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Sodium/Potassium-transporting ATPase Subunit
Alpha-3 Antibody is not Present in Patients with
Idiopathic Intracranial Hypertension
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Abstract

Aim: Increased cerebrospinal fluid (CSF) oligoclonal band prevalence, elevated cytokine levels, glial antibodies, and positive response
to steroids have been described in idiopathic intracranial hypertension (IIH), suggesting autoimmune etiology in this disease. Sodium/
potassium ATPases have been implicated in CSF production. Our objective was to discern unprecedented autoantibodies specific for
sodium/potassium-transporting ATPase subunit alpha-3 (ATP1A3) in IIH.

Methods: Sera obtained from 31 individuals clinically diagnosed with IIH and 20 healthy control subjects were subjected to indirect
immunofluorescence staining using live cultured rat brain neurons and HEK293 cells transfected with ATP1A3 cDNA.

Results: Autoantibodies targeting neuronal cell surface antigens were identified in three patients diagnosed with IIH. However, serum
samples from IIH patients and healthy controls did not react with ATP1A3-transfected cells.

Conclusion: Our results indicate that ATP1A3 antibodies do not have a primary role in IIH pathogenesis. However, we provide
preliminary support for the presence of anti-neuronal autoimmunity.
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Introduction

Idiopathic intracranial hypertension (IIH) is a disease
characterized by elevated intracranial pressure (ICP)
without any specified reason (1). Since this disease is a
diagnosis of exclusion, it is crucial to evaluate secondary
reasons that could cause an increase in ICP (2).

Clinically, headache, transient visual obscurations,
pulsatile tinnitus, and neck and low back pain are the most
common symptoms of the disease (3). If left untreated,
optic atrophy and permanent vision loss may develop
due to papilledema (4). While the disease is seen with a
frequency of 0.5-2 per 100,000 in the general population,
this rate rises to 12-20 per 100,000 in obese women of
reproductive age, the population in which the disease is
most common (5-8).

Although speculations such as cerebrospinal fluid
(CSF) overexpression, deterioration in CSF drainage, and

an increase in venous pressure that may cause impairment
of CSF dynamics have been put forward, the pathogenesis
of the disease is still not clearly identified (1). The strong
link between IIH and obesity suggests that inflammation
from fat cells might be involved in causing the disease;
supporting this idea, levels of CCL2 and leptin were found
to be higher in the CSF of IIH patients than in those without
the condition (9). Increased prevalence of the disease in
women of childbearing age has raised the possibility that
hormonal factors may also be important. The activity of
the 11B-hydroxysteroid dehydrogenase type 1 enzyme,
which is an enzyme in glucocorticoid metabolism, is found
to be related to CSF dynamics and may have a role in the
pathogenesis of the disease (10).

Detection of oligoclonal bands (OCB) in CSF samples
of IIH patients suggested that the disease could have an
immunogenic background (11). Aquaporin-4 (AQP-4),
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which is a well-known water channel protein associated
with water homeostasis and an antigenic target for
neuromyelitis optica, has been investigated as a potential
immunogenic target in IIH cases. However, different study
groups have failed to establish anti-AQP-4 antibodies in
serum and CSF samples of IIH patients (9,12).

Similarly, the screening of antibodies against the myelin
oligodendrocyte glycoprotein antigen has also been
negative. On the other hand, strong immunoreactivity
with membrane antigens of hippocampal and cortical
neurons was observed in sera of IIH patients, suggesting
that autoantibodies directed against the neuronal surface
antigens may have a role in the pathogenesis of IIH. In
light of these findings, serum samples from 34 IIH patients
were screened for antibodies against common neuronal
surface antigens, such as NMDAR, AMPAR, CASPR2, LGI1,
and GABABR, with the commercial cell-based assay (CBA)
kit, and none of them were positive (13).

The perivascular astrocytic end-feet have received
attention due to the close association of their area with
water homeostasis in IIH pathogenesis. To establish any
potential role of the anti-glial humoral response, antibodies
against glial fibrillary acidic protein (GFAP) were screened
in the serum samples of 58 IIH patients with live cell CBA
and identified in 2 patients (14). Another study group has
reported a single case of IIH with anti-GFAP antibodies in
the CSF sample (15). However, because the GFAP antigen
is an intracytoplasmic antigen, it was thought that anti-
GFAP antibodies may not have a pathogenic role; instead,
this positivity may occur as a secondary phenomenon.
Nevertheless, the findings also suggest that an anti-glial
immune response against an as yet unidentified target
antigen may play a role in the disease pathogenesis.

Various transporters expressed in the choroid plexus
(CP) can participate in CSF production. It is known that
in the CP epithelium, sodium potassium (Na/K) ATPase
modulates the osmotic gradient and water transport (16).
The functionality of the Na/K ATPase is important for CSF
production because ouabain, the Na+/K+-ATPase inhibitor,
reduces CSF production by 50% (17). Furthermore,
autoantibodies against sodium/potassium-transporting
ATPase subunit alpha-3 (ATP1A3) have been detected in
two clinical cases of paraneoplastic syndrome (18,19).

The aim of the study was to screen autoantibodies
specific to ATP1A3 in IIH.

Materials and Methods

Compliance with Ethical Standards

Ethical approval of the study was obtained from the
Istanbul University, Istanbul Faculty of Medicine, Clinical
Research Ethics Committee (date: 12.12.2023, and
approval number: 24). The study followed the guidelines

set forth in the Helsinki Declaration Il. The informed
consent forms of all the subjects who participated in the
study were signed by patients.

Participants

All assays employed a control group comprising
twenty healthy individuals matched for age and gender.
We incorporated thirty-one adult patients who were
diagnosed with IIH using the updated diagnostic criteria
(20). These individuals were monitored at our headache
outpatient clinic for a period exceeding one year. The
demographic and clinical characteristics of the patients are
detailed in Table 1.

Investigation of Anti-neuronal Antibodies

All participants’ sera were stored at-80 °C until analysis.
All patients were treatment-naive and symptomatic at the
time of sera collection. Antibodies for NMDAR, AMPAR,
LGI1, CASPR2, GABABR, GAD, and glycine receptor were
investigated by CBAs utilizing human embryonal kidney
293 (HEK293) cells, as described previously (Euroimmun,
Luebeck, Germany). ATPase subunit alpha-3 antibodies
were investigated in HEK293 cells transfected with
ATP1A3 ¢DNA by immunofluorescence staining, as per
the manufacturer’s instructions (Euroimmun) (18,19).
As a positive control, a murine monoclonal antibody
against the cytoplasmic N-terminus of ATP1A3 (Dianova,
Hamburg, Germany) followed by anti-mouse IgG-Cy2
(Jackson Research, Suffolk, UK) was used as reported
previously (19).

Immunofluorescence on Live Neurons

The immunoreactivity of IgG against neuronal surface
antigens was evaluated using a CBA using rat cortical
neurons isolated from newborn rat embryos (P1), as

Table 1. Demographic and clinical features of the patients
Clinical characteristics n=31

Age (Mean % SD) 32.61£9.53
Gender (Female/Male) 28 (90.3%)/3 (9.7%)
BMI (Mean + SD) 33.46+6.96
Onset of the disease (age) (Mean + SD) | 29.78+8.12
Disease duration (month) (Mean = SD) 82.15+56.27
First symptom (%)

Headache 90.48

Vision disturbances 9.52
Symptoms (%)

Blurred vision 90.48

Tinnitus 63.66

Diplopia 9.1

Papilledema 82.61

Vision lost 27.27
ESSFDc)Jpenmg pressure (mmH,0) (Mean 402.27+160 48
SD: Standard deviation, BMI: Body mass index, CSF: Cerebrospinal fluid
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described (21). Cultured neurons were incubated with
sera (1:250) in a neurobasal medium for one hour at
room temperature. Following this incubation, neurons
were fixed using 3% paraformaldehyde and subsequently
exposed to a 1:100 dilution of Alexa Fluor 488-conjugated
anti-human IgG (Abcam, Cambridge, UK) for 45 minutes.
The evaluation of immunostaining was conducted using
an inverted fluorescence microscope (Leica Microsystems
Ltd., Heerbrugg, Switzerland). Positive outcomes were
identified by the presence of a green color, which was
generated through the binding of a secondary antibody
and displayed a range from moderate to strong intensity.

Statistical Analysis

No statistical analysis was conducted due to the
descriptive nature of our study.

The power analysis was conducted based on the
antibody positivity rate of 3% detected in our previous
GFAP study. In the power analysis, the required number
of patients to be included in the study was determined
by setting the type 1 error (alpha) at 0.05 and the type 2
error (beta) at 0.20 (14).

Results

Identification of IIH Patients with Neuronal
Surface Antibodies

To analyze serum antibodies targeting neuronal
surface  antigens, we employed a specialized
immunocytochemistry method. To prevent antibodies
directed against intracellular antigens, sera were added to
cell culture before fixation and permeabilization steps. This
approach revealed serum IgG specifically reacting with
cell surface antigens and axonal-dendritic projections in
cultured neurons in 3 out of 31 IIH patients, while none of
the 20 healthy controls exhibited such reactivity (Figure 1).
None of the IIH, or healthy control, sera tested positive for
well-characterized anti-neuronal antibodies investigated
through CBAs. This observation indicates that the binding
of neuronal surface IgG in IIH sera was not attributable
to well-characterized anti-neuronal antibodies associated
with autoimmune encephalitis. Likewise, neither the IIH
serum nor the healthy control serum reacted with ATP1A3
transfected HEK293 cells. In contrast, the commercial
monoclonal antibody for ATP1A3, which served as a
positive control, reacted strongly with ATP1A3 transfected
cells, but did not react with cells that had other neuronal
antigen cDNAs (Figure 2).

Discussion

In our previous study, GFAP and CACNATH antibodies
were detected in two different headache syndromes
(14,22). In this study, we exclusively examined neuronal
cellsurface antibodies, focusing on their pathogenic

effects in autoimmune encephalopathies (23,24).1n9.7%
of patients with IIH, we detected rare neuronal surface
antibodies, potentially contributing to the pathogenesis
of IIH by reacting with neuronal membrane antigens.
However, a newly discovered putative neuronal surface
antibody targeting ATP1A3 was not found in IIH patients.
Previously, we had established that individuals with IIH
display CSF OCB, elevated levels of serum/CSF cytokines
and pro-inflammatory adipokines, and increased levels
of neuron-specific enolase, serving as an indicator of
neuronal damage (11,25,26). In addition, we also
identified anti-GFAP antibodies in some IIH patients,
indicating anti-astrocyte autoimmunity in this disorder
(14). Our current findings substantiate the proposition
that individuals with IIH may indeed host antibodies
targeting neuronal surface proteins. In aggregate,
these outcomes strongly imply that inflammation and
potentially antigen-specific autoimmunity play a role in
the pathogenesis of IIH.

The sodium/potassium transporting ATPase, a pivotal
cellular component, consists of a catalytic alpha subunit,
an ancillary non-catalytic beta subunit, and an additional
regulatory subunit. ATPTA genes, encompassing ATP1A3,
encode the alpha subunit, serving as the catalytic
component behind the active enzyme. This enzyme
orchestrates the hydrolysis of ATR concurrently facilitating
the exchange of sodium and potassium ions across the
plasma membrane. The ensuing electrochemical gradient
of sodium and potassium ions not only fuels the energetic

Figure 1. Immunolabeling of cultured live rat neurons with serum
IgG of an IIH patient using indirect immunofluorescence. The
serum IgGs of the patient show reactivity with the membrane
of neuronal cell body and axonal/dendritic protrusions (green).
Original magnification (800x, oil lens), counterstained with DAPI
(blue)

IIH: Idiopathic intracranial hypertension
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dynamics of cellular processes but also underpins the
active transport of diverse nutrients (27).

It has been well demonstrated that ATP1A3 s
expressed by the neuronal membrane and is thus
exposed to potentially hazardous effects of circulating
antibodies (28). It was therefore tempting to conclude
that ATP1A3 antibodies may disrupt the function of the
sodium/potassium-transporting ATPase, which plays a
role in osmoregulation, the transport of various nutrient
molecules, and the electrical excitability of neurons (29).
Osmotic regulation is potentially impaired in IIH, as
evidenced by amelioration of symptoms through the use of
diuretics acting on Na-K transport, such as acetazolamide
and furosemide (30). Given the substantial amino acid

Figure 2. Immunofluorescence assays conducted with HEK293
cells transfected with different neuronal cDNA. The commercial
monoclonal antibody against ATP1A3, used as a positive control,
strongly immunoreacted with ATP1A3 transfected cells (green)
but not with cells transfected with ¢cDNA of other neuronal
antigens (NMDAR, AMPAR, LGI1, CASPR2, GAD, Glycine
receptor). Original magnification (20x)

ATP1A3: ATPase subunit alpha-3

identity shared among various ATP1 proteins, there is a
likelihood that individuals with [IH may possess antibodies
targeting additional ATP1 proteins. This hypothesis
warrants further comprehensive investigation.

Headache is the most typical symptom of IIH, and
mutationsinthe ATPTA genes are associated with a plethora
of neurological disorders, including hemiplegic migraine
(31). As a matter of fact, ATP1A3 mutations are associated
with epileptic encephalopathy, alternating hemiplegia of
childhood, cerebellar ataxia, areflexia, pes cavus, optic
atrophy, and sensorineural hearing loss-CAPOS syndrome,
rapid-onset dystonia-parkinsonism, and recurrent episodes
of cerebellar ataxia (32), indicating the remarkable
importance of this subunit in neuronal functions. Notably,
anti-neuronal antibodies were previously identified in a
different headache syndrome, HaNDL, providing evidence
for the participation of humoral autoimmunity in specific
headache syndromes (22). Intriguingly, ATP1A3 antibodies
have already been identified in paraneoplastic neurological
syndrome patients presenting with ataxia and gaze palsy,
emphasizing the immunogenic action of this particular
subunit and potential involvement in the pathogenesis of
neurological disorders (18,19).

Study Limitations

We only used sera in this study. Further exploration of
CSF samples from [IH patients might yield more clinically
relevant anti-neuronal antibodies. Lastly, similar antibody
identification assays targeting different Na-K channels
need to be conducted with a larger cohort of IIH patients
to reliably establish the presence of such antibodies.

Conclusion

We have provided proof-of-concept evidence for the
presence of novel neuronal surface antibodies in [IH. The
exact pathophysiological significance of these antibodies
in IIH needs to be further scrutinized.

Ethics

Ethics Committee Approval: This study was approved
by the Istanbul University, Istanbul Faculty of Medicine,
Clinical Research Ethics Committee (date: 01.12.2023,
approval no.: 24).

Informed Consent: The informed consent forms of
all the cases who participated in the study were signed
by patients.

Footnotes

Authorship Contributions

Concept: C.I.K., Design: C.I.K., Data Collection or
Processing: S.S., C.U.,, Analysis or Interpretation: C.I.K,,
E.T., Writing: C.I.K,, E.T.

Conflict of Interest: No conflicts of interest were
declared by the authors.



Kucukali et al. ATPTA3 Antibody isn't Present IIH Patients

Financial Disclosure: This study received no financial

support.

1.

10.

11.

12.

13.

14.

15.

References

Markey KA, Mollan SP, Jensen RH, Sinclair AJ. Understanding
idiopathic intracranial hypertension: mechanisms,
management, and future directions. Lancet Neurol.
2016;15:7891.

Thurtell MJ. Idiopathic intracranial hypertension. Continuum
(Minneap Minn). 2019;25:1289-309.

Wall M, Kupersmith MJ, Kieburtz KD, et al. The idiopathic
intracranial hypertension treatment trial: clinical profile at
baseline. JAMA Neurol. 2014;71:693-701.

Corbett JJ, Savino PJ, Thompson HS, et al. Visual loss in
pseudotumor cerebri. Follow-up of 57 patients from five to
41 years and a profile of 14 patients with permanent severe
visual loss. Arch Neurol. 1982;39:461-74.

Kesler A, Stolovic N, Bluednikov Y, Shohat T. The incidence of
idiopathic intracranial hypertension in Israel from 2005 to 2007:
results of a nationwide survey. Eur J Neurol. 2014;21:1055-9.

Kilgore KR Lee MS, Leavitt JA, et al. Re-evaluating the
incidence of idiopathic intracranial hypertension in an era of
increasing obesity. Ophthalmology. 2017;124:697-700.

Radhakrishnan K, Ahlskog JE, Cross SA, Kurland LT, O’Fallon
WM. Idiopathic intracranial hypertension (pseudotumor
cerebri). Descriptive epidemiology in Rochester, Minn, 1976
to 1990. Arch Neurol. 1993;50:78-80.

Raoof N, Sharrack B, Pepper IM, Hickman SJ. The incidence
and prevalence of idiopathic intracranial hypertension in
Sheffield, UK. Eur J Neurol. 2011;18:1266-8.

Dhungana S, Waters B Ismail A, Woodroofe N, Vincent
A, Sharrack B. Absence of aquaporin-4 antibodies in
patients with idiopathic intracranial hypertension. J Neurol.
2010;257:1211-2.

Westgate CSJ, Markey K, Mitchell JL, et al. Increased systemic
and adipose 11beta-HSD1 activity in idiopathic intracranial
hypertension. Eur J Endocrinol. 2022;187:323-33.

Altiokka-Uzun G, Tuzun E, Ekizoglu E, et al. Oligoclonal
bands and increased cytokine levels in idiopathic intracranial
hypertension. Cephalalgia. 2015;35:1153-61.

Ekizoglu E, Icoz S, Tuzun E, et al. Aquaporin-4 antibodies
are not present in patients with idiopathic intracranial
hypertension. Cephalalgia. 2012;32:198-202.

Altiokka-Uzun G, Erdag E, Baykan B, et al. Glial and
neuronal antibodies in patients with idiopathic intracranial
hypertension. Neurol Sci. 2017;38:1817-22.

Yetimler B, Tzartos J, Sengul B, et al. Serum glial fibrillary
acidic protein (GFAP)-antibody in idiopathic intracranial
hypertension. Int J Neurosci. 2021;131:775-9.

Luo Y, Tu Q. Cerebrospinal fluid glial fibrillary acidic protein-

antibody in idiopathic intracranial hypertension: a case report.
Acta Neurol Belg. 2023;123:1557-9.

10

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Steffensen AB, Oernbo EK, Stoica A, et al. Cotransporter-
mediated water transport underlying cerebrospinal fluid
formation. Nat Commun. 2018;9:2167.

Holloway L Jr, Cassin S. Effect of acetazolamide and ouabain
on CSF production rate in the newborn dog. Am J Physiol.
1972,223:503-6.

Garcez D, Marques J, Fernandes M, et al. ATP1A3: an
unusual antigen to consider in patients with subacute
ataxia and vertical gaze palsy. Mult Scler Relat Disord.
2020;43:102160.

Scharf M, Miske R, Heidenreich F, et al. Neuronal Na+/K+
ATPase is an autoantibody target in paraneoplastic neurologic
syndrome. Neurology. 2015;84:1673-9.

Friedman DI, Liu GT, Digre KB. Revised diagnostic criteria for
the pseudotumor cerebri syndrome in adults and children.
Neurology. 2013;81:1159-65.

Tekturk P Baykan B, Erdag E, et al. Investigation of neuronal
auto-antibodies in children diagnosed with epileptic
encephalopathy of unknown cause. Brain Dev. 2018;40:909-
17.

Kirtincd M, Kaya D, Zuliani L, et al. CACNA1TH antibodies
associated with headache with neurological deficits and
cerebrospinal fluid lymphocytosis (HaNDL). Cephalalgia.
2013;33:123-9.

Kreye J, Wright SK, van Casteren A, et al. Encephalitis patient-
derived monoclonal GABAA receptor antibodies cause
epileptic seizures. J Exp Med. 2021;218:€20210012.

Tanaka K, Kawamura M, Sakimura K, Kato N. Significance
of autoantibodies in autoimmune encephalitis in relation
to antigen localization: an outline of frequently reported
autoantibodies with a non-systematic review. Int J Mol Sci.
2020;21:4941.

Samanci B, Samanc Y, Tuzlin E, et al. Evidence for
potential involvement of pro-inflammatory adipokines in
the pathogenesis of idiopathic intracranial hypertension.
Cephalalgia. 2017;37:525-31.

Samanci Y, Samanci B, Sahin E, et al. Neuron-specific enolase
levels as a marker for possible neuronal damage in idiopathic
intracranial hypertension. Acta Neurol Belg. 2017;117:707-
11.

Vetro A, Nielsen HN, Holm R, et al. ATP1A2- and ATP1A3-
associated early profound epileptic encephalopathy and
polymicrogyria. Brain. 2021;144:1435-50.

Hundal HS, Maxwell DL, Ahmed A, Darakhshan F Mitsumoto
Y, Klip A. Subcellular distribution and immunocytochemical
localization of Na,K-ATPase subunit isoforms in human
skeletal muscle. Mol Membr Biol. 1994;11:255-62.

Smith RS, Florio M, Akula SK, et al. Early role for a Na+,K+-
ATPase (ATP1A3) in brain development. Proc Natl Acad Sci U
S A 2021;118:e2023333118.

. Shin RK, Balcer L. Idiopathic intracranial hypertension. Curr

Treat Options Neurol. 2002;4:297-305.



Kucukali et al. ATPTA3 Antibody isn't Present IIH Patients

31.Li Y, Tang W, Kang L, et al. Functional correlation of ATP1A2 mutations, alternating hemiplegia of childhood, rapid-onset
mutations with phenotypic spectrum: from pure hemiplegic dystonia-parkinsonism, CAPOS and beyond. Pediatr Neurol.
migraine to its variant forms. J Headache Pain. 2021;22:92. 2015;52:56-64.

32. Sweney MT, Newcomb TM, Swoboda KJ. The expanding
spectrum of neurological phenotypes in children with ATP1A3

M



