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Global profiling of synaptic autoantibodies reveals a mode of
action of anti—-LGI1 autoantibodies in limbic encephalitis
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Summary of thesis contents

Global profiling of synaptic autoantibodies reveals a mode of action of

anti-LGI1 autoantibodies in limbic encephalitis

More than 30 mutations in human LGI1, a secreted neuronal protein, have been
reported with autosomal dominant lateral temporal lobe epilepsy. Consistent with
human genetic evidence, LGI1 homozygous knockout (KO) mice display repeated
generalized seizures and die within three weeks after birth. LGI1 heterozygous KO
mice exhibit increased susceptibility to seizure-inducing stimuli. The pivotal role of
LGI1 in epileptic disorders was further expanded with the recent discovery of LGI1
autoantibodies in patients with autoimmune limbic encephalitis (LE), which is
characterized by amnesia and seizures. Here, | aimed to clarify a pathogenic role and a

mode of action of LGI1 autoantibodies in LE.

To select the sera containing LGI1 autoantibodies and cover as many autoantibodies as
possible, | analyzed human serum samples from 145 patients who were diagnosed with
immune-mediated neurological disorders including LE, neuromyotonia (NMT:
characterized by peripheral nerve hyperexcitability), Morvan syndrome (MoS:
characterized by peripheral nerve hyperexcitability with neuropsychiatric features), and
so on. First, I screened serum antibodies for binding to the cell surface of cultured rat
hippocampal neurons. The serum from 48 patients bound to the neuronal cell surface.
Target proteins were then immunoprecipitated from cultured neurons with the bound
serum antibodies and identified using mass spectrometry. Then, to directly determine
the cell-surface antigen of serum antibodies, the identified candidate proteins were
displayed on the surface of COS7 cells and the serum antibodies were tested for the
binding to the cells. | obtained 44 serum samples with LGI1 autoantibodies and found
the presence of autoantibodies against two more known and seven novel target antigens.
| also found that some patients had multiple autoantibodies against different target
antigens. To investigate the relative contribution of individual autoantibodies to diseases,
| developed the quantitative cell-based ELISA test against LGI1, CASPR2, DCC, and
DPP10, the top four of frequent autoantigens in the present screening. | applied this
ELISA test to all the serum samples from 145 patients, and found that 85.3% (29/34) of
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patients with high levels of LGI1 autoantibodies had been diagnosed with LE, and most
of these LE patients (89.7%, 26/29) had only the LGI1 autoantibody. In contrast, 75.0%
(9/12) of patients with CASPR2 autoantibodies had been diagnosed with NMT/MoS,
and all these patients concurrently had multiple autoantibodies to LGI1, DCC, and/or
DPP10. These results indicate that among identified autoantibodies, LGI1
autoantibodies play an exclusive role in LE.

I next explored a mode of action of LGI1 autoantibodies. | asked whether the LGI1
autoantibody directly affects the interaction of LGI1 with its major receptor, ADAM22.
When COS7 cells displaying LGI1 tagged with FLAG-GPI at the cell surface were
incubated with the soluble extracellular domain of ADAM22 (ADAM22ex-HA),
ADAM22ex-HA specifically bound to LGI1-FLAG-GPI at the cell surface. In contrast,
when cells were pre-treated with serum #8 from a patient with LE, which contains
monospecific antibodies to LGI1, the antibodies inhibited the interaction of
LGI1-FLAG-GPI with ADAM22ex-HA in a dose-dependent manner and by targeting
the ADAMZ22 binding domain of LGI1 (EPTP domain). In addition, most of sera from
patients with LE, containing monospecific LGI1 antibodies, significantly inhibited the
LGI1-ADAM?22 interaction. Next, to examine the disease specificity of the effect of
LGI1 autoantibodies on the LGI1-ADAM22 interaction, | reassessed the inhibitory
effect of all the anti-LGI1 sera from patients with LE and NMT. Importantly, anti-LGI1
sera from patients with LE significantly inhibited the LGI1-ADAMZ22 binding,
whereas anti-LGI1 sera from patients with NMT did not. Taken together, these results
strongly suggest that the antibody-mediated inhibition of the LGI1-ADAM22

interaction is a pathogenic mechanism for LE.

I next investigated whether LGI1 autoantibodies inhibit the interaction of endogenous
LGI1 with ADAM22. When ADAM22 was immunoprecipitated from cultured rat
hippocampal neurons treated with control serum, LGI1 was efficiently
coimmunoprecipitated. In contrast, when neurons were pretreated with the patient
serum, the amount of coimmunoprecipitated LGI1 was significantly reduced. It has
been reported that in LGI1 KO mice AMPA receptor-mediated synaptic transmission is
reduced in the hippocampus and lethal epilepsy inevitably occurs. However, it remains

unclear whether acute disruption of the LGI1-ADAM22 interaction affects synaptic
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AMPA receptors. | found that the treatment of cultured neurons with the patient serum
significantly reduced the number of synaptic AMPA receptors. Furthermore, disruption
of LGI1-ADAM22 interaction by soluble extracellular domain of ADAM22 was
sufficient to reduce synaptic AMPA receptors. Consistently, | observed that levels of
AMPA receptor were greatly reduced in the hippocampal dentate gyrus in the epileptic
LGI1 KO mouse. Thus, either genetic or acquired loss of the LGI1-ADAM?22
interaction reduces the AMPA receptor function to cause epileptic disorders. These
results suggest that by finely regulating the synaptic AMPA receptors, LGI1-ADAM22

interaction maintains physiological brain excitability throughout life.
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TAMDNMITERBENPN L OMRERTEO—HITHBRMETH 5D, Leucine-rich
glioma inactivated (LGI1) BB TOLERIIHHEOE M OBMEMEMIAE TANA DR
KEpdZ &b, LINIMOZERBEMEMERICEREREHLZH - TWNDHEEZXH
NTWo, ZHETIC, HEFEOFET 298 E X, 1) 2 WE B ELCI1AADAM225Z 2
BWEMRALTAMPARIZ V2 I VIBBSRIEKE N LTIy T 7 ABREEZRIEHTHZ &, £ L
T, 2) LCIIRBE~~ UV ATEH YT A EERFIZLD |, A%2-3HEM TEEMET AN
BT LI ERE L TE, —HFI< &, WBADOHIEE LT DEEEST
WIVAREZ B L+ 2 B 2R IN e B S PICHILGITE CHUADN LT
LD ENHESINZ, L2, BOmEEMARERIZEIZ< o AREN I T
BY., LGIIECHEN MO B APR & I LT EIE L8R < LRI O FAE & B
TLHDO, Flo. LCITH CHERDOIEAEME XA TH - 7,

KINFEEFRITZ DL D 2R T, LGI1 OBEREMREICE D TANA - TV AR
Bt 2z o T 57202, TL6IL H AR & xRN RIIE & OB B L VLGIL
BN ED LI L THBEMRELBIEEZITON] LW HREICHY HAL,
F9. EAD 145 4 OB RIMK Z & e B O 00 MK B o B M5 & /50 12 if
Fri, MRiERZETH2BENAETLIACHE L LT, LGIL iEZE0EAOL DI
Sz DCC, DPP10, GABA,Z AR L THEOFM A CHALZ A L7, 61, Zb
B O AR ORINES %2 EELT 2720 ELISA AL (ZHEPUAMH E L)
ZBAZE L. LGIL IS/ 2 A UM D Z 2330 R MM R FEAE & A od T WAHBE 278 3 2
Ehk R U CRREME 94%, BEPERY A =R 85%, LGI1 HMBI 5 90%), = HIZ, LGI1 H
FURDIER T O 28D . L6I1 A PRI L6I1 & Z DX FEIRToH D ADAM22 & D
FEAEZMETLZZLICID, MANOBEENE Y 7 ARZED KED %2 5 AMPA %% 75 (K 1%
A TFSES 2 2H LN L, AMPA Z R RITIN O BLE M > ) 7 A 52 O KE 5y
EHW LB FEHORBZR T EEZEXAOLNTWVAH I &6 L6111 B OHRIZ X 2D AMPA
AN R HE RE A D B FE 1N R R I R O FLIEEES CANAERZI S/ 3 2 &3
AR EInTe, RFFRARRIT. 1) UHRRMEROMEZW I L ORI R O EIZA
FEHMREAMAEEZMIE L, 2) L6I1 B PR &R MK RAE & o B % B 12
AL, 3) TWilA « TANAIREIZK T 5 L6I1 & ADAM22 O B FME A 7R L 72 AT,
Ao, WREZOWMME»OEREVWEEIDLND, SHIT, LGl MEREIT N E
TEMEME (R MBEETCAPADORRKEE LTHEAZIBRTE 2N, SEOHFRIC
LV, HBRMIC LGIT & ADAM22 OFEAENIHEINTHL TANAREREREIND Z &
WA ST o T2, ABFZEIE. LGIL & ADAM22 DS S ITM N L E R BB RIE 2 T 5
iz, —EEZBEUTCHERARR VAT ATHAS Z &, £72 L6I1 & ADAM22 (X Z
NETEFRRD TADLPAVAIEOENBEME 2D L ERBT LD TH D,

ARFFEIL, TLGIT OBEEEMAEIZ XD TADAREE DM, 725 ONZ L6I1 oA H
BERE DB ) ZWH9E T —~ 2. A%, o FAEWY . MIRAY 5O FIE % BRAE
LT, ZBEMREEMIEZERL TiITbh b0 ThH D, £z, RINKIETAMFIEAR
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