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Abstract

Objective To detect the alteration of regulatory B cells (Bregs), follicular helper T cells (Tth), and regulatory T cells (Tregs)
frequencies in patients with anti-N-methyl-D-aspartate receptor (anti-NMDAR) encephalitis. Analyze their association with
clinical severity and activity, and explore the effects of different immunotherapies on those immune cell subsets.

Methods We enrolled 21 patients with anti-NMDAR encephalitis, 22 patients with neuromyelitis optica spectrum disorder
(NMOSD), 14 patients with idiopathic intracranial hypertension (IIH), and 20 healthy controls (HC) in our study. The fre-
quencies of various immune cell subsets were determined using flow cytometry.

Results Compared to patients with ITH and HC, the frequencies of CD24™CD38" transitional B cells as well as Tregs were
significantly lower while the frequency of Tfth was significantly higher in patients with anti-NMDAR encephalitis. The fre-
quency of CD24"CD38" transitional B cells was significantly lower in the acute stage than in the recovery stage, and was
negatively correlated with the modified Rankin scale (mRS) and the clinical assessment scale for autoimmune encephalitis
(CASE). The frequency of CD24MCD38" transitional B cells at the last follow-up after rituximab (RTX) treatment was
significantly higher than those treated with oral immunosuppressants or untreated. There was no clear difference between
anti-NMDAR encephalitis and NMOSD in the above immune cell subsets.

Conclusion We suggested that the frequencies of CD24"CD38" transitional B cells and Tregs were decreased while the
frequency of Tfh was increased in patients with anti-NMDAR encephalitis. CD24"CD38" transitional B cells frequency
may be a potential indicator to estimate the disease activity and severity.
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Introduction

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis
is the most common type of autoimmune encephalitis (AE),
accounting for about 80% of AE [1]. It is an autoimmune
neuropsychiatric disorder that can cause a variety of clinical
manifestations, including psychiatric disturbances, cogni-
tive impairments, seizures, movement disorders, autonomic
dysfunction, hypoventilation, and even coma [2]. There are
two main triggers of anti-NMDAR encephalitis: tumors,

P4 Jiawei Wang
wangjweq@163.com

Department of Neurology, Beijing Tongren Hospital, Capital
Medical University, Beijing, China

Clinical Research Center, Beijing Tongren Hospital, Capital
Medical University, Beijing, China

usually teratomas, and central nervous system infections,
such as herpes simplex encephalitis. B and T cells have
been proposed to be involved in anti-NMDAR encephali-
tis. The potential pathogenesis is that the NMDAR, which
is expressed in tumor nervous tissue or on the surface of
neurons, may be released and handed over to the immune
system. Memory B cells and plasma cells are produced in
local lymph nodes and then pass through the blood-brain
barrier (BBB). After undergoing a series of antigen-driven
changes, memory B cells differentiate into mature plasma
cells and secrete antibodies [3].

T cells and B cells homeostasis is disturbed in anti-
NMDAR encephalitis. B cells play an important role in
immunoregulation, both pro- and anti-inflammatory. Numer-
ous studies have demonstrated that pro-inflammatory B cell
phenotypes and cytokines were involved in pathogenesis
of anti-NMDAR encephalitis [4-8]. However, it is still
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unknown whether the anti-inflammatory B cell phenotypes
is also involved. Regulatory B cells (Bregs) are immunosup-
pressive cells that support immunological tolerance via the
release of interleukin-10 (IL-10), IL-35, and transforming
growth factor B (TGF-p) [9]. Bregs can suppress the pro-
liferation and differentiation of effector T cells including
T follicular helper cells (Tfh) and increase the number of
regulatory T cells (Tregs) [10, 11]. In human, the two main
Bregs subsets have been identified as CD24"CD38" tran-
sitional B cells and CD24"CD27* B10 B cells [12]. Tth is
a newly discovered CD4" effector T cell subset, character-
ized by surface marker expression of the chemokine receptor
CXCRS, costimulatory molecules ICOS and PD-1. Tth are
mainly located in the germinal center (GC) of secondary
lymphoid tissue and play an essential role in providing help
for GC formation, B cell differentiation into plasma cells
and memory cells, and antibody production. Dysfunction
of Tth may result in autoimmune diseases [13]. Regulatory
T cells (Tregs), characterized as CD4*CD25*FoxP3™, is a
specific suppressor subtype of CD4* T cells and play a criti-
cal role in the maintenance of peripheral immune tolerance.
Numerical, functional, or migratory deficits in Tregs may
break self-tolerance and lead to autoimmune diseases [14].

Recently, an increasing number of studies have confirmed
that quantitative or functional impairment of Bregs and
Tregs, or deregulation of Tth, is related to many neurologi-
cal autoimmune diseases, such as multiple sclerosis (MS),
neuromyelitis optica spectrum disorders (NMOSD), myelin
oligodendrocyte glycoprotein antibody disease (MOG-AD),
and myasthenia gravis (MG) [14-20]. However, the changes
in Bregs, Tth, and Tregs have not been investigated in anti-
NMDAR encephalitis. Therefore, we detected the frequen-
cies of Bregs, Tth, and Tregs in peripheral blood in patients
with anti-NMDAR encephalitis, and analyzed the frequen-
cies of Bregs, Tth, and Tregs in patients with different clini-
cal stages and their correlation with the modified Rankin
scale (mRS) and the clinical assessment scale for autoim-
mune encephalitis (CASE). Besides, we explored the effects
of different therapies on Bregs, Tth, and Tregs.

Materials and methods
Patients and controls

A total of 21 patients with anti-NMDAR encephalitis ful-
filling the diagnostic criteria of Graus et al. published in
2016 [21] were recruited in the Department of Neurology,
Beijing Tongren Hospital, Capital Medical University from
September 2021 to October 2022. The patients’ diagnoses
were all confirmed based on clinical manifestations and
detection of anti-NMDAR antibodies in cerebrospinal fluid
(CSF) samples via cell-based assays (CBA). The exclusion
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criteria were previous intravenous methylprednisolone pulse
(IVMP) therapy within 1 month before sampling, any infec-
tion within 1 month before sampling, or coexisting cancer.
Patients were permitted to receive oral immunosuppressants
including corticosteroids and/or mycophenolate mofetil
(MMF), intravenous immunoglobulin (IVIG), or rituximab
(RTX) considering their condition.

For comparison, 22 patients with neuromyelitis optica
spectrum disorder (NMOSD) and 14 patients with idi-
opathic intracranial hypertension (IIH) were recruited as
other inflammatory neurologic disease (OIND) group and
other noninflammatory neurological disease group (ONIND)
respectively. Twenty age- and sex-matched healthy volun-
teers without organic diseases were recruited as the healthy
controls (HC) group.

The study was approved by the local institutional review
boards, and all participants (or their legal guardians) pro-
vided informed consent.

Clinical assessment

It has been proposed that anti-NMDAR encephalitis could be
divided into 4 stages [22]: prodrome and initial psychiatric
symptoms stage, neurologic complications stage, recovery
stage, cognitive, and behavioral sequelae stage. We defined
the first two stages as the acute stage, while the other two
stages as the recovery stage.

Neurological status was assessed with the mRS and
the CASE. The mRS consists of six grades (0—5 points),
and predominantly assess the impact of motor deficits on
functional independence. While, the CASE consists of nine
items, including seizure (current time), memory dysfunction,
psychiatric symptoms (delusion, hallucination, disinhibition,
aggression), consciousness, language problem, dyskinesia/
dystonia, gait instability and ataxia, brainstem dysfunction,
and weakness. Each item was assigned a point of 0-3, with
exception of the item “brainstem dysfunction,” which con-
sisted of gaze paresis, tube feeding, and ventilator care due
to hypoventilation. The total scale ranged from 0 to 27.

Sample collection and flow cytometry analysis

Up to 2ml of peripheral blood samples were collected in
EDTA anticoagulant tubes, stored at 4°C and processed for
flow cytometry analysis within 24 h. The first tube was used
for Bregs analysis. We analyzed two classical Bregs subsets:
CD24"CD38" transitional B cells and CD24"CD27* B10 B
cells. One hundred microliters of EDTA anticoagulant blood
were incubated with anti-human CD19-APC (clone HIB19),
CD24-PE (clone ML5), CD27-PerCP-Cy5.5 (clone M-T271),
CD38-FITC (clone HIT2), or corresponding isotype controls
for 15min at room temperature and was protected from light.
Then, treated with 10XFACS Lysing solution for 10 min. After
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washing twice in phosphate-buffered saline (PBS), samples
were acquired. Lymphocytes were gated using forward scat-
ter and side scatter, B cells were identified as CD19" and then
Bregs were identified as CD24"CD38" transitional B cell
and CD24"CD27* B10 B cells. The second tube was used for
Tth analysis. One hundred microliters of EDTA anticoagu-
lant blood were incubated with anti-human CD4-FITC (clone
RPA-T4), PD-1-PE (clone EH12.1), CXCR5-PerCP-Cy5.5
(clone RF8B2), or corresponding isotype controls. After lys-
ing erythrocytes and washing, samples were acquired. CD4* T
cells were selected in the lymphocytes, and Tth were identified
as PD-1 and CXCRS double-positive cells. The third tube was
used for Tregs analysis. One hundred microliters of EDTA
anticoagulant blood were incubated with anti-human CD3-PE-
cyanine7 (clone HIT3a, BioLegend), CD4-FITC (clone RPA-
T4), CD25-APC (clone M-A251), or corresponding isotype
controls. After lysing and washing, samples were incubated
with Fix/Perm buffer for 45min at 4°C, and then washed in
perm/wash buffer. Samples were incubated with anti-human
FoxP3-PE (clone 259D/C7) or corresponding isotype con-
trols for 1 hour at 4°C. After washing, samples were acquired.
CD3*CD4* T cells were selected in lymphocytes, and Tregs
were identified as CD25 and FoxP3 double-positive cells. All
reagents were from BD Bioscience except where noted other-
wise. Gating strategies were shown in Fig. 1.

Flow cytometry was performed on FACS Calibur (BD
Biosciences). Single-stained cells were used to calculate
compensation, and fluorescence minus one (FMO) controls
were used to determine gating placement. Data were ana-
lyzed using FlowJo 10.8.1.

Statistical analysis

All results were statistically analyzed by SPSS 26.0 and
Graphpad Prism 8.0.2. Categorical variables were described
by counts and percentages, while non-normal distributed
continuous were described by medians and ranges. Fisher’s
exact test was used for comparisons between frequency of
categorical variables. Mann—Whitney U test was used for
pairwise comparisons. Kruskal-Wallis test with Bonferroni
post hoc analyses was used to compare multiple groups of
samples. The Spearman rank correlation test was used to
analyze correlations between parameters. A P-value <0.05
was considered statistically significant.

Result

Demographic and clinical features of anti-NMDAR
encephalitis patients

The demographic data derived from patients and healthy
controls was shown in Table 1. A total of 21 patients with

anti-NMDAR encephalitis were included in our study. Five
of whom were sampled after receiving RTX and formed
the RTX group. The median interval between the last RTX
infusion and sampling was 11 months (range 3—14). The
remaining 16 patients who did not receive RTX formed
the non-RTX group, 11 of whom were sampled while tak-
ing oral immunosuppressants (4 patients taking MMF, 7
patients taking corticosteroids plus MMF), and the others
were untreated. Seven of 22 patients with NMOSD were
sampled while taking oral immunosuppressants (4 patients
taking MMF, 3 patients taking corticosteroids plus MMF),
and the others were untreated. The proportion of patients
taking oral MMF or corticosteroids plus MMF between no-
RTX group and NMOSD group were comparable (p=0.429,
p=0.176). None of the patients with IIH received immu-
nosuppressants. There were no statistically significant dif-
ferences among groups regarding age, gender, and disease
duration (p=0.451, p=0.470, p=0.371)

CD24"CD38" transitional B cells, Tfh, and Tregs
were imbalanced in patients with anti-NMDAR
encephalitis

First, we compared the frequencies of peripheral
CD24"MCD38M transitional B cells in CD19*B cells,
CD24"CD27* B10 B cells in CD19"B cells, Tfh in CD4*T
cells, and Tregs in CD4*T cells between anti-NMDAR
encephalitis, NMOSD, IIH, and HC. As shown in Fig. 2,
the frequencies of CD24"CD38" transitional B cells and
Tregs were significantly decreased and the frequency of
Tth was significantly increased in anti-NMDAR encephali-
tis when compared with ITH (p=0.007, p=0.003, p=0.025,
respectively) and HC (p=0.004, p=0.001, p=0.033, respec-
tively). However, the difference was not statistically sig-
nificant when compared with NMOSD (p=1.000, p=1.000,
p=1.000, respectively). There was no statistically significant
difference in the frequency of CD24"CD27+ B10 B cells in
CD197B cells between anti-NMDAR encephalitis, NMOSD,
IIH, and HC (p=0.165).

Change in CD24"CD38" transitional B cells
at different stages

Anti-NMDA encephalitis was categorized as the acute stage
and the recovery stage. At the time of sampling, 6 of 16
non-RTX treated anti-NMDAR encephalitis patients were at
the acute stage and 10 were at the recovery stage. We com-
pared changes in CD24MCD38" transitional B cells, Tfh, and
Tregs at different stages. As shown in Fig. 3, the frequency
of CD24"CD38M transitional B cells was significantly lower
in the acute stage than in the recovery stage (p=0.016), but
there were no statistically significant differences in Tth and
Tregs frequencies (p=0.713 and p=0.635, respectively).
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«Fig. 1 Gating strategies for Bregs, Tth and Tregs. Lymphocytes were
gated using forward scatter and side scatter, then, different gate set-
tings were used to distinguish different immune cell subset. Tregs:
CD3*CD4* T cells were selected in lymphocytes, Tregs were iden-
tified as CD25 and FoxP3 double-positive cells. Tth: CD4* T cells
were selected in the lymphocytes, Tfh were identified as PD-1 and
CXCRS5 double-positive cells. Bregs: CD19" B cells were selected in
the lymphocytes, Bregs were identified as CD24"CD38™ transitional
B-cell and CD24"CD27+ B10 B cell

The frequency of CD24"CD38" transitional B cells
is correlated with clinical severity

Neurological status was assessed with the mRS and the CASE.
We explored the correlation between the above immune cell
subsets and neurological status. As shown in Fig. 4, the fre-
quency of CD24"CD38" transitional B cells was negatively
correlated with both the mRS (r=-0.577, p=0.019) and the
CASE (r=-0.575, p=0.020). However, the frequency of Tth
or Tregs showed no statistically significant correlations neither
with the mRS (r=—0.035, p=0.896 and r=0.414, p=0.111,
respectively) nor with the CASE (r=-0.006, p=0.982 and
r=0.401, p=0.123, respectively).

RTX treatment restored CD24"CD38" transitional B
cells

Our results indicated that the frequencies of both CD24"CD38"
transitional B cells and Tregs decreased significantly in patients
with anti-NMDAR encephalitis while the frequency of Tth
increased. We next investigated the effect of different treatment
regimens on these immune cell subsets. As shown in Fig. 5,
the frequency of CD24"CD38" transitional B cells was similar
between patients treated with oral MMF, oral corticosteroids
plus MMF, and untreated, but markedly increased following
RTX treatment. Whereas, the frequencies of Tregs and Tth
were similar between patients treated with oral MMF, oral cor-
ticosteroids plus MMF, RTX, and untreated. Due to a relatively
small sample size, we combined patients treated with oral MMF
and oral corticosteroids plus MMF into one group (oral immu-
nosuppressants) to analyze. The frequency of CD24MCD38h
transitional B cells at the last follow-up after RTX treatment
was significantly higher than those treated with oral immuno-
suppressants or untreated (p=0.004, p=0.038, respectively).
However, the frequencies of Tregs and Tth were not signifi-
cantly different in patients treated with RTX, oral immunosup-
pressants, or untreated (p=0.979, p=0.105, respectively).

Discussion

We explored the frequencies of Bregs, Tth, and Tregs in
patients with anti-NMDAR encephalitis for the first time.
Our results demonstrated a significant imbalance in Bregs,

Tth, and Tregs, manifested as a numerical reduction in
CD24MCD38" transitional B cells and Tregs and over-
expression of Tfh. The frequency of CD24"CD38" tran-
sitional B cells was significantly lower in the acute stage
than in the recovery stage, and was negatively correlated
with the mRS and the CASE. Besides, the frequency of
CD24"MCD38"M transitional B cells at the last follow-up
after RTX treatment was significantly higher than those
treated with oral immunosuppressants or untreated. As
Bregs can suppress the proliferation and differentiation
of effector T cells and induce the differentiation of Tregs,
we speculate that numerical impairment of CD24"CD38"
transitional B cells leads to over proliferation of Tth and
deficiency of Tregs.

Bregs are essential for the maintenance of tolerance and
immune homeostasis, which can suppress the differentia-
tion of effector T cells and skew T cells differentiation in
favor of a regulatory phenotype mainly via the expres-
sion of IL-10, IL-35, and TGF-f [9]. Numerical or func-
tional impairment of Bregs may lead to overexpression
of Tth and insufficiency of Tregs. Bregs can be induced
in response to inflammation at different B cell develop-
mental or activation stages. Almost all B cell subsets
can be induced to form Bregs. To date, multiple Bregs
subsets with similar functions but different phenotypes
have been identified. CD24™CD38" transitional B cells
and CD24MCD27* B10 B cells, which were differentiated
from immature B cells and memory B cells respectively,
are the two main Bregs subsets in human [23]. Recently,
several studies have revealed that the proportion of Bregs
was significantly lower in many neurological autoimmune
diseases than in healthy individuals, such as MS, NMOSD,
MOG-AD, and MG [15-19, 24].

In our study, the frequency of CD24"MCD38" transi-
tional B cells was significantly lower in patients with
anti-NMDAR encephalitis compared with healthy con-
trols and noninflammatory neurological disease IIH,
while the frequency of CD24"CD27" B10 B cells were
comparable. This indicated that CD24"CD38" transi-
tional B cells were involved in the pathogenesis of anti-
NMDAR encephalitis and might be a promising new
therapeutic target in the future. The quantitative impair-
ment of Bregs in anti-NMDAR encephalitis was mainly
reflected in CD24MCD38M transitional B cells rather
than CD24"CD27" B10 B cells. A potential reason for
CD24"CD27* B10 B cells remained unchanged may be
related to the fact that there were much larger number
of memory B cells in peripheral blood of anti-NMDAR
encephalitis patients. In the meantime, it was found that
compared with HC and IIH, the frequency of Tregs was
significantly lower but the frequency of Tfh was higher.
This may be due to the insufficient function of Bregs to
suppress the differentiation of effector T cells, and promote

@ Springer



2470

Neurological Sciences (2023) 44:2465-2474

Table 1 Demographic data of patients in the anti-NMDAR encephalitis, NMOSD, ITH, and HC groups

Anti-NMDAR encephalitis NMOSD IIH HC p
Non-RTX group RTX group

Total number of subjects 16 5 22 14 20 /
Demographic data

Age (years) 32 (15-61) 28 (16-30) 34 (18-63) 30 (19-56) 29 (22-50) 0.451

Gender (male/female) 8/8 3/2 6/16 4/10 7/13 0.470
Disease duration (months) 14 (0.5, 40) 13 (4, 32) 13 (0.5, 42) 3 (0.5, 30) / 0.371
Clinical data

mRS 1.5 (0-4) 1(1-2) / / /

CASE 3 (0-8) 2 (1-3)

Abnormal behavior 13 (81.25%) 5 (100.00%) / / /

Memory deficit 6 (37.50%) 2 (40.00%) / / /

Seizure 11 (68.75%) 2 (40.44%) / / /

Movement disorder 1(6.25%) 0 / / /

Consciousness impairment 0 0 / / /

Autonomic dysfunction 0 0 / / /

Hypoventilation 0 0 / / /
Treatment within 1 month before sampling

Oral MMF 7 (43.75%) / 4 (18.18%) / / 0.429

Oral corticosteroids plus MMF 4 (25.00%) / 3 (13.64%) / / 0.176
Interval between last RTX infusion and sampling / 11 (3-18) / / /

mRS, modified Rankin scale, CASE, the clinical assessment scale for autoimmune encephalitis, MMF, mycophenolate mofetil

Data are presented as counts (percentages) or medians (ranges)

Fig.2 The comparisons of
Bregs, Tregs, and Tth in
patients with anti-NMDAR
encephalitis and controls.
A Comparison of the fre-
quency (as the percent-

age of CD19"B cells) of
CD24"CD38"(ranstional B
cells. B Comparison of the
frequency (as the percent-
age of CD197B cells) of

CD24"CD27+ B10 B cells. C

Comparison of the frequency
(as the percentage of CD4*T

cells) of Tth. D Comparison of
the frequency (as the percent-
age of CD4™T cells) of Tregs.
Kruskal-Wallis test with Bon-

ferroni post hoc analyses was
used. “p<0.03, “*p<0.01
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Fig.4 Correlation analysis between CD24"CD38" transitional B
cells, Tfh, Tregs, and neurological status. A The correlation analysis
between CD24"CD38" transitional B cells and the mRS. B The cor-
relation analysis between Tth and the mRS. C The correlation analy-
sis between Tregs and the mRS. D The correlation analysis between

Tregs. However, when compared with NMOSD, none of
the changes in the above immune cell subsets were sig-
nificant. Although these two diseases are two completely
different diseases, anti-NMDAR encephalitis and NMOSD
shared similar circulating lymphocytic subpopulation pro-
files, which indicated that the changes in Bregs, Tth, and
Tregs were not specific to anti-NMDAR encephalitis, and

CD24MCD38" transitional B cells and the CASE. E The correla-
tion analysis between Tth and the CASE. F The correlation analysis
between Tregs and the CASE. Spearman correlation analysis was
used

were also seen in other neurological autoimmune dis-
eases. Furthermore, we found that patients in the acute
stage had a lower frequency of CD24"CD38" transitional
B cells than patients in the recovery stage, and the fre-
quency of CD24"CD38" transitional B cells was nega-
tively correlated with the mRS and the CASE. It indicated
that CD24"CD38" transitional B cells frequency may be
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Fig.5 The influence of different treatment regimens on treated with different treatment regimens. C, F The frequency of Treg

CD24MCD38" transitional B cells, Tth and Tregs. A, D The fre-
quency of CD24"CD38" transitional B cells in patients treated with
different treatment regimens. B, E The frequency of Tth in patients

a potential indicator to estimate the disease activity and
severity.

Immunotherapy is the mainstay of treatment for anti-
NMDAR encephalitis. Oral corticosteroids and MMF are
commonly used for maintenance immunotherapies, and
RTX is a viable option for the treatment of refractory anti-
NMDAR encephalitis. We next explored the impacts of dif-
ferent treatment regimens on those immune cell subsets. As
we have observed, the frequency of CD24"CD38" transi-
tional B cells at the last follow-up after RTX treatment was
significantly higher than those treated with oral immunosup-
pressants or untreated, which indicated that CD24"cp3gh
transitional B cells were the dominating subset when the
B cells began to appear. This is consistent with the results
previously reported in NMOSD [24]. Besides, we were sur-
prised to find that patients treated with oral immunosuppres-
sants tended to have a decreased frequency of CD24"CD38"
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in patients treated with different treatment regimens. Kruskal-Wallis
test with Bonferroni post hoc analyses was used. “p<0.05, “p<0.01

transitional B cells than untreated patients, although the dif-
ferences were not statistically significant. This phenomenon
can be explained by the facts that corticosteroids can induce
B cells apoptosis, and MMF can diminish cell proliferation.
It has been proved that all developmental stages of B cells
express the glucocorticoid receptor, and dexamethasone
can stimulate B cells apoptosis by binding with the gluco-
corticoid receptor. Immature B cells are more sensitive to
the effect of glucocorticoid induced apoptosis [25]. Given
that CD24™CD38" transitional B cells belong to immature
B cells, they may be more sensitive to apoptotic effects
induced by corticosteroids. MMF prevents cell replication
by inhibiting the generation of DNA, and lymphocytes are a
relatively specific target of it [26]. As a subset of immature
lymphocytes, the proliferation of CD24™CD38" transitional
B cells may be inhibited by MMF. However, oral immuno-
suppressants and RTX did not affect the frequencies of Tth
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and Tregs. This was not consistent with previous findings.
Zhao et al. demonstrated that RTX could inhibit increased
Tfh in NMOSD, and the frequency of Tfh significantly
declined 1 month after RTX treatment [27]. Gwenny et al.
found that RTX treatment in primary Sjogren syndrome
resulted in a decrease of almost 50% in frequencies of Tfh
at 16 weeks after infusion, but the frequency of Tth returned
to baseline levels of patients during B cell repopulation [28].
Our result suggested that the frequencies of Tth in patients
treated with oral immunosuppressants, RTX or untreated
were comparable. We presume that this could mainly be
due to the different intervals between sampling and the last
RTX infusion. The interval between sampling and the last
RTX infusion was relatively long in our study, with a median
interval of 11 months. Tth might has already returned to
baseline level during B cell repopulation. To date, there have
been several studies focused on the impact of RTX treatment
on Tregs in systemic autoimmune disorders, but none spe-
cifically examined the impact of RTX treatment on Tregs in
neurological autoimmune diseases. Constantina et al. found
that the percentage of Tregs was not significantly altered
following RTX treatment in rheumatoid arthritis [29]. On
the contrary, Michelle et al. suggested that the percentage of
Tregs weakly increased as early as day 8 after RTX infusion
and further increased at 6 months in patients with severe idi-
opathic membranous nephropathy, further analysis indicated
that an increase in Tregs percentage after RTX treatment is
observed in responder patients only [30]. Our results showed
that the frequency of Tregs did not differ among patients
treated with oral immunosuppressants, RTX or untreated.
We speculated that the effect of RTX on Tregs may vary,
depending on the disease conditions and the response to
RTX treatment. Therefore, whether Tregs is affected by RTX
treatment in patients with anti-NMDAR encephalitis still
needs further exploration.

Our study has several limitations. First, this study was a
single-center cross-sectional study with a relatively small
sample size, and the longitudinal follow-up was lacking. Sec-
ond, the follow-up time for measurement of immune cell sub-
sets after RTX treatment was relatively short, and the interval
between the last RTX infusion and sampling was not at a
fixed time. Third, our study simply suggested that the fre-
quency of CD24"CD38" transitional B cells was reduced in
anti-NMDAR encephalitis, but assessment of their function
was lacking. Whether their function is impaired remains to be
explored in the future.

In conclusion, we found that the frequencies of
CD24"CD38M transitional B cells and Tregs were decreased
while the frequency of Tth was increased in patients with
anti-NMDAR encephalitis. CD24"CD38" transitional B cells
frequency may be a potential indicator to estimate the disease
activity and severity.
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