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Research progress in immunotherapy for autoimmune encephalitis

Chen Jing', Tian Yanghua’
(1. Department of Neurology , The Second People’s Hospital of Hefei ;
2. Department of Neurology , The Second Affiliated Hospital of Anhui Medical University)
[Abstract] Autoimmune encephalitis (AE) is the inflammatory disease of the central nervous system that has been found in recent
years and is mediated by autoimmune mechanisms , which is clinically characterized by seizures, movement disorders, behavioral
changes, emotional disorders, cognitive disorders, autonomic dysfunction, and altered level of consciousness. AE can be classified into
different types based on different pathogenic autoantibodies, and most AE patients respond to immunotherapy. Early standard immuno-
therapy is the key to good prognosis and prevention of recurrence.In recent years ,immunotherapy targeting different targets has become
a research hotspot and a new choice for the treatment of AE patients. This article aims to review the research progress of immuno-
therapy for AE.
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BT 1 A A0 RGO BT = WK SR TR )T
SRR BEIRYT , LA MR i P A B A R AR
A 2R 2 55 25 (R SC TR T 25 0 TR R e
[6 Fr) 1 A AT SRR AR B PR

FRTHE NMDAR K2 B WFTE A2, ARSRAT A BN %)
fBEHY AE BIBFSE o ITAER , BT X AE 25 T i O BT 4R it i
Btk , ZI0RCT BT SR AL R B — 2 6 . AT AE
i by A BT S T 22 R TT , #1a) AR R BE K RO PR FORE
Sl

£ % X M

[1] Graus F, Delattre JY, Antoine JC, et al. Recommended diagnostic
criteria for paraneoplastic neurological syndromes[J]. J Neurol Neuro-
surg Psychiatry,2004,75(8) : 1135-1140.

[2] Dalmau J, Tiiziin E, Wu HY, et al. Paraneoplastic anti—-N-methyl—
D-aspartate receptor encephalitis associated with ovarian teratomalJ].
Ann Neurol ,2007,61(1) :25-36.

[3] Probst C,Saschenbrecker S, Stoecker W, et al. Anti—neuronal auto-
antibodies: current diagnostic challenges[J]. Mult Scler Relat Disord,
2014,3(3):303-320.

[4] Graus F,Titulaer MJ,Balu R, et al. A clinical approach to diagnosis
of autoimmune encephalitis[J]. Lancet Neurol,2016,15(4) :391-404.
[5]  HHAE B2 e i B 25 43 o P 0 R YR T35 5 Tl e A 272
L, EAEM, GG, 5 P E A SRR 12 1R F I (2022
RO A 2R R, 2022,8(9) :931-949.

Chinese Society of Neuroinfectious Diseases and Cerebrospinal Fluid
Cytology , Wang JW, Guan HZ, et al. Chinese expert consensus on the di-
agnosis and management of autoimmune encephalitis (2022 edition) [J].
Chin J Neurol ,2022,8(9):931-949.

[6] Nosadini M, Eyre M, Molteni E, et al. Use and safety of immuno-
therapeutic management of N—-methyl-d-aspartate receptor antibody en-
cephalitis : a meta—analysis[J]. JAMA Neurol,2021,78(11):1333-1344.
[7] Titulaer MJ, McCracken L, Gabilondo I, et al. Treatment and prog-
nostic factors for long—term outcome in patients with anti-NMDA recep-
tor encephalitis: an observational cohort study[J]. Lancet Neurol, 2013,
12(2):157-165.

[8] Abboud H, Probasco JC, Irani S, et al. Autoimmune encephalitis:
proposed best practice recommendations for diagnosis and acute man-
agement[J]. ] Neurol Neurosurg Psychiatry,2021,92(7) : 757-768.

[9] Wiseman AC. Immunosuppressive medications[J]. Clin ] Am Soc
Nephrol, 2016, 11(2) :332-343.

[10] Rodriguez A, Klein CJ, Sechi, et al. LGI1 antibody encephalitis:
acute treatment comparisons and outcome[J]. ] Neurol Neurosurg Psy-
chiatry,2022,93(3) :309-315.

[11] Slade JD,Hepburn B. Prednisone—induced alterations of circulat-
ing human lymphocyte subsets[J]. J Lab Clin Med, 1983,101(3) :479-



— 162 —

BERERKFZR 2025 £5 50 E5 2 #5 (Journal of Chongging Medical University 2025.Vol.50 No.2 )

487.

[12] Lahood N, Emerson SS, Kumar P, et al. Antibody levels and re-
sponse lo pneumococcal vaccine in steroid—dependent asthma[J]. Ann
Allergy, 1993,70(4) :289-294.

[13]  hE G2 e 2 EIKTES AN S Bk R T #
LR GERIEPN P TR R P 2 e R R AR
2022,29(6) :437-448.

Neuroimmunology Branch of Chinese Society for Immunology. Chinese
guidelines for intravenous immunoglobulin in the treatment of immune—
mediated neuropathies|J]. Chin J Neuroimmunol Neurol, 2022, 29 (6) :
437-448.

[14] LiTR,Zhang YD, Wang Q, et al. Intravenous methylprednisolone
or immunoglobulin for anti-glutamic acid decarboxylase 65 antibody
autoimmune encephalitis: which is better? [J]. BMC Neurosci, 2020,
21(1):13.

[15] XuX,LuQ,Huang Y,et al. Anti—-NMDAR encephalitis : a single—
center, longitudinal study in China[J]. Neurol Neuroimmunol Neuroin-
flamm,2020,7(1) :e633.

[16] Zuliani L, Nosadini M, Gastaldi M, et al. Management of
antibody-mediated autoimmune encephalitis in adults and children :
literature review and consensus—based practical recommendations|J].
Neurol Sci,2019,40(10) :2017-2030.

[17] Dalakas MC. IgG4-mediated neurologic autoimmunities: under-
standing the pathogenicity of IgG4, ineffectiveness of IVIg, and long—
lasting benefits of anti—B cell therapies[J]. Neurol Neuroimmunol Neuro-
inflamm,2022,9(1) :el116.

[18] Dubey D, Britton J, McKeon A, et al. Randomized placebo—
controlled trial of intravenous immunoglobulin in autoimmune LGI1/
CASPR2 epilepsy[J]. Ann Neurol,2020,87(2):313-323.

[19] Reeves HM, Winters JL. The mechanisms of action of plasma ex-
change[J]. Br ] Haematol 2014 ,164(3) :342-351.

[20]  Suppiej A, Nosadini M, Zuliani L, et al. Plasma exchange in pedi-
atric anti—-NMDAR  encephalitis: a systematic review[J]. Brain Dev,
2016,38(7):613-622.

[21] DeSena AD,Noland DK, Matevosyan K, et al. Intravenous methyl-
prednisolone versus therapeutic plasma exchange for treatment of anti—
N-methyl-D-aspartate receptor antibody encephalitis: a retrospective
review[J]. J Clin Apher,2015,30(4):212-216.

[22] Dogan Onugoren M, Golombeck KS, Bien C, et al. Immunoadsorp-
tion therapy in autoimmune encephalitides[J]. Neurol Neuroimmunol
Neuroinflamm,2016,3(2) :e207.

[23] Fassbender C, Klingel R, Kohler W. Immunoadsorption for auto-
immune encephalitis[J]. Atheroscler Suppl,2017,30:257-263.

[24] Hermetter C, Fazekas F, Hochmeister S. Systematic review : syn-
dromes, early diagnosis, and treatment in autoimmune encephalitis[J].
Front Neurol,2018,9:706.

[25] Boedecker SC, Luessi F, Engel S, et al. Immunoadsorption and
plasma exchange-Efficient treatment options for neurological autoim-

mune diseases[J]. J Clin Apher,2022,37(1):70-81.

[26] Heine J, Ly LT, Lieker I, et al. Inmunoadsorption or plasma ex-
change in the treatment of autoimmune encephalitis: a pilot study[J]. J
Neurol,2016,263(12) :2395-2402.

[27] Kosmidis ML, Dalakas MC. Practical considerations on the use of
rituximab in autoimmune neurological disorders[J]. Ther Adv Neurol
Disord,2010,3(2):93-105.

[28] Thaler FS, Zimmermann L, Kammermeier S, et al. Rituximab
treatment and long—term outcome of patients with autoimmune encepha-
litis : real=world evidence from the GENERATE registry[J]. Neurol Neu-
roimmunol Neuroinflamm,2021,8(6) :e1088.

[29] Dalakas MC. Autoimmune neurological disorders with IgG4 anti-
bodies: a distinct disease spectrum with unique 1gG4 functions respond-
ing to anti—B cell therapies|J]. Neurotherapeutics,2022,19(3) : 741-752.
[30] Strippel C, Heidbreder A, Schulte—-Mecklenbeck A, et al. In-
creased intrathecal B and plasma cells in patients with anti-IgLONS dis-
ease: a case series[J]. Neurol Neuroimmunol Neuroinflamm, 2022, 9
(2):el137.

311 BRI F o2 TIE B SRR g i2ih % 53tk
WL APERERLR,2017,50(2) :91-98.

Chinese society of Neurology. Expert consensus on diagnosis and treat-
ment of autoimmune encephalitis in ChinalJ]. Chin J Neurol, 2017, 50
(2):91-98.

[32] Martin ST, Cardwell SM, Nailor MD, et al. Hepatitis B reactiva-
tion and rituximab: a new boxed warning and considerations for solid or-
gan transplantation[J]. Am J Transplant,2014,14(4) : 788-796.

[33] Carson KR, Evens AM, Richey EA, et al. Progressive multifocal
leukoencephalopathy after rituximab therapy in HIV-negative patients :
a report of 57 cases from the Research on Adverse Drug Events and
Reports Project[J]. Blood, 2009, 113(20) : 4834-4840.

[34] Gourley MF, Austin HA 3rd, Scott D, et al. Methylprednisolone
and cyclophosphamide, alone or in combination, in patients with lupus
nephritis. A randomized, controlled trial[J]. Ann Intern Med, 1996, 125
(7):549-557.

[35] Coiffier B, Lepage E, Briere J, et al. CHOP chemotherapy plus
rituximab compared with CHOP alone in elderly patients with diffuse
large—B—cell lymphoma[J]. N Engl J] Med,2002,346(4) :235-242.

[36] Shin YW, Lee ST, Park KI, et al. Treatment strategies for autoim-
mune encephalitis[J]. Ther Adv Neurol Disord,2018,11:175628561772
2347.

[37] Abboud H, Probasco J, Irani SR, et al. Autoimmune encephalitis:
proposed recommendations for symptomatic and long—term management
[J]. ] Neurol Neurosurg Psychiatry,2021,92(8) :897-907.

[38] Sk RGeS , AR LA, 55 W 22 B MY R IR TP R o AR L
JER OSG4I R B9 PR 5 e 2 MO ()], P AR B2
2018,51(4):281-286.

Guan HZ,Xu XL, Zhu YC, et al. Clinical and immunological analysis of
mycophenolate mofetil treatment in anti-leucine-rich glioma—inactivated
protein 1 encephalitis[J]. Chin J Neurol,2018,51(4):281-286.

[39] Hao XS, Wang JT, Chen C, et al. Effectiveness of mycophenolate



BERERKFZR 2025 £5 50 £5 2 #5 (Journal of Chongging Medical University 2025.Vol.50 No.2 )

— 163 —

mofetil in the treatment of pediatric anti—-NMDAR encephalitis : a retro-
spective analysis of 6 cases|J]. Front Neurol,2020, 11:584446.

[40] Nosadini M, Gadian J, Lim M, et al. Mycophenolate mofetil in
paediatric autoimmune or immune—-mediated diseases of the central ner-
vous system: clinical experience and recommendations[J]. Dev Med
Child Neurol,2019,61(4) : 458-468.

[41] Lee WJ, Lee ST, Byun JI, et al. Rituximab treatment for autoim-
mune limbic encephalitis in an institutional cohort[J]. Neurology, 2016,
86(18):1683-1691.

[42] Kang SJ, Tanaka T, Kishimoto T. Therapeutic uses of anti—
interleukin—6 receptor antibody[J]. Int Immunol,2015,27(1):21-29.
[43] Erta M, Quintana A, Hidalgo J. Interleukin-6,a major cytokine in
the central nervous system[J]. Int J Biol Sci,2012,8(9) : 1254—1266.
[44] Cantarin-Extremera V, Jiménez—Legido M, Duat—-Rodriguez A,
et al. Tocilizumab in pediatric refractory status epilepticus and acute epi-
lepsy:experience in two patients[J]. J Neuroimmunol,2020,340:577142.
[45] Lee WJ, Lee ST, Shin YW, et al. Teratoma removal, steroid,
IVIG, rituximab and tocilizumab (T-SIRT) in anti—-NMDAR encephali-
tis[J]. Neurotherapeutics,2021,18(1) :474-487.

[46] Yamaguchi Y, Furukawa K, Yamamoto T, et al. Multifocal en-
cephalopathy and autoimmune-mediated limbic encephalitis following
tocilizumab therapyl[J]. Intern Med,2014,53(8) : 879-882.

[47] Krogias C, Hoepner R, Miiller A, et al. Successful treatment of
anti—Caspr2 syndrome by interleukin 6 receptor blockade through tocili-
zumab[J]. JAMA Neurol ,2013,70(8) : 1056-1059.

[48] Benucci M, Tramacere L, Infantino M, et al. Efficacy of tocili-
zumab in limbic encephalitis with anti-CASPR2 antibodies[J]. Case
Rep Neurol Med, 2020,2020:5697670.

[49] Jaafar F, Haddad L, Koleilat N, et al. Super refractory status epi-
lepticus secondary to anti—GAD antibody encephalitis successfully
treated with aggressive immunotherapy[J]. Epilepsy Behav Rep, 2020,
14:100396.

[50] Randell RL, Adams AV, Van Mater H. Tocilizumab in refractory
autoimmune encephalitis: a series of pediatric cases|]J]. Pediatr Neurol ,
2018,86:66-68.

[51] van Steenhoven RW, Titulaer MJ. Seronegative autoimmune en-
cephalitis : exploring the unknown[J]. Brain, 2022, 145(10) : 3339-3340.
[52] Lee WJ, Lee HS, Kim DY, et al. Seronegative autoimmune en-
cephalitis: clinical characteristics and factors associated with outcomes
[J]. Brain, 2022, 145(10) :3509-3521.

[53] Nosadini M, Thomas T, Eyre M, et al. International consensus rec-
ommendations for the treatment of pediatric NMDAR antibody encepha-
litis[J]. Neurol Neuroimmunol Neuroinflamm,2021,8(5) :e1052.

[54] Malek TR, Castro . Interleukin-2 receptor signaling: at the inter-
face between tolerance and immunity[J]. Immunity,2010,33(2) : 153-
165.

[55] Liao W, Lin JX, Leonard WJ. Interleukin—2 at the crossroads of
effector responses , tolerance , and immunotherapy[J]. Immunity, 2013,38

(1):13-25.

[56] Yu AX,Zhu LJ, Altman NH, et al. A low interleukin-2 receptor
signaling threshold supports the development and homeostasis of T regu-
latory cells[J]. Immunity , 2009 ,30(2) : 204-217.

[57] Yu AX, Snowhite I, Vendrame F, et al. Selective IL-2 responsive-
ness of regulatory T cells through multiple intrinsic mechanisms sup-
ports the use of low—dose IL-2 therapy in type 1 diabetes[J]. Diabetes,
2015,64(6):2172-2183.

[58] Saadoun D, Rosenzwajg M, Joly F, et al. Regulatory T—cell re-
sponses to low—dose interleukin—2 in HCV-induced vasculitis[J]. N
Engl J] Med,2011,365(22) :2067-2077.

[59] He J,Zhang X, Wei YB, et al. Low—dose interleukin-2 treatment
selectively modulates CD4" T cell subsets in patients with systemic lu-
pus erythematosus[J]. Nat Med,2016,22(9) :991-993.

[60] Lim JA,Lee ST, Moon J, et al. New feasible treatment for refrac-
tory autoimmune encephalitis : low—dose interleukin—2[J]. J Neuroimmu-
nol,2016,299:107-111.

[61] Tto S. Proteasome inhibitors for the treatment of multiple myeloma
[J]. Cancers,2020,12(2) :265.

[62] Sun B, Ramberger M, O’ Connor KC, et al. The B cell immunobi-
ology that underlies CNS autoantibody—mediated diseases[J]. Nat Rev
Neurol ,2020,16(9) : 481-492.

[63] Scheibe F, Priiss H, Mengel AM, et al. Bortezomib for treatment
of therapy—refractory anti—-NMDA receptor encephalitis[J]. Neurology,
2017,88(4):366-370.

[64] Behrendt V, Krogias C, Reinacher-Schick A, et al. Bortezomib
treatment for patients with anti-N-methyl-d-aspartate receptor en-
cephalitis[J]. JAMA Neurol,2016,73(10):1251-1253.

[65] Sveinsson O, Granqvist M, Forslin Y, et al. Successful combined
targeting of B— and plasma cells in treatment refractory anti-NMDAR
encephalitis[J]. ] Neuroimmunol ,2017,312:15-18.

[66] Shin YW, Lee ST, Kim TJ, et al. Bortezomib treatment for severe
refractory anti-NMDA receptor encephalitis[J]. Ann Clin Transl Neurol,
2018,5(5):598-605.

[67] Foran E, Kwon DY, Nofziger JH, et al. CNS uptake of bortezomib
is enhanced by Pglycoprotein inhibition : implications for spinal muscu-
lar atrophy[J]. Neurobiol Dis,2016,88:118-124.

[68] O’ Riordan D, Houghton J, Chisholm R, et al. Breathless on bort-
ezomib|J]. BMJ Case Rep,2011,2011:bcr0320114028.

[69] Hou M, Eriksson E, Svechnikov K, et al. Bortezomib treatment
causes long—term testicular dysfunction in young male mice[J]. Mol Can-
cer,2014,13:155.

[70] Lokhorst HM, Plesner T, Laubach JP, et al. Targeting CD38 with
daratumumab monotherapy in multiple myelomalJ]. N Engl J Med,
2015,373(13):1207-1219.

[71] Ratuszny D, Skripuletz T, Wegner F, et al. Case report: daratu-
mumab in a patient with severe refractory anti-NMDA receptor encepha-
litis[J]. Front Neurol,2020,11:602102.

[72]  Scheibe F, Ostendorf L, Reincke SM, et al. Daratumumab treat-

ment for therapy-refractory anti-CASPR2 encephalitis[J]. J Neurol,



— 164 —

BERERKFZR 2025 £5 50 E5 2 #5 (Journal of Chongging Medical University 2025.Vol.50 No.2 )

2020,267(2):317-323.

[73]  Scheibe F, Ostendorf L, Priiss H, et al. Daratumumab for
treatment—refractory antibody-mediated diseases in neurology[J]. Eur J
Neurol,2022,29(6) : 1847-1854.

[74] Levy M, Fujihara K, Palace J. New therapies for neuromyelitis op-
lica spectrum disorder[J]. Lancet Neurol ,2021,20(1) : 60-67.

[75] Cree BAC, Bennett JL, Kim HJ, et al. Inebilizumab for the treat-
ment of neuromyelitis optica spectrum disorder (N-MOmentum) : a
double=blind, randomised placebo—controlled phase 2/3 trial[J]. Lancet,
2019,394(10206) : 1352-1363.

[76] Klein C, Lammens A, Schifer W, et al. Epitope interactions of
monoclonal antibodies targeting CD20 and their relationship to func-
tional properties[J]. MAbs,2013,5(1):22-33.

[77]  Semple KM, Gonzaléz CM, Zarr M, et al. Evaluation of the ability
of immune humanized mice to demonstrate CD20-specific cytotoxicity
induced byOfatumumablJ]. Clin Transl Sci,2019,12(3) :283-290.

[78] Zhang R, Wang L, Tao YL, et al. The case report of MOG and
NMDAR IgG double positive encephalitis treated with subcutaneous ofa-
tumumablJ]. Front Immunol, 2023, 14:1183488.

[79] Xue HF, Jiang YS, Qin LZ, et al. Ofatumumab, a fully human
anti—CD20 monoclonal antibody, in the treatment of severe refractory
anti—-N-methyl-D—aspartate receptor encephalitis: two case reports[J].
Ann Indian Acad Neurol,2023,26(5) :774-777.

[80] Chen KL, Yang L, Xu L, et al. Ofatumumab for the treatment of
refractory anti—LGI1 encephalitis with long—term poor blood glucose
control in type 1 diabetes[J]. CNS Neurosci Ther,2023,29(12) : 4172-
4174.

[81] Zhou QM, Yin D, Ma JF, et al. The therapeutic effect of ofatu-
mumab in autoimmune encephalitis: a case series[J]. J Neuroimmunol,
2023,377:578062.

[82] Eaton JE, Kleinholz—Owens P, Sriram S, et al. Intrathecal
methotrexate—another tool for the treatment of refractory autoimmune
encephalitis—single institution cohort and literature review[J]. J Neurol
Sci,2021,431:120042.

[83] Liba Z,Sebronova V, Komarek V, et al. Prevalence and treatment
of anti-NMDA receptor encephalitis[J]. Lancet Neurol,2013,12(5):
424-425.

[84] Yang XZ,Zhu HD, Ren HT, et al. Utility and safety of intrathecal
methotrexate treatment in severe anti—-N-methyl-D—aspartate receptor
encephalitis : a pilot study[J]. Chin Med J,2018,131(2) : 156-160.

[85] Tatencloux S, Chretien P, Rogemond V, et al. Intrathecal treat-
ment of anti-N-Methyl-D-aspartate receptor encephalitis in children

[J]. Dev Med Child Neurol,2015,57(1) :95-99.

[86] Wang DM, Wu YM, Ji Z, et al. A refractory anti-NMDA receptor
encephalitis successfully treated by bilateral salpingo—oophorectomy
and intrathecal injection of methotrexate and dexamethasone: a case re-
port[J]. J Int Med Res,2020,48(10) :300060520925666.
[87] Bhojwani D, Sabin ND, Pei D, et al. Methotrexate—induced neuro-
toxicity and leukoencephalopathy in childhood acute lymphoblastic leu-
kemialJ]. J Clin Oncol,2014,32(9) :949-959.
[88] Polman CH, O’ Connor PW, Havrdova E, et al. A randomized,
placebo—controlled trial of natalizumab for relapsing multiple sclerosis
[J]. N Engl J] Med,2006,354(9) :899-910.
[89] Bastiaansen AEM, de Jongste AHC, de Bruijn MAAM, et al.
Phase Il trial of natalizumab for the treatment of anti-Hu associated
paraneoplastic neurological syndromes[J]. Neurooncol Adv,2021,3(1):
145.
[90] Hottinger AF,de Micheli R, Guido Vet al. Natalizumab may con-
trol immune checkpoint inhibitor-induced limbic encephalitis[J]. Neu-
rol Neuroimmunol Neuroinflamm,2018,5(2) :e439.
[91] Howard JF Jr,Bril V,Burns TM, et al. Randomized phase 2 study
of FcRn antagonist efgartigimod in generalized myasthenia gravis|J].
Neurology,2019,92(23) :2661-2673.
[92] Howard JF Jr,Bril V, Vu T, et al. Safety, efficacy, and tolerability
of efgartigimod in patients with generalised myasthenia gravis(ADAPT) :
a multicentre, randomised, placebo—controlled, phase 3 trial[J]. Lancet
Neurol,2021,20(7) :526-536.
[93] Heo YA. Efgartigimod Alfa in generalised myasthenia gravis: a
profile of its use[J]. CNS Drugs,2023,37(5) :467-473.
[94] Bril V,Druzdz A, Grosskreutz J, et al. Safety and efficacy of roza-
nolixizumab in patients with generalised myasthenia gravis (MycarinG ) :
a randomised , double=blind, placebo—controlled , adaptive phase 3 study
[J]. Lancet Neurol ,2023,22(5) : 383-394.
[95] Bien CG, Vincent A, Barnett MH, et al. Immunopathology of
autoantibody—associated encephalitides: clues for pathogenesis|J]. Brain,
2012,135(Pt5):1622-1638.
[96] Zrzavy T,Endmayr V,Bauer J, et al. Neuropathological variability
within a spectrum of NMDAR=-encephalitis[J]. Ann Neurol, 2021, 90
(5):725-737.
[97] Martinez—Hernandez E, Horvath J, Shiloh-Malawsky Y, et al.
Analysis of complement and plasma cells in the brain of patients with
anti-NMDAR encephalitis[J]. Neurology,2011,77(6) : 589-593.
(42t dit: J— )
A5 A
TR @A B & IR R0 SR a T A ). R EAR S
#4%,2025,50(2):158-164.



