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SUMMARY Purpose: Limbic encephalitis (LE) is a central nervous system (CNS) disease characterized by subacute onset of memory loss and epileptic seizures. A well-recognized form of LE is associated with voltage-gated potassium channel complex antibodies (VGKC-Abs) in the patients’ sera. We aimed to test the hypothesis that purified immunoglobulin G (IgG) from a VGKC-Ab LE serum would excite hippocampal CA3 pyramidal cells by reducing VGKC function at mossy-fiber (MF)-CA3 pyramidal cell synapses. Methods: We compared the effects of LE and healthy control IgG by whole-cell patch-clamp and extracellular recordings from CA3 pyramidal cells of rat hippocampal acute slices. Results: We found that the LE IgG induced epileptiform activity at a population level, since synaptic stimulation



Limbic encephalitis (LE) is a central nervous system (CNS) autoimmune disease characterized by memory loss, psychologic disturbance, and epileptic seizures; it is usually associated with high signal in the hippocampal regions of the medial temporal lobe(s) on magnetic resonance imaging (MRI). Although traditionally found in patients with specific tumors (Dalmau & Rosenfeld, 2008), it is increasingly recognized in patients without tumors and with serum antibodies that immunoprecipitate a-dendrotoxin (a-DTX)– binding voltage-dependent K+ channel (VGKC, subunits Kv1.1, Kv1.2, and Kv1.6) complexes extracted from mammalian brain tissue (Buckley et al., 2001; Thieben et al., 2004; Vincent et al., 2006). Immunotherapies that reduce the VGKC–antibody (Ab) levels lead to substantial clinical improvement, strongly suggesting that antibodies are causAccepted August 31, 2010; Early View publication November 3, 2010. Address correspondence to Dr. Marco Capogna, MRC Anatomical Neuropharmacology Unit, Mansfield Road, Oxford, OX1 3TH, U.K. E-mail: [email protected] Wiley Periodicals, Inc. ª 2010 International League Against Epilepsy



elicited multiple population spikes extracellularly recorded in the CA3 area. Moreover, the LE IgG increased the rate of tonic firing and strengthened the MF-evoked synaptic responses. The synaptic failure of evoked excitatory postsynaptic currents (EPSCs) was significantly lower in the presence of the LE IgG compared to the control IgG. This suggests that the LE IgG increased the release probability on MF-CA3 pyramidal cell synapses compared to the control IgG. Interestingly, a-dendrotoxin (120 nM), a selective Kv1.1, 1.2, and 1.6 subunit antagonist of VGKC, mimicked the LE IgG-mediated effects. Conclusions: This is the first functional demonstration that LE IgGs reduce VGKC function at CNS synapses and increase cell excitability. KEY WORDS: Limbic encephalitis, Synaptic transmission, Hippocampal mossy fiber, Leucine-rich glioma-inactivated gene-1 (Lgi1), K+ channels, a-Dendrotoxin.



ing this condition (Vincent et al., 2004). The sera of patients with LE strongly label mossy fibers (MFs), apparently colocalizing with Kv1.1 and also partly overlapping with Kv1.2 subunits, other hippocampal axon terminal areas, cerebellum, and to a less extent spinal cord (Kleopa et al., 2006). Because Kv1.1 channels play crucial roles in hippocampal excitability and nerve conduction (Dodson & Forsythe, 2004), it seems likely that these channels or associated proteins are the main target for the VGKC-Abs. Indeed, Kv1.1 knockout mice develop seizures (Smart et al., 1998; Rho et al., 1999) resembling both electrographic and behavioral features observed in rodent models of temporal lobe epilepsy (Wenzel et al., 2007). Hence, alteration of VGKC function at hippocampal MFs is likely an essential mechanism underlying the clinical phenotypes of LE, such as seizures, agitation, hallucinations, and memory impairment. The aim of this study was to test the hypothesis that the immunoglobulin G (IgG) of the VGKC-Ab LE patient enhances pyramidal cell excitability and hippocampal MF neurotransmission by affecting the function of a-DTXsensitive VGKCs.
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Material and Methods Preparation of acute slices All procedures involving animals were performed according to methods approved by the United Kingdom Home Office and The Animals (Scientific Procedures) Act, 1986. Every effort was made to minimize the number of animals used and their suffering. Male postnatal day 14–24 Sprague-Dawley rats were anesthetized with inhalation of isoflurane, decapitated, and their brain quickly removed and placed into ice-cold high-magnesium artificial cerebrospinal fluid (ACSF; composition in mM: 85 NaCl2, 25 NaHCO3, 2.5 KCl, 1.25 NaH2PO4, 0.5 CaCl2, 7 MgCl2, 10 glucose, 75 sucrose) saturated with 95% O2 and 5% CO2, at pH 7.3. Horizontal sections (325 lm) were prepared consisting of the dorsal hippocampus and attached entorhinal cortex, which were allowed to recover in recording ACSF (same as in the preceding text, but 130 NaCl2, 2 CaCl2, 2 MgCl2) at room temperature for at least 45 min. Next, slices were transferred to another storage containing the preceding ACSF and treated in either the LE or control IgG at room temperature for at least 2 h before and during the recording. IgG preparation and application to the slices, immunohistochemistry IgG was purified using protein G sepharose (SigmaAldrich, Poole, United Kingdom) from the plasma of one patient with highly increased VGKC antibodies (>5,084 pM at first testing; control values 80% of Epilepsia, 52(1):121–131, 2011 doi: 10.1111/j.1528-1167.2010.02756.x



patients with LE (Irani et al., 2010). It will be interesting to study the longer term effects of these ‘‘VGKC’’ antibodies on acute slices or organotypic slice cultures (Ghwiler et al., 1997) and by injection in vivo. In conclusion, our study establishes that LE IgG enhances CA3 pyramidal cell excitability and desynchronizes the excitatory input coming from MF onto these cells, and that this is likely to be due to an effect on a-DTX-sensitive VGKCs. Details of the LE IgG mechanisms will need to be addressed in future studies, perhaps by using expression cellular systems that are more accessible than MF-CA3 synapses in situ. It will be important to determine whether LE IgGs reduce the number of functional VGKCs or rather affect channel kinetics, although under the conditions that we use (room temperature, short incubation), a direct effect is more likely. Hopefully future studies will clarify how binding of LE IgG to Lgi1 interferes with VGKC function. It could be by inducing an alteration of the VGKC conformation, by directly interfering with the ion pore, or by involving some type of intracellular signaling pathway. Whatever the exact nature of LE IgG action, our results suggest that drugs acting specifically as openers of VGKC might help to protect the hippocampus from immune-mediated damage.
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