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Diseases Associated with Antibodies to Voltage-Gated

Potassium Channels

autoantibodies directed against the potassium

channels or by mutations in their encoding genes.
Benign neonatal febrile convulsions' and hereditary deaf-
ness syndromes® are associated with mutations in the
KCNQ family of voltage-gated potassium channels
(VGKCs) whereas neuromyotonia,’ episodic ataxia' and
intractable epilepsy® are associated with mutations in the
Shaker family of VGKCs. The phenotype of neurological
disorders occurring in patients with autoantibodies
against subunits of Shaker VGKCs is rapidly expanding
and will be the focus of this review.

Shaker VGKCs are composed of four transmembrane o
subunits associated with four intracellular  subunits
(Figure 1). The o subunits (Kv 1.1 — Kv 1.7) can combine
homotypically or heterotypically to generate an enor-
mous diversity of functional VGKCs which are widely dis-
tributed throughout the peripheral and central nervous
system, and are important in controlling membrane
excitability. VGKC antibodies impair channel function
resulting in clinical syndromes of hyperexcitability in the
peripheral and central nervous systems.

Potassium channelopathies are caused either by

Syndromes of peripheral nervous system (PNS)
hyperexcitability

The spectrum of disorders of peripheral nerve hyperex-
citability ranges from the mild cramp fasciculation syn-
drome (CFS) to the more disabling neuromyotonia
(NMT). Patients with neuromyotonia usually present with
muscle twitching and cramps often associated with
increased sweating.® They may have sensory symptoms,
especially dysaesthesia without numbness, which is proba-
bly a consequence of hyperexcitability of the sensory
nerves.” Rarely, hand posturing resembling dystonia can be
present.” On examination there is visible myokymia and
muscle cramps often accompanied by muscle hypertrophy.
Pseudomyotonia (but rarely percussion myotonia),
pseudotetany, and mild distal sensory loss may occur.

Electromyography reveals fibrillations and fasciculation
potentials at rest and the characteristic multiple respons-
es to a single stimulus. The serum creatine kinase level
may be mildly elevated, and VGKC antibodies can be
detected by radioimmunoprecipitation in approximately
40% of patients.® The clinical syndrome is indistinguish-
able between patients with and without antibodies, and
there appears to be no correlation between antibody titre
and clinical or EMG severity.

Some patients can tolerate their symptoms without
treatment once reassured as to the underlying cause,
whilst others attain symptomatic relief from phenytoin,
carbamazepine or lamotrigine. In the minority with per-
sistent disabling symptoms, immunomodulatory thera-
pies can produce clinical and electrophysiological
improvement.’

Pathophysiology of PNS hyperexcitability

An immune-mediated pathology underlying NMT is sug-
gested by the clinical response to immunomodulatory
therapies, the association with other autoimmune dis-
eases, and the observation that 15% of patients have a thy-
moma.® Moreover there is experimental evidence indicat-
ing that the antibodies themselves are pathogenic. Passive
transfer of IgG from NMT patients to mice results in
increased quantal content at the motor endplates,” and
application of NMT sera to a neuroblastoma cell line (Nb-
1) causes reduction in amplitude of VGKC currents."

Syndromes of central nervous system (CNS)
hyperexcitability

Limbic Encephalitis

VGKC antibodies have recently been identified in the
serum of patients presenting with non-paraneoplastic lim-
bic encephalitis.” VGKC-associated LE appears to be at
least as common as paraneoplastic limbic encephalitis asso-
ciated with neuronal antibodies (table 1), is more common
in men and has a mean age at diagnosis of 65 years. The
typical presentation is with sub-acute onset of short-term
memory loss, disorientation, confusion and seizures.
Agitation, sleep disturbance, hallucinations and paranoid
ideation can be prominent.” Interestingly there is usually
no clinical or electrophysiological evidence of PNS hyper-
excitability. Investigations reveal hyponatraemia with urine
and serum osmolarities consistent with the syndrome of
inappropriate ADH secretion. VGKC antibody titres are
usually greater than 400 pM and frequently above 1000 pM
(normal < 100 pM). EEG reveals slowing of the back-
ground rhythms and often demonstrates an epileptogenic
focus. MRI is abnormal in 75% with high signal often
restricted to the hippocampi and best visualised on coronal
images attained with T2 weighted FLAIR sequence (Figure
2). Neuropsychology confirms disorientation and severe
impairment in verbal and visual anterograde and retro-
grade memory, often accompanied by confabulation.

The optimum treatment regime remains unclear but
acute therapy with plasma exchange or intravenous
immunoglobulin, accompanied by high dose alternate
day oral steroids, often results in striking clinical improve-
ment. The disorientation, seizures and hyponatraemia
respond initially, followed by improvement in memory.
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Figure 1: Cartoon showing the basic structure of
the alpha and beta subunits of the voltage-gated
potassium channel. Each alpha subunit is
composed of six transmembrane domains with
the “pore” occurring between the fifth and sixth
domains, and the fourth domain serving as the
voltage sensor due to its high positive charge.
Each beta subunit is composed of four domains
without any membrane-spanning sequences and
they bind to the alpha subunits and determine
the electrophysiological properties of the

Figure 2: Coronal T2 weighted FLAIR magnetic resonance image of the brain showing the classical appearance

of bilateral hippocampal high signal in a patient with VGKC-associated LE.
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After several months anti-convulsant and
immunomodulatory therapies can be reduced
and stopped with many patients remaining free
of seizures and regaining near normal memory
function. This clinical improvement is accom-
panied in most cases by improvement on neu-
ropsychological scores and rapid reduction in
antibody titre, and in some cases by resolution
of MRI changes.

Morvan’s Fibrillary Chorea (MFC)

Patients with florid neuromyotonia associated
with memory disturbance, disorientation, dis-
ordered sleep and autonomic dysfunction with
sweating and cardiac arrhythmias were first
described by Morvan over 100 years ago.
Recently serum VGKC antibodies and a clinical
response to immunomodulatory therapy have
been described in a few patients with this rare
condition."

Pathophysiology of CNS hyperexcitability
In contrast to paraneoplastic LE where neu-
ronal antibodies are probably markers of cell
mediated immunopathology,” VGKC antibod-
ies may be pathogenic: VGKC subtypes recog-
nised by patients’ antibodies are expressed in
the CNS (including the hippocampus) as trans-
membrane proteins that would potentially be
accessible to circulating antibodies; memory
dysfunction and seizures can occur in Kvl.1
knock out mice'* and in patients with inherited
mutations in the Kv1.1 gene’; and there is often
a striking temporal correlation between the
appearance and disappearance of VGKC anti-
bodies and the development and subsequent
resolution of the clinical syndrome™ ". Direct
evidence of pathogenicity from passive and

active immunisation experiments is awaited.

The factors determining the phenotype of
disease in an individual patient remain
unknown but are likely to include the exact
composition of channels in the PNS versus the
CNS, the relative affinities of antibodies from
different patients for individual subunits, and
variations in blood brain barrier permeability.

The clinical phenotypes associated with VGKC
antibodies continue to expand, and now include
patients with slower presentations of more
restricted symptoms including isolated memory
loss, or intractable temporal lobe seizures, who
also appear to respond well to immunomodulato-
ry therapies. Irrespective of whether the antibod-
ies are pathogenic their identification is important
as it suggests novel therapeutic options with asso-
ciated improved clinical outcomes.
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Table 1: Comparison of the main clinical features in patients with limbic encephalitis (LE) and VGKC antibodies and patients with paraneoplastic LE and

anti-neuronal antibodies

VGKC antibodies

Neuronal antibodies (Hu, Ma2, CV2, CRMP5)

Location of antigen

Transmembrane

Intracellular

Regional specificity of antibody staining

Yes, mainly hippocampus and cerebellum

None, any part of neuraxis

CSF abnormalities Rare Pleocytosis, raised protein
Hyponatraemia Usual Rare
Tumour Association Rare (occasional thymoma) Usual (SCLC, thymoma, testicular)

Hyperintensity on T2 Weighted FLAIR MRI

Often restricted to hippocampi

Several limbic areas and may extend to brainstem

Response to treatment

Frequent. Antibody titre decreases in months

Rare (except young men with Ma2). Antibodies remain detectable

Clinical Course

Relapses may occur and are treatable

Progressive until stabilisation or death

SCLC: small cell lung cancer, CSF cerebrospinal fluid

Table 2: Characteristic clinical findings in patients with antibodies against voltage-gated potassium channels (VGKC)

Cramp Fasciculation syndrome Neuromyotonia Morvan’s syndrome Limbic Encephalitis

Muscle twitching and cramps ++ +++ ++ +/-
Neuromytonic discharges on EMG - ++ oo +/-
Increased sweating - + ++ +/-
Additional autonomic features - = -+ -

Agitation o +/- + ot
Seizures 2 - B St
Short term memory loss - - n o
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