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Anti-kelchlike protein 11 (KLHL11) encephalitis was first reported in 2019. This disease is very rare. The prevalence is higher in men than in women. Few female cases have been described. The most common clinical manifestations of this disease are syndromes affecting the brainstem and cerebellum. There are few reports on epilepsy and hallucinations as main clinical manifestations of KLHL11 encephalitis. We report a case of KLHL11 encephalitis in a female with epilepsy and hallucinations as the primary symptom. Her EEG showed a large number of epileptiform waves could be seen in the bilateral temporal and sphenoid areas during the waking and sleeping stages. Her head MRI was normal. No tumors were found using PET/CT scan and tumor marker measurements. Her symptoms recurred and worsened soon after treatment with immunoglobulin and methylprednisolone. Fortunately, epilepsy and hallucinations were effectively controlled after six times of subcutaneous injection of ofatumumab. Ofatumumab is a CD20 monoclonal antibody that induces B cell depletion. Current studies show that KLHL11 encephalitis is mediated by T cell immunity. However, in this case, satisfactory clinical effects were observed using CD20 monoclonal antibodies to treat KLHL11 encephalitis. This is the first report of induced B cell depletion in the treatment of KLHL11 encephalitis. This may provide a potential treatment option for KLHL11 encephalitis.
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Introduction

Anti-kelchlike protein 11 (KLHL11) antibodies were first discovered in 2019 by Deutscher and Mandel-Brehm et al (1). This antibody is directed against the intracellular KLHL11 antigen, which is commonly associated with malignant tumor (2). KLHL11 antibody encephalitis, also known as KLHL11 antibody-associated paraneoplastic syndrome (PNS), is a very rare disease. Anti-KLHL11 antibodies can be identified by serum and cerebrospinal fluid antibody testing. Due to its intracellular localization, the primary pathogenic mechanism of KLHL11-PNS is thought to be T cell mediated (3). Clinical manifestations include cerebellar syndrome with brainstem symptoms, in addition to which symptoms may be associated with hearing loss, diplopia, vertigo, and ataxia. Studies have reported that KLHL11 antibodies are closely associated with testicular germ cell tumors (1), and few female cases have been described so far. Treatment of the disease is less effective. Most patients with KLHL11 encephalitis respond poorly to immunotherapy and tumor treatments, seriously affecting the effectiveness of treatment (3). In this case, the patient was female and had a poor response to conventional immunoglobulin therapy. After a short-term relapse, we treated this patient with ofatumumab. Ofatumumab is a fully human anti-CD20 monoclonal antibody that was approved for marketing in 2009 for the treatment of chronic lymphocytic leukemia (4). In addition, this monoclonal antibody has also been used to treat rheumatoid arthritis (5) and multiple sclerosis (6) in recent years. However, the efficacy of ofatumumab in KLHL11-positive encephalitis has not been reported. The case we report is a patient with KLHL11-positive encephalitis who relapsed shortly after immunoglobulin therapy. While she has received six doses of ofatumumab, she has had no recurrences or infections so far.





Case presentation

A 66-year-old female patient began to experience narcolepsy in April 2022. Each episode of drowsiness lasted 10-30 minutes and occurred once every 2-3 days. She often had hallucinations and used to feel like there were strangers walking around her home. She had many dreams at night and shouted in her sleep. She went to a psychiatry department and was diagnosed with anxiety disorder and sleep disorder. She received oral treatment with sertraline and tandospirenone citrate tablets. She began to experience episodic falls accompanied by convulsions in June 2023. This symptom lasted for about 1 minute and resolved on her own, and occured 5-10 times a day. She often had hallucinations. The symptoms of episodic falls gradually worsened, and he was hospitalized on June 20, 2023. She suffered a minor concussion due to trauma in 1998 and suffered from cystitis in 2010. She denied poisoning and family illness.

The electroencephalogram showed that a large number of epileptiform waves could be seen in the bilateral temporal and sphenoid areas during the waking and sleeping stages. Analysis of cerebrospinal fluid showed normal intracranial pressure (165 mm H2O), normal leukocytes (1×106), normal protein (0.28g/l) and normal glucose (2.75mmol/l). Lupus anticoagulant factor LA1 28.6sec (reference value 31-44sec), lupus anticoagulant factor LA2 29.6sec (reference value 30-38sec), antinuclear antibody 1:320 (reference value <=1:100), anti-SSA antibody 6.5 AI (reference value <1 AI), anti-SSA60 antibody 6.5AI (reference value <1 AI). Neuron-specific enolase 23.9ng/ml (reference value 0-16.3ng/ml). The remaining tumor markers were negative (including human epididymal protein 4, abnormal prothrombin, alpha-fetoprotein, glycan antigen 125, glycan antigen 153, glycan antigen 199, glycan antigen 50, glycan antigen 72-4, carcinoembryonic antigen, squamous cell-associated antigen, cytokeratin fragment 19). The transfection cytology methods were used to detect autoimmune encephalitis antibodies (NMDAR, AMPAR1, AMPAR2, LGI1, CASPR2, GABABR, DPPX, IgLON5, GlyRα1, GABAARα1, GABAARβ3, mGluR1, mGluR5, D2R, Neurexin-3α, GAD65, KLHL11, gAChR, AQP4, MOG, GFAP) in cerebrospinal fluid and serum. KLHL11 IgG was detected positive in her serum (1:100, Figure 1B) and cerebrospinal fluid (1:1, Figure 1A).




Figure 1 | The fluorescence images of KLHL-11 IgG positive in serum and cerebrospinal fluid. (A) Fluorescent antibody staining for expression of KLHL-11 antibody in the first CSF of the patient. (B) Fluorescent antibody staining for expression of KLHL-11 antibody in the first blood of the patient.



Other test indicators showed no abnormalities, including blood cell count, liver function, renal function, blood lipids, blood glucose, thyroid function, muscle enzymes, antineutrophil cytoplasmic antibodies, Aβ amyloid 1-42, human phosphorylated tau-181. and coagulation function. MRI scans of the head were normal (Figure 2). The electrocardiogram was normal. Color ultrasound of the heart was normal. Ultrasound of the vaginal uterine appendages was normal. The PET/CT examination of whole-body showed no obvious metabolic signs of malignant tumors and no obvious abnormal hypermetabolic signs in the brain.




Figure 2 | The radiology images. (A-C) The cross-sectional T2 FLAIR MRI. (D-F) The sagittal T1 FLAIR MRI.



She was diagnosed with KLHL11 encephalitis and was treated with immunoglobulin (0.4 mg/kg for 5 days). In addition, she also received methylprednisolone treatment (500 mg/d, reduced by half every 3 days) and was discharged after 12 days of treatment. After discharge, he was treated with prednisone acetate tablets (40 mg per day, gradually reduced to 8 mg for long-term maintenance) and sodium valproate sustained-release tablets. She was readmitted to the hospital due to recurrent epileptic seizures in September 2023. In addition, her symptoms included cognitive decline, hallucination, restlessness at night and shouting in the sleep. No obvious abnormalities were found in the plain scan and enhanced scan of brain MRI. The electroencephalogram showed that a large number of epileptiform waves could be seen in the bilateral temporal and sphenoid areas during the waking and sleeping stages, especially in the left side of the brain. No abnormalities were found on other test indicators, including hepatitis B virus, cellular immune function (CD3, CD4, CD8, CD16, CD19, CD56), humoral immune function (Ig+C3+C4), and tuberculosis infection T cell detection, and the concentration of valproic acid. Ofatumumab was added to her treatment. She received her first ofatumumab treatment on September 17, 2023. No drug allergies or adverse reactions occurred. After treatment, KLHL11 IgG was detected positive in the serum (1:10).





Follow-up and outcome

She received a total of 6 injections of ofatumumab. The number of CD19 decreased from 356 to 0. Her epilepsy symptoms are well controlled. She received levetiracetam in November 2023 to treat epilepsy. The symptoms of hallucinations and yelling during sleep have been greatly improved. No adverse drug reactions occurred. The clinical manifestations, diagnosis, treatment methods and follow-up of the patients are detailed in Figures 3, 4.




Figure 3 | Timeline of disease’s Onset and progression.






Figure 4 | Schematic illustration of the disease course and follow-up. As the patient’s treatment progressed, his antibodies turned negative and his symptoms began gradually to improve.







Discussion

This case is a female patient with KLHL11 encephalitis who had a short-term relapse despite immunoglobulin and steroid therapy. Therefore, ofatumumab was used for treatment, and the patient did not relapse after 6 injections. The antibody titer in her serum returned to negative from 1:100, and the number of CD19-labeled cells dropped from 356 to 0. Hallucinations and nighttime yelling have not yet occurred. She had Well-controlled epilepsy.

KLHL11-IgG encephalitis is a rare neurological disease and often causes severe neurological impairment. Currently, the diagnosis and treatment of this disease are only based on case reports or case series. The clinical manifestations of KLHL11 encephalitis are varied. The most common clinical manifestation is rhomboencephalitis, which manifests in the brainstem and cerebellum (3). Specific clinical symptoms of KLHL11 encephalitis include ataxia, vertigo, diplopia, dysarthria, oculomotor disorder, and sensorineural hearing loss (7). However, epilepsy and hallucination was the main symptom in this case. Its pathogenesis is currently unclear, but it may be related to a genetic predisposition to potentially autoimmune tumors and human leukocyte antigens (7).

KLHL11 is a member of the E3 ubiquitin-protein ligase complex involved in protein ubiquitination (8). Studies have reported that in the Olmsted County of Minnesota, the prevalence of KLHL11 encephalitis is estimated to be 2.79 cases per 100,000 males and the incidence rate is 0.21 cases per 100,000 people per year (1). There are more males than females (72/83, 86.7%) among the number of patients with KLHL 11 encephalitis (9). However, there is a lack of reports on the prevalence and incidence of this disease in women. KLHL11 encephalitis is often associated with testicular seminoma. Studies have also reported that this encephalitis may be associated with ovarian teratoma, small cell lung cancer, lung adenocarcinoma, ovarian cancer, chronic lymphocytic leukemia and squamous cell carcinoma (10–12). KLHL11 encephalitis is a rare neurological disease that may be complicated by tumors and severe neurological damage. In addition to supportive care, it is very important to start immunotherapy and screen for tumors as early as possible (14).

Neuropathological studies revealed that the brain of KLHL11 encephalitis patient exhibited chronic lymphocytic inflammation, mainly T cell infiltration, accompanied by non-necrotizing granulomas (3). This study demonstrates that cytotoxic T cell-mediated immune effects play a crucial role in the pathogenesis of KLHL 11 encephalitis (13). Autopsy results revealed that the cerebellum showed moderate to severe loss of Purkinje neurons. Studies suggest that patients with KLHL11 encephalitis have a more difficult-to-treat course than patients with other antibodies against neuronal cell surface antigens (15). Clinicians often use corticosteroids, intravenous immune globulin, or plasma exchange as first-line treatments. In this case, the patient relapsed rapidly after standard treatment with intravenous immunoglobulin and steroids, and received the treatment with ofatumumab. Ofatumumab is a CD20 monoclonal antibody that selectively induces B cell depletion.

After treatment with ofatumumab monotherapy, the patient’s neurological function gradually recovered and the dependence on caregiving decreased. The patient’s symptoms improved significantly after the fourth injection of ofatumumab. This is the first report of ofatumumab in the treatment of KLHL11 encephalitis. Ofatumumab displays specific CD20 affinity and a slow off-rate through complement-dependent cytotoxicity, leading to efficient B cell lysis. Ofatumumab was the first monoclonal anti-CD20 antibody approved for use against human disease and recognizes a different epitope that is distinct from rituximab (16). Ofatumumab was approved for the treatment of relapsing forms of multiple sclerosis in 2020 (17). It can be done by yourself by subcutaneous injection. Ofatumumab is a fully human antibody with unique advantages. It is less immunogenic than rituximab and has a good safety profile (17). The current regimen of ofatumumab for the treatment of multiple sclerosis is 20 mg subcutaneously on days 1, 7, 14, and 28, followed by 20 mg subcutaneously every 4 weeks (18). In this case, we followed the multiple sclerosis treatment protocol. In order to detect efficacy and safety, we measured B cell levels. The B cells in the blood had almost disappeared after the sixth injection of ofatumumab.

Although KLHL11 encephalitis is mediated through T cell immunity, the favorable tried treatment of CD20 monoclonal antibodies in KLHL11 encephalitis may suggest that inducing B cell depletion is an effective and safe option. This mechanism may involve B cell depletion reduces the production of KLHL11 antibodies and inhibits the antibody-associated paraneoplastic neurological syndrome. In addition, B cell depletion inhibits autoreactive T cell responses to restrict the inflammatory cascade and accelerate recovery in KLHL11 encephalitis.

However, more research is urgently needed to explore the clinical efficacy and possible mechanisms of induced B cell depletion in the treatment of KLHL11 encephalitis.





Conclusion

KLHL11 encephalitis is a very rare disease, especially in women. Current research suggests that cytotoxic T cell-mediated immune responses play an important role in KLHL11 encephalitis. However, in this case, a satisfactory clinical outcome was observed using a CD20 monoclonal antibody that induced B cell depletion in the treatment of KLHL-11 encephalitis. This is the first report of CD20 monoclonal antibody in the treatment of KLHL-11 encephalitis. This case report suggests that depleting B cells may be an effective treatment for KLHL-11 encephalitis. Notably, subcutaneous injection of a CD20 monoclonal antibody that induces B cell depletion may be a viable alternative for the treatment of KLHL-11 encephalitis.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

This study was approved by the ethics committee of Wuhan University Peoples Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

MD: Writing – original draft, Methodology, Investigation, Funding acquisition, Formal analysis, Data curation, Conceptualization. FZ: Writing – original draft, Investigation, Data curation. ZK: Writing – original draft, Formal analysis, Investigation. TL: Writing – review & editing, Validation, Supervision, Resources, Project administration.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Natural Science Foundation of Hubei Province of China (2020CFB278) and the Independent Research Project of Wuhan University (413000585).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Mandel-Brehm, C, Dubey, D, Kryzer, TJ, Donovan, BD, Tran, B, Vazquez, SE, et al. Kelch-like protein 11 antibodies in seminoma-associated paraneoplastic encephalitis. N Engl J Med. (2019) 381:47–54. doi: 10.1056/NEJMoa1816721

2. Binks, S, Uy, C, Honnorat, J, and Irani, SR. Paraneoplastic neurological syndromes: a practical approach to diagnosis and management. Pract Neurol. (2021) 22:19–31. doi: 10.1136/practneurol-2021-003073

3. Dubey, D, Wilson, MR, Clarkson, B, Giannini, C, Gandhi, M, Cheville, J, et al. Expanded clinical phenotype, oncological associations, and immunopathologic insights of paraneoplastic Kelch-like protein-11 encephalitis. JAMA Neurol. (2020) 77:1420–9. doi: 10.1001/jamaneurol.2020.2231

4. Zhang, B. Ofatumumab. MAbs. (2009) 1:326–31. doi: 10.4161/mabs.1.4.8895

5. Lim, SH, Kim, K, and Choi, C. Pharmacogenomics of monoclonal antibodies for the treatment of rheumatoid arthritis. J Personal Med. (2022) 12:1265. doi: 10.3390/jpm12081265

6. Cree, BA, Oksenberg, JR, and Hauser, SL. Multiple sclerosis: two decades of progress. Lancet Neurol. (2022) 21:211–4. doi: 10.1016/S1474-4422(22)00040-0

7. Vogrig, A, Péricart, S, Pinto, A, Rogemond, V, Muñiz-Castrillo, S, Picard, G, et al. Immunopathogenesis and proposed clinical score for identifying Kelch-like protein-11 encephalitis. Brain Commun. (2021) 3:fcab185. doi: 10.1093/braincomms/fcab185

8. Clemen, CS, Schmidt, A, Winter, L, Canneva, F, Wittig, I, Becker, L, et al. N471D WASH complex subunit strumpellin knock-in mice display mild motor and cardiac abnormalities and BPTF and KLHL11 dysregulation in brain tissue. Neuropathol Appl Neurobiol. (2022) 48:e12750. doi: 10.1111/nan.12750

9. Li, E, Lai, Q, Cai, M, Zheng, Y, Fang, G, Fang, W, et al. Kelch-like protein 11 antibody-associated paraneoplastic neurological syndrome: A state-of-the-art review. Clin Immunol. (2022) 241:109074. doi: 10.1016/j.clim.2022.109074

10. Hoshina, Y, Gradin, C, Germaine, S, and Wold, J. Kelch-like protein-11 encephalitis associated with squamous cell carcinoma of unknown origin: A case report. Neurol: Clin Pract. (2024) 14:e200219. doi: 10.1212/CPJ.0000000000200219

11. Gilligan, M, McGuigan, C, and McKeon, A. Paraneoplastic neurologic disorders. Curr Neurol Neurosci Rep. (2023) 23:67–82. doi: 10.1007/s11910-023-01250-w

12. Dubey, D, Wilson, M, Giannini, C, Gandhi, M, Cheville, J, Lennon, V, et al. Clinical/Immunopathological Presentations and Antigen-specific CD8+ T Cell Responses in Paraneoplastic Autoimmune KLHL11 Encephalitis (1185). Neurology. (2020) 94. doi: 10.1212/WNL.94.15_supplement.1185

13. Alkhayat, D, Khawaji, ZY, Sunyur, AM, Sanyour, OA, and Badawi, AS. Overview of paraneoplastic autoantibody-mediated cognitive impairment and behavioral changes: A narrative review. Cureus. (2024) 16:e51787. doi: 10.7759/cureus.51787

14. León Betancourt, A, Schwarzwald, A, Millonig, A, Oberholzer, M, Sabater, L, Hammer, H, et al. Anti-kelchlike protein 11 antibody-associated encephalitis: Two case reports and review of the literature. Eur J Neurol. (2023) 30:1801–14. doi: 10.1111/ene.15758

15. Jean, MJ, Samkoff, L, and Mohile, N. Management of paraneoplastic syndromes in the era of immune checkpoint inhibitors. Curr Treat Opt Oncol. (2024) 25:42–65. doi: 10.1007/s11864-023-01157-1

16. Kumar, A, Planchais, C, Fronzes, R, Mouquet, H, and Reyes, N. Binding mechanisms of therapeutic antibodies to human CD20. Science. (2020) 369:793–9. doi: 10.1126/science.abb8008

17. Kang, C, and Blair, HA. Ofatumumab: a review in relapsing forms of multiple sclerosis. Drugs. (2022) 82:1–8. doi: 10.1007/s40265-021-01650-7

18. Hauser, SL, Bar-Or, A, Cohen, JA, Comi, G, Correale, J, Coyle, PK, et al. Ofatumumab versus teriflunomide in multiple sclerosis. N Engl J Med. (2020) 383:546–57. doi: 10.1056/NEJMoa1917246




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Deng, Zeng, Kong and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Case report: The case report of ofatumumab, a fully human anti-CD20 monoclonal antibody, in the treatment of KLHL11 encephalitis

      

        		

          Introduction

        



        		

          Case presentation

        



        		

          Follow-up and outcome

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-15-1456840-g004.jpg
Serum KLHL-11

CSFKLHL-11

Number of CD19

symptom

No of visits

Treatment

1:100

-— ;
}'1_0 Negative Negative
T e ]
11
.
356
: 1
0 0
AN ne ne ne [}
S = = e = e
A narcolepsy @ shoutingduringsleep  epilepsy
M hallucination memory impairment = lower frequency
IS ——————"—
1st 2nd 3rd 4th 5th 6th 7th 8th 9th
*A *0 A Y AS N A b N
= ||
_ s

@ sertraline © immunoglobulin I sodiumvalproate M oxcarbazepine

A tandospirenone citrate @ methylprednisolone levetiracetam \ Ofatumumab





OEBPS/Images/fimmu-15-1456840-g002.jpg





OEBPS/Images/fimmu.2024.1456840_cover.jpg
& frontiers | Frontiers in Immunology

Case report: The case report of
ofatumumab, a fully human anti-CD20
monoclonal antibody, in the treatment of
KLHL11 encephalitis





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-15-1456840-g003.jpg
Symptoms: epilepsy, hallucinations, shouting She has no further hallucinations and

during sleep Symptoms: epilepsy, hallucinations, . . .

EEG: epileptiform waves shouting during sleep iz;ﬁ“g;:nﬁg sIeeT;;’aen:ur::: IOI); cD19
Brain and spine MRI: normal Number of CD19:8 droped to OpTthsy. tienit received atotal
PET/CT examination of whole-body: normal Positive KLHL11 I1gG in serum (1:10) of 6 doses o'f ofau?fnumab ia

Positive KLHL11 IgG in serum (1:100) and CSF (1:1) Treatment: ofatumumab, sodium beut injection. The KLHL11
Treatment: immunoglobulin, methylprednisolone, valproate subcitaneous injecaon The

antibody in serum was negative

sodium valproate

1

2nd

Symptoms: narcolepsy,
hallucinations
Hamilton Anxiety Scale: mild
Diagnosis: anxiety disorder,
insomnia

Treatment: oral sertraline and
tandospirenone citrate

Symptoms: epilepsy, memory impairment,
hallucinations, shouting during sleep

EEG: epileptiform waves

Brain MRI: normal

Number of CD19: 356

Drug concentration: normal

Treatment: ofatumumab, sodium valproate

Symptoms: epilepsy, hallucinations.
But the frequency of these symptoms
had decreased.

Number of CD19:1

Treatment: ofatumumab, sodium
valproate, levetiracetam

She has well controlled
epilepsy. The number of
CD19 was 0. The KLHL11
antibody in serum was
negative






OEBPS/Images/fimmu-15-1456840-g001.jpg





