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Anti-N-methyl-D-aspartate receptor (anti-NMDAR) encephalitis is an autoimmune neurological disorder. Osteopontin (OPN) is a secreted multifunctional phosphorylated glycoprotein that regulates various autoimmune and inflammatory diseases, but its diagnostic and prognostic values in anti-NMDAR encephalitis patients remain elusive. This retrospective study aimed to determine the levels of OPN and related cytokines in cerebrospinal fluid (CSF) of anti-NMDAR encephalitis patients and to assess their influence on disease severity so as to evaluate their efficacy as biomarkers for diagnosis and prognosis. CSF samples from 33 anti-NMDAR encephalitis, 13 viral encephalitis, and 21 controls were collected. All CSF were tested for levels of OPN and inflammation-associated cytokines [interleukin (IL)-6, IL-10, and tumor necrosis factor (TNF)-α] via ELISA. In addition, 15 anti-NMDAR encephalitis patients without follow-up relapse were re-examined for these four parameters 3 months later. The clinical status was evaluated by modified Rankin Scale (mRS) scores. Results showed that the CSF levels of these cytokines were increased in anti-NMDAR encephalitis patients compared to controls but not viral encephalitis patients. Their levels were decreased in remission compared with that in acute stage. Moreover, CSF OPN positively correlated with IL-6, white blood cell (WBC) counts, and C-reactive protein (CRP) levels in anti-NMDAR encephalitis patients. However, no associations were found between OPN or related cytokines and mRS scores in acute stage in anti-NMDAR encephalitis patients. Overall, CSF OPN and related cytokines were increased when anti-NMDAR encephalitis patients are in acute stage and decreased in remission, suggesting the underlying neuro-inflammatory process in this disease. However, they are not qualified with diagnostic or prognostic value.
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INTRODUCTION

Anti-N-methyl-D-aspartate (anti-NMDA)-receptor encephalitis is newly accepted as an autoimmune neurological disorder mainly affecting young women (1, 2). Typical clinical manifestation of this disease predominantly involves the progressive development of neurological and psychiatric symptoms, such as movement disorder, seizures, speech disorder, consciousness disturbances, autonomic instability, and central hypoventilation (3). Although the production of antibodies to the NMDA receptor is considered to be the main culprit of this disorder, its pathogenesis remains unclear. Patients usually develop from influenza-like symptoms to profound neurological impairments in a short time, and multidisciplinary care becomes essential and urgent (4, 5). It is worth noting that as long as it is treated in time, this disease can be cured with a high probability. However, lack of specific biomarker despite antibodies against NMDAR is a challenge for prompt and accurate diagnosis (6). In addition, anti-NMDAR antibodies have been suggested to have a correlation with outcome or relapses by some articles (7) but not others (8). Cytokines mentioned previously like interleukin (IL)-6, tumor necrosis factor (TNF)-α have been proposed to play important roles in the pathogenesis of this disease (9–11). We also have reported increased inflammatory cytokines in cerebrospinal fluid (CSF) in the acute stage of anti-NMDAR encephalitis (12, 13).

Osteopontin (OPN) is a multifunctional and highly phosphorylated glycoprotein that influences diverse physiological and pathological processes, especially inflammatory and autoimmune response (14–16). It can be secreted by various tissues and cell types and distributed in all body fluids and has been classified as a Th1 cytokine (17, 18). Functions of OPN predominantly presents as regulating cell-mediated immune responses, which involves in various autoimmune and chronic inflammatory diseases. Recently, researchers suggested its pathogenic role in lots of disorders, such as multiple sclerosis, aneurysmal subarachnoid hemorrhage, and glomerulonephritis. Moreover, the upregulated secretion of OPN in plasma or CSF exacerbates most of these diseases (19). Further, OPN neutralization may downregulate the activation of STAT3 signaling pathway (20), which can induce human B and T cells to secrete TNF-α, IL-6, and IL-10 (21). A recent article has found an elevation of CSF OPN concentration in anti-NMDAR encephalitis patients and endowed a predicted role of OPN in the prognosis (22). Here, we aimed to measure CSF levels of OPN and related inflammatory cytokines in anti-NMDAR encephalitis patients so as to investigate any association between these inflammation-associated factors and prognosis and to evaluate the diagnostic and prognostic value of CSF OPN and related cytokines.

In this study, we confirm the elevation of CSF OPN, IL-6, TNF-α, and IL-10 in anti-NMDAR encephalitis patients compared to controls. More importantly, their levels were decreased in the follow-up period compared with that in acute stage. We further explored the associations between CSF OPN, IL-6, TNF-α, and IL-10 and mRS scores in patients with anti-NMDAR encephalitis and investigated an important role of neuroinflammation in the severity of anti-NMDAR encephalitis.



METHOD


Patients and Controls

During 2015 January 1 to 2019 October 30, we enrolled 33 anti-NMDA receptor encephalitis patients and 13 viral encephalitis patients [herpes simplex virus (n = 4), mumps virus (n = 2), Epstein Barr virus (n = 3), and varicella zoster virus (n = 4)] and 21 controls with non-inflammatory neurological disease [cervical spondylosis (n = 5), migraine (n = 5), Alzheimer's disease (n = 3), Parkinson's disease (n = 3), hypertension (n = 3), and normal pressure hydrocephalus (n = 2)]. CSF was taken from all the subjects within 3 days for diagnosis and differential diagnosis purpose. First-line treatments were corticosteroids, intravenous immunoglobulin, or plasma exchange, which can be used alone or in combination; second-line immunotherapy was azathioprine here. Fifteen anti-NMDAR encephalitis patients without follow-up relapse were re-examined for the concentrations of CSF OPN, IL-6, IL-10, and TNF-α and reassessed mRS scores 3 months later. All anti-NMDAR encephalitis patients were recruited strictly according to the diagnostic criteria of anti-NMDAR encephalitis (3). Approval has been obtained by the Ethics Committee of the Nanfang Hospital of the Southern Medical University (NFEC-2018-095). Every enrolled participant has signed informed consent. Table 1 shows the detailed clinical information of all participants.


Table 1. Demographic and clinical features of patients and controls.
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Preparation of CSF Samples

We obtained CSF samples while patients were in acute stage before treatment. Three months after first- and second-line immune therapy, CSFs of 15 anti-NMDAR encephalitis patients were collected again. All samples were centrifuged immediately and then distributed equally into polypropylene tubes for storage at −80°C until assay.



Detection of OPN and Proinflammatory Cytokines by ELISA

Sandwich ELISA immunosorbent assay kits were purchased and used to quantify inflammatory cytokines OPN, IL-6, IL-10 (Bender MedSystems GmbH, Vienna, Austria) and TNF-α (Cusabio, Wuhan, China), according to the manufacturers' instructions.



Statistical Analysis

Data were presented as the mean ± standard deviation (normal distribution) or the medians (IQRs) (non-normal distribution). Kruskal–Wallis test was used for comparisons among the three groups, and three “two-group comparisons” were tested by post-hoc Dunn test if needed. Spearman correlation coefficient was used to test correlations. Wilcoxon tests was used to compare OPN concentrations and mRS of patients with anti-NMDAR encephalitis in acute phase and 3 months after therapy. P < 0.05 were considered statistically significant. SPSS 24.0 software (SPSS Inc., Chicago, IL, USA) was used to carry out statistical analysis. All figures were performed using GraphPad Prism 7.0 (GraphPad Software, La Jolla, CA, USA).




RESULTS


Clinical Features and Demographics

The clinical manifestations and baseline characteristics of three groups are shown in Table 1. As shown in the table, the mean age of anti-NMDAR encephalitis patients, viral encephalitis, and the control groups was 34.8 ± 17.6, 35.7 ± 15.7, and 35.2 ± 12.9 years, respectively. All individuals were age and sex matched. In patients with anti-NMDAR encephalitis, the mRS score was 4.2 ± 0.9 in the acute stage while 2.4 ± 0.8 in the 3-month follow-up. Psychiatric symptoms accounted for the largest proportion of clinical symptoms in anti-NMDAR encephalitis group. All anti-NMDAR encephalitis patients were CSF NMDAR antibody positive.



CSF Profiles in Anti-NMDAR Encephalitis, Viral Encephalitis, and Control Patients

Both proinflammatory (OPN, IL-6, TNF-α) cytokines and anti-inflammatory cytokine (IL-10) levels were elevated in anti-NMDAR encephalitis patients compared to controls. However, no significant differences were detected between anti-NMDAR encephalitis and viral encephalitis patients. The medians (interquartile ranges) of CSF OPN and other cytokines were significantly higher in the anti-NMDAR encephalitis patients compared to controls in acute stage [OPN 201.5 (143.8, 481.5) vs. 148.4 (126.2, 181.4) ng/ml; p = 0.001; Figure 1A; IL-6 7.3 (3.9, 13.4) vs. 3.1 (2.7, 4.1) pg/ml; p = 0.001; Figure 1B; TNF-α 6.0 (4.3, 11.3) vs. 2.1 (1.1, 3.7) pg/ml; p < 0.001; Figure 1C and IL-10 4.9 (3.6, 5.8) vs. 1.5 (1.1, 2.9) pg/ml; p < 0.001; Figure 1D]. For the 15 anti-NMDAR encephalitis patients who were re-examined, the levels of the cytokines were decreased in remission period compared with that in acute stage (Figures 2A–D). We further used receiver operating characteristic (ROC) curves to assess the discriminatory power of OPN to spot anti-NMDAR encephalitis from controls. The areas under the curve (AUC) of OPN was 0.777 (Figure 2E).
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FIGURE 1. The levels of (A) cerebrospinal fluid osteopontin (CSF OPN), (B) interleukin (IL)-6, (C) tumor necrosis factor alpha (TNF-α), and (D) IL-10 in anti-N-methyl-D-aspartate receptor (anti-NMDAR) encephalitis patients and two control groups were shown. (A–D) Higher CSF levels of OPN, IL-6, TNF-α, and IL-10 were found in anti-NMDAR encephalitis patients than those in controls but not viral encephalitis patients.
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FIGURE 2. The changes in (A) cerebrospinal fluid osteopontin (CSF OPN), (B) interleukin (IL)-6, (C) tumor necrosis factor alpha (TNF-α), and (D) IL-10 in 15 anti-NMDAR encephalitis patients who were examined in both acute and remission stage. (A–D) The levels of OPN (p = 0.050), IL-6 (p = 0.007), TNF-α (p = 0.002), and IL-10 (p < 0.001) were all significantly decreased in the follow-up period compared with those in acute stage. Receiver operating characteristic (ROC) analyses of (E) CSF OPN between patients with anti-NMDAR encephalitis and controls. The area under the receiver operating characteristic (ROC) curve (AUC) of OPN was 0.776.




Correlations Between CSF OPN and Proinflammatory Cytokines and mRS in Different Groups and the Follow-Up CSF Samples

In patients with anti-NMDAR encephalitis, we discovered a positive correlation between OPN and IL-6 (r = 0.837, p < 0.001; Figure 3A) in acute stage. However, there was no correlation between OPN and TNF-α or IL-10 (Figures 3B,C). In patients with viral encephalitis and controls, we only found significant correlations between OPN and TNF-α (r = 0.632, p = 0.021) in the viral encephalitis patients and IL-10 and TNF-α in the controls (r = 0.617, p = 0.019) (data shown in Supplementary Materials). However, in patients with anti-NMDAR encephalitis, no correlations were found between both CSF OPN or related cytokines concentrations and mRS scores in acute stage (Figures 3D,F), and CSF OPN concentrations were also not associated with mRS scores in remission (Figure 3D). Similarly, the decrease in CSF OPN levels had no relationship with the reduction in mRS scores (r = 0.293, p = 0.291) (Figure 3E). Between the changes in cytokines IL-6, IL-10, and TNF-α and the changes in mRS score in anti-NMDAR encephalitis group, only ΔIL-10 and ΔmRS were significantly correlated (data shown in Supplementary Materials). We further calculated the influence of acute therapy on changes in mRS scores, but no significant difference was found in effect among different treatment groups (Figure 3G).
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FIGURE 3. Correlations between cerebrospinal fluid osteopontin (CSF OPN) and (A) interleukin (IL)-6, (B) tumor necrosis factor alpha (TNF-α), (C) IL-10, (D) max mRS scores in acute stage, and (D) CSF OPN and mRS scores in remission of anti-N-methyl-D-aspartate receptor (anti-NMDAR) encephalitis patients. Correlation was found between CSF OPN and IL-6 in acute stage (r = 0.837, p < 0.001). (E) Association between the reduction in mRS scores and the decrease in CSF OPN [ΔmRS = mRS (acute stage) – mRS (follow up), ΔOP n = OPN (acute stage) – OPN (follow up)]. No association was found between ΔOPN and ΔmRS in patients with anti-NMDAR encephalitis (r = 0.293, p = 0.291). (F) Correlations between CSF IL-6, TNF-α, IL-10, and mRS scores in acute stage. No association was found between mRS scores and CSF IL-6 (r = 0.182, p = 0.310), TNF-α (r = 0.033, p = 0.856), or IL-10 (r = 0.180, p = 0.315) in acute stage. (G) The influence of acute therapy on changes of mRS scores.




Clinical Features Related to Elevated CSF OPN Concentrations in Anti-NMDAR Encephalitis Patients

Correlations between CSF levels of OPN and clinical data are shown in Table 2. We discovered that both the CSF OPN concentrations were associated with CSF white blood cell (WBC) count (OPN: r = 0.590, p = 0.004) and CSF C-reactive protein (CRP) concentrations (OPN: r = 0.378, p = 0.030). However, no significant associations were found between the OPN levels and age, gender, total protein (TP), glucose, chlorine, or clinical characteristics in the acute phase shown in Table 1.


Table 2. Correlations between cerebrospinal fluid (CSF levels of osteopontin (OPN) and clinical data.
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DISCUSSION

Until now, suitable biomarkers for anti-NMDAR encephalitis are still lacking. Although anti-NMDAR antibodies have been suggested to have a correlation with outcome or relapses by some articles (7), others were in disagreement with this view (8). Inflammation has been known to be important in the development and relapse stage of anti-NMDAR encephalitis (23), and anti-NMDAR encephalitis is a central nervous system (CNS) disorders, so we tried to find out the role of CSF inflammatory cytokines OPN, IL-6, TNF-α, and IL-10 in anti-NMDAR encephalitis.

In this study, we detected a significant increase in CSF OPN, IL-6, TNF-α, and IL-10 in anti-NMDAR encephalitis patients in acute stage compared to controls, and both the levels of CSF OPN and its relevant cytokines decrease as the disease develops into the remission stage. We discovered that both the CSF OPN concentrations were associated with CSF WBC count and CSF CRP concentrations. There was also a positive correlation between CSF OPN levels and CSF IL-6 levels in anti-NMDAR encephalitis patients in acute stage. However, no association was found between the CSF OPN or related cytokines concentrations and mRS scores in acute stage of anti-NMDAR encephalitis patients; this may be caused by earlier treatment and insufficient sample size. Altogether, our results suggested that CSF OPN and related cytokines may participate in the underlying inflammatory process of anti-NMDAR encephalitis but may not affect the disease severity. Moreover, these detections revealed that OPN and its relevant cytokines were remarkably activated in anti-NMDAR encephalitis and gradually decreased with clinical improvement, which confirm the pathogenic role of OPN and its relevant cytokines in anti-NMDAR encephalitis. Interestingly, the cytokines levels are not significantly different between the anti-NMDAR encephalitis group and viral encephalitis group, suggesting that the two groups share some common pathogenesis, which seems that their utility are limited in the field of early differential diagnosis of anti-NMDAR encephalitis from controls. Moreover, the levels of CSF OPN levels were correlated with CSF WBC count and CSF CRP levels. ROC analysis showed discriminatory power of OPN and related cytokines for spotting anti-NMDAR encephalitis from controls. Therefore, CSF OPN and related cytokines have the potential to change the inflammatory milieu, implying that further study on associations between CSF OPN, related cytokines, and other clinical elements like MRI data is worthy.

Similarly, a recent article also figured out an increased CSF OPN in patients with anti-NMDAR encephalitis and speculated a predicted role of OPN in the prognosis of anti-NMDAR encephalitis patients (21). In this study, we confirmed the elevation of CSF OPN in anti-NMDAR encephalitis patients, but OPN is not qualified with diagnostic or prognostic value in some cases, which may be affected by early treatment that patients received before CSF extraction. Here, we further explored the CSF levels of related inflammatory cytokines IL-6, TNF-α, and IL-10 in these patients.

Although the role of B cells in anti-NMDAR encephalitis has already been demonstrated (24, 25), the mechanism of B cell activation remains unclear. OPN is a multifunctional proinflammatory cytokine that can be secreted from many cells, including activated macrophages and T lymphocytes. Some authors proposed that OPN can induce B lymphocyte proliferation and immunoglobulin production. Recently, the role of cytokines from T cells in the pathogenesis of anti-NMDAR encephalitis has been proposed more frequently by researchers. As a novel Th1 cytokine, OPN influences cell-mediated immunity by contributing to the Th1 and Th17 response (10, 26). Altogether, the above suggests a pathogenic role of OPN in anti-NMDAR encephalitis.

OPN is classified as a Th1 cytokine that regulates cell-mediated immune responses. Inflammatory signals can upregulate the production of OPN, especially in CNS. OPN exists in sites of inflammation and is secreted by active leukocytes and macrophages (26). Moreover, Shinohara et al. reported that T-bet, a transcription factor that controls Th1 responses, regulates the expression of OPN (27). Thus, OPN act as an indicator of the inflammatory response. The increase in OPN have been demonstrated in many inflammatory autoimmune diseases, such as multiple sclerosis, glomerulonephritis, Crohn's disease, and systemic lupus erythematosus (SLE) (19, 28–31), which suggests that OPN plays a significant role in the pathogenesis of these inflammatory autoimmune disease. In fact, many researches have demonstrated that the OPN gene knockout animal could suffer less from the inflammation of autoimmune and non-immune diseases (19, 32–37).

Cytokines especially IL-6 has been suggested to play a pathogenic role in anti-NMDAR encephalitis (12, 38). Moreover, IL-6, which could regulate Th17/Treg (regulatory T cells) balance (39), is also increased in CNS autoimmune diseases, such as NMO (40). OPN is known to be induced in macrophages by several inflammatory cytokines, including IL-6, and some studies also indicated that OPN promotes secretion of IL-6. Scatena, M. et al. showed that by modulating phosphorylation of kinases [nuclear factor kappa B (NF-κB) inducing kinase (NIK), inhibitory-κB kinase β (IKKβ)], NF-κB is subsequently activated and then enhanced the expression of a lot of inflammatory mediators such as IL-β, the upstream of IL-6 (17). OPN may regulate immune responses and promote secretion of IL-6 through activation of the NF-κB pathway. Although OPN is known to be induced in macrophages by TNF-α, the influence of OPN on TNF-α remains unknown. These may be the reasons for the positive correlation between OPN and IL-6 but not with TNF-α. Our study also found the increase in IL-6 in anti-NMDAR encephalitis patients, and there were positive correlations between the CSF OPN and IL-6, which suggests that OPN/IL-6 coactivation in anti-NMDAR encephalitis might be the key factor for disease pathogenesis.

We also found that anti-inflammatory cytokine IL-10 was higher in anti-NMDAR encephalitis in comparison to the controls. Moreover, our previous studies also revealed an elevation of IL-10 in patients with anti-NMDAR encephalitis (13, 41). However, Zohar et al. suggested that OPN suppressed the secretion of macrophage-directed IL-10 through interaction with CD44 on macrophages (17). Thus, the phenomenon that both OPN and IL-10 were increased in anti-NMDAR encephalitis is contradictory. Considering the widely accepted anti-inflammatory and immunosuppressive role of IL-10 (42), the increase in CSF IL-10 may attribute to some unknown negative feedback protective regulation in anti-NMDAR encephalitis. In this study, OPN may not be qualified to act as an indicator for anti-NMDAR encephalitis to tell itself from viral encephalitis. The insignificant difference between anti-NMDAR encephalitis and viral encephalitis in our study may be due to the small sample size.

Our data support the idea that CSF OPN may have pleiotropic functions in the pathogenesis of inflammatory disease; more importantly, CSF OPN, IL-6, TNF-α, and IL-10 maybe involved in the underlying neuro-inflammatory process of anti-NMDAR encephalitis. At the same time, our findings regarding OPN, IL-6, IL-10, and TNF-α raise the question of possible involvement of T cells in anti-NMDAR encephalitis. However, certain limitations should also be emphasized in the present study. First, patients' clinical data were incomplete based on its retrospective background, and the number of patients was relatively small. Second, OPN is not routinely available in most laboratories at present, making it hard to fulfill its utility clinically. Third, this study did not detect paired serum samples due to the improper storage of samples. Considering that patients with anti-NMDAR encephalitis in remission do not usually undergo seriated lumbar punctures unless the recovery is unsatisfactory, further study should focus on finding serum markers that correlates with disease activity.



CONCLUSION

In this study, we revealed that the CSF levels of OPN, IL-6, IL-10, and TNF-α were obviously higher in anti-NMDAR encephalitis patients in acute stage compare to those in remission. Moreover, CSF levels of the above cytokines were higher in anti-NMDAR encephalitis patients than in controls but not viral encephalitis patients. However, CSF OPN and the related cytokines were not associated with disease severity of anti-NMDAR encephalitis, which did not support that OPN or related cytokines can predict the severity of the disease, but these results might be affected by earlier treatment and insufficient sample size. In addition, we found a positive correlation between CSF OPN and the CSF IL-6, WBC counts, and CRP levels. In conclusion, CSF OPN and related cytokines levels were increased in patients with anti-NMDAR encephalitis, reflecting the underlying neuro-inflammatory processes.
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Anti-NMDAR  Viral Controls
encephalitis encephalitis (1 = 21)
=33 (=13

Gender (female/male) 19/14 85 13/8
Age (years) 348+17.6 857+ 157 352:+129
CSF routine

CSF WBC (x106/L)° 60(20,17.3 40(1860) 20(1226)
CSF TP (g/L, mean & SD) 04£04 0306 0304
CSF Glu (mmol/L, mean + SD) 37+£08 8112 8004
CSF CL (mmol/L, mean + SD) 1202+6.7 121.3+£92 1263+57
Symptom onset (1, %)

Psychiatric symptoms 25(75.8) 3(23.1) -
Memory deficits 1(30) 10.7) -
Speech disturbances 2(6.1) 2 (15.4) -
Seizures 16 (48.5) 1077 -
Movement disorders 7@12) 10.7) -
Loss of consciousness 15 (45.5) 3(23.1) -
Central hypoventiation 6(182) 2(15.4) -
mRS scores -
MRS in acute stage (mean  SD) 42£09 - -

3-month follow-up MRS (mean + SD) 2.4 £ 08 - -
Treatment (1, %) - -

Sole first-line treatment 22(66.7) - -
Combined first- and second-line 11(33.3) - -
treatment

Tumor comorbidity (n, %)

Ovarian teratoma 2(6.1) 0 0
NMDAR antibody positive in CSF 33 0 0

Age (vears) refers to age at sample collection.
WBC, white blood cell: TR total protein; Glu, glucose; CL, chiorine; SD, standard
deviations; mRS, modiied Rankin Scale.

2Data were presented as medians (IQRs, interquartile ranges).
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