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Purpose: Neuropsychiatric systemic lupus erythematosus (NPSLE) is the main cause of disability and death in systemic lupus
erythematosus (SLE). It can cause cognitive impairment and organic brain syndrome. Brain-reactive antibodies, such as anti-DNA
/anti-N-methyl-D-aspartate receptor (NMDAR) antibodies (DNRAbs), anti-microtubule-associated protein 2 (anti-MAP2) anti-
bodies, and anti-glial fibrillary acidic protein (anti-GFAP) antibodies are thought to participate in the progression of NPSLE and
thus considered potential diagnostic biomarkers, but whether they can be used for evaluating therapeutic efficacy in NPSLE is
unknown.
Patients and methods: Overall, 17 NPSLE patients and 10 non-SLE controls were included in this study. All the patients were
treated with glucocorticoid (GC) pulse therapy. Serum and cerebrospinal fluid (CSF) concentrations of DNRAbs and anti-MAP2 and
anti-GFAP antibodies were measured using enzyme-linked immunosorbent assay. The differences between the CSF concentrations of
these antibodies in NPSLE patients before and after GC pulse therapy were analyzed.
Results: CSF concentrations of DNRAbs and anti-MAP2 and anti-GFAP antibodies were significantly higher in NPSLE patients
compared to the non-SLE controls. Among the patients, CSF concentration of DNRAbs was significantly higher in the patients with
acute confusional state (ACS) than in those with non-ACS diffuse NPSLE or focal NPSLE. Additionally, CSF concentration of
DNRAbs was significantly correlated with QIgG (r=0.4884, P=0.0467) and IgG index (r=0.5319, P=0.0280) in NPSLE patients.
Moreover, CSF concentrations of DNRAbs, anti-MAP2, and anti-GFAP antibodies and QIgG were significantly decreased after GC
pulse therapy in NPSLE patients.
Conclusion: These results indicate that CSF DNRAbs and anti-MAP2 and anti-GFAP antibodies are potential biomarkers for
evaluating therapeutic efficacy in NPSLE.
Keywords: autoantibodies, neuropsychiatric systemic lupus erythematosus, efficacy evaluation, CSF biomarkers

Introduction
Systemic lupus erythematosus (SLE) is a connective-tissue disease characterized by the production of autoantibodies and
multiple organ damage, including renal, cardiovascular, hematological, and neural damages.1 The neural damages can
cause neuropsychiatric symptoms termed neuropsychiatric SLE (NPSLE), which includes cognitive impairment and
encephalopathy. Manifestations of NPSLE have been divided into focal neurological syndromes, diffuse psychiatric
syndromes (including cognitive, mood, and anxiety disorders, psychosis, and acute confusional state [ACS]), and
peripheral nervous system manifestations.2 Among these syndromes, ACS is the most severe one, which usually has

Neuropsychiatric Disease and Treatment 2022:18 1329–1340 1329
© 2022 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Neuropsychiatric Disease and Treatment Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 24 January 2022
Accepted: 23 June 2022
Published: 4 July 2022

N
eu

ro
ps

yc
hi

at
ric

 D
is

ea
se

 a
nd

 T
re

at
m

en
t d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0001-8349-7822
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


a poor prognosis.3 Neuropsychiatric symptoms present in 28–60% of SLE patients4,5 and can lead to disability or even
death.6

Autoantibodies can mediate neuronal damage and promote the pathogenesis of NPSLE.7–9 Damage to neural cells,
including neurons and glial cells, has been observed in NPSLE patients.10 Increasing evidence has shown that
autoantibodies against components of neural cells (which are also referred to as brain-reactive antibodies) are associated
with the neuropsychiatric events in SLE, and therefore are considered to be potential biomarkers of NPSLE.11 N-methyl-
D-aspartate receptors (NMDAR) are ion channels located on the postsynaptic membrane of neurons. Antibodies against
the GluN2A/GluN2B subunits of NMDAR also bind to DNA and are thus termed anti-DNA/anti-NMDAR antibodies
(DNRAbs).12 Previous studies have shown that the total concentration of DNRAbs in the cerebrospinal fluid (CSF) of
NPSLE patients is significantly increased7 and is associated with the dysfunction of the nervous system as well as the
neuronal damage in SLE.13,14 Microtubule-associated protein 2 (MAP2) is a cytoskeleton protein that is highly expressed
in neurons. Anti-MAP2 antibodies have been found to be significantly upregulated in the CSF of NPSLE patients.7,15

Glial fibrillary acidic protein (GFAP) is the predominant component of the intermediate filaments in astrocytes and has
been reported to be upregulated in the CSF of SLE patients.10 Accordingly, brain-reactive antibodies presumably
participate in the pathogenesis of NPSLE and promote the development of neuropsychiatric symptoms in SLE patients.
However, whether these antibodies can be used for evaluating therapy efficacy in NPSLE is not known.

Therefore, this study focused on the CSF and serum concentrations of DNRAbs and anti-MAP2 and anti-GFAP
antibodies in NPSLE patients and analyzed the differences between these concentrations in NPSLE patients before and
after glucocorticoid (GC) pulse therapy to assess the potential of these antibodies as biomarkers for evaluating
therapeutic efficacy in NPSLE.

Methods
Patients and Samples
For this study, 17 NPSLE patients (n=16 females; n=1 male) were recruited. In addition, 10 patients with non-
inflammatory neurological diseases, namely intracerebral hemorrhage (n=4), neurodegenerative diseases (n=3),
steroid psychosis (n=2), and headache (n=1), were studied as non-SLE controls. All NPSLE patients fulfilled the
American College of Rheumatology (ACR) 2012 revised criteria for the classification of SLE16 and the 1999 ACR
definitions for NPSLE syndromes.2 Disease activity was assessed based on the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI). Permanent and irreversible damage due to SLE was assessed using the systemic
lupus international collaborating clinics (SLICC)/ACR damage index (SDI). According to the ACR definition of
NPSLE,2 the neuropsychiatric syndromes in this study included focal (n=4) and diffuse (n=13) NPSLE. The patients
with diffuse NPSLE included those with ACS (n=7) and non-ACS, including anxiety disorder, cognitive dysfunction,
mood disorder, and psychosis (n=6). All the patients with NPSLE were hospitalized in the Department of
Rheumatology of the First Affiliated Hospital of Nanjing Medical University between 2015 to 2021. This study
was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committees of the First
Affiliated Hospital of Nanjing Medical University (Ethical number: 2021-SR-464). Informed consent was obtained
from all the study participants. All the NPSLE patients were treated with intravenous injection of 500 mg/day
methylprednisolone for 3 days (GC pulse therapy). CSF samples were obtained from the participants via a lumbar
puncture. The serum and CSF samples of the NPSLE patients were collected on the day of admission or diagnosis
and two weeks after the GC pulse therapy.

CSF Analyses
CSF analyses were performed as a part of the routine diagnostic workshop. Serum and CSF concentrations of albumin
IgG were assessed using immunonephelometry. Quotients of albumin (QAlb) and IgG (QIgG) were defined as the ratios
of the CSF concentrations of these fractions to the corresponding serum concentrations. The IgG index was defined as the
ratio of QIgG to QAlb. The reference ranges for QAlb, QIgG and IgG index were set according to Reiber17 and
Bonnan.18
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Measurement of Serum and CSF Concentrations of Autoantibodies
Serum and CSF concentrations of DNRAbs and anti-MAP2 and anti-GFAP antibodies were measured using enzyme-
linked immunosorbent assay (ELISA) as described previously, with minor modifications.19 Briefly, we used synthetic
DWEYSVWLSN peptide and purified MAP-2 and GFAP proteins as coating antigens for detecting DNRAbs and anti-
MAP2 and anti-GFAP antibodies, respectively. Each coating antigen was diluted in phosphate-buffered saline (PBS) to
a final concentration of 0.1 μg/mL, and 100 μL was used to coat each well of an Immulon microtiter 96-well plate at 4 °C
for 24 h. Then, all the samples (including serum and CSF) were diluted in 1:5, and the non-diluted and diluted samples
were incubated in antigen-coated wells at 4 °C overnight. After washing the wells with PBS three times, horseradish
peroxidase (HRP)–conjugated goat anti-human IgG (Caltag, San Francisco, CA) and the substrate 2,2-azinobis-3-ethyl-
benzothiazoline sulfonic acid was used for detection and visualization. The optical density at 450 nm was used for data
analysis.

Statistical Analysis
Continuous variables are described by median and range, and categorical variables by numbers and percentages. Normal
distribution was tested using the Kolmogorov–Smirnov test. The significance of differences was assessed using the
Mann–Whitney U-test or Fisher’s exact test as indicated. The SLEDAI scores and CSF concentrations of brain-reactive
antibodies before GC pulse therapy were compared with those after the therapy by using the paired t-test. The QIgG,
QAlb and IgG index before GC pulse therapy were compared with those after the therapy by using the Wilcoxon-
matched-pairs signed ranks test. Correlations between QIgG, QAlb, IgG index, SLEDAI scores and concentrations of
brain-reactive antibodies were assessed by Pearson’s correlation test. P<0.05 was considered to represent statistically
significant differences. All the statistical analyses were performed using GraphPad Prism version 7.0 for Windows
(GraphPad Software; Microsoft, Redmond, WA).

Results
Patient Characteristics
Patient characteristics, including demographic, clinical, and CSF parameters are reported in Table 1. No difference in age
(Mann–Whitney U-test P=0.5213) or sex (Fisher’s exact test P=1.000) between the NPSLE patients and non-SLE controls
was observed. Among the NPSLE patients, the median of SLEDAI was 24 (range: 10–36), and the median of SDI was 2
(range: 1–5). In addition, the CSF parameters of the NPSLE patients showed that all of the NPSLE patients had abnormal
QAlb. On the other hand, 64.7% of them had abnormal QIgG, and 5.9% of them had abnormal IgG indexes. We also assessed
for the presence of anti-nuclear antibodies in the sera and CSF of NPSLE patients (see Table 1).

CSF Concentrations of Brain-Reactive Antibodies Were Elevated in NPSLE Patients
Our initial experiments compared the CSF and serum concentrations of brain-reactive antibodies in NPSLE patients with
those in the non-SLE controls. The NPSLE patients had significantly increased CSF concentrations of brain-reactive
antibodies (DNRAbs and anti-MAP2 and anti-GFAP antibodies) compared with the concentrations in the non-SLE
controls. The total CSF concentration of DNRAbs in the NPSLE patients was nearly twice as much as that in the non-
SLE controls (median 385.9 pg/mL, range 280.8–523.7 pg/mL vs median 189 pg/mL, range 100.2–271 pg/mL;
P<0.0001). The total CSF concentration of anti-MAP2 antibodies in the NPSLE patients was significantly higher than
that in the non-SLE controls (median 68.5 pg/mL, range 39.0–85.6 pg/mL vs median 31.52 pg/mL, range 25.94–37.47
pg/mL; P<0.0001). Likewise, the total CSF concentration of anti-GFAP antibodies in the NPSLE patients was also
significantly higher than that in the non-SLE controls (median 108.3 pg/mL, range 51.6–155.1 pg/mL vs median 39.85
pg/mL, range 31.5–48.2 pg/mL; P<0.0001) (Figure 1A–C).

Next, we examined the concentrations of these autoantibodies in the sera of NPSLE patients and non-SLE controls.
There were no significant differences in the serum concentrations of DNRAbs and anti-MAP2 and anti-GFAP antibodies
between NPSLE patients and non-SLE controls (Figure 1D–F).
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CSF Concentrations of Brain-Reactive Antibodies are Correlated with the Severity of
NPSLE
We compared the CSF concentrations of brain-reactive antibodies in patients with various NPSLE subgroups. There was no
significant difference in CSF concentrations of DNRAbs and anti-MAP2 and anti-GFAP antibodies between the patients with
focal NPSLE and those with diffusion NPSLE (Figure 2A–C). Then, we further analyzed the CSF concentrations of the
antibodies in the focal, non-ACS, and ACS NPSLE patients. The results revealed that total CSF concentration of DNRAbs
was significantly increased in the ACS patients compared with the concentration in the focal (P=0.0381) or non-ACS diffuse

Table 1 Patient Characteristics: Demographic, Clinical, and
CSF Data

NPSLE

Median age in years (range) 33 (17–48)

Median SLE duration in years (range) 1 (0.08–20)

Median SLEDAI in years (range) 24 (10–36)

Median SDI in years (range) 2 (1–5)

Presence of auto-antibodies in serum

Anti-smith 5/17 (29.4%)
Anti-SSA 7/17 (41.1%)

Anti-SSB 3/17 (17.6%)

Anti-U1RNP 5/17 (29.4%)
Anti-dsDNA 4/17 (23.5%)

ACL 3/17 (17.6%)

Presence of auto-antibodies in CSF

Antinuclear 6/17 (35.2%)
Anti-smith 1/17 (5.9%)

Anti-SSA 4/17 (23.5%)

Anti-SSB 3/17 (17.6%)
Anti-U1RNP 2/17 (11.8%)

Anti-dsDNA 2/17 (11.8%)

ACL 1/17 (5.9%)

CSF parameters

Median Alb in g/L (range) 0.5 (0.3–0.8)

Median IgG in mg/L (range) 40.1 (1.5–140)

IgG > 40 mg/L 16/17 (94.1%)
Median QAlb (×10−3) (range) 16.3 (8.4–30.2)

Abnormal QAlba 17/17 (100%)

Median QIgG (×10−3) (range) 2.40 (0.1–16.6)
Abnormal QIgGb 11/17 (64.7%)

Median IgG index (range) 0.14 (0.01–1.47)

Abnormal IgG indexesc 1/17 (5.9%)

Notes: aReference range of QAlb ≤(4+age/15) ×10−3; bReference range of
QIgG<2.6×10−3; cReference range IgG index<0.7.
Abbreviations: ACL, anticardiolipin antibody; Alb, albumin; CSF, cerebrospinal
fluid; dsDNA, double-stranded DNA; IgG, immunoglobulin G; NPSLE, neuropsy-
chiatric systemic lupus erythematosus; SDI, systemic lupus international collabor-
ating clinics (SLICC)/American College of Rheumatology damage index; SLE,
systemic lupus erythematosus; SLEDAI, SLE disease activity index; SSA, Sjögren’s
syndrome-related antigen A; SSB, Sjögren’s syndrome-related antigen B; U1RNP,
U1 ribonucleoprotein; QAlb, CSF/serum albumin ratio; QIgG, CSF/serum IgG
ratio; IgG index, QIgG/QAlb.
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NPSLE (P=0.0221) patients (Figure 2D). By contrast, no significant difference was found in CSF concentrations of anti-
MAP2 and anti-GFAP antibodies among the different sub-groups of NPSLE patients (Figure 2E and F).

CSF DNRAbs are Associated with Intrathecal Immunoglobulin Synthesis
Next, we examined the correlation between CSF concentrations of brain-reactive antibodies and intrathecal immunoglo-
bulin synthesis in NPSLE patients. QIgG was moderately correlated with total CSF concentration of DNRAbs (r=0.4884;
P=0.0467) in the NPSLE patients (Figure 3A) but displayed no relationship with CSF concentration of anti-MAP2 (r=
−0.0401; P=0.8787) or anti-GFAP antibody (r=−0.1415; P=0.5879) (Figure 3B and C). QIgG reflects both intrathecal
IgG synthesis as well as IgG penetration into CSF from circulation.17 In order to remove the influence from QAlb, we
analyzed the IgG index and found that the IgG index (r=0.5319; P=0.0280) was moderately correlated with total CSF
concentration of DNRAbs in NPSLE patients (Figure 3D) but displayed no relationship with CSF concentration of anti-
MAP2 (r=0.0428; P=0.8703) or anti-GFAP antibody (r=−0.1212; P=0.6431) (Figure 3E and F).

CSF Brain-Reactive Antibodies are Not Associated with the Disruption of the
Blood-Brain Barrier (BBB)
We asked whether CSF concentrations of brain-reactive antibodies were associated with BBB function in the NPSLE
patients. Results showed that QAlb was not correlated with CSF concentration of DNRAbs (r=−0.1796; P=0.4905), anti-
MAP2 antibody (r=−0.3371; P=0.1858), or anti-GFAP antibody (r=−0.1839; P=0.4798) in NPSLE patients
(Figure 3G–I).

Figure 1 CSF and serum concentrations of autoantibodies in the control individuals and NPSLE patients. (A–C) CSF concentrations of DNRAbs, anti-MAP2 and anti-GFAP
antibodies were significantly increased in the NPSLE patients compared with the non-SLE controls. (D–F) Serum concentrations of DNRAbs, anti-MAP2 and anti-GFAP
antibodies did not differ between the controls and NPSLE patients (controls n=10, NPSLE n=17). Horizontal line denotes the median. Boxes extend from the 25th to 75th
percentile, whiskers from minimum to maximum. Statistical analysis was performed using the Mann–Whitney U-test. ****P<0.0001.
Abbreviations: CSF, cerebrospinal fluid; Con, control; NPSLE, neuropsychiatric systemic lupus erythematosus.
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The CSF Concentrations of Brain-Reactive Antibodies in NPSLE Patients Decreased
Upon GC Pulse Therapy
GC pulse therapy is accepted as the most effective therapy for SLE patients with serious organ damage, including
NPSLE patients.20 Then, we examined the CSF concentrations of brain-reactive antibodies in the NPSLE patients
after GC pulse therapy. Results revealed that the CSF concentrations of DNRAbs and anti-MAP2 and anti-GFAP
antibodies in the NPSLE patients all decreased upon GC pulse therapy (Figure 4A–C). The total CSF concentration
of DNRAbs in the NPSLE patients was reduced from median 385.9 (range, 280.8–523.7) pg/mL to 310.4 (60.95–
448.2) pg/mL (P=0.0006) (Figure 4A); Anti-MAP2 antibodies in the CSF were reduced from 68.5 (39.0–85.6) pg/
mL to 55.6 (5.5–93.1) pg/mL (P=0.0337) (Figure 4B); Anti-GFAP antibodies in the CSF range from 108.3 (51.6–
155.1) pg/mL to 88.3 (21.5–128.4) pg/mL (P=0.0167) (Figure 4C). These results suggest that the CSF concentra-
tions of DNRAbs and anti-MAP2 and anti-GFAP antibodies in the NPSLE patients were decreased after the GC
pulse therapy.

The Disease Activity in the NPSLE Patients was Significantly Decreased After GC
Pulse Therapy But Not Associated with the CSF Concentrations of Brain-Reactive
Antibodies
We found that GC pulse therapy significantly relieved the neuropsychiatric symptoms in all the NPSLE patients and
decreased the SLEDAI score of the NPSLE patients from median 24 (range, 10–36) to 4 (1–21) (P < 0.0001)
(Figure 5A). Then, we asked whether disease activity was associated with CSF concentrations of brain-reactive

Figure 2 CSF concentrations of brain-reactive antibodies in focal and diffuse NPSLE. (A–C) No significant difference in CSF concentrations of DNRAbs and anti-MAP2 and
anti-GFAP antibodies was observed between focal NPSLE (n=4) and diffuse NPSLE (n=13). (D) CSF concentrations of DNRAbs were significantly higher in the ACS diffuse
NPSLE than in the focal NPSLE or non-ACS diffuse NPLSE; (E and F) No significant difference in CSF concentration of anti-MAP2 or anti-GFAP antibody was observed
among the analyzed subtypes of NPSLE (focal n=4, non-ACS n=7, ACS n=6). Horizontal line denotes the median. Boxes extend from the 25th to 75th percentile, whiskers
from minimum to maximum. Statistical analysis was performed using the Mann–Whitney U-test. *P<0.05.
Abbreviations: ACS, acute confusional state; non-ACS, diffuse NPSLE other than ACS; CSF, cerebrospinal fluid; ns, not significant.
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antibodies. However, we did not observe any correlation between SLEDAI score and CSF concentrations of
DNRAbs (r=−0.2255; P=0.3842) and anti-MAP2 (r=0.0874; P=0.7389) and anti-GFAP (r=−0.2169; P=0.4031)
antibodies in NPSLE patients (Figure 5B–D).

Figure 3 Correlations between QIgG, IgG index, QAlb and CSF concentrations of autoantibodies. (A–C) QIgG correlated with the total CSF concentration of DNRAbs
moderately but did not correlate with that of anti-MAP2 or anti-GFAP antibodies. (D–F) IgG indexes correlated with the total CSF concentration of DNRAbs moderately,
but did not correlate with anti-MAP2 or anti-GFAP antibodies. (G–I) QAlb did not correlate with CSF concentrations of DNRAbs, anti-MAP2 or anti-GFAP antibodies.
Statistical significance was analyzed using the Pearson correlation test.
Abbreviations: CSF, cerebrospinal fluid; QAlb, CSF/serum albumin ratio; QIgG, CSF/serum IgG ratio; IgG index, QIgG/QAlb.

Figure 4 The CSF brain-reactive antibodies concentrations in NPSLE patients decreased upon GC pulse therapy. (A) CSF DNRAbs, (B) anti-MAP2 and (C) anti-GFAP
antibodies were all significantly decreased after GC pulse therapy. Statistical analysis was performed using the paired t-test. *P<0.05, ***P<0.001.
Abbreviations: CSF, cerebrospinal fluid; GC, glucocorticoid.
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The QIgG was Decreased After GC Pulse Therapy in NPSLE Patients, Whereas the
IgG Index and QAlb Were Unchanged
We next compared intrathecal immunoglobulin synthesis and BBB function before GC pulse therapy with those after the
therapy. The QIgG in the NPSLE patients were decreased from median 2.4 (range 0.1–16.6) × 10−3 to 2.0 (0.1–3.1) ×
10−3 (P = 0.0389) after GC pulse therapy (Figure 6A). However, the IgG index and QAlb concentration did not
significantly change upon the GC pulse therapy (Figure 6B and C).

Figure 5 SLEDAI score was decreased after GC pulse therapy but was not associated with CSF concentrations of brain-reactive antibodies in NPSLE patients. (A) SLEDAI
was significantly decreased after GC pulse therapy. Statistical analysis was performed using the paired t-test. ****P<0.0001.(B–D) Correlation of the CSF concentrations of
DNRAbs and anti-MAP2 and anti-GFAP antibodies with SLEDAI score. Statistical significance was analyzed using the Pearson’s correlation test.
Abbreviations: CSF, cerebrospinal fluid; GC, glucocorticoid; SLEDAI, systemic lupus erythematosus disease activity index.

Figure 6 QIgG, IgG index and QAlb of the NPSLE patients before and after GC pulse therapy. (A) QIgG was significantly decreased in the NPSLE patients after the GC
pulse therapy (n=17). (B and C) The IgG index and QAlb were not significantly changed in patients after the GC pulse therapy (n=17). Statistical analysis was performed
using the Wilcoxon-matched-pairs signed rank test. *P<0.05.
Abbreviations: QAlb, CSF/serum albumin ratio; QIgG, CSF/serum IgG ratio; IgG index, QIgG/QAlb; GC, glucocorticoid; ns, not significant.
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Discussion
The most important finding of this study is that the CSF concentrations of brain-reactive antibodies (DNRAbs and anti-
MAP2 and anti-GFAP antibodies) in the NPSLE patients were significantly decreased after effective GC pulse therapy.
This finding indicates that these brain-reactive antibodies can serve as biomarkers for evaluating therapeutic efficacy in
NPSLE.

The pathogenesis of NPSLE is still mostly unknown. Autoantibody-mediated responses have been considered to play
important roles in pathogenesis.21 Increasing evidence has demonstrated the diagnostic value of brain-reactive antibodies
in NPSLE.7,14,15,19,22 Consistent with previous findings, the present study found that CSF concentrations of DNRAbs and
anti-MAP2 and anti-GFAP antibodies were significantly elevated in NPSLE patients. Further analyses demonstrated that
CSF concentrations of DNRAbs correlated with ACS in NPSLE patients. However, the serum levels of these antibodies
were similar between NPSLE patients and non-SLE controls. Williams et al reported that serum anti-MAP2 antibodies
were significantly associated with NPSLE,15 which was not consistent with our findings. Additionally, factors that affect
serum levels of brain-reactive antibodies remain unknown. Previous studies indicated that they were probably associated
with subgroups of NPSLE8 and racial/ethnic groups.23 The study by Williams et al included 100 SLE patients and 34
patients with NPSLE. Among the 100 SLE patients, 54 were white, 37 were black, eight were Hispanic, and one was
Asian. They did not report the proportion of NPSLE subgroups. Our study only included 17 NPSLE patients, all of whom
were Asians. Four of them were focal NPSLE patients, 13 were diffuse NPSLE patients (n=7 ACS; n=6 non-ACS).
Therefore, we speculated that the discrepancy was caused by different study populations and sample sizes.

Intrathecal immunoglobulin synthesis and BBB disruption have been considered important pathological changes in
NPSLE. There is still debate over whether brain-reactive antibodies are produced intrathecally or passively transferred
from the systemic circulation into the central nervous system (CNS) through the impaired BBB. This study showed that
64.7% of NPSLE patients had increased QIgG and 5.9% had abnormal IgG index. Furthermore, CSF concentration of
DNRAbs was significantly correlated with both QIgG and IgG index in NPSLE patients. Previous studies have shown
that DNRAbs can cause neuronal damage in SLE.13,14 Our results indicate that CSF DNRAbs are associated with
intrathecal immunoglobulin synthesis and probably contribute to the development of NPSLE. Then, we found that all
NPSLE patients had abnormal QAlb, but none of the brain-reactive antibodies is significantly correlated with QAlb in
NPSLE patients. A previous study has reported that autoantibodies are produced intrathecally and that the presence of
autoantibodies correlate with oligoclonal antigen-specific B cells, which infiltrate from the circulation through the
disrupted BBB.24 Therefore, combined with the previous findings, we speculate that the disruption of the BBB in
NPSLE patients possibly allow immune cells (including B cells) to infiltrate into the CNS from the circulation and then
lead to the intrathecal production of brain-reactive antibodies (such as DNRAbs), thereby contributing to neuronal
damage in NPSLE pathogenesis.

Neuropsychiatric symptoms are one of the best indications for GC pulse therapy in SLE patients.20,25 In line with
previous findings, our study found that CSF concentrations of DNRAbs and anti-MAP2 and anti-GFAP antibodies were
significantly increased in NPSLE patients. Additionally, this study revealed that these concentrations significantly
decreased upon GC pulse therapy in NPSLE patients. These results indicate that DNRAbs and anti-MAP2 and anti-
GFAP antibodies can serve as biomarkers for evaluating therapeutic efficacy in NPSLE.

In addition to decreased CSF concentrations of brain-reactive antibodies in NPSLE patients after GC pulse
therapy, we found that QIgG was also significantly reduced. QIgG may be affected by intrathecal immunoglobulin
synthesis, as well as BBB permeability.17 GC has been shown to stabilize the BBB by modulating tight junction
proteins and repressing the inflammatory response.26 However, results indicated that GC pulse therapy did not
significantly affect QAlb, which indicates that GC pulse therapy likely did not influence BBB permeability in
NPSLE patients. Though there were no significant changes in the IgG index after GC pulse therapy, a tendency
revealed that the IgG index was lower after GC pulse therapy. The small sample size may be the reason that our
results did not show any significant differences. These results indicate that GC pulse therapy reduces intrathecal
synthesis of immunoglobulin. Previous studies have suggested that GC reduces production of antibodies in SLE by
modulating B-lymphocyte function, such as restricting the differentiation into plasma cells,27,28 reducing the
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expression of immunoglobulin, and promoting the secretion of immunomodulatory cytokines.29 The PRDM1 gene
encodes the terminal-differentiation factor BLIMP-1, which reduces B-cell proliferation. A recent study has reported
that GC significantly upregulates the expression of PRDM1 and also impairs B-cell receptor signaling and Toll-like
receptor 7 signaling.29 Therefore, GC pulse therapy probably reduces the concentrations of brain-reactive antibodies
by regulating B lymphocytes. In addition, recent studies have suggested that brain-reactive antibodies, such as
DNRAbs, may promote the development of NPSLE by affecting the function of microglia. DNRAbs are associated
with the impairment of cognitive functions in NPSLE and play important roles in the related microglia-mediated
neuronal damage.13,14 Thus, we speculate that GC pulse therapy inhibits the activation of microglia by decreasing the
concentration of DNRAbs and thereby effectively relieves the neuropsychiatric symptoms of NPSLE.

Although total CSF concentration of anti-MAP2 antibodies was significantly decreased in most NPSLE patients
after undergoing GC pulse therapy, one of the patients displayed a CSF concentration nearly twice as much as before
(93.1 pg/mL vs 57.7 pg/mL). We followed up with this patient and found that her neuropsychiatric symptoms (mood
disorder and psychosis) were improved after the GC pulse therapy and were completely relieved three months after the
therapy. However, new neuropsychiatric symptoms (headache and anxiety) appeared approximately 8 months after the
therapy. Therefore, a high CSF concentration of anti-MAP2 antibodies may indicate that the neuropsychiatric symp-
toms of NPSLE patients are still not effectively controlled. CSF concentration of anti-MAP2 antibodies may serve as
a potential biomarker for predicting relapse of neuropsychiatric symptoms in NPSLE patients, but further studies are
needed.

This research has some limitations. In clinical practice, it is nearly impossible to obtain CSF from SLE patients
without neuropsychiatric symptoms because of the lack of indication for a lumbar puncture. Therefore, this study did not
have any non-NPSLE controls (ie, SLE patients who did not suffer from neuropsychiatric events). In addition, the sample
size was relatively small and there was only one male patient. It is extremely difficult to obtain CSF samples, and we
could obtain both serum and CSF samples from only 17 NPSLE patients. In the future, we plan to cooperate with other
teams to increase our sample size of NPSLE patients.

The present study suggests that the CSF concentrations of DNRAbs and anti-MAP2 and anti-GFAP antibodies in NPSLE
patients are increased but significantly decreased after GC pulse therapy. Furthermore, DNRAbs in the CSF may be related to
ACS-NPSLE. Additionally, all the NPSLE patients in this study displayed abnormal QAlb, indicating BBB disruption.
Moreover, CSF DNRAbs were found to correlate with QIgG and IgG index in NPSLE patients, indicating that they are
associated with intrathecal immunoglobulin synthesis and probably play very important roles in the pathogenesis of NPSLE.

Conclusion
In summary, this study confirmed the diagnostic value of brain-reactive antibodies in NPSLE. More importantly, our
study proved that DNRAbs, anti-MAP2 antibodies, and anti-GFAP antibodies are potential biomarkers for evaluating
therapeutic efficacy in NPSLE.
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