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Abstract 

Background Glutamatergic function abnormalities have been implicated in the etiology of treatment-resistant 
schizophrenia (TRS), and the efficacy of clozapine may be attributed to its impact on the glutamate system. Recently, 
evidence has emerged suggesting the involvement of immune processes and increased prevalence of antineuronal 
antibodies in TRS. This current study aimed to investigate the levels of multiple anti-glutamate receptor antibodies 
in TRS and explore the effects of clozapine on these antibody levels.

Methods Enzyme linked immunosorbent assay (ELISA) was used to measure and compare the levels of anti-gluta-
mate receptor antibodies (NMDAR, AMPAR, mGlur3, mGluR5) in clozapine-treated TRS patients (TRS-C, n = 37), clozap-
ine-naïve TRS patients (TRS-NC, n = 39), and non-TRS patients (nTRS, n = 35). Clinical symptom severity was assessed 
using the Positive and Negative Symptom Scale (PANSS), while cognitive function was evaluated using the MATRICS 
Consensus Cognitive Battery (MCCB).

Result The levels of all four glutamate receptor antibodies in TRS-NC were significantly higher than those in nTRS 
(p < 0.001) and in TRS-C (p < 0.001), and the antibody levels in TRS-C were comparable to those in nTRS. However, 
no significant associations were observed between antibody levels and symptom severity or cognitive function 
across all three groups after FDR correction.

Conclusion Our findings suggest that TRS may related to increased anti-glutamate receptor antibody levels and pro-
vide further evidence that glutamatergic dysfunction and immune processes may contribute to the pathogenesis 
of TRS. The impact of clozapine on anti-glutamate receptor antibody levels may be a pharmacological mechanism 
underlying its therapeutic effects.

Keywords Treatment-resistant schizophrenia, Clozapine, Anti-glutamate receptor antibody, NMDA, AMPA, mGluR

*Correspondence:
Xiaogang Chen
Chenxiaogang@csu.edu.cn
Jinsong Tang
tangjinsong@zju.edu.cn
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-024-05689-0&domain=pdf


Page 2 of 10He et al. BMC Psychiatry          (2024) 24:248 

Background
Approximately 30% of individuals with schizophrenia 
do not respond to antipsychotic medications, which is 
known as treatment-resistant schizophrenia (TRS) [1]. 
TRS is typically defined as schizophrenia that shows 
inadequate response to at least two different antipsy-
chotics despite adequate treatment according to various 
guidelines and clinical trials [2, 3]. The underlying patho-
physiological mechanisms of TRS remain elusive. The 
categorical hypothesis suggests that the pathophysiol-
ogy of TRS may differ significantly from non-treatment-
resistant schizophrenia (nTRS), making conventional 
antipsychotics ineffective [4]. Previous studies have dem-
onstrated that TRS is associated with deficits in gluta-
matergic function [5, 6]. Among available treatments, 
clozapine is the only effective option for TRS. While the 
exact mechanisms of its therapeutic effects are still not 
fully understood, emerging evidence suggests that clo-
zapine may exert its efficacy through modulation of the 
glutamatergic system, in contrast to most other antip-
sychotics that primarily act through dopamine-2 recep-
tor blockade [7, 8]. Positron emission tomography (PET) 
studies have shown that there are some patients who 
have limited response to high levels of dopamine recep-
tor blockade, and reduced dopamine levels were not 
effective for TRS [9, 10]. Furthermore, proton magnetic 
resonance spectroscopy (1H-MRS) contributes to bet-
ter observation of glutamatergic systems dysfunction of 
TRS. Previous studies have shown that glutamate levels 
in the anterior cingulate cortex (ACC) in TRS are higher 
than in nTRS, while no group differences were found in 
striatal dopamine function [11]. Hence, according to the 
categorical hypothesis, TRS may be a specific subtype of 
schizophrenia, which is more related to the dysfunction 
of the glutamatergic system rather than the dopaminergic 
system.

Additionally, complex interactions between the immune 
system and the brain have been implicated in the patho-
physiology of neuropsychiatric disorders [12]. In addition 
to neurotransmitter-based hypotheses such as the gluta-
matergic hypothesis, there is evidence suggesting immune 
dysregulation in schizophrenia [7]. Lin’s study in 1998 first 
linked TRS to activation of the inflammatory response 
system, showing significantly elevated serum IL-6 levels 
in TRS compared to controls and nTRS [13]. Subsequent 
studies have also reported increased levels of SIL-1RA, 
IL-2, IL-10, STNF-R1, STNF-R2, IL-8, chemokine ligand 
(CCL)-3, and CCL-2 in TRS [14–18].

Neurotransmitters and the immune system are not 
isolated and independent, but they interact with each 
other, and antineuronal antibodies can serve as a bridge 
connecting these two systems [19]. On one hand, auto-
immune diseases have been identified as risk factors for 

schizophrenia [20]. On one hand, autoimmune diseases 
have been identified as risk factors for schizophrenia 
[21]. Bechter proposed the “mild encephalitis hypoth-
esis,” suggesting that certain severe mental disorders, 
such as schizophrenia, may be attributed to chronic 
low-level neuroinflammation [22]. In 2007, Dalmau 
et al. first described autoimmune encephalitis associated 
with antibodies against NMDA-type glutamate recep-
tors [23, 24]. Aside from neurological symptoms, psy-
chiatric symptoms, and cognitive impairment are also 
common features of autoimmune encephalitides [25]. In 
some reported cases, patients may initially present with 
isolated psychiatric episodes [26, 27]. These findings 
suggest the potential involvement of glutamate recep-
tor antibodies in the pathophysiology of schizophrenia. 
Previous studies have demonstrated that blood-brain 
barrier (BBB) integrity is compromised in individuals 
with schizophrenia, leading to increased permeability 
[28, 29]. As a result, circulating glutamate receptor anti-
bodies may penetrate the damaged BBB, bind to their 
corresponding receptors in the central nervous system, 
disrupt glutamate receptor function, and ultimately con-
tribute to the manifestation of psychiatric symptoms and 
cognitive impairment.

Several studies have investigated the prevalence and 
serum levels of glutamate receptor antibodies in individu-
als with schizophrenia. Previous studies primarily focused 
on NMDA receptor antibodies and utilized immunofluo-
rescence as the detection method [25, 30, 31]. However, 
the results from these studies are qualitative and have 
yielded mixed findings. In 2019, Tong et  al. conducted 
the first study to employ enzyme-linked immunosorbent 
assay (ELISA) for detecting NMDAR antibody levels in 
patients with schizophrenia [32]. They observed elevated 
serum NMDA receptor antibody levels in first-episode 
schizophrenia patients compared to healthy controls, 
which were also correlated with symptom severity. Sub-
sequently, ELISA was further utilized in two additional 
studies by the same group. They revealed significantly 
higher serum NMDA receptor antibody levels in patients 
with treatment-resistant schizophrenia compared to those 
with non-treatment-resistant schizophrenia, which were 
also associated with white matter deficits [33]. Another 
study demonstrated elevated antibody levels in schizo-
phrenic patients with tardive dyskinesia [34].

Autoantibodies targeting glutamate receptors offer 
a valuable means to connect the two fundamental 
hypotheses regarding the pathogenesis of schizophre-
nia, namely the glutamatergic dysfunction hypothesis 
and the neuroimmunological hypothesis [19]. Moreo-
ver, most current studies investigating the association 
between glutamate receptors and schizophrenia have 
primarily focused on the NMDA-type receptor, while 
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the involvement of other types of glutamate receptors 
in the pathophysiology of schizophrenia has gained 
increasing attention in recent years. Additionally, a 
speculation has emerged suggesting that TRS may rep-
resent a population enriched for the presence of anti-
neuronal antibodies [35]. Furthermore, it has been 
discovered that clozapine can induce secondary anti-
body deficiency (SAD) [36, 37]. Consequently, research-
ers have proposed the possibility that clozapine exerts 
its therapeutic effects in TRS by reducing anti-gluta-
mate receptor antibody levels [37]. Given the limited 
number of studies exploring the relationship between 
TRS, glutamate receptor antibodies, and clozapine, this 
study aimed to investigate multiple glutamate receptor 
antibody levels in TRS patients with and without clo-
zapine treatment. We hypothesized that patients with 
TRS may exhibit elevated antibody levels and that clo-
zapine can ameliorate clinical symptoms and cognitive 
impairment by reducing these levels and upregulating 
glutamate receptor function.

Materials and methods
Participants
Participants were recruited from the Second Xiangya 
Hospital of Central South University from 2020 to 2022. 
The inclusion criteria required that participants were 
right-handed, aged between 18 and 50, and met the Diag-
nostic and Statistical Manual of Mental Disorders, Fifth 
Edition, criteria for schizophrenia. The exclusion criteria 
for all participants were (1) substance abuse, (2) a history 
of head trauma resulting in loss of consciousness, or (3) 
major medical or neurological illness.

We reviewed the medical records of all patients and 
classified TRS patients versus nTRS patients based on 
their previous responses to antipsychotics. According 
to the consensus guidelines published by the Treatment 
Response and Resistance to Psychosis (TRRIP) Work-
ing Group in 2017, TRS was defined as schizophrenia 
that had poor response (Positive and Negative Syndrome 
Scale>60, Global Assessment of Functioning ≤60) to two 
different adequate doses (dosage equivalence of chlor-
promazine ≥600 mg/day) and courses (≥6 weeks) of 
non-clozapine antipsychotics [3]. To make sure that after 
adequate treatment patients still had disabling symptoms 
due to resistance to antipsychotics, we also excluded 
patients due to intolerance to antipsychotics. Although 
clozapine is recommended as the gold standard treat-
ment for TRS in all clinical guidelines, its use is frequently 
declined by patients and their guardians in clinical prac-
tice due to its potential side effects. As a result, these 
patients often continue maintenance treatment with 
other atypical antipsychotic medications instead of using 
clozapine as monotherapy. Therefore, we further divided 

TRS patients into two groups according to whether clo-
zapine was applied (≥ 200 mg/day， ≥ 12-week duration) 
or not. Ultimately, a total of 111 patients were included 
and divided into three groups: clozapine-treated patients 
with TRS (TRS-C), clozapine-naïve patients with TRS 
(TRS-NC) and clozapine-naïve patients with nTRS 
(nTRS). This study was approved by the Second Xiangya 
Hospital Ethics Committee (No. S006, 2018), and all par-
ticipants fully understood the research procedures and 
provided written informed consent.

Clinical evaluation
Clinical evaluation was performed independently by 
two experienced senior psychiatrists. The severity of ill-
ness was assessed by the Positive and Negative Syndrome 
Scale (PANSS) and Global Assessment of Functioning 
scale (GAF). Neurocognition assessment instrument was 
the Chinese version of the MATRICS Consensus Cog-
nitive Battery (MCCB), which contains a total of seven 
domains: (1) Speed of processing; (2) Attention/vigi-
lance; (3) Working memory; (4) Verbal learning; (5) Vis-
ual learning; (6) Reasoning and problem solving and; (7) 
Social cognition.

Measurement of anti‑glutamate receptor antibodies
On the day of enrollment or the next morning, fast-
ing venous blood was collected and placed in a non-
anticoagulant vacuum tube. The blood samples were 
rested and centrifuged (3000 rpm for 10 minutes), and 
the serum was extracted and stored in an ultra-low tem-
perature refrigerator (− 80 °C). Serum anti-NMDAR anti-
body, anti-AMPAR antibody, anti-mGluR3 antibody, and 
anti-mGluR5 antibody levels were measured by double 
antigen sandwich ELISA method using commercially 
available kits (FANKEW, Shanghai, China). Each sample 
was tested twice, and the final results were averaged from 
the two assay values. Intra-and inter-assay variation coef-
ficients of anti-NMDAR antibody were < 4.5 and < 6.7%; 
intra-and inter-assay variation coefficients of anti-
AMPAR antibody were < 5.0 and < 7.5%; intra-and inter-
assay variation coefficients of anti-mGluR3 antibody 
were < 4.2 and < 6.4%; intra-and inter-assay variation coef-
ficients of anti-mGluR5 antibody were < 4.4 and < 6.6%, 
respectively.

Statistical analysis
All statistical analyses were performed using SPSS (ver-
sion 25 IBM Inc. New York, USA). Means ± standard 
deviations (X ± S) were used for measurement data. 
A two-tailed p value < 0.05 indicated statistical sig-
nificance. After obtaining MCCB row scores, standard 
score-T score conversion was performed. One-way 
ANOVA or chi-square test was used to statistically 
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analyze the demographic data such as gender, age, 
PANSS score, duration of disease, medication dose, 
and MCCB score among the three groups. The Shap-
iro-Wilk test showed that the levels of various anti-
glutamate receptor antibodies in the three groups did 
not fall into a normal distribution; therefore, Spear-
man correlations were used to analyze the antibody 
levels with PANSS scores, MCCB scores, and clozapine 
dose. Due to the differences in demographic and clini-
cal characteristics and their potential associations with 
antibody levels, we included years of education, dura-
tion of illness, medication, PANSS total scores, MCCB 
scores as covariates, and the generalized linear model 
(GLM) was used to compare the differences in anti-
body levels among the groups. FDR correction was per-
formed for multiple comparisons.

Results
Demographic and clinical characteristics
Thirty-seven patients with TRS-C, 39 patients with TRS-
NC and 35 patients with nTRS were included in this 
study. The demographic and clinical characteristics of 
the participants are summarized in Table  1. There were 
no significant differences in gender composition and age 
among the three groups. After post hoc comparison, it 
was found that the years of education in the nTRS group 
were higher than those in the TRS-NC (p = 0.014) and 
TRS-C groups (p = 0.002); the duration of disease in the 
TRS-C group was longer than that in the nTRS group 
(p = 0.005); the dose of medication in the TRS-NC group 
was greater than that in the nTRS group (p = 0.007). Due 
to the differences in years of education, course of disease, 
and dosage of medication among the three groups, we 

Table 1 Demographic and clinical characteristics and antibody levels of clozapine-treated patients with TRS, clozapine-naïve patients 
with TRS and clozapine-naïve patients with nTRS

Values are provided as mean ± SD unless otherwise stated. PANSS Positive and Negative Syndrome Scale, GAF Global Assessment of Functioning scale, CPZE 
chlorpromazine equivalent dose, MCCB MATRICS Consensus Cognitive Battery, Ab antibody

*p < .05, **p < .01, ***p < .001

nTRS (n = 35) TRS‑NC (n = 39) TRS‑C (n = 37) Statistic F/χ 2/ Wald 
χ2 (p‑value)

p-value 
nTRS vs 
TRS‑NC

p-value 
nTRS vs 
TRS‑C

p-value 
TRS‑NC vs 
TRS‑C

Demographic
Gender(M/F) 16/19 18/21 19/18 0.29(0.865) 0.970 0.632 0.650

Age (years) 30.37 ± 9.08 30.54 ± 8.59 32.65 ± 10.45 0.513(0.513) 1.000 0.919 0.990

Education (years) 12.73 ± 2.91 10.79 ± 2.97 10.30 ± 2.77 7.10(0.001**) 0.014* 0.002** 1.000

Clinical
Duration of illness (years) 7.54 ± 6.67 10.13 ± 6.96 13.51 ± 9.55 5.26(0.007**) 0.479 0.005** 0.188

Medication (CPZE mg/day) 447.00 ± 223.51 620.96 ± 232.79 534.46 ± 242.52 5.00(0.008**) 0.007** 0.344 0.377

Clozapine dose (mg/day) – – 270.27 ± 82.04 – – – –

PANSS Positive 13.23 ± 5.17 22.95 ± 6.64 18.57 ± 7.44 20.58(< 0.001***) < 0.001*** 0.002** 0.012*

PANSS Negative 11.29 ± 4.39 20.74 ± 8.85 20.30 ± 8.04 F = 18.59(< 0.001***) < 0.001*** < 0.001*** 1.000

PANSS General 22.60 ± 4.60 38.05 ± 7.66 35.32 ± 8.13 49.90(< 0.001***) < 0.001*** < 0.001*** 0.281

PANSS Total 46.97 ± 9.12 82.79 ± 13.57 73.95 ± 17.31 66.26(< 0.001***) < 0.001*** < 0.001*** 0.019*

GAF 67.51 ± 7.14 44.03 ± 10.95 52.65 ± 16.91 33.63(< 0.001***) < 0.001*** < 0.001*** 0.009**

Speed of processing 35.86 ± 8.00 24.97 ± 11.46 31.97 ± 9.93 11.44(< 0.001***) < 0.001*** 0.303 0.008**

Attention/vigilance 38.23 ± 11.12 27.49 ± 11.04 28.92 ± 12.82 8.99(< 0.001***) < 0.001*** 0.003** 1.000

Working memory 37.83 ± 10.45 27.03 ± 10.77 34.81 ± 12.64 9.07(< 0.001***) < 0.001*** 0.784 0.010*

Verbal learning 32.63 ± 10.45 26.85 ± 9.34 27.76 ± 9.30 3.72(0.027*) 0.035* 0.106 1.000

Visual learning 41.34 ± 13.75 23.77 ± 11.64 26.22 ± 13.69 19.29(< 0.001***) < 0.001*** < 0.001*** 1.000

Reason and problem solving 37.37 ± 11.20 32.77 ± 12.13 34.22 ± 12.42 1.42(0.247) 0.303 0.795 1.000

Social cognition 41.89 ± 15.00 31.08 ± 10.22 38.59 ± 10.19 8.08(0.001**) 0.001** 0.733 0.021*

MCCB total score 37.43 ± 6.80 26.31 ± 8.70 31.97 ± 7.91 18.42(< 0.001***) < 0.001*** 0.012* 0.007**

Antibody levels
NMDAR Ab (pg/ml) 188.79 ± 4.05 269.37 ± 3.83 203.27 ± 3.84 137.48(< 0.001***) < 0.001*** 0.638 < 0.001***

AMPAR Ab (pg/ml) 1630.76 ± 30.43 2098.86 ± 28.80 1803.85 ± 28.92 56.14(< 0.001***) < 0.001*** 0.032* < 0.001***

mGluR3 Ab (pg/ml) 87.03 ± 2.77 114.26 ± 2.62 82.47 ± 2.63 67.77(< 0.001***) < 0.001*** 0.105 < 0.001***

mGluR5 Ab (pg/ml) 56.71 ± 1.41 81.91 ± 1.08 61.48 ± 1.08 174.45(< 0.001***) < 0.001*** 0.502 < 0.001***
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further conducted correlation analyses between these 
indicators and serum glutamate receptor antibody levels 
in the following.

The two TRS groups had higher illness severity 
(i.e. PANSS total and subscale scores, as well as GAF 
scores) compared to the NTRS group. Compared TRS-
NC patients, TRS-C patients had lower total PANSS 
(p = 0.019) and PANSS positive sub-scores (p = 0.012), 
and higher GAF scores (p = 0.009). There were no signifi-
cant differences in PANSS-negative sub-scores and gen-
eral sub-scores between the two TRS groups.

Except for the reasoning and problem-solving domain, 
significant differences were observed among the three 
groups in the six sub-items and the total scores of 
MCCB. Post hoc comparisons revealed that the nTRS 
group had higher scores than the TRS-NC group in the 
other six sub-items (all ps < 0.05), as well as in attention/
vigilance (p = 0.003) and visual learning (p < 0.001) com-
pared to the TRS-C group. The TRS-C group showed sig-
nificantly higher scores than the TRS-NC group in speed 
of processing (p = 0.008), working memory (p = 0.010), 

and social cognition (p = 0.021). Furthermore, the nTRS 
group obtained the highest total score, followed by the 
two TRS groups. The nTRS group had a significantly 
higher total score than the TRS-C group (p = 0.012), and 
the TRS-C group had a significantly higher total score 
than the TRS-NC group (p = 0.007) (Table 1).

Group comparisons of anti‑glutamate receptor antibody 
levels
The levels of the four anti-glutamate receptor antibod-
ies were compared between the three groups using a 
Generalized Linear Model (GLM) with years of educa-
tion, duration of illness, medication, PANSS total scores, 
MCCB scores included as covariates. All the above com-
parisons were adjusted using FDR correction. There were 
no main effects of the covariates was reported.

The anti-NMDAR antibody levels were significantly 
higher in the TRS-NC group than in the TRS-C group 
(p < 0.001) and the nTRS group (p < 0.001), and there was 
no significant difference between the TRS-C and nTRS 
groups (p = 0.638) (Table 1, Fig. 1A).

Fig. 1 Serum anti-glutamate receptor antibody levels (mean and SD) of TRS-C, TRS-nC and nTRS. Abbreviations: TRS-C, clozapine-naïve patients 
with treatment resistant schizophrenia; TRS-nC, clozapine-naïve patients with non-treatment resistant schizophrenia; nTRS, clozapine-naïve 
patients with non-treatment resistant schizophrenia; NMDAR, N-methyl-D-aspartate Receptor; AMPAR, Alpha-amino-3-hydroxy-5-methylisoxaz
ole-4-propionic acid receptor; mGluR, Metabotropic glutamate receptor; Ab, antibody. ***p < .001
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The anti-AMPAR antibody levels were significantly 
higher in the TRS-NC group than in the other two 
groups (ps < 0.001). The levels of the TRS-C group 
were higher than of the nTRS group before the cor-
rection (p  < 0.032, FDR-corrected q  = 0.128 > 0.05) 
(Table 1, Fig. 1B).

The anti-mGluR3 antibody levels in the TRS-NC group 
were significantly higher than that in the other two 
groups (ps < 0.001), and there was no significant differ-
ence between the TRS-C and nTRS groups (p = 0.105) 
(Table 1, Fig. 1C).

Similar to the other antibodies, the TRS-NC group had 
the highest anti-mGluR5 antibody levels compared with 
the other two groups (p’s < 0.001), while there was no sig-
nificant difference between the TRS-C and nTRS groups 
(p = 0.502) (Table 1, Fig. 1D).

Relationship between anti‑glutamate receptor antibody 
levels and symptom severity
In the TRS-C group, no significant correlations were 
found between the anti-glutamate receptor antibody lev-
els and PANSS scores (all ps > 0.05); in the TRS-NC group, 
PANSS-general sub-scores were positively correlated with 
anti-NMDAR antibody levels (r = 0.414, p = 0.009, FDR-
corrected q = 0.072 > 0.05) and anti-mGluR3 antibody lev-
els (r = 0.443, p = 0.005, FDR-corrected q = 0.08 > 0.05); in 
the In the nTRS group, general symptom scale scores were 

positively correlated with anti-NMDAR antibody levels 
(r = 0.438, p = 0.008, FDR-corrected q = 0.128 > 0.05) and 
anti-mGluR5 antibody levels (r = 0.389, p = 0.021, FDR-
corrected q  = 0.168 > 0.05) (Fig.  2). However, the above 
correlations failed to pass the FDR correction.

Relationship between anti‑glutamate receptor antibody 
levels and cognitive function
In the TRS-C group, no significant correlations were found 
between the levels of the four anti-glutamate receptor 
antibodies and MCCB scores (all ps > 0.05); in the TRS-
NC group, anti-NMDAR antibody levels showed signifi-
cant negative correlations with working memory scores 
(r  = − 0.342, p  = 0.033, FDR-corrected q  = 0.352 > 0.05) 
and total scores (r  = − 0.374, p  = 0.019, FDR-corrected 
q = 0.608 > 0.05), anti-AMPAR antibody levels showed nega-
tive correlations with visual learning scores (r  = − 0.373, 
p = 0.019, FDR-corrected q = 0.304 > 0.05) and total scores 
(r = − 0.320, p = 0.049, FDR-corrected q = 0.314 > 0.05), and 
anti-mGluR5 antibody levels showed negative correlations 
with visual learning scores(r = − 0.327, p = 0.042, FDR-cor-
rected q = 0.336 > 0.05); in the NTRS group, anti-NMDAR 
antibody levels showed negative correlations with reason-
ing and problem solving scores (r  = − 0.360, p  = 0.034, 
FDR-corrected q = 0.544 > 0.05), and anti-mGluR5 antibody 
levels was negatively correlated with reasoning and prob-
lem solving scores(r  = − 0.372, p  = 0.028, FDR-corrected 

Fig. 2 Correlations between serum anti-glutamate receptor antibody levels and PANSS-G scores in clozapine-naïve patients with treatment 
resistant schizophrenia. Abbreviations: NMDAR, N-methyl-D-aspartate Receptor; mGluR, Metabotropic glutamate receptor; Ab, antibody; PANSS-G, 
General Psychopathology scale
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q = 0.896 > 0.05). However, all of these findings did not pass 
the FDR correction.

Relationship between anti‑glutamate receptor antibody 
levels and clozapine dose
We also explored the relationship between anti-gluta-
mate receptor antibody levels and clozapine doses in 
the TRS-C group. No relationship between anti-gluta-
mate receptor antibody levels and clozapine dose were 
identified.

Discussion
The aim of our study was to compare serum levels of 
anti-glutamate receptor antibodies between patients 
with TRS and nTRS patients, and to investigate the 
impact of clozapine on antibody levels. Currently, there 
is limited research on anti-glutamate receptor antibody 
levels in TRS. Only one study directly measured serum 
anti-NMDAR antibody concentrations in TRS patients 
using ELISA, and our study’s results were consistent 
with that study, indicating that increased anti-NMDAR 
antibody levels are associated with antipsychotic drug 
resistance [33]. Additionally, this study measured the 
concentrations of several other serum anti-glutamate 
receptor antibodies for the first time, and the results 
were similar to those of anti-NMDAR antibodies, dem-
onstrating that TRS patients have higher serum anti-
glutamate receptor antibody levels compared to nTRS 
patients. Furthermore, the study found that TRS-C 
group patients had lower levels of anti-glutamate recep-
tors, milder positive symptoms, and partially improved 
cognitive function compared to patients in the TRS-nC 
group. These findings collectively suggest that TRS may 
be linked to elevated levels of anti-glutamate receptor 
antibodies, and clozapine may alleviate clinical symp-
toms and cognitive deficits that are resistant to other 
antipsychotics by normalizing the levels of anti-gluta-
mate receptor antibodies.

Extensive research has demonstrated the involvement 
of NMDAR dysfunction in the pathogenesis of schizo-
phrenia, which is widely associated with psychotic symp-
toms and cognitive impairment [38]. Besides, a case has 
been reported that a female patient who had schizophre-
nia after remission of anti-NMDA receptor encephalitis 
and NMDA receptor antibody was not detected in the 
episodes, which inferred that NMDA receptor antibody 
might induce a long-term dysfunction on NMDA recep-
tor and reduce the threshold for the onset of schizophre-
nia [39]. In addition to NMDAR dysfunction, AMPAR 
dysfunction mentioned in this study has been associ-
ated with selective attention and memory impairment 
in schizophrenia [40]. Activation of mGluR3 in the pre-
frontal cortex plays a crucial role in working memory 

and cognition [41], and genetic variations in GRM3, the 
gene encoding mGlu3, have been linked to schizophre-
nia and cognitive deficits [42]. The knockout of mGluR5 
in mice has been shown to result in defects in prepulse 
inhibition, serving as a deficit model for schizophrenia 
[43]. Agonists targeting mGluRs have emerged as new 
candidates for antipsychotic drug development. Preclini-
cal studies have demonstrated the therapeutic efficacy 
of both mGluR3 and mGluR5 agonists in schizophrenia, 
including the improvement of negative symptoms and 
cognitive deficits that are often unresponsive to current 
antipsychotics [44, 45]. Consistent with our hypotheses, 
TRS patients exhibit higher levels of various anti-gluta-
mate receptor antibodies that disrupt glutamate receptor 
function, resulting in more severe symptoms and cog-
nitive deficits compared to nTRS patients. In contrast, 
current antipsychotic drugs primarily target dopamine 
receptors and have limited effects on negative symptoms 
and cognitive impairment, which are significant contrib-
utors to treatment resistance.

However, current studies on the prevalence of anti-
NMDAR antibodies in individuals with schizophrenia 
seem to show controversial results. Most of the stud-
ies on anti-NMDAR antibody detection showed nega-
tive results. Besides, there have been some researches 
investigating the prevalence of AMPA-type antibodies, 
however, no significant difference between patients and 
healthy controls in the prevalence was found [25, 30, 46]. 
This might be attributed to that the two main current 
methods, immunohistochemistry and cell-based assays, 
were relatively insensitive to human antibodies [47]. 
Consistent with our study, the previous studies using 
ELISA have found that higher anti-NMDA antibody lev-
els in patients with TRS and other subtypes of schizo-
phrenia compared with healthy individuals [32–34]. 
Hence, the development of more sensitive methods is 
urgent. In addition, although autoimmune mechanisms 
and other glutamate receptor dysfunction are crucial for 
the pathogenesis of schizophrenia, to our knowledge, the 
current studies on glutamate receptors and schizophre-
nia have mostly focused on NMDA-type. In this study, 
we emphasized that the types of anti-glutamate antibod-
ies associated with schizophrenia were not limited to the 
NMDA-type. Indeed, there have been cases reported 
that some novel autoantibodies, such as glutamic acid 
decarboxylase 65 (GAD65) antibodies, were found in 
patients with schizophrenia [48]. Broadening the types 
of autoantibodies related to schizophrenia may be essen-
tial for clinical diagnosis and treatment.

The results of our study provide further evidence that 
clozapine may modulate the function of anti-glutamate 
receptors by reducing antibody levels, which could be one 
of the therapeutic mechanisms that distinguish clozapine 
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from other antipsychotics. This finding is supported by a 
previous study that reported significantly lower immuno-
globulin levels in the clozapine-treated group compared 
to the clozapine-naive group [36]. Moreover, this cross-
sectional study revealed a significant association between 
the duration of clozapine treatment and the extent of 
reduction in serum IgG levels [36]. In recent years, there 
have been speculations regarding the link between clo-
zapine and systemic autoimmune diseases (SAD), fur-
ther supporting the possibility of this being a therapeutic 
mechanism of clozapine [36, 37, 49]. However, there is 
a limited number of studies, primarily consisting of iso-
lated case reports, that demonstrate reduced autoanti-
body titers and symptom improvement in TRS patients 
with serum anti-NMDAR antibodies after clozapine 
administration [50].

The mechanism by which clozapine reduces anti-glu-
tamate receptor antibody levels is currently unknown. It 
has been reported that dopamine D1 receptors are the 
main receptor type expressed by tonsillar B cells [51], and 
researchers have speculated that the underlying mecha-
nism is related to the antagonistic effect of antipsychotic 
drugs on dopaminergic signaling in the germinal center 
[37]. However, this speculation also suggests that other 
antipsychotics should exhibit a stronger antagonistic 
effect than clozapine. Despite this, both previous stud-
ies and our current study consistently demonstrate lower 
antibody levels in the clozapine-treated group. Therefore, 
it is necessary to further explore the exact mechanism 
by which clozapine affects antibody levels and to inves-
tigate the effects of other antipsychotics on antibod-
ies. In our study, no correlation was observed between 
clozapine dose and any of the anti-glutamate receptor 
antibody levels. This may be due to most patients in the 
clozapine-treated group receiving combination treatment 
with other antipsychotics, thereby limiting the ability to 
control for the effects of those medications. Addition-
ally, individual variations in factors such as metabolism, 
smoking, gender, and concomitant use of other drugs 
can lead to different blood levels of clozapine, resulting 
in variations in the degree of antibody alteration [52, 53].

After applying the FDR correction, there was no evi-
dence of a correlation between antibody concentra-
tions and symptom severity or cognitive function in 
any of the three patient groups. This finding may be 
attributed to the exploratory nature of the study with 
its small sample size, which may render the multiple 
comparison correction excessively stringent. A similar 
study examining serum NMDAR antibodies in patients 
with TRS, nTRS, and treatment initiation schizophre-
nia (1. first-episode schizophrenia; 2. total duration 
of illness ≤3 years; and 3. within 2 weeks of initiation 
of antipsychotic medication), observed a correlation 

between antibody levels and symptom severity only 
in the treatment initiation schizophrenia group [33]. 
Long-term antipsychotic use also affects neurotrans-
mitter mechanisms beyond glutamate, rendering the 
correlation between antibody levels and symptoms 
non-significant [33]. Additionally, generalized deficits 
in cognitive function in schizophrenia involve numer-
ous possible mechanisms and other neurotransmitters, 
such as abnormalities in GABA, which may be associ-
ated with alterations in gamma oscillatory activity in 
the prefrontal cortex and subsequent working memory 
disturbances [54]. In the TRS-C group, no correlation 
was found between cognitive function, symptom sever-
ity, and the levels of the four antibodies. This may be 
due to the complex mechanism of action of clozapine, 
which not only affects glutamate antibody levels but 
also enhances the function of glutamate receptors, 
including NMDAR, through various mechanisms such 
as blocking glycine uptake, increasing glycine site occu-
pancy, and interacting with mGluR5 receptors [55–58]. 
Furthermore, clozapine can also act on other recep-
tors, including muscarinic, histamine, and serotonin 
receptors.

This study has certain limitations. Firstly, as a cross-
sectional study, it is difficult to establish causal relation-
ships. Due to the specific characteristics of the study 
population, the sample size is relatively small, and it 
was challenging to recruit three groups of participants 
who were matched in terms of illness duration, educa-
tion level, and medication. Therefore, in data analysis, 
we employed included covariates rigorously to mitigate 
their influence. Additionally, the use of clozapine in 
clinical practice is relatively conservative, with patients 
being more inclined to choose higher doses of other 
antipsychotic medications or to add low doses of clo-
zapine. Consequently, it was difficult to recruit patients 
who received clozapine monotherapy. The initiation of 
clozapine treatment is often delayed, and the partici-
pants had a longer illness duration, leading to several 
confounding factors that are difficult to exclude. There-
fore, future studies should consider including healthy 
controls and patients with first-episode schizophrenia 
and conduct longitudinal research to further validate 
the results of this study.

Conclusions
In summary, our study found a correlation between 
increased levels of anti-glutamate receptor antibodies 
and TRS, and the types of antibodies were not limited 
to the NMDA-type. Furthermore, we discovered that 
clozapine may have the ability to reduce these antibody 
levels in TRS patients. These findings provide support-
ing evidence for both the hypothesis of glutamatergic 
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dysfunction and the neuroimmunological hypothesis. 
Additionally, our results propose that the superior effi-
cacy of clozapine may be attributed, at least in part, to 
its effect on anti-glutamate receptor antibody levels. In 
order to gain a deeper understanding of the mechanism 
by which clozapine reduces antibody levels, large-scale 
longitudinal studies and research using animal mod-
els are essential. Moreover, schizophrenia researches 
related to novel antibody types, development of more 
sensitive methods, and treatment for abnormal antibody 
levels are urgently needed.
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