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Abstract

Objective: Autoantibody-mediated forms of encephalitis (AE) include neuro-

logical disorders characterized by subacute memory loss, movement disorders,

and, often, frequent, focal epileptic seizures. Yet, the electrophysiological effects

of these autoantibodies on neuronal function have received little attention. In

this study, we assessed the effects of CSF containing autoantibodies on intrinsic

and extrinsic properties of hippocampal neurons, to define their epileptogenic

potential. Methods: We compared the effects of CSF containing leucine-rich

glioma inactivated 1 (LGI1), contactin-associated protein-like 2 (CASPR2), and

c-aminobutyric acid receptor B (GABABR) antibodies on ex vivo electrophysio-

logical parameters after stereotactic hippocampal inoculation into mice. Whole-

cell patch-clamp and extracellular recordings from CA1 pyramidal neurons and

CA3-CA1 field recordings in ex vivo murine brain slices were used to study

neuronal function. Results: By comparison to control CSF, AE CSFs increased

the probability of glutamate release from CA3 neurons. In addition, LGI1- and

CASPR2 antibodies containing CSFs induced epileptiform activity at a popula-

tion level following Schaffer collateral stimulation. CASPR2 antibody containing

CSF was also associated with higher spontaneous firing of CA1 pyramidal neu-

rons. On the contrary, GABABR antibody containing CSF did not elicit changes

in intrinsic neuronal activity and field potentials. Interpretation: Using patient

CSF, we have demonstrated that the AE-associated antibodies against LGI1 and

CASPR2 are able to increase hippocampal CA1 neuron excitability, facilitating

epileptiform activity. These findings provide in vivo pathogenic insights into

neuronal dysfunction in these conditions.
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Introduction

Autoantibody-mediated encephalitis (AE) is a clinical syn-

drome with features including subacute memory impair-

ment, neuropsychiatric symptoms, movement disorders,

bilateral temporal lobe involvement on brain MRI, and

epileptiform EEG abnormalities.1 Seizures are a prominent

part of the syndrome, and often the most distinctive fea-

ture. While phenotypic associations with the individual

autoantibodies are well-described,2–4 distinct underlying

molecular mechanisms and functional consequences are

still uncertain.5,6

Internalization of glutamate receptors has been impli-

cated in hippocampal dysfunction leading to seizures and

cognitive impairment in glutamate receptor-related

autoimmune encephalitis.7,8 Frequent seizures and cogni-

tive impairment are also characteristic of leucine-rich

glioma inactivated 1(LGI1), contactin-associated protein-

like 2 (CASPR2), and c-aminobutyric acid receptor B

(GABABR) antibodies.9–12 Only one study has systemati-

cally examined the functional effects of serum LGI1 anti-

bodies on synaptic transmission and showed a facilitation

in mossy fiber-CA3 synaptic transmission.11 Another study

reported increased neuronal excitability with CASPR2 anti-

bodies, though not on central nervous system neurons.13

Here, we report the electrophysiological effects on hip-

pocampal neurons of CSF from patients with AE associated

with LGI1, GABABR, and CASPR2 antibodies. All of the

patients presented with seizures and cognitive impairment

as first clinical symptoms and the patient-derived CSF had

different pro-epileptogenic effects with regard to the

intrinsic and synaptic properties of hippocampal neurons.

Materials and Methods

CSF from patients diagnosed with definite antibody-associ-

ated AE1 at the Neurology Clinic (University-of-Perugia)

between January 2016 and December 2016 was used. Patients’

neuroradiological findings and disease course are summa-

rized in Figure S1 and Table S1. As a control, we used CSF

from a cognitively normal age-matched patient with chronic

headache. For experimental studies, 3- to 5-month-old

heterozygous C57BL/6J male mice were used, to avoid bias

related to hormonal fluctuations. All experiments complied

with the ARRIVE guidelines and the ethical guidelines of the

European Council Directive (2010/63/EU), and received ethi-

cal approval (Italian Ministry of Health #887/2017PR).

Immunohistochemistry, hippocampal
neuron culture, and cell-based assay

First, conformational antibodies were detected using

immunohistochemistry on lightly fixed rat brain,

optimized for neuronal surface antigens.1 Primary cul-

tures of rat embryonic hippocampal neurons were estab-

lished to detect whether CSF antibodies were able to

recognize the native extracellular domains of surface-ex-

pressed proteins10,11,14,15. In brief, hippocampi were dis-

sected from E17-18 rat embryos, plated on a 12-mm glass

coverslip in a 35-mm petri dish, and stained after approx-

imately 21 days. Commercial-fixed human embryonic

kidney cell-based assays (HEK-CBA; Euroimmun-L€ubeck,

Germany) expressing LGI1, CASPR2, or GABABR were

used, in accordance with the manufacturer’s instructions,

to characterize the target antigens of the antibodies.

Results were visualized by a light or fluorescence micro-

scopy (Fig. 1).

Stereotaxic injection of human CSF in mice

Injection of human CSF into the mouse dorsal hip-

pocampus was performed under stereotactic control. A

random number was assigned for each animal, and,

throughout, operators were blinded to the CSF antibody

status. Mice were anesthetized with Rompun (20 mg/

mL, 0.5 mL/kg; Bayer) and Zoletil (100 mg/mL, 0.5 mL/

kg; Virbac;i.p.) and positioned in stereotactic apparatus

before a burr hole was made under asepsis. A 2 lL
mixture of human CSF with a small quantity of the tra-

cer Fast Blue (FB; Sigma-Aldrich) was injected unilater-

ally into the dorsal CA3-CA1 regions (+1.8 AP, �1.2

ML, �1.5 DV).16 The mixture was slowly infused via

an internal cannula connected by Tygon tubing into a

5-ll Hamilton needle syringe over 3 min to allow diffu-

sion into the target brain area. Following infusion, the

needle was kept in place for an additional 10 min to

prevent solution backflow, before being slowly retracted.

After surgery, the skin was sutured and mice were

returned to their home cage and monitored during

recovery. Animals were used for in vitro electrophysio-

logical experiments 24 h following surgery. At the end

of the experiments, the accuracy of the stereotactic

injection was confirmed by immunofluorescence. Data

from brain slices showing a misplaced injection site

were discarded.

Brain slice preparation

Acute brain slices were obtained following halothane

anesthesia and decapitation. The brain was rapidly

removed and parasagittal slices(300 µm) containing the

injected dorsal hippocampus were obtained as previ-

ously described.17 Briefly, slices were cut with a vibra-

tome (VT1200S, Leica) in chilled bubbled (95%O2, 5%

CO2) sucrose-based artificial CSF containing (in mM):

KCl 3, NaH2PO4 1.25, NaHCO3 26, MgSO4 10, CaCl2
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0.5, glucose 25, and sucrose 185 (~300 mOsm, pH 7.4).

After cutting, brain slices were transferred to a holding

chamber with standard bubbled artificial CSF containing

(in mM): NaCl 124, KCl 3, NaH2PO4 1.25, NaHCO3

26, MgSO4 1, CaCl2 2, and glucose 10 (~290 mOsm,

pH 7.4) and left to recover for 30 min at 32°C, fol-

lowed by transference to room temperature for at least

30 min prior to usage. For recordings, a single slice

was transferred to a recording chamber (vol-

ume ~ 0.6 ml), placed on the stage of an upright

microscope (Axioscope 2FS; Carl Zeiss, Germany), and

was continuously perfused with standard bubbled artifi-

cial CSF (2.5–3.0 mL/min). All recordings were per-

formed at room temperature.

Patch-clamp recordings

Neurons were visualized using infrared differential interfer-

ence contrast. Pyramidal neurons of the dorsal CA1 were

identified as tightly packed cells positioned in the stratum

pyramidale. For current-clamp recordings, the electrodes

(3-6 MΩ) were pulled from thin-wall borosilicate glass

tubes and were filled with (in mM): K-gluconate 120, KCl

20, MgCl2 2, EGTA 0.2, HEPES 10, Mg-ATP 4, and Na-GTP

0.3 (275–285 mOsm, pH 7.4). Access resistance was moni-

tored online throughout each experiment and recordings

were discarded if either access resistance or holding current

increased by more than 25% during the experiment. No liq-

uid junction potential correction was implemented.

Figure 1. Reactivity of patient-derived cerebrospinal fluid samples on immunohistochemistry, primary hippocampal neuron culture, and cell-based

assay. CSF antibodies to LGI1 (patient 1, A–C), CASPR2 (patient 2, D–F), and GABABR (patient 3, G–I) produced neuropilar brown staining on rat

brain slices (A, D, G), and green fluorescence labeling of live hippocampal neurons (B, E, H), confirming recognition of surface epitopes of the

respective target protein. Protein-specific antibody binding was confirmed on cell-based assay for LGI1 (C), CASPR2 (F), and GABABR (I) (green

fluorescence). No binding was seen on rat brain slices, live neurons, or specific cell-based assay using CSF from healthy control (J–L). Blue DAPI

stains nuclei. Scale bars: rat brain slices, 2 mm; hippocampal neurons and CBAs, 20 lm. Legend – CSF: cerebrospinal fluid; pt: patient; CBA: cell-

based assay.
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Current-clamp recordings from pyramidal neurons fol-

lowed predefined procedures.17 Briefly, short-duration

(50 ms) depolarizing current steps of increasing ampli-

tudes (10 pA increments) were used for evaluating the

action potential (AP) threshold, determined by the maxi-

mum of the second derivative of membrane potential by

time, corresponding to the starting inflection point.

Longer steps (600 msec, 50 pA increments) were used to

obtain current-voltage curves at subthreshold responses

and AP numbers at suprathreshold responses. Membrane

resistance (Rm) was calculated from the slope after linear

regression of current-voltage curves at steady-state sub-

threshold responses. Sag-ratio was the ratio of the steady-

state versus peak potential during subthreshold responses

to �200 pA current injections. Cell capacitance (Cm) was

taken online from the membrane seal test function of

pClamp 9 (�5 mV step, 15 msec). Current-clamp record-

ings of current-induced spiking were obtained from rest-

ing membrane potential (RMP) kept to �70 mV by DC

current injection. The RMP was evaluated by recordings

with no injected current and the mean number of sponta-

neous APs fired/minute of recording for each neuron was

calculated for 3 min of recordings, following break-

through. Six to eight animals were used for each human

CSF sample.

Field recordings of excitatory postsynaptic
potentials

Standard field responses were induced by a concentric

bipolar stimulating electrode (FHC Inc.; Bowdoin, ME)

placed in the Schaffer collateral pathway in the stratum

radiatum and afferent stimulation (100 µsec duration)

was delivered every 30s. For recording population spikes,

a borosilicate glass recording electrode filled with artificial

CSF was positioned in the CA1 stratum pyramidale, 200–
300 lm from the stimulating electrode. Input-output

curves were obtained by measuring the amplitude of the

principal population spike at increasing 10 µA steps of

afferent stimulation. At least 15 sweeps were recorded at

the intensity yielding a half-maximal response and the

averaged response was used for calculating the number of

population spikes (with amplitude threshold set at

0.2 mV) and the total duration of the evoked response

(measured from the onset of the primary population

spike to the offset of the last secondary population spike).

For recording field excitatory postsynaptic potentials

(fEPSPs), an artificial CSF-filled borosilicate glass record-

ing electrode was positioned in the stratum radiatum of

the CA1 hippocampal region, 200–300 lm from the stim-

ulating electrode. Input-output curves were obtained by

measuring the fEPSP initial slope at increasing 10 µA
steps of afferent stimulation. Paired-pulse ratios (PPRs)

were calculated using pairs of afferent stimuli at half-

maximal intensity at 50-msec intervals and are expressed

as peak of the second/first fEPSP. All recordings were per-

formed with a MultiClamp 700B amplifier, using a 3–
4 kHz low-pass filter, digitized with Digidata 1322A, and

computer-saved using pClamp 9 (all from Molecular

Devices, USA) at a sampling rate of four times the filter

frequency. Six to eight animals were used for each human

CSF sample. The target number of samples in each setting

followed numbers reported in published studies.18

Immunofluorescence

For FB/NeuroTrace double-labeling, slices that were used

for electrophysiological recordings were fixed in 4%

paraformaldehyde in phosphate buffer (phosphate buffer

[PB]; 0.1 M, pH 7.4) for 4 h, and sunk in 30% sucrose in

PB at 4°C. The slices were then cut into 30-lm thick sec-

tions using a freezing microtome, counterstained with

NeuroTrace 435/455 Blue Fluorescent Nissl Stain (1:200,

Invitrogen), mounted using an anti-fading agent (Fluoro-

mount, Sigma-Aldrich), and examined under a confocal

laser scanning microscope (LSM700, Zeiss). All images

were exported in tagged image file format (TIFF), con-

trast and brightness were adjusted, and final plates were

composed with Adobe Illustrator CS3.

Statistical analysis

Analysis was performed using Prism (GraphPad Software-

v5). All data were analyzed with one-way ANOVAs fol-

lowed by Tukey’s post-hoc test. P < 0.05 indicates statisti-

cal significance (in Figures: *P < 0.05, **P < 0.01,

***P < 0.001). In figures, statistical analysis is detailed in

legends, in box-and-whisker plots the center lines denote

medians, edges are upper and lower quartiles, whiskers

show min/max values, and points are individual experi-

ments. Data are available upon request.

Results

CSF from AE patients does not alter the
intrinsic properties of CA1 pyramidal
neurons

CSF samples from three AE patients and a control subject

were stereotactically injected into the dorsal hippocampus

of adult male mice. The co-injection of a fluorescent tra-

cer confirmed the accuracy of the stereotaxic injection

into the CA3-CA1 region (Fig. 2A).

We first examined the effects of the injected CSF sam-

ples at a single-cell level using current-clamp recordings

from hippocampal pyramidal neurons in the CA1
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subfield. The injection of CSF containing AE antibodies

did not significantly alter the cell capacitance (Cm) or the

RMP of pyramidal neurons (Fig. 2B). Only a nonsignifi-

cant trend toward more depolarized RMPs was detected

with CASPR2 antibody. Though the pyramidal neurons

from mice injected with the other samples only showed

occasional spontaneous AP firing (control: 1/6 neurons

fired single APs; LGI1: 2/6 neurons; GABABR: 1/7 neu-

rons), the majority of neurons from mice injected with

the CASPR2 antibody CSF demonstrated modestly

increased spontaneous AP activity (5/8 neurons;

P = 0.049; Fig. 2C).

We then tested the intrinsic membrane properties of

pyramidal neurons under current-clamp conditions, fol-

lowing the application of depolarizing and hyperpolariz-

ing current pulses. Long depolarizing currents elicited

similar numbers of AP in all four animal groups

(Fig. 3A). Analyses of responses to hyperpolarizing cur-

rent pulses showed that the current-voltage relationship

(Fig. 3B), input resistance, and sag (Fig. 3C) were not

significantly different between groups. Similarly, the AP

firing threshold did not vary significantly across groups

and similar drive current was needed to fire an AP

(Fig. 3D).

Figure 2. Effects of AE antibodies on membrane properties and spontaneous action potential discharge in hippocampal neurons. (A) Double

immunofluorescence labelling for FB (fast-blue; green) and Neurotrace (blue), confirming the site of injection of human CSF in the dorsal

hippocampus of a male mouse. Neurotrace stains for neuronal bodies (scale bar: 200 lmol/L). (B) Membrane capacitance (Cm; left) and resting

membrane potential (RMP; right) of CA1 pyramidal neurons from the dorsal hippocampus of mice injected with the indicated CSF samples (n = 6

neurons for control CSF; 6 for LGI1; 8 for CASPR2’ 7 for GABABR. Cm: one-way ANOVA P = 0.933, F3,23 = 0.144; RMP: one-way ANOVA

P = 0.211, F3,23 = 1.624). (C) Example traces of current-clamp recordings showing spontaneous action potential (AP) firing in CA1 pyramidal

neurons in mice injected with the indicated CSF samples. The box-and-whisker plot shows the number of spontaneous APs fired per min of

recording (n = 6 neurons for control CSF, 6 for LGI1, 8 for CASPR2, 7 for GABABR; one-way ANOVA: P = 0.049, F3,23 = 2,564; *P < 0.05 with

Tukey’s post-hoc test). In this and following figures, in box-and-whisker plots the center lines denote medians, edges are upper and lower

quartiles, whiskers show minimum and maximum values, and points are individual experiments.
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LGI-1 and CASPR2 antibodies enhance
hippocampal field potentials

To further evaluate the effect of AE antibodies on hip-

pocampal circuitry, we performed fEPSPs by directly

stimulating the Schaffer collateral pathway and recording

in the CA1 stratum radiatum. Although the input-output

relationship of fEPSPs was similar between groups

(Fig. 4A), paired-pulse stimulation at half-maximal inten-

sity revealed a reduced PPR in slices from mice injected

with CSF from all the AE patients compared to control

CSF (Fig. 4B). This is consistent with an increase in the

probability of preexisting transmitter release,19,20 specifi-

cally with an increased probability of glutamate release

from CA3 terminals.

As increased glutamate release could result in enhanced

glutamatergic transmission onto CA1 neurons, we then

investigated the predisposition of these neurons to elicit

multiple population spikes following stimulation of the

presynaptic terminals. Orthodromic Schaffer collateral

Figure 3. Effect of AE antibodies on evoked action potential discharge, current voltage relationship, and input resistance in hippocampal

neurons. (A) Action potential (AP) firing patterns in response to 50 pA-stepped depolarizing current injections (600 msec duration; protocol

shown below) from CA1 pyramidal neurons in mice injected with the indicated CSF samples. The plot shows mean (� s.e.m) number of AP at

the different input currents (n = 7 neurons for control CSF, 6 for LGI1, 8 for CASPR2, 6 for GABABR; one-way ANOVA: P = 0.403,

F3,23 = 1.029). (B) Representative subthreshold responses from CA1 pyramidal neurons showing voltage responses to 50 pA-stepped

hyperpolarizing current injections (600 msec) and mean (�s.e.m; left plot) current/voltage plots for the four groups (n = 6 neurons for control

CSF, 6 for LGI1, 8 for CASPR2, 5 for GABABR; one-way ANOVA: P = 0.979, F3,21 = 0.062). (C) The input resistance (Rm; center plot), calculated

from the slope of current/voltage plots following linear regression, and the sag ratio (right plot) do not differ between groups (one-way ANOVA

for Rm: P = 0.678, F3,21 = 0.512; for sag ratio: P = 0.614, F3,21 = 0.613). (D) Example current-clamp recordings (10 pA-stepped depolarizing

current injections; 50 msec), scaled to show the AP threshold, in CA1 pyramidal neurons of mice injected with the indicated CSF samples. The

current needed to fire an AP is indicated below each trace. The plots show similar rheobase current (left) and AP threshold (right) for the four

groups (n = 5 neurons for control CSF, 6 for LGI1, 8 for CASPR2, 5 for GABABR; one-way ANOVA for rheobase current: P = 0.175,

F3,20 = 1.826; for AP threshold: P = 0.713, F3,20 = 0.460).
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stimulation at half-maximal intensity always elicited a sin-

gle population spike in the control group and in slices

from mice injected with the GABABR antibody CSF

(Fig. 4C). However, in slices from mice inoculated with

LGI1 and CASPR2 antibodies containing CSF, secondary

population spikes universally followed the principal popu-

lation spike, consistent with increased epileptiform activ-

ity in these mice (Fig. 4C). Moreover, in these slices, the

principal population spike was considerably larger than

that seen in control slices at all stimulation intensities

(Fig. 4C), while the mean duration of the total response

was unaltered.

Overall, our data indicate that, in contrast to GABABR,

the presence of LGI1 and CASPR2 antibodies in the hip-

pocampus enhances the probability of CA3-CA1 gluta-

matergic synaptic release and that this can cause an

increase in epileptiform activity of CA1 pyramidal neurons.

Discussion

Autoantibodies targeting surface antigens are emerging as a

cause of severe, but potentially treatable, diseases, including

various forms of autoimmune epilepsy.1,2 Functional block-

ing or destabilization of the target receptor, cross-linking,

and internalization have all been proposed to explain

autoantibody effects.12 However, reports of antibody-in-

duced changes in neuronal and synaptic properties are lack-

ing, and hence the electrophysiological pathogenesis of the

clinical features remains understudied.7,11

In this study, the first to use in vivo inoculation of

CSF antibodies for neurophysiological ex vivo studies, we

demonstrate that antibodies targeting LGI1 and CASPR2

are able to boost glutamatergic transmission and increase

epileptic activity of CA1 pyramidal neurons. Such modifi-

cations, happening within 24 h from injection, have a

Figure 4. Effects of AE antibodies on input/output curves, paired-pulse responses, and field potential features in the CA1 area. (A) Mean

(�s.e.m) input/output plot of fEPSPs recorded in the CA1 stratum radiatum in response to a range of Schaffer collateral stimulation intensities

(n = 6 slices for control CSF, 6 for LGI1, 8 for CASPR2, 5 for GABABR). (B) Paired-pulse responses of evoked fEPSPs (50 msec interval) recorded in

the CA1 stratum radiatum following half-maximal Schaffer collateral stimulation for each group (n = 6 experiments for control CSF, 6 for LGI1, 8

for CASPR2, 5 for GABABR; one-way ANOVA: P = 0.001, F3,21 = 8.128; control vs. LGI1: **P < 0.01; control vs. CASPR2: *P < 0.05; control vs.

GABABR: *P < 0.05, with Tukey’s post-hoc test). Stimulus artifacts are truncated for clarity. (C) Examples of population spikes recorded in the

stratum pyramidale following half-maximal Schaffer collateral stimulation in slices from mice injected with patient and control CSF. Stimulus

artifacts are truncated for clarity. The left plot shows that the input-output curves of population spikes are significantly increased for the LGI1-

and CASPR2 containing CSF samples (n = 9 slices for control CSF, 9 for LGI1, 7 for CASPR2, 5 for GABABR; *P < 0.05 for 60–200 µA intensities,

compared to control CSF). Similarly, at half-maximal intensity (center plot), the amplitude of the principal population spike is significantly

increased for the LGI1 and CASPR2 samples (one-way ANOVA: P = 0.0007, F3,26 = 7.815; control vs. LGI1: *P < 0.05; control vs. CASPR2:

*P < 0.05 with Tukey’s post-hoc test). The total duration of the evoked responses (right plot) is unchanged between groups (one-way ANOVA:

P = 0.777, F3,26 = 0.368).
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clear “pro-epileptogenic” effect, and likely represent one

of the pathogenic pathways leading to seizures in LGI1

and CASPR2-associated AE.6 This relative rapidity com-

pared to other studies may be attributable to the direct

hippocampal injections of whole-CSF, which may, there-

fore, provide a higher throughput future model to study

in vivo electrophysiological effects, also on longer time-

scale.

While molecular interactions of LGI1 antibody have

been described, including ADAM22/23;12,21 the presynap-

tic Kv1 channels;10 and/or the postsynaptic involvement

of AMPARs,11,21the reports of LGI1 antibody effect on

hippocampal function are very limited. This is perhaps

surprising given that structural and functional imaging

studies strongly implicate this area as a focus of seizures

in this condition.22 A single study in 2011 has shown

facilitation in mossy fiber-CA3 synapses following incuba-

tion of hippocampal slices with serum LGI1-IgG from a

single patient.23

In our study, we have demonstrated that LGI1 antibod-

ies are able to boost CA3-CA1 glutamatergic synaptic

transmission, increasing epileptiform activity of CA1

pyramidal neurons. This is especially intriguing given the

relatively localized CA3 atrophy seen in patients with

LGI1 antibodies.22 Our results are also complementary to

those recently reported after cerebroventricular infusion

of serum LGI1-IgG in a murine model, where patch-

clamp analysis from dentate gyrus granule cells and CA1

pyramidal neurons highlighted neuronal hyperexcitability

associated with increased glutamatergic transmission and

higher presynaptic release probability.11 Our study, which

utilized whole-CSF and compared the effects of LGI1,

CASPR2, and GABABR antibodies, revealed that neuronal

hyperexcitability differs depending on autoantibody speci-

ficity. Since control CSF did not elicit any alteration in

neuronal firing or synaptic transmission, our results sug-

gest that such properties are directly attributable to LGI1

and CASPR2 antibodies containing CSF. Also, CASPR2

antibodies subtly perturbed intrinsic neuronal properties,

increasing spontaneous AP firing in CA1 neurons. Such

observations will need confirmation and refinement, but

add to the pathophysiological heterogeneity between LGI1

and CASPR2 antibody patients which has already been

postulated from HLA differences.6,24

A facilitation in glutamate release was also observed for

GABABR antibodies. However, Schaffer collateral stimula-

tion failed to identify clear hyperexcitability in CA1 neu-

rons exposed to GABABR Ab, for which early studies

suggest no antigen internalization but altered excitability

on medial temporal networks.18,25 Studies with GABABR

antibodies require future attention.

Despite this study shows that Ab-containing CSF can

provoke early pro-epileptogenic changes, our approach

prevents from drawing firm conclusion on long-term

epileptogenic potential and on the impact of Ab titre.

Future studies might consider multiple testing at different

time points to define temporal evolution of hippocampal

changes, and might implement the use of CSF with differ-

ent Ab titre from large biobanks, to identify dose-effect

relationship. Nonetheless, our technical approach, using

whole CSF and in vivo hippocampal stereotactic injection,

might represent a feasible technique to test the effect of

Ab without limiting interactions with other proteins in

human CSF.

In conclusion, our study provides evidence supporting

a pro-epileptogenic modification of hippocampal neu-

ronal excitability after exposure to human CSF containing

LGI1 and CASPR2 antibodies. Both antibodies exert their

action by enhancing CA3-CA1 glutamatergic synaptic

transmission, with CASPR2 antibodies also producing

slight modifications in CA1 pyramidal neuron intrinsic

activity. GABABR Ab-containing CSF failed to produce

perturbations of synaptic functioning. Further investiga-

tions are needed to confirm these findings and identify

antibody-induced alterations in receptor expression and

functioning that might lead to new treatment strategies.
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Table S1. Patient clinical data.
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