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Subsequently, LGI1 (leucine-rich glioma inactivated 1)
was identified as an additional and major target in limbic
encephalitis (LE), in a few cases with MoS,'%!'" and in
all acutely tested cases with the recently described syn-
drome of faciobrachial dystonic seizures (FBDS).'? LGI1
antibodies were concurrently identified in LE'? and
CASPR2 antibodies in a few cases with MoS or NMT."
In addition, a minority of patients have antibodies
directed against the third identified antigenic component
of the VGKC complex, contactin-2."'

To date, there has been no substantive review of
patients with MoS or characterization of their antibodies
and their reactivity with different brain regions. Here we
describe 29 patients with a diagnosis of MoS and present
in vitro data to support putative sites of antibody action.

Patients and Methods
Clinical Data

Thirty-two patients were identified from referral correspon-
dence, sent to the Oxford laboratory between 2000 and 2010,
indicating a probable diagnosis of MoS and requesting VGKC
antibodies. The referring clinicians were subsequently asked to
confirm or refute this diagnosis and to complete questionnaires
(n = 26, as in lrani et al'), or the questionnaires were com-
pleted from e-mails/clinic letters or telephone interviews by
S.R.I or AV. (n = 6). Three patients were given an alternative
final diagnosis by their referring clinician. Twenty-seven of 29
sera were available for further assays. Eight of the patients have

. 45.11.15-17
been reported previously.**! !>

Cell-Based Techniques, Radioimmunoassays,
and Brain Immunohistochemistry

All sera were tested for VGKC-complex antibodies using the
radioimmunoprecipitation assayi‘”‘m Cell-based assays (CBAs)
for LGI1, CASPR2, and contactin-2 antibodies were performed
using human embryonic kidney (HEK) cells transfected with
cDNAs encoding the relevant protcins.”‘12 The sera (1:20-
1:100 dilurion) were incubated with live transfected cells; these
were washed, fixed, and surface-bound immunoglobulin G
(IgG) visualized with a fluorophore-conjugated secondary anti-
body. Endpoint dilutions were determined for available sera. All
sera were also tested against untransfected cells and/or cells
transfected with an unrelated antigen, aquaporin-4 (AQP4). For
adsorption of the specific antibodies, limiting quantities of 6
sera were adsorbed 3% sequentially against 4 x 107 CASPR2,
LGI1, or AQP4-transfected live HEK cells in solution, and the
adsorbed sera were tested as above to confirm complete adsorp-
tion. The antibody subclasses and their ability to activate com-
plement were determined.'”*® Immunostaining of mouse brain
sections was performed using available representative sera as
previously described in detail elsewhere,''' and summarized in
the Supplementary Methods. Derails of the commercial anti-
bodies used are given in Supplementary Table 1.
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Results

Demographics, Country of Origin, and Preced-
ing Events

The 29 MoS sera were from the United Kingdom (n =
5), Italy (n = 5), Germany (n = 2), Spain (n = 2), Tur-
key (n = 2), Hungary (n = 1), Cyprus (n = 1), and
Norway (n = 1) in Europe; Japan (n = 2), South Korea
(n = 1), and India (n = 3) in Asia; and Argentina (n =
3) and New Zealand (n = 1) in the Southern Hemi-
sphere. Twenty-seven of the 29 patients (93.1%) were
male, with age at onset from 19 to 80 years (median,
57). In 6 patients, the symptoms were first noted within
days to weeks after thymoma chemotherapy (n = 1),
thymectomy (n = 1), knee surgery (n = 1), angioedema
(n = 1), and drainage of a scrotal hydrocele (n = 2).
There were no reports of a preceding infection. Systemic
features included weight loss (48.2%), skin lesions/itch-
ing (22.2%), and fever (20.1%).

Peripheral Nerve Involvement and Pain

The clinical features are summarized in Table 1. Clinical
NMT was the presenting feature in 13 (44.8%), subse-
quently noted in all cases and confirmed electrophysio-
logically in 96.6%. Eighteen patients (62.1%) com-
plained of neuropathic pain in the feet and/or legs (n =
15) and back (n = 3). Other peripheral nerve features
included areflexia (n = 8) and/or a stocking-type sensory
loss (n = 12).

Autonomic System Dysfunction

Autonomic dysfunction was evident in 93.1% of
patients; hyperhidrosis (86.2%) and cardiovascular insta-
bility (48.3%) were most common. Tachycardia was seen
in 11 patients, of whom 6 also had blood pressure
abnormalities, and 3 of the 6 cases developed arrhyth-
mias (2 with QT interval prolongation). Eight patients
had urinary complaints, and 7 of these also had
constipation.

Encephalopathy

Insomnia was the commonest sleep disturbance, seen in
89.7%. Overall, only 2 cases (6.9%) had no sleep dis-
turbance. Neuropsychiatric features were present in 28
patients. Of the 10 cases with generalized tonic—clonic
seizures, 2 had complex partial seizures consistent with

FBDS,'? which in 1 patient preceded the onset of MoS.

Tumors

Thymomas were present in 11 patients (37.9%), 9 of
whom had a history of acetylcholine receptor antibodies
and myasthenia gravis (MG). In 9 cases, the thymoma
was recurrent or previously palliatively treated with
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TABLE 1: Comparison of MoS with VGKC-Complex Antibody-Positive LE and NMT

Differences Differences
MoS, LE, between NMT, - between

Characteristic n= 29 (%) n = 64 (%) LE and MoS® n = 58 (%) NMT and Mo$*
Tumor 12 (41.4) 0 (0.0) <0.0001 19 (32.8) NS
Males 27 (93.1) 44 (68.8) 0.0013 37 (63.8) 0.0039
Myasthenia gravis 9 (31.0) 1 (1.6) <0.0001 11 (19.0) NS
Peripheral nerve

Neuromyotonia 29 (100.0) 0 (0.0) NA 58 (100.0) NS

EMG-proven neuromyotonic 28 (96.6) 0 (0.0) NA 55 (94.8) NS

discharges

Pain 18 (62.1) 3 (4.7) <0.0001 12 (20.7) 0.0002

Peripheral neuropathy features 15 (51.7) 1(1.6) <0.0001 5 (8.6) <0.0001
Autonomic

Dysautonomia (any) 27 (93.1) 7 (10.9) <0.0001 32 (55.2) 0.0002

Hyperhidrosis 25 (86.2) 6 (9.4) <0.0001 29 (50.0) 0.0010

Tachycardia 11 (37.9) 0 (0.0) <0.0001 1(1.7) <0.0001

Blood pressure abnormalities 9 (33.3) 0 (0.0) <0.0001 1(1.7) 0.0002

Urinary features 8 (29.6) 0 (0.0) <0.0001 1(1.7) 0.0005
Sleep

Insomnia 26 (89.7) 6 (9.4) <0.0001 4 (6.9) <0.0001
Neuropsychiatric

Any 28 (96.6) 64 (100.0) NS 12 (20.7) <0.0001

Disorientation/confusion 19 (65.5) 64 (100.0) <0.0001 0 (0.0) <0.0001

Amnesia 15 (55.6) 64 (100.0) <0.0001 0 (0.0) <0.0001

Hallucinations 14 (51.9) 11 (17.2) 0.0016 1(1.7) <0.0001

Agitation 10 (34.5) 4 (6.3) 0.0051 1(1.7) <0.0001

Delusions 7 (25.9) 14 (21.9) NS 1(1.7) 0.0016
Seizures

Generalized tonic—clonic 10 (34.5) 59 (92.2) <0.0001 0 (0.0 <0.0001
Systemic features

Weight loss 13 (48.2) 1 (1.6) <0.0001 2 (3.4) <0.0001

Skin lesions or itching 6 (22.2) 0 (0.0) 0.0004 0 (0.0) 0.0009
Investigations

Normal MRI 23 of 25 (92.0) 24 (37.5) <0.0001 10 of 10 (100.0) NS

Normal CSF 11 of 21 (52.3) 43 (67.2) NS 20 of 31 (64.5) NS

Serum hyponatremia 7 of 28 (25.0) 38 (59.4) 0.0031 0 (0.0) 0.0002
Death 9 (31.0) 0 (0.0 <0.0001 4 (6.9) 0.0079

The LE and NMT data are extracted from previous publications.'®2%23,

Eleven tumors were thymomas, and 1 was a non-small-cell lung carcinoma. Blood pressure abnormalities included hypertension
(n = 4), hypotension (n = 1), orthostatic hypotension (n = 3), and blood pressure lability (n = 1). Other features included con-
stipation (n = 7, 25.9%); change in personality (n = 6, 22.2%), change in mood (n = 6 {2 elevated, 4 reduced], 22.2%); hyper-
salivation, ataxia, fever, and daytime hypersomnolence (n = 5, 17.2%); impotence (n = 4, 14.8%); arrhythmias, anxiety, coma,
myoclonus, and startle (n = 3, 10.3%); and hyperlacrimation, hypothermia, small-joint arthralgia, and relapses (n = 2, 6.9%).
Three patients developed complex sleep behaviors (sleepwalking/talking); 1 of these also had rapid eye movement sleep behavior
disorder, and another patient reported vivid dreams. Two patients with complex partial seizures (both likely faciobrachial dystonic
seizures'”) also had generalized tonic—clonic seizures.

*p values = Fisher ¢ test. Revised p value for multiple comparisons is 0.002. CSF = cerebrospinal fluid; EMG = electromyogra-
phy; LE = limbic encephalitis; MoS = Morvan syndrome; MRI = magnetic resonance imaging; NA = not applicable; NMT =
neuromyotonia; NS = not significant; VGKC = voltage-gated potassium channel.
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FIGURE 1: Clinical outcomes and relationship between voltage-gated potassium channel (VGKC) complex antibodies and
antibody specificity. (A} Clinical outcomes (modified Rankin Score) are shown according to tumor status. Mann-Whitney p =
0.0016 for non-tumor cases. (B) Cell-based assays show results from representative sera with antibodies (Ab) against
CASPR2; LGI1; both CASPR2 and LGI1; and CASPR2, LGI1, and contactin-2. The specificity of the antibody binding was dem-
onstrated by lack of reactivity with untransfected (not shown) or aquaporin-4 (AQP4)-transfected cells. (C) VGKC-complex
titers (determined using VGKC-complex radioimmunoassay) are grouped by antibody specificities. The cut-off indicated by
the dotted line represents the mean plus 3 standard deviations (SD; 100pM) of healthy control values. (D) Modified Rankin
Scores at disease onset (start) and at latest follow-up (end) are divided according to antigenic specificities.

chemotherapy, but in 2 patients it was found after the
onset of MoS. Two thymomas were not observed on ini-
tial chest imaging (computed tomography [CT] and
positron emission tomography [PET]) but were noted
with subsequent CT.

Comparison of MoS with LE and NMT

Table 1 compares the common clinical features, investi-
gations, and outcomes in the MoS cases to previously
reported patients with LE (n = 64" or NMT (n =
58).22?% When compared to LE, the neuropsychiatric
manifestations in MoS showed significantly less amnesia
and confusion/disorientation and fewer seizures, but
more hallucinations and agitation. Dysautonomia, pe-
ripheral neuropathic features, insomnia, and tumors,
although found in a proportion of NMT patients, were
significantly more common in MoS and infrequently

seen in LE, as were the proportion of males, weight loss,
and skin involvement.

Paraclinical Investigations

VGKC-complex antibody serum levels were raised
(>100pM) in 23 of 29 (79.3%). Magnetic resonance
imaging (MRI) of the brain was normal in 92% of MoS,
significantly more frequently than in LE (see Table 1).
One patient showed right frontal T2 hyperintensity, and
another had bilateral hippocampal T2 high signal that
progressed to atrophy. Abnormal cerebral PET was found
in the 4 cases examined (focal and generalized hyper-
and hypometabolism), all with normal MRI. The cere-
brospinal fluid was abnormal in 10 of 21 (47.7%); 4
showed mild to moderate lymphocytosis (range, 6-25/
mm?), 5 had raised protein (0.6-1.6g/l, 3 with lympho-
cytosis), and 4 had unmatched oligoclonal bands.
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TABLE 2: Clinical and Investigation Features Grouped by the Specificity of the Abs Determined by Cell-Based
Assays
CASPR2 Abs LGI1 and CASPR2 LGI1 Abs
Feature only, n =6 Abs, n = 15 only, n =3
Tumor 3 (50.0%) 8 (53.3%) 0
Myasthenia gravis 3 (50.0%) 6 (40.0%) 0
Weight loss 5 (83.3%) 5 (33.3%) 0
Delusions 0 3 (20.0%) 2 (66.7%)
FBDS/myoclonus® 0 2 (13.3%) 1 (33.3%)
Change in mood 1 (16.7%) 1 (6.7%) 2 (66.7%)"
Serum hyponatremia 0 5 (33.3%) 2 (66.7%)
Hallucinations 2 (33.3%) 8 (53.3%) 3 (100.0%)
Anxiety 0 3 (20.0%) 0
Agitation 1 (16.7%) 7 (46.7%) 1 (33.3%)
Confusion/disorientation 5 (83.3%) 7 (46.7%) 3 (100.0%)
Amnesia 4 (66.7%) 5 (33.3%) 3 (100.0%)
Seizures 2 (33.3%) 4 (26.7%) 2 (66.7%)
Peripheral neuropathy 3 (50.0%) 7 (46.7%) 3 (100.0%)
Pain 5 (83.3%) 10 (66.7%) 3 (100.0%)
The most common features of Morvan syndrome are not shown, as they were seen in almost all patients. Two cases without serum
available are excluded from the analysis. The 3 patients with contactin-2 antibodies (in addition to CASPR2 and LGI1) have not
been analyzed as a subgroup, but all 3 had rachycardia and changes in blood pressure (2 high, 1 low).
*FBDS may be mistaken for myoclonus.'”
PElevated mood was noted exclusively in 2 cases with LGI1 Abs. Ab = antibody; FBDS = faciobrachial dystonic seizures.

Electroencephalography was abnormal in 11 of 17
(64.7%) cases; 10 showed diffuse slowing, and 2 showed
temporal lobe spikes (both had clinical seizures; 1 also
had slowing). Serum sodium was low in 7 cases (range,
125-130; normal range, 135~145mmol/l), and the syn-
drome of inappropriate antidiuretic hormone (ADH)
secretion (SIADH) was confirmed in 5 of 5 for whom
osmolarity levels were available.

Treatments and Outcomes

All but 2 patients were treated with immunotherapies
that included plasma exchange (n = 16), corticosteroids
(n = 14), intravenous immunoglobulins (n = 13}, aza-
thioprine (n = 6}, cyclosporin (n = 1), and/or cyclo-
phosphamide (n = 1). Two patients without tumors
were not administered immunotherapies; 1 died (from
respiratory failure), and 1 improved spontaneously
{(modified Rankin Score [mRS]"' from 3 to 0).

Of the 12 cases with tumors, 6 died from respira-
tory failure/aspiration pneumonia (n = 2), direct tumor
invasion (n = 2), sudden cardiac death (n = 1), and sep-
sis (n = 1). Six improved by 1 to 4 points, but overall

Month, 2012

there was no change in mRS within this group (Fig 1A).
By contrast, only 3 of the 17 non-tumor cases died (large
bowel volvulus, respiratory failure, and left ventricular
failure; 17.6%), and 12 made a good (mRS fall >2) re-
covery (p = 0.0016). Two patients suffered relapses. In
1, this occurred after discontinuing prednisolone and was
associated with a return of VGKC-complex antibodies.

CASPR2, LGI1, and Contactin-2 (VGKC-Complex
Antigens) Antibodies and Associated Clinical
Features

Twenty-seven of 29 samples were available to test for the
VGKC-complex antigens, LGI1, CASPR2, and contac-
tin-2, using CBAs."" Surprisingly, 3 patients had anti-
bodies to all 3 antigens, 12 patients had both CASPR2
and LGI1 antibodies, 6 had only CASPR2 antibodies,
and 3 had only LGI1 antibodies. Examples of different
specificities are shown in Figure 1B and related to the
titers of VGKC-complex antibodies in Figure 1C. Of the
5 samples negative for radioimmunoprecipitation of
VGKC complexes, 1 was positive for LGI1 antibodies
and 1 for both LGI1 and CASPR2 antibodies, leaving
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FIGURE 2: Expression of LGI1 and CASPR2 in mouse brain. Immunofluorescence labeling was used with commercial antibodies
against LGI1 (A-D; anti-LGI1, green) or CASPR2 (E-H; anti-CASPR2, red) combined with anti-orexin (ORX) commercial antibod-
ies (red [A-D] and green [E-H]). Cell nuclei were stained with DAP! (blue). LGI1 is expréssed mainly in neuronal cell bodies
throughout the central nervous system (CNS; A-D), including thalamic neurons (A) and the orexin neurons of the hypothalamus
(B), as well as neurons in the locus coeruleus (LC; C) and the raphe (D). By contrast, CASPR2 is expressed mainly in the neuropil
and juxtaparanodes throughout the CNS (E-H), including the thalamus and hypothalamus, as well as LC and raphe. Mild
CASPR2 immunoreactivity is also present in thalamic (E) and raphe (H) neurons, but not in orexin neurons (F). Scale bar =

50um. *IVth ventricle.

only 3 sera without detectable antibodies. Endpoint titra-
tions of binding to the cells showed that CASPR2 anti-
bodies were higher titer than LGII antibodies, except in
1 patient (Supplementary Fig 1A, p = 0.0067),'" as also
demonstrated by a fluorescent immunoprecipitation assay
using 4 sera with both CASPR2 and LGI1 antibodies
that were available in sufficient quantities (see Supple-
mentary Fig 1B). The CASPR2 antibodies were
IgGl more than IgG4, whereas a reverse trend was seen
for LGI1 antibodies; both were able to fix complement
on the surface of transfected cells (eg, Supplementary
Fig 2).

As shown in Table 2, tumors, MG, and weight loss
were only found in the presence of CASPR2 antibodies,
and the 2 patients with spontaneous resolution of media-
stinal lymphadenopathy were CASPR2 antibody positive.
Interestingly, the 7 cases with serum hyponatremia all
had LGI1 antibodies (5 also with CASPR2 antibodies).
Delusions and mood changes were more common with
LGI1 antibodies, and myoclonus (probably FBDS'%) was
only seen with LGI1 antibodies. All 3 patients who had
CASPR2, LGI1, and contactin-2 antibodies developed
tachycardia and alterations in blood pressure. Four of 6
(66.7%) patients with only CASPR2 antibodies died;

outcomes in this group were poorest (see Fig 1D).

Month, 2012

MoS Sera Contain Distinct Antibody Reactivities
and Bind to Brain Regions Relevant to the
Localization of the Clinical Features
As there were 15 patients with both CASPR2 and LGI1
antibodies, it was possible that the antibodies might bind a
common epitope in the VGKC complex. We first con-
firmed in monospecific sera that adsorptions against cells
transfected only with the target antigen, depleted both
VGKC-complex (data not shown) and CBA reactivity
(Supplementary Fig 3). We then tested 2 sera that con-
tained both LGII and CASPR2 antibodies. After serum
adsorption against LGI1, binding to CASPR2 was
retained, and conversely, binding to LGI1 was retained af-
ter adsorption against CASPR2 (see Supplementary Fig 3).
To determine the distribution of LGI1 and
CASPR2 in brain tissue, we examined the reactivity of
commercial antibodies throughout the rodent brain with
a focus on selected regions, specifically the locus coeru-
leus (LC), raphe nuclei, thalamus, and lateral hypothala-
mus as putative generators of insomnia and multisystem
dysautonomia. These results are summarized in Table 3
and illustrated in Figure 2. In the hippocampus and cere-
bellum, LGI1 was detected in some axon terminals such
as the mossy fiber layer of the hippocampus and in the
cerebellar pinceau, as previously shown.'"'? In the other
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TABLE 4: Examples of MoS Sera Binding to Rodent Brain Tissue

Serum/Sample
MoS1

MoS2

MoS3

MoS4

MoS4, adsorbed
against LGI1
and CASPR2

MoS5

MoS5 adsorbed
against LGI1 and
CASPR2

MoS6

MoS6 adsorbed
against LGI1

Cell-Based
Assay Result®

CASPR2 negative;
LGI1, 1:540

CASPR2 1:14,800;
LGI1 negative

CASPR2 1:1,620;
LGI1, 1:540

CASPR2 1:1,620;
LGI1, 1:180;
contactin-2 1:100

CASPR2 negative
LGI1 negative

CASPR2 1:4,860;
LGIT 1:180

CASPR2 negative;
LGI1 negative

CASPR2 1:43,740;
LGI1, 1:540

CASPR2 1:48,740;
LGII, negative

1LC
++ neurons

++ neuropil,
(+) neurons

-+ neurons,
+ neuropil

-++ neurons,
+ neuropil

-+ neurons

-+ neurons,
+ neuropil

+ neurons

++ neuropil,
+ neurons

++ neuropil

Raphe Nucleus
+ neurons

++ neuropil

+ neurons,
+ neuropil

++ neurons,
+ neuropil

+ neurons

++ neurons,
+ neuropil

+ neurons

++ neuropil,
+ neurons

++ neuropil

Hypothalamus

-+ neurons
(including ORX)

-++ neuropil,
— neurons

+ neuropil,
(+) neurons

-+ neurons
(including ORX),
+ neuropil

-+ neurons

-+ neurons
(including ADH
and ORX)

4+ neurons
(surface)

+ neuropil,
(+) neurons

+ neuropil

Thalamus
++ neurons

++ neuropil,
— neurons

+ neurons

-+ neurons,
+ neuropil

(+) neurons

+- neurons
(surface)

+-+ neurons
(surface)

+ neuropil,
{+) neurons

++ neuropil

Caspr2™/~
CNS Sections

ND

Loss of
specific
neuropil
staining

ND

ND

ND

Unchanged
neuronal but
decreased
neuropil
staining

Unchanged

Neuropil
binding
abolished but
neuronal cell
body
remaining
Neuropil
binding
abolished

Conclusion
LGI1

CASPR2

LGI1,
CASPR2

CASPR2,
contactin-2,
LGI1

Contactin-2

CASPR2, LGII,
plus another
antigen

Another
(non-LGI1/
CASPR2)
neuronal
surface antigen

CASPR2, LGI1

CASPR2

/(3070.47131\[ fo STVYNNV
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regions examined, commercial antibodies to LGII, but
not to CASPR2, bound to all neuron cell bodies includ-
ing orexin neurons in the lateral hypothalamus (see Fig 2)
as well as to vasopressin/ADH neurons in the medial hypo-
thalamus. By contrast, CASPR2 was expressed mainly in
the juxtaparanodes of the white matter'" and in the neuro-
pil, and in some neurons in the raphe and LC nuclei, but

Conclusion
Residual weak
neuronal pattern
suggesting

additional
antigen

did not colocalize with orexin or vasopressin neurons. This
CASPR2 commercial antibody binding was lost when
Caspr2"'/‘ tissue was used (see Table 3). We then tested 4
coded MoS sera for reactivity with these regions (summar-
ized in Table 4). MoS1 and MoS2 sera showed reactivities
that reflected their known specificities, confirming that
LGI1 antibodies bound mainly to the neuron cell bodies,
whereas CASPR2 antibodies bound mainly to the neuropil
in the regions of interest (Fig 3 and Supplementary Fig 4).
MoS3 and MoS4 had both reactivities and showed a mixed
pattern of tissue binding, as predicted. MoS4 also had
reactivity to contactin-2, consistent with the residual bind-

Caspr2™/~
CNS Sections
ND

locus coeruleus; MoS = Morvan syndrome; ND = not

Thalamus
(+)

ing to neuronal cell bodies following adsorption against
both LGI1 and CASPR2 antigens (see Table 4), and loss of
reactivity after adsorption by contactin-2—expressing cells
(data not shown).

To investigate further the specificities, we first tested 2
LE sera that were monospecific for either LGI1 or CASPR2
antibodies. LE1 (LGI1 antibody positive) showed binding
that corresponded to the observed LGI1 expression pattern
(as in Fig 2), including binding to the orexin and ADH neu-

Hypothalamus

(4+) neurons

rons in the hypothalamus, and this binding remained

Raphe Nucleus

(+) neurons

unchanged in Caspr2"/~ tissue (Supplementary Table 2).
LE2 (CASPR2 antibody positive) bound mainly to the neu-
ropil in a similar manner to commercial CASPR2 antibod-
tes, and this binding was abolished in Caspr2“/' tissue (see
Supplementary Table 2). Furthermore, after adsorption
against the surface of LGI1- and CASPR2-transfected cells,

respectively, LE1 and LE2 were negative on all regions, con-

LC
(+) neurons

antidiuretic hormone (neurons); CNS = central nervous system; LC

firming that these sera did not appear to have additional
reactivities (Supplementary Fig 5 and Supplementary Table
2). We then tested MoS5 and MoS6 sera, which had both
CBA-determined CASPR2 and LGI1 reactivities. They
reacted with both neuropil and neuronal cell bodies as
expected (eg, Fig 4), and the neuropil (CASPR2) reactivity

is used here and elsewhere for the mouse knock-out tissue.

was reduced or abolished on CasprZ_/_ tissue (Fig 5). How-

Cell-Based
Assay Result®
CASPR2 negative;
LGI1 negative

ever, even after adsorption against both antigens, there was

orexin. Caspr2™/~

still reactivity with neurons, including Purkinje cells, and

contactin-2 antibodies. ADH

thalamic and brainstem neurons, with apparent surface bind-
ing to neuronal cell bodies (see Figs 4 and 5 and Table 4),
suggesting the existence in these sera of additional reactiv-
ities. These other reactivities were retained in Caspr2™/~

MoS6 adsorbed
against CASPR2

and LGI1

brains as shown for MoS5 and MoS6 in Figure 5 and sum-
marized in Table 4.

TABLE 4 (Continued)
Serum/Sample
determined; ORX

*Only MoS4 had

Month, 2012 9
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Lateral Hypothalamus |

Medial Hypothalamus

FIGURE 3: Binding of Morvan syndrome (MoS) sera to orexin (ORX) and vasopressin neurons in the hypothalamus. The lateral
(A-C) and medial (D-E) hypothalamus were double labeled with MoS1 serum (green) from an LGI1 antibody (Ab)-positive
patient (A, D), with MoS2 serum from a CASPR2 Ab-positive patient (B, E), or with anti-CASPR2 commercial antibodies (green
in C), combined with commercial antibodies against ORX (A~C) or vasopressin/antidiuretic hormone (ADH; D-E; red). Both sep-
arate channels and merged images are shown as indicated. MoS1, similar to commercial LGI1 antibodies (Fig 2B), binds neu-
rons that express ORX in the lateral hypothalamus (arrows in A), as well as ORX-negative neurons. By contrast, MoS2 (B) stains
the neuropil but not the neurons, similar to commercial antibodies against CASPR2 (Fig 2E-H) (C). In the paraventricular nu-
cleus (PVN) of the medial hypothalamus, MoS1 shows binding to ADH-positive neurons (arrows in D inset) adjacent to the third
(1ll) ventricle, whereas MoS2 (E) binds the neuropil but not the ADH neurons. Scale bar = 30um.

10 Volume 000, No. 000
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Moss
CABPRZAGH Al
fanti-LGH

FIGURE 4: Evidence of Morvan syndrome (Mo$) serum reactivity against additional antigens. Merged images are shown of
thalamus (A-D), hypothalamus (E-H), and locus coeruleus (LC; I-L) double stained with anti-LGI1 commercial antibodies (Abs;
red} and from MoS5 serum containing both LGI1 and CASPR2 reactivity (A, E, I} or the adsorbed samples from the same se-
rum, either against LGI1 (B, F, J), against CASPR2 (C, G, K), or against both antigens (D, H, L), as indicated (green). MoS5 binds
both neurons (arrowheads in insets) and neuropil in all areas (A, E, ). After adsorption against LGl1 (B, F, J), there is some
reduction of neuronal binding, but residual neuronal, mostly surface, binding in all areas, distinct from that of commercial anti-
LGI1 antibody binding (insets in B, F, J). Neuropil staining remains unchanged after LGI1 adsorption. When MoS5 is adsorbed
against CASPR2 (C, G, K), only the neuropil staining is reduced. Finally, adsorption against both antigens (D, H, L) does not
abolish the neuronal surface binding, indicating the presence of at least 1 additional antigen specificity in MoS5. Scale bars: in

L = 50pm; in insets = 10um. *IVth ventricle.

Discussion

MoS is a rare complex disease that combines neuromyo-
tonia with multiorgan autonomic disturbance, insomnia,
and encephalopathy. Although first described in 1890, it
was the recognition that patients with MoS often have
VGKC-complex antibodies and may respond to immu-
notherapies that has led to greater interest in this condi-
ton. 7 This study of 29 patients with MoS
shows it to be recognized worldwide and almost exclu-
sively seen in males. VGKC-complex antibodies were
present in 90% of patients, and although these were
directed against LGI1, CASPR2, or commonly both,

CASPR2  antibodies predominated and were always

Month, 2012

found in thymoma cases. Immunostaining of brain tissue
showed that these antibodies target subtly different
regions of the brain likely to be involved in the localiza-
tion of the distinctive clinical features seen in MoS, and
that additional antibodies and antigenic targets are likely
to be involved in some patients.

This study, based on sera referred over many years
from different centers, might not be entirely representa-
tive of the full spectrum of MoS, but there was excellent
agreement between the features reported in these
29 patients and the 25 cases of MoS summarized from
the English literature (Supplementary Table 3). Overall,
all had clinical neuromyotonia, and the majority of
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| Caspr2 +/+ ji Caspr2 -/- || Caspr2 +/+ }} Caspr2 -/- |

FIGURE 5: Loss of CASPR2-specific sera binding in Caspr2™/~ tissue and residual specificities. Morvan syndrome (MoS) 5 (with
CASPR2, LGI1, plus another reactivity) and MoSé from a patient with CASPR2 plus LGI1 reactivity that has been adsorbed against
LGI1 (retaining only CASPR2 reactivity; see Table 4; green channel) combined with anti-Kv1.2 commercial antibodies (red channel)
were tested on Caspr2*/* and Caspr2™/" tissues including the thalamus (A-D), hypothalamus (E-H), and cerebellum (I-L) to dem-
onstrate the specific loss of CASPR2 reactivity. Kv1.2 shows strong expression mostly in the neuropil in all areas, similar to
CASPR2, as well as characteristic strong expression in the cerebellar pinceau (arrows in I-L), and this expression is not altered in
Caspr2™/~ tissue. MoS5 shows binding to both neuronal cell bodies (arrowheads in A, B insets) and neuropil in the thalamus and
hypothalamus in Caspr2*/* (A, E), whereas in Caspr2™/~ the neuropil binding is lost but the neuronal binding is unchanged (B, F).
In the same areas, the LGI1-adsorbed MoS6é shows mostly neuropil staining in Caspr2*/* (C, G), which is lost in Caspr2™/~ (D, H).
In the cerebellum, the CASPR2-like binding of both sera to the molecular layer (mol), neuropil of granule cell layer (GCL), and
white matter (WM) is abolished in CasprZ'/” tissue, but the binding of MoS5 to Purkinje cells (PC), as well as an additional distinct
binding in the GCL, remains unchanged (summarized in Table 4). Scale bar: in L = 30um; in insets = 10pm. NB. The mouse equiva-
lent of CASPR2 is Caspr2 and this form is used for the comparison between binding to wild type and to knock-out tissues.

patients had a complex dysautonomia and insomnia with
an encephalopathy typified by confusion, hallucinations,
and agitation with infrequent seizures. Additional features
that distinguished these patients from classical LE were
the presence of a neuropathic lower limb pain, weight
loss, male gender, and thymoma (=MG), although thy-
momas can also be found in rare cases diagnosed with
LE.>* Six patients who each lacked 1 of the core features
of NMT, autonomic disturbance, and insomnia (Supple-
mentary Table 4), and others previously reported,'*>’
suggest the existence of conditions with only 2 of these 3
core components.

The suiking male preponderance and thymoma
association are intriguing. One report has shown

12

CASPR2 mRNA in the prostate,”® and it may be that
the male reproductive system is a rich source of the anti-
gen required to break rtolerance, consistent with MoS
onset after scrotal drainage in 2 of our cases (and 5 addi-
tional cases; S. Sharma, personal communication). In
addition, thymectomy and thymoma chemotherapy were
likely disease triggers, suggesting that thymic tumors may
also harbor the antigenic targets, particularly
CASPR2.'"#? Although a few cases with thymomas
showed a good outcome, the overall prognosis of MoS-
associated thymoma was worse than pure MG-related
thymoma or even recurrent thymoma.”™*' CASPR2 has
recently been proposed as a tumor suppressor gene.”
The dara here, the literature review (see Supplementary
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Table 3), and a recent study of sleep abnormalities in
VGKC-complex
around 50% of MoS cases to be associated with tumors.

The frequent combination of LGI1 and CASPR2

antibodies in MoS could contribute to the distinctive

antibody-positive  patients™  show

multifocal phenotype. Insomnia, dysautonomia, and less
frequently hyponatremia are likely due to disturbance of
monoaminergic  diencephalic and  brainstem  nuclei
involved in arousal and autonomic homeostasis. Neuronal
dysfunction anywhere along the arousal system, including
the lateral hypothalamic orexin neurons, locus coeruleus,
raphe nuclei, and thalamus, could produce insomnia.*?**°
The dysautonomia. often with combinations of cardiovas-
cular, cutaneous, and sphincter involvement, is likely to
have a central generator, possibly within the hypothalamus
and raphe nuclei.”® We found that LG11 or CASPR2 anti-
bodies bind all these regions and appear to have differential
subcellular specificities that may determine the relative
functional significance of each antibody. Interestingly,
LGI1 antibodies bound the orexin neurons that are lost in
narcolepsy.”” In addition, hyponatremia secondary to
SIADH was found only in those patients with LGI1 anti-
bodies, and LGIT antibody-positive sera bound to hypo-
thalamic paraventricular nucleus neurons that produce
ADH, which mediates water retention. This suggests that
LGI1 antibody binding may increase ADH secretion to
generate the hyponatremia,”® although some patients with
CASPR2 antibodies do have low plasma sodium.'" The in
vitro binding of patient sera to these relevant central nerv-
ous system areas provides a basis for explaining the cardinal
manifestations of Mo$, but it is clear from this and previous

scudies' 1

that the major rarget antigens are also expressed
more widely in the brain, and that sera bind to other areas
that are not typically involved in MoS, such as the cerebel-
lum. Thus, besides the target antigen distribution, other
factors, including the accessibility to circulating antibodies
and physiological properties of neuronal populations, may
determine the clinical manifestations.

The coexistence of CASPR2 and LGI1 antibodies in
half of the patients contrasts with previous findings in
LE.'""'*% Moreover, although the combination of
CASPR2 and LGI1 antibodies could explain many aspects
of the clinical phenotype, they are not necessarily the only
targets for antibodies in MoS. Nine MoS$ patients only had
1 of these antibodies, 3 had none detected, and other
patients with CASPR2 antibodies and NMT showed no
sleep disturbances.'"*" It is possible that some sera harbor
antibodies directed against other VGKC-complex (or
uncomplexed) antigens,”” which would help to explain the
multifocal localization of the phenotype. Indeed, 3 patients
also had contactin-2 antibodies, which are only rarely
found in LE'!; contactin-2 is expressed in cardiac conduc-

Month, 2012
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tion tissue,”” and these 3 patients had cardiovascular insta-
bility. Moreover, 2 MoS sera that we examined in detail
had reactivities that were not consistent with LGII,
CASPR2, or contactin-2, confirming our suspicion that
other antibody reactivities are present in some of these
patients. Unfortunately, insufficient volumes of sera were
available from other patients for further experiments,
which will need to be performed on future samples.

There are similarities between the effects of mutations
or drugs targeting Kvl VGKCs and features of the diseases
associated with antibodies to these proteins,>**'™** and it is
likely that the antibodies reduce VGKC function in vivo.
Whether the antibodies directly interfere with a modulatory
function, or act via internalization of the target antigens,
with or without cointernalization or dispersion of Kv1 potas-
stum channels, is not yet known. Moreover, it seems possi-
ble, as in the 3 patients who had CASPR2 or LGI1 antibod-
ies with normal VGKC-complex titers, that these antibodies
can bind to their antigens independentdy of VGKC com-
plexes, raising the possibility of involvement in different
clinical syndromes; CASPR2 antibodies have recently been
detected in 9 patients with unexplained cerebellar ataxia,
only 1 of whom had VGKC-complex antibodies.**

Acknowledgments

S.RI. was supported by the National Institute for Health
Research (NTHR) (RDA/07/03/036), Department of Health,
United Kingdom. PW. and A.V. are supported by the NIHR
Oxford Biomedical Research Centre. PP and C.B. are sup-
ported by the Medical Research Council (G0501898),
United Kingdom. K.A.K. was funded by research grants of
the Cyprus Research Promotion Foundation (grants Healch/
Bios/0308[BE]/01 and Access/0308/11) and Cyprus Tele-
thon (grant 2010-11). B.L. received funding from Epilepsy
Research  (P0808), United Kingdom. O.W. was supported
in part by the Health and Labor Sciences Research Grant on
Intractable Diseases (Neuroimmunological Diseases) from
the Ministry of Health, Labor, and Welfare of Japan.

We thank R. Pettingill for her assistance with
assays; Drs T. Andrews, N. Moran, J. Palace, K. Sierad-
zan, G. Smith, V. Salutto, B. Schoser, S. Zierz, M. Sos-
tarko, A. Moosa, S. Sharma, A. Evoli, R. Gentile, R.
Liguori, G. Martino, M. Spinazzi, N. Anderson, C. Ved-
eler, D. Ezpeleta, N.-H. Kim, R. Budak, and A. Vural for
their help with clinical data collection and referral of
sera; and Drs E. Peles, D. Karagogeos, and L. Goute-
broze for the gifts of tissues and antibodies.

Authorship
S.R.L, PP, and K.A.K. are joint first authors.

13

_30_



ANNALS of Neurology

Potential Conflicts of Interest

S.R.L: grants/grants pending, Fulbright-MS Society. C.M.:
travel expenses, CADIMI (Centro de Miastenia). L.Z.:
grants/grants pending, European Federation of Neurological

Societies Fellowship. A.V.: consultancy, Athena Diagnostics;

employment, Oxford University, University College Lon-

don. A.V. and the Department of Clinical Neurology in

Oxford receive royalties and payments for antibody assays,

and A.V. is the named inventor on patent application WO/
2010/046716 entitled “Neurological Autoimmune Disor-
ders.” The patent has been licensed to Euroimmun AG for
the development of assays for LGI1, CASPR2 and other
VGKC-complex antibodies. S.R.1., PW.,, and B.L. are

coinventors and may also receive future royalties.

References

1.

10.

1.

12.

14

Waluskinski O, Honnorat J. Augustin Morvan (1819-1897) a little-
known rural physician and neurologist. Revue Neurol Paris 2012
(in press).

Serratrice G, Azulay JP. What is left of Morvan's fibrillary chorea
[in French]? Rev Neurol (Paris) 1994;150:257-265.

Lee EK, Maselli RA, Ellis WG, Agius MA. Morvan's fibrillary chorea:
a paraneoplastic manifestation of thymoma. J Neurol Neurosurg
Psychiatry 1998;65:857-862.

Liguori R, Vincent A, Clover L, et al. Morvan’s syndrome: periph-
eral and central nervous system and cardiac invalvement with anti-
bodies to voltage-gated potassium channels. Brain 2001;124:
2417-2426.

Spinazzi M, Argentiero V, Zuliani L, et al. Immunotherapy-reversed
compulsive, monoaminergic, circadian rhythm disorder in Morvan
syndrome. Neurology 2008;71:2008-2010.

Josephs KA, Silber MH, Fealey RD, et al. Neurophysiologic stud-
ies in Morvan syndrome. J Clin Neurophysiol 2004;21:440-445.

Hart IK, Waters C, Vincent A, et al. Autoantibodies detected to
expressed K+ channels are implicated in neuromyotonia. Ann
Neurol 1997;41:238-246.

Thieben MJ, Lennon VA, Boeve BF, et al. Potentially reversible
autoimmune limbic encephalitis with neuronal potassium channel
antibody. Neurology 2004;62:1177-1182.

Vincent A. Antibodies to contactin-associated protein 2 (Caspr2)
in thymoma and Morvan syndrome. Ann Neurol 2009;66:53.

Irani SR, Waters P, Kleopa KA, et al. Antibodies to components of
the voltage-gated potassium channel-associated complex: LGl1
and Caspr2 as antigenic targets in limbic encephalitis, Morvan's
and neuromyotonia. Neurology 2010;75:379.

Irani SR, Alexander S, Waters P, et al. Antibodies to Kv1 potas-
sium channel-complex proteins leucine-rich, glioma inactivated 1
protein and contactin-associated protein-2 in limbic encephalitis,
Morvan’s syndrome and acquired neuromyotonia. Brain 2010;133:
2734-2748.

Irani SR, Michell AW, Lang B, et al. Faciobrachial dystonic seizures
precede Lgil antibody limbic encephalitis. Ann Neurol 2011;69:
892-900.

Lai M, Huijbers MG, Lancaster E, et al. Investigation of LGIt as
the antigen in limbic encephalitis previously attributed to potas-
sium channels: a case series. Lancet Neurol 2010;9:776-785.

Lancaster E, Huijbers MG, Bar V, et al. Investigations of caspr2, an
autoantigen of encephalitis and neuromyotonia. Ann Neurol 2011;
69:303-311.

15.

16.

19.

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

_31__

Barber PA, Anderson NE, Vincent A. Morvan's syndrome associ-
ated with voltage-gated K+ channel antibodies. Neurclogy 2000;
54:771-772.

Toosy AT, Burbridge SE, Pitkanen M, et al. Functional imaging
correlates of fronto-temporal dysfunction in Morvan's syndrome. J
Neurol Neurosurg Psychiatry 2008;79:734-735.

Loukaides P, Schiza N, Pettingill P, et al. Morvan's syndrome
associated with antibodies to muitiple components of the volt-
age-gated potassium channel complex. J Neurol Sci 2012;15:
52-56.

Vincent A, Buckley C, Schott JM, et al. Potassium channel anti-
body-associated encephalopathy: a potentially immunotherapy-
responsive  form  of limbic encephalitis. Brain 2004:127;
701-712.

Leite Mi, Jacob S, Viegas S, et al. igG1 antibodies to acetylcho-
line receptors in ‘seronegative’ myasthenia gravis. Brain 2008;131:
1940-1952.

Waters P, Jarius S, Littleton E, et al. Aquaporin-4 antibodies in
neuromyelitis optica and longitudinally extensive transverse myeli-
tis. Arch Neurol 2008;65:913-919.

Kleopa KA, Elman LB, Lang B, et al. Neuromyotonia and limbic
encephalitis sera target mature Shaker-type K- channels: subunit
specificity correlates with clinical manifestations. Brain 2006;129:
1570-1584.

Hart 1K, Maddison P, Newsom-Davis J, et al. Phenotypic variants
of autoimmune peripheral nerve hyperexcitability. Brain 2002;125:
1887-1895.

Vincent A, lrani SR. Caspr2 antibodies in thymoma. J Thorac
Oncol 2010;50:5277-5280.

Buckley C, Oger J, Clover L, et al. Potassium channel antibodies
in two patients with reversible limbic encephalitis. Ann Neurol
2001;50:73-78.

Deymeer F, Akca S, Kocaman G, et al. Fasciculations, autonomic
symptoms and limbic encephalitis: a thymoma-associated Mor-
van's-like syndrome. Eur Neurol 2005;54:235-237.

Sadnicka A, Reilly MM, Mummery C, et al. Rituximab in the treat-
ment of three coexistent neurological autoimmune diseases:
chronic inflammatory demyelinating polyradiculoneuropathy, Mor-
van syndrome and myasthenia gravis. J Neurol Neurosurg Psychi-
atry 2011,82:230-232.

Hudson LA, Rollins YD, Anderson CA, et al. Reduplicative param-
nesia in Morvan’s syndrome. J Neurol Sci 2008;267:154-157.

Poliak S, Gollan L, Martinez R, et al. Caspr2, a new member of
the neurexin superfamily, is localized at the juxtaparanodes of my-
elinated axons and associates with K+ channels. Neuron 1999;24:
1037-1047.

Vincent A, Bien CG, Irani SR, Waters P. Autoantibodies associated
with diseases of the CNS: new developments and future chal-
lenges. Lancet Neurol 2011;10:759-772.

Haniuda M, Kondo R, Numanami H, et al. Recurrence of thy-
moma: clinicopathological features, re-operation, and outcome. J
Surg Oncol 2001;78:183~188.

Margaritora S, Cesario A, Cusumano G, et al. Thirty-five-year fol-
low-up analysis of clinical and pathologic outcomes of thymoma
surgery. Ann Thorac Surg 2010;89:245-252.

Bralten LB, Gravendeel AM, Kloosterhof NK, et al. The CASPR2
cell adhesion molecule functions as a tumor suppressor gene in
glioma. Oncogene 2010;29:6138-6148.

Cornelius JR, Pittock SJ, McKeon A, et al. Sleep manifestations of
voltage-gated potassium channel complex autoimmunity. Arch
Neurol 2011;68:733-738.

Kilduff TS, Lein ES, de la Iglesia H, et al. New developments in
sleep research: molecular genetics, gene expression, and systems
neurobiology. J Neurosci 2008;28:11814-11818.

Volume 000, No. 000



35.

36.

37.

38.

39.

40.

Lugaresi E, Provini F. Fatal familial insomnia and agrypnia excitata.
Rev Neurol Dis 2007;4:145-152.

Loewy AD. Forebrain nuclei involved in autonomic control. Prog
Brain Res 1991;87:253-268.

Peyron C, Tighe DK, van den Pol AN, et al. Neurons containing
hypocretin (orexin) project to multiple neuronal systems. J Neuro-
sci 1998;18:9996-10015.

Ellison DH, Berl T. Clinical practice. The syndrome of inappropri-
ate antidiuresis. N Engl J Med 2007;356:2064-2072.

Ogawa Y, Oses-Prieto J, Kim MY, et al. ADAM22, a Kv1 channel-inter-
acting protein, recruits membrane-associated guanylate kinases to jux-
taparanodes of myelinated axons. J Neurosci 2010;30:1038-1048.

Pallante BA, Giovannone S, Fang-Yu L, et al. Contactin-2 expres-
sion in the cardiac Purkinje fiber network. Circ Arrthythm Electro-
physiol 2010;3:186-194.

Month, 2012

41.

42.

43.

44,

45.

_32_

Irani et al: Morvan Syndrome

Zuberi SM, Eunson LH, Spauschus A, et al. A novel mutation in
the human voltage-gated potassium channel gene (Kv1.1) associ-
ates with episodic ataxia type 1 and sometimes with partial epi-
lepsy. Brain 1999;122:817-825.

Badruddin A, Menon RS, Reder AT. 4-Aminopyridine toxicity
mimics autoimmune-mediated limbic encephalitis. Neurology
2009;72:1100-1101.

Rasband MN, Park EW, Vanderah TW, et al. Distinct potassium
channels on pain-sensing neurons. Proc Natl Acad Sci U S A 2001;
98:13373-13378.

Cirelli C. The genetic and molecular regulation of sleep: from fruit
flies to humans. Nat Rev Neurosci 2009;10:549-560.

Becker BE, Zuliani L, Pettingill R, et al. Contactin-associated pro-
tein-2 antibodies in non-paraneoplastic cerebellar ataxia. J Neurol
Neurosurg Psychiatry 2012;83:437-440.

15



J Neurol
DOI 10.1007/s00415-012-6554-y

LETTER TO THE EDITORS

Voltage-gated potassium channel complex antibodies

in Creutzfeldt-Jakob disease

Koji Fujita - Tatsuhiko Yuasa - Osamu Watanabe -
Yukitoshi Takahashi - Shuji Hashiguchi -
Katsuhito Adachi « Yuishin Izumi - Ryuji Kaji

Received: 23 March 2012/Revised: 9 May 2012/ Accepted: 11 May 2012

© Springer-Verlag 2012

Dear Sirs,

Clinical presentations of Creutzfeldt-Jakob disease (CID)
can be mimicked by those of immune-mediated encepha-
lopathies, including limbic encephalitis with anti-voltage-
gated potassium channel (VGKC) complex antibodies
[1, 2]. To date, anti-VGKC complex antibodies have been
reported to be negative in CJD [1], thereby regarded as
important to differentiate non-CJD dementia from CJID [3].
Here we report a patient with definite CJD who had serum
anti-VGKC complex antibodies.

A 60-year-old seaman acutely presented with blurred
vision, disturbance in depth perception and light discrim-
ination, difficulty recalling Chinese characters, and
right-left disorientation. An ophthalmologist found no
abnormality in his eyes. Two months later, he underwent a
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brain magnetic resonance imaging including diffusion-
weighted imaging, which showed hyperintensity signals in
the bilateral occipital and parietal cortices. Neurologically,
there were object agnosia, left hemineglect, dressing
apraxia, Gerstmann syndrome, ideomotor apraxia, and
instant memory disturbance. He also developed visual
hallucinations such as flaming fire, and got agitated. Three
months after onset, he got confused after taking one tablet
of zolpidem and was admitted to a psychiatric department.

Neurological examination on admission demonstrated
the following findings: fluctuating levels of consciousness,
difficulty in word recall, extinction; visual disturbance,
poor pursuit eye movement, mild dysarthria; increased
muscle tonus and myoclonus predominantly in the left;
Myerson sign, snout reflex, increased jaw jerk and deep
tendon reflexes predominantly in the left, bilateral Babinski
and Chaddock signs; and he was bedridden. Serum anti-
nuclear, anti-thyroid peroxidase, anti-thyroglobulin anti-
bodies were negative and sodium levels were normal. No
malignant tumors were found. Cell count was 2/mm?>
protein level was 27 mg/dl, 14-3-3 protein was positive,
and total tau protein level was 3,420 pg/ml (cut-off value,
1,300 pg/ml) in the cerebrospinal fluid. Initial electroen-
cephalography revealed slow waves, and periodic sharp
wave complexes were present 23 weeks after onset. The
analysis of PRNP revealed a substitution of methionine to
arginine at codon 232. He received no immunotherapy. He
died 8.5 months after onset and underwent necropsy of the
left parietotemporal lobe. Neuropathological examination
revealed neuronal loss, spongiform change, gemistocytic
astrocytosis (Fig. 1a), and synaptic deposition of PrP
(Fig. 1b) in the cerebral cortex, confirming the diagnosis of
definite CJD. Western-blot analysis showed type 1 PrP.
The titer of anti-VGKC complex antibodies, measured with
radioimmunoassay using rabbit brain homogenates and
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Fig. 1 Neuropathological findings. a Hematoxylin and eosin (H&E)
staining shows neuronal loss, spongiform change, and gemistocytic
astrocytosis in the left parietotemporal cortex. b Anti-PrP immuno-
histochemistry demonstrates synaptic deposition of PrP in the corre-

sponding region

1251_g-dendrotoxin as previously described [4], were
603.5 pM (cut-off values: for limbic encephalitis, 400 pM;
for neuromyotonia, 100 pM) in the stored serum obtained
6 months after onset (the earliest time point of sampling).
The titer was O pM in the serum obtained 8 months after
onset. This study was approved by the ethics committee of
the Tokushima University Hospital and has been performed
in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki.

To our knowledge, this is the first report of a CID
patient with anti-VGKC complex antibodies. Rapidly
progressive dementia, myoclonus, extrapyramidal dys-
function, visual hallucinations, and psychiatric disturbance
can be shared by CID and anti-VGKC complex limbic
encephalitis [1], although we could not specify antibody-
related features in the present case. It has been reported that
anti-VGKC complex antibodies are true markers of neu-
rologic autoimmunity, because the antibodies were absent

@ Springer

in ten patients with histologically confirmed CJD (nine
sporadic and one familial) [1]. However, our results
showing the antibodies in a pathologically confirmed CID
case indicate that the antibodies could not differentiate
autoimmune limbic encephalitis and CJD. The real anti-
gens of anti-VGKC complex antibodies can be leucine-
rich, glioma-inactivated 1 (LGI1) or contactin-associated
protein-like 2 (caspr2), which form complexes with VGKC
(5, 6]. Unfortunately, we have not tested whether the
antibodies were directed against LGI1 or caspr2 in the
present case. In conclusion, our findings suggest limitation
of anti-VGKC complex antibodies test and thus warrant
further investigation for the prevalence of the antibodies in
CJD patients.
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Dear Sirs,

Anti-voltage-gated potassium channel (VGKC) antibodies
have been found in patients with various neurological
disorders, including acquired neuromyotonia (Isaac’s syn-
drome), Morvan’s syndrome, limbic encephalitis, and dy-
sautonomic phenomena [1]. The spectrum of neurological

manifestations involving VGKCs is thus thought to be

broad [2]. We report a case of chronic autonomic and
sensory neuropathy (ASN) associated with anti-VGKC
antibodies presenting as long lesions in the posterior col-
umn of the spinal cord.

A healthy 57-year-old man presented with a 2-year
history of severe heartburn and vomiting after eating. He
subsequently felt numbness with pain in the distal parts of
the upper limbs and in the soles of the feet. After the
clinical course proved refractory to conventional painkil-
lers and his gait became staggering, he was referred to our
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hospital. Neurological examination on admission revealed
impaired vibratory and joint positional sensation over all
extremities, accompanied by pseudoathetosis and sensory
ataxia. Superficial sensory disturbance of the glove and
stocking type and orthostatic hypotension were also
observed. Deep tendon reflexes were totally abolished.
Cranial nerve palsy, muscle weakness, and myokymia were
not observed. Blood examination including blood sugars,
hemoglobin Alc, vitamin B12 (834 pg/ml; normal range
233-914 pg/ml), vitamin E (1.17 mg/dl; normal range
0.75-1.41 mg/dl), Treponema pallidum, and angiotensin-
converting enzyme and examination of cerebrospinal fluid
all yielded normal results. The patient was negative for anti-
SS-A (below 5.0; normal range 0-9.9), SS-B (below 5.0;
normal range 0-14.9), acetylcholine receptor, glutamic acid
decarboxylase, and ganglioside antibodies, but positive
results were obtained for serum anti-VGKC antibody
(222.8 pM; cut-off values of 400 pM for limbic encephalitis
and 100 pM for neuromyotonia), measured by radioimmu-
noassay using rabbit brain homogenates and '**I-a-dendro-
toxin as previously described [3]. Nerve conduction studies
were unremarkable except for the disappearance of sensory
nerve action potentials in the median, ulnar, and sural nerves.
The coefficient of variation of RR intervals was significantly
decreased, at 1.35 %. Chest computed tomography showed
enlargement of the esophagus in addition to an anterior
mediastinal tumor. Spinal magnetic resonance imaging
(MRI) showed signal hyperintensities on T2-weighted
imaging in the posterior column from the upper cervical cord
to the conus medullaris, which were not highlighted by
gadolinium-based contrast material (Fig. 1). Two courses of
steroid pulse therapy (methylprednisolone 1,000 mg/day,
3 days) showed no efficacy for treating symptoms. We
therefore performed plasma exchanges four times over
two weeks, followed by oral administration of prednisolone
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Fig. 1 Spinal MRIL
T2-weighted imaging shows
signal hyperintensity in the
posterior column of the
cervicothoracic cord. This
lesion was not highlighted by
contrast material (data not
shown)

(30 mg/day). Following these treatments, severe heartburn
and vomiting after eating gradually improved, but other
symptoms such as orthostatic hypotension and gait distur-
bance and abnormal signals in the spinal cord persisted.

We believe that the clinical manifestations in this patient
can be attributed to posterior column lesions spreading
throughout the spinal cord. Four of 15 acute ASN patients
reportedly showed abnormal intensity on T2-weighted
imaging in the posterior column [4], suggesting that pos-
terior column involvement is not rare with ASN. However,
no previous reports have mentioned the possible roles of
anti-VGKC antibody in the pathogenesis.

Anti-VGKC antibodies are known to bind to a limited
number of potassium channel subunits (Kv1.1, Kv1.2 and
Kv1.6). Sensory nerve cells in the posterior root ganglion
express Kv1.1 and Kv1.2 [5], indicating that anti-VGKC
antibody-mediated malfunction of Kvl.1 and Kv1.2 in
sensory nerve cells could be considered as the underlying
mechanism. In fact, cell loss in thoracic posterior root
ganglia was observed in an autopsy case with chronic ASN

@ Springer

[6]. The MRI abnormalities in the present patient may
represent Wallerian degeneration from posterior root gan-
glia to the posterior column. Although further investigation
with a larger numbers of samples is needed, anti-VGKC
antibody could serve as a novel diagnostic marker for ASN
with posterior column involvement.

Conflicts of interest The authors declare that they have no conflict
of interest.

Ethical standard This study has been approved by the appropriate
ethics committee and has therefore been performed in accordance
with the ethical standards laid down in 1964 declaration of Helsinki.

References

1. Newsom-Davis J, Buckley C, Clover L, Hart I, Maddison P,
Tuzum E, Vincent A (2003) Autoimmune disorders of neuronal
potassium channels. Ann N Y Acad Sci 998:202-210

2. Tan KM, Lennon VA, Klein CJ, Boeve BF, Pittock SJ (2008)
Clinical spectrum of voltage-gated potassium channel autoimmu-
nity. Neurology 70:1883-1890

_36__



J Neurol (2013) 260:315-317

317

3. Hart IK, Waters C, Vincent A, Newland C, Beeson D, Pongs O,

Morris C, Newsom-Davis J (1997) Autoantibodies detected to
expressed K+ channels are implicated in neuromyotonia. Ann
Neurol 41:238-246

. Koike H, Atsuta N, Adachi H, lijima M, Katsuno M, Yasuda T,
Fukada Y, Yasui K, Nakashima K, Horiuchi M, Shiomi K, Fukui
K, Takashima S, Morita Y, Kuniyoshi K, Hasegawa Y, Toribe Y,
Kajiura M, Takeshita S, Mukai E, Sobue G (2010)

Clinicopathological features of acute autonomic and sensory
neuropathy. Brain 133:2881-2896

. Kleopa KA, Elman LB, Lang B, Vincent A, Scherer SS (2006)

Neuromyotonia and limbic encephalitis sera target mature Shaker-
type K+ channels: subunit specificity correlates with clinical
manifestations. Brain 129:1570-1584

. Okajima T, Yamamura S, Hamada K, Kawasaki S, Ideta T, Ueno

H, Tokuomi H (1983) Chronic sensory and autonomic neuropathy.
Neurology 33:1061-1064

@ Springer



TADAFFGE 2012 30 : 43-50 ' 43

TEBIERE

Faciobrachial dystonic seizures # % L 7-Hi B
WEEA Y 5Fx R VEEK (LGI-1)
PR B #5005 R I 9 D 1 )

A Case of Anti—voltage—gated Potassium Channel Complex (LGI-1) Associated Limbic

Encephalitis Manifesting Faciobrachial Dystonic Seizures
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