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Abstract
Objective  Anti-NMDA receptor encephalitis is the most 
prevalent autoimmune encephalitis having characteristic 
clinical features with autoantibodies against tetrameric 
transmembrane channels composed of combinations 
of NR1 subunits of NMDA receptors with NR2 subunits, 
which are detected by cell-based assay (anti-NR1/NR2). 
On the other hand, antibodies against the linear epitope in 
NR2 subunit (anti-NR2) have been shown to be expressed 
in patients with diffuse psychiatric/neuropsychological 
syndromes of neuropsychiatric SLE (diffuse NPSLE). 
However, it has not been explored whether anti-NR1/NR2 
might be detected in NPSLE, nor has it been clear whether 
anti-NR2 might have cross-reactivity with anti-NR1/NR2. 
The current study was therefore performed to explore the 
prevalence of anti-NR1/NR2 in NPSLE.
Methods  Serum specimens were obtained from 31 
patients with NPSLE (22 with diffuse NPSLE and 9 with 
neurological syndromes or polyneuropathy) and from 18 
normal healthy subjects. Anti-NR2 and anti-NR1/NR2 were 
measured by ELISA and cell-based assay, respectively. The 
positivity for anti-NR2 was defined by a value exceeding 
mean+2 SD of normal healthy subjects.
Results  Anti-NR2 was positive in the sera of 19 of 31 
patients with NPSLE (in 15 of 22 patients with diffuse 
NPSLE). By contrast, anti-NR1/NR2 was positive only in 2 
of 31 patients with NPSLE (in 2 of 22 patients with diffuse 
SLE). The positivity for anti-NR1/NR2 was not correlated 
with anti-NR2 values.
Conclusions  These results demonstrate that the 
prevalence of anti-NR1/NR2 is extremely low in NPSLE. 
Moreover, the data also confirm that anti-NR2 antibodies 
do not have cross-reactivity with anti-NR1/NR2.

Introduction
Neuropsychiatric manifestations in SLE 
are difficult complications that may cause 
substantial impairment of quality of life as well 
as disability.1 2 Previous studies demonstrated 
that IgG antineuronal antibodies (anti-N) 
were specifically elevated in the cerebrospinal 
fluid (CSF) of patients with active neuropsy-
chiatric SLE (NPSLE),3 4 whereas the targets 
of these anti-N remained unclear for a long 
time. Of note, it was demonstrated that a 

subset of murine anti-DNA antibodies cross-
reacted with a sequence within the N-methyl-
D-aspartate (NMDA) receptor subunit 
NR2.5 6 More importantly, recent studies have 
demonstrated that CSF anti-NMDA receptor 
NR2 antibodies (anti-NR2) are associated 
with diffuse psychiatric/neuropsychological 
syndromes of human NPSLE.7–9

On the other hand, a new category of 
encephalitis has been discovered in patients 
with ovarian teratoma, characterised by the 
sequential development of prodromal symp-
toms, prominent psychiatric manifestations, 
and seizures followed by catatonia, hypoven-
tilation and involuntary orofacial-limb move-
ments.10–14 This autoimmune encephalitis 
has been found to be closely related to the 
antibodies against tetramerised NR1-NR2 
subunits of NMDA receptors detected by cell-
based assay (anti-NR1/NR2) mainly in CSF.15 
Thus, it has been called anti-NMDA receptor 
encephalitis.15

Since there is a close analogy of clinical 
characteristics between diffuse NPSLE and 
anti-NMDA receptor encephalitis, it is possible 
that a fraction of patients with diffuse NPSLE 
might express anti-NR1/NR2. However, it has 
not been explored whether anti-NR1/NR2 
might be expressed in NPSLE, nor has it been 
clear whether anti-NR2 might have cross-
reactivity with anti-NR1/NR2. The current 
study was therefore performed to explore the 
prevalence of anti-NR1/NR2 in NPSLE.

Methods
Patients and samples
Thirty-one patients with SLE were included 
in the present study. All patients fulfilled the 
American College of Rheumatology (ACR) 
1982 revised criteria for the classification 
of SLE.16 Of the 31 patients with SLE, 22 
showed diffuse psychiatric/neuropsycholog-
ical syndromes (diffuse NPSLE) according to 

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://lupus.bm

j.com
/

Lupus S
ci M

ed: first published as 10.1136/lupus-2019-000359 on 13 N
ovem

ber 2019. D
ow

nloaded from
 

http://www.lupus.org/
http://lupus.bmj.com/
http://orcid.org/0000-0003-1911-7383
http://crossmark.crossref.org/dialog/?doi=10.1136/lupus-2019-000359&domain=pdf&date_stamp=2019-10-13
http://lupus.bmj.com/


Hirohata S, Tanaka K. Lupus Science & Medicine 2019;6:e000359. doi:10.1136/lupus-2019-0003592

Lupus Science & Medicine

Table 1  Profiles of the patients studied

Patients with SLE 31

Diffuse NPSLE 22

 � Acute confusional state 17

 � Anxiety disorder 1

 � Cognitive dysfunction 1

 � Mood disorder 0

 � Psychosis 3

Focal NPSLE 9

 � Cerebrovascular disease 1

 � Demyelinating syndrome 1

 � Headache 1

 � Seizure disorder 5

 � Polyneuropathy 1

Non-SLE control patients 18

NPSLE, neuropsychiatric SLE.

the 1999 ACR definition of NPSLE,17 whereas 9 patients 
showed neuropsychiatric manifestations other than 
diffuse NPSLE, including neurological syndromes and 
peripheral nervous system involvement (focal NPSLE) 
(table  1). Among the 22 patients with diffuse NPSLE, 
17 were complicated with acute confusional state, the 
most severe form of diffuse NPSLE.17 In addition, serum 
samples from 18 normal healthy individuals were studied. 
CSF specimens were obtained from patients by lumbar 
puncture on the same day serum samples were obtained, 
when the diagnosis of NPSLE was made by neurologists 
and rheumatologists. These samples were kept frozen at 
−30° C until they were assayed. All assays were performed 
without knowledge of the diagnosis or clinical presenta-
tions. Furthermore, on entering the present study, the 
diagnosis of 31 patients with NPSLE and its classification 
was reconfirmed by hospital case records.

Measurement of autoantibodies to the NMDA receptor subunit 
NR2
Anti-NR2 in sera and CSF was determined by specific 
ELISA using the highly purified synthetic 10 amino-acid 
peptide DWEYSVWLSN,5 7 conjugated to human serum 
albumin (HSA) as previously described.7 8 The concen-
tration of anti-NR2 that produced half of the maximal 
absorbance at 492 nm, given by saturating concentrations 
of anti-NR2 in the ELISA plate, was arbitrarily defined as 
1 U/mL. The specific anti-NR2 activities were determined 
by subtracting the values for the non-specific binding 
activity to HSA from those for binding activity to NR2 
peptide-HSA conjugates.7 8

Cell-based assay for anti-NR1/NR2
Human embryonic kidney (HEK) 293 cells cotrans-
fected with plasmid DNAs encoding the NMDA receptor 
subunits NR1 and NR2B, which will express on the cell 
surface as a tetrameric form of receptor, as previously 

described.18–20 At 12 hours after transfection, HEK cells 
were fixed in 4% paraformaldehyde in 0.1 M phosphate-
buffered saline (PBS, pH 7.4) for 20 min. Non-specific 
binding was blocked with 10% goat serum/PBS, and cells 
were incubated with patients’ sera (1:10–400) or CSF 
(1:2) in 0.02% Triton X-100 and 10% goat serum in PBS 
overnight at 4°C and then with fluorescein isothiocyanate-
conjugated antihuman IgG (Dako, Glostrup, Denmark; 
1:50) for 1 hour. SlowFade Gold antifade reagent (Invit-
rogen Japan, Tokyo) was then applied to the slides, and 
staining was observed under a fluorescence microscope 
(AxioVision, Zeiss) in a dark room by trained technol-
ogists who were not aware of the diagnosis of patients. 
First screening was performed with sera at 1:10 or CSF 
at 1:2 in reference to negative and positive controls. The 
negative control may not appear completely dark, but 
will often display low-level non-specific fluorescence, 
whereas the positive control will display bright green fluo-
rescence (figure 1A). When the fluorescence was judged 
stronger compared with negative control, serial dilutions 
were used for determining antibody titres, as is used for 
detection of ANA.21 Thus, final dilutions that resulted in 
the fluorescence equal to that of negative control were 
reported as titres of the samples.

We further compared the staining pattern of HEK 
293 cells cotransfected with plasmid DNAs encoding the 
NMDA receptor subunits NR1 and NR2B by CSF samples 
from three patients with anti-NMDA receptor encepha-
litis and those from two patients with anti-NMDA receptor 
unrelated encephalitis. As shown in figure  1B, all the 
three CSF samples from patients with ant-NMDA receptor 
encephalitis displayed bright green fluorescence, whereas 
two CSF samples from anti-NMDA receptor encephalitis 
resulted in only low-level non-specific fluorescence or 
dark staining. These results confirm that the cell-based 
assay is sensitive enough to detect anti-NR1/NR2 in 
patients with anti-NMDA receptor encephalitis.

Measurement of antiribosomal P
It has been found that antiribosomal P antibodies bind 
neuronal cells and one of the major constituents of anti-
N.22 Thus, in order to examine the relationship of antiri-
bosomal P and anti-NR1/NR2, serum antiribosomal P was 
determined by ELISA using purified bovine ribosomal P 
proteins (Arotec, Wellington, New Zealand), as previ-
ously described.22

Statistical analysis
Comparisons among the three groups were carried out by 
Kruskal-Wallis test with Dunn’s multiple comparison test, 
using GraphPad Prism 4 for Windows V.4.03 (GraphPad 
Software, San Diego, California).

Results
Initial experiments compared the serum levels of anti-
NR2 in diffuse NPSLE, focal NPSLE and non-SLE 
control. As shown in figure 2, serum anti-NR2 levels were 
significantly elevated in diffuse NPSLE (p<0.0001) and 
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Figure 1  Cell-based assay of antibodies against NR1-NR2 
subunits of NMDA receptors. (A) HEK 293 cells transfected 
with plasmid DNAs encoding the NMDA receptor subunits 
NR1 and NR2B with cell membrane coexpression were 
reacted with patients’ CSF samples positive or negative 
anti-NR1/NR2 (diluted by 1:2) from patients with anti-NMDA 
receptor encephalitis or with anti-NMDA receptor unrelated 
encephalitis, respectively, followed by detection with 
fluorescein isothiocyanate-conjugated anti-human IgG. (B) 
Comparison of patients with anti-NMDA receptor encephalitis 
and those with anti-NMDA receptor unrelated encephalitis 
is shown. CSF samples (diluted by 1:2) from three patients 
with anti-NMDA receptor encephalitis or from two patients 
with anti-NMDA receptor unrelated encephalitis, respectively, 
were assayed for anti-NR1/NR2, as described above. CSF, 
cerebrospinal fluid; HEK, human embryonic kidney; NMDA, 
N-methyl-D-aspartate.

Figure 2  Serum anti-NR2 and antiribosomal P in diffuse 
NPSLE, focal NPSLE and non-SLE control. Median values 
are shown by horizontal lines. Points in square are samples 
positive for anti-NR1/NR2 by cell-based assay. The cut-off 
lines (mean+2 SD of values for healthy control) are indicated 
by dotted lines. NPSLE, neuropsychiatric SLE.

in focal NPSLE (p=0.0079) compared with those in non-
SLE control. Serum antiribosomal P levels were signifi-
cantly elevated in diffuse NPSLE (p=0.0093) but not in 
focal NPSLE (p=0.1204) compared with those in non-SLE 
control. Serum anti-NR2 and antiribosomal P appeared 
to be higher in diffuse NPSLE than in focal NPSLE, 
although it did not reach statistical significance.

When the upper limit of normal value for the serum 
anti-NR2 was set as the mean+2 SD (43.4 U/mL) of non-
SLE control, anti-NR2 was positive in 19 of 31 patients 
with NPSLE (in 15 of 22 patients with diffuse NPSLE and 

in 4 of 9 patients with focal NPSLE) (table 2), whereas 
none of the 18 healthy control subjects exceeded the 
upper limit. Moreover, with the upper limit of normal 
value for the serum antiribosomal P set as the mean+2 SD 
(32.1 µg/mL) of non-SLE control, serum antiribosomal 
P was positive in 13 of 31 patients with NPSLE (in 11 of 
22 patients with diffuse NPSLE and in 2 of 9 patients with 
focal NPSLE). These results are consistent with previous 
reports that disclosed the high prevalence of anti-NR2 
and antiribosomal P in sera from patients with NPSLE, 
especially diffuse NPSLE.4 7 22

As for serum anti-NR1/NR2, only two patients with 
diffuse NPSLE, but none of nine patients with focal 
NPSLE, showed positive results. Thus, serum samples 
from patients 10 and 20 showed bright green fluores-
cence, whereas serum samples from three patients 
(patients 2, 12 and 17 in table 2) who showed high anti-
NR2 displayed only low-level non-specific fluorescence or 
dark staining (figure 3). The remaining 26 serum samples 
showed similar staining patterns as those of sera from 
patients 2, 12 and 17 (data not shown). The positivity 
of anti-NR1/NR2 was not correlated with the positivity 
of serum anti-NR2 or with that of serum antiribosomal 
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Table 2  Profile of serum autoantibodies

Patient 
number Age and gender Diagnosis Anti-NR2 Antiribosomal P Anti-NR1/NR2

1 50 F ACS 154 12 − (negative)

2 53 F ACS 824 38 −

3 33 F ACS 38 0 −

4 28 M ACS 30 144 −

5 23 F ACS 24 550 −

6 14 F ACS 284 512 −

7 66 F ACS 54 3094 −

8 39 M ACS 88 4 −

9 51 F ACS 34 12 −

10 65 F ACS 34 916 1:40 (positive)

11 32 F ACS 32 12 −

12 46 F ACS 1320 0 −

13 30 F ACS+myelitis 142 0 −

14 34 F ACS 166 508 −

15 19 F ACS 144 28 −

16 42 F ACS+myelitis 140 0 −

17 37 F ACS 616 360 −

18 39 F Anx 30 6 −

19 65 F Cog 78 6 −

20 43 F Psy 672 34 1:80 (positive)

21 37 F Psy 48 70 −

22 17 F Psy 126 612 −

23 71 F Seizure 240 58 −

24 22 F Seizure 70 6 −

25 40 F Seizure 40 12 −

26 33 F Demyelinating 34 4 −

27 42 F CVD 40 8 −

28 44 F Seizure 90 12 −

29 60 F Seizure 40 1728 −

30 32F Peripheral 80 22 −

31 39 F Headache 26 10 −

Patients 1–22: diffuse NPSLE.
Patients 23–31: focal NPSLE.
Bold figures denote positive results for anti-NR2 and antiribosomal P by ELISA.
ACS, acute confusional state; anx, anxiety disorder; Cog, cognitive dysfunction; CVD, cerebrovascular disease.; F, female; M, male; psy, 
psychosis.

P (table 2). These results indicate that the expression of 
anti-NR1/NR2 is extremely rare in NPSLE. Moreover, the 
data have also disclosed that anti-NR1/NR2 antibodies 
do not cross-react with anti-NR2. Finally, anti-NR1/NR2 
was not detected in CSF from the two patients whose sera 
were positive for anti-NR1/NR2.

Discussion
The results in the present study have demonstrated 
for the first time that the expression of anti-NRI/NR2, 

anti-NMDA receptor antibodies detected by cell-based 
assay, is extremely rare in serum or CSF from patients with 
diffuse NPSLE or focal NPSLE. It has been revealed that 
the epitope of anti-NR2 is directed to the linear amino-
acid sequence shared by NR2A and NR2B subunits.5 It 
was thus possible that anti-NR2 might react with HEK 293 
cells transfected with plasmid DNAs encoding NR1 and 
NR2B. However, nearly all the sera from patients with 
positive serum anti-NR2 showed no binding to HEK 293 
cells cotransfected with plasmid DNAs encoding NR1 and 
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Figure 3  Comparison of serum cell based-assay for 
patients with NPSLE with positive anti-NR1/NR2 and those 
with negative anti-NR1/NR2. Stainings of HEK 293 cells 
transfected with plasmid DNAs encoding the NMDA receptor 
subunits NR1 and NR2B by serum samples (diluted by 1:10) 
from two patients with positive anti-NR1/NR2 (patients 10 
and 20 in table 2) or from three patients with negative anti-
NR1/NR2 (patients 2, 12 and 17 in table 2) who showed high 
anti-NR2 are shown. HEK, human embryonic kidney; NMDA, 
N-methyl-D-aspartate; NPSLE, neuropsychiatric SLE.

NR2B.18 It is therefore suggested that the linear epitope 
of anti-NR2 might be sterically located on the transfected 
HEK 293 cells so that anti-NR2 might not access.

The critical epitope of anti-NR1/NR2 antibodies has 
been considered to be located in the extracellular N-ter-
minal domain of the NR1 subunit.15 Thus, the deletion 
of amino-acid residues 25–380 in NR1 subunit markedly 
decreased the reactivity of anti-NR1/NR2 to the trans-
fectants despite the successful expression of deficient 
NR1 and NR2B subunit on their surface.15 It has been 
disclosed that anti-NR1/NR2 decreased the numbers of 
cell-surface NMDA receptors and NMDA receptor clus-
ters in postsynaptic dendrites in a reversible fashion, but 
did not induce apoptosis of neurons.15 By contrast, it has 
been shown that anti-NR2 induced apoptosis of neurons 
when they were injected into the brain of mice.5 In this 
regard, it is likely that signals delivered through the NR1 
subunit might result in different biological effects on 
neurons from those delivered through the NR2 subunit 
of NMDA receptor, although further studies are required 
to confirm this point.

Anti-NMDA receptor encephalitis was most frequently 
associated with ovarian teratoma among neoplasms.10–15 
Moreover, the resection of tumours usually facilitated 
the amelioration of the manifestation in anti-NMDA 
receptor encephalitis.15 It is therefore likely that antigen-
specific immune responses to some specific antigens 
included in the ovarian teratoma might be responsible 
for the expression of anti-NR1/NR2 antibodies. In fact, 
it has been demonstrated that tissues in ovarian teratoma 
contain NMDA receptors.23 Moreover, histological anal-
ysis of ovarian teratoma has revealed that lymphocyte 

infiltration was more frequent in patients with encepha-
litis compared with non-encephalitis patients, suggesting 
the presence of antigen-driven immune responses.

Although the mechanism of the expression of a variety 
of autoantibodies in SLE remains unclear, it is not 
assumed as a simple antigen-specific immune response.24 
Thus, in addition to antigen-driven responses, several 
mechanisms have been suggested, including polyclonal 
B cell activation, impaired apoptotic pathways or the 
outcome of idiotypic network dysregulation.24 Notably, 
the expression of anti-NR2 antibodies was correlated 
with the expression of anti-Sm antibodies along with the 
increasing activity of NPSLE.25 Thus, the positive correla-
tion between these two autoantibodies strongly suggests 
the presence of abnormal responses other than antigen-
specific reactions. In this regard, the mechanism of the 
expression of anti-NR2 is likely to be different from that 
of anti-NR1/NR2.

It should be pointed out that anti-NR1/NR2 was not 
detected in CSF from the two patients whose sera were 
positive for anti-NR1/NR2 in the present study. Since the 
presence of anti-NR1/NR2 in CSF is crucial to the devel-
opment of anti-NMDAR encephalitis,15 it is suggested that 
anti-NR1/NR2 might not play any significant role in the 
development of neuropsychiatric manifestations even in 
these two patients with NPSLE. Thus, this type of enceph-
alitis is considered to be extremely rare in SLE.
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