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Abstract: Objective: To explore the mechanism of immune regulation of Th17 in anti-NMDAR encephalitis disease. 
Methods: This is a retrospective study with 83 subjects included. All subjects were admitted to the Second Affiliated 
Hospital of Hainan Medical University from April 2018 to May 2021, including 35 patients with anti-NMDA en-
cephalitis in an encephalitis group, and 48 patients with non-inflammatory central neuropathy in a control group. 
The cerebrospinal fluid (CSF) and blood samples were collected from two groups of patients, and the changes of 
Th17 cell, immunophenotypic characteristics, differentiation pathways and the effect were analyzed accordingly. 
Peripheral blood mononuclear cells (PBMCs) from patients with anti-NMDAR encephalitis were isolated and treated 
with different cytokines, namely IL-1β+IL-6 group, IL-1β+IL-23 group, IL-6+IL-23 group, IL-1β+IL-23+IL-6 group and 
TGF-β group. After co-culture, the proportion of Th17 cells and the expression level of Th17 cell-specific transcrip-
tion factor RORγt mRNA were examined. Results: Th17 cells in CSF were dramatically uplifted in the encephalitis 
group. In terms of cell phenotype, the percentages of CD62L and CCR7 expressions in Th17 cell phenotype were 
significantly increased in the encephalitis group. IL-1β, IL-6, IL-7 and IL-23 mRNA in PBMCs and IL-1β, IL-6, IL-7 and 
IL-23 in serum were remarkably uplifted in the encephalitis group. The mRNA levels of Th17 and Th17 cell-specific 
transcription factor RORγ T were the highest in the IL-1β+IL-6+IL-23 group but the lowest in the TGF-β group. Th17 
in CSF of patients with poor prognosis was notably higher than that of those with good prognosis. Conclusion: The 
proportion of Th17 cells in patients with NMDAR encephalitis and the expressions of corresponding differentiation 
promoting cytokines were increased, and Th17 is closely associated with patients’ treatment and prognosis. Th17 
cells play crucial roles in tumorigenesis and progression of anti-NMDAR encephalitis.
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Introduction

Anti-N-methyl-D-aspartate receptor (anti-NM- 
DAR) encephalitis is a new type of anti-NMDAR-
related autoimmune encephalitis [1]. Among 
the most prevalent encephalitis diseases, anti-
NMDAR encephalitis has become the second 
most immune-mediated disease following the 
acute disseminated encephalomyelitis [2]. 
Clinical studies have shown that [3] patients 
received early immunosuppressive therapy  
and tumor resection have a good prognosis. 
However, it is not easy to clinically recognize 
encephalitis in an early stage, and there is still 
no “golden standard” for the diagnosis. On the 
contrary, it is quite difficult to make clinical 
diagnosis, and patients usually have long treat-
ment cycle and high incidence of complica-

tions, which increases the possibility of long-
term recurrence and a potential risk of death 
[4]. Therefore, early recognition and effective 
treatment are still important research topics in 
this filed.

Research has suggested that abundant immune 
cells are present in the cerebrospinal fluid (CSF) 
of patients with anti-NMDAR encephalitis, 
including tumor cells, lymphocytes, neutrophils 
and macrophages, etc. [5]. It is believed that 
the immune pathogenesis is due to increase of 
lymphocytes in CSF in the early stage, followed 
by the activation of autoimmune responses 
caused by inflammatory response of central 
nervous system, thereby activating B cells to 
produce antibodies. However, the data relating 
to T cells that are involved in the disease are 
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limited. Recently, it was proposed that [6] T 
cells also participated in immune regulation 
mechanism of anti-NMDAR encephalitis. Th17 
is a special type of CD4+ T cells which secrete 
IL-17. Th17 may be the primary cells involved in 
tissue inflammation and immune response, 
and they influence human immune diseases 
[7]. We previously detected Th17 cells in the 
celiac lymph and peripheral blood of patients 
with anti-NMDAR encephalitis through flow 
cytometry [8], and we speculated that Th17 
might have a certain immunomodulatory effect 
on the occurrence and progression of NMDAR 
encephalitis. While the specific mechanism of 
Th17 antagonizing the immune regulation of 
NMDAR encephalitis has yet been revealed. To 
understand the disease progression and to pro-
vide corresponding basis for the early diagno-
sis and treatment, this study analyzed the 
immune regulatory mechanism of Th17 in anti-
NMDAR encephalitis.

Materials and methods

Clinical data

This retrospective study included 83 sub- 
jects, and all of them were treated in the  
Second Affiliated Hospital of Hainan Medical 
University from April 2018 to May 2021, includ-
ing 35 patients with anti-NMDA encephalitis  

Exclusion criteria of the groups: (1) Patients 
underwent lumbar puncture or related treat-
ment within 3 months prior to admission. (2) 
Patients had a drug history of glucocorticoids, 
non-steroidal anti-inflammatory drugs, or im- 
munosuppressants. (3) Patients had other 
immunological disease(s).

All patients underwent lumbar puncture for CSF 
and blood samples, and those with anti-NMDAR 
encephalitis were screened for tumor at least 
once during hospitalization. Neurological func-
tion of patients was assessed by applying 
Modified Rankin Scale (mRS) at their initial 
admission and during follow-up at 3-6 months.

This research was carried out under the permit 
of Ethics Committee of The Second Affiliated 
Hospital of Hainan Medical University.

Differentiation by flow cytometry

Mononuclear cells were isolated from the CSF 
specimens of the two groups by Ficoll gradient 
centrifugation (Sigma Aldrich, USA, F5415). 
CD4+ T cells were obtained by metian Biotec 
magnetic bead sorting kit (Miltenyi Biotec, 
Germany), and the purity of the enriched CD4+ 
T cells was confirmed to be at least 95% by 
Flow cytometry (Figure 1). CD4+ T cells were 
inoculated with RPMI-1640 (Gbico Corporation, 

Figure 1. Detection of CD4+ cell purity by Flow cytometry.

in an encephalitis group and 48 
patients with non-inflammatory neu-
ropathy (25 patients with cerebrovas-
cular disease and 23 patients with 
peripheral nerve disease) in a control 
group. 

Inclusion criteria of the encephalitis 
group: (1) Patients met the diagnostic 
criteria for anti-NMDAR encephalitis 
(2016 edition) [9], with clinical mani-
festations and detection of anti-
GluN1 antibodies in CSF. (2) Patients 
were 18 years old or above. (3) 
Patients signed the informed consent 
form of their own accord.

Inclusion criteria of control group: (1) 
Patients were detected negative for 
CSF specific antibodies. (2) Patients 
were 18 years old or above. (3) 
Patients signed the informed consent 
form of their own accord.
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12633012) medium containing 10% calf serum 
(Gbico Corporation, A3520502) (at a concen-
tration of 1 × 106/mL) and cultured at 37°C and 
in 5% CO2. The coated anti-human CD3 anti-
body (2 μg/ml, eBioscience, USA), soluble anti-
human CD28 mAb (1 μg/ml, eBioscience, USA), 
IL-6 (10 ng/ml, BD Company, USA), anti-IFNγ (1 
μg/ml, American BD company), anti-IL-4 (1 μg/
ml, American BD company), IL-17 (10 ng/ml, 
American eBioscience company) were added  
to the cells to stimulate CD4+ T cells for 5 d. 
Then, CD4+ T cells were stimulated with PMA 
(50 ng/ml, Sigma Company, USA), ionomycin 
(750 ng/ml, Sigma Company, USA) and Bre- 
feldin A (10 mg/ml, BD Biosciences Company, 
USA) for 6 h. IL-17-secreting cells were separat-
ed from the above differentiated CD4+ T cells 
with the use of IL-17 enrichment assay kit 
(Miltenyi Biotec, Germany), and CD45RO 
(Abcam, Inc, ab210385), CD62L (Abcam, Inc, 
ab95140) and CCR7 (Abcam, Inc, ab155382) 
expressions in Th17 cells were detected by 
Flow cytometry.

Detection of cytokine expressions by RT-PCR

The patients’ peripheral blood mononuclear 
cells (PBMCs) were detached by Ficoll gradient 
centrifugation. The total RNA in PBMCs was 
extracted by Trizol RNA Extraction Reagent 
(Invitrogen company of the United States), and 
the purity was checked by ultraviolet spectro-
photometer. TIANScript M-MLV Reverse Tran- 
scription Kit (Takara, Japan) was applied to syn-
thesize the first strand of cDNA. Primers of 
IL-1β, IL-6, IL-7, IL-23, TGF-β and β-actin were 
designed and synthesized. SYBR Green kit 

(Takara Company, Japan) and Rotor-gene 3000 
real-time PCR were used for detection. Rotor-
gene real-time Analysis 6.0 and dual-standard 
curve based method were used for data analy-
sis. The primer sequences are shown in Table 
1. Amplification conditions were as follows, 
94°C 60 s, 55°C 60 s, 72°C 60 s, with 35 
cycles. The optical density is analyzed by an 
image analysis software of quantity one (bio 
rad company of the United States), and the 
mRNA expression level of the target gene was 
expressed by the optical density value of the 
target gene/optical density value of β-Actin.

Cytokine expressions measured by ELISA

The peripheral blood was collected in both 
groups. The serum was separated, and the lev-
els of IL-1β, IL-6, IL-17, IL-23 and TGF-β were 
measured by ELISA. All kits were purchased 
from R&D Company in the United States, and 
the operations were strictly in accordance with 
the instructions.

Cytokine and PBMC co-culture experiment

The patients’ PBMCs were isolated and count-
ed. Then, 2 × 105 cells were added with IL-4 (10 
μg/ml), IFN-γ (10 μG/ml) neutralizing antibod-
ies and the following cytokine combinations, 1) 
IL-1β (10 ng/ml) + IL-6 (50 ng/ml), 2) IL-1β (10 
ng/ml) + IL-23 (20 ng/ml), 3) IL-6 (50 ng/ml) + 
IL-23 (20 ng/ml), 4) IL-1β (10 ng/ml) + IL-23 (20 
ng/ml) + IL-6 (50 ng/ml), 5) TGF-β (5 ng/ml), for 
5 days of co-culture. The proportion of Th17 
was detected by Flow cytometry, and the 
expression of Th17 cell-specific transcription 

Table 1. Primer sequence
Primer sequence

IL-1β
forward primer 5’-ATGGCAGAAGTACCTAAGCT-3’
reverse primer 5’-TTAGGAAGACACAAATTGCATGG TGAACTCAGT-3’

IL-6
forward primer 5’-ATGAACTTCCTTCTCCACAAGC-3’
reverse primer 5’-CTACATTTGCCGAAGAGCCCTCAGGCTGGACTG-3’

IL-7
forward primer 5’-ATGCTTCCATGTTTCTTTTAGG-3’
reverse primer 5’-AGCTTTTCTTTAGTGCCCATCAAAA TTTTATTCCAACA-3’

Il-23
forward primer 5’-AGGGCACCCAGTCTGAGaACA-3’
reverse primer 5’-CGGCCTTGCTCTTGTTTCAC-3’

TGF-β
forward primer 5’-ATGACACCACCTGAACGTCT CTTC-3’
reverse primer 5’-CTACAGAGCGAAGGCTCCAAAGAAGACAGTACT-3’

β-actin
forward primer 5’-GTGGGGCGCCCCAGGCACA-3’
reverse primer 5’-CTCCTTAATGTCACGCACGA TTTC-3’
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factor RORγt mRNA was determined by real-
time quantitative RT-PCR.

Statistical analysis

SPSS 26.0 was applied for data processing and 
analysis. The measurement data were repre-
sented by (

_
x±s), and the enumeration data 

were expressed as percentages. For data anal-
ysis among multiple groups or multiple time 
points, the pairwise comparisons adopted SNK 
post hoc test after ANOVA. The measurement 
data between the two groups were compared 
by independent sample t-test, and the counting 
data were compared by chi-square test or 
Fisher’s precision probability test. P<0.05 indi-
cated statistically significant.

Results

Clinical data

No statistically difference was found in sex, 
age, CSF-Glu and CSF chloride between the two 
groups (P>0.05), while CSF white blood cell 
count (WBC) and CSF protein in the encephali-
tis group exceeded those of the control group 
(P<0.05) (Table 2).

Th17 enrichment and phenotypic characteris-
tics in CSF of the two groups

CD4+ T cells were isolated from the CSF sam-
ples of each patient, and Th17 in CSF was 
detected by Flow cytometry. The results 
revealed that Th17 cell count in the CSF of 
encephalitis group was obviously higher than 
that in the control group (P<0.05, Figure 2A 
and 2B). In addition, Flow cytometry was used 
to detect the phenotypic characteristics of 
Th17 cells in the CSF (Figure 2C), and the 

results showed that most Th17 cells in CSF of 
the two groups expressed CD45RO molecule, 
and there was no difference in CD45RO mole-
cule expression between the two groups 
(P>0.05, Figure 2D). CD62L and CCR7 expres-
sions in the encephalitis group exceeded those 
in the control group (P<0.05, Figure 2E-H).

Different cytokines inhibit Th17 cell differentia-
tion in patients with NMDAR encephalitis

The level of IL-1β, IL-6, IL-7 and IL-23 in the 
PBMCs of the encephalitis group were appar-
ently higher than those in control group 
(P<0.05, Figure 3A). The serum IL-1β, IL-6, IL-7, 
and IL-23 levels in encephalitis group were also 
notably higher than those in control group 
(P<0.05, Figure 3B). The effect of different 
cytokines on Th17 cells in NMADR encephalitis 
was analyzed. The results referred that had  
the Th17 cell percentage and RORγ T mRNA 
expression level were the highest in the 
IL-1β+IL-6+IL-23 group and the lowest in the 
TGF-β group (Figure 3C and 3D).

Prognosis prediction of Th17 against NMDAR 
encephalitis

The 35 patients with anti-NMDAR encephalitis 
were divided into good prognosis subgroup 
(mRS<2, n=21) and poor prognosis subgroup 
(mRS≥2, n=14) according to the mRS score 
from follow-ups. The percentage of Th17 cells 
in CSF in the poor prognosis subgroup was sig-
nificantly higher than that in the other group 
[(26.18±3.17)% vs. (29.86±3.08)%] (P<0.05, 
Figure 4A). The predictive value of Th17 was 
analyzed by ROC curve, and the results showed 
that the area under ROC curve was 0.873 
(Figure 4B).

Table 2. Comparison of clinical data between the two groups
Clinical data Encephalitis group (n=35) Control group (n=48) t/χ2 P
Sex (n)
    Male 19 27 0.032 0.859
    Female 16 21

Age (years old, 
_
x±s) 31.2±7.1 32.5±9.2 0.636 0.527

CSF-Glu (mmol/L, 
_
x±s) 3.15±1.02 3.27±1.09 0.510 0.612

CSF chloride (mmol/L, 
_
x±s) 125.64±15.42 123.84±9.77 0.650 0.518

CSF WBC count (/mm2) 3.64±1.02 1.98±0.84 8.097 0.000
CSF protein (mg/L) 398.48±102.38 312.31±78.59 4.339 0.000
CSF: cerebrospinal fluid, WBC: white blood cell.
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Discussion

It was found that patients with anti-NMDAR 
encephalitis carry a large number of immune 

cells in their CSF, including lymphocytes, mac-
rophages, neutrophils and tumor cells, etc. 
[10]. Lymphocytes make up most of the immune 
cells in the CSF [11]. Current studies suggest 

Figure 2. Enrichment and phenotypic characteristics of Th17 in the CSF of the two groups. A, B: The percentage of 
Th17 cells in CSF was detected by Flow cytometry. C-H: The phenotypic characteristics of Th17 cells in CSF of the 
two groups were detected by Flow cytometry. Compared with the control group, *P<0.05. CSF: cerebrospinal fluid.
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that the immune pathogenesis of anti-NMDAR 
encephalitis is the increase of lymphocytes in 
CSF in the early stage, followed by the inflam-
matory response of central nervous system, 
which leads to the activation of autoimmune 
response, and subsequently the activation of B 
cells and the generation of antibodies [12]. At 
present, the research data on the involvement 
of T cells in this disease are limited. It has 
recently been shown that T cells are involved in 
the mechanism of immune regulation against 
NMDAR encephalitis [13]. Studies have indicat-
ed that the expression of T cell-related cytokine 
IL-17 in CSF increases during the progression of 
anti-NMDAR encephalitis [14]. Th17 is a special 
type of CD4+ T cells that secrete IL-17, which is 
considered to be the primary cell type involving 

tissue inflammation and immune response, 
and imposes a crucial effect in human autoim-
mune diseases [15, 16].

The results of this study illustrated that the per-
centage of Th17 in the CSF of the encephalitis 
group was notably increased compared with 
that of the control group. This suggests that 
Th17 cells and the related cytokines produce a 
marked effect on anti-NMDAR encephalitis. 
Hence, the results of this as well as previous 
studies corroborate the hypothesis that anti-
NMDAR encephalitis is an autoimmune disease 
associated with T cells.

The development, differentiation and biological 
effects of Th17 rely on a series of cytokines. 

Figure 3. Different cytokines against Th17 cell differentiation in NMDAR encephalitis. A. The mRNA levels of IL-1β, 
IL-6, IL-7, IL-23 and TGF-β in the PBMCs of the two groups. Encephalitis group compared with the control group, 
*P<0.05. B. The serum levels of IL-1β, IL-6, IL-7, IL-23 and TGF-β. Compared with the control group, *P<0.05. C. The 
effect of different cytokines on Th17 cells in anti-NMADR encephalitis. Compared with IL-1β+IL6+IL23, *P<0.05. 
D. The effect of different cytokines on RORγt mRNA expression in anti-NMADR encephalitis. Compared with  
IL-1β+IL6+IL23, *P<0.05. PBMCs: peripheral blood mononuclear cells.
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Among them, IL-23 is a pro-inflammatory cyto-
kine discovered in recent years. It accelerates 
the proliferation and differentiation of Th17 by 
binding to its receptors, and meanwhile pro-
motes Th17 cells to secrete the characteristic 
inflammatory factor IL-17 in the occurrence and 
development of autoimmune diseases [17, 18]. 
In this study, IL-23 mRNA expression in the 
PBMCs and the content in serum of patients 
with anti-NMDAR encephalitis were greatly 
increased, demonstrating that IL-23, as a dif-
ferentiation promoting factor of Th17, plays a 
significant role in anti-NMDAR encephalitis. In 
addition to the direct connection between IL-17 
and IL-23 and the functional status of Th17 
cells, cytokines IL-1β, IL-6 and TGF-β also play 
an important function in regulating the differen-
tiation of Th17 cells [19-21]. Previous studies 
have found that the combined action of IL-1β 
and IL-6 can effectively initiate the differentia-
tion and proliferation of human Thl7 cells, but 
unlike rodents, TGF-β inhibits the differentia-
tion of human Thl7 cells [22-24]. In this study, 
IL-1β and IL-6 mRNA in PBMCs and serum were 
critically increased. Therefore, together with 
previous results, it suggests that high expres-
sion of IL-1β, IL-6, IL-23 and TGF-β in the periph-
eral blood of patients with anti-NMDAR enceph-

alitis provides an important cytokine environ-
ment for the differentiation of Th17.

RORγt as a retinoic acid-related orphan nuclear 
hormone receptor, plays a key role in the dif-
ferentiation of Th17 and is a specific transcrip-
tion factor that controls the differentiation of 
Th17 [25, 26]. We noticed the effect of differ-
ent cytokine microenvironment on the differen-
tiation of Th17 and the difference in RORγt 
mRNA expression. The percentage of Th17  
and the expression of RORγ T mRNA in  
IL-1β+IL-6+IL-23 group were the highest, which 
is consistent with the proportion of Th17 in 
peripheral blood and the increase of IL-17, 
IL-1β, IL-6 and IL-23.

Besides, Th17 in subjects with different out-
comes was analyzed, and it showed that the 
percentage of Th17 in the CSF of patients with 
poor prognosis was higher than that in those 
with good prognosis. ROC curve analysis 
showed that Th17 cells could predict the poor 
prognosis of patients after treatment, and the 
area under ROC curve was 0.873. This sug-
gests that the increase of IL-17 in CSF is tightly 
related to the progress in anti-NMDAR enceph-
alitis. Moreover, it has been reported that there 

Figure 4. Th17 predicts the prognosis of patients with anti-NMDAR encephalitis. A. Comparison of the percentage 
of Th17 cells between the good prognosis group and the poor prognosis group. B. ROC curve analysis of the predic-
tive value of Th17 cells for the poor prognosis of patients after treatment. Compared with the poor prognosis group, 
*P<0.05.
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may be some dynamic changes in IL-17 levels 
during the occurrence and development of the 
disease. Th17 levels were markedly elevated in 
the early stages of disease, and reduced after 
immunosuppressive therapy. Therefore, further 
investigation is needed to analyze the relation-
ship between the dynamic changes of IL-17 lev-
els and the progression and recurrence of this 
disease.

The limitation of this study is the limited sample 
size, and the dynamic changes in Th17 cells 
percentage during disease progression and 
recurrence in patients with NMDAR encephali-
tis were not studied. Therefore, it is necessary 
to enlarge sample size and analyze the influ-
ence of Th17 in the dynamic process of 
disease.

In conclusion, Th17 proportion in peripheral 
blood and the expression of corresponding  
pro-differentiation cytokines increased in 
NMDAR encephalitis, and was closely related to 
the prognosis of patients. Th17 is important in 
the immune regulation of the occurrence and 
progression of NMDAR encephalitis. Th17 cell-
associated cytokines might be the latent bio-
marker for accessing clinical outcomes of anti-
NMDAR encephalitis.
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