antibodies bound to other sites, both on the oc-subunit 
and on each of the other AChR subunits, The MIR is conformationally 
determined, and its antigenic properties are greatly altered by denaturation82, 

Initial studies located the MIR in the region of amino acids 46-127 of 
the oc-subunit86, More recent studies using site-directed mutagenesis have 
suggested a critical core extending over 10 amino acids, 67-76 of the oc
subunit, in both human and Torpedo AChR85 , It should be emphasized that 
the MIR does not constitute a single epitope, since antibodies of differing 
fine specificity can bind to it82- 85,Its role in human MG is still controversial87, 

Heterogeneity of antibodies 

Extensive evidence indicates the existence of heterogeneous populations of 
anti-AChR antibodies in individual myasthenic patients, with only limited 
sharing of specificities among different patients84,88, Anti-AChR antibody 
heterogeneity has been analysed in several ways, First, as described above, 
antibodies from different patients have varied patterns of functional effects 
on blocking and degradation of AChRs, that reflect differences in their sites 
of binding57, Second, competition studies, including those described above, 
have revealed that the great majority of patients have antibodies that bind 
both to different subunits, and to different sites on each subunit82- 85, Despite 
the fact that competition studies give only a coarse-grained approximation 
ofthe binding sites of the anti-AChR antibodies, they were able to demonstrate 
significant heterogeneity of binding sites of the antibodies, Third, antibodies 
from different myasthenic patients differ in their ability to cross-react with 
AChR from non-human species, indicative of antibody heterogeneity89, 

Fourth, differences in light chains and in subclass composition of anti-AChR 
antibodies have been reported83 ,90,91, Lastly, anti-idiotypic antibodies raised 
against anti-AChR antibodies were used to test for idiotype sharing between 
patients, The cross-reactivity between patients was extremely limited, suggest
ing very little sharing ofidiotypes between myasthenic patients84,92,93, Taken 
together, these findings indicate that there is extensive heterogeneity of 
antibodies, and therefore of the B cells that produce them, in patients with 
myasthenia gravis, 

Antibody-negative MG 

About 10-20% of patients with acquired MG lack circulating anti-AChR 
antibodies detectable by the standard RIA53- 55 , Although some of these 
patients have mild, localized MG, some 'antibody-negative' patients have 
generalized MG whose disease corresponds to conventional MG in other 
clinical respects88,94--97, These patients have decremental responses on 
repetitive nerve stimulation, respond favourably to anti-cholinesterase agents, 
and improve in response to plasmapheresis or immunosuppressive treatment. 
Motor point biopsies obtained in seven antibody-negative patients revealed 
significantly reduced numbers of AChRs per neuromuscular junction, consist
ent with findings in patients with RIA-detectable antibodies95, Passive 
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transfer of IgG from six of seven antibody-negative patients to mice resulted 
in reduced numbers of junctional AChRs and reduced amplitudes of miniature 
end plate potentials88 •95. Moreover, sera from 8 of 11 patients was shown to 
bind significantly to a mammalian skeletal muscle line that expressed 
AChRs98, and 11 of 12 sera induced significantly increased 'modulation' of 
AChRs in human myotube cultures. The Oxford group has recently reported 
that serum immunoglobulin from antibody-negative patients can interfere 
acutely with AChR channel function in the TE671 (rhabdomyosarcoma) cell 
model, without inducing loss of AChRs themselves99. The pathogenic factor 
co purified with IgM in their studies, although IgM binding to AChRs was 
not observed. Histologically, thymus glands from antibody-negative patients 
showed abnormal cellular infiltration (thymitis), as did patients with positive 
antibody titres, but most had significantly fewer germinal centres lOO • 

Taken together, these studies lead to the conclusion that antibody-negative 
MG is autoimmune, and that its pathogenesis involves circulating antibodies 
not detected by RIA. The differing antibody-mediated mechanisms reported 
suggest that the rubric 'antibody-negative MG' may include a heterogeneous 
group of autoimmune myasthenic disorders. The inability to detect AChR
binding antibodies by the conventional RIA indicates that the antibodies 
must differ in some way from those of the majority of MG patients. One 
possibility is that the antibodies may be directed at epitopes that are not 
present in the soluble AChR extract, either because the AChR molecule is 
altered in the process of extraction, or because the epitopes are associated 
with, but not intrinsic components of, the AChR. Alternatively, the affinity 
of the antibodies for AChR may be too low for detection in the RIA, which 
uses soluble AChR as the target antigen. Either of these hypotheses is 
consistent with the demonstrated activity of serum immunoglobulin from 
antibody negative patients when applied to solid phase test systems. 

ROLE OF T CELLS IN MG 

Thus far, the discussion has focused on antibodies, and their direct involve
ment in the pathogenesis of the fundamental AChR deficit in MG. It is now 
abundantly clear that T cells playa pivotal role in the immune response to 
AChR. The AChR antibody response is T cell-dependent: the requirement 
for T cells has been formally demonstrated in EAMG in rats101. In the 
human immune response, AChR-specific CD4 + T cells have been shown to 
augment the production of AChR antibodies by B cells in vitro 102 . 

Many studies have shown that T cells from myasthenic patients respond 
to stimulation with AChR, in the presence of appropriate antigen-presenting 
cells (APCS)103-111. Early studies used AChR purified from Torpedo as the 
source of stimulating antigenl03-105. Although Torpedo AChR stimulated 
proliferation of T cells from some patients, the responses were relatively 
weak, and the differences between Torpedo and human AChR led to selective 
stimulation of a narrow range of T cells capable of reacting with the Torpedo 
receptor. More recently, the human antigen, in the form of purified AChR, 
recombinant human AChR subunits or polypeptide sequences, and synthetic 
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peptides of up to 20 amino acids in length, have been used to stimulate T 
cells, with more robust and more relevant responsesl05-111. AChR-reactive 
T cell lines or clones have been isolated from peripheral blood lymphocytes, 
or more efficiently from thymuses, of myasthenic patients112, and have been 
propagated in vitro. These T cells are CD4 + CD8 - (helpers), and MHC 
restricted (see reference 113). Depletion of CD8 + (cytotoxic/suppressor) T 
cells has been reported to enhance the responsiveness of peripheral blood 
lymphocytes108. Although proliferation responses to AChR are more readily 
obtained from myasthenic patients' T cells, it is important to note that 
lymphocytes from normal individuals can also respond to AChR 111. This 
observation supports the concept that potentially auto reactive T cells can 
exist in the normal immune system. 

Much work has been done to determine the response patterns of T cells 
in MG. In general, CD4 + T cells respond to enzymatically degraded, or 
'processed' antigens, in the context of self MHC class II antigens114. MHC 
class II molecules contain a groove that accommodates linear peptides 
approximately 15-20 amino acids in length115. The specific MHC molecule 
plays an important part in determining which peptides can be bound, and 
therefore presented. The T cell receptor (TCR) 'sees' the peptide only in the 
context of the appropriate self MHC class II molecule. Analysis of T cells 
from myasthenic patients has revealed striking heterogeneity in their patterns 
of responsiveness. Not only do each individual's cells respond to multiple 
epitopes, but there are significant differences in the epitopes to which 
different individuals respondl05-110,116-118. Although the majority of T cell 
recognition sites are on the IX-subunit, T cells also recognize epitopes on the 
other subunits. Moiola et al. identified more than 30 AChR-derived peptides 
to which myasthenic patients' T cells respond 119. The over-representation 
of IX-subunit recognition is not yet explained, but may be due to the presence 
of two IX-subunits per AChR molecule. The T cells do not appear to recognize 
most B cell epitopes, including the MIR. This is consistent with the concept 
of 'complementarity', i.e. B cells and T cells recognize non-overlapping 
epitopes12 O. Attempts to identify increased use of specific T cell receptors, 
by Southern blot analysis of TCR genes or using TCR-specific Mabs, has 
thus far yielded conflicting results121 ,122. 

In summary, the present evidence strongly suggests that the T cell response 
to AChR is highly heterogeneous. This heterogeneity may greatly complicate 
efforts to design specific immunotherapeutic approaches aimed at AChR
responsive T cells, unless only restricted subpopulations of the T cells are 
found to be clinically important. 

ORIGIN OF THE AUTOIMMUNE RESPONSE IN MG: POSSIBLE 
ROLE OF THE THYMUS 

One of the unsolved problems in MG, as in other spontaneously occurring 
autoimmune diseases of man, concerns the origin of the autoimmune 
response. The pathological changes in the thymus glands of patients with 
MG and the favourable results of thymectomy first suggested the possibility 
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that the thymus may playa role in initiating the autoimmune response. 
Approximately 75% of myasthenic patients have thymic abnormalities. Of 
these, 85% show germinal centre formation ('hyperplasia'), and thymomas 
are found in approximately 15%123. Surgical thymectomy results in clinical 
remission in approximately 35% of patients, with improvement in another 
50%124 (reviewed in reference 125). 

Several other features of the myasthenic thymus support its possible role 
in the immune pathogenesis of MG. T cells obtained from thymus glands of 
myasthenic patients are more responsive to AChR than are T cells derived 
from peripheral blood l12. Myasthenic thymus glands contain an increased 
proportion of B cells, and exhibit increased production of antibodies, 
especially those directed against AChR 126-128. In addition to lymphocytes, 
the thymus gland contains cells of other types, including muscle-like, or 
'myoid' cells129. Typical muscle cells, presumably derived from the myoid 
cell population, have been cultured from thymus glands of myasthenic 
patients and from thymuses of normal rats 130,131. They are striated and 
multinucleated, and express surface AChRs131. The myoid cells are thought 
to be the source of AChR and of mRNA for the a-subunit of AChR found 
in thymic extracts131 ,132. In situ, myoid cells may be located in association 
with CD4 + T cells and interdigitating cells133. Because of their strategic 
location within the thymus, in apposition to immunocompetent cells, the 
AChR-bearing myoid cells may be particularly vulnerable to immune attack. 
Some alteration of the muscle cells or the lymphocytes, or a breach of 
immunoregulation, may serve to break tolerance, and thereby lead to an 
immune attack directed against AChRs, as well as other components of 
skeletal muscles. The fact that 'anti-striational' antibodies are also present 
in sera of a majority of MG patients further suggests that the myoid cells 
or other intact skeletal muscle cells may serve as the antigenic stimulus in 
MG, rather than some alternative source of isolated AChR or even AChR
like epitopes. On the other hand, thymomas have not been found to contain 
either myoid cells or AChR 134. The discovery that thymomas in myasthenic 
patients contain a single 10 amino acid epitope of the AChR a-subunit, 
located on an unrelated polypeptide, has led to the suggestion that it might 
trigger an autoimmune response in these individuals134,135, eventually 
generalizing to involve the AChR. The possibility that a viral infection of 
the thymus could trigger the autoimmune response has been suggested136, 
but detailed studies of the thymus glands of patients with recent onset MG 
failed to yield evidence of viral infection 13 7. 

The hypothesis that the autoimmune response to AChR may be initiated as 
a result of 'molecular mimicry' has acquired some support138-140. According 
to this concept, the immune response to an infectious agent with an epitope 
that mimics an epitope of AChR may set in motion the autoimmune response 
to AChR. A sequence of the a-subunit of human AChR 139 has significant 
homology with a sequence of the herpes simplex virus (HSV). Sera from six 
of 40 MG patients tested recognized this a-subunit sequence, and cross
reacted with the HSV sequence139. Bacterial cross-reactivity with AChR has 
also been noted: monoclonal antibodies raised to AChR have been shown 
to cross-react with epitopes of various bacteria140. Whether these findings 
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provide a link between an apparently unrelated infection and an autoimmune 
disease, or merely reflect non-uniqueness of the epitopes, or promiscuity of 
the antibodies, remains to be determined. 

Abnormalities of immune regulation may playa role in the development 
and maintenance of MG. A wide variety of other autoimmune diseases have 
been reported in association with MG, including Hashimoto's thyroiditis, 
Graves' disease, pernicious anaemia, rheumatoid arthritis, polymyositis, 
lupus erythematosus, pemphigus, Lambert-Eaton myasthenic syndrome, 
idiopathic thrombocytopenic purpura, vitiligo and alopecia areata141-143. 
The association of MG with these autoimmune diseases in some patients, 
and in some of their family members, supports the concept of a defect in 
immune regulation, and further suggests that there may be a heritable 
component to this defect. 

Other genetic factors may also predispose to MG. There is a consistent, 
but only moderate, association of MG with the HLA antigens B8 and DR3, 
particularly in young females with thymic hyperplasia 144.145, while a stronger 
association with DQW2 is somewhat controversiaP45.146. 

Certain intriguing clues that may eventually help to understand the origin 
of MG have been reported. In some cases, the use of penicillamine to treat 
other diseases results in the development of MG. Unlike spontaneous MG, 
the clinical, serological, and neuromuscular abnormalities recover after 
discontinuation of the drug147.148. It has been suggested that penicillamine 
binds to AChR, and may thereby render it immunogenic149. In addition, a 
proportion of patients who receive bone marrow transplants subsequently 
develop MG in association with graft versus host disease15o. 

In summary, many gaps remain in the present understanding of the origin 
of the autoimmune response and the complex role of the thymus gland in 
MG. 

CLINICAL FEATURES AND DIAGNOSIS OF MG 

The prevalence of MG is approximately 4-6/100000 population151. The 
incidence is age- and sex-related, with two peaks: one in the second and 
third decade, mostly women, and one in the sixth and seventh decade, mostly 
men. Because it is a disease of the nicotinic AChR, only the motor system 
is impaired. The cardinal features are weakness and fatigability of skeletal 
muscles. Sensation, reflexes, cognition, and other neural functions remain 
normal. The clinical severity is usually graded functionally and regionally 
according to modifications of the Osserman57.77.152 scale: grade I (focal, e.g. 
ocular), grade II (mild, generalized), grade III (severe, generalized), and grade 
IV (crisis, i.e. life-endangering impairment of respiration and swallowing). 

Since treatment of MG often involves a lifetime commitment between 
patient and neurologist, it is essential to establish the diagnosis unequivocally. 
The history includes weakness, usually in a characteristic distribution 
involving the elevators of the eyelids and extraocular muscles (ptosis and 
diplopia), and frequently affecting the neck extensors (head drooping) 
and proximal limb muscles. When the muscles of expression, phonation, 
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articulation, and chewing are affected, there may be a characteristic facial 
'snarl', nasal dysarthric speech, and the need to prop the jaw closed. There 
is usually a history of fluctuation and fatigability (worse with repeated 
activity, improved by rest). If the weakness occurs in a vague and variable 
pattern, it may be misinterpreted as having a psychogenic origin. 

In women, weakness may worsen in relation to the menstrual cycle. 
Transient weakness of infants born to myasthenic mothers may be reported. 
The effects of previous treatment attempts may be revealing. 

On physical examination, the findings are limited exclusively to the motor 
system, without loss of reflexes or alteration of sensation or coordination. A 
survey of motor power should document the patient's baseline strength 
quantitatively, to allow later evaluation of the results of treatment. The 
deltoids, triceps, and iliopsoas are the most frequently involved limb muscles. 
The most useful quantitative measures include timed forward arm abduction, 
vital capacity, and dynamometry of selected muscles and grip. 

Diagnostic testing 

Confirmatory laboratory testing is essential prior to immunotherapy, and 
may be approached in the following order. 

(1) Anti-cholinesterase test. Drugs that inhibit the enzyme acetylcholinester
ase (AChE) allow ACh to interact repeatedly with the limited number of 
AChRs, producing improvement in the strength of myasthenic muscles. 
Edrophonium (Tensilon ®) is commonly used because of the rapid onset 
(30 s) and short duration (about 5 min) of its effect. The strength of 
objectively weak muscles should be used to evaluate the effects of 
edrophonium. An initial dose of 2mg is given intravenously. If definite 
improvement occurs, the test is considered positive and terminated. If 
there is no change, the patient is given an additional 8 mg. As an 
alternative, 1 mg of neostigmine can be given by intramuscular injection, 
which allows for about 30 min of observation. 

(2) Repetitive nerve stimulation. It is best to test weak muscles, or proximal 
muscle groups. Electric shocks are delivered at a rate of 3-5/s to the 
appropriate nerves, and action potentials are recorded from the muscles. 
A rapid reduction in the amplitude of evoked muscle action potentials 
(decremental response of 10-15%) is considered positive153. 

(3) Anti-AChR antibody assay. The raioimmunoassay using human AChR 
labelled with e25l}x-BuTx is the standard test48. 

(4) Single-fibre EMG. Increased 'jitter' and 'blocking' with normal fibre 
density is considered positive154,155. 

The edrophonium test and repetitive nerve stimulation are the least 
sensitive and specific of the tests. The presence of anti-AChR binding 
antibodies is specific for MG, but antibodies are detectable in only about 
85 % of all M G patients, and in approximately 50% of patients with weakness 
confined to the ocular muscles156• Special assays are also available to 
measure antibodies that produce AChR blocking of the ACh binding site of 
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the receptor and modulation (accelerated degradation) of the AChR55,57,65-67, 
Single fibre EMG is a highly sensitive test, positive in 88-99% ofpatients155, 
but is limited in its specificity for MG. 

CT or MRI scan of the mediastinum should be obtained to search for a 
tumour or enlargement of the thymus. Other laboratory tests should include 
evaluation of thyroid function, spirometry, and fasting blood glucose. 
Conditions that may exacerbate MG include hyperthyroidism, hypothyroid
ism, occult infection, and certain medications (including but not limited to 
anti-arrhythmic agents and aminoglycoside antibiotics). Penicillamine147-149, 
used for the treatment of scleroderma, rheumatoid arthritis and Wilson's 
disease, may result in true autoimmune MG, but recovery occurs within 
weeks or months after discontinuing its use147-149. Disorders that may 
interfere with immunosuppressive therapy include tuberculosis (a skin 
test should always precede any proposed immunotherapy), other chronic 
infections, diabetes, peptic ulcer, occult GI bleeding, and hypertension. 

It is important to screen for other autoimmune disorders often linked with 
MG (see above): these may add to the diagnostic picture of immune 
dysregulation and may complicate therapy. 

TREATMENT 

The prognosis for myasthenic patients has improved strikingly as a result of 
advances in treatment; most myasthenic patients can be returned to full 
productive lives with proper therapy. The most important methods used 
currently in the treatment of MG include anti-cholinesterase agents, thymec
tomy, immunosuppressive drugs, and plasmapheresis. 

Anti-cholinesterase agents 

Anti-cholinesterase agents continue to be used as the first line of treatment 
for most patients with MG. They prolong the action of acetylcholine 
released at the neuromuscular junction, thereby enhancing neuromuscular 
transmission. Pyridostigmine bromide is the most widely used drug. Its 
action begins within 10-30min, reaches a peak at about 2h, and declines 
gradually thereafter. The initial dose is usually 60mg every 4 h during the 
day. The dosage schedule is then readjusted on the basis of the patient's 
recorded evaluations. A sustained release preparation containing 180mg of 
pyridostigmine is available, but should be used only at bedtime, and only if 
the patient otherwise experiences weakness at night or in the early morning. 
The maximum useful dosage of pyridostigmine rarely exceeds 120mg every 
3h. 

Anti-cholineserase treatment is generally safe, though it should be used 
with care in patients with asthma or cardiac conduction defects. The most 
common side-effect is diarrhoea, which can be controlled with such agents 
as diphenoxylate hydrochloride, atropine or glycopyrrolate taken once or 
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twice a day. Excessive amounts of anti-cholinesterases may cause increased 
weakness that is reversible after decreasing or discontinuing treatment. 

Although anti-cholinesterases benefit most patients, the improvement is 
often incomplete. Most patients will therefore require further therapeutic 
measures. 

Thymectomy 

Thymectomy has been advocated empirically for more than haIfa century157, 

even before the key role of the thymus in the origin and perpetuation of 
immune dysregulation in MG was appreciated. Thymoma is a universally 
accepted indication for surgery, since these tumours may spread locally and 
become invasive, though they rarely metastasize. If complete removal of the 
tumour is not possible, postoperative radiation should be carried out. Some 
patients become weaker after thymomectomy and require immunosuppress
ive therapy. 

Regardless of whether the thymus gland is enlarged, thymectomy is 
indicated in all patients with generalized MG between puberty and about 
age 50, in whom a satisfactory response has not been obtained with anti
cholinesterase medication alone158,159. The available evidence suggests that 
up to 85% of patients improve after thymectomy, and of these, about 35% 
may achieve drug-free remission124• However, benefit from thymectomy is 
delayed, rarely occurring within 6 months and requiring up to 2-5 years for 
demonstrated efficacy124,160,161. The risks of surgery include injury to the 
phrenic or recurrent laryngeal nerves, atelectasis, pleural effusion, pneumonia, 
myasthenic crisis, intercurrent pulmonary embolism, impaired wound healing, 
and later sternal instability162. Thymectomy should, therefore, always be 
carried out in an institution where this procedure is performed regularly, 
and where the staff is experienced in the pre- and postoperative management, 
anaesthesia, and surgical techniques of thymectomy. Preoperative prep
aration should optimize the patient's strength, but immunosuppressive 
agents should be avoided if possible because of the risks of infection, and 
corticosteroids should be avoided because of the additional impairment of 
wound healing. In patients with significant respiratory impairment or bulbar 
muscle dysfunction, plasmapheresis before surgery provides temporary 
improvement. 

The optimal surgical technique is a 'maximal' trans-sternal approach 
designed to remove as much thymus tissue as possible163. The anterior 
mediastinum and the adjacent space extending up to the neck should be 
explored, and all the thymic tissue and related fat removed. Postoperatively, 
the patient should be cared for in an intensive care unit, where intravenous 
anti-cholinesterase medication can be given as necessary, and respiratory 
care can be optimized. 
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Table 7.2 Standard immunotherapy in myasthenia gravis 

Drug 

Prednisone 

CycJosporin 
(Sandimmune) 

Azathioprine 
(Imuran) 

Usual 
adult dose 

Gradually 
ascending to 
60 mg q.d. orally 
followed by q.o.d. 
regimen 

5mg/kg/day 
orally, divided 
b.Ld. (125-200mg 
b.i.d.) 

2-3mg/kg/day 
orally (100-
250mg daily) 

Time to Time to 
onset of maximal 

improvement improvement 

2-3 weeks 3-6 months 

2-12 weeks 3-6 months 

3-12 months 1-2 years 

Immunosuppressive agents 

Weight 

Toxicity 
monitoring 

Blood pressure 
Fasting blood glucose 
Electrolytes 
Ophthalmic examination 
Bone density 
24h urine Ca 
25-0H vitamin D (especially 
in postmenopausal women) 
BP 
Serum creatinine 
Blood urea nitrogen 
CycJosporin level, 
12 h trough by RIA 
Amylase 
Cholesterol 
WBC (> 35(0) and 
Differential « 1000 
lymphocytes) 
MCV 
Platelets 
Liver function tests 
Amylase 

Prednisone, azathioprine, and cyc1osporin are now considered first line 
drugs for chronic immunosuppressive therapy in MG. A comparison of these 
drugs is outlined in Table 7.2. 

Corticosteroids in MG 

Mechanisms 

Corticosteroids have been a mainstay of therapy in MG for more than 20 
years. Though their effects are legion, the details of their mechanisms of 
action in MG are not fully known. The immunosuppressive effects of 
corticosteroids in MG could occur through several of the various known 
effects on immunocompetent cells164• 

(1) Corticosteroids induce lymphocytopenia by redistributing lymphocytes 
out of circulation into other compartments less accessible to sites of 
immunoreactivity. 

(2) Corticosteroids reduce differentiation and proliferation of lymphocytes 
(reviewed in reference 165). Both mechanisms 1 and 2 affect T lymphocytes 
more than B lymphocytes and plasma cells166. 

(3) Perhaps most important in an autoimmune disease such as MG, 
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corticosteroids disrupt the intercellular communication among leukocytes 
through interference with the production or function of numerous 
lymphokines, especially interleukin-l (IL-l), interleukin-2 (IL-2), tumour 
necrosis factor, and migration-inhibitory factor (MIF)164.167-169. These 
actions inhibit the recruitment of leukocytes and macrophages in an 
immune response. 

(4) Corticosteroids inhibit many functions of macro phages, including elabor
ation ofIL-l (hence all the downstream effects ofIL-l on lymphocytes)170, 
the action of MIF (hence promoting the egress of macrophages)168, and 
phagocytosis, and the presentation of antigen that is facilitated by 
interferon_y171.172. Thus, in all these ways, not only cell number but 
phagocytosis, migration, antigen processing presentation, and all aspects 
of the inflammatory response are affected. 

Besides having immunosuppressive effects, corticosteroids may have other 
direct beneficial effects in MG. Experimentally, certain direct actions on 
muscle and neuromuscular transmission have been reported, including an 
increase in the synthesis of AChR in cell culture173.174 and enhancement of 
neuromuscular transmission175.176. 

Pharmacokinetics 

Many of the immunosuppressive effects of corticosteroids may last far longer 
than their suppression of ACTH secretion by the pituitary. This allows the 
use of alternate-day therapy in MG. If the drug is administered in a single 
dose in the morning at a time when the normal endogenous cortisol level 
would peak, it would no longer be present in the circulation by evening, and 
the hypothalamus-pituitary-adrenal axis would secrete ACTH. This, in turn, 
will stimulate secretion of endogenous cortisol the next morning, when the 
patient depends not on exogenous hormone but on homeostatic maintenance 
on the 'off' day. The longer immunosuppressive effect maintains disease 
control, while the single alternate-morning dose schedule mimics the normal 
diurnal cortisol cycle, reduces side-effects, and facilitates eventual tapering 
of the total dose. 

Indications for corticosteroids 

Corticosteroids are indicated when either generalized MG or ocular symp
toms are not adequately controlled by cholinesterase inhibitors, and are 
sufficiently disabling to the patient that they outweigh the risks of possible 
side-effects of these drugs. Corticosteroids can produce improvement in 
patients with all degrees of weakness, from localized ocular involvement to 
severe respiratory insufficiency. Diplopia, which is rarely corrected by anti
cholinesterase agents alone, usually responds well to steroid treatment. Older 
men with MG seem to respond particularly well to steroid therapyl77. 

Relative contraindications to steroid treatment include severe obesity, 
poorly controlled diabetes mellitus, uncontrolled hypertension, ulcer disease, 
osteoporosis, or ongoing infection. These problems can usually be circum
vented by appropriate medical measures. Long-term treatment with steroids 
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requires medical attention by an experienced physician; patients who are 
unable or unwilling to be followed medically should never be treated with 
steroids. 

Induction 

Prior to initiation of steroid therapy, anti-cholinesterase medication should 
be adjusted optimally. Patients with moderate to severe generalized weakness 
should be admitted to hospital for initiation of prednisone therapy because 
of the risk of transient steroid-induced exacerbation, which occurs during 
the first week of treatment in up to 48% of patients 1 78. The cause of this 
initial steroid-induced deterioration is not clear. 

In order to minimize the risk of exacerbation, we recommend a gradually 
increasing dosage schedule 1 79, beginning with 15-20mgjday and increasing 
gradually by about 5 mg every 2 or 3 days, until the patient attains a 
satisfactory clinical response or reaches the level of 50-60 mgjday. The rate 
of increase must not be decided in advance, but should be guided by the 
patient's clinical response. Only if the patient is already on a ventilator is a 
high dose appropriate initially. Several other induction schemes have been 
advocated, although we find none of them satisfactory from the point of 
view of safety or speed of induction 1 80-1 87. 

More than 80% of myasthenic patients can be expected to improve with 
steroid treatment alone1 78; the clinical effect usually begins within 2-4 weeks, 
occasionally longer, though maximal benefit may not be realized until 6-12 
months or more. 

Maintenance 

The goal of maintenance steroid therapy is to achieve optimal control of 
myasthenic weakness, while minimizing the toxic side-effects of steroids. The 
high daily dose of prednisone is maintained for about 3 months, and is then 
gradually modified to an alternate-day regimen, so as to minimize side
effects. Eventually, an alternate-day regimen is established in most patients; 
occasionally a small dose of prednisone must be given on the 'off' day to 
prevent fluctuations in strength. When the patient reaches a plateau of 
improvement on an alternate-day regimen, the total dose is tapered gradually, 
but months or years may be needed to determine the minimum effective 
dose, and close monitoring is required by patient and doctor. Few patients 
are able to do without prednisone entirely. 

Patients on long-term glucocorticoid therapy must be carefully followed 
to prevent or treat adverse side-effects. The list of side-effects of chronic 
steroid therapy is unfortunately long (Table 7.3). While not every patient 
develops every symptom, most patients will have some side-effects. Fortun
ately, many of these problems can be prevented or treated effectively with 
the use of alternate-day therapy and with scrupulous attention to follow-up. 
Close monitoring of chronically treated patients is therefore mandatory. 
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Table 7.3 Side effects of corticosteroid treatment 

Obesity 
Abnormal truncal fat distribution with moon facies, buffalo hump, and thinning of extremities 
Impaired glucose tolerance; frank diabetes mellitus 
Hypertension 
Hypokalaemia 
Sodium retention with oedema 
Adrenal suppression 
Growth retardation in children 
Osteoporosis and vertebral compression fractures, especially in postmenopausal women 
Avascular necrosis of bone, especially femoral head 
Steroid 'myopathy' (atrophy) 
Behavioural and affective changes; nervousness, irritability, moodiness, insomnia, depression: 

steroid psychosis 
Pseudo tumour cerebri 
Peptic ulcer 
Skin striae, friability, and ecchymoses 
Impaired wound healing 
Acne 
Facial hirsutism 
Posterior subcapsular cataracts 
Glaucoma 
Herpes zoster and other opportunistic infections 

Use of azathioprine in MG 

Pharmacology 

Since a completely intact immune response requires antigen processing and 
presentation (dependent in part on RNA synthesis) as well as proliferation 
and differentiation of immunocompetent cells (dependent on DNA and RNA 
synthesis), purine analogues such as azathioprine and mercaptopurine can 
interrupt the immune response potently at multiple sites165. A tight 
relationship exists between azathioprine dose and its biological effects 
on dividing cells such as lymphoid and erythroid cells. Leukopenia and 
macrocytosis occur predictably and are monitored as guides to azathioprine 
dosage188. 

Pharmacokinetics 

Azathioprine is actually a precursor that is cleaved in vivo to active 6-
mercaptopurine. Blood levels are of no predictive value for therapy since the 
magnitude of clinical effects correlates with thioprine nucleotide levels in 
tissues rather than with plasma drug levels. The drug is extensively oxidized 
and methylated in red blood cells and liver. Concurrent administration of 
allopurinol (for treatment of gout) can increase the toxicity of azathioprine 
by interfering with its metabolism by xanthine oxidase, an important 
degradative pathway. Azathioprine dosage must be reduced by as much as 
75% in patients who take allopurinol. 
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Indications 

The manner in which azathioprine is used often derives from its chief 
disadvantage ~ beneficial effects may take 6 months or more to appear. It 
therefore tends to be used as additional therapy in patients whose myasthenia 
has not been adequately controlled by thymectomy and corticosteroids. 
However, based on European experience, azathioprine may be used effectively 
as initial therapy in MG, either alone or in combination with corticoster
oids 189,19o. The combination affords the relatively rapid onset of immuno
suppression produced by the steroids, and allows prompt tapering of 
corticosteroids once the azathioprine has had time to take effect189.191. The 
addition of azathioprine also allows a reduction of steroid dosage in patients 
with otherwise well-controlled disease who show excessive toxic effects of 
prednisone, or who require a chronic maintenance dose of prednisone of 
more than about 50mg on alternate days. 

Contraindications 

Patients who are unable or unwilling to be followed medically should never 
be treated with azathioprine. Approximately 10% of patients are unable to 
tolerate azathioprine because of an idiosyncratic reaction consisting offiu-like 
symptoms of fever and myalgia, bone marrow depression, or abnormalities of 
liver function. The question of a slightly increased risk of malignancy 
in azathioprine-treated patients has not been resolved; experience with 
azathioprine in organ transplantation suggests an increased risk of malig
nancy. However, patients with myasthenia or rheumatoid arthritis have been 
treated for years with the drug, and no increase in the incidence of 
malignancies has been found 190,192,193. 

Induction 

The usual target dose of azathioprine is 2~3 mg/kg/day. A test dose of 
approximately 50 mg/day should be given for the first week. If this is well 
tolerated, the dose should be gradually raised by 50 mg each week, while the 
white blood cell count (WBC), differential count, platelets, and liver function 
tests are monitored closely. To establish the optimum dose, several end
points may be used. A total WBC of 3000~4000/mm3 is a safe end-point. 
Azathioprine should be briefiy discontinued ifthe WBC falls below 2500/mm3 
or the absolute neutrophil count is less than 1000/mm3, then reintroduced 
at a lower dose. This measure cannot be used in patients receiving prednisone, 
because of steroid-induced leukocytosis. In that situation, an absolute 
lymphocyte count of < 1000 is the appropriate target. A rise in the RBC 
mean corpuscular volume to above 100 also provides a useful gauge of 
biological activity, and in MG usually correlates with clinical improve
ment188, but macrocytosis does not require discontinuation of therapy. 

It is important to realize that in obese patients, the optimum dose of 
azathioprine depends on the total body weight, not on lean body weight. 
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Maintenance 

An adequate therapeutic trial of azathioprine as sole therapy must last at 
least 1-2 years, since the lag to onset of effect may range from 3 to 12 
months, and the point of maximum benefit may be delayed until 1-3 years. 
While azathioprine is decidedly slow to act, it is well tolerated by most 
patients. Close monitoring for toxicity should continue indefinitely, and 
patients should be seen at a minimum of every 3 months after a stable, non
toxic dose is reached. Although most myasthenic patients require life-long 
immunosuppression, it is worth attempting to taper azathioprine to establish 
a minimum effective dose. Because of the slow onset of the drug's effect, 
tapering of azathioprine must also be carried out gradually, with close 
monitoring of both neurological status and anti-AChR antibody titre. A 
doubling of the titre (optimally sera from two different dates measured in 
simultaneous assay) may predict clinical relapse194. 

Based on European experience with the drug as sole therapy19s, only a 
minority of myasthenic patients remain in remission after discontinuation of 
azathioprine189,194: close and continued follow-up is necessary after therapy 
is stopped. 

Toxicity196,197 

As with other immunosuppressive agents, azathioprine increases suscepti
bility to opportunistic infections, which should be treated promptly and 
vigorously. The haematological toxicity discussed above - leukopenia, 
anaemia, and thrombocytopenia - are all reversible upon reduction of the 
dose of azathioprine. Hepatic toxicity, with mild elevation of transaminases, 
is common, and responds to lowering the dose. A rise in transaminase levels 
up to 2-fold is usually well tolerated by patients. Gastrointestinal discomfort, 
with nausea and anorexia, is usually mild, and responds to the use of divided 
doses taken after meals. 

Cyc/osporin in MG 

Mechanisms 

Cyclosporin, a fungus-derived cyclic peptide with potent immunosuppressive 
activity, found its first major role in preventing transplant rejection. The 
drug inhibits the activation of helper inducer (CD4 +) T cells198,199, and their 
production of IL_2200,201. It was first shown to be applicable to myasthenia 
in an experimental model202, and has been used increasingly in the treatment 
of myasthenic patients203-206. Its therapeutic effect in MG may be explained 
by interference with helper T cells, which are necessary for the activation of 
B cells and production of anti-AChR antibodies. This relatively selective 
immunomodulatory action contrasts with the broad-spectrum effects of 
corticosteroids, azathioprine, and cyclophosphamide. Unlike cytotoxic immu
nosuppressants, cyclosporin does not cause generalized myelosuppression, 
thereby limiting the risk of opportunistic infections. 
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Pharmacokinetics and drug interactions 

Cyclosporin reaches peak plasma concentrations within 3-4 h after inges
tion. The drug has a large volume of distribution and is sequestered in 
tissues. It is cleared from blood with a half-time of about 19 h. Most of the 
drug is metabolized in the liver and excreted in the bile. This accounts 
for its ability to potentiate greatly the risk of necrotizing myopathy or 
myoglobinuria due to lovastatin, which also depends on biliary excretion. 
Because cytochrome P 450-mediated oxidation of the drug is extensive, 
hepatic dysfunction or concomitant administration of agents that affect the 
cytochrome P 450 system can cause dramatic changes in the elimination of 
cyclosporin. Cyclosporin's independent mechanism of action produces an 
effect that is additive to that of corticosteroids. Because of evidence that the 
combination of cyclosporin with azathioprine and prednisone for 
suppression of organ rejection increases the risk of malignancies and 
infectious complications207, most centres prefer to use only prednisone in 
combination with cyclosporin. It should be noted that corticosteroids 
increase plasma cyclosporin levels. 

Indications 

Cyclosporin is the only drug that has been shown to be effective for the 
treatment of MG in a prospective double-blinded, randomized, placebo
controlled triaF06. Improvement began at about 2 weeks, with maximal 
improvement by 4 months, correlating with a reduction in anti-AChR 
antibody levels. Although that original trial was small and limited, reported 
experience with the drug in open trials for MG has also been generally 
positive203.204, and a large multi centre controlled trial has been completed 
and awaits publication. The efficacy of cyclosporin is similar to that of 
azathioprine205 but it has the advantage of a more prompt effect, usually 
occurring within weeks203-206. 

The most prominent side-effects of cyclosporin are nephrotoxicity208 and 
hypertension. It should therefore only be used with great caution in patients 
with pre-existing uncontrolled hypertension or significant renal disease. 
There is an increased risk of nephrotoxicity in elderly patients. Other side
effects include facial hirsutism, gastrointestinal disturbance, headache, tremor, 
convulsions, and rarely hepatotoxicity. As with other immunosuppressive 
agents, there is a possible increase in the long-term risk of malignancy. 

Induction 

The efficacy of cyclosporin relates to the lowest ('trough') plasma levels, while 
toxicity depends on peak concentrations. Therefore, the drug is given in a 
divided dosage schedule, twice a day. Because it is lipid soluble and variably 
absorbed, cyclosporin should be taken with a fat-containing meal or snack. 
The initial dose is 2.5 mg/kg twice a day. 
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Maintenance 

Although the dose is eventually guided by clinical efficacy, it is initially 
adjusted by monitoring plasma cyclosporin levels and side-effects. Plasma 
levels should be measured every 2 weeks until stable, and then approximately 
monthly. Trough levels are measured in the morning, 12-14h after the last 
dose. The reported levels depend on the method of assay; using the RIA, 
with a specific monoclonal antibody, the trough level should be maintained 
between 100 and 200 ngjml. The blood pressure, serum creatinine and blood 
urea nitrogen levels are monitored, and the dose of cyclosporin is decreased 
if the creatinine level rises above 1.4 times the baseline level. 

With close attention to management, cyclosporin can be used safely in 
nearly 90% of patients209. 

Cyclophosphamide in MG 

Because of its potential toxicity, cyclophosphamide is reserved for rare 
patients with severe myasthenia unresponsive to or intolerant of other 
therapies. Published experience with its use in MG is limited210-212. 
Cyclophosphamide is an alkylating agent and therefore selectively interferes 
with rapidly proliferating cells, including Band T cells. Synthesis of 
pathogenic antibodies is decreased. The drug may be given orally or 
intravenously as monthly pulses for rapid induction or as a daily dose 
regimen210. The reported response rates of up to 80-90% are difficult to 
evaluate, because in most series the patients were unusually difficult to treat 
and were receiving multiple concomitant immunotherapies. Most authorities 
recommend a dose of 2.5-3.0mgjkgjday, adjusted to maintain a WBC of 
2500-4000jmm3 and a relative lymphocyte count of < 10%. 

Toxicity is substantial. Myelosuppression may result in leukopenia, 
anaemia and thrombocytopenia. Anorexia, nausea and vomiting are frequent, 
probably due to direct effects on the brain stem of the metabolite, phosphoram
ide mustard. Infertility, diarrhoea, stomatitis, and alopecia result from the 
alkylation effects in rapidly turning over tissues. The drug is also teratogenic. 

Haemorrhagic cystitis is a side-effect unique to cyclophosphamide which 
can usually be prevented by ensuring adequate urinary output. It should be 
monitored by frequent urinalysis. As with all immunosuppressive drugs, the 
risk of cancer is increased (haematological, skin, bladder); in the case of 
cyclophosphamide the risk appears to increase significantly with duration of 
treatment, and with cumulative doses over 85 g213. 

Short-term immunotherapies: plasma exchange and human 
immune globulin 

Plasma exchange 

Plasma exchange, which depletes circulating antibodies, can produce short
term improvement in patients with symptomatic MG. Several uncontrolled 
trials, as well as long experience, have proved its effectiveness21 4-218. Plasma 
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exchange is now used primarily to stabilize patients in myasthenic crisis or 
for short-term management of patients undergoing thymectomy, in order to 
avoid use of corticosteroids and immunosuppressants. Less commonly, it is 
used as adjuvant therapy in severely ill patients who are slow to respond to 
immunosuppressants. Repeated plasma exchange as a chronic form of 
therapy, because the patient is either intolerant or unresponsive to conven
tional immunosuppressant treatment, is rarely indicated. Plasma exchange 
works rapidly, with objective improvement measurable within days of 
treatment. Improvement (in the individual patient) correlates roughly with 
reduction in anti-AChR antibody titres215. The beneficial effects of plasma 
exchange are temporary, lasting only days to weeks, unless concomi
tant immunosuppressive agents are used219. Even patients with initially 
undetectable anti-AChR binding antibody may improve after plasma 
exchange94, 97 ,220,221. 

Many protocols for plasma exchange have been advocated215,218,222,223. 
Five exchange treatments of 3-41 each, over a 2-week period, is a typical 
programme at our institution. In centres with adequate experience, plasma 
exchange is safe. The vital signs as well as serum concentration of potassium, 
calcium and magnesium should be monitored. The major risks are due to 
problems of vascular access: blood flow from peripheral veins is frequently 
insufficient for processing by modern high-volume haemapheresis machines, 
and indwelling catheters in large veins are used. This can cause infection, 
thrombosis, perforation and even pneumothorax224. Sepsis, arrhythmia, 
anaphylactic shock, pulmonary embolism, and systemic haemorrhage from 
disseminated intravascular coagulation, among other hazards, have also been 
reported. The benefit of plasma exchange must be weighed against problems 
of vascular access, the risks of pheresis, and the high cost of the procedure. 

Intravenous human immune globulin 

The indications for use of intravenous human immune globulin (HIG) are 
the same as those for plasma exchange, i.e. to produce rapid improvement 
in a patient suffering a difficult period of myasthenic weakness. The largest 
review of the efficacy of HIG225 summarized eight independent studies of 
60 patients and reported overall improvement in 73%, but this figure is 
likely to be biased by the selective reporting of positive uncontrolled trials. 
The usual dose is 400 mg/kg/day on each of 5 consecutive days. When 
patients respond, the onset of improvement is within 4-5 days and the 
maximal response occurs within 1-2 weeks of initiation of HIG. The effect 
is transient but may be sustained for weeks to months, allowing intermittent 
chronic therapy. The mechanism of action of HIG in MG is not known, but 
it has no consistent effect on the measurable amount of AChR antibody in 
vivo or in vitro. Possible mechanisms that have been suggested to explain 
the immunomodulatory action of HIG include blockade of Fc receptors on 
macrophages and other cells and inhibition of the immune response to AChR 
by specific anti-idiotypic antibodies in the HIG poo1226. 

Adverse reactions occur in fewer than 10% of patients and are generally 
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mild; they include allergy, headache, fluid overload, various gastrointestinal 
symptoms and, rarely, renal shutdown. The process of preparation of HIG 
has been shown to inactivate human immunodeficiency virus and hepatitis 
B. HIG is very expensive, and this factor as well as the possible risks should 
be carefully weighed against the potential of rapid benefit227• 

Comparisons and current immunotherapy 

Each of the available treatment options has its own advantages and 
disadvantages. Prednisone generally acts rapidly, is tried and true, but is beset 
by the problems of prevention and treatment of side-effects. Azathioprine is 
safe and moderately effective, but slow. Cyclosporin is about equal to 
azathioprine in effectiveness; it is rapid in onset, but expensive to use. 
Cyclophosphamide is potent but highly toxic, and is therefore reserved for 
special cases. Plasmapheresis or intravenous immunoglobulin are often useful 
for the short-term management of acute problems, or as pre- or postoperative 
therapy. However, the effects of both are transient, and their costs are 
extremely high. The therapeutic armamentarium now available provides a 
broad spectrum of effective treatment modalities. However, more specific 
and long-lasting treatments are still needed. 

SPECIFIC IMMUNOTHERAPY: EXPERIMENTAL APPROACHES 

Ideally, the goal of therapy in MG should be to eliminate the autoimmune 
response to AChR specifically, without otherwise interfering with the immune 
system. The treatment should be non-toxic, and long-lasting or permanent. 
Indeed, the goal of achieving discrete control of a specific immune response 
has been considered the 'holy grail' of immunology. Given the detailed 
knowledge now available, it should be possible to design rational and specific 
therapy for MG: this could lead the way to treatment for a wide variety of 
other immune disorders. 

Certain of the features of MG outlined above present important consider
ations in the design of therapeutic strategies, and are therefore recapitulated 
here: 

(1) The pathogenesis of MG depends on antibody-dependent mechanisms. 
In this respect, MG differs from several cell-mediated autoimmune 
conditions for which novel therapeutic methods have recently been 
described, including thyroiditis, experimental allergic encephalomyelitis, 
and adjuvant arthritis. Approaches that specifically inhibit cellular 
responses do not necessarily inhibit antibody responses. 

(2) The antibody response to AChR is T cell-dependent, as discussed above. 
This affords an important avenue for therapy. 

(3) AChR is a highly immunogenic antigen. Perhaps because of this, immune 
responses to AChR may not be as amenable to certain therapeutic 
manoeuvres that are successful for less powerful antigens. 

(4) Immune responses to AChR are highly heterogeneous. Therapeutic 
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strategies must take into account the broad range of specificities of both 
T cells and B cells. 

In considering the entire arc of pathogenesis of MG, from antigen 
presentation to impairment of neuromuscular transmission, there is an 
astonishingly large number of sites at which therapeutic intervention can be 
applied. Table 7.4 outlines many possible approaches, arranged in more or 
less reverse order, starting at the neuromuscular junction and working 
backwards. Each of these approaches has either been used clinically or tested 
experimentally in EAMG or other autoimmune conditions, as referenced. 
The very length of the list attests to the fact that an ideal therapeutic strategy 
has yet to be devised. A few representative approaches will be summarized 
in this section. 

Targeting B cells 

Since B cells produce the pathogenic antibodies in MG, it seems logical to 
attempt to interrupt the disease process at this penultimate step. To do so 
requires targeting all the B cells that produce antibodies specific for AChR. 
As discussed above, both the AChR antibodies and the relevant B cells are 
highly heterogeneous. Since these B cells bear antibodies that act as surface 
receptors for various epitopes of AChR, they are therefore capable of binding 
AChR. If the AChR molecule is armed with a lethal 'warhead', the relevant 
B cells will bind and take up the lethal antigen, and be killed. Experimentally, 
immunotoxins composed of AChR and either the toxic A chain of ricin228 

or radioactive iodine229 have been used successfully in vitro or in naIve 
animals. However, there are serious potential problems in applying this 
method to ongoing autoimmune diseases. In ongoing MG, precisely the 
same antibodies that serve as B cell receptors are present in the circulation. 
The AChR immunotoxin must therefore escape circulating antibodies. The 
immunotoxic molecules may be complexed by the antibodies, and the 
complexes precipitated in the lungs, liver or kidneys, without ever reaching 
their goal, but with the risk of producing damage to these organs. Further, 
even if the AChR-specific B cells were eliminated, the ability of B cell genes 
to mutate and rearrange allows for the appearance of new AChR-specific B 
cells, which can be up-regulated in response to antigenic stimulation, resulting 
in recurrence of MG. These problems would apply to virtually any strategy 
designed to target antigen-specific B cells in ongoing disease. 

T cell-directed approaches 

As noted above, T cells playa key role in the autoimmune response in MG, 
and T cells have certain characteristics that make them more favourable 
for therapeutic approaches. Their receptors recognize linear epitopes (in 
association with MHC class 11)114; as a rule, T cell epitopes generally differ 
from B cell epitopes120, permitting targeting of the relevant T cells, while 
minimizing the possibility of interception by circulating antibodies. Unlike 
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Table 7.4 Outline of current and future therapeutic interventions in myasthenia gravis 

Neuromuscular junction 
Anti-cholinesterases 
3,4-Diaminopyridine 
3-Deazaadenosine (3DZA) 

Antibody depletion 
Plasmapheresis 

General immune treatment 
Thymectomy 
Adrenal corticosteroids 
Azathioprine 
Cyclosporin A 202-206 
Cyclophosphamide 
Total lymphoid irradiation261 
Intravenous IG 

Unusual immunosuppressive agents tried 
Dimethylsulphoxide 
Thalidomide 

Pristine immune system 
Cyclophosphamide + total body 
irradiation; bone marrow 'rescue' 

Deplete AChR-specific B celIs 
'Hot antigen suicide' 
*a) AChR + ricin A228 
*b) AChR + 1251265 

Deplete T helper celIs 
*Anti-CD4 Ab230 
*IL-2 toxin236 

Target antigen-specific T celIs 
"T cell vaccination24°-246 
"Immunize with TCR peptide(s)248.249 
"APCs used to target AChR-specific 
T cells254 

Specific suppression 
T suppressor cells266.267 
Large suppressor cells 

Antigen presenting cells 
Ab vs. MHC Class II271 
Ab vs. MHC Class II + peptide 
MHC-blocking peptide273 

Anti-idiotypic approach 
Tolerance induction 

Deaggregated antigen278 
Route of administration 
TLI + antigen 
Anti-CD4 + antigen 
Antigen-coupled cells 
?Tolerogenic fragment283 

"Discussed in text 

Prolong ACh-AChR interaction 
Increase ACh release257 
Decrease AChR turnover258.259 

Semiselective pheresis; Preferential removal 
of AChR Ab; (polyvinyl alcohol with 
tryptophane)260 

Suppressive in EAMG262 
Used in bone marrow transplantation 
No benefit in EAMG263 

Abolishes immune response to AChR, in 
EAMG264 

Effective in naive animals, culture 
See text 

See text 

Effective in EAE; not EAMG; See text 
EAE; See text 

Antigen-specific macrophages268-270 

EAE272 

Mixed results in EAMG274-277 

Oral, inhalation279 
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B cells, T cell receptor genes do not undergo mutation, which obviates a 
potential source of resupply of pathogenic cells. Moreover, various surface 
markers on T cells can serve as semispecific 'addresses' for targeting. Finally, 
methods are now available for inactivating antigen-specific T cells (rendering 
them 'anergic'), which provides a powerful mechanism for silencing them. 

Depletion of T helper cells 

T helper (T h) cells can be depleted or inactivated by injection of antibodies 
specific for the CD4 surface antigen230.231, or the T cell receptor (CD3 
antigen)232. These antibodies interfere with Th cells indiscriminately, produc
ing a general immunosuppressive effect. Further, an immune response to the 
injected antibodies may develop, precluding repeated treatment. Efforts to 
produce 'humanized' monoclonal antibodies to these epitopes should mitigate 
or eliminate this problem for clinical use. 

Targeting activated T cells: IL-2 toxin 

T cells involved in an active immune response express receptors for IL-2, 
while resting and memory T cells do not2 33,234. This property can be used 
to target activated T cells, including those involved in the immune response 
to AChR. A recently developed IL-2 toxin, produced by recombinant 
technology235, has been used for this purpose236. This consists of the receptor
binding moiety of IL-2 and the cytotoxic portion of diphtheria toxin; it binds 
to cells bearing IL-2 receptors, is internalized by endocytosis, and irreversibly 
inhibits protein synthesis, resulting in death of the target T ce1l237. Experimen
tally, IL-2 toxin is extremely effective in vitro in inhibiting both AChR-driven 
T cell proliferation and anti-AChR antibody production236. However, 
treatment in live rats with IL-2 toxin is only moderately effective in preventing 
cellular and humoral immune responses to AChR; this is attributable to the 
fact that it is rapidly inactivated in the intact animal238. These findings 
suggest that a strategy aimed at IL-2 receptors of T cells can provide 
semiselective (although not antigen-specific) suppression of an active autoim
mune response, but its effectiveness may depend on the use of an IL-2 toxin 
with more prolonged bioavailability in vivo239 . 

Targeting antigen-specific T cell receptors 

The principle underlying these strategies is that elimination or inactivation 
of T cells specific for the autoantigen should effectively treat the autoimmune 
disease. One approach, termed T cell vaccination', involves immunization 
with T cells activated to the particular antigen, in order to induce specific 
immunological unresponsiveness24o. The inhibitory effect is believed to result 
from an immune response directed against the specific antigen receptors of 
the T cells used in the vaccination procedure241 . This method has been 
used successfully to suppress immune responses to several cell-mediated 
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experimental autoimmune disorders, including experimental allergic ence
phalomyelitis (EAE)242, thyroiditis243, adjuvant arthritis244, and interstitial 
nephritis245. However, this approach was not successful in treating EAMG, 
an antibody-mediated disease246. Vaccination of Lewis rats with T cells 
sensitized to AChR produced an interesting dichotomous immune effect. The 
vaccination itself actually primed the rats, resulting in increased antibody 
production in response to a challenge with AChR. On the other hand, splenic 
lymphocytes from the vaccinated rats produced antigen-specific suppression 
in vitro. These observations indicate that vaccination with antigen-specific T 
cells can elicit both a positive antibody response and a suppressive cellular 
response in the same animal. These findings in EAMG are consistent with 
the results of T cell vaccination in autoimmune thyroiditis in mice243. 
Vaccination with T cell lines specific for thyroglobulin inhibited the develop
ment of thyroiditis, which is a cell-mediated condition, but did not inhibit 
the anti-thyroglobulin antibody response. 

A more narrowly focused approach to targeting T cell receptors has been 
used in studies of EAE, where the antigen used to produce the disease is 
myelin basic protein (MBP). The logic is that if immunization with whole T 
cells can induce an inhibitory response against T cell receptors, then 
immunization with the relevant T cell receptors in pure form might also be 
effective. The key question is: how many T cell receptors, and which ones 
are relevant in a given autoimmune disease? In certain strains of rodents, 
the number of T cell receptors used in acute EAE appears to be relatively 
restricted247,248. Active immunization with the peptide moieties of the 
relevant T cell receptors has had a therapeutic effect in preventing or 
modifying experimental EAE in rats248,249. However, it must be emphasized 
that such an approach directed against identified T cell receptors requires 
that the receptor usage in the particular autoimmune disease must be 
markedly restricted. This requirement applies not only to the T cell repertoire 
of each individual, but also to the potential variation between individuals. 
In contrast to the restricted pattern of T cell responses in acute experimental 
autoimmune diseases in inbred strains of rodents, it appears that T cell 
responses are highly heterogeneous in chronic autoimmune diseases both in 
animals and in humans250,251. In particular, there is now abundant evidence 
in MG in humans and EAMG in rats that the epitopes of AChR to which 
T cells respond are highly heterogeneous 1 05-1 11,116-118,252 (see above). Since 
T cells recognize epitopes only in association with the appropriate self MHC 
class II antigens, this produces yet another level of heterogeneity253. Thus, 
targeting the repertoire of AChR-specific T cells of any individual patient, 
requires presentation of the entire spectrum of processed AChR peptides 
appropriate to that individual, in association with the proper MHC class II 
antigen. Unless some restrictive principle limits the spectrum of pathogenic 
peptides and MHC antigens, this is likely to be an extremely complex 
undertaking. 

We have recently developed a method by which the individual's own 
antigen presenting cells (APCs) can be used for this purpose25\ since they 
process and present the antigen appropriately, and express the correct MHC 
class II antigen. A novel method of binding AChR to surface immunoglobulin 
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with a heterobifunctional antibody conjugate255 allows all B cells, regardless 
of their inherent specificity, to be used as ACPs for AChR 254. If these APCs 
are 'fixed' with cross-linking reagents, they induce long-lasting or permanent 
anergy of the specific T cells with which they interact2 54,256. Experimentally, 
culture of these fixed AChR-presenting cells with AChR-specific T cells 
induced anergy. When restimulated with fresh APCs and AChR, the T cells 
showed markedly reduced proliferative responses and IL-2 production, 
compared with controls. This strategy represents an attempt to deal with 
the critical issue of heterogeneity of T cell responses, in designing specific 
therapy for MG. 

CONCLUSIONS 

Much has been learned during the past two decades about the pathogenesis, 
immunology and molecular biology of MG. The diagnosis and practical 
treatment are well defined and usually successful. Despite these impressive 
advances, there are still important gaps in our understanding of the origin 
of MG, the factors that contribute to its chronic maintenance, and how to 
'cure' it. If progress continues at the present pace, MG should continue to 
lead in the field of autoimmunity, with the ultimate goal of specific therapy 
for the underlying disorder. 
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8 
Immunological factors that influence 
disease severity in experimental 
autoimmune myasthenia gravis 
K. A. KROLICK, P. A. THOMPSON, T. E. ZODA, S. MOHAN, 
R. J. BAROHN and T.-M. YEH 

INTRODUCTION 

In health, acetylcholine receptors (AChR) associated with muscle membrane 
at the end plate are designed to capture acetylcholine molecules released from 
vesicles at the motor nerve terminals. The AChR, complexed with transmitter, 
then acts as an ion channel to mediate cationic fluxes into innervated muscles, 
thereby initiating the chain of events leading to voluntary muscle contraction. 
Under certain circumstances, however, the AChR may be perturbed in a 
way that diminishes its ability to translocate ions effectively. Such is the case 
in myasthenia gravis (MG), an autoimmune disease mediated by antibodies 
with binding specificity for AChR; upon binding, anti-AChR antibodies may 
interfere with receptor function to varying degrees, impairing neuromuscular 
transmission and creating the commonly observed symptoms of weakness 
and easy fatigability. Much has been learned over the years with regard to 
the mechanisms underlying MG. However, much is still to be clarified. This 
is certainly due to the multifactorial nature of the disease: mechanisms for 
impaired neuromuscular function may be found at several levels. For example, 
as summarized in Figure 8.1, the induction and severity of disease symptoms 
might be influenced by the myophysiology of an individual, reflected by 
minor differences in AChR structure or numbers of receptors found on the 
post-junctional muscle membrane. Accessibility of AChR to antibody attack, 
determined by architectural features of the neuromuscular junction (which 
are even heterogeneous between different muscle fibre types within an 
individual), may also differ among individual patients. Together with these 
synaptic aspects, there are immunophysiological factors to be considered 
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Figure 8.1 Factors affecting disease severity in myasthenia gravis. 

when evaluating the induction and severity of symptoms in MG patients. 
For example, characteristics of the B lymphocyte/antibody response itself 
(directly responsible for interference with AChR function) need to be defined; 
these will lead to a better understanding of how the usual maintenance of 
immunological tolerance to self antigens has been circumvented and the 
exact immunopathological mechanisms that lead to perturbation of receptor 
function. Additional understanding of underlying mechanisms affecting 
disease induction and severity may be forthcoming as characteristics of the 
T lymphocyte response (indirectly responsible for interference of AChR 
function by serving as the regulator of the B cell response) continue to be 
defined. Due to the biochemical complexity of the self antigen involved 
(AChR), the biological complexity of the immune system, the complexity of 
the 'outbred' genetics of the human population, and the overall inability to 
perform the needed systematic evaluation of the immunopathological and 
neurophysiological aspects ofthe disease, animal models ofMG (experimental 
autoimmune myasthenia gravis; EAMG) were developed in the early 1970s1• 

The detailed immunophysiological features of this useful model have been 
extensively reviewed elsewhere2; the purpose of this report is to summarize 
results of our own studies dealing with certain unresolved issues related to 
disease mechanisms. An initial problem, in the light of the proven ability of 
anti-AChR antibodies to damage or occlude the endplate receptor, is the 
lack of correlation between antibody titre and disease severity3-6. Some 
severely ill patients have barely detectable anti-AChR antibody titres, while 
certain other patients with very high antibody levels have very mild 
symptoms. 

The working hypothesis and main premise on which our studies have been 
based is that some, but not all, anti-AChR antibodies produced in MG 
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Figure 8.2 Hypothetical differences in the proportions of disease-causing (D+) and benign 
(D-) anti-AChR antibodies produced by two MG patients demonstrating differences in disease 
symptom severity. The explanation proposed here is that although both patients may have the 
same serum titre of anti-AChR antibodies, only that patient with a supra threshold titre of the 
disease-causing antibody subset would demonstrate severe neuromuscular impairment 

patients are directly responsible for neuromuscular disease; a certain pro
portion (differing from patient to patient) of the anti-AChR antibodies 
produced bear no direct relationship to disease (Figure 8.2). The ability to 
predict disease severity based on anti-AChR antibody titres would, therefore, 
be dependent on the determination of a minimal amount of the disease-
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causing antibody subset, or 'threshold' level of production, above which 
neuromuscular impairment could be detected, and the ability to identify and 
measure levels of the disease-causing antibody subset directly. Measurement 
of total anti-AChR antibody titres would likely be misleading unless the 
relevant subset accounted for the majority of the antibody. 

NATURE OF THE PROBLEM: THE ANTI-AChR ANTIBODY 
RESPONSE 

In general, the anti-AChR antibody response in MG patients and most 
experimental animal models is oligoclonal (see below); that is, a family of 
antibodies is produced, with reactivity directed at the AChR being the only 
characteristic required to be considered part of the family. The term anti
AChR does not specify whether the antibodies are of the IgM or IgG class, 
nor does it imply binding to any particular component of the receptor. Upon 
binding, these properties of an individual anti-AChR antibody molecule 
might, however, be very influential with regard to whether it has pathogenic 
potential and to the severity of the resulting disease state. 

The biochemical and physical properties of immunoglobulins that deserve 
consideration include characteristics such as isotype (the class or subclass of 
the antibody), antigen-binding affinity, and antigen binding fine specificity 
(the exact site or epitope to which antigen binding occurs). Each characteristic 
will have varying importance in MG by establishing which antibody effector 
functions are activated during disease induction3- 14. For example, the 
antibody isotype may confer on particular immunoglobulin classes or 
subclasses the ability to fix complement, resulting in focal membrane damage. 
Additionally, antibody isotype may determine the ability of antibodies 
to interact with Fc receptor-bearing effector cells following complement
dependent recruitment of inflammatory white cells into the junction. In 
combination with the appropriate antibody isotype, the exact location of 
binding determined by the fine specificity of the antibody may also influence 
the accessibility ofthe muscle membrane to complement attack. Furthermore, 
antibody binding affinity and fine specificity for particular AChR epitopes 
could determine the effectiveness of autoantibody binding and the cascade 
of other events that will follow; such qualities may have importance in 
determining the ability of anti-AChR antibodies to directly block acetylcho
line-stimulated receptor function by binding at or near the acetylcholine 
binding site. Alternatively, autoantibodies directed against other sites on the 
AChR molecule may prevent proper function of the voltage-dependent ion 
channel, thus interfering with signal transmission. In addition to steric 
hindrance of AChR function, the autoantibodies can modulate the turnover 
and reinsertion of AChR at the surface of muscle fibres. The resulting loss 
of AChR density from the muscle membrane, dependent on the cross-linking 
of AChR molecules by bivalent antibody, would depend on the specificity 
of bound antibody with respect to the juxtaposition of epitopes on adjacent 
AChR molecules. 

Thus, it would not be surprising to find that not all anti-AChR antibodies 
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are equally capable of causing neuromuscular impairment. Characteristics 
of the anti-AChR antibodies such as isotype, affinity, and fine specificity 
would have potential importance by determining which of the pathogenic 
mechanisms described above playa determining role in induction of MG or 
EAMG. Furthermore, the repertoire of antibody specificity produced may 
show interpatient variability due to genetic differences between individuals 
with regard to available immunoglobulin variable region genes that dictate 
antibody specificity. If different MG patients produced different subsets of 
the total clonotypic spectrum of possible anti-AChR antibodies (some 
dominated by antibody species with disease-causing potential and some 
dominated by benign antibody species), one would expect interindividual 
differences in neuromuscular impairment to result. Identification of character
istics associated with the exact subset of antibodies directly responsible for 
impaired AChR function would likely lead to a more precise understanding 
of relationships between antibody titre and disease severity, as well as the 
opportunity to evaluate disease mechanisms more directly. 

Finally, complex immunoregulatory phenomena, probably T cell-mediated, 
also influence the production and characteristics of anti-AChR antibodies. 
The complexities of immunopathology and immunoregulation obscure an 
understanding of the quantitative and qualitative relationships between 
the anti-AChR antibody response and the induction of AChR-dependent 
neuromuscular disease symptoms. Variability of disease severity may thus 
be explained by immunoregulatory activities that determine which anti
AChR antibodies are expressed or produced from within the potential anti
AChR antibody repertoire. These activities may involve major histocompat
ibility complex (MHC)-selected immunoregulatory T cell activities that direct 
the anti-AChR antibody response. In searching for an understanding of 
disease mechanisms that lead to an ability to predict disease state and 
progress, therefore, one must include not only parameters directly associated 
with the fine specificity repertoire of disease-causing antibodies, but also 
parameters associated indirectly with the regulation of the particular subset 
of the total anti-AChR response that causes perturbed AChR function. Over 
the past several years, this laboratory has employed various strategies to 
dissect the multifaceted immune response that leads to the neuromuscular 
impairment observed in experimental MG. This work has been greatly 
facilitated by the availability of rat strains whose differing sensitivity to 
immunization with AChR is partly based on known genetic factors. 

EVALUATION OF ANTI-AChR ANTIBODIES IN RAT STRAINS 
THAT DIFFER IN THEIR SUSCEPTIBILITY TO EAMG 

Isolectric focusing (IEF), in which antibody separations are based on their 
biochemical charge, has been the principal tool for assessing the clonotypic 
origins, heterogeneity, isotype, and relative antigen-binding avidity of serum 
anti-AChR antibodies 15- 2o• IEF data obtained from this laboratory suggest 
that characteristics dictated by the clonal B cell origin of anti-AChR 
antibodies dramatically influence the myopathological effects seen in rats 
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Figure 8.3 Isoelectric focusing analysis of antiserum from one representative Lewis (L) or 
Wi star Furth (W) rat immunized with AChR. AChR-specific antibody bands immunoblotted 
onto AChR-coated nitrocellulose paper were probed as indicated for total antibody, IgGl 
antibody, or IgG2a antibody specific for AChR. Taken from reference 20 

with EAMG. Immunopathological differences associated with different 
clonotypic species of anti-AChR antibodies identified in this way give a 
different perspective on disease mechanisms than studies of the bulk serum 
antibody response. For instance, clonally derived anti-AChR antibodies 
produced against different conformational states of the antigen 18, involving 
helper T cells of restricted fine specificity for AChR 17,19, and following 
treatments with idiotype-selective immunocytotoxic agents21 can be exam
ined. Characteristics of the anti-AChR antibodies produced in genetically 
different rat strains can also be compared2o ,22: AChR-immune Lewis rats 
demonstrate easily detectable neuromuscular dysfunction, while AChR
immune Wistar Furth (WF) rats demonstrate significant resistance to 
the induction of antibody-mediated muscle dysfunction (increased in vitro 
sensitivity to curare (seen as decreased RT 50 values) reflects diminished 
AChR-dependent muscle contraction compared to normal muscles 23 ,24. 

The complexity of IEF banding patterns reflects the number of AChR
reactive B cell clones making antibody: both Lewis and WF rats express 
similar clonotypic antibody heterogeneity and isotype preference (Figure 
8.3). However, some antibody clonotypes from the two rat strains do not 
comigrate in pH gradients, indicating a lack of protein identity. Since the 
responses of both rat strains are dominated by the same IgG subclass (IgG2a) 
with no apparent allotypic differences 25, and there does not appear to be a 
clear distinction between Lewis and WF anti-AChR antibodies with regard 
to binding avidity, it is likely that many of the differences in net charge and 
isoelectric point (pI) between Lewis and WF antibodies are the result of 
variable region amino acid differences; this could indicate differences in 
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Table 8.1 Passive transfer of anti-AChR antibodies from Lewis 
rats can cause impaired muscle function in Wi star Furth rats 

Amount of antibody transferreda 

o 
200 
400 
800d 

RT50 (nM)b 

Lewis WF 

365 ± 30 
350 ± 6 
196 ± 37 

< 100 

437 ± 23 
400' 

140 ± 39 
< 100 

aflg IgG fraction of AChR-immune Lewis rat serum transferred 
by intravenous injection 
bConcentrations of tubocurarine required to inhibit AChR
dependent contractile tension of extensor digitorum longus 
muscles by 50%. Mean values (± SEM) represent determinations 
of muscles from rats of the indicated strain (3-6 rats/group). 
Evaluations of AChR-dependent contractile function of EDL 
muscles from many healthy and AChR-immunized rats (> 200 
each) have indicated that healthy EDL muscles demonstrate 
RT 50 values of 350-450 nM curare, while AChR-immune rats 
demonstrate RT 50 values of l00-200nM curare 
'One rat tested at this dose of transferred antibody 
dBoth rat strains showed visible signs of muscle dysfunction 
following transfer of 800 flg Lewis antibody. RT 50 values for 
these animals were not calculated because relative tensions were 
determined to be decreased by about 50-70% prior to the addition 
of any curare. Exposure to 100 nM curare resulted in no detectable 
contractile function (RT = 0) 

antibody fine specificity and secondary differences in resulting AChR 
perturbations. 

The main conclusion derived from this information is that, although the 
antibodies produced following a single AChR immunization of Lewis and 
WF rats are of similar clonotypic heterogeneity and avidity and dominated 
by the same IgG subclass, only Lewis rats develop impaired AChR-dependent 
neuromuscular function. Two possible explanations for this difference in 
disease induction are: first, the antibodies produced by the two rat strains 
may be of overlapping but non-identical fine specificities, and therefore 
express different degrees of disease-causing potential, or second, the antibodies 
produced by both rat strains include specificities that are associated with 
such a potential, but the biochemistry or presentation of junctional AChR 
in WF rats somehow differs from that in Lewis rats, resulting in resistance 
to antibody-mediated effects. This second possibility is less likely, since 
impaired muscle function has been demonstrated in WF rats after the passive 
transfer of preformed anti-AChR antibodies from Lewis donor rats 
(Table 8.1). 

Following multiple injections of AChR, disease-resistant WF rats do finally 
demonstrate AChR-dependent neuromuscular dysfunction (Figure 8.4). There 
are at least two explanations for this: first, the early WF responses to AChR 
involve antibodies with no disease-causing activity, but hyperimmunization 
may result in mutations of antibody variable region genes that shift antibody 
binding fine specificity and/or avidity. Acquisition of these new antibody 
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Figure 8.4 Disease induction in Lewis rats (0) and Wistar Furth rats (~) following multiple 
AChR immunizations. The dose of curare necessary to inhibit contractile force by 50% (RT50), 

is thought to reflect the level of functional AChR expression and has been shown to be a 
sensitive reproducible indicator of antibody-mediated AChR perturbations23•24• The vertical 
dashed line has been arbitrarily placed to indicate the lowest RT 50 value ever determined for 
EDL muscles from healthy control rats (i.e. 280nM curare); in reality, after more than 200 
assessments, control values are usually 350-500nM, and diseased values 100-250nM. Groups 
of four rats of each strain were injected (s.c.) with AChR emulsified in CF A, followed by one 
or two additional AChR booster injections given in saline. Three weeks following each injection 
a group of rats of each strain was sacrificed and tested for AChR-dependent muscle contractile 
function. Number of immunizations indicated is the sum of total injections given; 3' indicates 
that rats were given 3 injections and allowed to wait 10 weeks, instead of the usual 3-5 weeks, 
before analysis of muscle function. Taken from reference 20 

specificities could increase disease-causing potential. A second, but not 
mutually exclusive, explanation is that the disease-causing antibody fine 
specificities exist in the WF germline, but are initially expressed at very low 
frequency and/or are somehow immunosuppressed (possibly by T cell
mediated mechanism). Upon hyperimmunization, eventual activation and 
expansion of disease-causing B cell clones results in the production of enough 
anti-AChR antibody to exceed the threshold needed to result in impaired 
muscle function (Figure 8.2). Figure 8.5 demonstrates a simple disease vs. 
antibody titre relationship that suggests that this disease-causing threshold 
may exist; further, Lewis rat anti-AChR antibodies may simply contain a 
higher proportion of disease-causing antibody. It is also of note that the 
expression of disease symptoms in hyperimmunized WF rats is transient 
« 10 weeks) (Figure 8.4), although the total anti-AChR antibody titre 
remains virtually constant during the same period of time. This may indicate 
that the production of the small subset of anti-AChR antibodies responsible 
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Figure 8.5 Relationship between serum anti-AChR antibody concentration and curare 
sensitivity (RT 50) demonstrated by EDL muscles from WF and Lewis rats. All rats were given 
an initial injection (s.c.) of 50)lg of AChR in CF A; some rats (groups of 4 rats each) were given 
one or two additional injections (s.c.) of 50)lg AChR in buffered saline at approximately 2 
weeks and 4 weeks, respectively, following the first injection. Disregarding the exact immunization 
protocol, rats were then ranked according to resulting anti-AChR antibody titres and plotted 
as shown above against curare sensitivity (RT 50)' Taken from reference 20 

for disease symptoms in WF rats remains restricted by immunoregulatory 
factors. Changing IEF banding patterns that have been observed during a 
programme of multiple immunizations are consistent with this possibility 
and may provide a more sensitive way of monitoring relationships between 
anti-AChR antibody production and AChR-dependent myscle dysfunction20• 

DIFFERING DISEASE-CAUSING POTENTIALS ASSOCIATED WITH 
ANTI-AChR ANTIBODIES FROM EAMG-SUSCEPTIBLE RATS 

Co-expression of benign and disease-causing anti-AChR 
antibodies in Lewis rats 

Rat and mouse monoclonal antibody studies from several laboratories have 
been designed to examine disease-associated antibody characteristics and 
have, in fact, demonstrated the differential abilities of various AChR-specific 
monoclonal antibodies to passively transfer EAMG26-30. Although the use of 
monoclonal antibody techniques to study the immune response to particular 
antigenic determinants has proved extremely useful, there is still some 
confusion about relationships between antibody characteristics and their 
disease-causing potential. Such confusion may have arisen from the inherent 
biases produced by the inability to fuse, clone and expand B cells representing 
the entire expressed polyclonal anti-AChR antibody repertoire, or from 
biases introduced by screening strategies based on favoured antibody 

217 



IMMUNOLOGY OF NEUROMUSCULAR DISEASE 

234567891011121314151617181920 u 

Fraction # 

5 

8 

Figure 8.6 The polyclonal rat anti-AChR antibody response can be fractionated by preparative 
isoelectric focusing (pIEF) allowing the recovery of clonotypically restricted AChR-reactive 
antibodies. pIEF was performed as described in reference 16. Recovered protein from each 
fraction was then rerun on analytical IEF gels to assess purity and maintenance of binding 
activity against AChR. Numbers indicate the relative position in the pH gradient from which 
each fraction was recovered (increasing from the acidic to the alkaline range). Unfractionated 
antiserum is indicated by 'U'. Taken from reference 16 

specificities. An alternative strategy, presented in a previous report16, involves 
the identification of disease-causing clonal B cell products (AChR-reactive 
antibodies) present in immune rat serum using methods that are independent 
of the fine specificity, frequency, tissue distribution, and fusability of the 
responding B cells. Unfortunately, regardless of the method of antibody 
isolation, direct identification of important AChR determinants remains 
difficult because of the clear requirement of native AChR conformation for 
the binding of important disease-causing anti-AChR antibodies (see below). 
Conventional approaches to epitope mapping (such as synthetic peptide 
binding studies and Western blot analysis) may underestimate binding ability 
since these methods require antigen denaturation. 

Our approach to assessing the heterogeneity and disease-causing potential 
of antibodies generated by immunization of rats with AChR is to purify 
antibodies directly from serum by preparative isoelectric focusing (pIE F) 
techniques31 (Figure 8.6). Following electrofocusing, each purified pIEF 
fraction containing certain clonotypic antibody species, can be passively 
transferred into naIve recipient rats and tested for its ability to induce 
symptoms of impaired AChR-dependent neuromuscular function. Such 
studies aim to identify the disease-causing subset of anti-AChR antibodies 
from among the entire spectrum of AChR-reactive antibody clonotypes in 
Lewis rats with EAMG and to characterize individual antibody species 
capable of contributing to neuromuscular dysfunction. 

Following transfer of antibodies obtained from the pIEF-fractionated sera 
of AChR-immunized Lewis rats to immunologically naIve, healthy recipient 
rats, two main subsets of AChR-specific antibody can be identified. One 
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Table 8.2 Relationships between disease-causing potential and reactivity with 
rat AChR" 

Rat AChR+ 
Rat AChR-

Disease-causing fractions 

8, 9, 12, 13, 18 
None 

Benign fractions 

5, 10, 11, 14, 15, 16, 17, 19, 20 
1, 2, 3, 4, 6, 7 

"Each pIEF antibody fraction described in Figure 8.6 was passively transferred 
into groups of naIve recipient rats and scored 24-48 h later for the ability to 
directly interfere with AChR-dependent contractile function of EDL muscles as 
described in Figure 8.4. Fractions that were determined to contain disease-causing 
AChR reactivity or benign AChR reactivity were then evaluated for their ability 
to bind AChR of rat muscle origin. Data are presented as pIEF fraction numbers 
assigned to each of these four groups 

subset, representing about one-third of the expressed clonotypic antibody 
repertoire, is capable of directly perturbing AChR-dependent neuromuscular 
function (Table 8.2). A second subset has no detectable ability to induce 
disease symptoms. The anti-AChR antibodies used in these experiments are 
initially produced by immunization with electric ray (Torpedo) AChR: these 
are not 100% cross-reactive with rat AChR 16, but the inability of some 
antibody fractions to perturb AChR function cannot be explained by their 
inability to react with AChR of mammalian origin. Furthermore, the ability 
of certain pIEF fractions to transfer disease symptoms does not correspond 
with a particular antibody isotype (although the response is dominated by 
IgG2a) and does not depend solely on high relative binding avidity (benign 
reactivities with high relative binding avidity are also observed). Nonetheless, 
an anti-AChR antibody subset that is likely to contain reactivities that are 
most directly responsible for neuromuscular disease symptoms demonstrated 
by rats with EAMG can be directly identified and purified from immune 
serum. 

Conformation dependence of important AChR epitopes 

Studies of disease-sensitive Lewis rats and disease-resistant Wistar Furth 
rats suggest that a particular set of anti-AChR antibodies prominently 
produced by Lewis rats but absent in WF rats, appears to be required for 
induction of neuromuscular disease. Lewis anti-AChR antibodies are not all 
equally capable of impairing AChR-dependent neuromuscular function. 
What are the characteristics of anti-AChR antibodies that allow disease
causing potential to be expressed? Early studies by other investigators32- 35 

demonstrated the importance of the three-dimensional conformation of 
AChR in determining anti-AChR antibody fine specificity for AChR epitopes. 
In the EAMG model, for example, serum antibody responses to denatured 
AChR differ from those to native AChR in terms of the ability to cause 
neuromuscular interference. Studies from this laboratory later also demon
strated clonotypic distinctions between disease-causing and non-disease
causing anti-AChR antibodies in Lewis rats immunized with either confor
mationally intact AChR, or reduced and SDS-denatured AChR 18. Antibodies 
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directed against linear (as opposed to conformational) epitopes are often 
incapable of eliciting symptoms; however, although reactivity of serum 
antibodies with AChR epitopes demonstrating native conformation appears 
to be one prerequisite for inducing disease, it is not necessarily sufficient. 
Antibodies produced as a result of immunization with denatured AChR 
(dAChR) but cross-reactive with native AChR (nAChr), are similar to, 
but not identical with, those produced directly against nAChR; dAChR
stimulated antibodies are skewed to the acidic end of the IEF pH gradient 
(in contrast to the more alkaline nature of antibodies stimulated with native 
AChR) and are clearly incapable of causing detectable impairment of AChR
dependent muscle contractile function 18. These observations suggest that 
certain antibody subsets owe their disease-causing potential to the properties 
of the immunogen, though similar levels of anti-AChR, isotype distribution, 
and clonotypic antibody heterogeneity can be evoked with either native or 
denatured AChR. It should also be noted that although the antibody response 
to dAChR is considerably skewed in favour of determinants associated with 
the cytoplasmic region of the receptor36- 38, other antibodies are clearly 
capable of recognizing extracellular regions (K. Krolick, unpublished 
observations). 

In conclusion, the repertoire of rat anti-AChR antibodies expressed in 
Lewis rats is composed of at least two main subsets of antibody, one capable 
of directly perturbing AChR function and the other incapable of such an 
effect. Compared to IEF banding patterns of identified disease-causing 
antibodies, IEF banding patterns of anti-AChR antibodies that have no 
detectable disease-causing potential (e.g., those produced by immunization 
of rats with denatured AChR 18 or a rat strain that demonstrates resistance 
to disease induction2o) show an apparent absence of disease-causing clono
types, but maintenance of many of the benign antibody clonotypes. This 
offers possible explanations for the lack of detectable disease in the face of 
easily detectable anti-AChR antibodies following immunization under these 
circumstances. 

SELECTIVE EXPRESSION OF THE DISEASE-CAUSING ANTI
AChR ANTIBODY SUBSET 

In light of the clear differences in disease-causing potential possessed by 
particular subsets of anti-AChR antibodies, it is of great interest to be able 
to predict when the activity of the highly immunopathological antibodies is 
likely to be expressed. We discuss below two possible influences that may 
be involved: first, immunoregulatory helper T lymphocytes may be capable 
of steering the antibody specificity repertoire towards or away from disease
causing specificities, and second, additional antibody reactivities may be 
produced in some individuals that are capable of counteracting the effects 
of disease-causing reactivities. 
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Role of helper T lymphocytes 

Major histocompatibility complex (MHC) class II molecules are thought to 
influence the specificity repertoire of T cells, which may then indirectly affect 
subsequent B cell activities39,4o. Protein antigens are taken up by specialized 
antigen-presenting cells (APC) and processed in an intracellular compartment 
into an immunogenic form, The processing step appears to involve denatur
ation and limited proteolysis41, An immunogenic fragment of the antigen 
becomes associated with the MHC molecule42 by binding to a specific site43, 
binding being mediated by allele-specific amino acid residues. Different MHC 
allele-encoded molecules in outbred individuals or in different rodent strains 
may differ in the fragments of a given antigen that are presented to T cells. 
This process has been termed 'determinant selection'44. The complex formed 
by the antigen fragment and MHC molecule is then displayed on the APC 
cell surface and, if recognized by a T cell receptor45, leads to activation of 
that T cell. In health, T cell unresponsiveness (tolerance) to particular antigen 
fragments of host (self) origin probably results either from a failure of 
processed self antigen to bind to MHC46, or from the deletion or inactivation 
of these antigen-specific T cells47. 

The anti-AChR antibody response in EAMG is polyclonal at the B cell 
level, as described above, and is T cell-dependent. Even in inbred animals, 
direct demonstration of the importance of helper T cell specificity in EAMG 
is difficult, complicated by restricted antigen recognition governed by the 
genes of the MHC. Different strains of mice and rats demonstrate different 
patterns of MHC-dependent reactivity for AChR and panels of AChR 
peptides48-6o; these MHC-determined differences in the expressed and 
activated T cell specificity repertoire may be the basis, in part, for differences 
in the severity of disease observed. Studies from this laboratory point to T 
cell reactivity directed at a restricted region of the a-subunit as being most 
effective in stimulating anti-AChR antibody production17,19,61 and eventual 
neuromuscular dysfunction. 

The influence of T cell specificity on the clonotypic heterogeneity and 
disease-causing potential of antibodies against the AChR has been evalu
ated18. The fact that anti-AChR antibody response is oligoclonaljpolyclonal, 
and that only a subset of these antibodies is able to directly interfere with 
AChR-dependent function, raises the question of whether restricting the 
activated AChR-specific helper T cell repertoire would subsequently result 
in a similar restriction in the antibody repertoire, and whether such a T cell
restricted anti-AChR antibody response would continue to elicit neuromuscu
lar symptoms. 

Adoptive transfer studies using T cells from rats immunized with the 
purified AChR subunits (a, /3, y, and b) and with B cells from donor rats 
immunized with the intact AChR suggest that T cell specificity for antigen 
may influence the exact subset of antibody clonotypes produced; however 
resulting antibody titres, affected by which T cells are used, also appear to 
influence the degree of disease observed. The results of such studies are 
therefore ambiguous in that, regardless of the AChR subunit specificity of 
the T cells, all recipient animals demonstrate AChR-dependent muscle 
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dysfunction if adequate anti-AChR antibody titres are reached. One conclu
sion is that if the importance of T cell specificity is to be fully appreciated, 
the activated anti-AChR T cell repertoire must be further restricted. 

The rat anti-AChR immune response has been shown to be dominated by 
T cell reactivity directed toward a small number of biochemical regions53. 
The region including the a-subunit amino acid residues at positions 100-
116 appears to be important in determining T cell reactivity to AChR. 
Furthermore, significant cross-reactivity is known to exist between this a
subunit sequence and determinants associated with the other AChR subunits. 
For these reasons it appears likely that a100-116 T cell determinant(s) plays 
an important role in the anti-AChR antibody response, and probably in 
generating disease symptoms. We have studied the immunogenicity of the 
a100-116 peptide with regard to the regulation of the production of the 
disease-causing subset of AChR-reactive antibody20. Although regulation of 
the anti-AChR antibody response by peptide-reactive helper T cells results 
in lower antibody titres than those produced in responses regulated by T 
cells reactive with the whole AChR, the clonotypic heterogeneity of the 
antibodies examined by IEF is similar to those regulated by unrestricted 
AChR-reactive Tcells. This suggests that the spectrum of antibody specificities 
produced is probably similar and of similar disease-causing potential. The 
disease-causing potential of the anti-AChR antibodies produced with the 
help of peptide-reactive T cells can be verified by adoptive transfers followed 
by tests of AChR-dependent muscle function. Thus, T cells reactive with the 
small (17 amino acids) synthetic peptide are capable of helping virtually all 
possible anti-AChR antibody clonotypes, including those involved in inducing 
neuromuscular disease. 

The virtually complete expression of the entire repertoire of antibodies 
reactive with AChR, in spite of the highly restricted T cell reactivity, was 
not predicted. It had been assumed that restriction of the T cell specificity 
repertoire to a very small subset of total possible reactivities, would similarly 
limit the antibody specificity repertoire. Clearly, this is not the case. The 
observation that a single small immunogenic peptide can stimulate T cells 
that effectively help all AChR-reactive B cells to produce a heterogeneous 
antibody response is difficult to reconcile with the various proposed mechan
isms that require antigen bridging to obtain T cell to B cell signalling62. 
However, the region associated with a100-116, as well as other homologous 
regions, is represented more than once in each AChR monomer. There are 
at least two a-subunits per AChR monomer each containing the a100-116 
sequence. Moreover, there appears to be significant T cell cross-reactivity 
between a-derived peptide and the other three AChR subunits53,61. This 
may also help to explain previous observations using AChR-reactive T 
hybridomas, in which over 50% of a panel of 32 clones produced IL-2 on 
in vitro challenge with any of the four purified AChR subunits63. 

Differences in disease severity caused by manipulations of the T cell 
specificities involved may therefore have only a quantitative basis. That is, 
in studies performed thus far, influences of T cell specificity on disease 
severity in rats appear to be directly related to the levels of circulating anti
AChR antibody attained, not to influences on the selection of particular B 
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cell specificities. The effectiveness by which T cells transmit helper signals 
certainly determines the frequency, but not necessarily the specificity, of B 
cells activated. It is noteworthy that, as in other systems64, T cell helper 
activity may not correlate directly with other T cell activities such as 
proliferation. Thus, a single amino acid substitution in the oclOO-116 peptide 
(proline for threonine at position 106) results in a virtually unaffected ability 
to stimulate proliferation, while nearly all ability to stimulate the help of 
AChR-reactive B cells with subsequent disease induction is lost. This may 
imply that at least two T cells with differing fine specificities can react with 
the oclOO-116 peptide and cross-react with native AChR. One T cell can 
proliferate when challenged with the original peptide and the cross-reactive 
proline-substituted peptide, but is not capable of activating the appropriate 
B cells. The second T cell stimulates B cells, and mayor may not be easily 
stimulated to proliferate by the peptides. 

Taking all of these observations together, the specificity ofT cell reactivities 
is unlikely to be a clear predictor of subsequent disease severity or the key 
to future immunotherapies. Assessment of T cell reactivity (in terms of 
proliferation) without careful evaluation of its potential helper activity may 
be misleading with regard to antibody responses that follow. Even T cells 
confirmed to have relevant helper activity may demonstrate promiscuous 
selectivity with regard to the B cell clones activated. Furthermore, the 
prominence of particular antigenic determinants in T cell activation is likely 
to vary between patients65- 67, dependent on mechanisms related to antigen 
processing events and the role of the MHC in the recognition of antigen by 
T cells. Thus, the factor more likely to account for variations in disease 
severity is in the efferent arm of the immune response and related to the fine 
specificity of anti-AChR antibodies. 

Role of blocking antibodies 

As described above, although many of the antibodies against denatured 
AChR epitopes can cross-react with native AChR1B, immunization of rats 
with dAChR does not cause neuromuscular dysfunction. In light of this 
observation, it was of interest to ask whether the anti-dAChR response was 
simply and passively missing key fine specificities required for disease 
induction, or perhaps was associated with an antibody activity that was 
capable of actively interfering with a second antibody activity with disease
causing potential. Experimental strategies for approaching this question 
involved the evaluation of disease induced by mixtures of the serum activities 
produced by rats following immunization with nAChR and following 
immunization with dAChR. Three examples of such experiments are shown 
in Table 8.3. In experiment 1, rats were hyperimmunized with a primary 
injection (s.c.) of dAChR in complete Freund's adjuvant (CF A) followed 1 
month later by two additional injections of dAChR in saline. They were then 
challenged with nAChR in CF A for an additional month. Rats immunized 
with dAChR in this way demonstrated substantial anti-AChR antibody 
titres and, as shown, were refractory to disease induction by challenge with 
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Table 8.3 Inhibition of anti-nAChR antibody induction of neuromuscular dysfunction by anti
dAChR antibodies 

Experiment 1. Standard immunization with nAChR does not induce disease in rats previously 
hyperimmunized with dAChR 

Immunization status" 
Naive (6) 
DAChR-immune (4) 

Pre-challenge 
antibody injectedb 

None 
None 

nAChR challengeC 

nAChRjCF A (s.c.) 
nAChRjCF A (s.c.) 

RT50d 
115 ± 21 
450 ± 39 

Experiment 2. Passive transfer of preformed anti-nAChR antibodies does not induce disease in 
rats previously hyperimmunized with dAChR 

Immunization status 
Naive (4) 
dAChR-immune (4) 

Pre-challenge 
antibody injected 

None 
None 

nAChR challenge 
Anti-nAChR antibody 
Anti-nAChR antibody 

RT50 
98 ± 21 

391 ± 39 

Experiment 3. Passive transfer of serum Ig fractions containing anti-nAChR antibodies does 
not induce disease in rats pretreated with serum Ig fractions from dAChR-immunized rats 

Immunization status 
Naive (4) 
Naive (3) 

Pre-challenge 
antibody injected 

None 
Anti-dAChR antibody 

nAChR challenge 
Anti-nAChR antibody 
Anti-nAChR antibody 

RT50 
98 ± 21 

363 ± 15 

"Immunization status of rats prior to any challenge with anti-nAChR antibodies; dAChR
immune rats had been injected (s.c.) with 50 JIg dAChR in CF A followed by two additional 
booster doses of dAChR prior to nAChR antibody challenge. Numbers in parentheses indicate 
the number of rats evaluated. 
b400-500 JIg of AChR-specific antibody injected (i. v.) 24-48 h prior to anti-nAChR antibody 
challenge. 
cnAChR antibody challenge was performed, as indicated, either by active immunization with 
50 JIg nAChR in CFA (s.c.) 1 month prior to examination of muscle function or by passive 
injection (Lv.) of 400 JIg preformed anti-nAChR antibodies 48 h prior to examination of muscle 
function. 
dEDL muscles from the indicated rats were evaluated for AChR-dependent muscle contraction 
by determining their curare sensitivity (indicated as RT 50 values (± SEM)) as described in the 
text. Decreasing RT 50 values (i.e. increasing sensitivity to curare) indicates the onset of impaired 
AChR function. EDL muscles from immunologically naive, healthy rats demonstrate RT 50 

values of 350-450 nM. 

nAChR. In experiment 2, rats demonstrating ongoing anti-AChR antibody 
responses against dAChR (as in experiment 1) were injected (i. v.) with 0.5 mg 
of anti-nAChR antibody. These rats were apparently resistant to the 
neuromuscular effects of injected anti-nAChR antibody, unlike immunologi
cally naIve rats that showed the usual induction of impaired AChR-dependent 
muscle function. The results of experiment 3 were consistent with the 
'protective' effects of antibodies present during an active immunization. A 
disease-resistant state was observed following the passive injection of the Ig 
fraction of anti-dAChR antiserum 24 h prior to injection of anti-nAChR 
antibody. When the Ig fractions of sera from rats immunized against nAChR 
and dAChR were injected into naIve rats in varying proportions, a relatively 
more potent effect of the protective activity was observed over the effects of 
the disease-causing activity. Thus, a 3-5 x molar excess of anti-nAChR 
antibodies was required to induce impaired AChR function (not shown). 

In order for the anti-nAChR antibody effect to be neutralized, either the 
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binding of antibodies to the conformation-dependent determinant(s) must be 
blocked or, once bound, the subsequent change to receptor function must 
not occur. One might speculate, therefore, that a subset of anti-dAChR 
antibody(s) may bind to the AChR in such a way as to sterically or 
allosterically interfere with anti-nAChR antibody binding, or may bind in 
such a way as to prevent the anti-nAChR antibody-induced structural 
alterations of the AChR that leads to impaired receptor function. Alterna
tively, anti-dAChR antibody-induced AChR perturbations may stimulate 
AChR biosynthesis and increase AChR membrane density; evidence for this 
possibility has been suggested by studies demonstrating refractoriness to 
disease induction in animals following administration of suboptimal doses 
of disease-causing antibodies68. However, no increased resistance to the 
antagonistic effects of curare was observed, as might have been expected if 
a significant increase in AChR density had occurred. Finally, since the source 
of transferred antibody was the Ig fraction of anti-dAChR antiserum, other 
AChR-nonreactive antibody specificities may also playa role. Therefore, the 
explanation may not directly involve anti-dAChR antibody activity at all: it 
may be that the dAChR hyperimmunization required to achieve high titres 
of antibody against this antigen of relatively low immunogenicity (compared 
to the highly immunogenic nAChR) might have resulted in the production 
of idiotype-reactive antibodies capable of binding back onto disease-causing 
anti-AChR antibodies present in the response. 

The present studies may point to another explanation for the confusing 
inconsistencies observed in attempts to relate anti-AChR antibody titres to 
disease severity and progression in human patients with myasthenia gravis. 
Evaluation oftotal anti-AChR antibody concentrations may be very mislead
ing if disease outcome is actually dependent on the presence of particular 
subsets of those antibodies. Not only may disease severity depend on the 
titre of a small subset of disease-causing antibody(s) reactive with a particular 
conformation-dependent AChR region, but it may also depend on the relative 
contribution of an additional subset of antibody(s) with potential protective 
activity. 

SOME OBSERVATIONS CONCERNING ANTIBODY SPECIFICITIES 
DEMONSTRATED BY HUMAN MG PATIENTS 

Recently, co-existing antibody responses against both AChR and myosin 
have been described in patients with MG69- 72. Although the association of 
MG with anti-AChR antibodies has long been known, the characteristics of 
MG-related antibodies with additional reactivity against myosin have not 
been clearly delineated. In light of the potential significance of anti-myosin 
reactivity with regard to mechanisms of disease induction in MG, we initiated 
a study 73 to assess the level of clonotypic heterogeneity associated with the 
anti-myosin antibodies, similar to the evaluations of anti-AChR antibodies 
described above for EAMG in rats. During the course of these studies, 
clonotypic antibody species with the unexpected ability to bind both AChR 
and myosin were observed. 
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Isoelectric focusing analyses performed on sera obtained from 45 MG 
patients revealed clonotypic antibody heterogeneity comparable to that seen 
in the rat. This is true of IEF banding patterns of antibodies from MG 
patient sera that specifically bind to either AChR-coated or to myosin-coated 
nitrocellulose paper; however, IEF patterns produced by binding to either 
AChR or myosin were for the most part, and unexpectedly, the same. Identity 
in the isoelectric points of many of the antibodies examined is consistent 
with their amino acid compositions being equivalent. In other words, a single 
set of antibodies present in patient serum recognizes both AChR and myosin, 
in contrast to the expected finding of two independent sets of antibodies, 
each with individual reactivities against each of the antigens in question. 

Amino acid sequences of AChR and myosin have been compared in an 
effort to explain the observed cross-reactivity. Quite unexpectedly, the 
greatest sequence identity is found between amino acid residues 67-76 of 
the AChR a-subunit, a region associated with great immunogenicity 74 and 
in close proximity to the acetylcholine and toxin binding sites75 ,76, and a 
region in the myosin domain (MHC-Sl) that lies adjacent to a portion of 
both the actin binding site (approximately 30 amino acids away77,78) 
and the ATP binding site (approximately 50 amino acids away 79), The 
physiological significance of these cross-reactive determinants being in the 
vicinity of biologically important regions oftheir respective molecules remains 
unknown. The validity of the binding studies is supported, however, by the 
finding that patient antibodies with reactivity to both myosin and the 
synthetic AChR a-subunit peptide (a61-76) also co-purify on antigen columns, 
co-migrate in IEF gels (Figure 8.7), and clearly demonstrate inhibited antigen 
binding when either myosin or the AChR peptide is used as the inhibitor 
(Figure 8.8). 

The observations described above lead to several important questions. 
First, what stimulates the production of these cross-reactive antibodies? 
Second, what role do they play in the course and progress of MG? Third, 
and most perplexing, what is the explanation for the existence of this 
antigenic/structural relationship between two complex proteins with strik
ingly dissimilar functions? 

In identifying the initial stimulus for antibody production with reactivity 
for both AChR and myosin, one might question whether anti-AChR 
antibodies are cross-reacting with myosin or vice versa. An exogenous antigen 
may playa role80: for example, administration of certain drugs or infection 
by certain microbial agents may stimulate antibody reactivities that are 
directly cross-reactive with the AChR or that may perturb the idiotypic 
network in such a way as to generate AChR reactivities indirectly81-88. 
Unpredicted cross-reactivities have also been found between myosin and 
certain micro1- i antigens89-91, raising the possibility that myosin-reactive 
autoantibodIes produced during infection might also cross-react with antigen
ically related self antigens, including the AChR. Is it possible that the 
'immunodominance' of the main immunogenic region associated with the 
AChR region a67-76 is only apparent, reflecting a cross-reactivity with a 
set of autoantibodies stimulated by a myosin-like antigen associated with 
certain microorganisms? 
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1 2 3 4 

Figure 8.7 Electrofocused MG patient antibodies bound to myosin-coated paper demonstrate 
similar banding patterns whether originally obtained by affinity purification on columns coupled 
with myosin or the MIR-containing peptide (a61 - 76). Following electrofocusing in a pH 5-8 
gradient, antibodies were blotted onto nitrocellulose paper coated with purified myosin. The 
blot was then probed with HRP-conjugated rabbit anti-human Ig and developed with 
diaminobenzidine. Lane 1: normal non-immune human Ig; Lane 2: affinity-purified patient anti
myosin; Lane 3: affinity-purified patient anti-MIR peptide; Lane 4: unfractionated patient Ig. 
Taken from reference 73 

Studies ofthe potential importance, if any, of AChR/myosin cross-reactivity 
in MG must take into account the fact that whole AChR is clearly 
extracellular, myosin is intracellular. It is difficult to envisage the pathological 
role played by antibodies against an intracellular protein. Some initial 
perturbation of the junctional muscle membrane by antibodies newly 
synthesized to AChR may lead to the exposure of internal cytoskeletal 
elements, after which damage to the junction would be compounded by the 
binding of the same antibodies to the now accessible myosin. Alternatively, 
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Figure 8.8 AChR 0(61-76 peptide can inhibit myosin-reactive antibodies from binding to 
myosin. Patient antibodies affinity-purified on either myosin columns (e) or AChR 0(61-76 
peptide columns (0) were preincubated for 45 min at room temperature with the indicated 
inhibitor concentrations of either myosin (upper panel) or the AChR peptide (lower panel) 
before exposure to 5 jlg of solid-phase myosin. In each case, binding by patient antibodies was 
probed using 125I-labelled rabbit anti-human Ig; percentage inhibited binding is given as mean 
values of triplicate samples (± SEM) for which 100% (uninhibited) binding resulted in CPM 
bound that ranged from about 4500 to 6500 c.p.m. bound. Inhibition of antibody binding to 
myosin by equivalent concentrations of an unrelated control peptide (N-terminal region of the 
SV40 T antigen) never exceeded 5%. Taken from reference 73 

cross-reactive antibodies newly synthesized against damaged myosin or 
AChR-myosin complexes92- 96, may then bind to AChR displayed on the 
intact junctional membrane. Once this point is reached, one can imagine a 
circular perpetuation of this antibody response in which either AChR or 
myosin can serve as the primary stimulus. 
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FINAL CONCLUSIONS 

The strategies of the experimentation described above were designed to 
address the confusion resulting from observations concerning the lack of 
correlation between antibody titres and disease severity in MG patients. 
Lessons learned from these studies indicate that if the proportion of the total 
expressed/produced anti-AChR antibody repertoire with disease-causing 
potential differs between patients, then assessment of the total antibody titre 
becomes meaningless unless a particular patient produces disease-causing 
reactivities that make up a major portion of the total titre. In contrast, a 
patient could produce a very high anti-AChR antibody titre but remain in 
relatively good health because the vast majority of the autoantibody is 
biologically benign. The key to exploiting the existence of antibody subsets 
with differing disease-causing potential will be to create probes that allow 
the easy monitoring of the relevant reactivities. These probes may be anti
idiotypic antibodies that specifically recognize idiotopes associated with 
disease-causing anti-AChR antibodies that are under-represented on anti
bodies unable to cause disease. 

Alternatively, molecular (DNA) probes that identify activated lymphocytes 
expressing particular antibody-associated complementarity determining 
regions (CDR) might assess very precisely the contribution made by a disease
causing antibody subset in MG patients. Identification of all characteristics 
associated with antibodies responsible for impaired muscle function would 
probably lead to a more precise understanding of relationships between 
antibody titre and disease severity, as well as the opportunity to more directly 
evaluate disease mechanisms and to develop more effective immunothera
peutic strategies. 
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9 
Autoimmune diseases of muscle 
R. HOHLFELD and A. G. ENGEL 

INTRODUCTION 

This chapter focuses primarily on the immunopathogenesis, clinical features 
and treatment of polymyositis (PM), inclusion body myositis (IBM) and 
dermatomyositis (DM), the commonly encountered inflammatory myopath
ies. Parasitic, bacterial, spirochaetal and viral infectious myopathies are not 
discussed. For recent general reviews, the reader may wish to refer to 
references 1-5. 

PATHOGENESIS 

Hypothetically, the immune effector mechanism(s) in the inflammatory myo
pathies could be humoral, cell-mediated, or both (Table 9.1). The possible 
targets in muscle consist of the muscle fibre, the vascular components, and 
the connective tissue elements. Current evidence suggests that in DM the 
effector response is mediated predominantly by humoral factors and that 
the muscle microvasculature is an early, and probably primary, target. By 
contrast, in PM and IBM there is evidence for T cell-mediated cytotoxicity 
directed against the muscle fibre. 

Table 9.1 Possible immune effector mechanisms in autoimmune myopathies 

Antibody-dependent cytotoxicity 
Complement-mediated 
Cell-mediated (macrophages, NK cells) 

Cell-dependent cytotoxicity 
Antigen-specific, MHC-restricted (Tc cells) 
Broad specificity and MHC unrestricted (NK cells) 

Immune complex-mediated cytotoxicity 
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Humoral effector mechanisms in OM 

Several observations suggest that circulating antibodies or immune complexes 
induce vascular injury in DM. Severe injury to the intramuscular blood 
vessels has been demonstrated by light and electron microscopy6-9. Further, 
immune complexes (immunoglobulins and complement C3) were observed in 
the mural elements of perimysial venules, and C5b-9 complement membrane 
attack complex (MAC) neoantigens were shown to be localized to the walls 
of intramuscular arterioles and capillaries10,11. These observations suggest 
that the microvascular injury in DM is mediated by complement, and that 
the lytic complement pathway is triggered either by a pathogenic antibody 
that binds to a vascular element, or by the deposition of immune complexes 
on or around the vessel walls. The muscle fibre injury may arise secondary 
to ischaemia; alternatively, immune complexes could injure muscle fibres 
and blood vessels concurrently. An inflammatory exudate is commonly 
present in DM, and at least some of the tissue damage could be mediated 
by inflammatory cells. 

Immunophenotype analysis of mononuclear cells in DM has helped to 
clarify the role of the inflammatory cells 1 2. The inflammatory exudate is 
predominantly perivascular and perimysial, and to a lesser extent endomysial. 
B cells are most abundant at perivascular and least abundant at endomysial 
sites. At all three sites B cells are more abundant in DM than in PM or 
IBM. By contrast, the proportion of T cells is lowest at perivascular and 
highest at endomysial sites. The CD4/CD8 ratio is the highest at perivascular 
and lowest at endomysial sites. Although many inflammatory cells display 
HLA class II (HLA-DR) antigen, less than 20% of the perivascular and 
endomysial T cells are HLA-DR +, that is, activated. Macrophages account 
for 25-30% of all mononuclear cells at the different sites. Natural killer (NK) 
cells are sparse and present only at perivascular sites. Invasion of non
necrotic muscle fibres by mononuclear cells is not a feature of DM: it was 
observed in only a few fibres in less than half of the patients. The distribution 
of mononuclear cell subsets is similar in childhood and adult DM. 

The high percentage of B cells, the high CD4/CD8 ratios and the close 
proximity of CD4 + cells to B cells at all sites of cell accumulation suggest 
T helper cell-dependent stimulation of B cells to secrete immunoglobulin. 
The close proximity of macrophages to CD4 + cells at all sites of accumulation 
further suggests that T helper cells may be triggered to respond to an antigen 
by antigen-presenting cells. These features, the fact that invasion of non
necrotic muscle fibres by mononuclear cells is essentially absent, and the 
paucity of mature NK cells imply that DM is humorally mediated, and that 
a local humoral response is probably occurring in muscle itself. However, 
the presence of a diffuse endomysial infiltrate containing CD8 + cells and 
macrophages could still indicate a cell-mediated effector response against a 
vascular or connective tissue component. 

Further support for a primary microvascular insult in DM derives from 
studies of the earliest pathological alterations in DM 13,14. In six DM muscle 
specimens that appeared normal on routine analysis of cryostat sections, 
electron microscopy revealed microtubular inclusions and microvacuoles in 
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Figure 9.1 Characteristic changes in DM. Muscle fibres are shown white. blood vessels black. 
Note atrophic fibres at the bottom edge of the fascicle (peri fascicular atrophy). Clusters of 
capillaries and venules react for complement membrane attack complex (MAC). MAC+ vessels 
are marked with an asterisk. The capillary density (number of capillaries/mm2 of fibre area) 
and the capillary index (number of capillaries/l000 Jlm2 area of each fibre) are significantly 
reduced. Modified from reference 14 

a proportion of endomysial capillaries, and pale swollen endothelial cells 
were seen in three of the six specimens 13. In another study. 10 DM muscle 
specimens in which routine examination of cryostat sections revealed no 
diagnostic abnormality, were analysed quantitatively for the density and 
distribution of capillaries. Capillaries were localized using the lectin Ulex 
europaeus agglutinin I, and the proportion of MAC-positive capillaries was 
determined with a polyclonal antiserum against neoantigenic determinants 
of the C5b-9 complement membrane attack complex (MAC)14. The study 
revealed a marked capillary depletion. The mean capillary density (num
berjmm2 muscle fibre area) was 275 in the 10 patients and 393 in eight 
normal controls (p < 0.001), and the capillary frequency distribution in 
100 x 100 jlm squares was significantly shifted to the left, compared with the 
control distribution (p < 0.001)14. Further, in all 10 cases, a proportion of 
the capillaries were positive for MAC (Figure 9.1). The findings indicate that 
in DM capillary lysis precedes other pathological changes in muscle, and 
that the capillary endothelium is an early, and possibly primary, target of 
the autoimmune response14. Consistent with this notion is the recent 
demonstration of circulating antibodies recognizing human umbilical vein 
endothelial cells in eight of 18 DM patients15. 

Cellular effector mechanisms in PM and IBM 

Immunohistochemical studies have provided strong evidence for a role of 
cellular effector mechanisms in the pathogenesis of PM and IBM 12,16-21. In 
both diseases, the inflammatory exudate is predominantly endomysial, and 
in the endomysium it is selectively enriched in CD8 + cells. The exudate is 
also prominent at perivascular and perimysial sites in PM, but less marked 
at these sites in IBM. 

CD8 + cytotoxic T lymphocytes (CTL) account for an increasing proportion 
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Figure 9.2 Characteristic endomysiallesion in polymyositis. T cells surround and focally invade 
a non-necrotic muscle fibre. The majority of the autoinvasive T cells have the phenotype CD3 + , 

CDS +, HLA class II +. All invaded and some non-invaded muscle fibres show surface reactivity 
for HLA class I antigens. Some invaded fibres also show cytoplasmatic reactivity for HLA class 
I antigens. From reference 5, with permission 

of T cells and of all mononuclear cells as one proceeds from perivascular to 
perimysial to endomysial sites, and the proportion of activated T cells is 
nearly twice as high at endomysial as at perivascular sites. By contrast, B 
cells are more abundant at perivascular and absent or nearly absent from 
endomysial sites. Macrophages account for nearly the same proportion of 
cells at all three sites of accumulation. CD 16 + NK cells are virtually absent 
in IBM and PM, indicating that NK-type myocytotoxicity does not play an 
important role in these diseases19. However, a subtype of CD3+CD8+ T 
cells expressing CD57 accounted for 29% and 23% of all CD3 + cells in 
IBM and PM, respectively19. In vitro, T cells with this phenotype show 
lectin-dependent cytotoxicity, but little or no spontaneous (NK-like) cytotox
icity22.23. 

A characteristic finding of both PM and IBM is non-necrotic muscle fibres 
that are focally invaded and destroyed by CD8 + CTL (Figure 9.2). The CTL 
are accompanied by a lesser number of macrophages. Quantitative analysis 
revealed that in IBM, these non-necrotic invaded fibres, which can be 
regarded as indicators of cell-mediated cytotoxicity, are 5.5 times more 
frequent than necrotic fibres 19. In PM, the two mechanisms of fibre 
destruction are detected at comparable frequencies 19. 

The invading cells consist essentially of CD8 + cells and macrophages in 
a ratio of 2- 3 to 116. Only a few CD4 + cells occur among the invading cells, 
but approximately one-quarter of the cells that surround the invaded fibres 
are CD4+. Close to 34% of the invading CD8+ cells and 17-25% of the 
surrounding CD8 + cells are activated, as suggested by their expression of 
HLA-DR antigens. The distribution of the identified phenotypes is similar 
in PM and IBM except for the slightly but significantly higher percentage 
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of CDS + cells among either the invading or surrounding cells in IBM than 
in PM. 

An interesting question is whether the endomysial T cells observed in PM 
and IBM are monoclonal, oligo clonal, or polyclonal. Using the polymerase 
chain reaction, it has recently become possible to isolate mRNA coding for 
T cell receptor (TCR) directly from autoimmune lesions24,2s. The TCR Vrx 
and Vp repertoire has been examined in muscle biopsy specimens from 15 
patients with PM and 16 controls, including six patients with Duchenne 
muscular dystrophy25. In PM, the most commonly rearranged TCR variable 
genes were Vrxl, Vrx5, VPI, and Vp15. By contrast, the spectrum of TCR rx 
or p rearrangements noted in patients with Duchenne muscular dystrophy 
was much broader. No TCR rearrangements were found in muscles from 
the other controls. Sequence analysis revealed the presence of the JP2.I region 
in 90% of the V Pl5-positive clones studied, absence of random additions in 
the TCR diversity region, and a common motif in the CDR3 region of the 
TCR. Although these results are consistent with the notion that the effector 
cells in PM represent a relatively small number of distinct (oligoclonal) 
autoreactive T cell clones, the results of PCR analyses of TCR have been 
highly controversial in other diseases24• Therefore, in future studies, it will 
be essential to combine PCR analyses with morphological (immunocytochem
ical) analyses to identify the type of TCR expressed by the autoaggressive T 
cells observed in situ. 

The different stages of CTL-mediated myocytotoxicity have been analysed 
by immunoelectron microscopyl 7. Initially, CDS + cells and macrophages 
abut onto and send spike-like processes into non-necrotic muscle fibres. 
Subsequently, an increasing number of CDS + cells and macrophages traverse 
the basal lamina, focally replace, displace or compress the fibre, and spikes 
from these cells honeycomb the adjacent fibre regions. The macrophages 
contain only few heterophagic vacuoles and therefore act in a cytotoxic 
rather than phagocytic capacity. Either the integrity of the muscle fibre 
surface membrane facing the invading cells is maintained, or the membrane 
is damaged and rapidly repaired, or the damage cannot be detected by 
electron microscopy. Nearby fibre regions often show either degenerative 
changes (increased rough endoplasmic reticulum, polyribosomes, proliferat
ing T -tubules) or degenerative changes (mitochondrial loss and degenerating 
myofibrils). 

Antigen-specific T cell-mediated cytotoxicity in PM and IBM would 
require expression of major histocompatibility complex class I antigens (HLA 
class I) on the surface of the target ce1l26• Increased HLA class I antigens 
are expressed on muscle fibres in both inflammatory and non-inflammatory 
myopathies27,28. It is now fully established that HLA class I antigen 
expression is consistently increased on the non-necrotic muscle fibres invaded 
by T cells in PM and IBM (Figure 9.2). However, HLA class I antigen 
expression in itself is not sufficient to attract CTL because many HLA class 
I antigen-positive fibres are not invaded by CTL in PM and IBM, and 
because HLA class I antigen-positive muscle fibres can be observed in DM, 
and in other myopathies in which evidence of T cell-mediated muscle fibre 
injury is absent2 7,28. 
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Taken together, the results of the immunohistochemical studies provide 
strong evidence for HLA-restricted, antigen-specific, T cell-mediated myocy
totoxicity in PM and IBM. This implies that the IX/ fJ antigen receptor of the 
cytotoxic CDS + T cells recognizes antigen(s) presented by HLA-class I 
molecules on the sarcolemma. According to the rules of antigen presentation 
via the endogenous pathway29, these antigens are usually peptides of S-11 
amino acids that are derived from proteins synthesized in the antigen
presenting (target) cell. These proteins may be viral components or genuine 
self proteins. It is now well established that the vast majority of HLA class 
I molecules expressed on the surface of any cell are loaded with endogenous 
selfpeptides, including peptides derived from heat shock proteins 30. Further
more, most attempts to demonstrate viral antigens or genome in muscle 
fibres in the 'idiopathic' inflammatory myopathies have failed 31. Therefore 
we favour the hypothesis that a T cell-mediated autoimmune reaction against 
endogenous self-antigen(s) rather than viral antigens plays a role in the 
pathogenesis of PM and IBM. 

Cellular effector mechanisms In PM mediated by yM T cells and 
expression of heat shock proteins by muscle fibres 

In most cases of PM, DM and IBM, only very few T cells express the y/{) 
receptor. A notable exception is a patient with PM in whom myocytotoxicity 
was mediated by autoaggressive CD4 -CDS- y/{) T cells32• The vast majority 
of muscle-infiltrating T cells were reactive with a pan-y/{) T cell receptor
specific monoclonal antibody, but unlike more than 90% of peripheral blood 
y/1> T cells, these lymphocytes did not react with monoclonal antibodies 
specific for the V{)1 or Vy9 variable chain of the y/{) T cell receptor. In 
addition, the auto aggressive T cells showed a very unusual differential 
reactivity with two different monoclonal antibodies against V ()2. These 
immunocytochemical observations indicated that the infiltrating T cells 
expressed a V 1>2-containing T cell receptor with unusual structural features. 
Using conventional and anchored polymerase chain reaction (PCR) for the 
analysis of T cell receptor transcripts, we found a striking predominance of 
one unusual V{)2/J{)3 recombination and one Vy3/Jyl recombination in the 
muscle biopsy specimen from this patient33. Both the unusual phenotype 
and the dominance of distinct T cell receptor transcripts are compatible with 
the assumption that one T cell clone, which expresses a 
Vy3/Jyl/Cyl/V{)2/J{)3/C{) disulphide-linked TCR, dominates among the infil
trating T cells in this patient33• 

The fact that some y/1> T cells recognize heat shock proteins (hsp) prompted 
us to study the muscular expression of 65 kDa hsp in PM mediated by y/{) 
T cells, in other inflammatory myopathies, and in normal muscle34. In PM 
mediated by y/{) T cells, essentially all muscle fibres showed intense surface 
reactivity and frequently intermyofibrillar and subsarcolemmal reactivity for 
65 kDa hsp. Some of the inflammatory cells, capillary endothelial cells, and 
the mural elements of larger blood vessels also reacted with the anti-65 kDa 
hsp monoclonal antibody. Similarly, in other inflammatory myopathies, the 
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65 kDa hsp was detected on inflammatory cells, degenerating and regenerat
ing fibres, and on many but not all non-necrotic muscle fibres invaded by T 
cells. In normal muscle, 65 kDa hsp was detected on capillary endothelial 
cells, the mural elements of larger vessels, and some intracellular organelles, 
probably mitochondria34. 

In vitro models of T cell-mediated muscle fibre injury 

Human myoblasts can be isolated from muscle biopsy specimens by 
mechanical dissociation and trypsinization35-37, and can be expanded in 
culture. Purity of the myoblast preparations can be assessed by reactivity 
with a monoclonal antibody against CD56 (Leu 19/NKH-l), which reacts 
with an isoform of the neural cell adhesion molecule N-CAM not expressed 
on fibroblasts 36.38,39. The same monoclonal antibody can be used to purify 
myoblasts by fluorescence-activated or magnetic cell sorting. Myoblasts can 
be induced to fuse into multinucleated myotubes by culturing the cells in a 
fusion supporting medium3s-37. 

Expression of HLA and adhesion molecules on myoblasts and 
myotubes 

Several different groups of investigators have examined which immunologi
cally relevant surface molecules are either constitutively expressed on 
myoblasts and myotubes, or can be induced by inflammatory cytokines 
known to be locally secreted during inflammatory responses36,40-47. Table 
9.2 summarizes the present knowledge of the phenotypic properties of human 
myoblasts and myotubes. Myoblasts constitutively express HLA class I 
antigens36 and a low level oflymphocyte function-associated (LF A) molecule 
3 (LF A-3, CD58)40. Both molecules are members of the immunoglobulin 
superfamily and have a broad tissue distribution48. LFA-l (CD 11 a/CD 18) 
and LF A-2 (CD2) are not expressed40. Tumour necrosis factor (TNF)-IX, a 
cytokine secreted by macrophages, T cells and NK cells49, induces myoblasts 
to express the intercellular adhesion molecule-l (ICAM-l, CD54)40. ICAM-
1, also a member of the immunoglobulin family, is absent from most cells 
in normal, non-lymphoid tissue but is expressed on diverse cell types in 
response to inflammatory mediators48. Interferon-y (IFN-y), a cytokine 
secreted by T cells and natural killer cells50, induces myoblasts to express 
HLA-DR and ICAM_1 36.40-43, reaching a plateau after 48 h. HLA-DP and 
HLA-DQ can also be induced by IFN-y but the kinetics of cytokine induction 
and the levels of expression vary between the different HLA class II 
molecules40 ,42. Like myoblasts, myotubes constitutively express HLA class 
I but not HLA class II antigens5.36. Unlike myoblasts, only a subpopulation 
ofmyotubes can be induced by IFN-y to express HLA-DRsl. Further, unlike 
myoblasts, myotubes do not express detectable levels of HLA-DP or HLA
DQ (Table 9.2). 
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Table 9.2 Constitutive and cytokine-induced expression of HLA 
and cell adhesion molecules by human myoblasts and myotubes 
(from reference 51) 

Surface Constitutive Cytokine-induced expression 

antigen expression TNF-a. IFN-y 

Myoblasts 
HLA-class I (+) N.D. + 
HLA-class II 

DR + 
DP + 
DQ (+) 

ICAM-l + + 
LFA 1 
LFA 2 N.D. 
LFA 3 (+) (+) (+) 

Myotubes 
HLA-class I (+) + + 
HLA-class II 

DR +* 
DP 
DQ 

ICAM-l + + 
LFA-l 
LFA-2 
LFA-3 

*Positive staining varied between 40 and 95% in different experi
ments; - negative, ( + ) weak, + positive staining 

CTL-mediated lysis of myoblasts and myotubes 

Cultured myotubes and myoblasts express HLA class I molecules. This 
qualifies them as potential targets of CD8+ CTU6 • CTL-mediated lysis of 
myotubes has been shown in two different experimental situations. First, 
myotubes were lysed by allogeneic CD8 + CTL lines raised against the 
allogeneic histocompatibility antigens expressed by the donor of the 
myotubes52. Second, myotubes were lysed by autologous CD8 + CTL isolated 
from muscle of a small number of patients with inflammatory myopathy37. 

The lysis of myotubes by alloreactive CD3 + CD8 + CTL involved the 
recognition of allogeneic class I HLA antigens because it was completely 
blocked with a monoclonal antibody against a monomorphic determinant 
of HLA class I antigens52. Autologous control myotubes were not lysed. 
Further, the alloreactive CTL had no detectable nonspecific (NK-like) killing 
properties. The results obtained in this model system clearly establish that 
cultured myotubes are fully susceptible to HLA class I-restricted lysis by 
CD8 + CTL. This has obvious implications for myoblast transfer therapies 
and for gene therapy based on myoblast transfer53- 55• 

Perhaps more interestingly, myotubes can be also killed by autologous 
CD8 + CTL. This observation was made in the course of a systematic study 
of polyclonal T cell lines which were directly isolated from the muscle of 
patients with different inflammatory myopathies37• Sixteen cell lines that 
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consisted predominantly of CD8 + cells were obtained from six patients with 
PM, four with IBM, four with DM, and one with other muscle disease. None 
of the lines displayed NK-like cytotoxicity, but all were capable of lectin
dependent cytotoxicity. Three of six PM, one of four IBM, and one of five 
DM lines showed low but statistically significant lysis against autologous 
myotubes (6-27% specific lysis at an effector to target ratio of 20: 1). 

The autoreactive myocytotoxicity observed in this in vitro system is 
consistent with the hypothesis that some of the CTL isolated from muscle 
recognize the same antigen on myotubes in vitro that they recognize on 
muscle fibres in vivo. This could be a genuine autoantigen, or a foreign 
(viral?) antigen. At present, we cannot distinguish between the two possibili
ties. However, together with the other evidence discussed above, the first 
possibility appears more likely. 

Antigen presentation to CD4+ T cells 

Antigen presentation to CD8 + T cells requires the expression of HLA class 
I antigen, whereas antigen presentation to CD4 + T cells depends on the 
constitutive or induced expression of HLA class II antigen on the surface of 
the antigen-presenting cellS 6-62. The observation that myoblasts can be 
induced to express HLA class II by IFN_y36.41-43 raised the interesting 
possibility that cytokine-induced myoblasts can present antigen to CD4 + 
helper/inducer T cells. We tested human myoblasts, cultured from muscle 
biopsy specimens and more than 95% pure, for their capacity to present 
various protein antigens to CD4 + T cells. In co-culture experiments we 
compared the antigen-presenting properties of cytokine-induced and non
induced myoblasts using autologous T cell lines specific for tuberculin, 
tetanus toxoid or myelin basic protein40. Non-induced myoblasts or myo
blasts treated with TNF -a; alone could not present any of these antigens to 
T cells. However, IFN-y-treated myoblasts induced antigen-specific T cell 
proliferation. Further, in the presence of the relevant antigen, IFN-y induced 
myoblasts were killed by the T cells40. In the absence of antigen, specific 
lysis did not occur. The lytic potential of the T cells was demonstrated with 
lectin-induced lysis, which was observed with all types of target myoblasts. 
Control experiments with K562 cells as target cells did not show significant 
lysis, excluding NK-like activity of the CD4 + T-cell lines used. Antigen 
specific lysis was reduced to background level by adding anti-HLA-DR mAb 
L-243, whereas lectin (PH A)-induced SlCr release was not inhibited. 

These results suggest that HLA class II antigen-positive human myoblasts 
may act as facultative local antigen-presenting cells in muscle by providing 
both the signals necessary to trigger antigen-specific lysis and T cell 
proliferation. It should be noted, however, that HLA-DR has not been 
demonstrated on the surface of human muscle fibres in inflammatory lesions 
in PM, DM, or IBM12.19.27; however the level of HLA class II antigens 
expression in vivo may be so low that it escapes detection by immunofluoresc
ence microscopy. Using a sensitive peroxidase technique, HLA class II 
expression was noted on some muscle fibres in one patient with human T-
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celllymphotropic virus (HTLV) I-negative PM, three patients with HTLV
I-positive PM, and five patients with PM and HTLV-I-associated myelo
pathy63. These findings await confirmation. 

If muscle fibres do express HLA-OR in vivo, it is conceivable that they 
could present not only viral or bacterial antigens to C04 + T cells, but also 
muscular auto antigens or alloantigens. Furthermore, the expression and 
presentation of allogeneic histocompatibility antigens by myoblasts and 
myotubes could be a major obstacle for 'myoblast transplantation', an 
experimental therapy for degenerative muscle diseases currently being studied 
in clinical trials53- 55. 

NK cell-mediated muscle fibre injury in vitro 

Cultured myotubes are susceptible to lysis by freshly isolated allogeneic and 
autologous peripheral blood mononuclear cells52• The lysis is not due to 
cytotoxic macrophages because macrophage-depleted cell preparations retain 
the cytotoxic potential. In addition the lysis of myotubes by peripheral blood 
mononuclear cells is not mediated by HLA class I-restricted CTL because 
it is not inhibited in the presence of monoclonal antibody directed against 
the HLA class I antigens52• The cytotoxicity is, however, mediated by C016+ 
NK cells, since it is abrogated by depletion of C016+ cells. 

It is not known whether NK cells can attack normal myotubes in vivo. If 
regenerating myotubes in vivo were as susceptible to NK cell-mediated lysis 
as are cultured myotubes, normal muscle regeneration could not occur. One 
possibility is that myotubes are intrinsically more resistant to autologous 
NK cells in vivo. Regenerating muscle fibres are known to express high levels 
of C056 in vivo38 •39, so that N-CAM expression on myotubes is probably 
not a regulating factor. However, there may be other mechanisms preventing 
the lysis of myoblasts and myotubes by NK cells in vivo. These factors might 
act at the level of effector cells, target cells, or both. 

CLINICAL FEATURES AND DIFFERENTIAL DIAGNOSIS 

PM and OM 

PM and OM are characterized by proximal, often symmetrical, muscle 
weakness which typically develops over weeks to months and may be 
associated with transient muscle pain. Extraocular and facial muscles are 
typically spared. The clinical feature that differentiates OM from PM is a 
typical skin rash consisting of a blue-purple discoloration of the upper 
eyelids and erythematous lesions on the face, upper trunk, knuckles and 
other joints. Later in the course of the disease, these lesions may suffer 
scaling, depigmentation and/or hyperpigmentation, leaving tell-tale scars. 
Extramuscular manifestations are more frequent in children than in adults; 
these may include subcutaneous calcifications and joint contractures. 

The single most useful laboratory test is the serum level of the muscle 
enzyme creatine kinase (CK). The enzyme is released from necrotic muscle 
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fibres, and the serum level usually parallels disease activity. 
Needle electromyography shows a myopathic pattern with low voltage 

motor unit potentials and abnormal spontaneous activity, usually in the 
form of increased insertional activity, fibrillation potentials, and positive 
sharp waves64. This pattern can be seen in a variety of myopathies and 
is not diagnostic for those associated with autoimmune, or any other, 
inflammatory processes. 

The most obvious changes on light microscopy include the presence of 
inflammatory cells, necrosis and regeneration of muscle fibres, and increased 
connective tissue. A finding that is highly characteristic of DM, but not of 
PM, is perifascicular atrophy (atrophy of the muscle fibres at the periphery 
of fascicles). Small zones of muscle infarction may be observed in childhood 
DM, but not in the adult forms of either PM or DM. In DM, in contrast 
to PM, the intramuscular blood vessels show endothelial hyperplasia and 
sometimes obliteration of capillaries. Other characteristic changes that have 
provided important clues to the pathogenesis of PM and DM are reviewed 
on pages 236-240. 

PM may be associated with retrovirus (HIV, HTLV-1) infections. In these 
cases, there is good evidence that the virus does not directly infect the muscle 
but triggers a T cell-mediated cytotoxic process similar to that seen in other 
forms of the disease65. It is important to note that zidovudine, an agent used 
to treat HIV-infected patients, can itself cause a toxic myopathy which may 
be difficult to distinguish from the primary, virus-associated PM 2 •3 •66. 

As many as 40% of patients with PM or DM (but not IBM) have 
cardiac involvement, which may lead to conduction defects and dilated 
cardiomyopathy. Pulmonary disease occurs in up to 50% of patients as the 
result of respiratory muscle weakness, pneumonitis as a result of methotrexate 
treatment, or interstitial lung disease. The latter condition is associated with 
anti-Jo-1 antibodies and develops in up to 10% of patients with PM67. The 
features of DM may overlap those of certain connective tissue diseases, such 
as systemic lupus erythematosus, Sjogren's syndrome, rheumatoid arthritis, 
systemic sclerosis, or mixed connective tissue disease ('overlap syndrome'). 

The possible association of myositis with malignant tumours has been the 
subject of a longstanding debate. A recent epidemiological study68 concluded 
that the incidence of cancer was increased'both in patients with DM and in 
those with PM. The mortality rate from the malignancy was, however, only 
increased in the patients with DM. A thorough search for an occult neoplasm 
is advisable in patients with any inflammatory myopathy, especially DM69. 

IBM 

The typical clinical features of IBM are insidious onset after 50 with painless, 
proximal lower extremity weakness, a 3: 1 male: female ratio, slow but 
relentless progression with selectively severe involvement of quadriceps, 
iliopsoas, tibialis anterior, biceps and triceps muscles, relatively early 
depression of the knee reflex, and a normal or mildly elevated serum creatine 
kinase level 70. Distal weakness occurs in about 50% of patients, but in only 

245 



IMMUNOLOGY OF NEUROMUSCULAR DISEASE 

35% is it as great or greater than proximal weakness. External ocular muscles 
are usually spared. Significant associated illnesses include other autoimmune 
disorders (15%), diabetes mellitus (20%) and diffuse peripheral neuropathy 
(18%). 

The typical light microscopic features of IBM include rimmed vacuoles, 
eosinophilic intranuclear and cytoplasmic inclusions, small groups of atrophic 
fibres without fibre type grouping, and an inflammatory exudate involving 
endomysial and, to a lesser extent, perivascular tissue sites. Immunocytochem
ical characterization of the inflammatory cells has provided important clues 
to the pathogenesis of IBM (see pages 238-239). Electron microscopic 
demonstration of the characteristic filamentous inclusions resembling 
myxovirus nucleocapsids confirms the diagnosis but is rarely needed, as the 
predictive value of the light microscopic criteria is more than 90% 70. 

Immunoelectron microscopy shows cytoplasmic tubulo-filaments that are 
reactive for ubiquitin 71. 72, and fj-amyloid protein is localized in proximity 
to cytoplasmic tubulofilaments 73. The accumulations of fj-amyloid protein 
in IBM muscle share many features with the amyloid accumulations in brain 
of patients with Alzheimer's disease, but the total amount of amyloid 
accumulating in muscle is minute and it is yet uncertain that these deposits 
affect the course of the disease. 

Differential diagnosis 

The differential diagnosis of PM, DM and IBM can be clarified by appropriate 
clinical, EMG and histopathological studies. For example, in acid maltase 
deficiency the muscle biopsy demonstrates a vacuolar myopathy with high 
glycogen content and acid phosphatase reactivity in the vacuoles. Limb
girdle dystrophies develop more slowly and lack inflammatory changes in 
the muscle biopsy. In glucocorticosteroid-induced myopathy the serum 
creatine kinase level is normal and the muscle biopsy shows selective type 
II muscle fibre atrophy. In zidovudine-induced myopathy the muscle biopsy 
shows ragged-red fibres. A more detailed review of differential diagnosis is 
presented in Table 9.3 and references 2-4. 

MANAGEMENT 

Prednisone is the first-line drug for the treatment of PM and DMl-4. Initial 
therapy with 1 mg/kg prednisone in a single daily dose is maintained for 4 
weeks or longer until the CK level and the clinical status improve. After 
this the dose is tapered slowly over approximately 10 weeks to 1 mg/kg every 
other day. If improvement continues, the dose is further reduced by 5-10 mg 
every 4 weeks until the maintenance dose (the lowest possible dose that 
controls the disease) is reached. In a favourable case, the dose will eventually 
range from 10 to 20mg every other day. 

A problem of treatment is that the long-term use of corticosteroids may 
itself induce a myopathy that can be difficult to distinguish from an 
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Table 9.3 Differential diagnosis of idiopathic inflammatory myopathies 

Sporadic muscular dystrophy 
Necrotizing myopathy with carcinoma 
Late-onset congenital myopathy 
Proximal spinal muscular atrophy 
Polymyalgia rheumatica 
Chronic fatigue syndrome 
Metabolic myopathies 

Mitochondrial myopathy 
Acid maltase deficiency (children, adults) 
Debranching enzyme deficiency 
Primary carnitine deficiency 
Short-chain acyl-CoA dehydrogenase deficiency 

Endocrine myopathies 
Thyrotoxic and myxoedema myopathies 
Corticosteroid-induced myopathy 

Drug-induced and toxic myopathies 
Myopathies induced by emetine, chloroquine, colchicine, lovastatin/gemfibrozil, zidovudine, 
cocaine, alcohol, etc. 

exacerbation of the inflammatory component. If weakness increases following 
tapering of steroids and is accompanied by an increase of the CK, the clinical 
deterioration is probably due to exacerbation of myositis. If such clear 
evidence is lacking, it may nevertheless be advjsable first to increase the dose 
of steroids temporarily. If the patient then fails to improve, steroid myopathy 
is more likely than exacerbation of the inflammatory process2. 

An objective increase in muscle strength usually occurs by the third month 
of therapy2. If prednisone fails to produce a clear benefit after this period, 
or if the patient requires > 25 mg/day, or develops side-effects, a second-line 
drug is required. It is reasonable first to try the least toxic immunosuppressive 
drug, azathioprine (2.5-3 mg/kg daily for 4-6 months) and then, if treatment 
is still ineffective, to use methotrexate (15-25 mg/week orally). Cyclosporin 
may be a useful alternative or adjunctive third-line drug (reviewed in 
reference 3). High-dose immunoglobulins may be useful as an adjunctive 
immunomodulatory agent for acute exacerbations or for selected cases of 
severe chronic disease refractory to conventional therapy (reviewed in 
references 2, 3). 

Polymyositis in HIV-positive patients presents a special therapeutic 
challenge. Although this form of PM is probably triggered by the virus, there 
is no evidence that muscle cells are directly infected65: it appears that the 
virus initiates a T cell-mediated cytotoxic response against muscle fibres. 
The therapeutic dilemma derives mainly from two considerations66: first, 
treatment with prednisone is itself potentially dangerous in immunocom
promised patients; second, the anti-virus agent, zidovudine, can cause a 
mitochondrial myopathy66 which may worsen the patient's weakness. The 
following strategy for the management of HIV-associated polymyositis 
has been recommended66. Before using prednisone, a nonsteroidal anti
inflammatory agent should be tried. If this fails, zidovudine should be 
discontinued for 3-4 weeks and the clinical response (muscle strength, CK) 
observed. If strength increases, another retroviral agent should be substituted 
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for zidovudine. If strength decreases or does not change, prednisone should 
be started at a dose of 40-60 mg/day. 

Patients with fulminant PM or DM may require intensive care, particularly 
if there is significant respiratory and/or pharyngeal involvement or if 
respiratory failure ensues. The latter may be precipitated suddenly, even 
in patients with long-standing, slowly progressive disease, by pulmonary 
infections or aspiration. In the presence of any severe, systemic complication, 
especially cardiac involvement or interstitial lung disease, it is best to treat 
the patient in the intensive care unit. 

In patients with an acute course in whom oral corticosteroids have failed, 
high-dose corticosteroids (e.g. 500 mg methylprednisolone/day) may be given 
intravenously for 5-10 days in combination with methotrexate (25 mg/week 
orally). In addition, high-dose intravenous immunoglobulin (0.4 g/kg/day) 
should be administered for 4-5 days 74. There is no convincing evidence that 
plasmapheresis or leukapheresis are effective in either PM or DM75, although 
this has been debated76. The response to therapy with cyclophosphamide 
and cyclosporin is also disappointing2 • 

Patients with chronic disease in whom respiratory failure has been 
precipitated by an infection should be treated with appropriate antibiotics 
plus high-dose intravenous immunoglobulin. Further, the original treatment 
plan should be revised, depending on the presumed cause of the deterioration. 
If the pulmonary infection appears to be a complication of immunosuppres
sion, cytotoxic drugs may have to be stopped entirely or sharply reduced. 
In some cases it will be necessary to change to another immunosuppressive 
agent. If the infection is due to aspiration in a very weak 'undertreated' 
patient, more aggressive immunosuppressive treatment is needed, and it may 
be necessary to provide temporary mechanical respiratory assistance. 

In patients with cardiac and pulmonary complications other than inter
stitial lung disease the myositis is treated according to the same principles 
as in patients without these complications. In patients with interstitial lung 
disease, cyclophosphamide may be beneficial67 ,77, 

Corticosteroid therapy is ineffective in IBM. Nevertheless, one cannot 
confidently assume that IBM is always refractory to immunotherapy: a 
transient response to therapy has been observed in some patients, and the 
total number of patients with IBM who have received immunotherapy is 
still relatively small, and only a few of these have had a systematic and 
sustained trial of one or more immunotherapeutic agents at the maximum 
tolerated dose. In addition, as the disease progresses slowly, a therapeutic 
effect that consists of an arrest of disease progression rather than reversal of 
deficits could be easily overlooked. Withholding treatment because the 
majority of patients fail to respond will deny the chance of improvement to 
a small minority who might respond. 

A pilot study in four IBM patients indicated that treatment with high
dose intravenous immunoglobulin may have a beneficial effect in some 
patients 78. Improvement of muscle strength was reported to last from 2 to 
4 months after 2 monthly infusions (total of 2 g/kg per month). Controlled, 
blind trials of a larger number of patients are needed to assess the usefulness 
of IV immunoglobulin therapy in IBM. 
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SUMMARY 

Cell-mediated immune mechanisms playa prominent role in inclusion body 
myositis (IBM) and polymyositis (PM). In both IBM and PM, C08 + 
cytotoxic T cells expressing the a./P receptor surround and focally invade 
non-necrotic muscle fibres. This lesion can be considered the hallmark of cell
mediated myocytotoxicity. Essentially the same type of lesion is observed in 
a variant form of PM, in which C04-C08- T cells bearing the y/f> receptor 
surround and invade non-necrotic muscle fibres. 

In both IBM and PM, all of the invaded and some of the non-invaded 
muscle fibres strongly express HLA class I. This is consistent with the 
hypothesis that the C08 + autoinvasive cytotoxic T cells recognize antigenic 
peptide(s} bound to HLA-class I molecules on the muscle fibre surface. 
According to the rules of antigen-processing, these peptides derive from 
proteins synthesized in the muscle fibre. Theoretically, the proteins could be 
viral components or genuine self proteins. The first possibility appears less 
likely, since most attempts to demonstrate viral antigens or genome in muscle 
fibres have failed. On the other hand, it is well established that the majority 
of HLA class I molecules expressed on the surface of any cell are loaded 
with endogenous self peptides. Therefore it seems plausible that the auto
aggressive T cells recognize muscle-specific autoantigen(s) in the inflammatory 
myopathies. 

In contrast to PM and IBM, humoral immunity is an early and probably 
initiating event in OM. The concept that humorally mediated damage to 
blood vessels initiates the angiopathy of OM is supported by distinctive 
capillary changes, endomysial capillary necrosis, significantly reduced capil
lary numbers relative to muscle fibre area, and immunolocalization of 
complement, including C5b-9 membrane attack complex (MAC), to capillar
ies in OM muscle. 

Recently, it has become possible to study the interactions between muscle 
cells and cytotoxic effector cells in vitro. Myoblasts and myotubes can be 
induced to express a variety of immunologically important histocompatibility 
and cell adhesion molecules. Myotubes are highly susceptible to lysis by 
allogenic C08 + cytotoxic T cells sensitized against HLA-class I alloantigens. 
Interestingly, cultured myotubes are also susceptible to lysis by antigen-non
specific natural killer cells. Further, myoblasts induced by IFN-y to express 
HLA class II antigens acquire the full potential to process and present 
complex protein antigens to C04 + T cells. This may indicate that myoblasts 
can actively participate in local immune reactions by presenting (auto)anti
gens to helper/inducer T cells. 

C08 + T cells have been expanded directly from muscle of patients with 
various inflammatory myopathies and their interactions with autologous 
myotubes have been investigated in vitro. In several cases, a low but significant 
auto reactive cytotoxic effect was observed. This is consistent with the 
hypothesis that some cytotoxic effector T cells recognize an autoantigen on 
myotubes. One of the major goals for future studies is to define the 
auto antigens that are relevant in the pathogenesis of the inflammatory 
myopathies. 
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Because PM and DM are considered to be autoimmune diseases of muscle, 
the therapeutic aim is to suppress the autoimmune process. Corticosteroids 
are first-line agents, and azathioprine is the most widely used second-line 
agent. Lifelong immunosuppressive treatment may be required in some 
patients. Preliminary clinical evidence indicates that treatment with high 
dose intravenous immunoglobulin may be helpful in some patients with PM 
and DM. Plasmapheresis is probably not efficient. Most cases of IBM are 
refractory to treatment with corticosteroids or immunosuppressive agents. 
A preliminary study suggests that high dose intravenous immunoglobulin 
may have a beneficial effect in some patients with IBM. 
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10 
Retrovirus-related neuromuscular 
diseases 
M. C. DALAKAS, I. ILLA and M. MONZON 

INTRODUCTION 

Muscle or peripheral nerve is frequently involved in patients with HIV 
infection. Neuropathy or myopathy may accompany seroconversion, may 
represent the first clinical manifestation of an established or undiagnosed 
HIV infection or may complicate full-blown AIDS l - 13 . The HIV-related 
neuromuscular disorders, although rarely life-threatening, are often disabling; 
hence the need for early diagnosis and initiation of therapy. While pathologi
cal studies show that neuromuscular pathology is almost universal in patients 
dying of AIDS 14- 17, clinical studies estimate the frequency of symptomatic 
myopathy at up to 30%18 and that of neuropathy at 35%19. Such clinical 
under-recognition is probably related to the dysfunction of other organs, 
commonly affected in this multisystem disease, which overshadows co
existent neuromuscular complications. Because a myopathy or neuropathy 
may coincide with seroconversion for HIV 12 •13 or may be the only indication 
of a chronic, undiagnosed HIV infection, every patient who comes to a 
neurology clinic with acquired myopathy or neuropathy is now requested 
to consent to HIV screening. 

Apart from the morbidity caused by these neuromuscular diseases, their 
occurrence in the setting of a viral infection provides a unique opportunity 
to examine how a known retrovirus triggers the development of an acquired 
inflammatory myopathy or demyelinating neuropathy. Advances in the 
molecular virology of retroviruses and in molecular immunological tech
niques offer additional opportunities to study the mechanism of viral 
persistence in muscles and nerves. 

This chapter presents the present knowledge on the clinical spectrum, 
pathogenesis, and treatment of the myopathies and neuropathies associated 
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Table 10.1 Clinicopathological spectrum of HIV-re\ated muscle diseases 

HIV-myopathy with histological features of: 
Inflammation (HIV polymyositis)* 
Necrosis with minimal primary inflammation* 
Nemaline (rod) bodies* 

Subclinical neuromuscular involvement with histological features of: 
inflammation 
denervation 
type II muscle fibre atrophy 

HIV-wasting (cachectic) syndrome with histological features of: 
type II muscle fibre atrophy 

Myoglobinuria 
Myasthenia gravis 
Pyomyositis 

*These features may co-exist in various degrees 

with retroviruses, and describes the myotoxicity or neurotoxicity of the anti
retroviral drugs currently in use. 

HIV MYOPATHY 

HIV -positive patients may develop a frank myopathy with subacute onset and 
slow progression, characterized histologically by endomysial inflammation 
(HIV-polymyositis), muscle fibre necrosis with minimal primary 
inflammation and, rarely, nemaline (rod) bodies2- 7• As these histological 
features often co-exist in various degrees, we prefer the term HIV myopathy 
as an all-inclusive designation for the morphological spectrum of clinically 
homogeneous myopathy seen in patients with HIV infection (Table 10.1). 
HIV myopathy may be present early in the course of HIV infection but 
more often complicates full-blown AIDS l - 12 . It may co-exist with other 
neurological manifestations, such as peripheral neuropathy and, rarely, with 
dementia or myelopathy. HIV myopathy is seen almost exclusively in adults: 
well documented cases of primary HIV myopathy in children with AIDS 
have not been reported6 •7 . Although HIV myopathy was generally rare prior 
to the introduction of azathioprine (AZT), reports have increased since 
AZT became the drug of choice in the treatment of AIDS due to its 
myocytotoxicityzo-z3 and to the patients' longer survival. Because endomysial 
inflammation is often seen in patients with AZT-induced myopathy, a 
primary inflammatory muscle disease related to HIV infection may be easily 
attributed to, or overshadowed by, the myocytotoxic effect of the drugZO-z3. 

HIV myopathy begins with the subacute onset of proximal, often symmetri
cal muscle weakness, with or without wasting of the arms and, more often, 
the legs. The serum creatine kinase level is elevated by as much as 10-15 
times. Myalgia may be present. The clinical presentation is similar to that 
seen in adult-onset acquired polymyositisZ4-z6 • In two cases, a facial rash 
aroused suspicion of a dermatomyositis-like disorderz7 •28 but the classical 
skin lesions and the histological signs of dermatomyositis were not present. 
The electromyogram shows spontaneous activity with fibrillation and positive 
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Figure 10.1 Transverse frozen section of a muscle biopsy specimen from a patient with HIV 
myopathy. Note perivascular and endomysial inflammation with cells surrounding healthy 
muscle fibres and phagocytosis (trichrome, x 120) 

sharp waves and brief, low-amplitude, polyphasic (myopathic) units. Nerve 
conduction studies are normal or may show a mild, axonal sensory 
neuropathy. 

The muscle biopsy shows perivascular, perimysial, or endomysial inflam
matory cells, mostly lymphocytes and macro phages surrounding healthy, 
non-necrotic, muscle fibres, as well as phagocytosis and degeneration or 
necrosis of muscle fibres (Figure 10.1). In more severe cases, there is an 
increase in connective tissue. While true vasculitis is not present, perivascular 
inflammation is not uncommon 1- 3. Rarely, a few cytoplasmic bodies and 
rods can be seen. Occasionally, muscle fibre degeneration predominates and 
endomysial inflammation appears sparse9 •11 ; in such cases, overlooked 
endomysial infiltrates can be visualized using immunocytochemistry. Scat
tered angulated fibres are not uncommon and, if present, they raise suspicion 
of a co-existing axonal neuropathy. Electron microscopy shows disorganiz
ation of the myofibrillar structures and inflammatory cells consisting of 
macrophages, plasma cells, and lymphocytes29. Some specimens may show 
evidence of osmiophilic destruction of the muscle fibres with numerous 
tubuloreticular profiles in the endothelial cells, and brisk inflammation that 
may include lymphoplasmatoid cells2•29 . Mitochondria and other membrane
bound elements of the cell, as well as thick and thin filaments, are normal. 
Viral particles have not been seen. 

Although nemaline (rod) bodies can be found in the muscle fibres of some 
patients with HIV myopathy2 .4 . 8 . 11, they can occasionally be the predominant 
histological finding 3o. In the first patient with HIV myopathy and rods that 
we reported 30, the rods were abundant in the centre of type I muscle fibres 

257 



IMMUNOLOGY OF NEUROMUSCULAR DISEASE 

and appeared similar to those seen in congenital nemaline myopathy. Rods 
are occasionally seen in patients with polymyositis. However, the muscle 
biopsy in our original patient did not show inflammation. Subsequently, 
other cases of rods in HIV-positive patients with or without endomysial 
inflammation, have been reported8.11 ,31. In contrast, rods are very frequently 
seen in patients with AZT myopathy5-7,2o-23. Rods originate in the Z discs32 
and consist of actin and IX-actinin, the major proteins through which actin 
filaments are attached to the Z discs33. Their presence without other 
associated myopathic features could suggest that the virus or released 
cytokines and lymphokines are toxic to the structural and contractile muscle 
proteins. It is of interest that elevated serum levels of immunoglobulins (IgG, 
IgA, and IgM), as seen in AIDS, and high levels of circulating immune 
complexes and anti-nuclear antibodies may be present in HIV-negative 
patients with adult-onset nemaline myopathy34. Whether viruses or immuno
toxins acting in utero or later in life play a role in the development of 
congenital or acquired nemaline myopathy is only speculative. 

OTHER HIV-RELATED MYOPATHIC CONDITIONS 

Subclinical neuromuscular involvement 

The muscles, and more often the peripheral nerves, are affected in almost all 
patients who die of AIDS14,17. In one prospective and another retrospective 
clinicopathological study16,35, 60-96% of untreated HIV-positive patients 
without neuromuscular symptoms and with normal neurological examination 
had abnormal histological signs consisting of denervation in 76% of the 
patients, type II muscle fibre atrophy (the histological correlate of the HIV 
wasting syndrome) in 58% of the patients, endomysial inflammation in 
36% and necrosis with phagocytosis in 30%. These changes, presumably 
multifactorial in origin, may provide a histological correlate for the non
specific symptoms that many HIV -positive patients with normal strength 
experience, such as myalgia, fatigue, diminished endurance, or transient 
elevation of creatine kinase levels. 

Myoglobinuria 

Myoglobinuria, elevation of serum creatine kinase levels up to 400000 units 
and myalgia with or without mild muscle weakness, may develop in some 
HIV-positive patients2,10,36. Myoglobinuria may coincide with seroconver
sion for HIV12 and can be recurrent. In one case, it was associated with 
disseminated cytomegalovirus infection and presented with a necrotizing 
myopathy and rhabdomyolysis2. 

Myasthenia gravis 

Myasthenia gravis has been reported in three HIV-positive patients: a 15-
year-old boy37, a 36-year-old man38 and an I8-year-old man39, all of whom 
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had relatively mild disease that responded to pyridostigmine. One patient38 

improved spontaneously as the levels of antibody to the acetylcholine 
receptor (AChR) fell concomitantly with the decrease of CD4 + cells and 
the reduction in cell-mediated immune responses. This confirms that in 
myasthenia gravis the antibody response to AChR is regulated by T cells, 
and implies that the HI V-induced global immunodeficiency state can also 
result in specific immunosuppression, associated with clinical improvement. 

Pyomyositis 

Pyomyositis, a disease common in the tropics but extremely rare in the 
Western hemisphere, is being seen with increasing frequency in patients with 
AIDS40.4\ and is the most common myopathy in HIV-positive children 7. 

Pyomyositis is suspected when patients have low-grade fever, even without 
leukocytosis, localized pain and swelling in a large muscle group and possible 
elevation of creatine kinase levels. Ultrasound, magnetic resonance imaging, 
or computed tomography with contrast reveals an enhancing lesion, often 
with fluid density42. The implicated organism is usually Staphylococcus 
aureus and rarely gram-negative organisms. Risk factors for the disease 
include underlying muscle abnormalities, exercise-induced trauma or haema
togenous spread of a bacterial infection, even in the presence of negative 
blood cultures. The pathogenesis of pyomyositis is unknown, but defects of 
neutrophil function40 and the common colonization of HI V-positive patients 
by S. au reus may result in infection of the muscle. It is of relevance that 
neutrophils from HIV-positive patients show reduced chemotaxis and 
bactericidal activity against S. aureus43 . Furthermore, the HIV envelope 
glycoprotein, gp160, can inhibit neutrophil chemotaxis40. 

PATHOGENESIS OF HIV MYOPATHY 

In a persistent viral infection such as that caused by HIV, an inflammatory 
myopathy must be caused either by direct, acute or chronic, infection of the 
muscle by the virus or by an autoimmune response against muscle antigens 
triggered by the virus. Demonstrating that the virus is present within the 
affected muscle fibres will lend credence to the long-standing theory that 
viruses are causally related to inflammatory myopathies. Alternatively, 
demonstrating that HIV triggers an autoimmune mechanism similar to that 
described for the polymyositis in HIV-negative patients2 6.44 - 4 6 will support 
the view that viruses are capable of inducing an autoimmune attack by 
exposing muscle antigens against which there is no self-tolerance. Therefore, 
we searched for both the virus and the induction of autoimmunity in the 
muscles of patients with HIV myopathy. 

Virological studies in muscle biopsy specimens 

We examined muscle biopsy specimens from 21 patients with HIV myopathy 
by electron microscopy, immunocytochemistry, in situ hybridization, muscle 
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Figure 10.2 Transverse frozen section of a muscle biopsy specimen from a patient with HIV 
myopathy. Staining with antibodies to HIV antigen gp41 shows the antigen in a mononuclear 
cell within the endomysial septae in the proximity of a muscle fibre. No HIV antigens were 
found within the muscle fibres (avidin- biotin immunoperoxidase technique counterstained with 
1 % haematoxylin, x 475) 

cultures and the polymerase chain reaction (PCR). We, and others, found 
no electron microscopic evidence of viral particles within the muscle or 
infiltrating lymphoid cells2,4,8,29. Using specific antibodies against various 
HIV proteins, including gp120 and gp4l, we could not immunolocalize viral 
antigens within the muscle fibres but only within occasional endomysial 
lymphoid cells surrounding muscle fibres or within the endomysial septae47 
(Figure 1O.2a,b). Similarly, using a 3sS-labelled HIV RNA transcript of the 
virus, we identified signals of viral nucleic acids within occasional endomysial 
lymphoid cells surrounding the muscle fibres (but not within the muscle 
fibres) in up to two consecutive sections from six of the 10 muscle biopsy 
specimens examined48 ,49 (Figure IO.3A,B). Others have reported similar 
findings SO,sl. Using primers amplifying a 115 bp sequence from the gag gene 
and a 262 bp DNA fragment from the pol gene of the HIV genome, we found 
HIV-specific amplification products within the nucleic acids extracted from 
4 11m thick serial sections in only two of the 10 muscle biopsy specimens and 
in only two of eight consecutive sections examined with PCR49,s2 (Figure 
10.4). As would be expected from the size of the endomysiallymphoid cells 
and the low probability of the same cell occurring in more than two 
consecutive 411m serial sections, the HIV sequences detected within these 
consecutive sections probably belonged to the HIV -positive sparse lymphoid 
cells rather than to muscle fibres, 

To determine whether integrated HIV sequences are replicated within the 
myonuclei and the satellite cells in the absence of lymphoid cells, we used 
the PCR technique to search for the presence of viral sequences in cultures 
established from six muscle biopsy specimens of patients with HIV myopathy. 
We were unable to find HI V-specific amplification bands within the genomic 
DNA extracted from these cultures49. 
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3A 

Figure 10.3 In situ hybridization shows HIV RNA signals, as hybridization granules, with 
occasional scattered endomysial (A) or perivascular (B) cells ( x 480) 

In HIV myopathy, therefore, there is no evidence of persistent infection 
of the muscle fibres by the virus or integration of the HIV proviral genome 
within the muscle DNA. Similar observations have been made in transgenic 
mice transfected with the HIV proviral genome. These mice showed no signs 
of myopathy and, in contrast with other tissues, such as skin, gut, or brain, 
in which HIV proviral DNA was detected, no HIV-positive signals were 
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A 

B 

4 
Figure lOA Characterization of amplified DNA product after the polymerase chain reaction 
using HIV pol primers. A. Amplified DNA from patients with HIV myopathy resolved in 
acrylamide gel is stained with ethidium bromide. The lanes represent DNA extracted from 
normal HIV-negative lymphocytes (lane 2), patients with HIV myopathy (lanes 3- 12), DNA 
extracted from a muscle of an HTL V -I-positive but HIV -negative patient for internal retroviral 
control (lane 13), and from HI V-positive (H9/IIIB) lymphocytes (lane 14). Lane 1 represents 
water and no DNA, and lane 15 represents low-range DNA molecular weight markers (281, 
271, 254 and 213 bp). Note positive amplified DNA signals in only two patients with HIV 
myopathy (lanes 11 and 12) and the HI V-positive control lymphocyte (lane 14). The signal in 
lane 13 is from a patient with HTLV-I infection and probably represents cross-reactivity with 
an HTL V-I DNA fragment. B. Slot-blot hybridization of denatured amplified DNA, hybridized 
with a 32P-Iabelled pol HIV probe. Amplified DNA products are shown from the HIV-negative 
lymphocytes (- HIV PBL), the HIV-negative patient with polymyositis (- HIV/PM), the two 
HIV-positive patients with polymyositis (+ HIV/PM) (represented in lanes 11 and 12 in panel 
A) and the HIV-positive lymphocytes (+ HIV H9/IIIB). Note positive hybridization signals 
only in the muscles from the two HIV-myopathy patients and in the HIV-positive control 
lymphocytes 

noted in muscle48 ,53. In spite of all the above, however, a transient, acute 
and non-persistent intramuscular (intermyofibrillar) infection, capable of 
altering the expression of normal muscle antigens and triggering a secondary 
autoimmune attack, cannot be excluded. In such a case, a hypothetical 
intermyofibrillar infection could result in endomysial inflammation, which 
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may become self-sustaining as the host cannot mount the expected antiviral 
response and down-regulate the inflammatory reaction. 

Infection of cultured human muscle with HIV and HIV-infected 
autologous lymphocytes 

To demonstrate whether HIV is capable of infecting human muscle, we 
established human myoblasts and myotubes in tissue culture from healthy 
muscles obtained during routine diagnostic biopsies. These cultures were 
experimentally infected and transfected with a high concentration (5 x 105 
infectious units) of intact HIV or HIV proviral DNA constructS3• The 
infected and transfected cultures were monitored by assays for reverse 
transcriptase and p24 antigen and with PCR. After 2 months, the cultured 
myotubes remained morphologically intact and identical to the non-infected 
control cultures. The supernatant was negative for reverse transcriptase and 
p24 antigen. The PCR also failed to amplify HIV-specific signals in the DNA 
extracted from the muscle cultures. 

In another series of experiments, we infected human muscle myotubes 
with homologous, interleukin-2 (IL-2)-activated and HIV -infected peripheral 
blood lymphocytes and monocytes to determine whether muscle infection 
can be mediated by infected lymphocytes. Up to 10% of the lymphocytes 
applied to these cultures were infected, as determined by immunocytochemis
try using antibodies to gp41 and p24 antigens. After 6 weeks in culture, and 
in spite of clear attachment of the lymphocytes to the myotubes (Figure 
10.5), no infection of the muscle cells was noted. This was based on the 
absence of cytopathic effect, the absence of p24 antigen in the supernatant 
and the negative reverse transcriptase activity (Figure 10.5B) after the first 
week. DNA extracted from the myotubes after 6 weeks did not amplify the 
HIV viral genome using PCR and specific primers. These observations 
indicate that human muscle in culture is resistant to infection not only with 
intact HIV, but also with HIV-infected homologous lymphoid cells, and 
argue against, but do not exclude, the possibility that HIV can cause a 
persistent infection of the muscle. 

Immunopathogenesis 

Because HIV myopathy has clinical and histological similarities with poly
myositis in HIV-negative patients, in which autoimmune mechanisms have 
been implicated, we used immunohistological techniques to compare muscle 
biopsies from 19 patients with HIV myopathy and five HIV-negative patients 
with polymyositis47• Muscle specimens were stained with a variety of 
monoclonal antibodies against lymphocyte subsets, macrophages, natural 
killer (NK) cells, MHC class I and II antigens and interferon (IFN) IX and y. 
The predominant inflammatory cells within the endomysial infiltrates were 
CD8+ T cells (48.9 ± 7.6% of the total cells) and macrophages (38 ± 4.7%), 
which surrounded or invaded healthy, non-necrotic muscle fibres (Figure 
10.6 and Table 10.2). The majority of the CD8+ cells are cytotoxic T cells, 
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Fjgure 10.6 Transverse frozen serial sections of a muscle biopsy specimen from a patient with 
HI V-associated polymyositis. Sections were stained with haematoxylin and eosin (A) and with 
monoclonal antibodies to C08 (8), macrophages (C), C04 (0), and MHC-I antigen (E and F). 
A cluster surrounding a muscle fibre consists of C08 + cells (8) and macrophages (C). C04 + 
cells (0) are sparse. Sarcolemma and surrounding cells strongly express MHC-I antigen in the 
proximity of inflammation (E) and in areas remote from inflammation (F). (Avidin- biotin 
immunoperoxidase technique counterstained with methyl green; A-E, x 480; F, x 280) 

not na'ive or suppressor cells, because very few of them were 2H4 +. The 
CD4 + cells accounted for 12.6 ± 3.2% of the total number of cells (Table 
to.2). Because the CD4 marker is expressed on macrophages47, the true 
number of endomysial T4-positive cells (calculated by subtracting the acid 
phosphatase-positive macrophages from the CD4 + cells) did not exceed 4- 5% 
of the total. Many of these macrophages surrounded healthy, non-necrotic 
muscle fibres, even in the early phases of muscle invasion, indicating that 
some of these cells may not be scavenger cells but rather primary immune 
effector or antigen-presenting cells that playa role in mediating the muscle 
fibre injury. NK cells and B cells accounted for less than 1 % ofthe endomysial 
cells. No positive cells expressing interleukin-2 were present to suggest recent 
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Table 10.2 Endomysial mononuclear cell infiltrates in clusters in patients with 
retrovirus-related polymyositis 

HIV polymyositis HTLV-I polymyositis Polymyositis 

Total cells 966 1276 973 
Mean number 193 ± 91 213 ± 110 194 ± 105 
CD8+ (%) 49 ± 7.6 41 ± 6.2 50.4 ± 5.7 
CD4+ (%)b 12.6 ± 3.2c 32 ± 7.3 21.1 ± 4.2 
M5+ (%) 38 ± 4.7C 26 ± 3.3 27.9 ± 5.4 
B cells (%) :s;; 0.1 :s;; 1.0 :s;; 0.1 
NK cells (%) :s;; 1.0 :s;; 1.0 :s;; 1.0 

"Three different cell clusters were counted in each of five patients with HIV 
polymyositis, HTL V polymyositis and seronegative polymyositis 
bCorresponds to the total of T4 + cells and CD4 + macrophages that express the 
CD4 marker 
CSignificant difference (p < 0.001, unpaired t test) for comparison with HIV
negative polymyositis 
dSignificant difference (p < 0.05, unpaired t test) for comparison with HIV
negative polymyositis 

activation ofT cells. Interferon was not immunolocalized47. The MHC class 
II antigen was present only in the macrophages and mononuclear cells, but 
rarely in the sarcolemma of the muscle fibres. By contrast, the MHC class 
I antigen was expressed in the sarcolemma of almost all of the muscle fibres, 
regardless of their proximity to the clusters of lymphoid cells (Figure 10.6), 
in a pattern identical to that described in HIV-negative polymyositis 54. This 
indicates that the recognition of the putative muscle antigen by the CD8 + 
cytotoxic T cells is restricted to the MHC class I antigen. Because viral 
antigens were not present in the muscle fibres, the CD8 + cytotoxic T cells 
surrounding the sarcolemma are not virus-specific but rather are sensitized 
against previously unidentified muscle fibre antigens. Although destruction 
of virus-specific and MHC-restricted cytotoxic T cells can theoretically be 
responsible for viral persistence by allowing the infected muscle fibres to 
escape immunological surveillance 55, there is no evidence that HIV persists 
within the muscle, as discussed earlier. 

Other factors 

As HIV infection progresses, immune dysregulation gives way to frank 
immunosuppression, setting the stage for direct muscle infection by oppor
tunistic pathogens. Although rare, infection of the muscle can occur in the 
course of disseminated infection with the opportunist organisms Cryptococcus 
neojormans17, Toxoplasma gondii16, Mycobacterium tuberculosis56 ,57 and 
Mycobacterium avium intracellulare17 ,58. We have not seen cytomegalovirus 
within the myofibrils in our muscle biopsy specimens, but we have seen non
caseating granuloma in the muscles of two patients, who had myalgia, 
fatigue, and muscle weakness (reference 5, and MC Dalakas, unpublished 
observations). 

Other contributing myotoxic factors include vitamin deficiencies relating 
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to the long-standing infection and poor nutrition, the induction of type II 
muscle fibre atrophy due to disuse, prolonged immobilization, or muscle 
wasting related to systemic sepsis or bacteriotoxins and myocytotoxicity due 
to the plethora of antibacterial, antiparasitic, antifungal, or antiviral drugs 
used to treat the underlying illnesses. Elevated levels of cachectin, a 
macrophage-derived factor, or tumour necrosis factor, arising directly from 
HIV infection or other co-infections, is found in patients with AIDS59 
and may contribute to the muscle wasting syndrome by interfering with 
lipoprotein lipase activity or other aspects of lipid metabolism. Contrary to 
one report60, we feel that the HIV wasting syndrome does not represent an 
inflammatory myopathy but rather type II muscle fibre atrophy due to the 
factors mentioned earlier. 

MYOPATHY ASSOCIATED WITH HUMAN T CELL 
LYMPHOTROPIC VIRUS TYPE (HTLV-I) 

The human T celllymphotropic virus type I (HTLV-I) has been linked not 
only to T cell leukaemia in adults but also to polymyositis and tropical spastic 
paraparesis (TSP)61-64. In Jamaica, HTLV-I is endemic, with a 7-18% 
prevalence of HTLV-I antibody positivity in the healthy population61 . 
However, IgG anti-HTLV-I antibodies were found in up to 85% of Jamaicans 
with polymyositis, which indicates that the association is not due to chance. 
In Kagoshima, Japan, the prevalence of HTLV-I infection was significantly 
higher in patients with histologically proven polymyositis (27.5%) than in 
the general population (11.6%)62. 

In patients who are positive for HTLV-I, polymyositis may occur alone 
or together with TSp63,64, Although myelopathy associated with HTLV-I 
is frequently reported in Japan, polymyositis appears less prevalent in 
Japanese who are positive for HTLV-I, which suggests that genetic suscepti
bility of the host may be a confounding factor for the development of muscle 
disease. Myositis associated with HTLV-I has been seen in Haitians and, 
rarely, in native Americans64. Sera and muscle biopsies from patients with 
polymyositis or dermatomyositis have been negative for HTLV-I and HTLV
II antibodies, as determined by enzyme-linked immunosorbent assay65 and 
for HTLV-I or HIV-I viral genome, as determined by PCR in the extracted 
DNA from the muscle tissue66. 

The initial symptoms in polymyositis related to HTL V-I infection are 
muscle weakness and elevated serum creatine kinase levels61 . The muscle 
biopsy shows a brisk perimysial or interstitial inflammatory response with 
muscle fibre necrosis and phagocytosis (Figure 10.7). In two patients with 
TSP who had elevated creatine kinase levels and in four HTLV-I-positive 
patients with T cell leukaemia, some of whom had elevated creatine kinase 
but no other signs of myopathy, muscle biopsies showed features of 
denervation (MC Dalakas: unpublished observations). 
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Figure 10.7 Cross-sections of a muscle biopsy specimen from a patient positive for HTLV-I, 
who had muscle weakness and elevated serum creatine kinase. Perivascular inflammation and 
inflammatory cells surrounding mostly healthy muscle fibres ( x 680) 

Pathogenesis of HTLV-I myositis 

We have also performed studies similar to those described above in patients 
with HTL V -I myositis. Immunocytochemical studies on muscle biopsy 
specimens using antibodies to HTL V -I viral proteins showed viral antigens 
only in occasional CD4 + infiltrating perimysial lymphoid cells but not within 
the muscle fibres67. Similar findings were reported in the muscle biopsies 
from Japanese patients infected with HTLV-I62. The only study in which in 
situ hybridization showed HTLV-I particles within the muscle fibres of a 
patient co-infected with HIV and HTLV-167, has not been reproduced. We 
amplified viral sequences in only some of serial lO.um sections of muscle 
biopsy specimens from four patients with HTL V-I myositis (Figure 10.8). As 
the virus was not found within the muscle fibre (by means of immunocyto
chemistry), we suspect that these amplified products probably represent 
infected lymphoid cells rather than infected muscle fibres. To determine 
whether integrated HTL V-I sequences are present within the myonuclei and 
the satellite cells, we searched for viral sequences in the DNA extracted from 
the muscle cultures established from biopsies of four patients. We were 
unable to detect HTLV-I-specific amplification bands within the genomic 
DNA (Figure 10.8). In addition, PCR-confirmed HTLV-I-positive peripheral 
blood lymphocytes, applied to homologous myotubes, did not cause cyto
pathic effect (Figure 10.9) and the virus did not integrate within the DNA 
of the myotubes (Figure 10.8)68. 

The primary endomysial cell in polymyositis associated with HTLV-I 
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Figure 10.8 Amplification performed by peR using specific HTLV-I pol primers in the DNA 
(1,5) or RNA (2,6) extracted from the muscle biopsies of two patients (1-4 one, 5-8 the other) 
with HTL V polymyositis, and the DNA extracted from their respective myotubes in cultures 
before (3,7) and after (4,8) co-cultivation with their homologous lymphocytes. Amplified HTLV
I products were found only in the RNA extracted from the muscles (2,6) and in the DNA 
extracted from their lymphocytes (9,10). Lane II represents water and 12 shows low-range 
DNA molecular weight markers (281- 213 bp) 

infection was the CD8 + cytotoxic T cell, which along with macro phages 
invaded or surrounded healthy, non-necrotic and MHC-I antigen-expressing 
muscle fibres (Figure 1O.10A,B). A T cell-mediated and MHC-I antigen
restricted cytotoxic process, similar to thaJ noted in HIV myopathy and 
in retrovirus-seronegative polymyositis4 S,66, is also the main immunopatho
logical mechanism underlying the myopathy associated with HTL V -I infec
tion. In contrast with HIV polymyositis however, HTLV-I infection is 
characterized by more frequent endomysial CD4 + cells, as shown by double 
immunocytochemistry performed on the same section (Figure 10.11). 

Four muscle biopsies from HTLV-I-positive patients with leukaemia but 
without clinical or histological signs of myopathy showed a marked 
expression of MHC class I antigen (Figure 10.12), probably induced by 
circulating lymphokines or cytokines released during the chronic persistent 
viral infection. The MHC-I expressing muscle fibres could recognize viral 
antigens or present endogenous self antigens to cytotoxic T cells and render 
the muscle susceptible to T cell-mediated destruction, as proposed by 
Honfeld69 . 

MYOPATHY ASSOCIATED WITH HUMAN FOAMY RETROVIRUS 

Transgenic mice carrying the bel region of the human foamy retrovirus 
(HFV), under the transcriptional control of its own long terminal repeat, 
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Figure 10.9 Myotubes from a muscle biopsy of an HTLV-I-positive patient infected with the 
virus isolated from his own lymphocytes (A), and co-cultured with autologous HTLV-I-positive 
lymphocytes (B). The myotubes were resistant to infection and no cytopathic effect was noted 
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Figure 10.10 Two muscle fibres from an 
HTL V -positive patient with polymyositis 
stained for CD8 + cells. The CD8 + cells attach 
to the healthy muscle fibres (A,B). At higher 
magnification (C) , extensions of the CD8 + cells 
are seen to penetrate the basal lamina. MHC-I 
expression was strongly expressed in the 
muscle fibres even away from the inflammation 
(not shown) 

Figure 10.11 Double immunocytochemistry 
of an endomysial infiltrate from a muscle biopsy 
specimen ofa patient with HTLV-I PM. Section 
is stained for trichrome (top). CDllc (for T cell, 
centre) and CD4 cells (bottom). Note that a 
number of the infiltrating T cells express the 
CD4 marker. (The majority of the lymphocytes 
are however CD8+ cells, (see Figure 10.10)) 
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Figure 10.12 Frozen section of a muscle biopsy from a patient with HTL V -I infection and T 
cell leukaemia who did not have clinical or laboratory signs of a myopathy shows some 
neurogenic features and type II fibre atrophy. All muscle fibres, however, express MHC-I 
antigen 

express the transgene in the striated muscle and exhibit a destructive 
myopathy 70. The majority of the viable muscle fibres express viral RNA 
before degenerative features develop, which suggests that HFV is directly 
responsible for the myopathy. Of interest is the fact that bel-l has homology 
with the tat and tax proteins of the HIV-I and HTLV-I respectively, the two 
other retroviruses associated with myopathy. 

MYOPATHY ASSOCIATED WITH THE SIMIAN RETROVIRUS TYPE 
I (SRV-I) AND SIMIAN IMMUNODEFICIENCY VIRUS (SIV) 

The simian retrovirus type I (SRV -I), which is similar to the Mason Pfizer 
monkey virus, infects monkeys and can cause immunodeficiency, Kaposi's 
sarcoma and polymyositis that is histologically identical to the human 
disease 7 1, 72. The infected animals experience muscle weakness, muscle 
wasting and elevated creatine kinase levels. The muscle biopsy shows 
perivascular and interstitial inflammation with phagocytosis and muscle fibre 
necrosis. Immunocytochemistry shows viral antigens only in the endomysial 
lymphocytic infiltrates, and not within the muscle fibres 71. 72. However, SRV
I is capable of infecting muscles in tissue culture, as determined by assays of 
reverse transcriptase in the supernatant, without exerting a cytopathic effect 
on the muscle 71. Another simian retrovirus, the simian immunodeficiency 
virus (SIV) which is closely related to HIV, can also cause immunodeficiency, 
encephalopathy, and lymphopenia. We studied two monkeys with SlY, one 
of which had severe inflammatory myopathy which was histologically 
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identical to the human disease (MC Dalakas, M Gravell, unpublished 
observations). 

IMPLICATIONS AND SIGNIFICANCE OF RETROVIRUSES IN THE 
AETIOLOGY OF POLYMYOSITIS 

The immunopathological characteristics of HIV and HTLV-I-associated 
myositis are similar to those of patients with polymyositis and inclusion
body myositis in whom the search for all viruses has failed 24- 26,42,66,73. The 
types and subtypes of the endomysial inflammatory cells are also remarkably 
similar in all three conditions (Table 10.2). It seems, therefore, that a T cell
mediated and MHC class I antigen-restricted cytotoxic process is a common 
final pathogenetic mechanism in all patients with polymyositis, regardless of 
whether the disease has been triggered by a known virus. The muscle fibres 
expressing MHC class I antigens do not seem to recognize viral antigens, 
but they may present endogenous self antigens to cytotoxic T cells and 
render the muscle fibre susceptible to a T cell-mediated destruction. The 
virus need not be present nor must it persist within the muscle fibre, but it 
may persist in other parts of the body and in other cells, as is the case for 
microglia, macro phages and CD4 + cells in the circulation or the lymphoid 
organs. In the setting of such a persistent infection, cytokines or lymphokines 
secreted by the retrovirus-positive circulating or endomysiallymphoid cells 
may expose normally hidden or newly surfacing muscle antigens against 
which there is no self tolerance, allowing autoaggressive cytotoxic T cells to 
invade muscle fibres 5 ,24. Furthermore, sarcolemmal proteins share common 
regions of homology with retroviral sequences 74,75, which may allow 
circulating anti-retroviral antibodies to cross-react with muscle proteins. 
This may result in a stable antigen-antibody complex that serves as a muscle 
neoantigen, leading to self sensitization. Consistent with this hypothesis of 
molecular antigenic mimicry is the observation that antibodies to ribonucleo
proteins found in the serum of some HIV -negative patients with polymyositis 
share common antigens with retroviral proteins coded for by the gag and 
pol genes74,75. 

The association of five different retroviruses with inflammatory myopathies 
prompted us to look for retroviral proteins in the serum from HIV -negative 
patients with inflammatory myopathies, Western blotting showed that human 
sera variably recognize at least two proteins of HIV, HTL V-I and HTL V-
1175 , This reactivity was especially prominent in patients with inclusion body 
myositis. Furthermore, DNA extracted from the same muscle biopsies gave 
specific amplification products with HTL V-I primers for the gag, en v, tax
rex, and pol genes 75, These products may represent endogenous retroviruses, 
widely present within the human DNA 76, which can become pathogenic, 
leading to polymyositis if partially transcribed and translated into functional 
gene products or, if mutated, may become infectious or immunogenic, 
Retroviruses, therefore, may be the leading candidate viruses in the cause of 
inflammatory myopathies. 
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MYOPATHY ASSOCIATED WITH AZT THERAPY 

Before 1986, when AZT (zidovudine) was introduced for the treatment of 
AIDS77, the incidence of HIV myopathy was low, and myopathy was 
considered a rare clinical complication of HIV infection. Over the last few 
years, however, an increasing number of patients receiving long-term AZT 
therapy have developed myopathic symptoms that generally improve when 
the drug is discontinued78-81 . Several studies have now unequivocally 
demonstrated that AZT is capable of inducing a unique mitochondrial DNA
depleting myopathy, attributable to its mitochondrial toxicity20-23.82. AZT 
is myotoxic not only in HIV-positive patients but also in cultures of normal 
human muscle and in normal rats given AZT83-8S. 

Myopathy may develop in up to 30% of adults treated with long-term 
(> 12 months), high-dose (> 1200 mg daily) AZT22,86. Although 
cumulative drug dose may be an important determinant23, we have observed 
the disorder in adults treated exclusively with the newer, low-dose regimens 
for early stage disease86. The clinical features of AZT myopathy include 
proximal muscle weakness, myalgia, predominantly in the thighs and calves 
and often exacerbated by exercise, and elevation of creatine kinase levels, 
which may also be worsened by exercise. Weight loss and elevated serum 
lactate may herald the presence of AZT myopathy86. The electromyogram 
shows myopathic units like those seen in patients with HIV myopathy. AZT 
myopathy improves when the drug is discontinued. The myalgia resolves 
rapidly, often within 2 weeks, but the weakness improves more slowly. 
Patients with severe weakness (MRC grade 3 or below) improve but may 
not fully recover, underscoring the need for an early diagnosis87. 

HIV myopathy is clinically similar to AZT myopathy. Without specialized 
diagnostic testing, such as muscle biopsys-7.2o-22.26 or magnetic resonance 
spectroscopy (MRS)88.89, the only clinical way of distinguishing AZT 
from HIV myopathy is by stopping the drug and monitoring for clinical 
improvement, manifested as increased strength, decreased muscle pain and 
reduction in serum creatine kinase. While elevations of CK levels usually 
accompany both HIV and AZT myopathy, we have seen patients with 
histologically severe AZT myopathy and normal CK levels (MC Dalakas, 
unpublished observations). Serum CK level alone is not, therefore, a reliable 
screening test for AZT myopathy. 

The unique features that distinguish AZT myopathy from that due to HIV 
are seen in histological studies. Muscle specimens of AZT-treated patients 
show prominent, numerous fibres with 'ragged-red' features in trichrome
stained preparations, indicative of abnormalities in the muscle mitochon
dria20-23 (Figure 1O.13A-B). Although these fibres may resemble the ragged
red fibres seen in the muscles of patients with mitochondrial myopathies20.23, 
they usually have sub sarcolemmal or central granular accumulations next 
to single, longitudinal or circumferential, 'red-rimmed cracks' or pale granular 
degeneration with 'cracks' filled with neutral fat (Figure 10.12). The combi
nation of these findings, which represent various stages of mitochondrial 
dysfunction and depletion of mitochondrial DNA, defines what we have now 
called the 'AZT fibre,s,7,42. Some of these fibres are small and angulated, 
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Figure 10.13 Transverse frozen sections of muscle biopsy specimens from patients with AZT 
myopathy. A. Two 'ragged-red' fibres, corresponding to proliferation of mitochondria (trichrome, 
x 800) are noted; B: Numerous AZT fibres ('cracked' fibres with granular degeneration, or 
'washed-out' fibres) (trichrome, x 420). Arrowheads indicate rods. Within these cracks there is 
accumulation of neutral fat (not shown) 
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Figure 10.14 Electron microscopy of an AZT myopathy muscle fibre shows proliferation of 
mitochondria of various sizes and with abnormal cristae 

some are large or of normal size and others contain rods, irregular cytoplasmic 
bodies and vacuoles (Figure 10. 12A). These changes are fully or partially 
reversible with the discontinuation of AZT, as demonstrated by the noticeable 
improvement in the cytoarchitecture of the muscle fibres and the marked 
reduction in the number of AZT fibres in repeat muscle biopsy specimens 
obtained from several of our patients. Electron microscopic studies have 
confirmed the presence of abnormal mitochondria, which are ubiquitous 
throughout the muscle, even in fibres that appear normal on light 
microscopy86 (Figure 10.14). 

Immunocytochemical studies performed on muscle biopsy specimens, 
using antibodies to single- and double-stranded DNA, have shown severe 
depletion of immunostainable mitochondrial DNA 29, whereas Southern 
blots of the extracted muscle mitochondria showed up to 80% reduction in 
mitochondrial DNA; this is reversible on withdrawal of the drug82. 

Mitochondrial dysfunction in AZT myopathy can be confj,rmed in vivo 
using [31 P]magnetic resonance spectroscopy (e2p]MRS), a non-invasive 
method for assessing muscle metabolism. Marked phosphocreatine depletion 
with slow recovery after exercise has been observed by us and others88.89. 

The pronounced reduction in mitochondrial DNA agrees with the finding 
that in vitro AZT is readily incorporated into the mitochondrial matrix, 
resulting in termination of the DNA chain90. Sequentially, this results in 
compensatory proliferation of mitochondria, structural abnormalities and 
impaired function by inhibiting the expression of cytochrome b messenger 
RNA and affecting oxidation- phosphorylation coupling, as well as activity 
of the complex I + III of the mitochondrial respiratory chain. Of interest is 
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Table 10.3 Distinction between HIV myopathy and AZT myopathy 

HIV myopathy 

Clinical symptoms and signs 
Proximal muscle weakness + 
Myalgia + 
Myopathic electromyogram + 
Elevated creatine kinase + 

Onset of myopathy after AZT therapy N/A 
Muscle biopsy findings 

Inflammation ++ 
Rods Rare 
Cytoplasmic bodies Rare 
'Ragged-red' fibres Absent 

Immunocytochemistry 
Primary endomysial cells surrounding CD8+ cells, 
muscle fibres macrophages 
MHC-I antigen in muscle fibres Present 

Virology 
HIV antigen within muscle fibres Absent 
HIV antigen in endomysial lymphoid cells Rarely present 
HIV antigen in cultured myotubes Absent 

Molecular studies and DNA 
immunocytochemistry 

Muscle mitochondrial DNA Normal 
Immunostainable mitochondrial DNA Normal 

Therapy 
Response to prednisone Yes, in some cases 
Response to NSAID Possible 
Response to discontinuation of AZT N/A 

AZT, azidothymidine; NSAID, non-steroidal anti-inflammatory drug 
*The degree of inflammation is less pronounced than in HIV myopathy 

AZTmyopathy 

+ 
++ 
+ 
+ 

-12 months 

0-->+ 
+++ 
+++ 
+++ 

CD8+ cells, 
macrophages* 

Present 

Absent 
Rarely present 

Absent 

Reduced 
Reduced 

? 
Possible 

Yes 

the fact that in vitro, dideoxycitidine (ddC) does not inhibit y-polymerase as 
efficiently as does AZT90, perhaps accounting for the ddC's apparent lack 
of myotoxicity (MC Dalakas, unpublished observations). 

Muscle specimens from patients with AZT myopathy exhibit various 
degrees of endomysial inflammation characterized by lymphocytes (mostly 
CD8 + cells) and macro phages, but the inflammation is less severe than that 
seen in HIV myopathy5-7.22.23. MHC class I antigen expression is also 
prominent on the muscle sarcolemma. In many patients therefore, a T cell
mediated and MHC class I-restricted cytotoxic process related to the 
underlying HIV infection appears to co-exist with AZT toxicity; this may 
persist even after the drug is stopped22. The clinical, histological and 
molecular differences between AZT myopathy and HIV myopathy are 
summarized in Table 10.3. 

HIV-RELATED PERIPHERAL NEUROPATHIES 

Peripheral neuropathies (Table 10.4) usually develop in a stage-specific 
fashion in HIV-infected adultsl.2.4.7.91.92. Guillain-Barre syndrome (GBS) 
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Table 10.4 HIV-related peripheral neuropathies in adults and children 

Guillain-Barre syndrome (GBS) 
Chronic inflammatory demyelinating polyneuropathy (CIDP) 
Mononeuritis multiplex 
Ganglioneuronitis 
Lumbosacral polyradiculoneuropathy, often due to CMV 
Painful sensory axonal neuropathy 
Nucleosides (ddI, ddC) neuropathy 

Table 10.5 Clinical features of HIV-related peripheral neuropathies 

GBS CIDP Polyradiculitis 

Stage of disease Early Early Late 
Onset Acute Subacute Subacute 
Course Resolution May be relapsing Progressive 

(spontaneous or 
with treatment) 

Pain Rare Rare Occasional 
Weakness Marked Moderate to Marked 

marked 
CSF protein Markedly elevated Markedly elevated Elevated 

CSF pleocytosis Lymphocytic Lymphocytic Polymorpho-
nuclear 

EMG/NCS Demyelinating Demyelinating Polyradiculo-
features features neuropathy 

Other Respiratory Sphincters 
compromise involved 

Treatment Plasmapheresis, Same as GBS Gancyclovir 
intravenous 
immunoglobulins, 
steroids 

PSN 

Late 
Subacute 
Progressive 

Marked 
Mild or absent 

Normal to 
mildly elevated 
Absent or mild 
lymphocytic 
Axonal features 

Symptomatic 

GBS: Guillain-Barre syndrome; CIDP: chronic inflammatory demyelinating polyneuropathy; 
PSN: painful sensory neuropathy 

and chronic inflammatory demyelinating polyneuropathy (CIDP), both 
dysimmune demyelinating peripheral nerve disorders, may occur early in the 
infection or may be the presenting manifestation of unsuspected HIV 
infection 1,2,4,91.92 (Table 10.5). The only difference between HIV-negative 
GBS or CIDP and the HIV-associated condition is that patients with the 
latter often have pleocytosis in the spinal fluid. Sural nerve biopsy shows 
segmental demyelination with often perivascular and, rarely, endoneurial 
inflammation (Figure 10.15). One case of HIV-related GBS in a child has 
recently been reported93 and we are aware of another HIV -infected child who 
developed classic features of CIDP (MC Dalakas, unpublished observations). 
Other, less common, peripheral neuropathies that may develop in early-stage 
HIV infection include acute ganglioneuronitis coincident with seroconver
sion94 and mononeuritis multiplex 1 (Table 10.4). The clinical features 
characteristic for each of these neuropathies are listed in Table 10.5. 

The most common neuropathy in AIDS patients is a painful sensory 
axonal neuropathy which, according to some studies, may affect up to 70% 
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Figure 10.15 Cross-section of a sural nerve biopsy from a patient with HIV polyneuropathy 
stained with antibodies to T cells (CDllc) shows brisk perivascular inflammation with a few 
endoneuria I positive cells 

of adults with later-stage HIV infection19. Painful axonal neuropathy can 
also complicate therapy with dideoxyinosine (ddI) or ddC 7,95- 97 and may 
represent the cumulative effect on the peripheral nerves of various endogenous 
or exogenous neurotoxins produced as a result of a multisystem disease and 
dysfunction of many organs. Despite the relative lack of motor involvement, 
severe neuropathic pain in such patients can be disabling. Pain may be so 
uncomfortable that even light stimuli, such as contact with sheets, is 
intolerable. Clinical findings include distal pan sensory loss or reduced 
sensation, areflexia and, in advanced cases, distal weakness. 

Electrodiagnostic and pathological studies clearly indicate that peripheral 
nerve pathology is nearly ubiquitous in AIDS patients, whether or not there 
is clinical evidence of peripheral neuropathy14, 15,19,98 .99. While clinical 
experience, supported by a small cross-sectional study including electro
diagnostic testing, has suggested that axonal neuropathy does not occur in 
children 1 00, two children with a clinical symptomatology consistent with 
AIDS-neuropathy were recently reported 101 . Sural nerve biopsy is consistent 
with axonal degeneration without signs of inflammation. 

Another neuropathy seen in later-stage HIV infection, is the lumbosacral 
polyradiculoneuropathy, affecting roots and sensory ganglia, which is often 
related to cytomegalovirus (CMV) infection 1 ,2,4, 1 02 , 1 03 . CMV polyradic
uloneuropathy presents with lower extremity muscle weakness, sacral and 
distal paraesthesias, areflexia and atrophy, mostly of the legs, associated with 
sphincteric dysfunction resembling a cauda equina syndrome. The spinal 
fluid may show pleocytosis and harbours CMV, which can be detected by 
culture or cytological examination. CMV inclusions are often found within 
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Figure 10.16 Cross-section of a root from a patient with HIV polyneuropathy stained with 
haematoxylin and eosin. CMV inclusions are noted within the Schwann cells (arrow) 

the Schwann or endothelial cells at autopsy (Figure 10.16). The disease is 
thought to represent reactivated CMV infection of nerve root, rather than 
primary infection. This may explain why this neuropathy has not yet been 
described in children with AIDS, despite their frequent infection with 
CMV104. Recognition is important: anti-CMV therapy with gancyclovir may 
be life-saving105. 

Although AZT is myotoxic, the two other antiretroviral drugs, ddC and 
ddI, cause a dose-dependent reversible axonal painful sensory neuropathy96-98. 
Animal studies suggest that ddC may be primarily toxic to the myelin 
sheath, while the axonal damage is secondary lo6. The major feature which 
distinguishes a ddI- or ddC-related painful neuropathy from the painful 
sensory axonal neuropathy of AIDS is that the latter tends to be progressive 
while the nucleoside-related peripheral neuropathies tend to improve when 
the drugs are discontinued7.96-98. Another clinical feature of nucleoside 
neuropathy is 'coasting', or worsening of symptoms for a period of time after 
the drug is discontinued, followed by clinical improvemene,107,108. It is 
interesting that epidemiological studies and clinical experience have not 
implicated AZT as a peripheral neurotoxin109. Whether specific structure
function relationships dictate nucleoside neuro- or myotoxicity is uncertain, 
but this would have obvious implications for the development of new 
antiretroviral agents that lack neurotoxic potential. Dideoxynucleoside
related peripheral nerve toxicity has not yet been seen in children, even when 
higher doses are used. 
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Pathogenesis of peripheral neuropathies in HIV infection 

The possible mechanisms include direct viral infection, immune alterations 
triggered by the viral illness, complications of antiretroviral therapy, sequelae 
of chronic illness or a combination of all the above. 

HIV has been cultured from the peripheral nerve 15 •110 and we have 
amplified HIV RNA from sural nerve biopsies of two patients. There is no 
convincing evidence, however, that the neuropathy results from direct 
infection of the peripheral nerve with the virus. Our own immunocytochemical 
studies using double-label techniques on sural nerve biopsies have shown 
that HIV is present only in rare endoneurial macro phages, and not within 
the Schwann cells or the axons (Figure 10.17). Immunocytochemistry shows 
that the endoneurial infiltrates in the sural nerve biopsies from such patients 
consist mostly of macrophages, while CD8 + cells are sparse and CD4 + 

cells are absent (Figure 10.18). There is also strong expression of MHC class 
I and HLA-DR antigens in Schwann cells, endothelial cells or macrophages, 
as shown in serial sections (Figure 10.18A-D). The role of the activated 
macro phages and their recognition of putative nerve antigen(s) is, however; 
currently unknown. It is possible that systemic viral infection or rare HIV
infected endoneuriallymphoid cells release lymphokines and cytokines that 
expose new antigens against which there is no self-tolerance, generating a 
tissue-specific autoimmune attack in a mechanism similar to that described 
earlier for the HIV myopathy. Proliferating macrophages may playa major 
role as immune effector cells or as sensitized cytotoxic cells mediating 
demyelination, similar to that which occurs in HI V-negative Guillain-Barre 
syndrome. The frequency of anti-myelin or GM1-specific autoantibodies in 
the serum of these patients is similar to that seen in HIV -negative patients with 
demyelinating polyneuropathies (MC Dalakas, unpublished observations). 

As HIV infection progresses, immune dysregulation gives way to frank 
immunosuppression, setting the stage for direct infection by opportunistic 
organisms such as CMV, that may be harboured by Schwann cells as 
described earlier (Figure 10.16). Peripheral nerves also become sensitive to 
the effects of the systemic illness, neurotoxins, lymphokines or cytokines; 
this may account for the painful neuropathy. Antibiotics, particularly 
antimycobacterial and chemotherapeutic agents, are also known peripheral 
neurotoxins. If multiple medical insults contribute to the cause of AIDS
related painful sensory neuropathy98, the rarity ofthis neuropathy in children 
with AIDS might be explained by the shorter incubation period of HIV 
infection in children compared to adults104, shorter survival and less exposure 
to neurotoxic agents such as drugs or alcohol before seroconversion. 

TREATMENT 
Myopathies 

Patients with mild myopathic symptoms and signs that are not functionally 
limiting can be monitored by serial examinations and CK determinations. 
Many of these patients will remain stable and not require specific therapy. 
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Figure 10.17 Double immunofluorescence of 
a nerve biopsy from a patient with ClOP dually 
immunostained for macrophages (A) visualized 
with green fluorescence and HIV p41 antigen 
(8), visualized with red fluorescence. There is 
proliferation of macrophages (A). One of the 
macrophages is HIV-positive (C), as confirmed 
by its yellow-orange colour (arrow) (C), pro
duced by superimposition of the green (A) on 
the red fluorescence (8) 

Figure 10.18 Serial sections of a nerve biopsy 
from a patient with HIV-CIDP stained for 
CD8+ cells (A), macro phages (8), and DR (C). 
Only two CD8 + cells are seen within the nerve 
fascicle (A). Most of the lymphoid cells present 
in the endoneurial parenchyma are macro
phages (8). There is also strong expression of 
DR (C) and MHC-I (not shown) 
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Non-steroidal antiinflammatory drugs (NSAIDs) may be useful in managing 
myalgia. 

Patients with HIV myopathy not taking AZT may benefit from treatment, 
although the drug has been reported to worsen the myopathylll. In patients 
already receiving AZT or those who do not improve with AZT, prednisone 
1 mg/kg/day may be tried, slowly tapering following the regimen described 
for seronegative polymyositis24-26. In such patients, however, we favour 
treatment with high-dose intravenous immunoglobulin at 2 g/kg divided over 
2-4 days, a regimen we have used successfully in seronegative inflammatory 
myopathies (MC Dalakas, unpublished observations). 

Although intravenous immunoglobulin has not been studied prospectively 
in HIV myopathy, it is an attractive therapy because it avoids the side
effects associated with steroids and further immunosuppression. Currently, 
intravenous immunoglobulin is our recommended treatment of choice for 
HIV myopathy, although controlled studies have not been conducted to 
document its efficacy. 

AZT myopathy often improves if the dose of AZT is reduced, with or 
without complete cessation of the drug. Improvement generally begins within 
1-2 months and may be incomplete, even when the drug is stopped 
permanently. Alternative antiretroviral therapy with ddI or ddC may be 
other options. Two of our patients with clinically suspected AZT myopathy 
improved clinically on ddI, and two others with histologically proven AZT
myopathy improved clinically and histologically, one after change to ddI 
and the other after change to ddC (M Dalakas, unpublished observations). 

In patients taking AZT who are unable or unwilling to undergo biopsy, 
NSAID with or without reduction of AZT is suggested. If disabling myopathy 
persists, AZT should be withheld and another antiretroviral agent substituted 
if possible. If functionally significant myopathy persists after 4-8 weeks 
without AZT, the myopathy is probably a primary inflammatory myopathy 
requiring either a short course of prednisone or intravenous immunoglobulin. 
Such clinical guesswork can be avoided if examination includes a muscle 
biopsy, a procedure we recommend for all HIV-infected patients whose 
clinical picture suggests myopathy. If biopsy is not available, it is advisable 
to intervene in a stepwise fashion whenever possible so that therapeutic 
responses can be clearly determined. 

Patients with histological signs of type II muscle fibre atrophy should 
receive supportive care, with particular attention to physical therapy and 
mobilization. In all patients with myopathy, it is important to remember 
that CK is a marker for muscle disease and not a clinical endpoint. Thus, it 
is essential to monitor strength as well as CK level. Normal CK levels, 
while comforting to the physician, mean little if significant weakness per
sists24-26. 

There is general agreement regarding the management ofpyomyositis4 o,41. 

All patients should receive intravenous antibiotics active against S. aureus 
(anti-staphylococcal penicillin or vancomycin) pending results of blood and 
abscess cultures. While most patients will recover with antibiotics alone, 
surgical incision and drainage may be required, particularly for later-stage 
infection. A high index of suspicion for secondary abscesses must be 
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maintained because these may also require surgical intervention. Patients 
should be closely monitored for evidence of sepsis. 

Neuropathies 

Demyelinating neuropathies improve with immunomodulatory therapies 
such as intravenous immunoglobulin or plasmapheresis. Steroids may be 
considered for treatment of CIDpl-7• Intravenous immunoglobulin is our 
treatment of choice because it augments rather than suppresses immune 
function and has been effective in both children and adults with seronegative 
GBS or CIDP. In GBS, respiratory function may need to be monitored in 
an intensive care unit, and mechanical ventilatory support considered if vital 
capacity falls below 1 litre. 

Gancyclovir appears to be effective in CMV-related polyradiculoneuro
pathyl05. The role of foscarnet, recently approved for CMV retinitis, in this 
disorder remains to be determined. Painful sensory neuropathy can be 
disabling because of intractable pain, even though muscle weakness may be 
minimal. Tricyclic antidepressants, non-steroidal anti-inflammatory drugs, 
anticonvulsants (carbamazepine and phenytoin), narcotic analgesics and 
topical capsaicin in various combinations provide some relief from neuro
pathic pain, though symptomatic management of this condition is a notori
ously difficult clinical problem. 
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creatine kinase (CK), serum 244-5,283 
cyclophosphamide 
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vasculitis 115-16, 11 7 

cyclosporin (A) 
chronic inflammatory demyelinating 

polyneuropathy 88, 89 
inflammatory myopathies 247 
myasthenia gravis 181, 186-8, 190 

cytokines 
autoimmune diseases of peripheral 

nerves 133 
Guillain-Barre syndrome 62-5,66, 67 
vasculitis 11 0 

cytomegalovirus (CMV) 
PO glycoprotein homology 68 
polyradiculoneuropathy 279-80, 284 

cytotoxic T lymphocytes (CTL) 
inflammatory myopathies 237-9, 242-3 
retrovirus-associated myopathy 263-5, 

266,273 
see also CD8 + T cells 
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demyelinating neuropathies 7-8 
electrodiagnostic correlates 42-4 
mechanisms of conduction abnormalities 

40-2 
paraproteinaemic, see paraproteinaemic 

polyneuropathy 
see also chronic inflammatory 

demyelinating polyneuropathy; 
Guillain-Barre syndrome 

demyelination 
experimental allergic neuritis 129, 131, 

132, 137 
Guillain-Barre syndrome 51, 52, 54-5 

dermatomyositis (DM) 235,249-50 
clinical features 244-5 
differential diagnosis 246,247 
management 246-8 
pathogenesis 235, 236-7 

diabetic neuropathy 80 
3,4-diaminopyridine (3,4-DAP) 158 
dideoxycytosine (ddC) 277, 279, 280 
dideoxyinosine (ddI) 279, 280 

ectopic nerve excitation 42 
edrophonium test 149,178 
eel electric organ 168 
electromyography (EMG) 

acquired neuromyotonia 158 
chronic inflammatory demyelinating 

polyneuropathy 79, 81 
Guillain-Barre syndrome 47-8, 50, 51 
inflammatory myopathies 245 
Lambert-Eaton myasthenic syndrome 

149 
single-fibre 178, 179 
vasculitic neuropathy 112-13 

electrophysiology 
chronic inflammatory demyelinating 

polyneuropathy 76-81 
demyelinating neuropathies 40-4 
Guillain-Barre syndrome 44-50 
see also electromyography; nerve 

conduction studies 
endothelial cells 

monoclonal IgM (M-IgM) interactions 
16 

vasculitis and 109, 110 
endplate potential (EPP) 150-1,167 
experimental allergic neuritis (EAN) 123, 

128-30 
anti-myelin antibodies 59, 85, 130, 136-7 
autonomic dysfunction 35 
chronic relapsing (CREAN) 85, 129 
humoral mechanisms 136-7 
immunopathogenesis 133-4 
T cell-mediated autoimmune responses 

60-1, 62, 130, 131-3, 138 
therapeutic studies 135-6 
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(EAE) 85, 130, 194 

experimental autoimmune myasthenia gravis 
(EAMG) 2, 3, 165, 169-70, 209-29 

selective expression of anti-AChR 
antibody subset 220-5 

specificity of anti-AChR antibody 
subsets 217-20 

strain differences in susceptibility 213-17 

fatigue, myasthenia gravis 167 
Fisher syndrome 38, 50 

humoral mechanisms 57-9 
focal hypertrophic neuropathy 76 
Forssman antigen 56 
F-waves 

chronic inflammatory demyelinating 
polyneuropathy 79, 81 

Guillain-Barre syndrome 45 

galactocerebroside (GC) 8 
experimental allergic neuritis and 85, 

136-7 
Guillain-Barre syndrome and 21, 22 

gancyclovir 284 
gangliosides 8-9 

Guillain-Barre syndrome and 21,22, 
57-60 

genetic factors 
autoimmune disease 4 
chronic inflammatory demyelinating 

polyneuropathy 82 
myasthenia gravis 177 

glue sniffing 74 
GMI ganglioside 8 

antibodies, see anti-GMI antibodies 
cross-reactive epitopes 68 

graft versus host disease 177 
Guillain-Barre syndrome (GBS) 7,33-73 

animal model, see experimental allergic 
neuritis 

antecedent events 39-40 
anti-myelin antibodies 20-2, 52-60, 138 
clinical features 33-7 
course and prognosis 37-8 
diagnostic criteria 35 
differential diagnosis 39, 79 
electrodiagnostic criteria 44, 48-9 
electrophysiology 44-50 

advanced disease 49-50 
clinical features and 50-1 
early disease 44-9 
variants 50 

HIV infection 277-8 
immunopathogenesis 52-69, 137-8 

cellular mechanisms 60-6 
humoral mechanisms 52-60 
initiation of immune response 67-9 

management 69-73, 284 

pathology 51-2,53-5 
prognostic factors 38 
recurrent 38, 75 
variants 38, 50 

heat shock proteins (hsp), muscle fibres 
240-1 

helper T cells 
experimental autoimmune myasthenia 

gravis 221-3 
see also CD4 + T cells 

hereditary motor and sensory neuropathy 
(HMSN) 74, 79 

herpes simplex virus (HSV) 68, 176 
HIV infection 255 

myasthenia gravis 258-9 
myoglobinuria 258 
polymyositis, see HIV myopathy 
pyomyositis 259, 283-4 
subclinical neuromuscular involvement 

258 
HIV myopathy (polymyositis) 255, 256-8 

histology 257 
immunopathogenesis 245, 263-6, 273 
pathogenesis 259-67 
subclinical 258 
treatment 247-8,281-3 
versus AZT myopathy 274, 277 
virological studies in biopsies 259-63 
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differential diagnosis 74, 278 
pathogenesis 281 
treatment 284 

HIV wasting syndrome 267 
HLA haplotypes 

chronic inflammatory demyelinating 
polyneuropathy 82 

Guillain-Barre syndrome 57-9,68 
Lambert-Eaton myasthenic syndrome 

151 
myasthenia gravis 177 
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human foamy retrovirus (HFV) 269-72 
human T celllymphotropic virus I (HTLV-I) 

myopathy 267-9 
pathogenesis 245, 268-9, 273 

humoral mechanisms 
acquired neuromyotonia 160 
autoimmune disease 1-2, 124 

criteria 169 
chronic inflammatory demyelinating 

polyneuropathy 82-4 
dermatomyositis 236-7 
experimental allergic neuritis 136-7 
Guillain-Barre syndrome 52-60,66,67, 

68, 138 
Lambert-Eaton myasthenic syndrome 

151-4 
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vasculitic neuropathy 106-9 
see also autoantibodies 

5-hydroxytryptamine (5-HT) 130 
hypersensitivity vasculitides 114-15 
hypertrophic neuropathy, focal 76 

immune complexes 
dermatomyositis 236 
vasculitic neuropathy 106-8 

immunoglobulin, intravenous, see 
intravenous immunoglobulin 

immunosuppressive therapy 
- chronic inflammatory demyelinating 

polyneuropathy 88 
inflammatory myopathies 246-8 
paraproteinaemic polyneuropathy 13-14 
vasculitis 115-16 

immunotherapy 
Guillain-Barre syndrome 69-72 
myasthenia gravis 181-95 

immunotoxins 19, 191 
inclusion body myositis (IBM) 235,249-50 

clinical features 245-6 
differential diagnosis 246, 247 
management 246-8 
pathogenesis 235,237-40 
retroviral proteins 273 

infections, muscle 266 
infectious agents 4 

Guillain-Barre syndrome and 39-40, 
67-8 

myasthenia gravis and 176-7 
myosin cross-reactivity 226 

inflammatory myopathies 235-50 
clinical features 244-6 
differential diagnosis 246, 247 
management 246-8 
pathogenesis 235-44, 273 
see also dermatomyositis; HIV myopathy; 

human T cell lymphotropic virus I 
myopathy; inclusion-body myositis; 
polymyositis 

influenza vaccination 40 
intensive care 

Guillain-Barre syndrome 72,73 
inflammatory myopathies 248 

intercellular adhesion molecule-l (ICAM-l) 
61, 136, 241, 242 

interferon-y (IFN-y) 
experimental allergic neuritis 133 
Guillain-Barre syndrome 62,65,66,67 
myoblast/myotube responses 241, 242, 

243 
in terleukin 1 (IL-l) 62, 66, 67 
interleukin 2 (IL-2) toxin 193 
interleukin 6 (IL-6) 62, 66, 67 
intravenous immunoglobulin (IVIG) 
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chronic inflammatory demyelinating 
polyneuropathy 86, 87, 88-9 

Guillain-Barre syndrome 69,71-2 
HIV myopathy 283 
inflammatory myopathies 247,248 
myasthenia gravis 189-90 
vasculitis 117-18 

intubation, Guillain-Barre syndrome 72-3 
iodine, radioactive 191 
Isaac's syndrome, see neuromyotonia, 

acquired 
isoelectric focusing (IEF) 213-14 

preparative (pIEF) 218-19 

L2/HNK-l epitope 10,16-18 
Lambert-Eaton myasthenic syndrome 

(LEMS) 147-58 
autoimmune basis 151-4, 158 
clinical features 148-9 
experimental studies 150-1 
incidence 148 
role of small cell lung cancer 154-5 
sera, effect on cultured cells 155-7 
treatment 158 

leucocytoclastic reaction 107, 110 
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Lewis rats 
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lung cancer, small cell (SCLC) 148 
role in Lambert-Eaton myasthenic 

syndrome 154-5 
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Lyme disease 74 
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molecule 3 (LFA-3; CD58) 241,242 
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polyneuropathy 82, 85 
experimental allergic neuritis 129, 134 
Guillain-Barre syndrome 52, 54-5, 62-5, 

66 
HIV neuropathy 281,282 
inflammatory myopathies 236, 238, 239 
retrovirus-associated myopathies 263, 
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magnetically evoked motor potentials 47 
magnetic resonance imaging (MRI) 
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retrovirus-associated myopathies 266, 

269, 271, 272, 273 
class II molecules 124~5, 133,221 

chronic inflammatory demyelinating 
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muscle fibres 243~4 

myoblastsjmyotubes 241, 242, 243 
malignancy 

demyelinating neuropathies 74 
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see also lung cancer, small cell 

methotrexate 247 
MHC, see major histocompatibility complex 
Miller Fisher syndrome, see Fisher 

syndrome 
miniature endplate potential (MEPP) 150, 

151 
mitochondrial dysfunction, AZT myopathy 

274~6 

molecular mimicry 4 
Guillain~Barre syndrome 67~8 

myasthenia gravis 176~ 7 
retrovirus-associated myopathy 273 

monoclonal antibodies, therapeutic 
experimental allergic neuritis 136 
myasthenia gravis 193 
vasculitis 118~19 

monoclonal gammopathies 10, 76 
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significance (MGUS) 10,74 
monoclonal IgM (M-IgM) 10, 11, 138~9 
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passage across blood~nerve barrier 
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pathogenic role 14~20 

see also paraproteinaemic polyneuropathy, 
with monoclo ,I IgM (M-IgM)janti
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monocytes 
Guillain~Barr jndrome 62~5 

see also macro phages 
motor deficits, paraproteinaemic 

polyneuropathy 11 
motor nerve terminal 147~61 

motor neuropathy, multifocal, with 
persistent conduction block, see 
multifocal motor neuropathy, with 

persistent conduction block 
motor weakness 

chronic inflammatory demyelinating 
polyneuropathy 73 

Guillain~Barre syndrome 33, 34 
inflammatory myopathies 244, 245 6 
Lambert~Eaton myasthenic syndrome 

148~9 

myasthenia gravis 177~8 

multifocal motor neuropathy, with persistent 
conduction block 74~5, 76 

anti-GMI antibodies 80, 84, 139 
differential diagnosis 80 

multiple sclerosis 74, 80 
muscle 

autoimmune diseases 235~50 

opportunistic infections 266 
muscle action potential, compound (CMAP) 

chronic inflammatory demyelinating 
polyneuropathy 76, 78, 79 

demyelinating neuropathies 42, 43 
Guillain~Barre syndrome 45~7, 51 
Lambert~Eaton myasthenic syndrome 

149 
muscle fibres 

antigen presentation 243~4 

heat shock protein expression 240~ 1 
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T cell-mediated injury 239 

in vitro models 241~4 

virological studies in HIV infection 
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associated diseases 177 
clinical features 177~8 

diagnostic testing 178~9 

experimental model, see experimental 
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experimental therapeutic approaches 

190~5 

targeting antigen-specific T cell 
receptors 193~5 

targeting B cells 191 
T cell-directed 191 ~3 

heterogeneity of anti-AChR antibodies 
173, 225~8 

HIV infection 258~9 
humoral pathogenesis 169~74 
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role of T cells 174~5 

role of thymus 175~ 7 
severity 
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T cell-mediated autoimmune responses 

130-3 
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glycoprotein (MAG) antibodies 
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T cell-mediated autoimmune response 
130 
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(MOG) 85 
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antigen presentation 243 
cytotoxic T cell-mediated lysis 242-3 
HIV infection 263 
HLA and adhesion molecule expression 

241,242 
isolation 241 

myoglobinuria, HIV infection 258 
myoid cells, thymic 176 
myopathies, inflammatory, see inflammatory 

myopathies 
myosin, anti-AChR antibody reactivity 

225-8 
myotubes 241 

cytotoxic T cell-mediated lysis 242-3 
HIV infection 263, 264 
HLA and adhesion molecule expression 

241, 242 
HTLV-I infection 268,270 
natural killer cell-mediated lysis 244 

natural killer (NK) cells 
inflammatory myopathies 236, 238 
myotube lysis in vitro 244 

nemaline bodies 257-8 
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nerve biopsy 113 
nerve conduction 

block, see conduction block 
slowing 41 
temperature effects 42 

nerve conduction studies 
chronic inflammatory demyelinating 

polyneuropathy 77-8 
demyelinating neuropathies 40-2 
Guillain-Barre syndrome 44-7,48, 

49-50, 51 
vasculitic neuropathy 112-13 

nerve fibres 
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ectopic excitation 42 

nerve stimulation, repetitive 178 
neuromuscular junction, damage in 

mysthenia gravis 171 
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Lambert-Eaton myasthenic syndrome 
150-1 

myasthenia gravis 166-7 
neuromyotonia, acquired (Isaac's syndrome; 

NMT) 147, 158-60 
aetiology 160 

neutrophils, vasculitic neuropathy 107, 109 
non-steroidal anti-inflammatory drugs 

(NSAIDs) 283 

onion bulbs 11, 82, 83 
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molecular mimicry and 68 
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19,20 
T cell-mediated autoimmune response 

130, 131 
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pretreatment, experimental allergic 
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T cell-mediated autoimmune response 
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infection 278-9, 280, 284 
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animal model 123 
clinical aspects 10-11 
management 13-14 
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pathogenesis 14-20, 138-9 
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management 283-4 
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chronic ataxic 75-6 
painful (PSN), HIV infection 278-9, 280, 

284 
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simian retrovirus type I (SRV-I) 272-3 
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small cell lung cancer, see lung cancer, small 
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tachycardia, Guillain-Barre syndrome 37 
T cell receptors (TCR) 

experimental allergic neuritis and 136 
inflammatory myopathies 239 
therapy of myasthenia gravis and 193-5 
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