The authors describe the neuropsychiatric spec-
trum of voltage-gated potassium-channel complex
(VGKC) autoimmunity among 67 seropositive
patients; 2 had initially been assigned a primary
psychiatric diagnosis. Diverse manifestations
were recorded, often affective-predominant.
Symptoms for 24 patients with florid presenta-
tions included confusion, 92%; memory impair-
ment, 75%; personality change, 58%; depression,
33%; and anxiety, 29%. Of 15 who received
immunotherapy, 67% improved. Forty-three
patients with milder presentations or low positive
VGKC complex Ab values are also described.
Neuropsychiatric presentations were significantly
associated with higher autoantibody values.
Improvements were most evident in patients
treated early, which emphasizes the need for early
diagnosis and immunotherapy initiation.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2011; 23:425-433)
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Limbic encephalitis, a prototypic autoimmune neu-
ropsychiatric disorder, is recognized by neurolo-
gists and psychiatrists by its subacute onset and rapid
progression of cognitive, mood, and behavioral symp-
toms. However, autoimmune neurological disorders
may present primarily as disorders of affect and
thought and are underrecognized in psychiatric prac-
tice."™” For example, Dalmau et al. reported that 77% of
100 patients with autoimmune encephalitis targeting
N-methyl D-aspartate (NMDA) receptors initially pre-
sented to a psychiatrist with symptoms of anxiety, ag-
itation, bizarre behavior, delusional or paranoid
thoughts, and visual or auditory hallucinations.! The
entity of NMDA receptor autoimmunity was not recog-
nized until seizures, movement disorders, hypoventila-
tion, or coma ensued. A recent study illustrated that
6.5% of a cohort of patients presenting with a first epi-
sode of psychosis had autoantibody findings support-
ing an autoimmune diagnosis.®

Autoantibodies that serve as markers of autoimmune
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neuronal hyperexcitability disorders target macromo-
lecular complexes containing the a-dendrotoxin-sensi-
tive subset of the Kvl family of voltage-gated potas-
sium channels (VGKC). These channels are critical for
regulating neuronal excitability.” In addition to VGKCs,
these complexes contain cell adhesion molecules, mem-
brane-associated guanylate kinases, cytoskeletal scaf-
fold, disintegrin, and metalloproteinase 22 (ADAM?22),
and a soluble binding partner of ADAM22, leucine-rich,
glioma-inactivated 1 (Lgil) protein, which was first rec-
ognized as an epilepsy-linked protein.'!! Disorders
initially encountered as neurological accompaniments
of VGKC complex autoimmunity were Isaac syndrome
(neuromuscular hyperexcitability), Morvan syndrome
(accompanied by insomnia, autonomic dysfunction,
and cognitive disturbance), and limbic encephalitis.'**
Recent evidence suggests that the majority of autoanti-
bodies identified in clinical radioimmunoassays target
neuronal proteins that co-immunoprecipitate with de-
tergent-solubilized VGKCs. The principal antigens
identified to-date include Lgil, in patients with limbic
encephalitis, and contactin-associated protein 2
(Caspr2), in some patients with acquired neuromuscu-
lar hyperexcitability, steroid-responsive peripheral neu-
ropathies, dysautonomias, and encephalopathies.'>"°
VGKC complex antibodies are encountered in both an
idiopathic and paraneoplastic context in adult and
pediatric patients.'” A variety of cancers has been
reported in 47% of seropositive adult patients.'
Caspr2-reactive IgG has been reported in VGKC-sero-
positive neurological patients with thymoma.'®

Recent reports that some cases of VGKC autoimmu-
nity can mimic Creutzfeldt-Jakob disease and fronto-
temporal dementia suggest the existence of a broader
neuropsychiatric phenotype for presentation than iden-
tified to-date.'®'® Patients with VGKC autoimmunity
may present with psychiatric symptoms, including
panic attacks*’and obsessive-compulsive behaviors.?'
Here, we report the frequency and spectrum of neuro-
psychiatric presentations of VGKC complex autoimmu-
nity in consecutive seropositive patients seen at Mayo
Clinic over a 14-month period.

METHOD

Patients
Study subjects were patients identified as seropositive
for VGKC complex autoantibody among 6,814 Mayo
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Clinic patients (Rochester, MN; Scottsdale, AZ; and
Jacksonville, FL) tested serologically (with IRB ap-
proval) in the period from June 1, 2008 to July 31, 2009.

Clinical Evaluation

We reviewed medical records of all seropositive pa-
tients and recorded demographic information, medical
history, examination findings, neuropsychiatric symp-
toms, and laboratory data (imaging, serologic, neuro-
psychometric). Patients were classified as having florid
neuropsychiatric decompensation (i.e., subacute multi-
domain neuropsychiatric dysfunction associated with
marked functional impairment) or milder neuropsychi-
atric presentations. We also documented neurological
and cancer diagnoses.

Serological Evaluation

All patient sera were tested by a standardized, clinically
validated, radioimmuno-precipitation assay using
VGKC complex proteins solubilized in digitonin from
porcine cerebral cortical membranes and radioligated
with '*’I-labeled a-dendrotoxin (which binds with high
affinity to a Kv1l subset of channels). Results are ex-
pressed as nanomoles of VGKC complex bound per
liter of serum.”® No patient’s serum bound to '*’I-a-
dendrotoxin alone.”” All sera were additionally evalu-
ated by standardized immunofluorescence criteria for
IgG neural autoantibodies (antineuronal nuclear anti-
body [ANNA]-1, 2, 3; amphiphysin antibody, Purkinje
cell [PCAJ-1, 2 and Tr antibodies; collapsin response-
mediator protein [CRMP]-5 IgG and antiglial /neuronal
nuclear antibody [AGNA-1]); by radioimmuno-precip-
itation assays for neuronal voltage-gated cation channel
antibodies (neuronal calcium channels [P/Q-type and
N-type]), muscle and neuronal ganglionic (a3) nicotinic
acetylcholine receptor (AChR), and glutamic acid de-
carboxylase 65-isofrom (GAD65); and by recombinant
Western blot for collapsin response-mediator protein
(CRMP)-5-IgG.*?* Thyroid autoantibody testing re-
sults were obtained from the patients’ medical records.

Statistical Analysis

We divided patients into three groups according to
VGKC complex antibody values: Low (0.03—-0.09 nmol/
liter), Medium (0.10-0.99 nmol/liter), and High (>1.00
nmol/liter).”> We compared the frequency of symp-
toms between Low and Medium/High antibody-value
groups by use of Fisher’s exact test (two-tailed). A two-
sided p <0.05 was considered significant. To determine
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whether variables other than the VGKC complex anti-
body value might contribute to a patient’s neuropsychi-
atric presentation or florid neuropsychiatric decompen-
sation, we performed logistic-regression analysis
including VGKC complex antibody values; seropositiv-
ity for other neural, muscle, or thyroid antibodies; and
psychiatric predisposition (past psychiatric history),
and we compared immunotherapy outcomes (Wilcoxon
rank-sum test).

RESULTS

Of 6,814 patients evaluated for paraneoplastic autoan-
tibodies in a 14-month period, 152 patients (2.2%) were
seropositive for VGKC complex antibodies (median
value: 0.15 nmol/ liter; range: 0.03—-14.5 nmol/liter; nor-
mal range: 0.00-0.02 nmol/liter). Of those, 50% were
current or former smokers; 55% were women; 91% were
white; the median age was 59 years (range: 2-87).

Patients With Neuropsychiatric Symptoms

Sixty-seven patients (44%) presented with one or more
neuropsychiatric symptoms. Those 67 patients are the
subjects of this report. Twenty-one (31%) had a docu-
mented history of psychiatric illness, versus 21 of 85
(25%) with a non-neuropsychiatric presentation
(p=0.369). Eighteen patients (27%) had a formal psychi-
atric evaluation, 5 by mental health care providers be-
fore evaluation at Mayo Clinic, and 13 during the
course of Mayo Clinic evaluation. Seventeen patients
(25%) had an autoimmune history: thyroid disease, 9;
pernicious anemia, 3; rheumatoid arthritis, 2; ulcerative
colitis, 2; and type 1 diabetes mellitus, 1. The initial
diagnosis in two patients was a primary psychiatric
disorder.

Patient 91:

Insomnia and mood change developed subacutely in a
45-year-old man with no past psychiatric history. Treat-
ment with hypnotics and sertraline did not improve
symptoms. After development of anxiety and muscle
twitching, he had a psychiatric admission, and a diag-
nosis of depression was made. Neuropsychometric test-
ing demonstrated impairment of verbal fluency, cogni-
tive speed, and executive functioning. EEG revealed
epileptiform discharges. Abnormal autoantibody find-
ings included VGKC complex Ab (0.06 nmol/liter) and
thyroid peroxidase Ab (165.4 IU/ml). Reevaluation af-
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ter plasma exchange documented improvement of cog-
nition and anxiety.

Patient 102:

“Panic attacks” developed subacutely in a 53-year-old
man with no past psychiatric history. He then devel-
oped episodes of fear, tachycardia, piloerection, chills,
and amnesia. An MRI of the head (Figure 1 [A]) was
reported as normal. Treatment with clonazepam did
not improve the symptoms. Depression was diagnosed,
but treatment with escitalopram was unsuccessful. Six
months into his illness, a generalized seizure was wit-
nessed; video EEG revealed left-temporal epileptiform
discharges. MRI now clearly demonstrated bilateral
hippocampal abnormalities. Levetiracetam treatment
did not improve symptoms. Substitution with carbam-
azepine decreased the frequency of episodes. VGKC
complex Ab was 0.28 nmol/liter. After subsequent ini-
tiation of immunotherapy and continued carbamaz-
epine therapy, the seizures resolved. Upon re-evalua-
tion by neuropsychometric testing, there was objective
improvement of the amnesia.

Patients With Florid Neuropsychiatric Decompensation and
VGKC Complex Ab Values =0.10 nmol/Liter A total of 24
of the 67 patients presenting with neuropsychiatric
symptoms had florid neuropsychiatric decompensation
at onset (36%; Table 1). The median autoantibody value
among these patients was 0.32 nmol/liter (range: 0.10—
4.60 nmol/liter).

Clinical Characteristics
Neuropsychiatric symptoms among the 24 patients
with florid neuropsychiatric decompensation (Table 1)
included confusion, 22 (92%); memory impairment, 18
(75%); personality change, 14 (58%); depression, 8
(33%); anxiety, 7 (29%); visual hallucinations, 5 (21%);
spells, 4 (17%); and delusions, 3 (13%). Sleep disorders
(hypersomnolence, insomnia, or dream enactment)
were reported in 8 (33%). Neurological signs were doc-
umented in 18 (75%; Table 2). Electroencephalography
(EEG) was performed in 22 of 24 (92%), and was abnor-
mal in 16 (73%). A seizure disorder was diagnosed in 13
of 24 (54%). No patient who presented with a florid
neuropsychiatric decompensation had affective symp-
toms alone.

Thirteen of 24 patients were not diagnosed with
limbic encephalitis; their symptoms were confusion,
11; memory loss, 8; depression, 6; personality change,
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FIGURE 1.

MRI Findings in Patients With Neuropsychiatric Decompensation

T, Coronal FLAIR MRI from Patient 102 was initially reported as normal [A]. In retrospect, this was thought to show some subtle
“fullness” of the left hippocampus. Six months into his illness, there were clear T, signal abnormalities and atrophy of both hippocampi [B].
T, axial FLAIR MRI from Patient 51 (presenting with memory complaints and focal sensory seizures) demonstrates hyperintensity in the left
hippocampus [C] and left caudate nucleus [D] without associated atrophy or contrast enhancement (not shown).

5; seizures, 4; anxiety, 3; visual hallucinations, 1; de-
lusions, 1. Just one patient had abnormalities on MRI
suggestive of an autoimmune diagnosis (with wide-
spread T, signal changes atypical of limbic encephali-
tis). VGKC complex antibody values were not signifi-
cantly different for this subgroup.

MRI Findings

MRI brain imaging was done in 22 of 24 patients (92%),
and was normal in 4 (18%). Eleven had hippocampal
atrophy or increased T, or FLAIR signal of the mesial
temporal lobes (50%; Figure 1), and one had wide-
spread bihemispheric abnormalities. Other findings,
not specific for an autoimmune diagnosis, included:
leukoaraiosis, 7 (32%); mild-to-moderate generalized
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atrophy, 4 (18%); prominent perivascular spaces, 2 (9%);
meningioma, 1 (5%); arachnoid cyst, 1 (5%); and chronic
lacunar infarcts, 1 (5%).

Treatment and Outcomes

Eleven patients were diagnosed with classical limbic
encephalitis (46%). Treatment information was avail-
able for 19 (79%) of 24 patients. Median duration of
follow-up was 15 months (range: 5-27 months).

Immunotherapy Fifteen of 19 patients (79%) were
treated with immunotherapy. Treatments included:
methylprednisolone, 15 (79%); mycophenolate
mofetil, 8 (42%); pooled human immune globulin
(IVIg), 7 (37%); plasma exchange (PLEX), 2 (11%);
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TABLE1. Neuropsychiatric Symptoms in 24 Patients With Florid Decompensations

VGKC
Complex
Antibody Limbic
Patient Level Auditory Visual Memory Personality Encephalitis
(nmol/L) Depression Mania Anxiety Hallucinations Hallucinations Delusions Confusion Loss Change Seizures  Diagnosis
142 4.60 - - + - - - + + + — +
80 4.34 - - - - + - + + + + +
29 217 - — - - - - + - + - -
148 1.37 + - — - - + + + — +
30 1.06 - - - - - - + + + + +
147 1.05 - - + - - + + + + + +
152 0.97 + - — - + — + + — — —
42 0.87 - - + - + — + + — + +
35 0.45 - - - - + + + + + + +
88 0.40 - - - - - - + - + + —
53 0.36 + - - - - + - + + — -
51 0.33 - — - - - - + + + + +
24 0.30 - - - - - - + + + — —
102 0.28 + - + - - - + + + + +
7 0.27 + — + - - - + + - - -
107 0.27 + - + - - - + - — — —
34 0.25 + - - - - — + + — — -
93 0.25 - - - - - - + - - + +
25 0.18 - - - - - - + + — + —
81 0.18 - - - - - - - + — — -
136 0.16 + — + - - - + + - - -
94 0.15 - - - - - - + - — + —
83 0.13 - - - - + - + + + + +
55 0.10 - — - - - - + - + + -

TABLE 2. Accompanying Neurological Disorders in 67 Patients Who Were Seropositive for VGKC Complex Autoantibodies and
Presented With or Had Neuropsychiatric Symptoms or Signs

Patients With Florid
Neuropsychiatric
Decompensation and
VGKC Complex Ab
=0.10 nmol/L (N
evaluated = 24)

Patients With Milder
Neuropsychiatric
Presentation and

VGKC Complex Ab
=0.10 nmol/L (N
evaluated = 29)

Patients With
Neuropsychiatric
Presentation and

VGKC Complex Ab
<0.10 nmol/L (N
evaluated = 14)

Neurological Finding N (%) N (%) N (%)
Seizures 13 54 0 0 2 14
Demyelinating disease 0 0 1 3 0 0
Myoclonus 3 13 0 0 0 0
Tremor 3 13 0 0 0 0
Parkinsonism 3 13 2 7 1 7
Motor neuronopathy 0 0 3 10 0 0
Peripheral neuropathy 1 4 4 14 4 29
Cranial neuropathy 0 0 0 0 1 7
Dysautonomia 1 4 2 7 3 21
Retinopathy 0 0 1 3 0 0
Total 18 75 12 41 8 57
VGKC: voltage-gated potassium channel.
azathioprine, 3 (16%); methotrexate, 1 (5%); and  reported (median delay: 30 months; range: 17

rituximab, 1 (5%). Median time from illness onset to
immunotherapy initiation was 8 months (range:1
month—60 months). Time to immunotherapy initia-
tion could not be determined for one patient. Ten of
15 patients improved (67%). The delay from symp-
tom onset to initiation of treatment was significantly
shorter in patients for whom improvement was re-
ported (median delay: 7 months; range: 2 months-11
months) than in those for whom no improvement was
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months—60 months; p=0.0124). Ten patients (53%)
required long-term immunosuppression because im-
provements observed after an initial course of immu-
notherapy were followed by objective (e.g., formal
neuropsychometric testing, brief mental status test-
ing, or EEG) or subjective clinical decline. Two pa-
tients (11%) were treated with more than one form of
immunotherapy before symptoms remitted, but did
not require long-term immunosuppression. Despite
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multiple forms of immunotherapy, two patients 11%)
had no clinical improvement, and one (5%) died.

Patients With Milder Neuropsychiatric Manifestations and
VGKC complex Ab values =0.10 nmol/Liter ~Twenty-nine
of 67 patients (43%) presented with milder neuropsy-
chiatric manifestations in addition to other symptoms,
mostly neurological. The median VGKC complex anti-
body value among these patients was 0.16 nmol/liter,
range (0.10-1.19 nmol/liter).

Clinical Characteristics

Psychiatric symptoms in these 29 patients included de-
pression, 12 (41%); anxiety, 11 (38%); memory impair-
ment, 6 (21%); confusion, 4 (14%); hallucinations, 1
(3%), delusions, 1 (3%); and spells, 1 (3%). Twelve pa-
tients presented with both neuropsychiatric symptoms
and neurological findings (41%; Table 2). Sleep disor-
ders (hypersomnolence, insomnia, or dream enactment)
were reported in 7 patients (24%). Other reported
symptoms were fatigue, 5 (17%); gastrointestinal symp-
toms (nausea, altered bowel habit), 4 (14%); muscle
cramping or twitching, 4 (14%); extremity tingling, 4
(14%); dizziness, 3 (10%); skin discomfort (burning,
rash, or swelling), 2 (7%); globus, 1 (3%); and joint pain
or stiffness, 1 (3%).

MRI Findings Eleven of 29 patients with milder neu-
ropsychiatric presentation underwent brain MRI (38%).
None had the mesial temporal abnormalities typical of
limbic encephalitis. Findings reported were not diagno-
sis-specific and included leukoaraiotic or vascular
changes (7; 64%) and focal or generalized atrophy (4;
36%).

Treatment and Outcomes

Treatment information was available for 13 of 29 pa-
tients (45%). Median duration of follow-up was 9.5
months (range: 3 months—28 months). Three of these 13
patients (23%) were treated with immunotherapy (one
or more of IVIg, methylprednisolone, prednisone, and
azathioprine); neuropsychiatric symptoms did not im-
prove in any patient treated with immunotherapy.

Neuropsychiatric Symptoms in Patients With Low-
Positive VGKC Complex Ab Values (<0.10 nmol/liter)
Neuropsychiatric symptoms also were recorded in 14
patients who had low-positive antibody values (0.03-
0.09 nmol/liter). Presentations were florid in 3 and mild
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in 11, and included confusion, 7 (50%); memory impair-
ment, 7 (50%); depression, 6 (43%); anxiety, 6 (43%);
personality change, 2 (15%); spells, 1 (7%); and halluci-
nations, 1 (7%). Neurological signs were documented in
8 patients (57%; Table 2). Treatment information was
available for three patients who received immunother-
apy; one improved.

Coexisting Antibodies and Oncological Findings in
Patients With Neuropsychiatric Symptoms

One or more additional autoantibodies were detected in
17 of the 67 patients with neuropsychiatric presenta-
tions (25%). The specificities of accompanying autoan-
tibodies were, in descending frequency: thyroid perox-
idase, 8; striational, 6; glutamic acid decarboxylase 65
isoform (GAD65), 4; ganglionic AChR, 1; muscle AChR,
1. Three patients had multiple coexisting antibodies.

Among 49 patients evaluated oncologically, 12 (24%)
had a cancer history documented or were found to have
a cancer subsequent to VGKC complex detection. New
cancers (1 recurrent) were detected in 7 patients (14%):
prostate adenocarcinoma, 1; thyroid papillary carci-
noma, 1; colon adenocarcinoma, 1; recurrent bladder
carcinoma, 1; melanoma, 1; squamous cell carcinoma, 1;
and acute lymphocytic leukemia, 1. Two malignancies
(colon adenocarcinoma and thyroid papillary carci-
noma) were occult until revealed by whole-body
PET-CT imaging. A coexisting paraneoplastic autoanti-
body (targeting ganglionic AChR) was found in one
patient in whom cancer was found (colon carcinoma).
VGKC complex antibody values among patients with
cancer (median: 0.27 nmol/liter; range: 0.06-4.34
nmol/liter) were not significantly different from values
among patients without evidence of cancer (median:
0.16 nmol/liter; range: 0.03—4.60).

The patient who had colon adenocarcinoma achieved
complete remission from neuropsychiatric symptoms
after partial colectomy and subsequent immunother-
apy. Encephalopathy did not recur after gradual with-
drawal of immunotherapy. The patient who had thy-
roid papillary carcinoma achieved complete resolution
of encephalopathy within 10 days after cancer resection
alone.

VGKC Complex Antibody Values Among Patients With
and Without Neuropsychiatric Symptoms

Among all 152 patients who were VGKC complex an-
tibody-seropositive, 12 had values =1.00 nmol; 93 had
values between 0.10 and 0.99 nmol/liter, and 47 had
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TABLE 3.

Neuropsychiatric and Florid Neuropsychiatric Decompensation Frequency, by Antibody Value

Seropositive

Florid Neuropsychiatric

Patients Al\r/{tei(li)?gy Neuropsychiatric Presentation Decompensation
Antibody Value, Value, nmol/L (% of Antibody- (% of Antibody-
nmol/L N (%) (range) N Value Group) N Value Group)
High: =1.00 12 8) 1.91 (1.05-14.5) 7 (58) 6 (50)
Medium: 0.10-0.99 93 (61) 0.20 46 (50) 18 (19)
Low: 0.03-0.09 47 (31) 0.07 14 (30) 3 (6)

values of 0.03-0.09 nmol/liter (Table 3). Individuals
with medium or high VGKC complex antibody values
were significantly more likely to have a neuropsychiat-
ric presentation (odds ratio [OR]: 2.40; 95% confidence
interval [CI]: 1.15-5.00; p=0.022) or a florid neuropsy-
chiatric decompensation (OR: 4.35; 95% CI: 1.28-15.25;
p=0.020) than patients with low VGKC complex anti-
body values. No individual neuropsychiatric symptom
occurred more commonly in the combined Medium
and High antibody value group than in the Low anti-
body value group.

Among those with a neuropsychiatric presentation,
the VGKC complex antibody value was the only clini-
cally significant variable in the logistic model (OR: 2.40;
95% CI: 1.15-5.20; p=0.019). In contrast, among those
with a florid neuropsychiatric decompensation, both
the VGKC complex antibody value and the presence of
any coexisting antibody were significant (OR: 3.71; 95%
CL: 1.18-16.42; p=0.023 and OR: 2.67; 95% CI: 1.06-
6.69; p=0.038, respectively).

Diagnoses documented among the 85 patients with-
out neuropsychiatric presentations were the following:
peripheral nervous system disorders, 41; no definitive
neurological diagnosis, 17; autonomic neuropathies, 10;
myelopathy, 4, movement disorder, 3; optic neuropa-
thy, 3; myasthenia gravis, 2; stroke, 2; cancer only, 2;
seizures, 1.

DISCUSSION

Our analysis of data for a series of 67 consecutive Mayo
Clinic patients with VGKC complex autoimmunity doc-
uments heterogenous neuropsychiatric manifestations;
36% had florid presentations. The high frequency of
VGKC complex antibody detection (2.2% of patients
tested) and the high prevalence of psychiatric symp-
toms among these patients, suggest that autoimmune
psychiatric disorders are underrecognized. The Mayo
Clinic patients we have described represent just 27% of
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all patients in whom a VGKC complex autoantibody
was detected in the study period. Among the Mayo
patients, we identified two who were treated for pri-
mary psychiatric diagnoses initially, but were subse-
quently determined to have an autoimmune, immuno-
therapy-responsive disorder.

Patients with Medium or High antibody values were
significantly more likely to present with neuropsychi-
atric manifestations and florid neuropsychiatric decom-
pensation than patients with Low antibody values. Al-
though laboratory false positives are eliminated by
evaluating nonspecific binding to the a-dendrotoxin ra-
dioligand, antibody values <0.10 nmol/liter sometimes
lack a neurological correlate. The presence of an inter-
fering monoclonal or polyclonal gammopathy should
be considered.”® Patient 91 (antibody value 0.06 nmol/
liter) had a clearly immunotherapy-responsive disor-
der. Coexisting neural and thyroid autoantibodies were
more common among patients with florid neuropsychi-
atric decompensations; 41% had coexisting autoanti-
bodies, versus 15% among patients who presented with
milder neuropsychiatric manifestations. This finding
suggests that in some patients (for example, Patient 91),
an immune response targeting multiple onconeural au-
toantigens may result in more florid neuropsychiatric
symptoms.

Published reports of psychiatric autoimmunity are
scarce, but include cases of depression,*? bipolar disor-
der,* panic attacks,”® obsessive-compulsive symp-
toms,*! and schizophreniform illnesses®® in the setting
of an autoimmune diagnosis, either organ-specific (usu-
ally thyroid) or non-organ-specific (usually systemic
lupus erythematosus). Patients reported previously had
poor responses to standard psychopharmaco-therapies
alone but remitted with immunotherapies (usually cor-
ticosteroids). Other data supporting an autoimmune
etiology for some psychiatric symptoms include a
higher incidence of thyroid disease and type 1 diabetes
among first-degree relatives of patients with psychosis
than among control subjects.*®
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Consistent with previous reports,'>'* the most com-

mon symptoms and signs in patients with florid neu-
ropsychiatric decompensation and VGKC complex Ab
values =0.10 nmol/liter were those commonly seen in
limbic encephalitis or similar encephalopathic states
(memory loss, confusion, and seizures) whereas affec-
tive symptoms, such as depression, were less common;
75% exhibited objective neurological signs. In contrast,
patients with milder neuropsychiatric presentations of-
ten had common affective psychiatric symptoms, such
as anxiety and depression, and nonspecific somatic
complaints. These patients were also less likely to dem-
onstrate objective neurological signs (41%), and none
had MRI findings suspicious for an autoimmune disor-
der. None improved with immunotherapy, but only
10% were treated. These patients may represent a con-
tinuum of less well-recognized VGKC complex autoan-
tibody-associated psychiatric disorders.

Also consistent with previous reports, diverse cancer
types were detected and were generally anatomically
limited."* The oncological associations reported for
VGKC complex autoantibodies to-date are neither spe-
cific for anatomical site nor histological type, and the
positive predictive value is lower than for classical
paraneoplastic antibodies (such as ANNA-1). Further-
more, patients with cancer are not readily distinguish-
able from those without cancer with regard to neuro-
logical presentation and VGKC complex antibody
value, and most do not have coexisting antibodies pre-
dictive of cancer. Since VGKC complex antibody testing
was done exclusively in the context of physician re-
quests for a “paraneoplastic serological evaluation,”
and not in any other context, the possibility of bias
toward the detection of cancer in these patients exists.
In the setting of negative standard testing, combined
PET-CT scanning further increases the cancer diagnos-
tic yield by 20%.%* Patients treated oncologically or with
immunotherapy within the first 12 months after presen-
tation with a VGKC complex antibody-associated en-
cephalopathy fared significantly better than those who
did not receive treatment within the first year
(p=0.0124). This finding supports previous observa-
tions that prompt treatment of autoimmune neurologi-

cal disorders permits better outcomes.”” Long-term im-
munotherapy is usually required to maintain remission
from neuropsychiatric symptoms.*®

Autoimmune psychiatry represents a new and excit-
ing field of study. Future studies should prospectively
explore the clinical and immunological aspects of
VGKC complex autoimmune neuropsychiatric disor-
ders. Standardized measures to detect neuropsychiatric
signs and symptoms could be applied to a prospective
study. This information will promote better under-
standing of the pathophysiology of these disorders and
their responsiveness to immunotherapy and other treat-
ments. Undoubtedly, mental health providers encoun-
ter patients with autoimmune neuropsychiatric disor-
ders in their current practice. Improved awareness will
facilitate recognition and appropriate treatment.

Part of this work was presented at the Academy of Psy-
chosomatic Medicine Annual Meeting, Marco Island, FL,
November 13, 2010.

The authors acknowledge the staff of the Neuroimmunol-
ogy Laboratory, in particular Greg Kraus, for excellent tech-
nical support.

Dr. Lennon and Mayo Clinic have a financial interest in
the following intellectual property: NMO-IgG: A Marker
Autoantibody of Neuromyelitis Optica” A patent has issued
for this technology, and it has been licensed to commercial
entities. Dr. Lennon has received cumulative royalties of less
than the federal threshold for significant financial interest
from the licensing of these technologies.

Drs. Lennon and Pittock have a potential financial interest
in the following technologies: Aquaporin-4 Autoantibody as a
Cancer Marker” A non-provisional patent application has
been filed by Mayo Clinic for this technology and it has been
licensed by Mayo Clinic to a commercial entity. No royalties
have accrued from this license.

“Aquaporin-4-Binding Autoantibodies in Patients with
Neuromyelitis Optic Impair Glutamate Transport by Down-
Regulating EAAT2.” A non-provisional patent application
has been filed by Mayo Clinic for this technology.

Drs. Somers, Rundell, Lachance, Drubach, Trennery,
Klein, Aston and McKeon report no disclosures.

References

1. Dalmau J, Gleichman AJ], Hughes EG, et al: Anti-NMDA-
receptor encephalitis: case series and analysis of the effects of
antibodies. Lancet Neurol 2008; 7:1091-1098

2.Laske C, Leyhe T, Buchkremer G, et al: [Depression in

432 http://neuro.psychiatryonline.org

Hashimoto’s encephalopathy: successful treatment of a severe
depressive episode with a glucocorticoid as an add-on ther-
apy.] Nervenarzt 2005; 76:617-622

3. Nery FG, Borba EF, Hatch JP, et al: Major depressive disorder

J Neuropsychiatry Clin Neurosci 23:4, Fall 2011



and disease activity in systemic lupus erythematosus. Compr
Psychiatry 2007; 48:14-19
4. Mussig K, Bartels M, Gallwitz B, et al: Hashimoto’s encepha-
lopathy presenting with bipolar affective disorder. Bipolar
Disord 2005; 7:292-297
5. Tomer Y, Shoenfeld Y: Successful treatment of psychosis sec-
ondary to SLE with high-dose intravenous immunoglobulin.
Clin Exp Rheumatol 1992; 10:391-393
6.Lin YT, Liao SC: Hashimoto encephalopathy presenting as
schizophrenia-like disorder. Cogn Behav Neurol 2009; 22:197-
201
7. Matarazzo EB: Organic psychosis linked to chronic tonsillitis
and subsequent encephalitis: a probable autoimmune process.
Biol Psychiatry 1996; 40:292-294
8. Zandi MS, Irani SR, Lang B, et al: Disease-relevant autoanti-
bodies in first-episode schizophrenia. ] Neurol 2010; 258:686—
688
9. Benarroch EE: Ion channels and channelopathies, in Basic
Neuroscience With Clinical Applications. Edited by Bennar-
roch EE. Philadelphia, PA, Butterworth Heinneman, 2006
10. Schulte U, Thumfart JO, Klocker N, et al: The epilepsy-linked
Lgil protein assembles into presynaptic Kvl channels and
inhibits inactivation by kvbetal. Neuron 2006; 49:697-706
11. Ogawa Y, Oses-Prieto J, Kim MY, et al: Adam22, a Kv1 chan-
nel-interacting protein, recruits membrane-associated guany-
late kinases to juxtaparanodes of myelinated axons. ] Neurosci
2010; 30:1038-1048
12. Vincent A, Buckley C, Schott JM, et al: Potassium channel
antibody-associated encephalopathy: a potentially immuno-
therapy-responsive form of limbic encephalitis. Brain 2004;
127(Pt 3):701-712
13. Thieben MJ, Lennon VA, Boeve BF, et al: Potentially reversible
autoimmune limbic encephalitis with neuronal potassium
channel antibody. Neurology 2004; 62:1177-1182
14. Tan KM, Lennon VA, Klein CJ, et al: Clinical spectrum of
voltage-gated potassium channel autoimmunity. Neurology
2008; 70:1883-1890
15. Lai M, Huijbers MG, Lancaster E, et al: Investigation of LGI1
as the antigen in limbic encephalitis previously attributed to
potassium channels: a case series. Lancet Neurol 2010; 9:776 -
785
16.Irani SR, Alexander S, Waters P, et al: Antibodies to Kv1l
potassium channel-complex proteins leucine-rich, glioma-in-
activated 1 protein and contactin-associated protein-2 in lim-

J Neuropsychiatry Clin Neurosci 23:4, Fall 2011

17.

18.

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

SOMERS et al.

bic encephalitis, Morvan’s syndrome, and acquired neuro-
myotonia. Brain 2010; 133:2734-2748

Dhamija R, Renaud D, Pittock SJ, et al: Neuronal voltage-
gated potassium channel autoimmunity in children. Neurol-
ogy 2010; 74:A441

Geschwind MD, Tan KM, Lennon VA, et al: Voltage-gated
potassium channel autoimmunity mimicking Creutzfeldt-Ja-
kob disease. Arch Neurol 2008; 65:1341-1346

. McKeon A, Marnane M, O’Connell M, et al: Potassium chan-

nel antibody-associated encephalopathy presenting with a
frontotemporal dementia like syndrome. Arch Neurol 2007;
64:1528-1530

Parthasarathi UD, Harrower T, Tempest M, et al: Psychiatric
presentation of voltage-gated potassium channel antibody-
associated encephalopathy: case report. Br ] Psychiatry 2006;
189:182-183

Spinazzi M, Argentiero V, Zuliani L, et al: Immunotherapy-
reversed compulsive, monoaminergic, circadian rhythm dis-
order in Morvan syndrome. Neurology 2008; 71:2008-2010
Apiwattanakul M, McKeon A, Pittock SJ, et al: Eliminating
false-positive results in serum tests for neuromuscular auto-
immunity. Muscle Nerve 2010; 41:702-704

McKeon A, Apiwattanakul M, Lachance DH, et al: Positron
emission tomography-computed tomography in paraneoplas-
tic neurologic disorders: systematic analysis and review. Arch
Neurol 2009; 67:322-329

Pittock SJ, Yoshikawa H, Ahlskog JE, et al: Glutamic acid
decarboxylase autoimmunity with brainstem, extrapyramidal,
and spinal cord dysfunction. Mayo Clin Proc 2006; 81:1207-
1214

McKeon A, Lennon VA, Lachance DH, et al: The ganglionic
acetylcholine receptor autoantibody: oncological, neurologi-
cal, and serological accompaniments. Arch Neurol 2009; 66:
735-741

Gilvarry CM, Sham PC, Jones PB, et al: Family history of
autoimmune diseases in psychosis. Schizophr Res 1996; 19:
33-40

Flanagan EP, McKeon A, Lennon VA, et al: Autoimmune
dementia: clinical course and predictors of immunotherapy
response. Mayo Clin Proc 2010; 85:881-897

McKeon A, Lennon VA, Pittock SJ: Immunotherapy-respon-
sive dementias and encephalopathies. Continuum Lifelong
Learning Neurol 2010; 16:80-101

http://meuro.psychiatryonline.org 433



