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Abstract

Neurocysticercosis (NC) presents a spectrum of clinical manifestations, with two broad
clinical entities based on the central nervous system location of the parasite:
extraparenchymal (EP-NC) and parenchymal (P-NC). In this work, using quantitative
immunoblot methodology, we demonstrate the presence of autoantibodies to brain
proteins in CSF from EP-NC, but not P-NC, patients. There was striking correlation
between the level of autoantibodies and the levels of the secreted metacestode
glycoprotein HP-10, suggesting that the level of stimMatin of the autoantibody
response may be a function of the number of viabl: (arasites. Nine corresponding
proteins autoantigens were provisionally identified hv,rass spectroscopy.
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Introduction

The presence of a variety of =utcaritibodies against brain tissues has been reported in
patients with infectious ¢'seasvs, autoimmune diseases, tumours and psychiatric
disorders (Diamond et A, ?C13; Margari et al, 2015; Uchibori and Chiba, 2015). Anti-
brain antibodies have been reported in ~2 to 10% of healthy individuals (Hammer et al,
2014), but even those with pathogenic potential cause disease only if they traverse the
blood brain barrier. Anti-brain autoantibodies that bind brain antigens can cause acute
neuronal dysfunction if they penetrate the human central nervous system (CNS), and are
increasingly recognized during infections, (Nestor et al, 2016; Mader et al, 2017). While
their fine specificity and pathogenic roles in particular diseases remain unclear, such
autoantibodies have immediate utility as diagnostic/prognostic "biomarkers”, and may

also provide a rational strategy for the development of novel treatments through the
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elucidation of the differentiall molecular pathogeneses associated with these many
diverse clinical manifestations.

Previous studies have suggested that parasites may trigger activation of both cellular
and serological anti-brain autoimmune mechanisms (Rojas et al, 2018). Such
autoantibodies have been explained by (1) Molecular mimicry between host and
parasite molecules (Abu-Shakra et al, 1999; Nestor et al, 2016; Rojas et al, 2018) and
(2) The release of immunogenic antigens normally “nvisible” to the immune system
upon parasite mediated cell lysis. The relative contribution ~f v=se two mechanisms to
various autoimmune neuropathies requires further studie> \'<iin et al, 2017)
Neurocysticercosis (NC), infection of the human CNC by the larval phase of Taenia
solium, is a neglected zoonotic (WHO, 2014) ~nu usually poverty-related disease of
high public health importance that is st - ~ause of unacceptable morbidity and
mortality, not only in endemic lower- aco ne Latin America countries, Africa, and Asia,
but also increasingly in high-incon.> countries due to migration (Symeonidou et al,
2018; O’Neal & Flecker, 2015). ,\e the most common parasite of the CNS worldwide
(Carpio et al, 2018), and ¢ mayur cause of seizures and epilepsy in endemic countries
(Tellez-Zenteno et al, 2017 NC is not a single entity. It is a “spectral” disease covering
a wide range of u.icar symptoms, ranging from benign to frankly life threatening,
depending on the localization and physiological state of the parasite and the
corresponding host inflammatory response. It is therefore surprising that the possible
occurrence of anti-brain autoantibodies in the NC is unexplored.

Thus, the objective of this work has been to screen for the presence of autoantibodies to
brain proteins in the cerebrospinal fluid (CSF) of clinically defined NC patients
representative of the two main clinical forms of NC, extraparenchymal (EP-NC) and

parenchymal (P-NC) invasion. Importantly, we detected such autoantibodies enriched in



cases of EP-NC over parenchymal P-NC, an observation that is consistent with our
understanding of the immunological competence of these two compartments of the
CNS.

2. Material and Methods

2.1 Study cases, Imaging examination and Samples.

Cerebrospinal fluid (CSF) samples were taken from 21 patients with NC and from 15
control neurological patients diagnosed as NC negative were collected from January
2015 to February 2016 by neurologists and neurosurgeons av five general hospitals in
Cuenca, Ecuador, (Carpio et al, 2017; Parkhouse et ai, 2ul7) by lumbar puncture.
Those patients with intracranial hypertensirn -eceived mannitol (osmotic
diuretic) 20%, 1 mg/kg, administered IV ¢ er 20 minutes, as a bolus
(during and after the lumbar puncu re procedure), in order to avoid
complications due to raised intr «crnial pressure. All participants suspected of
NC underwent imaging studies [cu.outed tomography (CT) and magnetic resonance
imaging (MRI)]. The ethics commite2 at the University of Cuenca, Ecuador, approved
this study, and signed, inforr.2d consent was obtained for all patients.

All of the positively diayacad cases fulfilled the validated, imaging diagnostic criteria
for NC. The cys. sirge (vesicular, colloidal, granular-nodular and calcified) was based
on interpretation of CT and MRI (Lerner et al, 2012). The final classification into the
different diagnosis: definitive parenchymal NC, definitive extra-parenchymal NC,
mixed parenchymal plus extraparenchymal NC and probable parenchymal NC) was
according to the previous validated diagnostic criteria (Carpio et al, 2016).
Neurosurgical patients who did not fulfil the diagnostic criteria for NC were selected as
negative controls. Specifically, CSF samples were obtained from the following

neurological patients: hydrocephalus (5), cerebral tumours (3), optical neuritis (2), head-



trauma (1), Gillian-Barre-syndrome (1), hygroma (1), meningeal cancer (1), Adenoma
of the hypophysis (1)

2.2 HP10 antigen ELISA (HP10 Ag ELISA).

Both control and experimental CSF and serum samples were assayed in the HP10 Ag
ELISA (Harrison et al, 1989; Fleury et al, 2013), which detects a secreted glycoprotein
of viable metacestodes. Briefly, microtitre plates (Immulon 2HB) were sensitized
overnight with the HP10 monoclonal antibody (10pg/mL) in carbonate/bicarbonate
buffer, pH 9.6, and then blocked with bovine serum alrtmi: (1% in PBS). After
washing, duplicate samples of paired undiluted CSF or se-um (50uL/well) were added.
The bound HP10 Ag was then revealed with HP1C -Biotin followed by Streptavidin
Peroxidase and TMB substrate (Pierce). The optice! uxnsity at 450 nm was recorded and
the values presented are the mean of durlic.e samples minus the blank, and with a
variation of < 10%. The mean and st.nde.d deviation for the negative control samples in
the HP10 Ag ELISA were 0.015 - 0.0106 and 0.027 = 0.036 for CSF and serum
samples, respectively, thus givint the “ery low cut-off values of 0.063 and 0.135 for the
CSF and serum samples, rospecively (calculated as Mean + 3SD), and thus permitting
the identification of a low <vsts burden. For deciding positivity in the ELISA, we have
used an optical dens.;7 1 >0.2 as the operational cut off value for both CSF and serum
samples.

2.3. Autoantibody measurement in CSF by quantitative immunoblot

Quantitative immunoblot was carried out as previously described (Fesel et al, 2012).
Briefly, mechanically homogenized and solubilized human brain tissue (obtained from
the Legal Medicine Service, Havana, Cuba, from a deceased person without preceding
brain disease) was separated by standard discontinuous 10% SDS-polyacrylamide gel

electrophoresis and electrotransferred onto two nitrocellulose membranes as described



(Haury M et al, 1994). The immunoblot membranes were then incubated with CSF
samples diluted 1/2 in PBS/0.2% Tween-20 using a cassette system allowing the
simultaneous testing of 28 samples in separate incubation slots per membrane
(Immunetics, Cambridge, MA). Samples were incubated with CSF for 4h at room
temperature, washed and then the entire membrane was incubated with the secondary
alkaline phosphatase-coupled anti-human 1gG (Sigma-Aldrich) for 90 min at room
temperature. After development with the insoluble phosphatase substrate NBT/BCIP,
membranes were densitometrically scanned. Subsequently, the \~embranes were stained
for total protein with colloidal gold (Protogold, BriusiSioCell, Cardiff, GB), then
scanned in the spaces between incubation slots in oilar to adjust migration scales as
described [Haury et al, 1994). The resulting stardaized migration scale was divided
into sections around the immunoreactivity 9 s, in which the respective areas under
the densitometric profile above the LaseF.ae level were calculated for each section and
divided by the section length. To 1.ormalize the resulting section wise average densities
between the two membranes, the were further divided by the average standardized
density of all sections meac:wea for a general reactivity standard (a defined mixture of
several EP/NCC samples, rresent in two replicates on each membrane. Standardized
vectors representing ~h section reactivities of each sample were analysed by Principal
Component Analysis (PCA) using the software IgorPro (WaveMetrics) as described
(Fesel et al, 2005). Scores of the first principal component (covering 60% of the total
data variance) were taken to represent each sample's standardized overall reactivity.
PCA factor-1 scores optimize the one-dimensional representation of multivariate data
and, in this case, since all factor loads for the individual sections were positive,
constituted, and were interpreted as, a weighted measure of overall auto-reactivity in

each sample.



2.4 Mass spectroscopy of proteins

Quantitative mass spectrometry profiling of antibody-antigen interactions was carried
out using a previously described method to identify protein complexes by affinity
purification. In brief, samples for mass spectroscopy were prepared by coprecipitation
of complexes formed between antibodies in human cerebrospinal fluid (CSF) and
proteins present in a lysate of human brain (purchased from Nowus Biologicals Europe,
Cat No NB820-59177). Aliquots of the brain lysate were mixed with cerebrospinal fluid
(3h, 09, and the immune complexes were selected by absortinr, *o Dynabeads™ protein
G (Thermofisher Scientific Cat. No. 10003D). After mraiy, e tubes were rotated (3h,
09, and the beads were washed x4 with cell lysis >uffer (Cell signalling Technology,
Cat. No. #9803). The beads were then transferred to ~lean eppendorff tubes, washed x 2
with 50mM tris -0.13M NaCl, pH 7.8) and s. rer at -70° until analysis. For the analysis,
5 samples of CSF from clinically “haracterised cases of EP-NC were individually
processed. The negative controls: v.ere: (1) The beads without CSF, but with brain
lysate and (2) The beads with » sa..le of CSF from a clinically characterised case of P-
NC and the brain lysate. Pi~teins bound to the antibodies were eluted by incubating the
beads with 0.5 pg of moufer] Trypsin (Promega) 100 il 2 M Urea, 50 mM Tris pH8, 1
mM DTT at 27°C v ou minutes under vigorous shaking. The beads were subsequently
removed and the digest was completed at 37°C overnight. Cysteines were blocked by
adding lodacetamide 10 mg/mL for 30 minutes in the dark. Samples were acidified by
adding 1% TriFluor Acetic Acid (TFA) and desalted using stage-tips. Eluates were
lyophilised and re-suspended in 12 yl 0.1% TFA/water. Aliquots of 5 Wl were analysed
using an LC-MS/MS systems comprising of an RSL-nano (Thermo Fisher) with 25 cm
1.6pym Aurora column (lonoptiks) coupled to a Fusion Lumos mass spectrometer

(Thermo Fisher). Peptides were separated using a 40 minute gradient, the mass



spectrometer operated at a 1 s cycle time with 120k resolution (MS), HCD
fragmentation and rapid-scanning in the ion-trap (MS/MS). The data was searched
against the human Uniprot database using the MaxQuant/Andromeda software suite.

2.5 Statistics

Group comparisons were made with the Mann-Whitney nonparametric test and
correlation was analysed by Pearson's R and linear regression analysis, all using the
software IgorPro (WaveMetrics). P-Values below 0.05 were considered significant.

3. Results

3.1 Clinical characteristic of the patients

The median age of participants was 49 years ana clightly more were male (Table
1). According to the previous validated criteria ‘Carpio et al, 2016), 8 patients
(38%) had definite P-NC and 13 (62%:) 1o definite P-NC plus EP-NC (eight
patients had both P-NC and EP-NC: Tao patients of the P-NC group had just one
cysts/granuloma. Among participa.ts with EP-NC, 40.9% had subarachnoid cysts,
54% had intraventricular, ard 15 5% had both subarachnoid and intraventricular
cysts. Numbers respective to cyst stages (vesicular, colloidal, granular-nodular and
calcified) are shown in Tahle 1. There were differences related to inflammatory
characteristics betwoen P-NC and EP-NC: 61% of EP-NC patients had high levels
of proteins in the CSF, versus 25% of P-NC. Similarly, 84% of EP-NC patients had
increased leukocytes versus 25% of P-NC patients. However, these differences
were not statistically significant.

3.2 Demonstration of autoantibodies by quantitative immunoblot

Proteins from human brain tissue without preceding brain disease were separated by
standard 10% SDS-polyacrylamide gel electrophoresis, and determination of the levels

of anti-human brain protein autoantibodies in CSF samples from EP and P NC patients,



were determined by the scanning of quantitatively standardized western blots. Binding
profiles of three representative samples of each group are shown in Figure 1. Two
conclusions are immediately clear. First, anti-brain protein antibodies were detected in
the EP-NC samples, whilst being virtually absent in the P-NC samples. Although
individual binding profiles of EP-NC patients were qualitatively heterogeneous, this
observation applied to both band-specific and overall anti-brain autoreactivity. The
difference between both groups was highly significant (P=7E-5) when quantitatively
analyzed for the most prominent single reactivity band (sectinn 21, indicated in Figure 1
and analyzed in Figure 2A), as well as for overall ant’-ui>n 1gG reactivity, represented
by the first principal component score derived from an reactivity bands (P=2E-5, Figure
2B), or cumulative reactivity to all western blot banas (P=4E-5, not shown).

Second, we studied whether there was 2 :0estive correlation between the level of
autoantibodies and the level of the HF (O ylycoprotein in the CSF of the EP-NC patients.
As the HP10 glycoprotein is secre*ed by viable metacestodes, then its level in CSF
reflects the number of parasites. Taus, the level of stimulation of the auto-antibody
response may be a functn of the number of parasites, with high HP10 levels
correlating with high lewve!~ of anti-brain protein autoantibodies. Indeed, we found a
striking correlationn o° buin (Figure 3A). Furthermore, the absence of anti-brain protein
autoantibodies in cases of P-NC patient was particularly significant as such antibodies
were clearly present in a variety of other cerebral pathologies (Figure 3B).

3.3 Identification of autoantigens by mass spectroscopy.

To identify the brain proteins recognised by the autoantibodies, CSF samples from EP-
NC and P-NC patients were immobilised onto magnetic Protein-G beads. The loaded
beads and the two negative controls (Protein-G beads alone or with CSF from a P-NC

patient) were incubated with human brain lysate and, proteins bound to the beads were



identified and quantified by label-free, quantitative mass spectrometry. To determine
proteins enriched by the autoantibodies, we generated a ratio of the intensity over the
negative control (Protein -G beads alone) and used a harsh 16fold cut-off. Of 118
identified proteins, 46 fulfilled these criteria. Unsurprisingly, the most abundant
proteins detected as enriched were immunoglobulins. After excluding these, 21 proteins
remained (Table 2). Some of these, such as Albumin, Complement C4-B, FCGBP and
FCGR1A, broadly bind immunoglobulins, whereas others have no such reported
function and may be considered as possible specific ontigens.  Gene-ontology
enrichment revealed that the majority of the proteins ar. 1. norted to be secreted and/or
involved in the immune effector process or defence ,~sponse. To further determine
the specificity of immunoglobulins isolated fro.» EP-NC CSF, we used as the
negative control beads incubated with CSF frv n « P-NC patient and similarly compared
the intensities between the EP-NC ar 1 P-NC groups. Using a 1.5 fold enrichment cut-
off, we determined that 14 o the same proteins were indeed enriched by
extraparenchymal EP-NC owver opcreachymal P-NC immunoglobulins (Table 2). After
excluding the immunoglobu!ns und immunoglobulins binding proteins, the remaining
proteins may therefore be rrovisionally considered as potential targets of an EP-NC
related autoimmuie esponse. Specifically, the nine proteins were: Clusterin (CLU),
Transthyretin  (TTR), Haptoglobin (HP), Ceruloplasmin (CP), Alpha-2-Macroglobulin
(A2M), CARD9 (CARD?9), Cytostatin C (CST3), Angiotensin (AGT), 60S ribosomal
protein L27a (RP27A), all of which were detected in at least 3 of the 5
extraparenchymal samples, graphically presented in the “Boxplot” (Fig. 4).

4. Discussion

Neurocysticercosis (NC) presents a spectrum of clinical symptoms, with two broad

clinical entities based on the CNS location of the parasite; parenchymal (P-NC) and



extraparenchymal (EP-NC). In this work, using quantitative immunoblot methodology,
we demonstrate for the first time the presence of autoantibodies to brain proteins in
CSF from EP-NC. Lewvels of autoantibodies in the CSF of P-NC patients were either
undetectable or considerably reduced. There was striking correlation between the level
of autoantibodies and the levels of the secreted metacestode glycoprotein HP-10,
suggesting that the level of stimulation of the autoantibody response may be a function
of the number of viable parasites. Examination of the immunoblot profiles of the EP-
NC samples revealed considerable heterogeneity between the,» However, a total of
nine proteins were identified by mass spectroscopy in a. least 3/5 CSF samples from
cases of EP-NC and thus may be provisionally con<iacad to be possible common auto-
antigens and worthy of further investigation. Gene- ~ntology enrichment revealed that
the majority of these proteins are reported *o '« secreted and/or involved in the immune
effector process or the defence res;-onc:. The nine proteins were: Clusterin (CLU),
Transthyretin  (TTR), Haptoglobin (4HP), Ceruloplasmin (CP), Alpha-2-Macroglobulin
(A2M), CARD9 (CARD9), Cwtcrtitin C (CST3), Angiotensin (AGT), 60S ribosomal
protein L27a (RP27A). Fuure work will focus on similar analysis of autoantibodies
from further cases of “°-NC, and the potential role and application of theses
autoantibodies to e laynosis, prognosis and pathogenesis of the disease.

The observation of anti-brain protein autoantibodies in the CSF of EP-NC, but not P-
NC is an important contribution towards understanding the immune response of humans
with NC and one that is relevant to the known clinical and immunological differences
between these two CNS compartments. The recent discovery that the CNS undergoes a
constant immune surveillance within the meningeal compartment, through functional

lymphatic vessels lining the dural sinuses (Louveau et al., 2015), is consistent with our



observations of considerably higher level of autoantibodies in the CSF of EP-NC
patients than in the CSF of P-NC patients.

Neurocysticercosis presents a complex spectrum of clinical manifestations, often related
to the localization and physiological state (i.e. viable, degenerative and calcified) of the
parasite and the corresponding host immune response (Carpio et al., 2018; Fleury et al,
2010). For example, it has been documented that parenchymal and extraparenchymal
NC are clearly distinct entities from the pathophysiological, clinical and immunological
points of view (Carpio et al, 2016). The parenchymal locatior ~omprises the brain and
spinal cord tissues, and the extraparenchymal location ww'uues the intraventricular and
subarachnoid spaces in between the leptomeninges, arachnoids, and pia mater where the
CSF is circulating. The evolution of the T. su.'im metacestode located in the
parenchyma has been well documented ar. riassified by anatomo-pathological and
imaging studies as vesicular, colloid . 7ranular-nodular, and calcified phases of the
parasite (Escobar et al, 1972). Su~h a well-defined evolution of the parasite has not
been observed in the extraparenct:mial location, especially in the basal cisterns where
the parasite assumes the rcemose form and emerges as a “cluster of grapes” without
scolex (Escobar et al, 157?). In addition to these morphological differences, the clinical
manifestations of ~-1!C. are quite different from those of EP-NC (Carpio et al., 2018).
Thus, when the parasites are localized in the parenchyma, the main clinical
manifestations are seizures or focal neurological deficits, which are usually transient and
with good prognosis. EP- NC, on the other hand, has different clinical manifestations,
including intracranial hypertension, cranial nerve abnormalities, and hydrocephalus,
which may develop into more severe clinical sequelae, including mortality (Fleury et al,
2011). Moreover, the nature of the immune surwveillance in the parenchymal vs

extraparenchymal areas (Engelhardt et al, 2017) provides an additional and crucial



consideration. Specifically, extraparenchymal cysts are surrounded by CSF, which
interacts with the peripheral immune system through its afferent and efferent
connections (Louveau et al 2015), whereas the parenchyma is without contact to the
immune system. Thus the observation of autoantibodies in the CSF of EP-NC patients is
consistent with the immunobiology of the extraparenchymal compartment.

The immunological-related inflammatory response plays a critical role in the
pathogenesis of NC. An imbalance of pro-inflammatory cytokines, such as tumour
necrosis factor-alpha (TNF-o), might explain the inflammat~ry “ost response observed
in NC patients (Aguilar-Rebolledo et al, 2001). Ccisatent with this hypothesis, a
significant improvement was seen in patients sufferca from  subarachnoid NC and
treated with the TNF o mhibitor etanercept (Nask e. al, 2019). In spite of the fact that
these preliminary data are anecdotal with .»1 _omparison group, they do show an
association between the presence ¢ T'NF-a in CSF and active, symptomatic and
complicated forms of NC. Previous studies have shown that high levels of TNF-a are
present in CSF from patients ‘~itl ~ctive subarachnoid NC, perhaps due to a higher
influx of cells into the < harachnoid region relative to the parenchyma (Aguilar-
Rebolledo et al, 2001).

The presence of ouclly produced oligoclonal 1gG bands in CSF is long known to be
associated with infections and autoimmune responses of the CNS. For example,
neuroborreliosis-associated  oligoclonal CSF antibodies reactive against both the
pathogen B. burgdorferi and CNS self-antigens have been described. Interestingly, the
anti-Borrelia and anti-self antibodies are not necessarily crossreactive, suggesting that
the antimicrobial immune responses and/or neuroinflammation may involve, or
secondarily induce, autoimmune sensitization (Martin et al, 1988; Kuenzle et al, 2007).

Consistent with this, in subacute sclerosing panencephalitis some, but not all, CSF



oligoclonal bands, were reactive with the infectious agent, measles virus (Burgoon et al,
2005).  Moreover, oligoclonal CSF 1gGs serve as an established biomarker and
diagnostic tool in the classic autoimmune disease multiple sclerosis. A recent study in
multiple sclerosis patients found the targets of these antibodies to be ubiquitous
intracellular proteins rather than brain-specific self antigens, suggesting a nonspecific
secondary response, for example to damaged/dead cells, rather than a direct pathogenic
involvement (Brandle et al, 2016). In contrast, other authors suggest direct pathogenic
effects of the CSF anti-brain antibodies that occur in other me~tious and non-infectious
diseases of the brain. For example, autoantibodies to CMN>S neuronal surface antigens
have been described in association with autoimmine encephalopathies which notably
feature psychiatric in addition to neurological symate™s (Armangue et al, 2014, Pollak
et al, 2016). Similarly, in systemic lupus ery“ier.atosus, antibodies to double stranded
DNA that cross react with the neurnal N-methyl — aspartate receptor, have recently
been linked to neurocognitive dy.finction (Mader et al, 2017; Arinuma, 2018).
Infection of the CNS with bherpes simplex virus can trigger anti-CNS  autoimmunity
associated with anti-GABA. anuoodies (Alexopoulos et al., 2018). Finally, a recent
study suggests that NML.\P autoantibodies induced by persistent Toxoplasma gondii
infection may be a nuvel pathological hallmark of chronic toxoplasmosis (Li et al
2018).

From the practical point of view, this work may also provide novel strategies for the
management and therapy of NC; for example, autoantibodies in patients with NC might
serve as a “biomarker” indicating the intensity of inflammation, which is a crucial factor
to consider when attempting to reduce the morbidity of EP-NC during cysticidal
treatment. Furthermore, this work raises two other rational clinical possibilities:

immunosuppressive therapy and the blocking of potentially pathogenic autoantibodies



and other pro-inflammatory effects through the administration of normal
immunoglobulin, as indeed have been reported in cases of lupus erythematosus
(Yildirim-Toruner et al, 2011) and various neurological, in particular neuro-
inflammatory, conditions (Uchibori and Chiba, 2015; Chen et al, 2019). Further
similar studies are necessary to explore practical possibilities.

5. Conclusions

In conclusion, the finding of significant levels of autoantibodies in the CSF of EP-NC,
but not P-NC, patients is consistent with our understrndn,y of the immunological
potential of these two distinct anatomical areas of the 'sia, and highlights the need for
further studies explaining the relationships between ~utoimmunity, neuro-inflammation
and NC. We hypothesize that neuro-inflamnrion during the degenerative or
transitional phase, particularly in EP-NC, is a wrassary prelude to the induction of anti-
brain autoantibodies. Identification of the specific antigenic targets of these
autoantibodies may provide clues as *2 their role in the pathogenesis of EP-NC, and thus
new approaches for the diagnosic a3 treatment of disease.
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EP-NC/P-NC
9.365095
4.93021
4.358646
4.319066
3.219829
3.211777
2.507109
2.1132
2.036031
2.031936
1.822976
1.778387
1.722453
1.703668

Gene Name

c1QC
C10B
CLU
TTR

HP

C3

CP
A2M
CARD9
C4B
CST3
AGT
RPL27A
ALB

Fold enriched
EP-NC/Control
377.7808
249.8904
188.9275
176.3019
160.7556
124.7022
107.6607
57.05606
54.58071
49.17738
45.19195
41.24662
40.54411
32.91054
31.11832
29.15806
27.52912
23.16631
23 1.36
1c 27,663
16.14v97

Gene Name

C4B
ALB
Cci1QcC
TTR
A2M
CLuU

CP
FCGR1A;FCGR1B
Cc10B
APL AL
C5
RS
HP
PTGDS
FGG
AGT
SERPINAL
B2M
FCGBP
CARD9
RPL27A

Table 2 Proteins selectively kouna ny antibodies in CSF from EP-NC

Protein G beads were inc''bai>d with CSF from cases of EP-NC and brain lysate. The
bound proteins were 7iNsed by mass spectroscopy filtering the results for the EP-NC
with two negative coi.vols. (1) Similarly processed beads, but including CSF from P-

NC (EP-NC/P-NC in the Table head) and (2) Similarly processed beads, but lacking

CSF (EP-NC/Control in the Table head). Details in Materials and Methods



Figure legends.

Figure 1 Western blot reactivity profiles of CSF IgG anti-brain autoantibodies. A)
Blots developed with CSF from 3 cases of Extraparenchymal NC. B.) Blots developed
with CSF from 3 cases of Parenchymal NC. C) Negative control without CSF but
secondary antibody alone. D) Total protein staining. The most prominent reactivity

band (section-21) is indicated in the Figure. Details in Materials and Methods.

Figure 2 Quantitative analysis of CSF anti-brain G autoreactivity in
extraparenchymal and parenchymal NC. (A) Staiaraized optical densities of
section-21 (as indicated in Fig. 1). (B) PCA factor * scores derived from the entire
profiles, representing overall autoreactivity since fac.or loads were positive throughout.
Black circles indicate CSF from cases of exu +n7renchymal NC. Black triangles indicate
CSF from cases of parenchymal NC I edians are shown for each group. Statistical
significance for differences between hoth groups was calculated by the Mann-Whitney

test.

Figure 3: CSF HP10 co.*e.ates with IgG anti-brain. (A) Linear correlation between
levels of CSF HF1u (EcISA) and IgG anti-brain autoantibodies (PCA factor-1 scores)
in CSF samples. Black circles indicate extraparenchymal CSF, open triangles indicate
parenchymal NC CSF samples. The linear correlation coefficient R and the
corresponding P-value resulting from linear regression analysis are indicated in the
insert. (B) PCA factor-1 scores from CSF samples of patients with other cerebral
pathologies. The horizontal bar represents their median and, reading from top to bottom,
are: Normotensive hydrocephalus, Adenoma of the hypophysis, Guillain-Barré

syndrome, Hygroma, Idiopathic hydrocephalus, Communicating hydrocephalus, head-



trauma, Normotensive hydrocephalus, Meningeal cancer, Optical neuritis, Tumour,
Optical neuritis, Hydrocephalus, Tumour, Tumour.

Figure 4 “Boxplot” demonstrating protein autoantigens enriched by
immunoprecipitation with antibodies in the CSF of EP-NC patients. The protein
targets recognized by autoantibodies present in the CSF of five clinically defined cases
of EP-NC and two clinically defined cases of P-NC were isolated by
immunoprecipitation from a brain lysate using protein-G and submitted to analysis by
mass spectroscopy. Using a 1.5 fold enriched cut-off, and tworing the results for the
EP-NC samples with those of the P-NC samples, nine pic*eins were enriched in at least

3/5 of the EP-NC CSF samples. Details in Materials ar' Methods.



Table 1. Clinical characteristic of the patients

Total Cases Controls* | P-value for P-NC ** EP-NC *
cases vs.
controls
N=36 n=21 n=15 n=8 n=13
Age in years,
mean (SD)
49.0 35.9 (17.0) 58.4 P=.01 37.6 45.2
(19.8) (20.3) (15.8) (17.4)
Sex, n (%) -
Male 21 13 9 - P=.26 4 9
(58.3%) (61.9) (60¢%) (50.0%) (69.2%)
Female 15 8 6 4 4
(41.6%) (38.1%) A0%) (50.0%) (30.7%)
Symptoms T _J
Headache N 3 _ _ 6 12
(85.79.) (75.0%) (92.3%
Intracrania_ll o ¢ . L 1 5
hypertension \28.5%) (12.5%) (23.8%)
Seizure IR G 18 - . 7 5
(85.7%) (87.5%) (23.8%)
Cyst stage and .
burden
Vesicular cyst(s) . 19 (90.4%) . . 6 13
(75.0%) (100%)
Single . 5 . . 4 1
(26.3) (66.6%) (7.6%)
Multiple . 14 (73.6%) . _ 2 12
(33.3%) (92.3%)
Colloidal/nodular _ 7 _ _ 3 4
cyst(s) (33.3%) (37.5%) (30.7%
Single 5 3 2




(71.5%) (100.0%) (50.0%

Multiple . 2 _ _ 0 2
(28.5%) (50.0%

Calcified cyst(s) . 11 (47.8%) . . 3 8
(37.5%) (38.0%

Single L 2 L L 1 1
(18.1%) (33.3%) (12.5%

Multiple . 9 . . 2 7
(81.8%) (66.6%) (87.5)

CSF analysis [
|

Protein, >30 19 11 (52.3%) 8 — P=1.0 2 8
mg/dL (52.7 (E3.5) (25.0%) (61.5%

Cell count, >5 21 15 6 P=.06 2 11
cells/mel. (58.3) 71.4%) | 110.0%) (25.0%) (84.6%

Glucose, <50 12 10 (47.6 %) 2 P=.13 1 11
mg/dL (33.3 (13.3.5%) (12.5%) (84.6%;

* Control diagnoses are includec :» t1,.> methods section and figure 3
** Includes definitive P-NC by *~e .~zvious validated criteria (Carpio et al, 2016).

*** |ncludes participants with efinitive EP-NC plus definitive P-NC/EP-NC by the
previous validated criteric. (Carpio et al, 2016). Of these participants, 9 (69%) had
subarachnoid cyst(s), an.' 7 54%) had intraventricular cyst(s).



Highlights
e Autoantibodies in the CSF from NC patients were detected by quantitative
immunob lot
e Autoantibodies are present in the CSF from cases with extraparenchymal NC
e Autoantibody and secreted glycoprotein HP10 levels were strikingly correlated
e Nine corresponding autoantigens were provisionally identified by mass
spectroscopy

e Autoantibodies are highly reduced in the CSF from .ao2s with parenchymal NC
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