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Chapter 5 
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ABSTRACT

In the course of Systemic Lupus Erythematosus (SLE), a variety of psychiatric 
disturbances are reported, including mood disorders (depressive symptoms), psychosis 
and anxiety. The reported prevalence of psychiatric disorders in SLE varies widely, 
ranging from 17% to 75%, but the diagnosis of these syndromes is difficult and depends 
on the exclusion of complications due to an iatrogenic effect of drugs, to metabolic 
abnormalities or to infections. Moreover, the diagnosis requires a careful psychiatric 
evaluation to exclude merely reactive psychological disturbances. 

It has been suggested that several autoantibody specificities play a role in the 
pathogenesis of neuropsychiatric SLE. Potential pathogenic relevance has been attributed 
to, among others, antineuronal, antiphospholipid, antiganglioside, anti-DNA, anti-
ribosomal P protein and anti-endothelial cell antibodies. However, particularly regarding 
psychiatric syndromes, conflicting results have been reported on the association between 
serum autoantibodies and symptoms.  

The diagnostic and/or prognostic role of autoantibodies associated to psychiatric 
disorders in SLE is discussed. 
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INTRODUCTION

Neuropsychiatric involvement in patients with Systemic Lupus Erythematosus (SLE), 
first mentioned by Kaposi more than 100 years ago, still remains one of the main challenge 
facing rheumatologists and other physicians [1]. The American College of Rheumatology 
recently proposed a classification of 19 different neurological and psychiatric syndromes of 
SLE [2, 3]. These case definitions encompass neurological syndromes, involving the central 
and peripheral nervous system as well as psychiatric disorders, cognitive deficits and acute 
confusional states (Table). However, major problems are still related to low specificity of 
some of these syndromes such as headache, cognitive impairment or mood disorders [4].The 
diagnosis of neuropsychiatric SLE (NPSLE) is complex not only because of the considerable 
prevalence variation (14-80%) but also because of the wide spectrum of neuropsychiatric 
manifestations. Different neuropsychiatric manifestations result from a variety of mechanisms 
including antibodies, vasculitis, thrombosis, hemorrhages and cytokine-mediated damages. 

Table 1. American College of Rheumatology Classification of Neuropsychiatric 
Manifestations in SLE 

Neurological manifestations 

Myasthenia gravis 

Acute inflammatory demyelinating polyradiculoneuropathy  
(Gu illan-Barrè syndrome) 

Demyelinating syndrome 

Myelopathy 

Headache 

Neuropathy, cranial 

Aseptic meningitis 

Mononeuropathy (single/mutiplex) 

Plexopathy

Autonomic disorder 

Polyneuropathy 

Cerebrovascular disease 

Movement disorder (chorea) 

Seizure and seizure disorders 

Psychiatric manifestations 

Acute confusional state 

Cognitive dysfunction 

Anxiety disorder 

Mood disorder 

Psychosis
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Of note, despite the dramatic clinical manifestations, too often changes at the 
morphological neuroimaging techniques are minimal and non specific. The diagnosis of 
NPSLE remains largely one of exclusion and is approached in individual patients by 
thorough clinical evaluation, supported when necessary by autoantibody profiles, diagnostic 
imaging, electrophysiologic studies and objective assessment of cognitive performance [5]. 
Autoantibodies associated to NPSLE may have a diagnostic and/or prognostic role. This 
chapter describes and discusses the role of the autoantibodies reported to be associate to 
NPSLE.

AUTOANTIBODIES IN NPSLE

Anti-Neuronal Antibodies 

Anti-neuronal antibodies are a group of antibodies that react to neuronal components. 
Several studies, using different techniques to detect antibodies, demonstrated that anti-
neuronal antibodies are detected predominantly in sera of patients with neuropsychiatric SLE 
than in patients without neuropsychiatric manifestations [6-13]. Competition assays showed 
that the binding of anti-neuronal antibodies was blocked by mycobacterial glycolipids, 
suggesting a link between mycobacterial infection and neuropsychiatric SLE [9]. Hanson and 
coworkers showed that a 50-kDa protein may be an important target for these autoantibodies, 
preponderantly found in NPSLE patients and that the antigen may play a role in the 
pathogenesis of some neurological manifestations in SLE [8]. To validate the hypothesis that 
some neuropsychiatric manifestations of SLE are mediated by the direct effect of antibody 
binding to neuronal membranes, one study of Bluestein and coworkers showed that anti-
neuronal antibodies were significantly more concentrated in cerebrospinal fluid (CSF) of 
patients with SLE and central nervous system diseases than in CSF of SLE patients without 
neurological involvement [13]. 

Brain Reactive Antibodies 
Brain reactive antibodies (BRA) are a subgroup of anti-neuronal antibodies that bind to 

integral membrane proteins of the brain. BRA correlates with psychosis and/or seizures in 
SLE patients [14]. 

Anti-Microtubule-Associated Protein 2 Antibodies 
Microtubule-associated proteins (MAPs) interact with the microtubules of the cellular 

cytoskeleton. Other specific immunological markers of neuropsychiatric SLE are the 
autoantibodies to microtubule-associated protein 2. This cellular protein is restricted to 
neurons and is important in the control of cytoskeletal integrity and other neuronal functions 
[15].
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Anti-Neurofilament Antibodies 
Antibodies to cytoskeletal neurofilament protein antigens (ANFA) had an increased 

incidence in patients with neuropsychiatric SLE compared with SLE patients without 
neuropsychiatric symptoms. ANFA were found to be directed against the 205 and 160 kDa 
proteins of the neurofilament triplet [16]. 

Anti-Ganglioside Antibodies 
Ganglioside is a compound composed of a glycosphingolipid with one or more sialic 

acids linked on a hydrophilic sugar chain that contains antigenic determinants. It is a 
component of the cell plasma membrane which modulates cell signal transduction events. 
The gangliosides most commonly recognized by neuropathy-associated autoantibodies are 
GM1, asialo-GM1, GD1a, GD1b, GM2 and GQ1b. Persistent high titer of anti-ganglioside 
(AGA) IgM is associated with several diseases, particularly neuropathies. The role of AGA 
IgM is to eliminate the immunosuppressive gangliosides shed from tissues during ageing, 
degeneration of neural and extraneural tissues and tumor growth and necrosis. In addition, in
vitro observations with human and murine monoclonal antibodies suggest that they are 
capable of complement dependent cytotoxicity and apoptosis. AGA IgM can cause leakage of 
the blood brain barrier (BBB) in a concentration-dependent and complement-independent 
manner, bind to neuronal gangliosides to create a neuromuscular block and serve as a marker 
of axonal damage in neuropathies such as multiple sclerosis [17]. Several studies 
demonstrated the association between AGA and neuropsychiatric SLE and one study 
demonstrated that AGA may have predictive value [18], but these autoantibodies are not 
specific of NPSLE and are present also in sera of patients with different neuropathies. In a 
study, Pereira and coworkers showed a significant correlation between IgG AGA in the CSF 
and IgM AGA in the serum of NPSLE patients. Some NPSLE patients had AGA in the CSF 
but not in the sera, suggesting that intrathecal antibody production can result in the 
development of this manifestations [19]. Galeazzi and coworkers, in a study of a large cohort 
of European patients with SLE, showed an association between AGA IgG and migraine, 
dementia and peripheral neuropathy and an association between AGA IgM and depression 
[20]. In another study, Chen and coworkers demonstrated the presence of AGA in the CSF of 
children with NPSLE, and showed a clear association between AGA and brain computerized 
tomography scan. This study suggested that the detection of AGA in the CSF have a 
predictive value for the onset of a neuropsychiatric flare [21]. 

Anti-Triosephosphate Isomerase Antibodies 
Sera from patients with NPSLE were screened for antibodies to mouse choroid plexus 

cell line ECPC-4 by Western blotting. A 29-kDa protein band detected in NPSLE sera was 
identified as triosephosphate isomerase (TPI). TPI plays an important role in glycolysis and is 
essential for efficient energy production. Using western blotting technique, Watanabe and 
coworkers demonstrated IgG specific to TPI in sera and CSF of patients with NPSLE. The 
serum anti-TPI IgG index was higher in the NPSLE than in other autoimmune diseases, 
demonstrating a high specificity for the diagnosis of NPSLE [22]. In CSF anti-TPI IgG form 
immunocomplexes and contribute to the pathogenesis of NPSLE by activating the 
complement system [23]. 
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Anti-Glial Fibrillary Acidic Protein Antibodies 
Glial fibrillary acidic protein (GFAP) is expressed in the central nervous system in 

astrocyte cells. It is involved in cell structure and movement, in cell communication and in 
the functioning of the BBB. A high positive predictive value of anti-GFAP antibodies for 
NPSLE has been described [24]. Recently, Trysberg and coworkers showed increased levels 
of GFAP in the cerebrospinal fluid of patients with NPSLE. Moreover, successful therapy 
with cyclophosphamide in NPSLE patients resulted in significantly decreased CSF levels of 
GFAP [25]. On the contrary, Conti and coworkers found no correlation between anti-GFAP 
antibodies and psychiatric morbidity [26]. 

Serum Lymphocytotoxic Antibodies 
An important place in the immune network is reserved for specific interactions between 

regulatory antibodies and their ligands on T and B lymphocytes. Lymphocytotoxic antibodies 
(LCA) are detected in a great majority of patients with SLE. Several studies show or claim a 
relationship between the presence of LCA and neurological manifestations in SLE patients; 
the results, however, remain questionable due to the difference in detection methods as well 
as in definition of central nervous system (CNS) involvement [27]. Analysing frequency of 
HLA class II antigens (DR and DQ) and LCA in patients with NPSLE, Silva and Donadi 
showed that HLA-DR4 may have a protective role for the development of NPSLE whereas 
HLA-DR9, in addition to HLA-DR3 and to LCA, may predispose to neuropsychiatric 
abnormalities [28]. Analysis of LCA serially in SLE patients revealed fluctuations in LCA 
associated with NPSLE relapses or remissions [29]. 

Anti-CD4 Antibodies 
Several lines of evidence indicate that the CD4 glycoprotein may be recognized by 

autoantibodies. Lenert and coworkers evaluated the presence of serum anti-CD4 antibodies in 
patients with SLE. The antibody reactivity has been analyzed both on native CD4 (by 
immunofluorescence) and on recombinant CD4 (by ELISA and Western blot). The results of 
this study showed that the anti-CD4 reactivity occurred in SLE patients with active disease 
and, as measured by the SLEDAI, was associated with particular clinical manifestations, 
including neuropsychiatric disease [30]. 

Anti-SSA/Ro Antibodies 
The SSA/Ro antigens are nuclear and cytoplasmic polypeptides which serve as 

autoantigens in SLE and Sjögren's syndrome. They contain two major isoforms of 60 and 52 
kDa. Initially, these antibodies were thought to be an epiphenomenon of autoimmune 
diseases. Recent studies have shown that they are associated with specific clinical 
manifestations and disease subsets [31]. To identify factors predictive of NPSLE, a large 
cohort of SLE patients was followed over 11 years. The presence of anti-SSA/Ro antibodies 
was demonstrated to be one independent predictor of significant neuropsychiatric damage 
[32]. Anti-SSA/Ro antibodies were detected also in CSF of patients with NPSLE [33]. In a 
clinical observation regarding suicide attempts in NPSLE patients, all harbored elevated titers 
of anti-SSA/Ro antibodies [34]. On the other hand, Shimojima and coworkers investigating 
the predictive value of distinct clinical factors in patients with NPSLE, demonstrated that 
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anti-SSA/Ro antibodies were not significant for NPSLE and they did not predict the 
development of NPSLE [35]. In accordance with the previous study, Conti and coworkers did 
not find any significant correlation between the presence of anti-SSA/Ro autoantibodies and 
psychiatric involvement [26]. 

Anti-Sm Antibodies 
Anti-Sm antibodies are directed against 7 proteins (B/B', D1, D2, D3, E, F, G) that 

constitute the common core of U1, U2, U4 and U5 small nuclear ribonucleoprotein (snRNP) 
particles [36]. Winfield and coworkers, in a serologic study on patients with NPSLE, found a 
higher incidence of anti-Sm antibodies in the patients with CNS dysfunction compared with a 
large group of patients without neuropsychiatric disease, suggesting an association of anti-Sm 
with CNS disease in SLE [37]. On the contrary, results of another study found no association 
between anti-Sm antibodies and neuropsychiatric features [38]. 

Anti-DNA Antibodies Cross-Reactive with NMDA Receptor 

Many clinical manifestations of SLE are mediated by anti-DNA antibodies that in 
particular correlate with disease activity and cause kidney damage [39]. The anti-DNA 
antibodies may react directly with DNA or cross-react with non-DNA tissue antigens. In a 
study to determine the distinct antigens that anti-DNA antibodies recognize, a phage display 
library was screened with a monoclonal antibody specific to double stranded DNA and a 
pentapeptide consensus sequence (DWEYS) was revealed [40]. This consensus sequence is 
contained in N-methyl-D-aspartate (NMDA) receptors NR2A and NR2B (residues 283-287). 
NR2A and 2B are polypeptide chains that associate with the NR1 polypeptide to form 
NMDA receptors. NR2 receptors bind the neurotransmitter glutamate and play a role in 
learning and memory [41]. DeGiorgio and coworkers demonstrated that a subset of anti-DNA 
antibodies cross-react with NMDA receptors and, through an excitotoxic mechanism, can 
induce neuronal apoptosis both in vitro than inoculated directly in mouse brain [42]. These 
anti-DNA antibodies are present in CSF of patients with SLE who experienced cognitive 
decline, but it is not yet known whether they are produced in situ in the brain or cross the 
BBB.

BALB/c mice are a strain of mice which not present spontaneous brain pathology, 
permitting the analysis of antibody-mediated brain pathology and cognitive dysfunction. To 
study whether the anti-dsDNA/NR2 antibodies could cause brain damage when present in 
systemic circulation, BALB/c mice were immunized with the peptide to develop cross-
reactive anti-DNA and anti-NR2 antibodies [43]. The administration of LPS to mice breaking 
the integrity of BBB, allowed to antibodies to pass from circulation to the brain. In fact, 
neuropathology requires a breach in the integrity of BBB and bacterial infection leads to a 
loss of the BBB function. The anti-NR2 antibodies showed a preferential binding in the 
hippocampus and consequent loss of hippocampal neurons. The loss of neurons in 
hippocampus leaded to an impairment in memory function. Mice receiving LPS and 
intravenously human antibodies specific to DNA and NMDA receptors extracted from sera of 
patients with SLE, elicited cognitive impairment [44]. To determine whether anti-NR2 
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antibodies exist in the brain of patients with SLE, IgG was eluted from patients’ brain. The 
eluted IgG showed binding to DNA and NR and induced neuronal apoptosis when injected 
into mouse brain. 

The breakdown of BBB may occur not only as infection, but also as cerebral vasculitis, 
stress, nicotine exposure, etc. The rise of epinephrine induced by stress is known to increase 
cerebral blood flow and to break the integrity of BBB, preferentially in the amygdale. In the 
mouse model immunized with the pentapeptide, the administration of epinephrine leaded to 
apoptosis of neurons of the lateral amygdale, resulting in behavioral disorders [45]. So the 
same antibody specificity can cause either a cognitive or an emotional disorder depending on 
the agent used to break the BBB. The presence of anti-DNA, anti-NR2 antibodies are found 
in 25-50% of patients with SLE [46]. Several studies yielded conflicting data about the 
correlation between the neuropsychological function and serum anti-NR2 antibody levels, but 
brain dysfunctions seem clearly correlate to the presence of antibody to the pentapeptide in 
CSF and symptom severity correlate with antibody titer [47]. An emerging quantitative 
magnetic resonance imaging technique offers the promise of a quantitative physiological 
measure of cellular integrity. A recent study using this technique showed that a small group 
of patients with SLE and anti-NR2 antibodies presented alteration in amygdale compared 
with patients without anti-NR2 antibodies [48]. 

Non-competitive inhibitors of NMDA receptors, such as MK801 and memantine, are 
promising therapeutic tools to protect mice from neuronal injury caused by the direct 
injection of anti-NR2 antibodies into the mouse brain. The use of the D-isoform of the 
consensus peptide could also lead to neuronal sparing binding to anti-NR2 antibodies and so 
preventing their binding to NR2 [45]. 

Anti-Ribosomal P Antibodies 
Anti-ribosomal P antibodies recognize 3 specific ribosomal proteins P0, P1 and P2 [49]. 

One of the major points of interest of anti-ribosomal P antibodies derives from their high 
specificity for NPSLE [50,51]. Elevated titers of anti-ribosomal P antibodies are mainly 
detected in SLE patients immediately before and during active disease [52] and may be 
associated with particular clinical manifestations, including lupus nephritis, hepatitis [53-55] 
and neuropsychiatric involvement [5, 56-60]. 

In particular, the clinical association between elevated titers of anti-ribosomal P 
antibodies and psychosis was originally described by Bonfa and coworkers in patients with 
psychosis secondary to SLE [61]. Several studies showed a strong association between 
elevated titers of serum anti-P antibodies and NPSLE, predominantly psychosis and severe 
depression [54, 61-73]. One study of West and coworkers, examining a cohort of SLE 
patients with and without psychiatric manifestations over a period of 10 years, demonstrate 
the relationship between psychosis and depression and anti-ribosomal P antibodies [68]. On 
the contrary, some reports failed to find any relationship between anti-ribosomal P antibodies 
and NPSLE [26, 54, 74-78]. In particular, in a recent study the association between the 
presence of anti-ribosomal P antibodies and either lupus psychosis or depression, among a 
large cohort of patients with SLE, was not observed [79]. There are conflicting reports on the 
importance of anti-ribosomal P antibodies in the CSF. In a recent study, elevated titers of 
anti-ribosomal P antibodies were measured in the CSF and in the serum samples of a large 
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cohort of patients with SLE. Patients were divided into 4 groups: patients with neurologic 
syndromes of the CNS; patients with diffuse psychiatric/neuropsychological syndromes; 
patients with complex presentations (neurologic syndromes of the CNS and diffuse 
psychiatric/neuropsychological syndromes); patients without NPSLE based on ACR 
diagnostic criteria [2]. In patients with NPSLE the frequency of CSF anti-ribosomal P 
antibodies was significantly higher than in patients without NPSLE. These results suggest 
that the presence of IgG anti-ribosomal P antibodies in CSF of SLE patients may be involved 
in the appearance of NPSLE, expecially in complex presentations [62]. 

Anti-ribosomal P antibodies bind and penetrate cells in culture. The cellular receptor 
appears to be a membrane form of the P0 38 kDa phosphoprotein, which mediates the 
binding and penetration of anti-ribosomal P antibodies. Following penetration, anti-ribosomal 
P antibodies were found to localize in the cytoplasm and in the nucleus [80]. Anti-ribosomal 
P antibodies are potent inhibitors of protein synthesis and via this pathway mediate cellular 
dysfunction. The ability of anti-ribosomal P antibodies to bind and penetrate into living cells 
was shown to induce the production of pro-inflammatory cytokines and to increase apoptosis 
of penetrated cells. This raises the possibility that these antibodies are of importance in the 
pathogenesis of NPSLE [52]. 

Anti-Endothelial Cells Antibodies 
Anti-endothelial cells antibodies (AECA) are a heterogeneous group of autoantibodies 

directed against antigens in the membrane of endothelial cells. Originally described in 1971, 
a number of targets have now been identified for these autoantibodies [81]. They have been 
detected in several autoimmune diseases and have been associated with nephritis and 
vasculitis in SLE patients [82]. Recent data suggest their implication in endothelial 
dysfunction and a pathogenic role of AECA in SLE [82, 83]. AECA are capable of causing 
up-regulation of pro-inflammatory markers and apoptosis in endothelial cells [84]. Song and 
coworkers showed a clinical association of AECA with disease activity and neuropsychiatric 
manifestations in SLE [85]. Meroni and coworkers found AECA positivity in a high 
percentage of SLE patients with involvement of the CNS [86]. In a recent study Conti and 
coworkers, investigating the possible correlation of psychiatric manifestations in SLE and the 
reactivity of autoantibodies to different autoantigens (endothelial cells, cardiolipin, beta2 
glycoproteinI (beta2-GPI), SSA/Ro, La, glial fibrillary acidic protein, ribosomal P protein, 
dsDNA and nucleosomes), demonstrated a significant association between AECA and 
psychiatric involvement in SLE patients [26, 87]. In this study, patients were categorized as 
either with or without psychiatric disorders on the basis of the clinical psychiatric 
examination. Patients were considered with psychiatric manifestations only when presented a 
severe psychopathology such as psychosis and mood disorders (recurrent major depressive 
disorders, dysthymic disorder, and depressive disorder not otherwise specified). Anxiety and 
mild depression were not included since these disorders are frequently detected in SLE 
patients and are predominantly psychoreactive [3, 88]. 

Identifying endothelial autoantigens involved in the autoimmune processes during 
neuropsychiatric SLE could help to explain the pathogenetic mechanisms involved in the 
initiation and progression of psychiatric symptoms. 
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Anti-Nedd5 Antibodies 
With the aim of seeking and characterizing molecules that behave as autoantigens in 

NPSLE, Margutti and coworkers provided evidence that the C-terminal region of Nedd5 
(Nedd5 C-ter) is a novel autoantigen with a role in neuropsychiatric manifestations [89]. In 
fact, the percentage of patients with anti-Nedd5 C-ter serum IgG was higher in group of 
patients with neuropsychiatric manifestations than in patients without these disorders. Nedd5 
is a mammalian septin known to associate with actin-based structures, such as the contractile 
ring and stress fibers [90, 91]. The septins are a family of cytoskeletal GTPases that play an 
essential role in cytokinesis, in yeast and mammalian cells [92]. Interestingly, Nedd5 is 
predominantly expressed in the nervous system and may contribute to the formation of 
neurofibrillary tangles as integral constituent of paired helical filaments in Alzheimer’s 
disease [93, 94]. Margutti and coworkers demonstrated that Nedd5 presented an intracellular 
redistribution on the cell surface during apoptosis, which may be in part responsible for its 
immunogenicity. Indeed, apoptosis may play an important role in by-passing tolerance to 
intracellular autoantigens. The specific modification of autoantigens and their redistribution 
into blebs at the surface of apoptotic cells may contribute to the induction of autoimmune 
responses [95, 96]. Moreover, apoptotic defects and impaired removal of apoptotic cells 
could contribute to an overload of autoantigens in the circulation or in target tissues that 
could become available to initiate an autoimmune response [97]. In susceptible individuals, 
this can lead to autoantibody-mediated tissue damage. Interestingly, the C-terminal region of 
Nedd-5 displays a coiled-coil domain. Several autoimmune autoantigens are characterized by 
the presence of such domain [98]. Coiled-coil proteins may be exposed to the immune system 
as surface structures in aberrant disease states associated with unregulated cell death and 
could become autoimmune targets [98]. The unanswered question is whether anti-Nedd5 C-
ter antibodies can cause direct damage, thus contributing to the pathogenesis of psychiatric 
manifestations, or whether they are an epiphenomenon of these disorders. 

Anti-Phospholipid Antibodies 
Anti-phospholipid (aPL) autoantibodies are directed against anionic phospholipids or 

protein-phospholipid complexes. The negatively charged phospholipid targets include 
phosphatidyl inositol, phosphatidyl glycerol, phosphatidyl serine, phosphatidyl acid, and 
cardiolipin. Neutrally charged autoantigen targets include phosphatidyl ethanolamine, 
phosphatidyl choline, platelet activating factor and sphyngomyelin. By far, aPL antibodies, in 
particular anti-cardiolipin (aCL) antibodies and lupus anti-coagulant (LAC), have been the 
most widely investigated antibodies in NPSLE. The association of aPL antibodies in NPSLE 
has been reviewed [99]. This class of antibodies are reported to associate with focal 
neurological disease such as stroke, transient ischaemic attacks and transverse myelitis [99]. 
In a study on a large cohort of SLE patients, elevated titers of aPL antibodies were an 
independent risk factor for the development of cerebrovascular disease, seizures, and 
headache [100]. 
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Anti-Cardiolipin Antibodies 
A strong correlation between aCL antibodies and the overall frequency of 

neuropsychiatric manifestations was reported in many studies [101-103], but refuted in others 
[104,105]. In pediatric SLE, elevated titers of aCL antibodies are also frequently 
encountered, and aCL IgG are often associated with CNS involvement [103]. The frequency 
of aCL antibodies (IgG isotype) was significant for patients with cognitive dysfunction, 
chorea and cranial neuropathy [32]. In an open pilot study of children with NPSLE 
manifested as encephalopathy with or without grand mal seizures, focal seizures with 
depression or hallucinations, optic neuritis with transverse myelitis and psychosis with 
audiovisual hallucinations, a high percentage of these patients had elevated aCL IgG [106]. 
Paired measurements of aCL antibodies, in the serum and CSF, were performed using the 
ELISA method in SLE patients and in controls with other diseases. High titers of CSF aCL 
IgG were detected in NPSLE patients with lupus headache, acute psychosis, cognitive 
impairment, high cortical dysfunction and altered consciousness. Intrathecal synthesis 
occurred in these NPSLE patients, rather than the diffusion of aCL IgG from serum to CNS 
compartments [107]. In another study, aCL antibodies were studied in the serum and CSF of 
patients with SLE admitted for the assessment of NP disease. Patients with active 
neuropsychiatric complaints had positive aCL antibodies in the CSF, some of these patients 
presented simultaneous presence of antibodies in their sera and in their CSF. The assessment 
of the Q-albumin index revealed abnormal values in a subset of patients with active 
neuropsychiatric changes who exhibited positive CSF aCL antibodies, suggesting that 
impairment of the BBB function may lead to a leakage of intrathecal aPL antibodies from the 
systemic circulation. Additionally, a few patients revealed normal Q-albumin values with a 
high IgG-CSF index, suggesting increased intrathecal synthesis of antibodies. The study of 
aCL antibodies in CSF was useful in detecting active NPSLE [108]. In another small study, 
aCL antibodies were not detected in any CSF samples [109]. 

Experimental models show direct evidence for the pathogenicity of aCL antibodies and 
cognitive dysfunction. In one study, BALB/c mice were immunized with a pathogenic 
monoclonal aCL antibody and developed clinical and neurological manifestations [110]. In 
another mouse model, polyclonal aCL antibodies purified from pooled serum samples of 
patients with SLE had inhibitory effects on cultured normal rat brain astrocytes (RBA-1 
cells). These results suggest that aCL Abs have an inhibitory effect on brain cells and elicit 
thrombus formation in brain vessels, both of which play a role in NPSLE [111]. 

Lupus Anti-Coagulant 
One study evaluated the relationship between LAC and cognitive dysfunction in SLE 

patients. LAC-positive patients were 2 to 3 times more likely than LAC-negative patients to 
be designated as cognitively impaired. This study suggests that LAC positivity is associated 
with subclinical nervous system compromise and a pattern of deficits compatible with 
subcortical involvement, perhaps related to microthrombotic events or vasculopathy [112]. In 
a large study, utilizing MEDLINE from 1966 to 1989 to evaluate the validity of LAC in SLE 
patients, LAC was significantly associated with neuropsychiatric manifestations[113]. The 
findings of an association between LAC with seizures, cerebrovascular accidents and 
cognitive dysfunction were also corroborated in another study [32]. The association between 
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neuropsychiatric manifestations and LAC was reported in many other studies [100, 101], but 
refuted in others [105]. 

Chapman and coworkers in a study on the LAC mechanism, showed that these antibodies 
may be involved in the pathogenesis of NPSLE by nonischemic mechanisms, including the 
inhibition of astrocyte proliferation and the nonspecific permeabilization and depolarization 
of synaptoneurosomes [114]. 

Anti-Phosphatidyl Ethanolamine Antibodies 
In one study, Kamorchkine and coworkers investigating the presence of anti-

phosphatidyl ethanolamine (aPE) antibodies in a population of SLE patients, showed that 
neurological involvement was present in most of the patients with aPE antibodies [115]. 

Other Autoantibodies 

The antigenic targets of other autoantibodies demonstrated associated to NPSLE are the 
microfilament protein L-fimbrin, the nuclear protein DA1, the galactocerebrosides and the 
serine proteinase 3 [24, 116-118]. Further studies are necessary to assign to these 
autoantibodies a role as immunological markers of NPSLE. 

CONCLUSION

Several published data reported the association between neuropsychiatric manifestations 
in SLE and the presence of autoantibodies, although in some cases contrasting data are 
reported. The high variability among different studies is probably related to differences in the 
populations of patients studied and the laboratory tests used to detect serum antibodies. Some 
autoantibodies had specificity to brain constituents such as neurotransmitter receptors, raising 
the possibility that autoimmune mechanisms could interrupt or modulate the 
neurotransmission or could signal neuronal death through an excitotoxic mechanism (Figure 
1). Other autoantibodies could react against self molecules that cross-react with brain 
components, with the above described pathological effect. Other autoantibodies reacted 
against endothelium. These antibodies could react with BBB, breaking down the barrier 
integrity by induction of apoptosis and expression of adhesion molecules (Figure 2). In 
conclusion, further studies are necessary to better characterize the specific antigens or 
epitopes recognized by autoantibodies associated with NPSLE and to evaluate their potential 
use in the diagnosis of NPSLE. The characterization of the target molecules might help 
defining the precise role that specific autoantibodies may play in the autoimmune 
mechanisms, underlying psychiatric manifestations, and might let us investigate new and 
more effective therapeutical strategies. 
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Figure 1. Access of antibodies to the central nervous system may occur through a disrupted blood-brain 
barrier or through de novo synthesis in nervous system. Autoantibodies, binding molecules exposed on 
the surfaces of neurons, lead to a neuro-toxic effect. 

Figure 2. Effects of anti-endothelial cell antibodies. Anti-endothelial cell antibodies may activate the 
endothelium inducing the synthesis of pro-inflammatory cytokines and chemokines and expression of 
adhesion molecules, lead to the permeability of the blood-brain barrier. 



Autoantibodies as Prognostic or Diagnostic Markers… 167

REFERENCES

[1] Kaposi, M. Neue beitrage zur kenntnis des lupus erythematosus. Arch. Dermat. Syph.,
1872 4, 36-79. 

[2] ACR ad hoc committee on Neuropsychiatric Lupus Nomenclature: The American 
College of Rheumatology nomenclature and case definitions for neuropsychiatric 
lupus syndromes. Arthritis Rheum., 1999 42, 599-608. 

[3] Ainiala, H; Hietaharju, A; Loukkola, J; Peltola, J; Korpela, M; Metsanoja, R; 
Auvinen, A. Validity of the new American College of Rheumatology criteria for 
neuropsychiatric lupus syndromes: a population-based evaluation. Arthritis Rheum.,
2001 45, 419-423. 

[4] Kozora, E; Ellison, MC; West, S. Depression, fatigue, and pain in systemic lupus 
erythematosus (SLE): relationship to the American College of Rheumatology SLE 
neuropsychological battery. Arthritis Rheum., 2006 55, 628-35. 

[5] Borchers, AT; Aoki, CA; Naguwa, SM; Keen, CL; Shoenfeld, Y; Gershwin, ME. 
Neuropsychiatric features of systemic lupus erythematosus. Autoimmun. Rev., 2005 4, 
329-44.

[6] Danon, YL; Garty, BZ. Autoantibodies to neuroblastoma cell surface antigens in 
neuropsychiatric lupus. Neuropediatrics, 1986 17, 23-7. 

[7] Alosachie, IJ; Terryberry, JW; Mevorach, D; Chapman, Y; Lorber, M; Torre, D; 
Youinou, P; Peter, JB; Shoenfeld, Y. Central nervous system (CNS) involvement in 
SLE. The diagnostic role of antibodies to neuronal antigens. Clin. Rev. Allergy
Immunol., 1998 16, 275-84. 

[8] Hanson, VG; Horowitz, M; Rosenbluth, D; Spiera, H; Puszkin, S. Systemic lupus 
erythematosus patients with central nervous system involvement show autoantibodies 
to a 50-kD neuronal membrane protein. J. Exp. Med., 1992 176, 565-73. 

[9] Avinoach, I; Amital-Teplizki, H; Kuperman, O; Isenberg, DA; Shoenfeld, Y. 
Characteristics of antineuronal antibodies in systemic lupus erythematosus patients 
with and without central nervous system involvement: the role of mycobacterial 
cross-reacting antigens. Isr. J. Med. Sci., 1990 26, 367-73. 

[10] Denburg, JA; Carbotte, RM; Denburg, SD. Neuronal antibodies and cognitive 
function in systemic lupus erythematosus. Neurology, 1987 37, 464-7. 

[11] Hanly, JG; Behmann, S; Denburg, SD; Carbotte, RM; Denburg, JA. The association 
between sequential changes in serum antineuronal antibodies and neuropsychiatric 
systemic lupus erythematosus. Postgrad. Med. J., 1989 65, 622-7. 

[12] Bresnihan, B; Oliver, M; Williams, B; Hughes, GR. An antineuronal antibody cross-
reacting with erythrocytes and lymphocytes in systemic lupus erythematosus. 
Arthritis Rheum., 1979 22, 313-20. 

[13] Bluestein, HG; Williams, GW; Steinberg, AD. Cerebrospinal fluid antibodies to 
neuronal cells: association with neuropsychiatric manifestations of systemic lupus 
erythematosus. Am. J. Med., 1981 70, 240-6. 

[14] Tin, SK; Xu, Q; Thumboo, J; Lee, LY; Tse, C; Fong, KY. Novel brain reactive 
autoantibodies: prevalence in systemic lupus erythematosus and association with 
psychoses and seizures. J. Neuroimmunol., 2005 169, 153-60. 



Paola Margutti, Federica Delunardo, Tania Colasanti et al. 168

[15] Williams, RC Jr; Sugiura, K; Tan, EM. Antibodies to microtubule-associated protein 
2 in patients with neuropsychiatric systemic lupus erythematosus. Arthritis Rheum.,
2004 50, 1239-47. 

[16] Robbins, ML; Kornguth, SE; Bell, CL; Kalinke, T; England, D; Turski, P; Graziano, 
FM. Antineurofilament antibody evaluation in neuropsychiatric systemic lupus 
erythematosus. Combination with anticardiolipin antibody assay and magnetic 
resonance imaging. Arthritis Rheum., 1988 31, 623-31. 

[17] Ravindranath, MH; Muthugounder, S; Saravanan, TS; Presser, N; Morton, DL. 
Human antiganglioside autoantibodies: validation of ELISA. An. NY Acad. Sci.,
n2005 1050, 229-42. 

[18] Martinez, X; Tintore, M; Montalban, J; Ordi, J; Vilardell, M; Codina, A. Antibodies 
against gangliosides in patients with SLE and neurological manifestations. Lupus,
1992 1, 299-302. 

[19] Pereira, RM; Yoshinari, NH; De Oliveira, RM; Cossermelli, W. Antiganglioside 
antibodies in patients with neuropsychiatric systemic lupus erythematosus. Lupus,
1992 1, 175-9. 

[20] Galeazzi, M; Annunziata, P; Sebastiani, GD; Bellisai, F; Campanella, V; Ferrara, GB; 
Font, J; Houssiau, F; Passiu, G; De Ramon Garrido, E; Fernandez-Nebro, A; Bracci, 
L; Scorza, R; Puddu, P; Jedryka-Goral, A; Smolen, J; Tincani, A; Carcassi, C; 
Morozzi, G; Marcolongo, R. Anti-ganglioside antibodies in a large cohort of 
European patients with systemic lupus erythematosus: clinical, serological, and HLA 
class II gene associations. J. Rheumatol., 2000 27, 135-41. 

[21] Chen, Y; Wu, F; Hou, L; Ma, S; He, X. Antiganglioside antibodies in cerebrospinal 
fluid of children with neuropsychiatric lupus erythematosus. Chin. Med. J. (Engl),
1997 110, 594-7. 

[22] Watanabe, H; Seino, T; Sato, Y. Antibodies to triosephosphate isomerase in patients 
with neuropsychiatric lupus. Biochem. Biophys. Res. Commun., 2004 321, 949-53. 

[23] Sasajima, T; Watanabe, H; Sato, S; Sato, Y; Ohira, H. Anti-triosephosphate isomerase 
antibodies in cerebrospinal fluid are associated with neuropsychiatric lupus. J.
Neuroimmunol., 2006 181, 150-6. 

[24] Sanna, G; Piga, M; Terryberry, JW; Peltz, MT; Giagheddu, S; Satta, L; Ahmed, A; 
Cauli, A; Montaldo, C; Passiu, G; Peter, JB; Shoenfeld, Y; Mathieu, A. Central 
nervous system involvement in systemic lupus erythematosus: cerebralimaging and 
serological profile in patients with and without overt neuropsychiatric manifestations. 
Lupus, 2000 9, 573-83. 

[25] Trysberg, E; Nylen, K; Rosengren, LE; Tarkowski, A. Neuronal and astrocytic 
damage in systemic lupus erythematosus patients with central nervous system 
involvement. Arthritis Rheum., 2003 48, 2881-7. 

[26] Conti, F; Alessandri, C; Bompane, D; Bombardieri, M; Spinelli, FR; Rusconi, AC; 
Valesini, G. Autoantibody profile in systemic lupus erythematosus with psychiatric 
manifestations: a role for anti-endothelial-cell antibodies. Arthritis Res. Ther., 2004 6, 
R366-72.

[27] Osman, C; Swaak, AJ. Lymphocytotoxic antibodies in SLE: a review of the literature. 
Clin. Rheumatol., 1994 13, 21-7. 



Autoantibodies as Prognostic or Diagnostic Markers… 169

[28] Silva, LM; Donadi, EA. Is immunogenetic susceptibility to neuropsychiatric systemic 
lupus erythematosus (SLE) different from non-neuropsychiatric SLE? Ann. Rheum. 
Dis., 1996 55, 544-7. 

[29] Temesvari, P; Denburg, J; Denburg, S; Carbotte, R; Bensen, W; Singal, D. Serum 
lymphocytotoxic antibodies in neuropsychiatric lupus: a serial study. CD4-reactive 
antibodies in systemic lupus erythematosus. Clin. Immunol. Immunopathol., 1983 28, 
243-51.

[30] Lenert, P; Lenert, G; Senecal, JL. CD4-reactive antibodies in systemic lupus 
erythematosus. Hum. Immunol., 1996 49, 38-48. 

[31] Ben-Chetrit, E. The molecular basis of the SSA/Ro antigens and the clinical 
significance of their autoantibodies. Br. J. Rheumatol., 1993 32, 396-402. 

[32] Mikdashi, J; Handwerger, B. Predictors of neuropsychiatric damage in systemic lupus 
erythematosus: data from the Maryland lupus cohort. Rheumatology (Oxford), 2004 
43, 1555-60. 

[33] Mevorach, D; Raz, E; Steiner, I. Evidence for intrathecal synthesis of autoantibodies 
in systemic lupus erythematosus with neurological involvement. Lupus, 1994 3, 117-
21.

[34] Karassa, FB; Magliano, M; Isenberg, DA. Suicide attempts in patients with systemic 
lupus erythematosus. Ann. Rheum. Dis., 2003 62, 58-60. 

[35] Shimojima, Y; Matsuda, M; Gono, T; Ishii, W; Ikeda, S. Relationship between 
clinical factors and neuropsychiatric manifestations in systemic lupus erythematosus. 
Clin. Rheumatol., 2005 24, 469-75. 

[36] Migliorini, P; Baldini, C; Rocchi, V; Bombardieri, S. Anti-Sm and anti-RNP 
antibodies. Autoimmunity, 2005 38, 47-54. 

[37] Winfield, JB; Brunner, CM; Koffler, D. Serologic studies in patients with systemic 
lupus erythematosus and central nervous system dysfunction. Arthritis Rheum., 1978 
21, 289-94. 

[38] Singh, RR; Malaviya, AN; Kailash, S; Varghese, T. Clinical significance of anti-Sm 
antibody in systemic lupus erythematosus and related disorders. Indian J. Med. Res.,
1991 94, 206-10. 

[39] Rahman, A; Hiepe, F. Anti-DNA antibodies--overview of assays and clinical 
correlations. Lupus, 2002 11, 770-3. 

[40] Gaynor, B; Putterman, C; Valadon, P; Spatz, L; Scharff, MD; Diamond, B. Peptide 
inhibition of glomerular deposition of an anti-DNA antibody. Proc. Natl. Acad. Sci. 
USA, 1997 94, 1955-60. 

[41] Morris, RG; Anderson, E; Lynch, GS; Baudry, M. Selective impairment of learning 
and blockade of long-term potentiation by an N-methyl-D-aspartate receptor 
antagonist, AP5. Nature, 1986 319, 774-6. 

[42] DeGiorgio, LA; Konstantinov, KN; Lee, SC; Hardin, JA; Volpe, BT; Diamond, B. A 
subset of lupus anti-DNA antibodies cross-reacts with the NR2 glutamate receptor in 
systemic lupus erythematosus. Nat. Med., 2001 7, 1189-93. 

[43] Kowal, C; DeGiorgio, LA; Nakaoka, T; Hetherington, H; Huerta, PT; Diamond, B; 
Volpe, BT. Cognition and immunity; antibody impairs memory. Immunity, 2004 21, 
179-88.



Paola Margutti, Federica Delunardo, Tania Colasanti et al. 170

[44] Kowal, C; DeGiorgio, LA; Lee, JY; Edgar, MA; Huerta, PT; Volpe, BT; Diamond, B. 
Human lupus autoantibodies against NMDA receptors mediate cognitive impairment. 
Proc. Natl. Acad. Sci. USA, 2006 103, 19854-9. 

[45] Huerta, PT; Kowal, C; DeGiorgio, LA; Volpe, BT; Diamond, B. Immunity and 
behavior: antibodies alter emotion. Proc. Natl. Acad. Sci. USA, 2006 103, 678-83. 

[46] Sharma, A; Isenberg, D; Diamond, B. Studies of human polyclonal and monoclonal 
antibodies binding to lupus autoantigens and cross-reactive antigens. Rheumatology
(Oxford), 2003 42, 453-63. 

[47] Diamond, B; Kowal, C; Huerta, PT; Aranow, C; Mackay, M; DeGiorgio, LA; Lee, J; 
Triantafyllopoulou, A; Cohen-Solal, J; Volpe, BT. Immunity and acquired alterations 
in cognition and emotion: lessons from SLE. Adv. Immunol., 2006 89, 289-320. 

[48] Diamond, B; Volpe, BT. Antibodies and Brain Disease: A Convergence of 
Immunology and Physiology. PLoS Med., 2006 3, e498. 

[49] Elkon, KB; Parnassa, AP; Foster, CL. Lupus autoAbs target ribosomal P proteins. J.
Exp. Med., 1985 162, 459-71. 

[50] Koffler, D; Miller, TE; Lahita, RG. Studies on the specificity and clinical correlation 
of antiribosomal Abs in systemic lupus erythematosus sera. Arthritis Rheum., 1979 
22, 463-70. 

[51] Bonfa, E; Elkon, KB. Clinical and serologic associations of the antiribosomal P 
protein antibody. Arthritis Rheum., 1986 29, 981-5. 

[52] Toubi, E; Shoenfeld Y. Clinical and biological aspects of anti-P-ribosomal protein 
autoantibodies. Autoimmun Rev., 2007 6, 119-25. 

[53] Sato, T; Uchiumi, T; Ozawa, T; Kikuchi, M; Nakano, M; Kominami, R; Arakawa, M. 
AutoAbs against ribosomal proteins found with high frequency in patients with 
systemic lupus erythematosus with active disease. J. Rheumatol., 1991 18, 1681-4. 

[54] Reichlin, M; Wolfson-Reichlin, M. Evidence for the partecipation of anti-ribosomal P 
Abs in lupus nephritis. Arthritis Rheum., 1999 42, 2728-9. 

[55] Martin, AL; Reichlin, M. Fluctuations of antibody to ribosomal P proteins correlate 
with appearance and remission of nephritis in SLE. Lupus, 1996 5, 22-9. 

[56] Greenwood, DL; Gitlits, VM; Alderuccio, F; Sentry, JW; Toh, BH. AutoAbs in 
neuropsychiatric lupus. Autoimmunity, 2002 35, 79-86. 

[57] Ebert, T; Chapman, J; Shoenfeld, Y. Anti-ribosomal P protein and its role in 
psychiatric manifestations of systemic lupus erythematosus: myth or reality? Lupus,
2005 14, 571-5. 

[58] Reichlin, M. Ribosomal P Abs and CNS lupus. Lupus, 2003 12, 916-8. 
[59] Georgescu, L; Mevorach, D; Arnett, FC; Reveille, JD; Elkon, KB. Anti-P Abs and 

neuropsychiatric lupus erythematosus. Ann. NY Acad. Sci., 1997 823, 263-9. 
[60] McLaurin, EY; Holliday, SL; Williams, P; Brey, RL. Predictors of cognitive 

dysfunction in patients with systemic lupus erythematosus. Neurology, 2005 64, 297-
303.

[61] Bonfa, E; Golombek, SJ; Kaufman, LD; Skelly, S; Weissbach, H; Brot, N; Elkon, 
KB. Association between lupus psychosis and anti-ribosomal P protein Abs. N. Eng. 
J. Med., 1987 317, 265-71. 



Autoantibodies as Prognostic or Diagnostic Markers… 171

[62] Yoshio, T; Hirata, D; Onda, K; Nara, H; Minota, S. Anti-ribosomal P protein Abs in 
cerebrospinal fluid are associated with neuropsychiatric systemic lupus 
erythematosus. J. Rheumatol., 2005 32, 34-9. 

[63] Schneebaum, AB; Singleton, JD; West, SG; Blodgett, JK; Allen, LG; Cheronis, JC; 
Kotzin, BL. Association of psychiatric manifestations with Abs to ribosomal P 
proteins in systemic lupus erythematosus. Am. J. Med., 1991 90, 54-62. 

[64] Arnett, FC; Reveille, JD; Moutsopoulos, HM; Georgescu, L; Elkon, KB. Ribosomal P 
autoAbs in systemic lupus erythematosus. Frequencies in different ethnic groups and 
clinical and immunogenetic associations. Arthritis Rheum., 1996 39, 1833-1839. 

[65] Gerli, R; Caponi, L; Tincani, A; Scorza, R; Sabbadini, MG; Danieli, MG; De Angelis, 
V; Cesarotti, M; Piccirilli, M; Quartesan, R; Moretti, P; Cantoni, C; Franceschini, F; 
Cavazzana, I; Origgi, L; Vanoli, M; Bozzolo, E; Ferrario, L; Padovani, A; Gambini, 
O; Vanzulli, L; Croce, D; Bombardieri, S. Clinical and serological associations of 
ribosomal P autoAbs in systemic lupus erythematosus: prospective evaluation in a 
large cohort of Italian patients. Rheumatology (Oxford), 2002 41, 1357-1366. 

[66] Nojima, Y; Minota, S; Yamada, S; Takaku, F; Aotsuka, S; Yokohari, R. Correlation 
of Abs to ribosomal P protein with psychosis in patients with systemic lupus 
erythematosus. Ann. Rheum. Dis., 1992 51, 1053-1055. 

[67] Massardo, L; Burgos, P; Martinez, ME; Perez, R; Calvo, M; Barros, J; Gonzales, A; 
Jacobelli, S. Antiribosomal P protein Abs in Chilean SLE patients: no association 
with renal disease. Lupus, 2002 11, 379-383. 

[68] West, SG; Emlen, W; Wener, MH; Kotzin, BL. Neuropsychiatric lupus 
erythematosus: a 10-year prospective study on the value of diagnostic tests. Am. J. 
Med., 1995 99, 153-163. 

[69] Press, J; Palayew, K; Laxer, RM; Elkon, K; Eddy, A; Rakoff, D; Silverman, ED. 
Antiribosomal P Abs in pediatric patients with systemic lupus erythematosus and 
psychosis. Arthritis Rheum., 1996 39, 671-676. 

[70] Watanabe, T; Sato, T; Uchiumi, T; Arakawa, M. Neuropsychiatric manifestations in 
patients with systemic lupus erythematosus: diagnostic and predictive value of 
longitudinal examination of anti-ribosomal P antibody. Lupus, 1996 5, 178-183. 

[71] Yoshio, T; Masuyama, J; Ikeda, M; Tamai, K; Hachiya T; Emori, T; Mimori, A; 
Takeda, A; Minota, S; Kano, S. Quantification of antiribosomal P0 protein Abs by 
ELISA with recombinant P0 fusion protein and their association with central nervous 
system disease in systemic lupus erythematosus. J. Rheumatol., 1995 22, 1681-1687. 

[72] Isshi, K; Hirohata, S. Association of anti-ribosomal P protein Abs with 
neuropsychiatric systemic lupus erythematosus. Arthritis Rheum., 1996 39, 1483-
1490.

[73] Tzioufas, AG; Tzortzakis, NG; Panou-Pomonis, E; Boki, KA; Sakarellos-Daitsiotis, 
M; Sakarellos, C; Moutsopoulos, HM. The clinical relevance of Abs to ribosomal-P 
common epitope in two targeted systemic lupus erythematosus populations: a large 
cohort of consecutive patients and patients with active central nervous system disease. 
Ann. Rheum Dis., 2000 59, 99–104. 



Paola Margutti, Federica Delunardo, Tania Colasanti et al. 172

[74] Elkon, K. Ribosomal RNP. In: van Venrooij WJ, Maini RN, eds. Manual of 
biological marker of diseases. Dordrecht: Kluwer Academic Publishers, 1994 B2.5, 
1-11.

[75] Derksen, RH; van Dam, P; Gmelig Meyling, FH; Bijlsma, JW; Smeenk, RJ. A 
prospective study on antiribosomal P proteins in two cases of familiar lupus and 
recurrent psychosis. Ann. Rheum. Dis., 1990 49, 779-82. 

[76] Teh, LS; Doherty, DG; Williams, BD. HLA-DRB genes and antiribosomal P Abs in 
systemic lupus erythematosus. Br. J. Rheumatol., 1994 33, 1125-6. 

[77] van Dam, A; Nossent, H; de Jong, J; Meilof, J; ter Borg, EJ; Swaak, T ; Smeenk, R. 
Diagnostic value of Abs against ribosomal phosphoproteins. A cross sectional and 
longitudinal study. J. Rheumatol., 1991 18, 1026-34. 

[78] Golombek, SJ; Graus, F; Elkon, KB. AutoAbs in the cerebrospinal fluid of patients 
with systemic lupus erythematosus. Arthritis Rheum., 1986 29, 1090-7. 

[79] Teh, LS; Bedwell, AE; Isenberg, DA; Gordon, C; Emery, P; Charles, PJ; Harper, M; 
Amos, N; Williams, BD. Antibodies to protein P in SLE. Ann. Rheum. Dis., 1992 51, 
489-94.

[80] Reichlin, M. Cellular dysfunction induced by penetration of autoantibodies into living 
cells: cellular damage and dysfunction mediated by antibodies to dsDNA and 
ribosomal P proteins. J. Autoimmun., 1998 11, 557-61. 

[81] Lindqvist, KJ; Osterland, CK. Human antibodies to vascolar endothelium. Clin. Exp. 
Immunol., 1971 9, 753-60. 

[82] D’Cruz, DP; Houssiau, FA; Ramirez, G; Baguley, Y; McCutcheon, J; Vianna, J; 
Haga, HJ; Swana, GT; Khamashta, MA; Taylor, JC; Davies, DR; Hughes, GRV. 
Antibodies to endothelial cells in systemic lupus erythematosus: a potential marker 
for nephritis and vasculitis. Clin. Exp. Immunol., 1991 85, 254-61. 

[83] Papa, ND; Raschi, E; Moroni, G; Panzeri, P; Borghi, MO; Ponticelli, C; Tincani, A; 
Balestrieri, G; Meroni, PL. Anti-endothelial cell IgG fractions from systemic lupus 
erythematosus patients bind to human endothelial cells and induce a pro-adhesive and 
a pro-inflammatory phenotype in vitro. Lupus, 1999 8, 423-9. 

[84] Armitage, JD; Homer-Vanniasinkam, S; Lindsey, NJ. The role of endothelial cell 
reactive antibodies in peripheral vascular disease. Autoimmun. Rev., 2004 3, 39-44. 

[85] Song, J; Park, YB; Lee, WK; Lee, KH; Lee, SK. Clinical association of anti-
endothelial cell antibodies in patients with systemic lupus erythematosus. Rheumatol.
Int., 2000 20, 1-7. 

[86] Meroni, PL; Tincani, A; Sepp, N; Raschi, E; Testoni, C; Corsini, E; Cavazzana, I; 
Pellegrini, S; Salmaggi, A. Endothelium and the brain in CNS lupus. Lupus, 2003 
129, 19-28. 

[87] Valesini, G; Alessandri, C; Celestino, D; Conti, F. Anti-endothelial antibodies and 
neuropsychiatric systemic lupus erythematosus. Ann. NY Acad. Sci., 2006 1069, 118-
28.

[88] Shortall, E; Isenberg, D; Newman, SP. Factor associated with mood and mood 
disorders in SLE. Lupus, 1995 4, 272-9. 

[89] Margutti, P; Sorice, M; Conti, F; Delunardo, F; Racaniello, M; Alessandri, C;
Siracusano, A; Riganò, R; Profumo, E; Valesini, G; Ortona, E. Screening of an 



Autoantibodies as Prognostic or Diagnostic Markers… 173

endothelial cDNA library identifies the C-terminal region of Nedd5 as a novel 
autoantigen in systemic lupus erythematosus with psychiatric manifestations. Arthritis
Res. Ther., 2005 7, R896-R903. 

[90] Vega, IE; Hsu, SC. The septin protein Nedd5 associates with both the exocyst 
complex and microtubules and disruption of its GTPase activity promotes aberrant 
neurite sprouting in PC12 cells. Neuroreport, 2003 14, 31-7. 

[91] Surka, MC; Tsang, CW; Trimble, WS. The mammalian septin MSF localizes with 
microtubules and is required for completion of cytokinesis. Mol. Biol. Cell, 2002 13, 
3532-45.

[92] Martinez, C; Ware J. Mammalian septin function in hemostasis and beyond. Exp.
Biol. Med., 2004 229, 1111-9. 

[93] Peng, XR; Jia, Z; Zhang, Y; Ware, J; Trimble, WS. The septin CDCrel-1 is 
dispensable for normal development and neurotransmitter release. Mol. Cell Biol.,
2002 22, 378-87. 

[94] Kinoshita, A; Kinoshita, M; Akiyama, H; Tomimoto, H; Akiguchi, I; Kumar, S; 
Noda, M; Kimura, J. Identification of septins in neurofibrillary tangles in Alzheimer’s 
disease. Am. J. Pathol., 1998 153, 1551-60. 

[95] Cline, AM; Radic, MZ. Apoptosis, subcellular particles, and autoimmunity. Clin.
Immunol., 2004 112, 175-82. 

[96] White, S; Rosen A. Apoptosis in systemic lupus erythematosus. Curr. Opin. 
Rheumatol., 2003 15, 557-62. 

[97] Pittoni, V; Valesini, G. The clearance of apoptotic cells: implications for 
autoimmunity. Autoimmun. Rev., 2002 1, 154-61.

[98] Stinton, LM; Eystathioy, T; Selak, S; Chan, EK; Fritzler, MJ. Autoantibodies to 
protein transport and messenger RNA processing pathways: endosomes, lysosomes, 
Golgi complex, proteasomes, assemblyosomes, exosomes, and GW bodies. Clinical
Immunol., 2004 110, 30-44. 

[99] Harris, EN, Pierangeli, S. Antiphospholipid antibodies and cerebral lupus. Ann. NY 
Acad. Sci., 1997 823, 270-8. 

[100] Sanna, G; Bertolaccini, ML; Cuadrado, MJ; Laing, H; Khamashta, MA; Mathieu, A; 
Hughes, GR. Neuropsychiatric manifestations in systemic lupus erythematosus: 
prevalence and association with antiphospholipid antibodies. J. Rheumatol., 2003 30, 
985-92.

[101] Mok, CC; Lau, CS; Wong, RW. Neuropsychiatric manifestations and their clinical 
associations in southern Chinese patients with systemic lupus erythematosus. J.
Rheumatol., 2001 28, 766-71. 

[102] Afeltra, A; Garzia, P; Mitterhofer, AP; Vadacca, M; Galluzzo, S; Del Porto, F; 
Finamore, L; Pascucci, S; Gasparini, M; Lagana, B; Caccavo, D; Ferri, GM; 
Amoroso, A; Francia, A. Neuropsychiatric lupus syndromes: relationship with 
antiphospholipid antibodies. Neurology, 2003 61, 108-10. 

[103] Ravelli, A; Caporali, R; Di Fuccia, G; Zonta, L; Montecucco, C; Martini, A. 
Anticardiolipin antibodies in pediatric systemic lupus erythematosus. Arch. Pediatr. 
Adolesc. Med., 1994 148, 398-402. 



Paola Margutti, Federica Delunardo, Tania Colasanti et al. 174

[104] Emmi, L; Bramati, M; De Cristofaro, MT; Mascalchi, M; Dal Pozzo, G; Marconi, 
GP; Massai, G; Passaleva, A. MRI and SPECT investigations of the CNS in SLE 
patients. Clin. Exp. Rheumatol., 1993 11, 13-20. 

[105] Seaman, DE; Londino, AV Jr; Kwoh, CK; Medsger, TA Jr; Manzi, S. 
Antiphospholipid antibodies in pediatric systemic lupus erythematosus. Pediatrics,
1995 96, 1040-5. 

[106] Reiff, A; Miller, J; Shaham, B; Bernstein, B; Szer, IS. Childhood central nervous 
system lupus; longitudinal assessment using single photon emission computed 
tomography. J. Rheumatol., 1997 24, 2461-5. 

[107] Lai, NS ; Lan, JL. Evaluation of cerebrospinal anticardiolipin antibodies in lupus 
patients with neuropsychiatric manifestations. Lupus, 2000 9, 353-7. 

[108] Martinez-Cordero, E; Rivera Garcia, BE; Aguilar Leon, DE. Anticardiolipin 
antibodies in serum and cerebrospinal fluid from patients with systemic lupus 
erythematosus. J. Investig. Allergol Clin. Immunol., 1997 7, 596-601. 

[109] Fields, RA; Sibbitt, WL; Toubbeh, H; Bankhurst, AD. Neuropsychiatric lupus 
erythematosus, cerebral infarctions, and anticardiolipin antibodies. Ann. Rheum. Dis.,
1990 49, 114-7. 

[110] Ziporen, L; Polak-Charcon, S; Korczyn, DA; Goldberg, I; Afek, A; Kopolovic, J; 
Chapman, J; Shoenfeld, Y. Neurological dysfunction associated with 
antiphospholipid syndrome:histopathological brain findings of thrombotic changes in 
a mouse model. Clin. Dev. Immunol., 2004 11, 67-75. 

[111] Sun, KH ; Liu, WT ; Tsai, CY; Liao, TS ; Lin, WM ; Yu, CL. Inhibition of astrocyte 
proliferation and binding to brain tissue of anticardiolipin antibodies purified from 
lupus serum. Ann. Rheum. Dis., 1992 51, 707-12. 

[112] Denburg, SD; Carbotte, RM; Ginsberg, JS; Denburg, JA. The relationship of 
antiphospholipid antibodies to cognitive function in patients with systemic lupus 
erythematosus. J. Int. Neuropsychol. Soc., 1997 3, 377-86. 

[113] Love, PE; Santoro, SA. Antiphospholipid antibodies: anticardiolipin and the lupus 
anticoagulant in systemic lupus erythematosus (SLE) and in non-SLE disorders. 
Prevalence and clinical significance. Ann. Intern. Med., 1990 112, 682-98. 

[114] Chapman, J; Cohen-Armon, M; Shoenfeld, Y; Korczyn, AD. Antiphospholipid 
antibodies permeabilize and depolarize brain synaptoneurosomes. Lupus, 1999 8, 
127-33.

[115] Karmochkine, M; Berard, M; Piette, JC; Cacoub, P; Aillaud, MF; Harle, JR; Godeau, 
P; Boffa, MC; Harlet, JR. Antiphosphatidylethanolamine antibodies in systemic lupus 
erythematosus. Lupus, 1993 2, 157-60. 

[116] De Mendonca Neto, EC ; Kumar, A ; Shadick, NA ; Michon, AM ; Matsudaira, P ; 
Eaton, RB ; Kumar, P ; Schur, PH. Antibodies to T- and L-isoforms of the 
cytoskeletal protein, fimbrin, in patients with systemic lupus erythematosus. J. Clin. 
Invest., 1992 90, 1037-42. 

[117] Asero, R; Origgi, L; Bertetti, E; D'Agostino, P; Riboldi, P. Detection of two 
associated precipitating autoantibodies (DA1 and DA2) in sera from patients with 
systemic lupus erythematosus. J. Clin. Lab. Immunol., 1988 26, 63-6. 



Autoantibodies as Prognostic or Diagnostic Markers… 175

[118] Costallat, LT; de Oliveira, RM; Santiago, MB; Cossermelli, W; Samara, AM. 
Neuropsychiatric manifestations of systemic lupus erythematosus: the value of 
anticardiolipin, antigangliosides and antigalactocerebrosides antibodies. Clin.
Rheumatol., 1990 9, 489-97.of the blood-brain barrier. 


