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Purpose: CSF inflammation in subtypes of antibody-defined autoimmune encephalitis (AE) ranges in intensity from moderate to
severe. In a retrospective, cross-sectional study, we characterized CSF findings in Chinese patients with anti-N-methyl-D-aspartate
receptor encephalitis (NMDAR-E), anti-leucine-rich glioma-inactivated 1 encephalitis (LGI1-E), and anti-gamma aminobutyric acid-B
receptor encephalitis (GABABR-E).

Patients and Methods: The AE cases, including 102 NMDAR-E, 68 LGI1-E and 15 GABABR-E, were included. CSF inflamma-
tory parameters consisted primarily of CSF leukocytes, oligoclonal bands (OCBs), and CSF/serum albumin ratios (Qa,). Ten serum
cytokines were evaluated in order to classify AE subtypes.

Results: 88% of NMDAR-E, 80% of GABABR-E, and 51% of LGI1-E patients had aberrant CSF features. In NMDAR-E, the CSF
leukocyte count, CSF protein concentration, and age-adjusted Q4 were significantly higher than in LGI1-E, but did not differ from
GABABR-E. Blood-CSF barrier dysfunction was less common in NMDAR-E patients with >40 years old. On admission, inflamma-
tory CSF response was more prevalent in NMDAR-E patients with a higher CASE score. With age <60 years, CSF inflammatory
changes were less frequent in LGI1-E patients, but more common in GABABR-E patients. MCP-1, IL-10, IL-1f, and IL-4 were
potential classifiers for NMDAR-E, LGI1-E, and GABABR-E, and correlated substantially with CSF leukocyte count and Qapp.
Conclusion: Subtype-specific patterns are formed by the various inflammatory CSF parameters in NMDAR-E, LGII-E, and
GABABR-E, and their correlation with disease severity, age, and disease duration. CSF inflammatory characteristics associated
with MCP-1, IL-10, IL-1B, and IL-4 may be potential immunopathogeneses targeting markers for these AE subtypes.
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Introduction

NMDA receptor encephalitis (NMDAR-E), leucine-rich glioma inactivated protein-1 encephalitis (LGI1-E), and gamma
aminobutyric acid-B receptor encephalitis (GABABR-E) are the three common subtypes of autoimmune encephalitis
(AE) in China." In terms of clinical features, MRI presentation, and cerebrospinal fluid (CSF) parameters, these subtypes
differ significantly.” NMDAR-E typically presents as a global encephalitic syndrome characterized by decreased
consciousness, stereotypic movements, and vegetative dysfunction,® whereas LGI1-E and GABABR-E are characterized
by a typical limbic AE." On cranial MRI, patients with LGI1-E and GABABR-E frequently exhibit mesiotemporal T2-
hyperintensities,* whereas MRI findings in NMDAR-E are frequently normal, despite the presence of heterogeneous
white matter lesions in approximately half of the patients.” Previous systematic analysis of NMDAR-E, LGII1-E and
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GABABR-E have shown that LGI1-E typically exhibits minimal and infrequent CSF inflammation, while NMDAR-E
and GABABR-E are associated with robust and frequent inflammation with regard to basic CSF parameters comprising
leukocytes, total protein, and oligoclonal bands (OCBs).®’ This analysis has not, however, been validated in a larger
cohort of NMDAR-E, LGI1-E and GABABR-E cases in China. Therefore, we performed a retrospective analysis of the
detailed inflammatory CSF findings in LGI1-E, NMDAR-E and GABABR-E patients. In addition, the interactions
between various CSF parameters and their associations with disease duration, severity, age, and serum-specific cytokines
were investigated.

Materials and Methods

Patients and Data Collection

Patients were retrospectively recruited from 2016 to February 2022, with all subjects meeting specific inclusion criteria.
These criteria included a diagnosis of AE with CSF and/or serum anti-NMDAR antibody positivity, anti-LGI1 antibody
positivity, or anti-GABABR antibody positivity, as defined in 2016 using the fixed cell-based assay (Euroimmun,
Germany).® A total of 185 patients were recruited from The First Affiliated Hospital of Shandong First Medical
University and Qilu Hospital, including 102 with NMDAR-E, 68 with LGI1-E, and 15 with GABABR-E. Clinical
data, such as demographic information, age at onset, prodromal symptoms, clinical manifestation, and CSF findings,
were obtained through a retrospective review of medical records. Follow-up data were collected via clinical examinations
conducted during return visits and telephone interviews. The modified Rankin scale (mRS) was used to evaluate each
patient’s neurological status, and the Clinical Assessment Scale in Autoimmune Encephalitis (CASE) score was
calculated for each patient with NMDAR-E.’ All data were omitted for the following reasons: (1) patients with laboratory
evidence of infectious encephalitis (eg, viral, bacterial, mycobacterium tuberculosis, parasitic); (2) patients with
incomplete data or with a history of other CNS disease (eg, multiple sclerosis, epilepsy, stroke, and related disease
prior to the onset of encephalitis); and (3) patients with coexisting antibodies, such as myelin oligodendrocyte
glycoprotein (MOG) antibody, aquaporin 4 (AQP4) antibody and other antibodies.

Sample Collection

The fasting blood samples of seven patients with NMDAR-E were collected on the day following their arrival, while they
were still experiencing active disease symptoms, prior to the initiation of immunotherapy, as described in our previous
reports.'”!! These samples were promptly frozen at a temperature of —80°C until they could be analyzed.

Human Inflammation Molecular Array
The Human Inflammation Array (RayBiotech) was used to identify ten different cytokines/chemokines in serum,
including MCP1, IL10, IL-1B, IL4, IL6, IL13, IL1a, IL8, TNF-a, and IFN-y. The testing was carried out following the

manufacturer’s instructions, as described in previous studies.'*"!

Definitions

Pleocytosis was classified by >5 leukocytes/uL. Age-normalized Qay, (Qan/Qirim) Was calculated by dividing Qayp, by the
age dependent upper limit (Qy;,; 4+age/ 15><10—3).12 Blood-CSF barrier dysfunction was defined as Qa1/Qjim >1. mRS
score of <2 points were considered as good functional status, while poor functional status defined as mRS >3.

Statistics

Principal component analysis (PCA) was employed to classify patients with AE based on the expression of serum
cytokines.”? In order to further identify the cytokine classifiers specific to NMDAR-E, LGI1-E, and GABABR-E,
orthogonal partial least squares discriminant analysis (OPLS-DA) was utilized."*> The model was assessed using the
goodness of prediction (q2) and R-square on the Y-axis (diagnosis, R2Y). A q2 value greater than 0.4 was considered
significant and indicative of good prediction.14 Predictors were defined as the predictive components with a variable
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importance in projection (VIP) score exceeding 1.0, while those with a score greater than 1.5 were considered the most
effective predictors.'® The OPLS-DA analysis was performed using SIMCA 17.0 software (Umetrics, Sweden).

The statistical analysis was conducted using SPSS V23.0 (SPSS, Chicago, IL, USA), while GraphPad Prism 8.0
(GraphPad Software, La Jolla, CA, USA) was utilized for creating the figures. Categorical variables were examined using
either the Fisher exact test or the y2 test. For ordinal and continuous variables, median and interquartile range (IQR)
values were obtained. The Student’s #-test or Mann—Whitney U-test was employed for two groups, while the Kruskal—-
Wallis test followed by the Dunn multiple comparisons test was used for more than two groups. The Spearman rank
correlation and the Pearson correlation coefficient were utilized to examine relationships between two continuous
variables. Missing values were handled through multiple imputations by SPSS. According to a previous study,'® the
NMDAR-E cohort was divided into three age groups (<20 years, 21-40 years, and >40 years), while the LGI-E and
GABABR-E cohort was divided into two age groups (<60 years vs >60 years). The discriminating ability of the clinical
parameters was evaluated using the area under the receiver operating characteristic curves (AUCs) and the corresponding
95% confidence intervals. Multiple logistic regression studies were conducted to study the effect of various parameters
on categorical variables. A backward stepwise multivariate logistic regression with an elimination criteria of p <0.05 was
employed to select variables. The results were presented as odds ratios (ORs) and 95% confidence intervals (CIs). SPSS
imputed missing data to enhance statistical power and reduce the risk of bias.

Results
The demographics of the patients with NMDAR-E, LGI1-E and GABABR-E

The patient cohorts consisted of 102 cases diagnosed with NMDAR-E, 68 cases with LGI1-E, and 15 cases with
GABABR-E. In the NMDAR-E group, female patients accounted for more than 50% of the cases, while in the LGI1-E
and GABABR-E groups, male patients accounted for more than 50% of the cases. The median age at diagnosis was 18
years (10.50-33.50 years) for NMDAR-E, 59.50 years (52—67.75 years) for LGI1-E, and 64 years (54—69 years) for
GABABR-E. All patients with GABABR-E and over 80% of patients with LGI1-E experienced seizure onset, whereas
approximately 70% of patients with NMDAR-E did. Detailed demographic features of the patients with NMDAR-E,
LGI1-E, and GABABR-E can be found in Table S1.

Higher CSF leukocyte count, CSF protein level and more frequent OCBs in NMDAR-E compared with LGI1-E

The leukocyte count in CSF of patients with NMDAR-E was substantially higher than that of patients with LGI1-E,
but did not differ significantly from patients with GABABR-E (Figure 1A). Moreover, the proportion of NMDAR-E and
GABABR-E patients with CSF leukocyte count above 5/uL was substantially higher than that of LGI1-E patients
(Figure 1B). The patients with NMDAR-E had a higher CSF protein level than those with LGI1-E, but the difference was
not statistically significant between NMDAR-E and GABABR-E (Figure 1C). Similarly, NMDAR-E patients were
present with higher Qa1,/Qrim value compared with LGI-E and GABABR-E patients (Figure 1D). However, the
proportion of patients with blood-CSF barrier dysfunction remained relatively constant across these three subtypes of
encephalitis (Figure 1E). In addition, OCBs were detected in one-third of patients with NMDAR-E but in less than one-
tenth of patients with LGI1-E (Figure 1F). Using univariate logistic regression analysis (Table S2), we were able to
identify several factors associated with a decreased odds ratio (OR) in predicting the occurrence of LGI1-E, including
CSF lymphocyte count, age-adjusted Qay,, and CSF-restricted OCBs, all of which were statistically significant at
p <0.01. In addition, the multivariate logistic regression analysis confirmed that both CSF lymphocyte count and age-
adjusted Qay, were independently associated with a lower OR for the occurrence of LGI1-E (p = 0.002 and 0.019,
respectively). Comparing GABABR-E and NMDAR-E (Table S3), we found that CSF leukocyte count, Qa/Qpim, and
CSF-restricted OCBs were not predictive of NMDAR-E diagnosis (p >0.05). However, in the GABABR-E versus LGI1-
E model (Table S3), we determined that CSF leukocyte count alone was associated with a decreased OR for LGI1-E (p
=0.001). Concerning blood-CSF barrier dysfunction, there was no significant difference between patients with positive
and negative CSF OCB for NMDAR-E, LGI1-E and GABABR-E (Figure S1A). Similarly, there is no difference in CSF
leukocyte count between AE patients with Qa1,/Qrim >1 and those with Qa/Qrim <1 for NMDAR-E, LGI1-E, and
GABABR-E (Figure S1B). In addition, the difference in CSF leukocyte count between CSF OCB-positive and -negative
patients remained statistically insignificant (Figure S1C).
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Figure | Basic CSF findings of NMDAR-E, LGII-E, and GABABR-E following symptom onset. (A) CSF leukocyte counts in NMDAR-E, LGII-E, and GABABR-E were
logarithmized after adding |, thus Ln(cell count + ) is O for patients with O cells/uL. (B) The proportion of NMDAR-E, LGII-E, and GABABR-E patients with/without
pleocytosis. (C) CSF protein concentration in patients with NMDAR-E, LGII-E, and GABABR-E. (D) The individual CSF/serum albumin ratio (Qap) Was normalized by
dividing it by the age-dependent upper limit [Qyi.,, 4+ age (years)/15] in NMDAR-E, LGl I-E, and GABABR-E patients. (E) The percentage of patients with NMDAR-E, LGI|-E

and GABABR-E with/without age-adjusted Qay, >1. (F) The proportion of NMDAR-E, LGII-E, and GABABR-E- patients with/without CSF-restricted OCB positivity. *p
<0.05, **p <0.01 and ***p <0.001.

Abbreviations: NMDAR-E, N-methyl-D-aspartate receptor antibody encephalitis; LGII-E, leucine-rich glioma inactivated protein-| antibody encephalitis; GABABR-E,
gamma aminobutyric acid-B receptor antibody encephalitis; Pleo, pleocytosis; Qap, CSF/serum albumin ratio; OCB, oligoclonal bands; ns, not significant statistical.

Effect of disease duration on inflammatory CSF changes in NMDAR-E, LGI1-E and GABABR-E

To examine the effect of disease duration on CSF inflammatory abnormalities, all patients were categorized according
to the duration of their illness (<1 week, 2-3 weeks, >4 weeks) at the time of LP. GABABR-E patients had a significantly
reduced CSF leukocyte count than NMDAR-E and LGI1-E patients by the fourth week (p <0.05; Figure S1D). The
percentage of patients with Qa/Qrim >1 and CSF-restricted OCB positivity was unaffected by disease duration (Figure
S1E and S1F). The relationship between CSF leukocyte count, the blood-CSF barrier, and CSF-restricted OCB was
investigated further to determine if the timing of LP affected this relationship. In NMDAR-E and GABABR-E patients
who underwent early LP (<1 week and 2—-3 weeks) and late LP (>4 weeks), the CSF leukocyte count in the subgroup with
Qa/QLim >1 was comparable to that of the subgroup with Qa/Qrim <1 (Figure S1G and S1I). Within 2-3 weeks of
clinical onset, more LGI1-E patients with Qa1,/Qrim >1 had an elevated CSF leukocyte count, but this trend was not
statistically significant in LGI1-E patients who underwent LP >4 weeks after the onset of symptoms (Figure S1H). In the
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patients with NMDAR-E, LGI1-E, and GABABR-E who had early LP, there was no significant difference in CSF
leukocyte count between those who tested positive and who tested negative for CSF OCB. This also held true for the
patients who experienced LP later (Figure S1J-S1L). In these three classes of adverse events, the timing of LP had no
effect on the proportion of the patients with CSF-restricted OCB positivity, irrespective of whether their Q4,/Qpim Was
>1 or <1 (Figure SIM-S10).

The blood-CSF barrier is more dysfunctional in younger patients with NMDAR-E

According to a previous study,'® the patients with NMDAR-E were divided into three groups: young (<20 years,
N=55), intermediate (21-40 years; N=29), and older (>40 years, N=18), and the LGI1-E and GABABR-E cohorts were
dichotomized only (<60 years, N=34, >60 years, N=34; <60 years, N =4, >60 years, N=11) in our cohort. Even though
older patients were more likely to be male, the subcategories for each AE subtype were very similar (Figure S2A-S2C).
Age at onset was independently associated with an increased OR for LGI1-E incidence (p <0.001), as shown in Table S2.
According to previous studies, the preponderance of LGI1-E patients are older males, whereas NMDAR-E patients are
younger females.'” CSF leukocytes were not substantially different between younger and older patients (Figure 2A and
B). NMDAR-E patients with age > 40 years had a decreased frequency of CSF-blood barrier disruption (p <0.05;
Figure 2C and D). For OCBs, the youngest group did not differ from the older groups (Figure 2E), and there were no age-
related differences in CSF leukocyte count or age-adjusted Qapp, in NMDAR-E (Figure 2F and G). There was no
significant difference between LGI1-E and GABABR-E in CSF leukocyte count (Figure S2D and S2E), age-adjusted
Qan (Figure S2F and S2G), or frequency of CSF-restricted OCBs (Figure S2H). Similar to NMDAR-E, no age-related
differences were observed in CSF leukocytes or Qayp, in LGI1-E or GABABR-E (Figure S2I, S2J and S2K, S2L).
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Figure 2 The effect of age at onset on CSF leukocyte, blood-CSF barrier function and OCB presence in NMDAR-E. (A) Patients with NMDAR-E were divided into 3
groups, those with the age of 20 years or younger (<20 years), those older than 40 years (>40 years), and those in between (2040 years). CSF leukocyte count and
frequency of pleocytosis (A) and (B), blood-CSF barrier function (C) and (D), and the presence of OCB restricted to the CSF (E). The association of age at onset with CSF
leukocyte (F) and age-adjust Qay, (G). *p <0.05.

Abbreviations: Pleo, pleocytosis; Qap, CSF/serum albumin ratio; OCB, oligoclonal bands; ns, not significant statistical.
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Definitively inflammatory CSF can be most clearly defined as CSF with either pleocytosis or OCBs or both. The
incidence of inflammatory CSF decreased in NMDAR-E aged >20 years (Figure S3A). In LGI1-E, the tendency toward
decreased frequency of inflammatory CSF was more pronounced in the patients aged <60 years compared to those aged
>60 years (Figure S3B). In contrast, GABABR-E patients with age >60 years exhibited a significant tendency toward less
frequent CSF inflammation (Figure S3C). A subgroup analysis of patients with NMDAR-E, LGI1-E, and GABABR-E
aged >40 years was conducted to rule out a significant age-related bias in CSF findings for NMDAR-E, LGI1-E, and
GABABR-E. At admission, each cohort had the same age and mRS (Figure S3D and S3G). However, LGI1-E was
associated with a lower proportion of female patients and a prolonged time between disease onset and LP (Figure S3E
and S3F). NMDAR-E exhibited more pronounced inflammatory CSF response than LGII1-E in patients older than 40
years (Figure S3H-S3K). However, gender had no effect on CSF results in any subtype of AE (Figure S4).

Inflammatory CSF changes is associated with CASE score on admission in NMDAR-E

The patients with NMDAR-E and LGI1-E who had an mRS score of 0—2 on admission had no significant difference
in inflammatory CSF changes when compared to those who had an mRS score of 3 or higher on admission (Figure S5A-
S5D and SSE-S5H). In GABABR-E, the patients with mRS = 4, 5 were not present with more inflammatory CSF
changes than those with mRS = 1-3 (Figure S5I-S5L). Following that, all of the recruited patients were classified as
having mild, moderate, or severe functional impairment based on their mRS scores at the time of admission. The
resulting subcohorts for both AE subtypes had similar age, gender distribution, and duration from onset to LP (Figure
S6). The CSF leukocyte count remained no difference in severe NMDAR-E and LGI1-E patients compared to mild
patients (Figure 3A and B). Furthermore, there was no significant difference in age-adjusted Qaj,, CSF-restricted OCBs,
or inflammatory CSF status between severe and mild (Figure 3C-F). mRS >3 on admission, on the other hand, was
associated with a decreased OR of the occurrence of LGI1-E compared to NMDAR-E (p <0.001) (Table S2), implying
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Figure 3 The effect of impaired neurological function on CSF leukocyte count, blood-CSF barrier function and OCB presence in NMDAR-, LGII- and GABABR-E. Using the
mRS, patients with NMDAR-E, LGI|-E, and GABABR-E were dichotomized based on their degree of functional impairment, with a score of 0-2 representing a low degree of
impairment and a score of 3-6 indicating a high degree of impairment. CSF leukocyte count and frequency of pleocytosis (A) and (B), age-adjusted blood-CSF barrier
function (C) and (D), frequency of OCBs restricted to the CSF (E), and inflammatory CSF status (F).

Abbreviations: NMDAR-E, N-methyl-D-aspartate receptor antibody encephalitis; LGII-E, leucine-rich glioma inactivated protein-I antibody encephalitis; GABABR-E,
gamma aminobutyric acid-B receptor antibody encephalitis; pleo, pleocytosis; Qa,, CSF/serum albumin ratio; OCB, oligoclonal bands; mRS, Modified Rankin Scale; ns, not
significant statistical.
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that NMDAR-E patients were more likely to develop worse neurological impairment after disease onset. Because there
were only two GABABR-E patients with mRS <2 on admission, statistical analysis in the GABABR-E cohort was not
performed. In the GABABR-E vs NMDAR-E model (Table S3), mRS >3 on admission cannot differentiate NMDAR-E
from GABABR-E (p =0.580), but mRS >3 on admission was more common in the GABABR-E vs LGII-E model (p
=0.003).

The CASE score was found to be appropriate for grading and monitoring the severity of AE symptoms.” CASE score
was calculated in the medical record of NMDAR-E patients alone in our patient cohort. Gender, age at onset, and LP
duration after disease onset did not affect CASE score in NMDAR-E (Figure 4A-D). CSF lymphocyte count, age-
adjusted Qap, and CSF-restricted OCBs were not classified by CASE score at admission (Figure 4E-I), whereas
inflammatory CSF became more common in NMDAR-E patients with higher CASE score at admission (Figure 4J).

Distinct serum cytokines and the association of them with inflammatory CSF signatures in NMDAR-E, LGI1-E and
GABABR-E

On the basis of the results of our previous studies,'®"!

we investigated whether serum cytokines could serve as
inflammatory biomarkers, separating the three AE categories and inferring their underlying pathology, as well as
determining their association with CSF inflammatory parameters. To differentiate between NMDAR-E, LGI1-E, and
GABABR-E cases, a representative PCA score plot was constructed using cytokine data (Figure S7A). Each point on the
graph represented the ten cytokine parameters for a single patient; points that were closer together exhibited a greater
degree of inflammation similarity. Although the PCA plot demonstrated that all AE patients were divided into three
patient cohorts (NMDAR-E, LGI1-E, and GABABR-E), two LGII-E patients were closely aggregated with four
GABABR-E patients (Figure S7A, red dashed circle). OPLS-DA models using the same cytokine data as PCA had
significantly greater discriminant power to cluster NMDAR-E, LGI1-E, and GABABR-E compared to PCA (Figure
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Figure 4 The correlation between CASE score and CSF inflammatory parameters after disease onset. (A) Distribution of CASE scores on the NMDAR-E by gender. (B)
The association of age after disease onset with CASE score. (C) The CASE score for NMDAR-E patients aged <20, 2040, and >40. (D) The CASE score at the LP time <|
week, 2-3 weeks, and 24 weeks after the onset of disease in NMDAR-E. (E) The correlation between initial CASE score and CSF leukocyte count in NMDAR-E patients. (F)
Distribution of CASE scores in NMDAR-E patients with/without pleocytosis. (G) The correlation between the initial CASE score and age-adjusted Qaj, in NMDAR-E
patients. (H) Distribution of CASE scores among NMDAR-E patients with blood-CSF barrier dysfunction. (I) CASE score for NMDAR-E patients with/without CSF-
restricted OCB. (J) Patients with NMDAR-E who exhibited either definitive inflammatory CSF findings (pleocytosis and/or blood-CSF barrier dysfunction/OCB) or not
(I=yes, 0=no) were dichotomized. The results were plotted against each patient’s CASE score upon admission (left). The distribution of CASE score among NMDAR-E
patients with and without inflammatory CSF (right). *p <0.05.

Abbreviations: NMDAR-E, N-methyl-D-aspartate receptor antibody encephalitis; CASE, Clinical Assessment Scale in Autoimmune Encephalitis; pleo, pleocytosis; OCB,
oligoclonal band; ns, not significant statistical.
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S7B). The PCA model for NMDAR-E versus LGI1-E underperformed the OPLS-DA model (q2=0.851 versus 0.948;
Figure S7C and S8A). Similarly, the PCA model of NMDAR-E versus GABABR-E had a g2 of 0.362, which was
significantly lower than the OPLS-DA model’s q2 of 0.895 (Figure S7D and S8B). The S-plot revealed distinct classifiers
between NMDAR-E and LGI1-E (FigureS8C), and between NMDAR-E and GABABR-E (Figure S8D). Following this,
the ranking of VIP scores revealed that MCP-1, IL-10, and IL-1p were the three most influential cytokines in the
differentiation between NMDAR-E and LGI1-E (Figure S8E), with VIP scores of 1.87, 1.36, and 1.20, respectively. In
addition, the four novel cytokines (MCP-1, IL-10, IL-1pB, and IL-4) were more influential in differentiating NMDAR-E
from GABABR-E (Figure S8F). The levels of these four novel cytokines were compared between NMDAR-E and LGI1-
E and NMDAR-E and GABABR-E. IL-18 and IL-4 levels were significantly greater in LGII-E patients than in
NMDAR-E and GABABR-E patients (p<0.001, p<0.05; Figure 5A and 5C). Serum IL-10 levels were significantly
higher in GABABR-E than in NMDAR-E and LGI1-E (all p <0.05) (Figure 5B). MCP-1 expression was higher in the
serum of the NMDAR-E subgroup compared to the LGI1-E subgroup (p <0.001) and the GABABR-E subgroup (p
<0.05) (Figure 5D). As shown in Tables S2 and S3, we examined the association between four selected cytokines (MCP-
1, IL-10, IL-1PB, and IL-4) and CSF lymphocyte count and age-adjusted Q,jp in three subgroups of encephalitis. In our
study, serum IL-1B expression was positively associated with CSF lymphocyte count in GABABR-E alone (r=0.67,
p=0.03), not in NMDAR-E (1=0.04, p=0.92) and LGI1-E (1=0.25, p=0.28), and MCP1 level had increased tendency with
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Figure 5 The association of serum IL-1, IL-10, IL-4, and MCP1 with CSF leukocyte count and age-adjusted Qa, in NMDAR-E, LGI|-E, and GABABR-E. Serum IL-If (A), IL-
10 (B), IL-4 (C), and MCPI (D) expression in NMDAR-E, LGII-E, and GABABR-E. (E) The association of serum IL-1f, IL-4, IL-10 and MCPI with CSF leukocyte count in
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Abbreviations: NMDAR-E, N-methyl-D-aspartate receptor antibody encephalitis; LGII-E, leucine-rich glioma inactivated protein-1 antibody encephalitis; GABABR-E,
gamma aminobutyric acid-B receptor antibody encephalitis; Qajp, CSF/serum albumin ratio; ns, not significant statistical.
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higher CSF lymphocyte count in LGI1-E (r=0.47, p=0.04), not NMDAR-E (1=0.29, p=0.53) and GABABR-E (r=0.23,
p=0.51). Across all subtypes of encephalitis, there was no correlation between serum IL-10, IL-4 and CSF lymphocyte
count (Figure 5E) (all p>0.05). In addition, serum IL-1f was positively associated with age-adjusted Qj, in GABABR-E
(r=0.66, p=0.04) but not in NMDAR-E and LGI1-E (all p>0.05). There was no correlation between serum IL-10 and age-
adjusted Qap of NMDAR-E, LGII-E and GABABR-E (NMDAR-E, 1=0.43, p=0.35; LGII1-E, r=—0.02, p=0.92;
GABABR-E, 1=0.56, p=0.10). Higher serum IL-4 concentrations were associated with higher age-adjusted Qaj, in
LGI1-E (r=0.71, p=0.02) and GABABR-E (r=0.55, p=0.01) but not in NMDAR-E (p>0.05). MCP1 level was correlated
with age-adjusted Qayp in LGI1-E alone (Figure 5F), but not in NMDAR-E (1=0.42, p=0.32) or GABABR-E (r=0.44,
p=0.20).

Discussion

NMDAR-E, LGI1-E, and GABABR-E are the three common AE subtypes in China, with NMDAR-E and GABABR-E
for those with prominent CSF inflammation and LGI1-E for those with little or no CSF inflammation changes. Aside
from the expected quantitative differences, our detailed analysis of CSF findings in acute NMDAR-E, LGI1-E, and
GABABR-E shows that each of the three AE subtypes exhibits a distinct pattern of CSF changes. These are distinguished
by differences in the interdependence of CSF parameters and their associations with age, disease duration, and disease
severity.

On a quantitative level, NMDAR-E patients had higher CSF leukocyte counts than LGI-E patients. NMDAR-E had
a higher rate of blood-CSF barrier dysfunction and CSF-restricted OCBs than LGI-E. These findings were consistent with
previous ones.'®!'® In terms of CSF leukocyte counts, blood-CSF barrier function, and CSF-restricted OCB frequency,
NMDAR-E was found to be similar to GABABR-E as well.

The disease-specific mutual interactions of CSF parameters in NMDAR-E, LGI1-E and GABABR-E were not
observed in CSF leukocytes, age-adjust Qay, and CSF-restricted OCBs in our study, which was inconsistent with the
study of NMDAR-E and LGII1-E by Marc Durr and coworkers that CSF leukocytes were higher when OCBs were
present in NMDAR-E, and strongly associated with blood-CSF barrier dysfunction in LGI1-E.'® It has been proposed
that in LGI1-E, systemically synthesized anti-LGI1-IgG and complement from plasma enter the brain at sites of blood-
barrier dysfunction, where both induce focal inflammation.'*° This disparity could be due to patient heterogeneity, the
size of the recruited patient cohort, sampling time, storage conditions, test method, and other differences between
previous work and our current study.

Age, disease duration, and disease severity are patient-specific covariates that differentially affect the CSF findings
for NMDAR-E, LGI1-E, and GABABR-E. In NMDAR-E and LGII-E, the frequency of inflammatory CSF changes
tended to be lower in senior patients, whereas in GABABR-E, younger patients were more susceptible to inflammatory
CSF changes. NMDAR-E and GABABR-E had higher CSF leukocytes and more frequent OCB positivity than LGI1-E
in all AE subtypes in patients older than 40 years. This was generally in line with previous research indicating that CSF
leukocyte counts drop with age in NMDAR-E but not in LGI1-E."® The CSF leukocyte count was independent of LP
time points after disease onset in NMDAR-E, which contrasts with a previous report of higher CSF leukocyte counts in
NMDAR-E at very early time points compared to later time points.”' However, our data also partially supported the
previous finding that blood-CSF barrier dysfunction became more pronounced in older patients with NMDAR-E, but not
in older patients with LGI1-E.'"® For GABABR-E, there was no association between the frequency of blood-CSF barrier
dysfunction and age at onset. A larger patient population and sample size were required to investigate the potential
relationship between them. According to the study by Marc Durr et al,'® OCB was twice as infrequent in mild NMDAR-
E (mRS <2) than in severe NMDAR-E (mRS >3). In our study, NMDAR-E with inflammatory CSF changes but not
CSF-restricted OCB positivity, had a higher incidence of severe clinical symptoms as measured via the CASE score, as
opposed to the mRS. The CASE score is a valuable assessment tool for capturing the big picture and assessing the
severity and progression of symptoms.”> The CASE score enables the recording of symptoms in more detail than the
mRS score.”* Intriguingly, our results did not necessarily substantiate the reported correlation between the CASE score
and mRS being stronger in patients with a worse clinical condition.”* The significant dissociation of mRS and CASE
score with CSF inflammatory parameters might be explained by differences in sample sizes and CSF sampling, symptom
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severity depending on the antibody present, and the varied sensitivity of the mRS and CASE scores in recording patients’
symptoms. In our study, the clinical severity of LGI1-E and GABABR-E was independent of the presence or absence of
OCB. It has been reported that AE subtypes with NMDAR-E and LGI1-E typically exhibit less CSF inflammation with
older age, possibly as a consequence of immune senescence.”> Even in the patients with NMDAR-E and LGII-E,
advanced age was more likely to reduce the likelihood of inflammatory CSF findings. However, the patients with
GABABR-E who were younger than 50 years old exhibited an increased CSF inflammatory response, whereas CSF
inflammatory changes became less severe with age >50 years old.

Our findings contradicted previous claims that OCBs are uncommon in early NMDAR-E and increase in frequency
over time.”! In our cohort, nearly 25% of patients with NMDAR-E were positive for OCBs within the first week,
compared to 10% at first LP in the previous study.”' In addition, positive OCBs did not become substantially more
common at subsequent time points in NMDAR-E, LGI1-E, or GABABR-E. It is unclear for these discrepancies, which
might be the consequence of distinct OCB detection techniques.

In addition, we examined whether serum cytokines/chemokines in NMDAR-E, LGII-E, and GABABR-E could
mediate CSF inflammatory changes in all types of AE. Recent research revealed that IL-10, IL-1B, and MCP1 were the
molecules that distinguished NMDAR-E, LGI1-E, and GABABR-E most. IL-10, an anti-inflammatory cytokine pre-
dominantly produced by monocytes, inhibits the production of pro-inflammatory cytokines, including GM-CSF, IL-6,
TNF, etc.? The presence of elevated IL-10 expression in NMDAR-E correlates favorably with disease severity.?” This
trend was not observed between LGI1-E and the control group of healthy individuals.”® In contrast, the expression of IL-
10 was substantially higher in LGI1-E than in NMDAR-E and GABABR-E, and in all AE subtypes, IL-10 expression
correlated insignificantly with the severity of CSF inflammatory parameters, such as a higher CSF lymphocyte count and
Qa- This might suggest that LGI1-E with mild inflammatory responses, and NMDAR-E and GABABR-E with severe
inflammatory responses due to IL-10 anti-inflammatory potential. IL-1f is involved in numerous biological processes,
such as cell division and differentiation.”* IL-1f differentially induced perturbations in blood-brain barrier (BBB)
permeability by inducing modifications in junctional complex organization and transcellular trafficking.*® Accordingly,
in our cohort, GABABR-E patients with elevated serum IL-1 were more likely to develop vast blood-CSF barrier
dysfunction and a higher CSF lymphocyte count. Chemokine MCP1 levels are elevated in the CNS and CSF of patients
with neuroinflammatory disorders characterized by breakdown of the BBB and leukocyte infiltration of the CNS.*° It aids
host defense by attracting monocytes and macrophages to the site of inflammation.>' MCP1 is required for anti-NMDAR
IgG migration to the brain in AE,*? and MCP1 mRNA expression is elevated in the hippocampus of mice with anti-
NMDAR antibody-induced recurrent seizures.*® Plasma levels of MCP1 were elevated in LGI1-E patients, but not in
NMDAR-E or GABABR-E patients''** MCP1 expression was significantly higher in NMDAR-E than in LGI1-E and
GABABR-E, but there was no correlation with elevated CSF lymphocyte count and blood-CSF barrier dysfunction. This
may be due to the small sample size of NMDAR-E in our cohort for measuring serum MCP1 expression.

Due to the nature of the study design, the retrospective analyses of data collected during routine clinical practice
generate a variety of possible biases. A significant limitation of this study is the small sample size within subgroups due
to the low prevalence of AE, especially for the cytokine test, which may have constrained our conclusions and
contributed to the exploratory nature of this study.

Conclusion

In conclusion, we demonstrate that NMDAR-E, LGI1-E, and GABABR-E CSF patterns differ significantly, indicating
divergent immunopathogeneses. We provide evidence of a more severe inflammatory response in NMDAR-E and
GABABR-E with frequent polyspecific immune activation than in LGI1-E. Concerning diagnostic considerations, we
demonstrate that the presence of elevated CSF leukocytes, age-adjusted Qayp,, and severe function impairment (mRS>3)
at disease onset renders the diagnosis of LGI1-E extremely implausible. Finally, we demonstrated the association
between several novel cytokines distinct from NMDAR-E, LGI1-E, and GABABR-E and CSF inflammatory responses.
Prospective research on treatment responses and long-term outcomes, as well as analysis of cytokines and relapse
samples, could further validate our results.
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