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Purpose: Syncytin-1 may play a role in several neuropsychiatric disorders, but its function in anti-N-methyl-D-aspartate receptor
(anti-NMDAR) encephalitis is unknown. The purpose of this study was to examine the possible mechanism of action of syncytin-1 in
patients with anti-NMDAR encephalitis.

Patients and Methods: Twenty patients with anti-NMDAR encephalitis and eight controls were recruited. The protein levels of
syncytin-1 in serum were determined using an enzyme-linked immunosorbent assay, and the transcript levels of syncytin-1 were
determined using real-time quantitative PCR. Flow cytometry was used for peripheral blood lymphocyte subset detection. Further, the
relationship between syncytin-1 levels and clinical features of anti-NMDAR encephalitis and peripheral blood lymphocyte subsets was
analyzed.

Results: Compared with those in controls, higher syncytin-1 levels and percentage of B cells (CD3-CD19+) were observed in patients
with anti-NMDAR encephalitis. Among anti-NMDAR encephalitis patients, the level of syncytin-1 positively correlated with the
proportion of B cells and modified Rankin scale score at onset and after immunotherapy and negatively correlated with the proportion
of CD3+ T cells.

Conclusion: An increased expression of Syncytin-1 is associated with the pathogenesis of anti-NMDAR encephalitis, providing
evidence for elucidating the pathogenesis of the disease and suggesting novel therapeutic targets. Further, this study clarifies the role of
syncytin-1 in neuroimmune disorders.
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Introduction

Anti-N-methyl-d-aspartate receptor (anti-NMDAR) encephalitis, the most common autoimmune encephalitis,
often manifests as cognitive dysfunction, seizures, psychobehavioral abnormalities, and movement disorders.'?
Most patients respond well to immunotherapy, while some patients have intractable seizures and various levels of
cognitive impairment, despite being treated with immunotherapy.®* Clarifying its pathogenesis is of great
significance for its early diagnosis and treatment. The pathogenesis of anti-NMDAR encephalitis is considered
to be predominantly mediated by humoral immunity and B lymphocytes.”® In recent years, “B-lymphocyte
depletion” therapy, such as rituximab (RTX), has achieved good results in anti-NMDAR encephalitis patients,
confirming the important role of B lymphocytes in the development of this disease.” Additionally, the peripheral
blood T cell subsets of patients may be able to serve as an indicator of the disease process in anti-NMDAR
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encephalitis and may contribute to its pathogenesis.® However, anti-NMDAR encephalitis has not been ade-
quately studied with regard to its etiology and pathogenesis. Understanding its etiology and pathogenesis and
identifying new biomarkers and diagnostic and therapeutic targets are important for improving current treatment
outcomes.

Human endogenous retrovirus-W (HERV-w), a member of the human retrovirus family, plays a vital role in
various diseases, such as cancers, inflammatory disease, and autoimmune conditions.”'® A glycoprotein encoded by
HERV-W, syncytin-1, is highly expressed in trophoblast cells of the placenta and plays an important role in
promoting trophoblast cell fusion.'' Syncytin-1 has gradually attracted attention in research on neurological diseases,
such as multiple sclerosis (MS), neuropsychiatric disorders, and neurodegenerative diseases.'>'* Specific infections
(eg, herpesvirus infection) can transactivate HERV-W sequences to upregulate syncytin-1, inducing the secretion of
proinflammatory factors from peripheral blood mononuclear cells (PBMCs) to cause neuroinflammation, mediating
the pathogenesis of MS.'*'> Several studies have shown that syncytin-1 is highly expressed in the serum of patients
with MS and that its levels are correlated with the MS stage, active/remission phase, and treatment outcome. Based
on these findings, Syncytin-1 levels may be useful as a marker for monitoring MS progression and predicting
prognosis.”'*!® Another study found syncytin-1 mRNA transcription in plasma samples from patients with schizo-
phrenia, suggesting that syncytin-1 can also play a role in schizophrenia.'” ' Collectively, these findings indicate
the important role of syncytin-1 in neuroimmune regulation. To the best of our knowledge, there has been no report
on the role of syncytin-1 in anti-NMDAR encephalitis pathogenesis.

Thus, this study sought to uncover the role of syncytin-1 in anti-NMDAR encephalitis and the possible mechanisms
of action with the goal of identifying potential biomarkers and therapeutic targets. Serum levels of syncytin-1 were
measured in patients with anti-NMDAR encephalitis to achieve this goal.

Materials and Methods

Study Design and Population

Between January 2019 and December 2020, 20 patients with anti-NMDAR encephalitis and 8 controls were recruited
from Qilu Hospital of Shandong University, China. We included patients with the following criteria: (1) acute or subacute
onset of at least one clinical symptom, such as seizures, cognitive dysfunction, or speech disturbance; (2) positive anti-
NMDAR antibody in serum or cerebrospinal fluid (CSF); and (3) reasonable exclusion of other diseases. We excluded
patients who failed to be present for follow-ups and those with incomplete data. Anti-NMDAR encephalitis was

diagnosed according to the published diagnostic criteria by Graus et al.*

Healthy blood donors were recruited from
the health check-up center as controls. Samples were obtained before immunotherapy from patients with anti-NMDAR

encephalitis in a state of active disease.

Sample Collection and Processing
PBMCs and serum were subsequently separated on centrifugation of peripheral blood samples obtained via venipuncture.
Before use, PBMCs were frozen in fetal bovine serum supplemented with 10% DMSO (Sigma, USA). Samples were
immediately stored at —80 °C until experiments were conducted.

Syncytin-1 protein levels in serum were measured using the human Syncytin-1 (ERVWE1) ELISA kit (MyBioSource,
Cat# MBS9318236), according to the manufacturer’s protocol. The results from the triplicate experiments were
expressed as mean + SEM.

RNA Isolation and qPCR Analysis

Qiagen’s RNeasy Plus mini kit was used to extract RNA from PBMCs. We used PrimeScript RT reagent Kit with gDNA
Eraser (TaKaRa) to convert 1000 ng of RNA into cDNA for real-time PCR testing. The ABI 7500HT fast block PCR system
(Applied Biosystems) was used to perform real-time quantitative analyses. PCR was conducted at 95°C for 10 minutes and 40
cycles of 15 seconds at 95°C and 1 minute at 60°C. The comparative cycle threshold (**Ct) method was used to calculate the
relative expression levels using 18S ribosomal RNA as the endogenous control. The primers were as follows: syncytin-1:
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Forward 5’-TCATATCTTAAGCCCCGCAAC-3’, reverse 5’-CGCCAATGCCAGTACCTAGT-3’; GAPDH: forward 5'-
GCACCGTCAAGGCTGAGACC-3', reverse 5’-ATGGTGGTGAAGACGCCAGT-3".

Flow Cytometry

Flow cytometry for peripheral blood lymphocyte subset detection was performed according to the manufacturer’s instruc-
tions (BD Bioscience, USA). After red cell lysis, whole blood was stained for six lymphocyte surface markers, following
a standard multicolor flow cytometry procedure. In total, five subpopulations were examined: T cell (CD3+), B cells (CD3-
CD19+), CD4+ T cell (CD3+ CD4+), CD8+ T cell (CD3+ CD8+), and NK cells (CD3-CD16+ CD56+).

Statistical Analysis

Variables with normal continuous distribution are expressed as means and standard deviations, whereas variables with
non-normal distributions are expressed as medians and IQRs. We used the ° test or Fisher’s exact test to analyze
categorical data, and for continuous variables, Student’s #-test was applied. To identify correlations between syncytin-1
levels and clinical features, Spearman correlation coefficient was used. Statistical analyses were conducted using SPSS
26.0 and GraphPad Prism 8.0. P values <0.05 indicated statistical significance.

Results

Characteristics of the Study Population

Table 1 summarizes the clinicodemographic characteristics of the 20 anti-NMDAR encephalitis patients and 8 controls.
A significant between-group difference was not observed in sex or age distribution (p > 0.05). In the anti-NMDAR
encephalitis group, the median age at onset was 10 (IQR, 6.25-13.75) years, and the median modified Rankin scale
(mRS) score at onset was 4 (range, 3—5). The common clinical symptoms were mental behavioral disorders (80%),
seizures (75%), memory impairment (60%), and dyskinesia (55%). No patient had tumors as complications. Overall, 14
(70%) patients showed infection symptoms, such as fever and respiratory tract infection, before onset. Further, eight
(40%) patients had abnormal brain magnetic resonance imaging signals, and 14 (70%) patients had abnormal electro-
encephalography findings.

All 20 (100%) patients were treated with steroids, of whom 19 (95%) were treated with steroid and
intravenous immunoglobulin. Two (10%) patients received second-line immunotherapy (both RTX). The median
mRS score after immunotherapy was 2 (range, 2-3) and 2 (range, 1-3) at the 6-month follow-up. One patient
(5%) experienced recurrence that mainly manifested as a fluctuation of original symptoms. The results of the
auxiliary examination showed no significant difference in peripheral blood leukocyte (white blood cell) and
lymphocyte counts between the two groups (p=0.12 and p=0.067, respectively). However, the median peripheral
blood neutrophil count was significantly higher in the anti-NMDAR encephalitis group than in the control group
(7.14 (IQR: 5.13-10.96) x 10°/L vs 4.09 (IQR:2.97-5.92) x 10°/L; p=0.024). The median neutrophil-to-
lymphocyte ratio was also significantly higher in anti-NMDAR encephalitis (4.49 [2.73—6.28] vs 1.605 [1.02—
2.58], p=0.0092).

Syncytin-| Expression in the Control and Anti-NMDAR Encephalitis Groups

Syncytin-1 was measured using real-time PCR testing of peripheral blood monocytes (PBMC) from participants. The
results showed a significant decrease in the syncytin-1 mRNA levels of patients with anti-NMDAR encephalitis when
compared with those of controls (p=0.0009). In addition, the serum levels of syncytin-1 protein were also significantly
higher in the anti-NMDAR encephalitis group (p=0.0003) (Figure 1).

Characteristics of Peripheral Blood Lymphocyte Subsets in Controls and
Anti-NMDAR Encephalitis Patients

With respect to characteristics of the peripheral blood lymphocyte subsets, a significant difference did not exist
between groups in the peripheral blood CD3+ lymphocytes (p=0.1087) and the percentages of CD3+ CD4+ T cells
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Table | Participant Characteristics by Group

Characteristics Control Group (n=8) | Anti-NMDAR Encephalitis | p value
Group (n=20)

Sex (male/female) 5/3 7/13 0.096

Age, y, median (IQR) 8.5 (4.25-14) 10 (6.25-13.75) 0.76

mRS score at onset, median (range) - 4 (3-5)

Clinical syndrome, n (%)

Prodromal infection symptoms - 14 (70)

Mental behavioral disorders - 16 (80)

Seizures - 15 (75)

Memory impairment - 12 (60)

Dyskinesia - 11 (55)

Complicated with tumors - 0

Ancillary tests results

Peripheral blood WBC (x 10°/L), median (IQR) 7.33 (5.84-9.28) 10.35 (7.88-12.71) 0.12

Peripheral blood neutrophil (x 10°/L), median (IQR) | 4.09 (2.97-5.92) 7.14 (5.13-10.96) 0.024*

Peripheral blood Lymphocyte(x 10%/L), median (IQR) | 2.97 (2.04-3.34) 2.14 (0.87-2.91) 0.067

NLR 1.605 (1.02-2.58) 4.49 (2.73-6.28) 0.0092**

Abnormal brain MRI signal - 8 (40)

Abnormal EEG findings - 14 (70)

Treatment and prognosis, n (%)

Steroid - 20 (100)

Intravenous immunoglobulin - 19 (95)

Steroid + intravenous immunoglobulin - 19 (95)

Second-line immunotherapy, n (%) - 2 (10)

mRs score after immunotherapy, median (range) - 2 (2-3)

mRs score at 6 months follow-up, median (range) - 2 (1-3)

Relapse, n (%) - 1 (5)

Note: *p<0.05, **p<0.001.

Abbreviations: NMDAR, N-methyl-D-aspartate receptor; IQR, interquartile range; mRS, modified Rankin Scale; WBC, white blood cells; NLR, neutrophil-
lymphocyte ratio; MRI; magnetic resonance imaging; EEG, electroencephalogram.

(p=0.326), CD3+ CD8+ T cells (p=0.6818), and CD3+ CD4+/CD3+ CD8+ (p=0.9923) in the peripheral blood.
However, the percentage of B cells (CD3-CD19+) was higher in the anti-NMDAR encephalitis group than in the
control group (p=0.0002) but the percentage of CD3-CD16+ CDS56+ lymphocytes was lower (p=0.0018)
(Figure 2).
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Figure 2 Characteristics of peripheral blood lymphocyte subsets in the control and anti-NMDAR encephalitis groups. (A) Percentages of CD3" lymphocytes in peripheral
blood in the two groups. (B) Percentages of B cells (CD3 CD19") in peripheral blood in the two groups. (C) Percentages of CD3 CD |6+ CD56+ lymphocytes in peripheral
blood in the two groups. (D) Percentages of CD3+ CD4+ T cells in peripheral blood in the two groups. (E) CD3+ CD4+/CD3+ CD8+ in peripheral blood in the two
groups. (F) Percentages of CD3+ CD8+ T cells in peripheral blood in the two groups. ns, no significant between-group difference; **p<0.001;*p<0.0001.

Correlation of Syncytin-1 Expression Levels with Clinical Features and Peripheral
Lymphocyte Subsets in Anti-NMDAR encephalitis

Positive correlation was found between the protein level of syncytin-1 in serum from patients with anti-NMDAR
encephalitis and the proportion of CD3-CD19+ lymphocytes (r=—0.5279, 95% CI: —0.7866-0.1113, p=0.0168), while
it was negatively correlated with the proportion of peripheral blood CD3+ lymphocytes (r=0.6707, 95% CI: 0.3245—
0.8584, p=0.0012). In addition, the protein concentration of syncytin-1 in serum positively correlated with the mRS score
at onset (r=0.6592, 95% CI: 0.3059-0.8529, p=0.0016) and after immunotherapy (r=0.6312, 95% CI: 0.2618-0.8393,
p=0.0028) (Figure 3).
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Figure 3 Correlation of syncytin-1 expression levels with clinical features and peripheral lymphocyte subsets in patients with anti-NMDAR encephalitis. (A) Correlation
between syncytin-| levels and the proportion of peripheral blood CD3" lymphocytes in patients with anti-NMDAR encephalitis. (B) Correlation between syncytin-1 levels
and the proportion of CD3 CDI9" lymphocytes in patients with anti-NMDAR encephalitis. (C) Correlation between syncytin-1 levels and the mRS score after
immunotherapy in patients with anti-NMDAR encephalitis. (D) Correlation between syncytin-1 levels and the mRS score at onset in patients with anti-NMDAR encephalitis.

Discussion

Till date, the role of syncytin-1 in anti-NMDAR encephalitis has not been clarified. Syncytin-1 levels in serum were
significantly elevated in the acute phase of anti-NMDAR encephalitis, according to this study. To the best of our
knowledge, this study is the first to report such findings and focus on the relationship between syncytin-1 levels and the
clinical features of anti-NMDAR encephalitis and peripheral blood lymphocyte subsets.

Syncytin-1 expression is closely associated with the development of several autoimmune diseases, including type 1
diabetes, chronic inflammatory demyelinating polyneuropathy, and MS. Previous studies have suggested that syncytin-1
protein has proinflammatory and superantigenic activities. In addition, it exerts neurotoxic effects in vitro and in
humanized or transgenic animal models, potentially causing neuroinflammation, neurodegeneration, immune system
alterations, and stress responses.’'?**?* Several studies have reported upregulated syncytin-1 in serum and/or CSF of
MS and schizophrenia, and it is thus believed to be a key factor in their pathogenesis.'®** Rolland et al reported that
syncytin-1 was involved in the pathogenesis of MS by acting on the Toll-like receptor-4 signaling pathway and
potentially causing oligodendrocyte inflammatory injury.”> Collectively, these findings indicate the important role of
syncytin-1 in neuroinflammatory diseases and immune regulatory processes.

Autopsy pathology of patients with anti-NMDAR encephalitis showed that the brain tissue was infiltrated by
numerous inflammatory cells, which supported that its pathogenesis was mediated by immune inflammation.*
Previous studies on the regulatory mechanism of syncytin-1 in its pathogenesis have not been reported. Our study
showed that syncytin-1 is highly expressed in serum in the acute phase of anti-NMDAR encephalitis and is positively
correlated with the mRS score at onset and after immunotherapy. These findings indicate that syncytin-1 may play
a critical role in the pathogenesis of anti-NMDAR encephalitis and is a potential biomarker for monitoring disease
progression.

Increasing evidence implicates HERVs in the pathogenesis of neurological and neuropsychiatric disorders, such as
MS, motor neuron disease, and schizophrenia.'*'’*' HERV-W is normally highly expressed in placental tissues, and its
expression is inhibited owing to the high methylation of the CpG site in non-placental tissues.'”?”-*®* HERV-W is
transactivated by triggers to express syncytin-1, and common triggers include infections (eg, herpes simplex virus
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infection, Epstein—Barr virus [EBV],) and tumors.''° It has been reported that transactivation of HERV sequences by
herpesviruses, particularly EBV, may play a role in MS pathogenesis. Mameli et al discovered that ebvgp350 could
induce the transcription of HERV-W env in monocytes, which was critical for proinflammatory cytokine release.>
Further, in multiple cancer tissues and cell lines, such as those of breast cancer and teratoma, abnormal RNA sequences
of multiple HERV families have been detected.?'~*

As observed in our study, syncytin-1 is activated and highly expressed in the acute phase of anti-NMDAR
encephalitis; triggers and mechanisms of its activation are unknown. Previous studies have suggested that tumors—
especially teratomas—and viral infections may be important triggers for the development of anti-NMDAR
encephalitis.*®** Some patients with anti-NMDAR encephalitis have concomitant or secondary tumors, with ovarian
teratomas being the most common. Some patients with herpes simplex virus 1 encephalitis also develop anti-NMDAR
encephalitis within weeks of the first encephalitis onset.**® No patient in our cohort developed tumors, but 70% of the
patients exhibited prodromal infection symptoms prior to onset. This suggests that syncytin-1 is triggered and activated
by infectious factors and participate in the pathogenesis of anti-NMDAR encephalitis. As such, long-term follow-up is
crucial, and the possibility of tumors in patients cannot yet be ruled out.

As a major component of humoral immunity, B lymphocytes play a crucial role in the pathogenesis of autoimmune
encephalitis.”*"** Autopsy pathology of patients with anti-NMDAR encephalitis showed that a large number of
B cells and CD138+ cells were distributed in the perivascular, interstitial, and perivascular spaces, which provided
evidence for the involvement of B cells in immune regulation.’® B cell-targeting therapies, including RTX, are
effective in anti-NMDAR encephalitis, especially in recurrent and severe patients.® These results illustrate an
important immunoregulatory role for B cells in the pathogenesis of anti-NMDAR encephalitis. In the current study,
the percentage of B cells (CD3-CD19+) was higher in the anti-NMDAR encephalitis group than in the control group,
and the protein level of syncytin-1 in serum of patients with anti-NMDAR encephalitis positively correlated with the
proportion of B cells. These findings suggest that B lymphocytes play a dominant role in syncytin-1-mediated
pathogenesis of anti-NMDAR encephalitis. Although the protein level of syncytin-1 in serum negatively correlated
with the proportion of peripheral blood CD3+ T lymphocytes, no significant differences were found in peripheral
blood lymphocyte counts and CD4+ and CD8+ T cells between anti-NMDAR encephalitis patients and controls. Thus,
we cannot conclude a major regulatory role for T lymphocytes in the pathogenesis of syncytin-1-mediated anti-
NMDAR encephalitis.

A limitation of this study is the small sample size, which made it difficult to perform multivariate prognostic analyses;
hence, there may have been a selection bias. Dynamic observation of patients according to their condition changes was
also lacking. Selection bias and geographical factors may interfere with the results. Given the risk of invasive examina-
tion, there is a lack of observation of syncytin-1 expression in CSF. In future, studies with large sample sizes, multicenter
involvement, and dynamic monitoring are needed to elucidate the in-depth mechanism of the role of syncytin-1 in the
pathogenesis of anti-NMDAR encephalitis.

Conclusion

Anti-NMDAR encephalitis is associated with increased expression of syncytin-1. B lymphocytes may play a dominant
role in syncytin-1-mediated pathogenesis of anti-NMDAR encephalitis, providing evidence for elucidating the pathogen-
esis of this disease and establishing therapeutic targets from a new perspective. Further, this study sheds new light on the
function of syncytin-1 in neuropsychiatric and neuroimmune disorders.

Abbreviations

CSF, cerebrospinal fluid; ELISA, enzyme-linked immunosorbent assay; HERV-w, human endogenous retrovirus-W; IQR,
interquartile range; mRS, modified Rankin Scale; MS, multiple sclerosis; NMDAR, N-methyl-D-aspartate receptor;
PBMCs, peripheral blood mononuclear cells; RTX, rituximab.
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