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ABSTRACT 

Neuropsychiatric systemic lupus erythematosus (NPSLE) is a serious complication in 

SLE. Although the mechanism of NPSLE remains unclear, cytokine and chemokines are 

considered to be involved in their pathogenesis. Here we used Bio-Plex Pro assays to 

examine 27 types of cytokines and chemokines in the cerebrospinal fluid (CSF) of 32 

NPSLE patients. We used the CSF of 20 patients with multiple sclerosis (MS) and 22 

patients with neuromyelitis optica (NMO) as a disease control group. Fourteen of 27 

cytokines/chemokines were significantly higher in the NPSLE patients compared to the 

MS/NMO patients. We could identify six “minimum predictive markers” by using a 

weighted-voting algorithm that could distinguish NPSLE from MS and NMO: 

interleukin (IL)-17, IL-2, interferon (IFN)-γ, IL-5, basic fibroblast growth factor 

(FGF)-basic and IL-15. The determination of various types of CSF cytokine profiles 

may contribute to the diagnosis of NPSLE and may help elucidate the mechanisms 

underlying this disease.
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1. Introduction 

Neuropsychiatric systemic lupus erythematosus (NPSLE) syndromes involve both the 

central and peripheral nervous systems. Despite advances in the understanding of the 

immunopathogenic and clinical aspects of SLE, NPSLE remains a diagnostic and 

therapeutic challenge [1]. Cytokines and chemokines are considered biomarkers and 

therapeutic targets in NPSLE. Of note, abnormalities in cerebrospinal fluid (CSF) have 

been reported in patients with NPSLE. Increased levels of proinflammatory cytokines 

and chemokines have been reported in the CSF of patients with NPSLE, including 

cytokines such as interleukin (IL)-6, IL-8, IL-10, tumor necrosis factor-alpha (TNF-α), 

interferon-gamma (IFN-γ), C-C motif ligand (CCL)2/monocyte chemoattractant 

protein-1 (MCP-1) and C-X-C motif ligand (CXCL) 10/inducible protein-10 (IP-10) [2, 

3]. Among these, CSF IL-6 is major cytokine for the diagnosis of NPSLE. IL-6 is a 

proinflammatory cytokine secreted by immune cells and activated astrocytes, with a 

wide variety of functions. The sensitivity and specificity of the diagnosis of lupus 

psychosis were 87.5% and 92.3%, respectively, at the cut-off value of 4.3 pg/mL [4]. 

Multiple sclerosis (MS) and neuromyelitis optica (NMO) are chronic 

autoimmune inflammatory diseases affecting the central nervous system (CNS). 

Disruption of the blood-brain barrier (BBB) is a known mechanism of the disease 
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process in these two CNS diseases. MS and NMO are also considered T cell-mediated 

autoimmune diseases, and both the Th1/Th2 balance and Th17 cells play an important 

role in the pathogenesis [5]. Elevated CSF IL-6 and IL-8 levels in NMO patients have 

also been reported [6]. CSF IL-6 and IL-8 levels are significantly higher in patients with 

NMO than in patients with MS [6]. Similar cytokines/chemokines have been evaluated 

in NPSLE, MS and NMO but the therapeutic strategy and management are quite 

different among these three diseases. 

In this study we evaluated multiple cytokines, chemokines and growth factors in 

NPSLE compared to MS and NMO as disease controls. We found a specific 

combination of cytokines, chemokines and growth factors in NPSLE that can be 

distinguished from the profiles of the other two diseases. This analysis might help 

clarify the mechanism of NPSLE caused by inflammation and may provide an 

important resource for pharmaceutical developments. 

 

2. Methods 

2.1. Study design and patients 

We studied 32 patients who were admitted to Nagasaki University Hospital in a 7-year 

period from 2006 through 2013 and fulfilled at least four of the 11 revised criteria of the 
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American College of Rheumatology (ACR) for the classification of SLE [7]; they were 

all diagnosed with NPSLE by rheumatologists and psychiatrists. Neuropsychiatric 

manifestations showing psychiatric symptoms such as mood disorder, anxiety disorder, 

psychosis, acute confusional state, or cognitive dysfunction were evaluated by a 

psychiatrist and classified according to the ACR nomenclature and case definitions for 

NPSLE [8]. 

All information about clinical symptoms and laboratory data were reviewed 

retrospectively using the patients’ medical records. The patients’ age, gender, clinical 

events, results of serum laboratory tests, the CSF analysis, brain magnetic resonance 

imaging (MRI), and single photon emission computed tomography (SPECT) and their 

diagnoses and treatment were all analyzed. 

As disease controls, we used samples from 20 relapsing remitting MS (RRMS) 

patients, samples from 22 NMO patients, 11 normal pressure hydrocephalus (NPH) 

patients, and 16 viral meningitis (VM) patients from the Department of Clinical 

Neuroscience and Neurology, Nagasaki University Hospital. For the diagnosis of NMO, 

we defined NMO spectrum disorder (NMOSD) based on the revised NMO criteria [9]. 

All of the NMO patients were positive for anti-AQP4 antibodies in sera. CSF of NPH 

patients were used for non-autoimmune, non-inflammatory neurological controls and 
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VM patients were used for positive controls. The protocol was approved by the 

Institutional Review Board of the Nagasaki University Hospital. 

 

2.2. Multiplex cytokine bead assay 

We performed a multiplex cytokine bead assay using undiluted CSF supernatants and 

the Bio-Plex Pro Human Cytokine Group I 27-Plex Panel analyzed with a Bio-Plex® 

MAGPIX™ Multiplex Reader (Bio-Rad, Hercules, CA) according to the manufacturer’s 

instructions. CSF samples were centrifuged within 30 min at 1500 rpm at 4°C for 5 min, 

and the liquid phase of the CSF was stored at −80°C until use. The levels of 27 

cytokines/chemokines and growth factors in the liquid phase of the CSF, namely, IL-1β, 

IL-1 receptor antagonist (IL-1ra), IL-2, IL-4, IL-5, IL-6, IL-7, CXCL8/IL-8, IL-9, 

IL-10, IL-12 (p70), IL-13, IL-15, IL-17A, basic fibroblast growth factor (FGF)-basic, 

CCL11/eotaxin, granulocyte colony stimulating factor (G-CSF), 

granulocyte-macrophage colony stimulating factor (GM-CSF), IFN-γ, IP-10, 

CCL2/MCP-1, CCL3/macrophage inflammatory protein (MIP)-1α, CCL4/MIP-1β, 

platelet-derived growth factor (PDGF)-BB, CCL5/regulated on activation, normal T cell 

expressed and secreted (RANTES), TNF-α, and vascular endothelial growth factor 

(VEGF) were measured as described [10, 11]. 
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The cytokines/chemokines/growth factors concentrations were calculated based on 

the respective standard curve for each cytokine/chemokine/growth factor concentration 

of the standards assayed in the same manner as the CSF samples. The detection limit for 

each molecule was determined by the recovery of the corresponding standard, and the 

lowest values with more than 70% recovery were set as the lower detection limits. All 

samples were analyzed in duplicate. 

 

2.3. Construction of diagnostic systems 

Next, we selected which of the 27 cytokines/chemokines/growth factors were useful 

markers for distinguishing NPSLE from MS and NMO. The weighted-voting (WV) 

algorithm was used as described [12, 13]. The ranking of the 27 cytokines/chemokines 

for this algorithm was based on the signal-to-noise ratio (SNR). For each marker set of 

27 cytokines/chemokines/growth factors based on the absolute value of the SNR, we 

calculated the sensitivity, specificity, accuracy, positive predictive value, negative 

predictive value, and Matthews correlation coefficient (MCC). The MCC is used as a 

measure of the quality of binary (two-class) classifications. We defined the “distinction 

set” as a set that had a minimum number of markers with higher MCCs. 
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In the WV algorithm, each marker belonging to a predictor set is assigned a vote 

value, and prediction is based on the relative vote value in NPSLE and in MS and 

NMO. The vote value of marker ‘a,’ Va, and the weight of marker ‘a,’ Wa, are calculated 

by the following two formulas: 

 

Here, Xa is the expression level of each marker a in a CSF sample. X̄na is the mean 

expression level of each marker ‘a’ in NPSLE in the learning set. X̄oa represents the 

mean expression level in the other diseases (i.e., MS and NMO). Sna is the standard 

deviation in NPSLE, and Soa represents the standard deviation in the others. The SNR 

used for ranking the markers is the absolute value of Wa; the diagnostic markers were 

selected in descending order of SNR. We selected 'i' pieces of markers, in the order of 

the absolute number of SNR, and we defined the prediction strength (PS) value of the i 

pieces of markers using the following formula: 
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In the case of missing values, the vote of the gene is assigned as 0. PS is defined in 

which positive and negative PS indicates the prediction of others and NPSLE, 

respectively. 

 

2.4. Statistical analysis 

We used a t-test and the nonparametric Wilcoxon rank sum test for the inter-group 

comparisons of multiple variables. The Spearman rank correlation coefficient was used 

for the analyses of correlations between cytokines, chemokines, and growth factors in 

the patients with NPSLE, MS and NMO. All of the statistical analyses were performed 

using JMP® Pro10 (SAS Institute, Cary, NC, USA) and R Statistical Software 

(Foundation for Statistical Computing, Vienna, Austria). The significance level was set 

at p<0.05. 

 

3. Results 

3.1. Demographic and disease-related variables 

Supplementary Table 1 shows the demographic and disease-related characteristics of the 

32 NPSLE patients at examination. Thirty-one of the 32 patients (96.9%) were females. 

The median age at the onset of NPSLE was 34.9 yrs, ranging from 15 to 50 yrs. The 
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median duration from SLE onset to first neuropsychiatric event was 8.7 yrs. The median 

SELENA-SLEDAI score at the disease onset of NPSLE was 13.3. The median levels of 

anti-ds-DNA antibodies (U/mL), C3 (mg/dL) and C4 (mg/dL) were 20.2, 86.3 and 19.4, 

respectively. The median level of CSF IgG index was 0.61. Seven (21.9%) of the 

NPSLE patients also fulfilled the criteria for the antiphospholipid syndrome. Eight 

(25.0%) of the patients had anti-ribosomal P antibodies, and 17 (53.1%) patients had 

abnormal MRI findings. 

A total of 39 neuropsychiatric manifestations were observed in the 32 NPSLE 

patients. Nine of the 19 ACR Ad Hoc Committee classifications of NPSLE 

manifestations [2] were identified in this study (Suppl. Table 2). Nine of the 32 (28.1%) 

patients presented more than one NPSLE manifestation. Most of the NPSLE 

manifestations (97.4%) were in the CNS. The most frequent manifestation was 

headache (35.9%), followed by psychosis (25.6%) and mood disorder (12.8%). 

 

3.2. Comparison of cytokine/chemokine/growth factor levels 

We analyzed 32 NPSLE patients, 20 RRMS patients, samples from 22 patients with 

NMO, 11 NPH patients and 16 VM patients. The representative results are shown in 

Supplementary Figure 1. Although some of the cytokine and chemokine levels of the 
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VM patients were extremely high compared to the other groups, we did not observe any 

significant differences among the NPSLE, MS and NMO groups. We therefore referred 

to a previous report [14] and compared the results among only the present NPSLE, MS 

and NMO groups. Since there was no significant difference between the MS and NMO 

groups (Fig. 1), we speculated that it is problematic to distinguish MS and NMO, and 

we thus compared NPSLE and the “others” (i.e., the combined group of MS and NMO 

patients). 

Fourteen of the 27 cytokines/chemokines/growth factors were significantly higher 

in the NPSLE group compared to the others (Table 1). CSF IL-6 and IL-8 levels, which 

had been reported to be increased in NPSLE and NMO, were not significantly different 

between the present NPSLE group and the others. Only the CSF level of IL-1β was 

lower in the NPSLE group compared to the others. 

 

3.3. Ranking of the cytokines/chemokines/growth factors for diagnosing NPSLE 

Our ranking of the cytokines/chemokines/growth factors for diagnosing NPSLE 

determined by the weighted-voting algorithm showed that the combination of IL-17, 

IL-2, IFN-γ, IL-5, FGF-basic and IL-15 had the highest MCC (88.99%). According to 

this method, the accuracy of discriminating a responder from a non-responder was 
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94.59% (Table 2). The WV values (va) of each of these six markers and the PS value 

were obtained by the formulas shown in Supplementary Table 3; Xa is the expression 

level of each marker ‘a’ in a CSF sample. 

 

4. Discussion 

NPSLE is still diagnosed based on a combination of clinical observations, laboratory 

tests and imaging techniques, because there are no specific markers for NPSLE. 

Multiple cytokines and chemokines have been implicated in the pathophysiology of 

NPSLE. Previous studies obtained evidence of the intrathecal production of IL-6 [3, 4] 

and other cytokines including IL-8 [3, 15], IL-10 [16], TNF-α [16] and IFN-γ [17] in 

patients with NPSLE. Cytokines associated with NPSLE are produced by neuronal and 

glial cells, probably in response to autoantibodies within the intrathecal space. 

MS and NMO, chronic autoimmune inflammatory diseases affecting the CNS, 

are sometimes difficult to distinguish from NPSLE. An overlap diagnosis often referred 

to as lupoid sclerosis has been described [18]. In SLE, MS and NMO, the BBB is 

pivotal. There is evidence implicating BBB damage as an important component in the 

development of NPSLE, MS and NMO, occurring through damage to the barrier’s 

integrity by environmental triggers such as cytokines, chemokines and growth factors. 

12 
 



For example, the stimulation of human brain microvessel endothelial cells 

(HBMECs) with cytokines such as IL-1β, IL-8, TNF- α, and IFN-γ is known to induce 

increased permeability of the monolayers [19, 20]. Additionally, CSF from NPSLE 

patients with IL-6 and IL-8 was correlated with MMP-9 levels, and the latter is 

associated with degradation of the BBB extracellular matrix [21]. In both an in vitro 

investigation and in CCR2−/− mice, CCL2 signaling appeared to play a role in BBB 

disruption [22, 23]. 

We found that 14 of the 27 CSF cytokines/chemokines/growth factors used in 

the present study were significantly higher in the NPSLE group compared to the others 

(Table 1). In addition, we measured the serum markers of NPSLE, MS and NMO at 

nearly the same time that the lumbar puncture was performed. We found that serum 

IL-15 and IFN-γ were significantly increased in the non-NPSLE patients compared to 

the NPSLE patients (Suppl. Table 4). It is interesting that these results were the inverse 

of the CSF cytokines’ results, and these results might indicate that BBB disruption is 

much stronger in NPSLE compared to non-NPSLE. 

CSF IL-6 is a major cytokine for the diagnosis of NPSLE because of its 

sensitivity and specificity in certain conditions [4]. Elevated CSF IL-6 levels in NPSLE 

and NMO patients have been reported [3, 6]. However, our present findings showed that 
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there was no significant difference in the CSF IL-6 levels among the NPSLE, MS and 

NMO patients (data not shown). We speculate that CSF IL-6 is involved to some extent 

in the pathogenic mechanism of all of these autoimmune neurological diseases, and thus 

CSF IL-6 was not a marker that could be used to distinguish them. 

Our study shows for the first time identified predictive markers in the CSF of 

NPSLE patients compared to MS and NMO patients. Among them, IL-17, IL-2, IL-5, 

FGF-basic and IL-15 have not been well documented in NPSLE. There has been an 

increasing focus on the role of Th17, which might be a promising therapeutic target for 

SLE. CD3+CD4(−)CD8(−) (double-negative) T cells are an important source of IL-17 

in SLE. IL-17 produced by double-negative and CD4 T cells participates in the 

pathogenesis of SLE [24]. IL-17 promotes the production of IL-6 [25] and other 

inflammatory mediators by endothelial cells, fibroblasts, macrophages and astrocytes 

[26] . 

IL-2, a cytokine with multifaceted effects, is important for immune cell 

activation and peripheral tolerance. The therapeutic efficacy of IL-2 in SLE has been 

suggested [27, 28]. In another study, no association with IL-2 was found in NPSLE 

patients who had neurological symptoms without evidence of a neurological disease 

[29]. However, our patients’ backgrounds are different from those of the patients in that 
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study; we compared NPSLE patients with those with other autoimmune neurological 

disorders. The meaning of elevated IL-2 in NPSLE is requires further investigation. 

As with IL-2, IL-15 can expand T-cell populations, and IL-15-deficient mice 

have greatly reduced numbers of lymphocytes [30]. Moreover, IL-15 can promote 

excessive antibody production in B cells [31]. Increased levels of serum IL-15 has also 

been observed in patients with SLE, and the IL-2R are correlated with markers that are 

potential targets of IL-15 [32]. 

The possible role of IL-5 in the pathogenesis of lupus has not been extensively 

evaluated. Several studies suggested that abnormally high levels of IL-5 may have a role 

in the abnormal expansion of auto-reactive B-1 cells and the subsequent suppression of 

autoimmune disease [33]. Additionally, elevated IL-5 mRNA has been reported in 

cutaneous lupus erythematosus [34]. The authors of those studies suggested that IL-5, 

produced by the Th2 subset of CD4+ T cells may contribute the development of 

autoimmunity in lupus. However, the potential relevance of these results to NPSLE is 

unclear. 

FGF-basic is a potent angiogenic factor whose activity is involved in endothelial 

cell and fibroblast survival, proliferation, migration, and tube formation, together with 
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VEGF [35]. An increased FGF-basic level was reported in lupus and tended to be 

correlated with disease activity [36]. 

There has been no thorough comparison of the CSF of NPSLE, MS and NMO 

patients, to the best of our knowledge. Here, we found that NPSLE patients showed 

significantly higher levels of cytokines, chemokines and growth factors compared to 

MS and NMO patients. Among these factors, IL-17, IL-15, IL-9, IL-5, IL-12 p70, IL-7, 

FGF-basic, eotaxin, IL-13, GM-CSF and VEGF had not been observed in the CSF of 

NPSLE patients. In the present examination, we were able to detect cytokines, 

chemokines and growth factors with the Bio-plex assay, even if they were present in 

very small amounts. Since almost all of the above markers had already been shown 

elsewhere to be increased in MS or NMO, it would be difficult to distinguish MS or 

NMO from NPSLE using the above markers. We therefore devised a numerical 

prediction scoring system that clearly separated the NPSLE patients from the other 

patients. We identified six “minimum predictive markers” — IL-17, IL-2, IFN-γ, IL-5, 

FGF-basic and IL-15 — by a weighted-voting algorithm that showed the highest MCC 

and predicted the test set with 94.59% accuracy. 

These predictive markers seem not to be correlated with each other; however 

they certainly involve Th1, Th2 and Th17 cells. This may indicate that these six markers 
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contribute more strongly to induce both pro-inflammatory and antibody-mediated 

neuronal and glial cells’ destruction in NPSLE compared to MS and NMO, and we 

suspect that they are essential for the pathogenesis of NPSLE. 

Focusing on other markers is also important. We found that the correlations of 

pairs of cytokines/chemokines/growth factors showed different patterns in NPSLE, MS 

and NMO. The correlation coefficients of the cytokines/chemokines were the most 

significant: PDGF-BB, MIP-1a, MIP-1b and RANTES in NPSLE, IL-1b and IL-1ra in 

MS, and IL-12(p70) and VEGF in NMO (Suppl. Fig. 2). Examinations of each single 

marker may be meaningless, because each marker operates together with one or more 

other markers in a rather complex system. These results indicate that the downstream 

pathway of Th1/Th2/Th17-related mediators differs among NPSLE, MS and NMO. 

Various markers are known to be involved in the pathology of NPSLE; however, 

no predictive markers for detecting NPSLE were reported prior to the present study. 

Here, we were able to identify six minimum predictive markers (IL-17, IL-2, IFN-γ, 

IL-5, FGF-basic and IL-15), by using a weighted-voting algorithm with the highest 

MCC that could predict NPSLE from other autoimmune neurological diseases with 

94.59% accuracy. We examined the correlations of cytokines/chemokines/growth 

factors in NPSLE, MS and NMO, and we found that many 
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cytokines/chemokines/growth factors were operating together in NPSLE compared to 

MS and NMO. The determination of various types of CSF cytokine profiles may 

contribute to the diagnosis of NPSLE and may help elucidate the mechanisms 

underlying this disease. 
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Figure legends 
 
Supplementary Fig. 1. Representative expressions of IL-17, IL-2, IFN-γ, 
IL-5, FGF-basic and IL-15 in the patients with NPH, VM, NPSLE, MS or 
NMO. 
 
Supplementary Fig. 2. Heat-maps of nearest-neighbor correlations of 
cytokines, chemokines and growth factors in patients with NPSLE, MS 
and NMO. Among the cytokines, chemokines and growth factors 
analyzed, the distances of each pair of them were based on Spearman’s 
correlation coefficient. 
 

  

19 
 



References 

[1] G.K. Bertsias, D.T. Boumpas, Pathogenesis, diagnosis and 
management of neuropsychiatric SLE manifestations, Nat Rev 
Rheumatol, 6 (2010) 358-367. 
[2] P. Efthimiou, M. Blanco, Pathogenesis of neuropsychiatric systemic 
lupus erythematosus and potential biomarkers, Mod Rheumatol, 19 
(2009) 457-468. 
[3] H. Fragoso-Loyo, Y. Richaud-Patin, A. Orozco-Narvaez, L. 
Davila-Maldonado, Y. Atisha-Fregoso, L. Llorente, J. Sanchez-Guerrero, 
Interleukin-6 and chemokines in the neuropsychiatric manifestations of 
systemic lupus erythematosus, Arthritis Rheum, 56 (2007) 1242-1250. 
[4] S. Hirohata, Y. Kanai, A. Mitsuo, Y. Tokano, H. Hashimoto, Accuracy 
of cerebrospinal fluid IL-6 testing for diagnosis of lupus psychosis. A 
multicenter retrospective study, Clin Rheumatol, 28 (2009) 1319-1323. 
[5] J. Kira, Neuromyelitis optica and opticospinal multiple sclerosis: 
Mechanisms and pathogenesis, Pathophysiology, 18 (2011) 69-79. 
[6] A. Uzawa, M. Masahiro, S. Kuwabara, Cytokines and chemokines in 
neuromyelitis optica: pathogenetic and therapeutic implications, Brain 
Pathol, 24 (2014) 67-73. 
[7] E.M. Tan, A.S. Cohen, J.F. Fries, A.T. Masi, D.J. McShane, N.F. 
Rothfield, J.G. Schaller, N. Talal, R.J. Winchester, The 1982 revised 
criteria for the classification of systemic lupus erythematosus, Arthritis 
Rheum, 25 (1982) 1271-1277. 
[8] The American College of Rheumatology nomenclature and case 
definitions for neuropsychiatric lupus syndromes, Arthritis Rheum, 42 
(1999) 599-608. 
[9] D.M. Wingerchuk, V.A. Lennon, S.J. Pittock, C.F. Lucchinetti, B.G. 
Weinshenker, Revised diagnostic criteria for neuromyelitis optica, 
Neurology, 66 (2006) 1485-1489. 
[10] R.M. Mitchell, W.M. Freeman, W.T. Randazzo, H.E. Stephens, J.L. 
Beard, Z. Simmons, J.R. Connor, A CSF biomarker panel for 
identification of patients with amyotrophic lateral sclerosis, Neurology, 
72 (2009) 14-19. 
[11] T. Matsushita, T. Tateishi, N. Isobe, T. Yonekawa, R. Yamasaki, D. 
Matsuse, H. Murai, J. Kira, Characteristic cerebrospinal fluid 

20 
 



cytokine/chemokine profiles in neuromyelitis optica, relapsing remitting 
or primary progressive multiple sclerosis, PLoS One, 8 (2013) e61835. 
[12] T.R. Golub, D.K. Slonim, P. Tamayo, C. Huard, M. Gaasenbeek, J.P. 
Mesirov, H. Coller, M.L. Loh, J.R. Downing, M.A. Caligiuri, C.D. 
Bloomfield, E.S. Lander, Molecular classification of cancer: class 
discovery and class prediction by gene expression monitoring, Science, 
286 (1999) 531-537. 
[13] K. Iwao-Koizumi, R. Matoba, N. Ueno, S.J. Kim, A. Ando, Y. 
Miyoshi, E. Maeda, S. Noguchi, K. Kato, Prediction of docetaxel 
response in human breast cancer by gene expression profiling, J Clin 
Oncol, 23 (2005) 422-431. 
[14] L. Hopia, M. Thangarajh, M. Khademi, A. Laveskog, E. Wallstrom, 
E. Svenungsson, M. Andersson, Cerebrospinal fluid levels of a 
proliferation-inducing ligand (APRIL) are increased in patients with 
neuropsychiatric systemic lupus erythematosus, Scandinavian journal of 
rheumatology, 40 (2011) 363-372. 
[15] H. Fragoso-Loyo, Y. Atisha-Fregoso, L. Llorente, J. 
Sanchez-Guerrero, Inflammatory profile in cerebrospinal fluid of patients 
with headache as a manifestation of neuropsychiatric systemic lupus 
erythematosus, Rheumatology, 52 (2013) 2218-2222. 
[16] R. Dellalibera-Joviliano, M.L. Dos Reis, Q. Cunha Fde, E.A. 
Donadi, Kinins and cytokines in plasma and cerebrospinal fluid of 
patients with neuropsychiatric lupus, J Rheumatol, 30 (2003) 485-492. 
[17] E. Svenungsson, M. Andersson, L. Brundin, R. van Vollenhoven, M. 
Khademi, A. Tarkowski, D. Greitz, M. Dahlstrom, I. Lundberg, L. 
Klareskog, T. Olsson, Increased levels of proinflammatory cytokines and 
nitric oxide metabolites in neuropsychiatric lupus erythematosus, Ann 
Rheum Dis, 60 (2001) 372-379. 
[18] I. Lima, A. Melo, I.V. Brandi, O. Costa, M. Santiago, Lupoid 
sclerosis: what is the role of antiphospholipid antibodies?, Journal of 
clinical rheumatology : practical reports on rheumatic & musculoskeletal 
diseases, 13 (2007) 85-86. 
[19] D. Wong, K. Dorovini-Zis, S.R. Vincent, Cytokines, nitric oxide, and 
cGMP modulate the permeability of an in vitro model of the human 
blood-brain barrier, Experimental neurology, 190 (2004) 446-455. 

21 
 



[20] T. Matsumoto, K. Ikeda, N. Mukaida, A. Harada, Y. Matsumoto, J. 
Yamashita, K. Matsushima, Prevention of cerebral edema and infarct in 
cerebral reperfusion injury by an antibody to interleukin-8, Laboratory 
investigation; a journal of technical methods and pathology, 77 (1997) 
119-125. 
[21] E. Trysberg, K. Blennow, O. Zachrisson, A. Tarkowski, Intrathecal 
levels of matrix metalloproteinases in systemic lupus erythematosus with 
central nervous system engagement, Arthritis research & therapy, 6 
(2004) R551-556. 
[22] O.B. Dimitrijevic, S.M. Stamatovic, R.F. Keep, A.V. Andjelkovic, 
Absence of the chemokine receptor CCR2 protects against cerebral 
ischemia/reperfusion injury in mice, Stroke; a journal of cerebral 
circulation, 38 (2007) 1345-1353. 
[23] S.M. Stamatovic, P. Shakui, R.F. Keep, B.B. Moore, S.L. Kunkel, N. 
Van Rooijen, A.V. Andjelkovic, Monocyte chemoattractant protein-1 
regulation of blood-brain barrier permeability, Journal of cerebral blood 
flow and metabolism : official journal of the International Society of 
Cerebral Blood Flow and Metabolism, 25 (2005) 593-606. 
[24] J.C. Crispin, G.C. Tsokos, IL-17 in systemic lupus erythematosus, 
Journal of biomedicine & biotechnology, 2010 (2010) 943254. 
[25] A. Nalbandian, J.C. Crispin, G.C. Tsokos, Interleukin-17 and 
systemic lupus erythematosus: current concepts, Clinical and 
experimental immunology, 157 (2009) 209-215. 
[26] F. Jadidi-Niaragh, A. Mirshafiey, Th17 cell, the new player of 
neuroinflammatory process in multiple sclerosis, Scandinavian journal of 
immunology, 74 (2011) 1-13. 
[27] J.Y. Humrich, H. Morbach, R. Undeutsch, P. Enghard, S. 
Rosenberger, O. Weigert, L. Kloke, J. Heimann, T. Gaber, S. 
Brandenburg, A. Scheffold, J. Huehn, A. Radbruch, G.R. Burmester, G. 
Riemekasten, Homeostatic imbalance of regulatory and effector T cells 
due to IL-2 deprivation amplifies murine lupus, Proceedings of the 
National Academy of Sciences of the United States of America, 107 
(2010) 204-209. 
[28] M. Mizui, T. Koga, L.A. Lieberman, J. Beltran, N. Yoshida, M.C. 
Johnson, R. Tisch, G.C. Tsokos, IL-2 Protects Lupus-Prone Mice from 

22 
 



Multiple End-Organ Damage by Limiting CD4-CD8- IL-17-Producing T 
Cells, Journal of immunology, 193 (2014) 2168-2177. 
[29] R. Gilad, Y. Lampl, Y. Eshel, V. Barak, I. Sarova-Pinhas, 
Cerebrospinal fluid soluble interleukin-2 receptor in cerebral lupus, 
British journal of rheumatology, 36 (1997) 190-193. 
[30] L.A. Lieberman, G.C. Tsokos, The IL-2 defect in systemic lupus 
erythematosus disease has an expansive effect on host immunity, Journal 
of biomedicine & biotechnology, 2010 (2010) 740619. 
[31] R.J. Armitage, B.M. Macduff, J. Eisenman, R. Paxton, K.H. 
Grabstein, IL-15 has stimulatory activity for the induction of B cell 
proliferation and differentiation, Journal of immunology, 154 (1995) 
483-490. 
[32] M. Aringer, G.H. Stummvoll, G. Steiner, M. Koller, C.W. Steiner, E. 
Hofler, H. Hiesberger, J.S. Smolen, W.B. Graninger, Serum 
interleukin-15 is elevated in systemic lupus erythematosus, 
Rheumatology, 40 (2001) 876-881. 
[33] X. Wen, D. Zhang, Y. Kikuchi, Y. Jiang, K. Nakamura, Y. Xiu, H. 
Tsurui, K. Takahashi, M. Abe, M. Ohtsuji, H. Nishimura, K. Takatsu, T. 
Shirai, S. Hirose, Transgene-mediated hyper-expression of IL-5 inhibits 
autoimmune disease but increases the risk of B cell chronic lymphocytic 
leukemia in a model of murine lupus, European journal of immunology, 
34 (2004) 2740-2749. 
[34] J.R. Carneiro, H.T. Fuzii, C. Kayser, F.L. Alberto, F.A. Soares, E.I. 
Sato, L.E. Andrade, IL-2, IL-5, TNF-alpha and IFN-gamma mRNA 
expression in epidermal keratinocytes of systemic lupus erythematosus 
skin lesions, Clinics, 66 (2011) 77-82. 
[35] N. Ferrara, T. Davis-Smyth, The biology of vascular endothelial 
growth factor, Endocrine reviews, 18 (1997) 4-25. 
[36] L. Zhou, G. Lu, L. Shen, L. Wang, M. Wang, Serum levels of three 
angiogenic factors in systemic lupus erythematosus and their clinical 
significance, BioMed research international, 2014 (2014) 627126. 
 

23 
 



Figure 1



(pg/mL)

NPSLE MS NMO

IL
-1

5
(pg/mL)

IF
N

-γ
A B

C D

E

(pg/mL)

IL
-2

(pg/mL)
IL

-5

(pg/mL)

FG
F-

ba
si

c

Suppl. Fig.1

(pg/mL)

IL
-1

7
P<0.0001**

F

0

50

100

150

200

250

VMNPH
0
2
4
6
8

10
12
14
16

NMOMSNPSLEVMNPH

P<0.0001**

0

200

400

600

800

1000

1200

NPH VM NPSLE MS NMO

P<0.05***

******
****

0

2

4

6

8

10

12

NPH VM NPSLE MS NMO

P<0.05*

0
10
20
30
40
50
60
70
80

NPH VM NPSLE MS NMO

P<0.05**

-10

0

10

20

30

40

50

NPH VM NPSLE MS NMO

P<0.05**** P<0.0001

**



NPSLE MS

NMO

Suppl. Fig.2



Table 1. Comparison of each marker in cerebrospinal fluid among NPSLE, MS and NMO. P-value of each disease vs. the other two is 
shown. 
 

Marker NPSLE vs. Others MS vs. Others NMO vs. Others Up/down of NPSLE vs. Others 

IL-17 7.1981E-13 0.005200983 6.06716E-08 up 
IL-2 1.79273E-09 0.000183297 3.05064E-07 up 
FGF-basic 3.17974E-08 0.048298753 0.000240424 up 
IL-5 1.73358E-07 0.001280693 0.000544469 up 
IL-15 2.32436E-07 0.003814834 0.000574384 up 
IL-9 3.0018E-07 0.000287076 0.041266563 up 
IFN-γ 1.15444E-06 1.34983E-05 0.000209175 up 
IL-12(p70) 2.06811E-06 0.016465613 0.001083612 up 
IL-10 1.28056E-05 0.001591964 0.00011084 up 
IL-7 2.57896E-05 0.01531653 0.004787909 up 
GM-CSF 0.000174931 0.822364295 4.22879E-05 up 
IL-13 0.000194842 0.023994687 0.022546951 up 
TNF-α 0.000984547 0.002751192 0.012722463 up 
Eotaxin 0.002694469 0.005361471 0.00337151 up 
IL-8 0.923993657 0.003915445 0.106276224 up 
IL-6 0.974937316 0.014641205 0.153928475 up 



Table 2. Ranking of the cytokines/chemokines for the diagnosis of NPSLE determined by a weighted-voting algorithm with the 
highest Matthews correlation coefficient 
 

Marker TP FN TN FP Sensitivity Specificity Accuracy 
Positive Predictive 

Value 
Negative Predictive 

Value 
MCC 

IL-17 29 3 38 4 90.63% 90.48% 90.54% 87.88% 92.68% 80.83% 
IL-2 28 4 39 3 87.50% 92.86% 90.54% 90.32% 90.70% 80.69% 
IFN-γ 28 4 41 1 87.50% 97.62% 93.24% 96.55% 91.11% 86.38% 
IL-5 28 4 41 1 87.50% 97.62% 93.24% 96.55% 91.11% 86.38% 
FGF-basic 28 4 40 2 87.50% 95.24% 91.89% 93.33% 90.91% 83.49% 
IL-15 30 2 40 2 93.75% 95.24% 94.59% 93.75% 95.24% 88.99% 
IL-8 7 25 39 3 21.88% 92.86% 62.16% 70.00% 60.94% 21.35%  
IL-6 7 25 39 3 21.88% 92.86% 62.16% 70.00% 60.94% 21.35%  

TP: true positives (predicted positive, actual positive); FN: false negatives (predicted negative, actual positive); TN: true negatives (predicted 
negative, actual negative); FP: false positives (predicted positive,actual negative). MCC: Matthews correlation coefficient. 

 



Supplementary Table 1. Baseline variables of the 32 neuropsychiatric systemic lupus 
erythematosus (NPSLE) patients 

  
Gender (female %) 96.9% 
Age, median (range), yrs 34.9 (15–50) 
SLE duration, median (range), yrs 8.7 (0.1–33)  
SELENA-SLEDAI score, median (range) 13.3 (2–28) 
anti-ds DNA antibodies, median (range), U/mL 20.2 (0.4–274) 
C3, median (range),mg/dL 86.3 (31.1–143) 
C4, median (range), mg/dL 19.4 (2.1–50.3) 
CSF IgG index 0.61 (0.47–0.87) 
% of APS patients 7/32 (21.9%) 
% of anti-ribosomal P antibody 8/32 (25.0%) 
% of abnormal MRI findings 17/32 (53.1%) 
 
SELENA-SLEDAI: The NPSLE patients’ Safety of Estrogens in Lupus Erythematosus National 
Assessment–Systemic Lupus Erythematosus Disease Activity Index, CSF: cerebrospinal fluid, 
APS: antiphospholipid syndrome. 



Supplementary Table 2. Neuropsychiatric manifestations of the 32 NPSLE patients 
Central nervous system 

Headache, n (%) 14 (35.9)* 
Psychosis, n (%) 10 (25.6)* 
Mood disorder, n (%) 5 (12.8)* 
Cognitive dysfunction, n (%) 2 (5.1) 
Acute confusional state, n (%) 2 (5.1)* 
Cerebrovascular disease, n (%) 2 (5.1)* 
Seizure disorders, n (%) 2 (5.1)* 
Cranial neuropathy, n (%) 1 (2.6)* 

Peripheral nervous system 
Mononeuropathy, single/multiplex, n (%) 1 (2.6)* 

*including patients who had more than one manifestation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Table 3. Formulas for determining the prediction strength value using 
six markers 

Marker Formula of weight vote value 
IL-17  VIL-17 = [Xa − (19.33+10.31)/2] × (−1.07) 
IL-2 VIL-2 = [Xa − (6.70+3.10)/2] × (−0.99) 
IFN-γ  VIFN-γ= [Xa − (25.73+12.29)/2] × (−0.80) 
IL-5 VIL-5 = [Xa − (0.82+0.37)/2] × (−0.73) 
FGF-basic VFGF-basic= [Xa − (16.24+10.19)/2] × (−0.72) 
IL-15 VIL-15 = [Xa − (23.12+13.25)/2] × (−0.71) 

PS value 
  

Criterion 
Positive….others 

Negative…. NPSLE 
The weighted vote value (va) of each of the six markers was obtained by the 
formulas shown. Xa is the expression level of each marker ‘a’ in a CSF sample. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 4. Comparison of each marker in serum among 
NPSLE and other autoimmune neurological diseases (non-NPSLE). 
P-value of NPSLE vs. non-NPSLE  

Marker  NPSLE non-NPSLE p-value 
PDGF-BB 3019±326 3507±334 0.3015 

IL-1β 1.72±0.41 2.50±0.42 0.2035 

IL-1ra 93.5±38.3 202.1±39.2 0.0672 

IL-2 1.46±0.83 3.56±0.85 0.0963 

IL-4 4.66±0.42 5.91±0.43 0.0515 

IL-5 0.56±0.06 0.66±0.06 0.3030 

IL-6 15.4±3.19 20.5±3.27 0.2659 

IL-7 8.38±1.02 8.32±1.04 0.9694 

IL-8 43.6±17.8 31.4±18.3 0.6296 

IL-9 154.6±34.8 156.8±35.7 0.9647 

IL-10 2.94±0.58 4.65±0.59 0.0511 

IL-12(p70) 12.4±1.82 16.0±1.87 0.1811 

IL-13 8.36±2.23 13.2±2.29 0.1493 

IL-15 0.00±0.89 3.13±0.92 0.0275* 

IL-17 55.8±5.30 61.8±5.43 0.4374 

Eotain 29.4±5.00 44.0±5.12 0.0547 

FGF-basic 8.26±1.02 9.73±1.05 0.3250 

G-CSF 6.83±0.76 8.33±0.81 0.2040 

GM-CSF 31.4±7.53 14.3±7.72 0.1180 

IFN-γ 41.5±5.57 62.5±5.70 0.0164* 

IP-10 979.7±198.3 612.5±203.2 0.2017 

MCP-1 36.5±6.28 26.9±6.43 0.2891 

MIP-1a 7.09±1.51 3.76±1.55 0.1306 

MIP-1b 90.9±10.5 87.6±10.8 0.8247 

RANTES 8076±2008 9526±2058 0.6225 

TNF-α 27.6±4.56 40.7±4.67 0.0618 

VEGF 164.2±29.8 228.2±30.5 0.1484 

*Significant differences between the groups (p<0.05) 
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