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Purpose

Regulatory T cells (Tregs) have been implicated in the pathogenesis of several autoimmune disorders and used in adoptive cell transfer thera-
pies. Neither have been explored in patients with autoimmune encephalitis where treated patient outcomes remain suboptimal with frequent
relapses. Here, to identify new treatment strategies for autoimmune encephalitis, we sought to evaluate the proportion of circulating Tregs and
Treg subpopulations in peripheral blood of patients with N-methyl-D-aspartate r eceptor-antibody encephalitis (NMDAR-Ab-E) and compared this
with healthy controls.

Methods

We compared the phenotype of peripheral blood Tregs in four adult NMDAR-Ab-E patients and four age- and sex-matched healthy controls using
an 11-color flow cytometry assay panel for characterization of Tregs (CD4+ CD25+ FoxP3+) cells into naive (chemokine receptor [CCR] 7+
CD45RA+), central memory (CCR7+ CD45RA-), and effector memory (CCR7- CD45RA-) cells. We also examined and compared the expres-
sion of the CCR6 by circulating Tregs and the respective Treg subpopulations between the study groups.

Results

The proportion of circulating Tregs was similar between patients with NMDAR-Ab-E and healthy controls but the proportion of naive Tregs was
lower in NMDAR-Ab-E patients (p = 0.0026). Additionally, the frequency of circulating effector memory Tregs was higher, and the proportion of
circulating effector memory Tregs expressing CCR6 was lower, in NMDAR-Ab-E patients compared with healthy controls (p = 0.0026).

Conclusion
Altered Treg homeostasis may be a feature of patients with NMDAR-Ab-E. Future studies with larger samples are warranted to validate these

findings.
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Introduction

Autoimmune encephalitis (AIE) occurs due to a misdirected
immune response against self-antigens expressed in the cen-
tral nervous system (CNS). When the resulting autoantibodies
target membrane surface antigens, they are considered po-
tentially pathogenic. This is the case for N-methyl-D-aspartate
receptor antibody encephalitis (NMDAR-Ab-E), a common
form of autoimmune encephalitis characterized by psychosis,
amnesia, seizures, and dyskinesias, where antibodies target
the extracellular domain of the NR1 subunit of the NMDAR.
While B cells are likely to be key to an autoantibody-mediated
pathology, T cell functions and imbalances between several
limbs of an acquired immune system are likely to have both
pathogenic and therapeutic roles [1]. For example, in the
NMDAR-Ab-E-associated ovarian teratomas, dense infiltra-
tions of both T and B cells are observed [2].

Patients with NMDAR-Ab-E show variable responses to treat-
ment and ~20% of patients suffer disease relapses after first-
line immunotherapies [3], indicating the need to identify al-
ternative treatment approaches. Th17 cells play a pathogenic
role in the development of autoimmune diseases through
production of proinflammatory cytokines that cause tissue
damage. Excessive activation of the Th17 pathway has been
implicated in the immunopathology of NMDAR-Ab-E [3,4].
Notably, an increase in cerebrospinal fluid (CSF) concentra-
tion of the Th17 inflammatory cytokines interleukin (IL) 17
and IL6 was observed in NMDAR-Ab-E patients [3]. Addition-
ally, Zeng et al. [3] found an increased number of Th17 CD4 T
cells in the CSF of NMDAR-Ab-E patients. Thus, a common
paradigm for intervention with the greatest presumptive ben-
efit in AIE, and indeed NMDAR-ADb-E, should center on early
attenuation of the underlying CNS inflammation.

Regulatory T cells (Tregs) are T cells that suppress inflamma-
tory and autoimmune responses promoting immune toler-
ance, a function proven to be critical for the control of several
autoimmune diseases. Treg deficiencies can lead to microglial
activation, inflammation, and neuronal injury. Poorly func-
tioning Tregs and/or reduced Treg numbers have been ob-
served in patients with autoimmune diseases including mul-
tiple sclerosis and vasculitides [5,6]. Restoring immune ho-
meostasis and tolerance through activation or adoptive trans-
fer of Tregs has become an attractive approach for the treat-
ment of several autoimmune diseases [7,8]. A better under-
standing of the role of Tregs in NMDAR-Ab-E could shed
more light on the potential utility of Treg-directed treatment
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strategies or indeed provide evidence to support repurposing
of already existing treatments to improve outcomes for affect-
ed patients.

The objective of this study was to evaluate the proportion of
Tregs in peripheral blood of affected patients compared with
healthy controls. Given the reciprocal relationship between
Th17 cells and Tregs [9] and data supporting activation of the
Th17 pathway in NMDAR-Ab-E [3,4], we hypothesized that
the frequency of Tregs in peripheral blood would be lower in
NMDAR-Ab-E patients than in healthy controls, suggesting a
loss of immune tolerance in affected patients.

Methods

Study cohort
All clinical investigations were conducted according to the

Declaration of Helsinki principles. The Ethical Committee of
Yorkshire and The Humber approved the study protocol (No.
REC16/YH/0013) and written informed consent was obtained
from all participants. Enrolled participants were admitted to
the John Radcliffe Hospital, Oxford, UK, with a definitive diag-
nosis of NMDAR-Ab-E based on clinical symptoms and posi-
tive CSF NMDAR antibodies. Age- and sex-matched healthy
controls were identified through a mail out to staff working at
the Oxford Vaccine Group, Oxford, UK.

Sampling

Peripheral blood mononuclear cells (PBMCs) were isolated
from heparinized peripheral blood samples by Ficoll gradient
centrifugation and stored in liquid nitrogen until thawing.

Cell staining and flow cytometric analysis
Eleven-color flow cytometry was used to identify Tregs and

the various Treg subsets. In brief, PBMCs were washed twice
in phosphate-buffered saline, and then stained (30 minutes
on ice) with Brilliant violet (BV) 711 anti-human CD3 (Clone
UCHT1; Biolegend, San Diego, CA, USA), BV510 anti-human
CD4 (Clone SK3, Biolegend), BV788 anti-human CD25 (Clone
MAZ251; BD Biosciences, San Jose, CA, USA), BV650 anti-hu-
man CD45RA (Clone HI100, Biolegend), and with the follow-
ing chemokine receptors: BV605 labeled CCR6 (Clone GO4E3,
Biolegend) and BV421 labeled CCR7 (Clone G043H7, Bioleg-
end). After staining for surface molecules, intracellular stain-
ing was performed with allophycocyanin labeled mAB against
FoxP3 (Clone PCH101; eBioscience, San Diego, CA, USA) and
PeCF594 mAB against cytotoxic T-lymphocyte-associated
protein (CTLA) 4 (Clone BN13, BD Biosciences), using a fixa-
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tion and permeabilization solution (eBioscience) according to
the manufacturer’s instructions. Then the cells were washed
twice and analyzed with a Fortessa X20 flow cytometer (Bec-
ton Dickinson, San Jose, CA, USA) using FACS Diva V8.0 soft-
ware (Becton Dickinson).

Definitions
Tregs were identified by flow cytometry based on the expres-

sion of CD25 and FoxP3 on T (CD3+ CD4+) cells. The Treg
population was then classified into different subpopulations
based on their expression of additional cell surface and intra-
cellular markers, as described elsewhere [10] (Gating strate-
gies in Figure 1A and B) into: (i) naive Tregs (CD3+ CD4+
CD25+ FoxP3+ CD45RA+), (ii) memory Tregs (CD3+ CD4+
CD25+ FoxP3+ CD45RA-), (iii) effector memory (EM) Tregs
(CD3+ CD4+ CD25+ FoxP3+ CD45RA- CCR7-), and (iv) central
memory (CM) Tregs (CD3+ CD4+ CD25+ FoxP3+ CD45RA-
CCR7+). The expression of the activation marker CTLA on
Tregs and the homing marker CCR6 were also evaluated.

Statistical analysis
Data are presented as median and interquartile ranges (IQRs).

The proportions of the Treg populations were compared be-
tween NMDAR-Ab-E patients and healthy controls using the
Wilcoxon-Mann-Whitney (nonparametric) test. Spearman
correlation analysis was used to test for statistical dependence
between Treg populations. GraphPad Prism version 7.0
(GraphPad Software, San Diego, CA, USA) was used for the
statistical calculations. A p-value of <0.05 was considered sta-
tistically significant.

Results

Study participants
Eight participants were included in this study: four patients

with NMDAR-Ab-E and four age- and sex-matched healthy
controls (Table 1). Patient samples were obtained either in the
acute (n = 3) or convalescent (n = 1) phase of the disease.
Clinical characteristics of the NMDAR-Ab-E patient cohort are
provided in Tables 1 and 2. Three of the four NMDAR-Ab-E
patients had received at least one immunomodulatory treat-
ment (intravenous methylprednisolone, n=3; oral predniso-
lone, n=2; and plasma exchange, n=1), prior to sampling
(Table 1). All patients were female. The mean age (+standard
deviation) of the study population was 23.50 years (+5.447)
and 28.00 years (+2.944) for the NMDAR-Ab-E and healthy
control groups, respectively.

encephalitisjournal.org

Comparison of peripheral lymphocyte counts
between NMDAR-Ab-E patients and healthy

controls
Firstly, we compared the frequency of total lymphocytes

between NMDAR-Ab-E patients and healthy controls and
found no significant differences (p = 0.0571) (Figure 2A and
Table 3).

NMDAR-ADb-E patients have a lower frequency of
circulating CD3+ CD4+ (helper T) cells compared

with healthy controls
Next, we compared the proportion of helper T cells and found

NMDAR-Ab-E patients had a significantly lower proportion of
CD3+ CD4+ T cells than healthy controls: 35.65% (IQR, 27.08-
41.60) vs. 59.35% (IQR, 54.38-63.58), respectively (p = 0.0286)
(Figure 2B and Table 3).

No difference in overall proportion of Tregs but
diminished proportion of naive Tregs in NMDAR-

Ab-E patients compared with healthy controls
Next, we compared the frequency of Tregs between the study

groups. While there was no difference in the proportion of cir-
culating Tregs between the groups (p = 0.3429), NMDAR-
Ab-E patients had an 8-fold lower proportion of circulating
naive Tregs than did healthy controls: 0.960% (IQR, 0.33-1.59)
vs. 8.265% (IQR, 3.95-12.18), respectively (p = 0.0286) (Figure
2C and D; Table 3). The proportion of CCR6+Tregs tended to
be lower in NMDAR-Ab-E patients compared with healthy
controls although the difference did not reach statistical sig-
nificance (p = 0.0571) (Figure 2E).

NMDAR-Ab-E patients have a higher proportion of
circulating effector memory Tregs compared with

healthy controls
We examined whether the proportions of the predefined Treg

subpopulations differed between NMDAR-Ab-E and healthy
controls. NMDAR-ADb-E patients had a significantly higher pro-
portion of circulating EM Tregs than did healthy controls:
94.85% (IQR, 93.15-96.55) vs. 77.35% (IQR, 40.15-82.83), re-
spectively (p = 0.0286) (Figure 2F and Table 3). However, the
proportion of CCR6+ EM Tregs was six times lower in NMDAR-
Ab-E patients compared with healthy controls: 3.505% (IQR,
1.81-6.26) vs. 22.75% (IQR, 9.55-46.68), respectively (p =
0.0286) (Figure 2G). There was no correlation between total
EM Treg and CCR6+ EM Treg frequency either in the NMDAR-
Ab-E patients (Spearman r = -0.600, p = 0.4167) or healthy
controls (r = -0.8, p = 0.33). The proportion of CM Tregs was
similar between NMDAR-Ab-E patients and healthy controls
(p = 0.3429) (Figure 2H).
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Figure 2 Comparison of different cell populations between NMDAR-Ab-E patients and healthy controls
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(A) Lymphocyte comparison between NMDAR-Ab-E patients and healthy controls. (B) Comparison of proportion of CD3+ CD4+ T cells between
NMDAR-Ab-E patients and healthy controls. (C) Comparison of proportion of Tregs between NMDAR-Ab-E patients and healthy controls. (D) Compari-
son of proportion of naive Tregs between NMDAR-Ab-E patients and healthy controls. (E) Comparison of proportion of Tregs expressing CCR6 between
NMDAR-Ab-E patients and healthy controls. (F) Comparison of proportion of effector memory Tregs between NMDAR-Ab-E patients and healthy con-
trols. (G) Comparison of proportion of effector memory Tregs expressing CCR6 between NMDAR-Ab-E patients and healthy controls. (H) Comparison of
proportion of central memory Tregs between NMDAR-Ab-E patients and healthy controls.

NMDAR-Ab-E, N-methyl-D-aspartate receptor-antibody encephalitis; PBMC, peripheral blood mononuclear cell; CCR, chemokine receptor; Tregs, regu-
latory T cells.

Table 3 Comparison of proportions of the different populations between patients with NMDAR-Ab-E and healthy controls

Population NMDAR-Ab-E Healthy control p-value®
Lymphocyte count 63.70 (55.95-71.83) 76.10 (70.98-82.65) 0.1143
CD4+ T cells 35.65 (27.08-41.60) 59.35 (54.38-63.58) 0.0286*
Tregs 1.73 (1.46-2.97) 1.39 (1.21-2.10) 0.3429
Naive Tregs 0.96 (0.33-1.59) 8.27 (3.95-12.18) 0.0286*
CM Tregs 2.21(2.03-2.80) 7.28 (1.64-12.43) 0.3429
CCR6+ CM Tregs 2.78 (0.00-15.04) 14.90 (8.49-28.78) 0.1714
CCR6+ Tregs 3.32(1.60-6.42) 19.85 (8.27-31.43) 0.0571
EM Tregs 94.85 (93.15-96.55) 77.35 (40.15-82.83) 0.0286*
CCR6+ EM Tregs 3.51(1.81-6.26) 22.75 (9.55-46.68) 0.0286*
CTLA4+ Tregs 81.60 (77.38-82.60) 79.25(77.33-84.70) 0.8857

Values are presented as median percentage (interquartile range).

NMDAR-Ab-E, N-methyl-D-aspartate receptor-antibody encephalitis; Tregs, regulatory T cells; CM, central memory; CCR, chemokine receptor; EM, effector memory; CTLA,
cytotoxic T-lymphocyte-associated protein.

“Mann-Whitney U-test.

*p < 0.05 (statistical significance).

Discussion healthy controls, without differences in the proportion of total

Tregs.
Our data show differences in the frequency of naive Tregs, EM 8

Tregs, and CCR6+ Tregs between NMDAR-ADb-E patients and ~ We observed that patients with NMDAR-Ab-E have a lower
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circulating pool of naive Tregs than healthy controls. Naive
Tregs differentiate into activated Tregs following antigenic ex-
posure and are required to control immune responses
through continuous replenishment of the activated Treg pool
[11]. The lower frequency of naive Tregs in NMDAR-Ab-E pa-
tients could indicate impaired Treg homeostasis due to an in-
fluence of Treg thymic development, or an increase in periph-
eral cell turnover and subsequent conversion to memory
Tregs. The latter would seem more plausible due to the higher
proportion of memory Tregs observed in NMDAR-Ab-E pa-
tients compared with healthy controls (data not shown).

One cross-sectional observational study of 29 patients with
autoimmune encephalitis showed a nonsignificantly lower
proportion of Tregs in peripheral blood of patients with syn-
aptic antibodies (NMDAR-Ab-E, n = 4) compared with those
with paraneoplastic antibodies [12]; no healthy controls were
included in the study making it impossible to ascertain to
what extent these differences are directly reflective of the un-
derlying diagnosis. Although our data show that NMDAR-
Ab-E patients have similar levels of circulating Tregs as
healthy controls do, this finding may not necessarily reflect
the Treg numbers in the CNS.

The results of this study indicate that NMDAR-Ab-E patients
have a higher proportion of circulating EM Tregs than healthy
controls. Contrary to their CM counterparts, EM Tregs repre-
sent more recently activated memory Tregs with increased
suppressive function. Most of the NMDAR-Ab-E patients were
in the active state of the disease; therefore, the higher propor-
tion of EM Tregs in the patient cohort would suggest recent
antigen reexposure with a significant shift towards an EM

phenotype.

Though there was no difference in the overall proportion of
Tregs between NMDAR-Ab-E patients and healthy controls,
there was a trend towards a lower proportion of circulating
CCR6+ Tregs in NMDAR-Ab-E patients. Also, we observed
that the frequency of EM Tregs expressing CCR6 was lower in
NMDAR-Ab-E patients than in healthy controls. Following
antigenic stimulation, activated naive T cells acquire specific
homing receptors which allow them to efficiently migrate into
peripheral tissues and sites of inflammation. Treg-mediated
suppressive function involves Treg migration to lymphoid or-
gans and to sites of inflammation where they act directly to
control potentially destructive immune responses in inflamed
tissues and prevent organ-specific autoimmune diseases [13].
CCR6 promotes Treg migration to inflamed sites through its

encephalitisjournal.org

physiological ligand macrophage inflammatory protein-3 al-
pha/CC chemokine ligand 20 (CCL20). CCR6+ memory Tregs
have been shown to exhibit superior suppressive activity [14]
and experimental studies indicate that CD4+ Tregs require
CCR6 to downregulate the inflammatory process associated
with experimental autoimmune encephalomyelitis [15]. In a
study of 60 patients with NMDAR-Ab-E, significantly in-
creased levels of CCR6 and CCL20 were observed in the CSF
of NMDAR-ADb-E patients compared with patients with nonin-
flammatory neurological disorders [3]. This finding is sup-
ported by earlier studies showing accumulation of CCR6+
Tregs and increased levels of CCL20 in the CNS during acute
inflammation [16,17]. Consequently, CCR6-CCL20 axis has
been suggested as a novel therapeutic target for NMDAR-
Ab-E [3]. Our observation of lower frequencies of CCR6+ EM
Tregs and a trend to lower frequencies of CCR6+ Tregs in
NMDAR-Ab-E patients could indicate a genuine deficiency of
CCR6 in these patients and this could have therapeutic impli-
cations. A more likely possibility is that this finding could re-
flect artificially low circulating levels of these Treg populations
due to their recruitment to the CNS. Notably, Zeng et al. [3]
demonstrated a significant increase in CCR6 expression by
Th17 cells in the CSF but not peripheral blood of NMDAR-
Ab-E patients and showed that addition of CCL20 significantly
promoted the chemotactic ability of Th17 cells. Nonetheless,
the exact relevance and implications of our findings are un-

clear and warrant further investigation.

The main limitations of this study are the potential confound-
ing effects of steroid and plasma exchange therapy, and the
small sample size. Due to the logistical challenges of CSF
sampling particularly from healthy controls and the low num-
bers of lymphocytes found in the CSF in encephalitis, we fo-
cused on investigating the Treg population in peripheral
blood. Findings in peripheral blood may not reflect activity in
the CNS but it is likely the autoimmunization in these patients
begins in the periphery [1].

Our preliminary data suggest that Tregs may have a role in the
pathogenesis of NMDAR-Ab-E. It is not clear whether these
findings are part of the disease pathogenesis in NMDAR-Ab-E
implying that patients might benefit from modifying the Treg
response, or just a response to the disease with no negative
pathological consequence. Further studies in a larger cohort
of patients using paired blood and CSF samples are necessary
to confirm these observations and to elucidate the functional

relevance of these findings.
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