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Antibody testing as a diagnostic tool
in autonomic disorders

Abstract Some forms of periph-
eral autonomic dysfunction
(especially enteric neuropathy and
subacute panautonomic failure)
occur as autoimmune phenomena
either in isolation or in the context
of cancer. Autoimmune auto-
nomic ganglionopathy is an
example of a severe, but poten-
tially treatable, antibody-mediated
form of autonomic failure. Diag-
nostic evaluation of autonomic
disorders can be supplemented by

testing for paraneoplastic anti-
bodies and antibodies against
membrane receptors. The diag-
nostic antibodies most commonly
associated with dysautonomia are
paraneoplastic antibodies (anti-
Hu and CRMP-5) and ganglionic
acetylcholine receptor antibodies.
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Introduction

Causes of peripheral autonomic neuropathy include
genetic, toxic, metabolic, infectious and inflammatory
disorders. Some peripheral neuropathies have an
autoimmune basis, either as a consequence of sys-
temic autoimmune disease, an autoimmune disorder
specifically targeting peripheral nerve or ganglia, or a
remote effect of malignancy. Many cases of acute or
subacute autonomic failure may be attributed to
autoimmunity targeting the autonomic nerves and/or
ganglia. When an autoimmune form of dysautonomia
is suspected, the diagnostic evaluation can be sup-
plemented with serological testing for specific neu-
rological autoantibodies.

Antibody testing may help distinguish autoim-
mune disorders from degenerative forms of auto-
nomic failure. In the setting of peripheral autonomic
disorders, neurological autoantibodies fall into three
general categories, (1) paraneoplastic antibodies di-
rected against one or more intracellular onconeuronal
antigens, (2) autoantibodies against membrane

receptors, (3) antibodies against cell surface glyco-
proteins (gangliosides). The ganglioside antibodies
are useful markers of immune-mediated neuropathies
(for review see [37]). While some of the neuropathies
associated with ganglioside antibodies have auto-
nomic involvement (especially Guillain-Barre syn-
drome), none of the ganglioside antibodies are
uniquely associated with dysautonomia so those
antibodies are not discussed further in this review.
Antibodies against ganglionic neuronal acetylcholine
receptors (AChR) are of particular interest for this
review since these are markers of an antibody-medi-
ated and potentially treatable form of autonomic
failure.

Paraneoplastic autoantibodies

The use and interpretation of antibody testing in
suspected paraneoplastic neurological disease re-
mains a source of confusion due to the large number
of reported antibodies and the diversity of their
clinical associations. There are a growing number of
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Table 1 Paraneoplastic autoantibodies associated with autonomic manifestations

Antibody name® Related tumor

Associated autonomic syndromes”

Anti-Hu/ANNA-1 SCLC

CRMP-5/anti-CV2 SCLC or thymoma
anti-Yo/PCA-1 Ovarian or breast cancer
Anti-amphiphysin Lung or breast cancer
PCA-2 SCLC

ANNA-3 SCLC

Sensory and autonomic neuropathy; Autonomic ganglionopathy; Enteric neuropathy (Gl dysmotility)
Neuropathy, including autonomic neuropathy or enteric neuropathy

Paraneoplastic cerebellar degeneration, occasionally with Gl dysmotility

Paraneoplastic neuropathies and stiff-person syndrome, occasionally with autonomic dysfunction
Various syndromes including some with autonomic neuropathy

Various syndromes including some with autonomic neuropathy

*When alternate nomenclature exists, both are given. The neuronal and cytoplasmic antibodies are listed in approximate order of decreasing frequency
PExcept for anti-Hu and CRMP-5 antibodies, autonomic disorders are an uncommon manifestation of paraneoplastic disease associated with these antibodies
ANNA anti-neuronal nuclear antibody, PCA purkinje-cell antibody, SCLC small-cell lung carcinoma

paraneoplastic antibodies that can be detected rou-
tinely in academic or commercial clinical laboratories
as well as less common antibodies which have been
reported in only a small number of cases. The
majority of paraneoplastic antibodies are directed
against intracellular antigens in the nucleus or cyto-
plasm of neurons. These antibodies recognize anti-
gens both in neurons and in tumor cells and are
important surrogate markers of a specific immune
response to cancer. In these paraneoplastic disorders,
the pathophysiological effect on the nervous system
appears to be primarily cell-mediated damage to
neurons and axons [3]. As yet, a direct pathogenic
role for the antibodies appears unlikely since passive
transfer of these antibodies or immunization has
failed to reproduce disease in animals [27].

Each of the paraneoplastic neuronal nuclear and
cytoplasmic antibodies can be associated with a
number of different neurological syndromes but are
typically highly specific for the presence of cancer and
predictive of the cancer type (Table 1). Different
paraneoplastic antibodies frequently co-exist in a
single patient [24, 46]. Anti-Hu (ANNA-1) and
CRMP-5 (anti-CV2) antibodies deserve special atten-
tion because of their frequent association with
peripheral sensorimotor or autonomic neuropathy.
However, no individual neuronal paraneoplastic
antibody is a very sensitive diagnostic tool. Even
when the most complete battery of paraneoplastic
antibodies is obtained, many patients with a subacute
neurological syndrome and proven cancer have no
paraneoplastic antibody detected [1, 15]. Thus, neg-
ative antibody tests cannot exclude a paraneoplastic
cause of neuropathy.

The titer of a serum paraneoplastic antibody does
not correlate with the severity of the neurological
syndrome or with the type of symptoms. Thus, it is
not practical to use antibody titer to monitor response
to treatment. In general, antibody titers decrease
slowly after successful treatment of the underlying
malignancy, so an increase in titer suggests persis-
tence or recurrence of tumor.

Anti-Hu (ANNA-1) antibodies

Anti-Hu antibodies (also known as anti-neuronal
nuclear antibody—type 1, ANNA-1) bind to a family
of 35-40 kDa proteins expressed in the nuclei of
neurons of the central nervous system, dorsal root
ganglia, autonomic ganglia, and myenteric plexus.
These antigens are also expressed in certain tumor
cells, most notably small cell lung carcinoma. Elevated
antibody titers are associated with a wide variety of
neurologic syndromes ranging from limbic encepha-
litis to neuropathy. Peripheral neuropathy is the most
common initial manifestation, occurring in 70-80% of
patients with anti-Hu antibody [20]. Half of these
paraneoplastic neuropathies are sensory. About 25%
of patients with anti-Hu have some features of dys-
autonomia, the most common manifestation is gas-
trointestinal dysmotility (paraneoplastic enteric
neuropathy) [19, 20].

Upon detection of a positive serology for anti-Hu,
patients should be aggressively screened for under-
lying malignancy, beginning with chest CT since chest
radiographs are less sensitive to mediastinal lym-
phadenopathy. More than 80% of adult patients with
anti-Hu antibodies will have cancer, usually small-cell
lung carcinoma [24]. Bronchoscopy, mediastinos-
copy, or metabolic imaging with positron emission
tomography may identify occult tumors when initial
radiologic studies are indeterminate [20, 43]. If a
chest malignancy is not found, the search should be
widened to include other tumors, including neuro-
blastoma or small-cell carcinomas arising in other
organs. Periodic follow-up imaging every few months
is recommended if initial screening is unremarkable.

CRMP-5 (anti-CV2) antibodies

Collapsing-response mediator proteins (CRMP) are a
family of neuronal cytoplasmic proteins present in
adult central and peripheral neurons, and in small-
cell lung carcinomas. Antibodies against CRMP-5 are



associated with a wide variety of paraneoplastic syn-
dromes [46]. Although the reported specificity of
CRMP-5 antibody differs slightly from an earlier
description of an antibody named anti-CV2 [9], these
two paraneoplastic antibodies appear to have the
same implications and are usually considered to-
gether. CRMP-5 antibodies are proving to be one of
the most common markers of paraneoplastic neuro-
logical disorders.

The neurological syndromes associated with
CRMP-5 antibodies are very diverse (much like those
associated with anti-Hu antibodies) and include
peripheral neuropathy, limbic encephalitis, ataxia, as
well as paraneoplastic chorea or optic neuritis.
Peripheral neuropathy, usually axonal sensorimotor
type, is present in about one-half of patients [46].
Autonomic neuropathy occurs in about one-third.
Lung carcinoma (small-cell type) is eventually found
in nearly 80% of seropositive patients. CRMP-5 anti-
bodies can also be found in patients with thymoma,
with or without neurological symptoms [33, 46].

Paraneoplastic autonomic neuropathy

Paraneoplastic autonomic neuropathy typically pre-
sents as a subacute panautonomic neuropathy
(indistinguishable from non-paraneoplastic autoim-
mune autonomic neuropathy, discussed below).
Standard autonomic testing demonstrates the auto-
nomic deficits but does not differentiate paraneo-
plastic autonomic neuropathy from other causes of
severe peripheral autonomic failure. Limited presen-
tations may also occur, most notably severe gastro-
intestinal dysmotility without other autonomic
features (paraneoplastic enteric neuropathy). As with
other paraneoplastic disorders, the symptoms usually
precede the diagnosis of cancer, and the tumors, when
found, are limited in stage or only locally metastatic
(regional lymph nodes). Hence, since the patient has
no symptoms directly referable to metastatic cancer,
the autonomic symptoms cannot be attributed to di-
rect effects of the tumor, non-specific consequences of
chronic illness or to chemotherapy-induced neurop-
athy.

Paraneoplastic disorders often present as multifo-
cal neurological disorders. When subacute autonomic
failure develops in combination with another
peripheral or central neurological syndrome, para-
neoplastic disease should be strongly considered.
Common examples are paraneoplastic gastroparesis
in combination with limbic encephalitis or subacute
autonomic neuropathy in combination with sensory
ganglionopathy (paraneoplastic sensory and auto-
nomic ganglionopathy). Paraneoplastic dysautonomia

15

also commonly occurs in the setting of paraneoplastic
ataxia or brainstem encephalitis, Lambert-Eaton
syndrome and Morvan syndrome (discussed later).
The autoantibody most commonly associated with
paraneoplastic autonomic neuropathy and small cell
lung cancer is anti-Hu (ANNA-1). Patients without
anti-Hu antibodies may have antibodies against gan-
glionic AChR.

Autonomic symptoms are not typically seen with
myasthenia gravis (MG). This may reflect the fact that
antibodies against muscle-type AChR in patients with
MG rarely recognize neuronal nicotinic AChR [35].
However, rare cases of subacute autonomic neurop-
athy have been reported in association with thymoma
or with MG [25]. In these cases, gastrointestinal
symptoms (such as intestinal pseudoobstruction)
have been prominent. Some patients with thymoma
have both ganglionic and muscle AChR antibodies
[33].

Paraneoplastic enteric neuropathy

Gastrointestinal hypomotility is a common and dis-
abling feature of paraneoplastic autonomic neuropa-
thy. Quite often, the paraneoplastic syndrome can be
limited to the gut and is better classified as a para-
neoplastic enteric neuropathy. This syndrome can
occur in patients with known malignancy but more
typically precedes the diagnosis of cancer [2, 20].
Features vary from severe gastroparesis, intestinal
pseudoobstruction, severe constipation, or a combi-
nation of these. Esophageal dysmotility (including
achalasia) has also been reported [18, 20, 33]. Patients
present with nausea, early satiety, bloating, abdominal
pain, constipation and resultant weight loss. Patients
may regurgitate undigested food many hours after
eating. In severe cases, even fluid intake may be
compromised leading to dehydration. Imaging studies
show dilated loops of bowel, and motility studies re-
veal delayed gastric emptying, diffuse intestinal
hypomotility, and absent or incoordinated motor
complexes. Such patients are often presumed to have
bowel obstruction, but endoscopy and exploratory
laparotomy fail to identify an obstruction.

Pathologically, paraneoplastic enteric neuropathy
has been associated with inflammatory destructive
process affecting myenteric ganglia of the gut. In
postmortem or surgical samples of the gut, the enteric
plexus shows reduction in neurons and axons, and
lymphocytic infiltration [2, 11].

Among patients with ANNA-1 (anti-Hu) antibod-
ies, more than 10% had a paraneoplastic syndrome
limited to gastrointestinal dysmotility [20]. At least
one case of thymoma-associated gastric pseudo-
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Table 2 Membrane receptor antibodies associated with dysautonomia

Antibody name Related tumor

Associated autonomic syndromes

P/Q-type VGCC SCLC (~50%)

N-type VGCC SCLC or breast
Ganglionic (a3) AChR SCLC (<10%)
VGKC Thymoma (<20%) or SCLC(<5%)

Muscarinic (M3) AChR

Lambert-Eaton syndrome (LES)

Various, including LES or sensorimotor and autonomic neuropathy
Autoimmune Autonomic Ganglionopathy, Postural tachycardia, GI dysmotility
Neuromyotonia, limbic encephalitis with autonomic hyperactivity, or
Gastrointestinal dysmotility

Sjogren syndrome

VGCC voltage-gated calcium channel, AChR acetylcholine receptor, VGKC voltage-gated potassium channel, SCLC small-cell lung carcinoma

obstruction was associated with antibodies to voltage-
gated potassium channels (and associated neuro-
myotonia) [38].

Membrane receptor antibodies

A distinct category of antibodies that can be found in
patients with both paraneoplastic and non-paraneo-
plastic disorders are those that bind to surface
membrane receptors (Table 2). The antigens include
voltage-gated calcium channels, voltage-gated potas-
sium channels, and nicotinic and muscarinic AChR.
Unlike the paraneoplastic antibodies discussed above,
membrane receptor antibodies each associate closely
with a particular neurological disorder but do not
predict the presence of cancer. The best characterized
of this category of antibodies is the muscle AChR
antibody associated with myasthenia gravis. Anti-
bodies associated with autonomic disorders include
neuronal ganglionic AChR, voltage-gated calcium and
potassium channel and muscarinic AChR antibodies.
Because these antibodies can reach their targets on
intact neurons, they have a greater potential to di-
rectly affect neuronal function. For some disorders,
there is convincing evidence of an antibody-mediated
pathophysiology. Patients may improve clinically
after plasma exchange or other immunotherapies, and
the conditions can be transferred to experimental
animals by injection of patients’ IgG [14, 31, 39]. Also,
the level of the antibody often correlates with the
severity of disease; improvement in symptoms may be
associated with a decrease in antibody level.

Autoimmune autonomic ganglionopathy

Acute pure dysautonomia was first described as a
discrete clinical entity by Young et al. [44, 45] in 1969.
This disorder is characterized by subacute onset and
monophasic course with partial recovery. There is
sympathetic, parasympathetic and enteric failure with
no significant evidence of somatic peripheral neu-

ropathy [8, 28]. Specific antibodies directed against
the neuronal ganglionic AChR in autonomic ganglia
have been found in about 50% of patients with this
disorder [36]. This receptor is a pentameric trans-
membrane complex consisting of two AChR «3 sub-
units in combination with AChR f subunits. The «3-
type ganglionic AChR mediates fast synaptic trans-
mission in all peripheral autonomic ganglia and is
homologous but immunologically distinct from the
AChR at the neuromuscular junction. These anti-
bodies can inhibit the function of ganglionic AChR in
cultured cells and impair synaptic transmission in
isolated autonomic ganglia [42]. Based on these
findings, the term autoimmune autonomic ganglion-
opathy (AAG) is used to highlight the nature of the
disorder.

The clinical features of AAG are essentially indis-
tinguishable from paraneoplastic autonomic neurop-
athy. The distinction may not be possible until cancer
is diagnosed or another neurological syndrome be-
comes evident. As with the paraneoplastic form, the
symptoms of AAG reflect involvement of parasym-
pathetic, sympathetic and enteric nervous systems.
Less common patterns are those of selective cholin-
ergic failure, selective adrenergic neuropathy, or iso-
lated gastrointestinal dysmotility. The characteristic
presentation is severe pandysautonomia evolving over
a few weeks in a previously healthy individual [12,
28]. Common presenting symptoms are orthostatic
hypotension and gastrointestinal dysfunction; each
of these symptoms occurring in more than 70% of
patients. Parasympathetic failure is also prominent
with dry eyes, dry mouth, impaired pupillary light
reflex, and disturbances of bladder and bowel func-
tion. A presumed antecedent viral infection may be
reported in about 60% of cases [28]. The spinal fluid
protein is often elevated [8, 28].

Although the finding of high levels of ganglionic
AChR antibody is specific for the diagnosis of AAG, a
negative antibody test does not rule out the diagnosis.
Ganglionic AChR antibodies are not found in normal
control subjects but can occasionally be found in
patients with lung cancer- and thymoma-related



Table 3 Clinical disorders associated with ganglionic AChR antibodies

Clinical disorder Ab
frequency

Antibody level

~50%
~20%

Subacute monophasic AAG
Paraneoplastic AAG (thymoma or SCLC)

High (>1.0 nmol/L)
High (>0.5)

Chronic AAG Unknown  Moderate (0.2-1.0)

Restricted AAG Unknown  Moderate (0.1-0.5)
(e.g. pure cholinergic failure)

Postural tachycardia 7-15% Low (<0.5)

Isolated gastrointestinal dysmotility ~10% Low (<0.5)

Other autoimmune disorders <10% Low (<0.2)

(e.g. MG, LES, neuromyotonia)

Estimates of antibody level and frequency are based on the author’s experience
and references [29, 30, 32, 35, 36]

AAG autoimmune autonomic ganglionopathy, LES Lambert-Eaton syndrome,
MG myasthenia gravis

paraneoplastic disorders [33, 36]. Recognition of
ganglionic AChR antibodies has allowed for the
serological classification of autoimmune autonomic
disorders and led to a better appreciation of the
spectrum of autoimmune dysautonomia, including
the recognition that some AAG cases have insidious
onset, initially indistinguishable from degenerative
forms of autonomic failure [5, 12]. Patients with
autoimmune dysautonomia can be broadly divided
into several groups based on the clinical presentation
and the ganglionic AChR antibody level (Table 3).
Patients with the classic presentation of subacute
panautonomic failure (including prominent pupil and
gastrointestinal involvement) have highest antibody
levels. Moderate ganglionic AChR antibody levels are
found in patients with chronic progressive AAG and
in some patients with restricted forms of autonomic
failure (such as idiopathic anhidrosis or pure cho-
linergic failure). Low levels of antibody may be found
in a minority of patients with postural tachycardia
syndrome (up to 15%) or isolated gastrointestinal
dysmotility (5-10%).

Lambert-Eaton myasthenic syndrome

LES is an acquired, antibody-mediated disorder of
neuromuscular junction transmission. Antibodies
against P/Q-type voltage-gated calcium channels
cause impairment in presynaptic calcium influx and a
reduction in the release of acetylcholine [14, 40].
Calcium channel antibodies are found in nearly 100%
of patients with LEMS, but these antibodies can also
be associated with other autoimmune neurological
disorders (notably paraneoplastic cerebellar ataxia)
[6, 41]. Many adult LEMS patients (50-60%) have
a malignancy, most commonly small-cell lung carci-
noma.
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Weakness and fatigability are the usual presenting
complaints, but autonomic symptoms are present in
about three-quarters of patients. Often the autonomic
symptoms are mild, and patients do not volunteer
them unless specifically asked. Dry mouth and
impotence (in men) are extremely common. Other
cholinergic autonomic symptoms may be present,
including dry eyes, reduced sweating, abnormal
pupillary function, and constipation [23]. Symptoms
of sympathetic failure (postural hypotension) may
occur but are less common. While autonomic com-
plaints are relatively few, autonomic tests may show
widespread autonomic abnormalities.

Neuromyotonia and Morvan’s syndrome

Several other autoimmune neuromuscular disorders
are associated with autonomic dysfunction. Acquired
neuromyotonia is an autoimmune disorder charac-
terized by peripheral nerve hyperexcitability. Elec-
tromyography shows spontaneous firing of motor
units in multiplet discharges at irregular intervals
with a high intraburst frequency. These discharges are
often characterized as myokymia or neuromyotonia.
Clinical features include muscle stiffness, cramps,
myokymia, hyperhidrosis and hypersalivation [7, 22].
Serum from about 40% of patients contains antibod-
ies (IgG) that precipitate '*’I-dendrotoxin-voltage-
gated potassium channels (VGKC) of the Kv1.1, 1.2
and 1.6 subtypes [26, 34].

Excessive autonomic activity is suggested by new
onset hypertension, piloerection, vasomotor instabil-
ity in the hands and feet, tachycardia, extrasystoles
and increased urinary or serum catecholamines [10,
16, 17]. Paroxysms of sweating, piloerection, lacri-
mation and salivation can occur. In addition to
autonomic hyperactivity, patients with autoimmune
neuromyotonia may also experience autonomic fail-
ure including constipation, intestinal pseudoobstruc-
tion [38], orthostatic hypotension and cardiovagal
failure [10]. This disorder can be associated with
thymoma and, less commonly, SCLC. It appears that
the incidence of VGKC antibodies is higher in those
cases with a tumor [7]. VGKC antibodies can also be
associated with gastric motility defects in non-tumor
cases [13].

Neuropathy with Sjogren and sicca syndrome

The exact frequency of neuropathy associated with
primary Sjogren syndrome (SS) is unknown but
estimated to be about 10% [4]. A variety of neurop-
athies can be encountered, and neuropathy may be
the initial presentation of the autoimmune disease.
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Patients with SS are predominantly female. Diagnosis
consists of symptoms and objective evidence of dry
mouth and dry eyes along with presence of anti-Ro/
SS-A and anti-La/SS-B antibodies. These antibodies
are found in about 60% of patients with SS. Other
serological findings include ANA and RF antibodies.

Autonomic features are often present, characterized
by sweating abnormalities and constipation. In a
minority of cases, tonic unresponsive pupils can occur.
Several studies have suggested that antibodies against
muscarinic (M3-type) AChR are associated with the
autonomic neuropathy of SS [21]. Testing for these
antibodies is not yet widely available but may eventu-
ally prove to be a useful tool for evaluating patients with
primarily secretomotor autonomic deficits.

References

Summary

Clinicians should be aware that some forms of
peripheral autonomic dysfunction (especially enteric
neuropathy and subacute panautonomic failure) oc-
cur as autoimmune phenomena either in isolation or
in the context of cancer. Autoimmune autonomic
ganglionopathy is an example of a severe, but
potentially treatable, antibody-mediated form of
autonomic failure. Diagnostic evaluation of auto-
nomic disorders can be supplemented by testing for
paraneoplastic antibodies and antibodies against
membrane receptors.

1. Candler PM, Hart PE, Barnett M, Weil 9. Honnorat J, Byk T, Kusters I, Aguera 16. Lee EK, Maselli RA, Ellis WG, Agius

R, Rees JH (2004) A follow up study of
patients with paraneoplastic neurolog-
ical disease in the United Kingdom. J

Neurol Neurosurg Psychiatry 75:1411-

M, Ricard D, Rogemond V, Quach T,
Aunis D, Sobel A, Mattei MG, Kol-
attukudy P, Belin MF, Antoine JC
(1999) Ulip/CRMP proteins are recog-

MA (1998) Morvan’s fibrillary chorea: a
paraneoplastic manifestation of thy-
moma. | Neurol Neurosurg Psychiatry
65:857-862

1415 nized by autoantibodies in paraneo- 17. Liguori R, Vincent A, Clover L, Avoni

2. Chinn JS, Schuffler MD (1988) Para-
neoplastic visceral neuropathy as a

dysfunction. Gastroenterology
95:1279-1286
3. Darnell RB (2004) Paraneoplastic neu-

rologic disorders: windows into neu- 21:440-445

plastic neurological syndromes. Eur J
Neurosci 11:4226-4232

cause of severe gastrointestinal motor 10. Josephs KA, Silber MH, Fealey RD,
Nippoldt TB, Auger RG, Vernino S
(2004) Neurophysiologic studies in
Morvan syndrome. J Clin Neurophysiol

P, Plazzi G, Cortelli P, Baruzzi A, Carey
T, Gambetti P, Lugaresi E, Montagna P
(2001) Morvan’s syndrome: peripheral
and central nervous system and cardiac
involvement with antibodies to voltage-
gated potassium channels. Brain
124:2417-2426

ronal function and tumor immunity. 11. Jun S, Dimyan M, Jones KD, Ladabaum 18. Liu W, Fackler W, Rice TW, Richter JE,

Arch Neurol 61:30-32

4. Font J, Ramos-Casals M, de la Red G,
Pou A, Casanova A, Garcia-Carrasco M,
Cervera R, Molina JA, Valls J, Bove A,
Ingelmo M, Graus F (2003) Pure sen- 22

U (2005) Obstipation as a paraneo-
plastic presentation of small cell lung
cancer: case report and literature re-
view. Neurogastroenterol Motil 17:16—

Achkar E, Goldblum JR (2002) The
pathogenesis of pseudoachalasia: a
clinicopathologic study of 13 cases of a
rare entity. Am ] Surg Pathol 26:784-
788

sory neuropathy in primary Sjogren’s 12. Klein CM, Vernino S, Lennon VA, 19. Lucchinetti CF, Camilleri M, Lennon

syndrome. Longterm prospective fol-
lowup and review of the literature. ]
Rheumatol 30:1552-1557

5. Goldstein D, Holmes C, Dendi R, Li S-

dysautonomia associated with im-
paired ganglionic neurotransmission
and circulating antibody to the neuro-
nal nicotinic receptor. Clin Auton Res
12:281-285

Sandroni P, Fealey RD, Benrud-Larson
L, Sletten D, Low PA (2003) The spec-
trum of autoimmune autonomic neur-
opathies. Ann Neurol 53:752-758

T, Brentzel S, Vernino S (2002) Pan- 13. Knowles CH, Lang B, Clover L, Scott
SM, Gotti C, Vincent A, Martin JE 20. Lucchinetti CF, Kimmel DW, Lennon
(2002) A role for autoantibodies in
some cases of acquired non-paraneo-
plastic gut dysmotility. Scand J Gas-
troenterol 37:166-170

VA (1994) Gastrointestinal dysmotility
spectrum in patients seropositive for
paraneoplastic type 1 anti-neuronal
nuclear autoantibodies. Clin Auton Res
4:206

VA (1998) Paraneoplastic and onco-
logic profiles of patients seropositive
for type 1 antineuronal nuclear auto-
antibodies. Neurology 50:652-657

6. Graus F, Lang B, Pozo-Rosich P, Saiz A, 14. Lambert EH, Lennon VA (1988) Se- 21. Naito Y, Matsumoto I, Wakamatsu E,

Casamitjana R, Vincent A (2002) P/Q
type calcium-channel antibodies in
paraneoplastic cerebellar degeneration
with lung cancer. Neurology 59:764-
766 1145

lected IgG rapidly induces Lambert-

Eaton myasthenic syndrome in mice:
complement independence and EMG
abnormalities. Muscle Nerve 11:1133-

Goto D, Sugiyama T, Matsumura R, Ito
S, Tsutsumi A, Sumida T (2005) Mus-
carinic acetylcholine receptor autoan-
tibodies in patients with Sjogren’s
syndrome. Ann Rheum Dis 64:510-511

7. Hart IK, Maddison P, Newsom-Davis J, 15. Lawn ND, Westmoreland BF, Kiely MJ, 22. Newsom-Davis J, Mills KR (1993)

Vincent A, Mills KR (2002) Phenotypic
variants of autoimmune peripheral
nerve hyperexcitability. Brain
125:1887-1895

8. Hart RG, Kanter MC (1990) Acute
autonomic neuropathy. Two cases and
a clinical review. Arch Intern Med
150:2373-2376

Lennon VA, Vernino S (2003) Clinical,
magnetic resonance imaging, and
electroencephalographic findings in
paraneoplastic limbic encephalitis.
Mayo Clin Proc 78:1363-1368 23. O’Neill JH, Murray NM, Newsom-Davis

Immunological associations of ac-
quired neuromyotonia (Isaacs’ syn-
drome) Report of five cases and
literature review. Brain 116:453-469

J (1988) The Lambert-Eaton myas-
thenic syndrome. A review of 50 cases.
Brain 111:577-596



24.

25.

26.

27.

28.

29.

30.

Pittock SJ, Kryzer TJ], Lennon VA
(2004) Paraneoplastic antibodies coex-
ist and predict cancer, not neurological
syndrome. Ann Neurol 56:715-719
Rakocevic G, Barohn R, McVey AL,
Damjanov I, Vernino S, Lennon V
(2003) Myasthenia gravis, thymoma,
and intestinal pseudo-obstruction: a
case report and review. J Clin Neuro-
musc Dis 5:93-95

Shillito P, Molenaar PC, Vincent A,
Leys K, Zheng W, Berg RJvd, Plomp J]J,
Kempen GTHV, Chauplannaz G,
Wintzen AR, Dijk JGv, Newsom-Davis |
(1995) Acquired neuromyotonia: evi-
dence for autoantibodies directed
against K+ channels of peripheral
nerves. Ann Neurol 38:714-722

Sillevis Smitt PA, Manley GT, Posner JB
(1995) Immunization with the parane-
oplastic encephalomyelitis antigen
HuD does not cause neurologic disease
in mice. Neurology 45:1873-1878
Suarez GA, Fealey RD, Camilleri M,
Low PA (1994) Idiopathic autonomic
neuropathy: clinical, neurophysiologic,
and follow-up studies on 27 patients.
Neurology 44:1675-1682

Thieben M, Sandroni P, Benrud-Larson
L, Fealey R, Vernino S, Lennon V, Low
P (2007) Postural Orthostatic Tachy-
cardia Syndrome—Mayo Clinic Expe-
rience. Mayo Clin Proc

Vernino S, Adamski J, Kryzer TJ, Fea-
ley RD, Lennon VA (1998) Neuronal
nicotinic ACh receptor antibody in
subacute autonomic neuropathy and
cancer-related syndromes. Neurology
50:1806-1813

31.

32.

33.

34.

35.

36.

37.

Vernino S, Ermilov LG, Sha L,
Szurszewski JH, Low PA, Lennon VA
(2004) Passive transfer of autoimmune
autonomic neuropathy to mice. ] Neu-
rosci 24:7037-7042

Vernino S, Kryzer T, Lennon V (2002)
Autoantibodies in autoimmune auto-
nomic neuropathies and neuromuscu-
lar hyperexcitability disorders. In: Rose
N, Hamilton R, Detrick B (eds) Manual
of clinical laboratory immunology.
ASM Press, Washington, DC, pp 1013-
1017

Vernino S, Lennon VA (2004) Auto-
antibody profiles and neurological
correlations of thymoma. Clin Cancer
Res 10:7270-7275

Vernino S, Lennon VA (2002) Ion
channel and striational antibodies de-
fine a continuum of autoimmune neu-
romuscular hyperexcitability. Muscle
Nerve 26:702-707

Vernino S, Lindstrom J, Hopkins S,
Wang Z, Low PA (2008) Characteriza-
tion of ganglionic acetylcholine recep-
tor autoantibodies. ] Neuroimmunol
197:63-69

Vernino S, Low PA, Fealey RD, Stewart
JD, Farrugia G, Lennon VA (2000)
Autoantibodies to ganglionic acetyl-
choline receptors in autoimmune
autonomic neuropathies. N Engl ] Med
343:847-855

Vernino S, Wolfe GI (2007) Antibody
testing in peripheral neuropathies.
Neurol Clin 25:29-46

. Viallard J-F, Vincent A, Moreau J-F,

Parrens M, Pellegrin J-L, Ellie E (2005)
Thymoma-associated neuromyotonia
with antibodies against voltage-gated
potassium channels presenting as
chronic intestinal pseudo-obstruction.
Eur Neurol 53:60-63

39.

40.

41.

42.

43.

44

45.

46.

19

Vincent A (2002) Unravelling the
pathogenesis of myasthenia gravis.
Nature Rev Immunol 2:797-804
Vincent A, Lang B, Newsom-Davis ]
(1989) Autoimmunity to the voltage-
gated calcium channel underlies the
Lambert-Eaton myasthenic syndrome,
a paraneoplastic disorder. Trends
Neurosci 12:496-502

Voltz R, Carpentier AF, Rosenfeld MR,
Posner JB, Dalmau J (1999) P/Q-type
voltage-gated calcium channel anti-
bodies in paraneoplastic disorders of
the central nervous system. Muscle
Nerve 22:119-122

Wang Z, Low PA, Jordan J, Freeman R,
Gibbons CH, Schroeder C, Sandroni P,
Vernino S (2007) Autoimmune auto-
nomic ganglionopathy: IgG effects on
ganglionic acetylcholine receptor cur-
rent. Neurology 68:1917-1921
Younes-Mhenni S, Janier MF, Cinotti L,
Antoine JC, Tronc F, Cottin V, Terna-
mian PJ, Trouillas P, Honnorat J (2004)
FDG-PET improves tumour detection
in patients with paraneoplastic neuro-
logical syndromes. Brain 127:2331-
2338

. Young R, Asbury A, Adams R, Corbett

] (1969) Pure pandysautonomia with
recovery. Trans Am Neurol Assoc
94:355-357

Young RR, Asbury AK, Corbett JL,
Adams RD (1975) Pure pan-dysauto-
nomia with recovery. Brain 98:613-636
Yu Z, Kryzer TJ, Griesmann GE, Kim K,
Benarroch EE, Lennon VA (2001)
CRMP-5 neuronal autoantibody: mar-
ker of lung cancer and thymoma-re-
lated autoimmunity. Ann Neurol
49:146-154



	Sec1
	Sec2
	Sec3
	Sec4
	Tab1
	Sec5
	Sec6
	Sec7
	Sec8
	Tab2
	Sec9
	Sec10
	Sec11
	Tab3
	Sec12
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33
	CR34
	CR35
	CR36
	CR37
	CR38
	CR39
	CR40
	CR41
	CR42
	CR43
	CR44
	CR45
	CR46

