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Preface

Thirty-five years have passed since I started on working in the field of rheumatology
at the University of Tokyo Hospital in 1982. Thus far, during these 35 years, enor-
mous progress has been achieved in terms of genetics, immunology, diagnosis and
treatment of neuropsychiatric systemic lupus erythematosus (NPSLE). In particu-
lar, my own discovery of the elevation of cerebrospinal fluid (CSF) interleukin-6 in
NPSLE in 1990 has enabled us to make a correct diagnosis of NPSLE until now. On
the other hand, as for autoantibodies, both anti-ribosomal P protein antibodies and
anti-NMDAR NR2 antibodies have brought us great impact on our understanding of
the pathogenesis of diffuse NPSLE.

I was lucky to meet so many patients in the University of Tokyo Hospital, Teikyo
University Hospital and Kitasato University Hospital. Despite the remarkable prog-
ress mentioned above, there are still unmet needs in the field of NPSLE. Especially,
there are still such patients that could not be successfully saved. I always remember
one junior high school female student, who died of fulminant brainstem encephali-
tis that I had never seen before. Every effort to delineate the mechanism of the attack
was in vain. However, there must be a definite abnormality leading to the develop-
ment of such a fulminant disease in NPSLE. Hopefully, the mechanism will be dis-
closed by younger researchers in the near future. Several issues have been addressed
in this book along with the progress in the past three decades by leading specialists
in the respective field of NPSLE. It would be my enormous pleasure if this book will
make even a tiny contribution to such a great progress.

My special thanks go to all the authors of this book who make great contribu-
tions. I would also like to thank everybody who helped me to reach the point of
publishing this book, especially Prof. Masahisa Kyogoku who gave me helpful
advice on pathology as well as all the patients who trust us. Finally, we also thank
Springer US for this exciting opportunity.

Hyogo, Japan Shunsei Hirohata
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Chapter 1
Epidemiology of Neuropsychiatric
Systemic Lupus Erythematosus

Shunsei Hirohata

Abstract A variety of neuropsychiatric manifestations are observed in patients
with SLE. The American College of Rheumatology (ACR) developed standardized
nomenclature and case definitions for neuropsychiatric involvement in SLE
(NPSLE) in 1999. One of the problems in the 1999 ACR classification is the inclu-
sion of milder, less specific and more subjective manifestations such as headache,
mild cognitive dysfunction and mood disorders, which resulted in an enormous
variation in the prevalence between studies. Another critical point of the ACR clas-
sification is the lack of a number of other neurological manifestations, such as neu-
romyelitis optica spectrum disorders and reversible focal neurological deficits
mimicking cerebrovascular disease. Steroid psychosis is sometimes a difficult dif-
ferential diagnosis, but not necessarily an exclusion, of lupus psychosis. CSF IL-6
might be one of the surrogate markers to detect patients with headache, cognitive
dysfunction and mood disorders, requiring immunosuppressive therapy.

Keywords Epidemiology - Prevalence - American College of Rheumatology
Classification - Mortality

1.1 Introduction

Neuropsychiatric involvement in systemic lupus erythematosus (SLE) is one of the
recalcitrant complications of the disease, leading to substantial impairment of
quality of life as well as disability [1, 2]. A variety of neuropsychiatric manifestations
are seen in patients with SLE. Thus, such complexity has made it difficult to make
a correct diagnosis and introduce an appropriate treatment. The American College
of Rheumatology (ACR) developed standardized nomenclature and case definitions
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for neuropsychiatric involvement in SLE (NPSLE) in 1999, which has enabled the
epidemiological studies to be performed on an equal basis [3].

In this chapter, the overall epidemiological features in NPSLE will be described.
Furthermore, the limitations in the ACR nomenclature will be discussed.

1.2 Classification

The first attempt for classification of NPSLE was the inclusion of seizures, psycho-
sis and focal neuropsychiatric events in the preliminary SLE classification in 1971
[4]. In the 1982 ARA revised criteria for SLE only seizures and psychosis were
included [5]. In 1985, Harris and Hughes summarized the classification of manifes-
tations of NPSLE in the literature, providing the prevalence of various neuropsychi-
atric manifestations in several studies (Table 1.1) [2]. In this classification,
psychiatric manifestations were classified into 2 categories, including organic brain
syndrome and non-organic brain syndrome [2]. Organic brain syndrome, originally
created for discrimination of psychiatric disturbances due to physical causes from
functional psychiatric disorders, was characterized by impairment of orientation,
perception, memory, or intellectual function [6]. Non-organic brain syndrome was
characterized by neurosis, depression, psychosis or schizophrenia [7]. Most series
of studies reported that psychiatric abnormalities and seizures were the most fre-
quent neuropsychiatric disorders of SLE. In fact, both psychiatric abnormalities and
seizures are included in the 1982 revised criteria for the classification of SLE [5].

Table 1.1 The frequency of neuropsychiatric manifestations in selected series of patients with
SLE

Authors

(study design) [Reference]
Clinical Gibson and Mayers Grigor et al.
manifestations (retrospective) [1] (prospective) [6]
Number of patients studied 80 50
All neuropsychiatric features 51% 50%
Organic brain syndrome 19% 18%
Psychiatric illness 8% 22%
Seizures 20% 14%
Cranial nerve palsies 4% 16%
Stroke 10% 16%
Movement disorders® 4% 4%
Myelopathy 3% -
Peripheral neuropathy 2% 6%
Visual defects 2% -
Aseptic meningitis 1% -

2 Movement disorders include with cerebellar ataxia and chorea
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Table 1.2 The American
College of Rheumatology
nomenclature and case

definitions for >
neuropsychiatric lupus Cerebrovascular disease

Central nervous system

Neurologic syndromes

Aseptic meningitis

syndromes (1999) Demyelinating syndrome

Headache (including migraine and
benign intracranial hypertension)

Movement disorder (chorea)

Myelopathy

Seizure disorders

Diffuse psychiatric/
neuropsychological syndromes

Acute confusional state

Anxiety disorder

Cognitive dysfunction
Mood disorder
Psychosis

Peripheral nervous system

Acute inflammatory demyelinating
polyradiculoneuropathy (Guillain-
Barré syndrome)

Autonomic disorder

Mononeuropathy, single/multiplex

Myasthenia gravis

Neuropathy, cranial

Plexopathy

Polyneuropathy

All types of seizures, including generalized seizures and focal seizures, may
occur [2]. Organic brain syndrome, non-organic brain syndrome and seizures were
the most frequent disorders [2]. It should be noted that seizures may arise alone or
sometimes be associated with psychiatric abnormalities [8, 9].

The 1999 ACR nomenclature and case definitions for neuropsychiatric involve-
ment in SLE consist of 12 central nervous system (CNS) manifestations and 7
peripheral nervous system (PNS) manifestations, which are considered to be related
with SLE (Table 1.2) [3]. The 1999 ACR nomenclature and case definitions provide
diagnostic criteria, exclusion criteria to rule out neuropsychiatric events unrelated to
SLE, associations to consider concomitant or pre-existing comorbidities, a set of
recommendations to confirm each neuropsychiatric events as appendix [3].

Since the term “organic brain syndrome” is sometimes misleading, it has been
replaced by the term “diffuse psychiatric/neuropsychological syndromes” in the
1999 ACR nomenclature and case definitions [3]. Thus, organic brain syndrome and
non-organic brain syndrome were reformed into 5 domains of diffuse psychiatric/
neuropsychological manifestations, including acute confusional state, anxiety
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disorder, cognitive dysfunction, mood disorder and psychosis [3]. Among these,
acute confusional state is the most severe manifestation, requiring extensive
immunosuppressive therapy and sometimes resulting in poor prognosis [3, 10].
Acute organic brain syndrome and chronic organic brain syndrome in the previous
classification are considered to correspond to acute confusional state and cognitive
dysfunction, respectively, in the 1999 ACR criteria [2, 3]. Diffuse psychiatric/
neuropsychological manifestation is sometimes called as lupus psychosis.

The frequency of each manifestation is variable depending mainly on the nature
of the studies. Thus, headache is more frequent in the prospective studies, since
milder forms of headache might be overlooked in the retrospective studies. Of note,
in the study by Steup-Beekman et al., which included the patients referred for the
purpose of evaluation on MRI scans, the frequencies of cerebrovascular disease,
headache and cognitive dysfunction are much higher than those in other studies
[11].

It should be pointed out that the ACR nomenclature and definitions contain such
manifestations that might consist of different degrees of severity. For example,
cognitive dysfunction comprises of manifestations from mild subclinical deficits to
severe dementia, the former being more commonly observed even in the general
population [12].

1.3 Demographic Features of NPSLE

1.3.1 Prevalence

A number of studies have explored the demographic features of NPSLE. The
reported overall prevalence of NPSLE in the previous studies ranges widely between
14 to 95%, even after the introduction of 1999 ACR nomenclature and definitions
[13-16]. A number of factors are involved in such variation between studies,
including the design of the study, differences in selection criteria and ethnic
differences in the studied population. In general, studies with a larger number of
patients would result in less selection bias. However, even in studies with the largest
cohorts of SLE patients, the prevalence of NPSLE was variable with a range from
19% to 57%, although the variation was smaller than studies with smaller number
of patients [12, 17, 18]. It should be remembered that less specific manifestations
such as headache, cognitive dysfunction, mood disorders tend to be more commonly
observed even in the general population [12]. The inclusion or exclusion of minor
neuropsychiatric manifestations, such as mild cognitive dysfunction detected only
by a structured battery test, would result in a significant variability of the prevalence
[14, 17].

The results of a meta-analysis of 5057 SLE patients have revealed the prevalence
of NPSLE of 44.5% in prospective studies and 17.6% in retrospective studies
(Table 1.3) [19]. In the subanalysis of the 10 prospective and elicited studies of
higher quality (2049 patients) using the random effects model, the prevalence of NP
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Table 1.3 Prevalence of neuropsychiatric manifestations according to study design

Study design
All patients Prospective/ elicited Retrospective studies
(n=5057) studies (n = 2049) (n=3008)

Clinical Number

manifestations Prevalence Prevalence Prevalence p value

Headache 617 23.3% 4.7% p <0.001
12.2%

Mood disorder 376 14.9% 2.3% p <0.001
7.4%

Seizure disorder 356 8.0% 6.4% p=0.03
7.0%

Cognitive 334 13.9% 1.6% p<0.001

dysfunction 6.6%

CVD 255 7.2% 3.6% p <0.001
5.0%

Psychosis 165 3.9% 2.8% p=0.03
3.3%

Acute confusional | 155 3.9% 2.5% p =0.004

state 3.1%

Anxiety disorder 121 5.3% 0.4% p <0.001
2.4%

Polyneuropathy 76 3.0% 0.5% p <0.001
1.5%

Cranial neuropathy |49 1.7% 0.5% p <0.001
1.0%

Aseptic meningitis | 46 0.3% 1.3% p <0.001
0.9%

Myelopathy 45 1.0% 0.8% p=0.40
0.9%

Mononeuropathy 45 1.5% 0.5% p <0.001

(single, multiplex) | 0.9%

Movement disorder |36 0.9% 0.6% p=0.25
0.7%

Demyelinating 17 0.3% 0.3% p=0.96

syndrome 0.3%

Myastenia gravis 8 0.4% 0% p <0.001
0.2%

AIDP(GBS) 4 0.1% 0.1% p=0.70
0.1%

Autonomic disorder |4 0.1% 0% p=0.16
0.1%

Total 2709 44.5% 17.6% p <0.001
28.5%

* Plexopathy was omitted due to the presence of no patient [19]
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SLE patients was estimated to be 56.3%, and the most frequent neuropsychiatric
were headache 28.3%, mood disorders 20.7%, cognitive dysfunction 19.7%,
seizures 9.9%, and cerebrovascular disease 8.0%, although there was a significant
variation between studies [19]. In a recent study with lupus Canadian cohort
including 1253 patients with mean disease duration of 12 years, the prevalence of
NPSLE varied depending on the definition used: 6.4% in a group of NPSLE with
seizures or psychosis by ACR classification criteria; 38.6% in a group with seizures,
psychosis, organic brain syndrome, cerebrovascular accident, cognitive dysfunction,
headache, cranial or peripheral neuropathy, and transverse myelitis with minor
nonspecific manifestations such as mild depression, mild cognitive impairment, and
electromyogram-negative neuropathies [20]. Thus, one should assume that it is
difficult to obtain the exact figure of the prevalence for “NPSLE”.

1.3.2 Age of Onset and Ethnicity

Although SLE is more frequent in females of child-bearing age, a similar gender-
related tendency is not so evident in NPSLE [21]. As for ethnicity, Hispanics,
African descendants and Asians were found to develop NPSLE more frequently
than Caucasians [22-25]. Notably, Asian patients also have more severe disease
activities of SLE, and possibly NPSLE, compared with Caucasians [22].

NPSLE may frequently occur early in the course of SLE. Thus, neuropsychiatric
manifestations develop within the first or second year after diagnosis of SLE in
about 50% of the patients [15]. Notably, some reports disclosed that 28-40% of
NPSLE-related events occur before or around the time of the diagnosis of SLE [26,
27]. Thus, one needs to keep it in mind that NPSLE might be the initial manifestation
of SLE.

1.3.3 Risk Factors

There have been at least 3 major risk factors for NPSLE acknowledged by 2010
EULAR recommendations [10] as well as by other studies. First, generalized SLE
disease activity and cumulative damages have been shown to be associated with an
increased risk of seizures and severe cognitive dysfunction [28-31]. Second,
previous or concurrent occurrences of major NPSLE events, particularly stroke and
seizures, have been found to predict similar recurrent events in the future [32, 33].
Third, anti-phospholipid antibodies were associated with cerebrovascular disesse
(CVD) [29, 32], seizures [17, 28, 34], myelopathy [35], movement disorders [17]
and moderate to severe cognitive dysfunction [17, 30, 36]. The results in the
prospective study using the SLICC inception cohort disclosed that Iupus
anticoagulant (LAC) at baseline was associated with the development of cerebral
thrombosis and that anti-ribosomal P antibodies were found to be a risk factor for
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the occurrence of psychosis [37]. Therefore, it is suggested that the expression of
certain autoantibodies due to the SLE disease activity might most likely predict the
risk for NPSLE.

1.4 The Limitations of 1999 ACR Nomenclatures
and Definitions

First of all, as mentioned above, it should be pointed out that in the 1999 ACR
nomenclature and definitions milder forms of neuropsychiatric manifestations are
included, such as headache, minor cognitive dysfunctions and subtle mood disorders
[3]. In cases with these manifestations, there are a large number of patients who do
not need immunosuppressive therapy and usually improve only with a conservative,
symptomatic or supportive therapy. However, there are a fraction of patients with
cognitive dysfunction or mood disorder who require immunosuppressive therapy
[10, 38, 39]. Needless to say, the ACR criteria do not refer to the discrimination of
such a fraction of patients. In addition, for lupus headache, included in SLEDAI-2 K
[40] and in British Isles Lupus Assessment Group 2004 index [41], corticosteroids
(1 mg/kg/day prednisone) proved to be more effective than conventional antimigraine
therapy [42]. Thus, it is mandatory to discriminate patients with these manifestations
who need immunosuppressive therapy from those who require only supportive
therapy. In fact, there are some studies that claimed to exclude milder, less specific
and more subjective NP syndromes such as headache, mild cognitive dysfunction
and mood disorders along with peripheral neuropathy in order to increase the
specificity for SLE [13].

On the next topic, CVD is defined as neurologic deficits usually due to arterial
insufficiency or occlusion, venous occlusion disease, or hemorrhage [3] . Most of
the patients with CVD have evidence of thrombosis due to antiphospholipid
antibodies and suffer from irreversible neurological damages, which do not respond
to immunosuppressive therapy [43]. Meanwhile, recent studied have disclosed the
presence of patients showing neurological focal deficits along with MRI
abnormalities which respond to immunosuppressive therapy to improve almost
completely [44]. Such reversible focal neurological deficits have not been included
in the 1999 ACR nomenclature [3]. Thus, one cannot help classifying such disorders
as CVD.

Finally, in the 1999 ACR nomenclature, myelopathy does not discriminate neu-
romyelitis optica spectrum disorders (NMOSD) caused by anti-AQP-4 antibodies
from transverse myelitis due to vasculitis [45]. These 2 conditions result in different
prognosis, and therefore need to be differentiated. Even the ACR criteria encourage
the classification of Devic’s syndrome (currently NMOSD) as both myelopathy and
demyelinating syndrome. It is quite doubtful that NMOSD most suitably classified
as demyelinating syndrome in the 1999 ACR nomenclature and definitions [3].
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Definitely, reclassification of demyelinating syndrome and myelopathy would be
mandatory in the future.

1.5 NPSLE in Childhood

In general, patients with pediatric SLE has been associated with greater severity and
poorer prognosis than those with adult SLE [46, 47]. There have been few studies
comparing clinical features and prevalence of NPSLE in children and adults.
Overall, neurological manifestations are more severe in children, leading to
permanent damages at higher rates than adults [48—50]. Previous studies in children
over a 6-year study period revealed that neurological manifestations were more
common than lupus nephritis (95% versus 55%) [46]. The common NPSLE
manifestations in this longitudinal study included headaches in 72% of children,
mood disorder in 57%, cognitive dysfunction in 55%, seizure disorder in 51%, acute
confusional disorder in 35%, peripheral nervous system impairment in 15%,
psychosis in 12%, and stroke in 12%.

Somewhat strangely, although pediatric SLE patients were found to present more
frequent renal disease and encephalopathy than adults [51], long-term survival for
pediatric patients with NPSLE was as high as 97% [52].

Of note, the presence of antiphospholipid antibodies was seen in 70% of children
as compared with 25-30% in adult SLE patients in the study by Harel et al. [53].
However, their association with NPSLE was unremarkable except for CVD [53].
Although neurocognitive deficits have been found in 55-59% of pediatric SLE
patients [46, 54], the true prevalence rates and impacts on academic performance as
well as on quality of life status remain to be elucidated [55].

1.6 Steroid Induced Psychosis

It is often difficult to determine whether psychiatric manifestations are caused by
SLE itself (NPSLE) or induced by steroids (steroid psychosis), especially when the
patients present the manifestations during the course of SLE. Steroid psychosis is
defined as psychiatric syndrome that newly appears after the introduction or increase
of steroids in patients with SLE. The incidence of steroid psychosis appears to be
much lower than expected. Thus, it has been reported that approximately 5.4%
(28/520) presented steroid psychosis [56]. Similar incidence rate (5%) of steroid
psychosis has been reported in the other study [57].

It should be noted that about 50% of patients with diffuse NPSLE presented
apparent manifestations after the induction or increase of steroid. Therefore,
surrogate markers for diffuse NPSLE, such as CSF IL-6 [58], would be important
and useful for the correct diagnosis. It is also notable that ACS is much more
frequently observed in diffuse NPSLE than in steroid psychosis, whereas mood
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Table 1.4 Comparison of neuropsychiatric manifestations between lupus psychosis and steroid

psychosis
Lupus psychosis (NPSLE)* | Steroid-induced psychosis

Neuropsychiatric manifestations (n=37) (n=25)

Acute confusional state 22 0

Psychosis 4 3

Anxiety disorder 2 2

Mood disorder 7 19

Cognitive dysfunction 2 1

?One patient showed anxiety disorder and mood disorder, one patient presented acute confusional
state and psychosis and one patient had acute confusional state with anxiety disorder and mood
disorder

disorder is much more common in steroid psychosis in our series of patients
(Table 1.4).

1.7 Mortality

It has been reported that patients with SLE have a 3 fold increased risk of mortality
with standardized mortality ratio (SMR) [59, 60], the ratio between the observed
number of deaths of patients and the expected number of deaths in the general
population adjusted for age, sex and time of diagnosis. SMR increases to 6 in lupus
nephritis, and to 9.5 (95% CI 6.7-13.5) in NPSLE [60]. Thus, in NPSLE the five-
year survival estimate and the 10-year survival estimate were 0.85 and 0.76,
respectively [60]. As can be expected, hazard ratios (HRs) were highest in patients
with acute confusional state (HR 3.4). We have recently demonstrated that the
presence of abnormalities on MRI scans significantly increased the mortality of
patients with ACS (5-year survival 0.55 compared with 1.9 in patients without MRI
abnormalities) [61]. In patients with NPSLE, most common causes of death were
infection and NPSLE itself [60].

Of interest, a decreased mortality risk was seen in patients with antiplatelet ther-
apy (HR 0.22) [60]. It is suggested that such effect of anti-platelet therapy might be
due to its action on CVD or atherosclerosis. However, prospective studies need to
be done to draw any definite conclusion.

1.8 Emerging Problems from the Epidemiological Studies

As mentioned above, the most critical issue on the 1999 ACR nomenclature and
definition [3] is that a minor and milder manifestations are mixed up with a serious
manifestation within each category, especially headache, cognitive dysfunction and
mood disorders [3]. For example, the prevalence of all headache types, particularly
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that of tension-type headache and migraine, does not differ between SLE patients
and the general population [62]. Thus, it remains unclear which type of headache is
caused by immunological processes related with SLE and requires immunosup-
pressive therapy. In this regard, it has been found that headache due to intracranial
hypertension and intractable non-specific headache, but not migraine, are
characterized by the inflammatory profile in CSF, such as the elevation of IL-6, IL-
8, and IP-10 [63], providing rationale for immunosuppressive therapy.

The ACR committee also proposed a standard battery of neuropsychologic tests
to detect cognitive dysfunction [3]. However, such a test would be sometimes
confusing, resulting in inclusion of patients with subclinical cognitive dysfunction
who do not require immunosuppressive therapy. It is therefore likely that the
prevalence of cognitive dysfunction in retrospective studies might reflect the real
prevalence of patients who require immunosuppressive therapy. Similarly, as to
mood disorders, the retrospective studies might provide the more likely prevalence
of patients requiring immunosuppressive therapy. Some testing is necessary to
determine whether the patients require the immunosuppressive therapy instead of
detecting very subtle changes in cognitive function. In this regard, CSF IL-6 has
been shown to be useful to make a differential diagnosis of patients with diffuse
NPSLE, including cognitive dysfunction and mood disorders, from those with
psychiatric manifestations not requiring immunosuppressive therapy [64].

In conclusion, although the prevalence of headache, cognitive dysfunction and
mood disorders is relatively high in the prospective studies, the percentage of
patients who required immunosuppressive therapy is very limited, possibly
accounting for the lower prevalence of these manifestations in the retrospective
studies. It should be emphasized that the establishment of surrogate markers to
detect patients requiring immunosuppressive therapy.

1.9 Summary

A variety of neuropsychiatric manifestations occur in patients with SLE. The ACR
developed standardized nomenclature and case definitions for NPSLE in 1999,
which has enabled the epidemiological studies to be performed on an equal basis.
One of the problems in the 1999 ACR classification is the inclusion of minor and
milder and less specific manifestations, including headache, mild cognitive
dysfunction and mood disorders, resulting in some confusion in the decision of
immunosuppressive therapy. Another critical point of the ACR classification is the
lack of attention to a number of other neurological manifestation, especially
NMOSD, posterior reversible encephalopathy syndrome and reversible focal
neurological deficits mimicking CVD. The overall prevalence of NP SLE was
estimated to be 56.3%, predominantly affecting CNS (93.1%) rather than PNS
(6.9%). Hispanics, African descendants and Asians were found to develop NPSLE
more frequently as well as severely than Caucasians. NPSLE usually occur early in
the course of SLE. It should be kept in mind that steroid psychosis is sometimes a
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differential diagnosis, but not necessarily an exclusion, of lupus psychosis. NPSLE
increased the mortality rate with SMR 9.5. It should be emphasized that the
establishment of surrogate markers to detect patients with headache, cognitive
dysfunction and mood disorders requiring immunosuppressive therapy is important
for a better management of patients with NPSLE.
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Chapter 2
Genetics

Naoyuki Tsuchiya

Abstract Extensive studies revealed more than 70 strong candidate regions for sus-
ceptibility genes to systemic lupus erythematosus (SLE), and efforts to identify the
causative variants in each candidate region are under way. The list of candidate
genes points to the crucial pathways that play a role in the development of SLE,
such as HLA and immune system signaling, upregulated type I interferon and
nucleic acids response, and defective clearance of dying cells. Among these path-
ways, type I interferon pathway may be particularly relevant to neuropsychiatric
SLE (NPSLE), because Aicardi-Goutieres syndrome (AGS), a group of single gene
diseases with enhanced type I IFN response and exhibits severe central nervous
system symptoms, has some similarities with SLE. In fact, variants in some of the
genes responsible for AGS are also reported in familial and sporadic patients with
SLE. On the other hand, the efforts to identify NPSLE associated genes using case-
case association analysis have not been very successful thus far. In the future, large-
scale case-case association analysis, not limited to the genes associated with overall
SLE, may be necessary in order to identify variants associated with clinical subphe-
notypes including neuropsychiatric manifestations.

Keywords Genetics - Systemic Lupus Erythematosus - Neuropsychiatric - Type I
interferon - TREX1

2.1 Introduction

Although the etiology of systemic lupus erythematosus (SLE) remains unclear, sev-
eral lines of evidence from genetic epidemiology strongly support the hypothesis that
the majority of the patients with SLE are caused by a combination of multiple genetic
as well as environmental factors. Although SLE is not inherited in a mendelian
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fashion except for a small number of patients, siblings of SLE patients have 8~29 fold
higher risk for developing SLE when compared with general population [1].
Concordance between monozygotic twins is much higher than between dizygotic
twins (24% versus 2%) [2]. In addition, the prevalence of SLE is higher in populations
of African and Asian ancestry as compared with European-ancestry populations [3].

Efforts to detect genetic variants associated with SLE started in the 1970’s, using
candidate gene approach. Since the 2000’s, genome-wide association studies
(GWAS) designed to genotype millions of single nucleotide polymorphisms (SNPs)
across the genome identified a number of strong candidate regions across the
genome that are associated with susceptibility to or protection against
SLE. Subsequently, new methodologies such as microarrays to genotype SNPs in
the immune system genes across the genome (Immunochip) [4, 5] and imputation
of GWAS [6] to combine the studies on multiple populations increased the number
of convincing candidate regions (reviewed in [7]). Furthermore, attempts to pin-
point the functional variants which can explain the genetic association of each
region (“‘causative” variants) using next generation sequencing have started [8].

It has been proposed that SLE might be actually composed of multiple subgroups
defined by different sets of clinical characteristics [9]. If this is the case, some
genetic variants may be associated with specific clinical characteristics, although
efforts to identify such variants have not been very fruitful thus far.

In this chapter, I will review the current understanding of genetics of overall
SLE. I will also discuss the attempts to find the gene variants specifically associated
with neuropsychiatric SLE (NPSLE), although this area of research still appears to
be an open field.

2.2 Genetics of Overall SLE

Table 2.1 lists more than 70 chromosomal regions encompassing either the variants
with genome-wide significance (P < 5 x 107%), replicated candidate gene variants, or
rare variants reported to be causative in familial or possibly mendelian forms of
SLE. The plausible candidate genes in each region are also listed; however, only in
a small number of these regions the causative variants driving the genetic associa-
tion have been convincingly identified, along with their molecular mechanisms.
Nevertheless. the list of the candidate genes points to several molecular pathways
which probably play a crucial role in the development of SLE. I will discuss some
of such pathways.

2.2.1 Major Histocompatibility Complex (MHC) Region

In the Caucasian populations, the haplotypes carrying HLA-DRBI1%03:01,
DRBI1*15:01 and DRB1*08:01 have been shown to be associated with SLE [10].
DRB1%03:01 is encoded by a haplotype A*01:01-B*08:01-C*07:01-DRB1%03:01-
DQAI1#%05:01-DQB1%02:01 (DRB1%03:01 haplotype), which is the most prevalent
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Table 2.1 Plausible candidate susceptibility genes to systemic lupus erythematosus in 2017

Plausible candidate

Suggested molecular pathways of

Chromosome | genes Study design | association
1 Ccl10 Familial SLE | Clearance of dead cells and immune
complexes
PTPN22 Candidate Inhibitory signaling in T cells
gene, GWAS
FCGR2A, 3A, 3B Candidate Immune complex clearance
gene. GWAS
FCGR2B Candidate Inhibitory signaling in B cells,
gene dendritic cells and monocytes
TNFSF4 (0OX40L) Candidate T cell activation
gene. GWAS
NCF2. SMG7 GWAS NADPH oxidase subunit (NCF2),
nonsense mediated mRNA
decay (SMG7)
PTPRC (CD45) GWAS Signaling in T cells and B cells
IKBKE Candidate NF-kB activation
gene, GWAS
ILI10 Candidate B cell activation, Th1/Th2 balance
gene, GWAS
LYST GWAS Lysosomal trafficking regulation
2 LBH GWAS
SPRED?2 GWAS
IFIHI(MDAS) Candidate Cytoplasmic RNA sensor, type |
gene. GWAS | interferon(IFN) induction
STAT4 Candidate IL-12 signaling, Thl differentiation
gene, GWAS
IKZF2 GWAS Lymphocyte differentiation
RASGRP3 GWAS Regulation of TLR signal
3 ABHDO6, PXK GWAS
IL12A GWAS Thl differentiation
TREX1 Rare variant Cytoplasmic DNA degradation
DNASEIL3 Familial SLE | Degradation of DNA in apoptotic
microparticles
TMEM39A GWAS,
Immunochip
4 BANK1 GWAS B cell signaling
DGKQ Immunochip
5 TCF7, SKP1 GWAS Transcription factor in T cells (TCF7),
ubiquitination (SKP1)
TNIP1 GWAS Regulation of NF-kB activation
MIRI146A GWAS Anti-inflammatory effect
ILI2B Immunochip | IL-12 and IL-23 signals involved in T
cell activation
TERT Immunochip | Teromerase reverse transcriptase

(continued)
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Plausible candidate

Suggested molecular pathways of

Chromosome | genes Study design | association
6 ATXNI GWAS
MHC region Candidate Antigen presentation,
gene, GWAS | immunoregulation (HLA genes),
clearance of apoptotic cells and
immune complexes (C4, C2)
DEF6 Immunochip | Regulation of IRF4
UHRFIBP1 GWAS
BACH?2 GWAS Regulation of antibody production in B
cells
PRDM1, ATG5 GWAS IFN suppression, B cell differentiation
(PRDM1), autophagy (ATGS5)
TNFAIP3 GWAS Regulation of NF-kB activation
LRRCI16A(CARMILI) |Immunochip
SLC17A4 Immunochip | Sodium/phosphate cotransporter in the
intestinal mucosa
7 JAZF1 GWAS Transcriptional repressor
IKZF1 GWAS Lymphocyte differentiation
GTF2IRDI, GTF2I, Immunochip Transcription factor (GTF2IRDI,
NCF1 GTF2I), NADPH oxidase subunit
(NCFI)
IRFS Candidate Induction of type [ IFN. IFN
gene, GWAS | stimulated genes and proinflammatry
cytokines
8 BLK GWAS B cell signaling
FAM86B3P Immunochip
PLAT Immunochip | Tissue type plasminogen activator
9 JAK?2 GWAS Cytokine receptor signaling
10 WDFY4 GWAS
ARID5B GWAS Transcription activator
11 IRF7 Candidate Induction of type I IFN and IFN
gene, GWAS | stimulated genes
CD44 Linkage study, | Lymphocyte activation, homing,
GWAS apoptosis
RNASEH2C GWAS Degradation of RNA in RNA-DNA
hybrids
DHCR7, NADSYNI GWAS
ETSI, FLII GWAS Transcription factors
PCNX3 Immunochip | Notch signaling
12 SH2B3 GWAS Regulatory adaptor
SLC15A4 GWAS Involved in TLR7, TLR9 induced type
I IFN production
CIR. CIS Familial SLE | Clearance of dead cells and immune

complexes

(continued)
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Plausible candidate

Suggested molecular pathways of

Chromosome | genes Study design | association
13 TNFSF13B (BAFF) GWAS B cell activation and differentiation
14 RADSIB GWAS Apoptosis
15 CSK GWAS Regulation of B cell signaling
RASGRP1 Immunochip | T cell and B cell differentiation
16 CIITA, SOCS1 Candidate Regulation of MHC class II expression
gene, GWAS | (CIITA), regulation of cytokine
signaling (SOCS1)
ITGAM GWAS Complement-mediated phagocytosis,
cell adhesion
ZFP90 (FIK) GWAS Transcription factor
IRF8 GWAS Induction of type I IFN and IFN-
stimulated genes
DNASEI Rare variant Degradation of apoptotic cell-derived
DNA
17 PLD2 GWAS Encodes phospholipase D2 involved in
signal transduction
IKZF3 GWAS Lymphocyte differentiation
CD226 Immunochip | Adhesion of platelets to endothelial
cells. NK cells and T cells functions
GRB2 Immunochip | Adaptor protein
19 TYK?2 Candidate Type I IFN signal transduction
gene, GWAS
SIGLEC6 Immunochip | Cell-cell adhesion involving B cells or
placenta
22 UBE2L3 GWAS Ubiquitin conjugating enzyme,
possibly involved in NF-kB activation
SYNGRI1 Immunochip | Neuronal synaptic transmissiom
X TLR7, TLRS Candidate Recognize single strand RNA and
gene activate type I IFN pathway
CXorf21 GWAS
IRAK1 Candidate IL-1 signal transduction
gene, GWAS
MECP2 Candidate Transcription regulation by binding to
gene, GWAS | methylated DNA

The regions encompassing either the variants with genome-wide significance (P < 5 x 107%),
replicated candidate gene variants, or rare variants reported to be causative in familial or possibly
mendelian form of SLE are listed

IFN interferon

haplotype among the northern European populations and is associated with multiple
autoimmune diseases.

In the Asians, the frequency of DRBI*03:01 in the general population is low, and
DRBI1#15:01 has been shown to be associated with SLE in the East Asian populations
[11], and possibly DRB1*15:02 in the Southeast Asian populations [12, 13]. Recent
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findings from Japan indicated protective association of DRBI*13:02 and
DRBI%14:03 with SLE [11]. Interestingly, DRBI*13:02 is associated with
protection against rheumatoid arthritis [14], antineutrophil cytoplasmic antibody
(ANCA) associated vasculitis (AAV) [15], systemic sclerosis [16] and polymyositis/
dermatomyositis [17] at least in the Japanese population. Thus, DRBI*13:02 is a
shared protective allele against multiple autoimmune rheumatic diseases [18].

In the MHC region, potentially relevant genes to SLE such as C4 and C2 are
encoded, and wide-range linkage disequilibrium (LD) is observed. Thus, it is
possible that variants on loci other than HLA might play a primary role, or at least
have an independent contribution. Independent contribution of DRBI-DQAI,
DPBI, MSH5, HLA-B and HLA-G variants has already been reported [19, 20]. In
addition, C4 gene has highly complicated copy number variations, and some studies
suggested independent genetic contribution of C4 genes [21].

Until recently, it was generally believed that the mechanism of association
between HLA and diseases may be explained by allele-specific presentation of
antigenic peptides to T cells. Although such pathogenic antigen peptides have not
been identified, recent studies reported that the genetic contribution of the MHC
region can be ascribed to specific amino acid sequences which constitute antigenic
peptide binding sites [22]. On the other hand, deep sequencing of HLA-D region
identified regulatory SNPs in the intergenic regions with independent genetic
effects, and the risk genotypes were associated with increased expression of
HLA-DR and DQ molecules. These functional regulatory SNPs are in LD with
HLA-DR or DQ alleles, suggesting that both the expression levels and amino acid
sequences of HLA class II peptide binding grooves play a role in the development
of SLE in combination [8].

2.2.2 Type I Interferon Pathway and Nucleic Acid Response
Genes

Genes induced by type I interferon (IFN) are strikingly upregulated in the peripheral
blood leukocytes from SLE (“type I IFN signature™) [23, 24]. In addition, variants
in a number of type I IFN induction pathway genes including IRF5 [25, 26], TLR7
[27,28], IFIHI, IRFS8 and TYK? [29] have been associated with SLE. In general, the
risk alleles are associated with enhanced induction of type I IFN and IFN stimulated
genes [30]. These findings suggest that individuals with predisposition to enhanced
response of type I IFN are associated with SLE.

The major triggers of type I IFN response are nucleic acids, most typically viral
DNA and RNA. Recently, Crow referred a group of autoinflammatory or antoimmune
disorders caused by single gene mutations in which upregulation of type I IFN plays
a critical role in the pathogenesis “type I interferonopathies” [31]. The most typical
type I interferonopathy is Aicardi-Goutieres syndrome (AGS), characterized by
early-onset neurological disorders including basal ganglia calcification, brain



2 Genetics 21

atrophy, increase in the lymphocytes and IFNa level in the cerebrospinal fluid.
Although AGS is by no means identical to SLE, skin lesion similar to SLE (chilblain
lupus) is frequently observed, and a recent study reported that a variety of
autoantibodies, including antinuclear antibodies and brain-reactive antibodies, are
frequently detected in the patients with AGS [32]. In fact, some patients meet the
American College of Rheumatology classification criteria for SLE [31, 33] .
Elevated level of IFNa in the cerebrospinal fluid was also described in lupus
psychosis [34].

Mutations that cause AGS are located most frequently in TREX, which degrades
single-stranded and double-stranded DNA (ssDNA and dsDNA), RNASEH?2A,

RNASEH2B and RNASEH?2C, which are the subunits of RNase H2 complex that
degrades RNA in RNA-DNA hybrids, and SAMHDI, which hydrolyses
deoxynucleotides and may also degrade RNA [31]. Loss-of-function mutations of
these genes may cause abnormal accumulation of nucleic acids and trigger type I
IFN response. In addition, gain-of-function mutation of I/FIHI has also been
reported in AGS [35].

Notably, variants of TREX1, RNASEH2A/2B/2C, SAMHD1 and IFIHI have been
associated with SLE either in a monogenic or polygenic fashion [29, 36-39]. Thus,
the similarity between AGS and SLE, especially NPSLE, may provide a clue to
elucidate the pathogenesis of NPSLE.

2.2.3 Defective Clearance of Dying Cell Nucleic Acids

A major source of extracellular nucleic acids is from dying or dead cells. Impaired
clearance of dead or dying cells has been shown in SLE [40]. Complete deficiency
of early complement components such as Clqg, Clr, Cls, C4 and C2 are very
strongly associated with SLE [41], and the mechanism is thought to involve defective
clearance of dead or dying cells. This leads to leakage of nucleosomes to extracellular
fluid, which are recognized by immune system, and results in production of
autoantibodies against dsDNA, ssDNA, RNA-protein complexes and histones.

Defective clearance of apoptotic cells also results in release of microparticles
containing chromatin. Microparticle chromatin is usually digested by DNASEILS3,
but loss-of-function mutation of this gene has been reported in familial SLE patients
[36, 42].

Furthermore, neutrophils undergo NETosis when stimulated for example by bac-
terial infection, and extrude DNA, histone and various proteins which are targets of
autoantibodies such as myeloperoxidase, proteinase 3 and citrullinated proteins.
These molecules form neutrophil extracellular traps (NETs). Normally, NETs are
degraded by DNase 1, the deficiency of which has been reported in SLE [43]. Thus,
it is possible that accumulation of extracellular DNA or RNA may trigger type I [IFN
response via TLR3, TLR7 and TLR9.
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2.2.4 Signaling Molecules in Immune System Cells

A substantial number of candidate susceptibility genes to SLE are involved in sig-
naling in the immune system cells. Many of them are regulators of NF-xB pathway,
including TNFAIP3 which encodes A20 [44], TNIPI which encodes ABIN1 [45],
IKBKE [46] and UBE2L3 [47]. In general, the risk alleles of these genes are sug-
gested to be associated with activation, and the protective allele with regulation, of
NF-kB activation.

B cell signaling molecules including BLK, which appears to regulate B cell
receptor signaling [48-51], and T cell signaling molecules including STAT4, which
isinvolved in IL-12 signaling to induce Th1 differentiation [51, 52], are also strongly
associated with SLE, underscoring the crucial role of adaptive immunity.

Recently, studies on Asian populations revealed that the region on chromosome
7 encompassing transcription factor genes GTF2IRDI and GTF2I is strikingly
associated with SLE, even more strongly than MHC region, in the Asian populations
[5]. This chromosomal region has a highly complicated structure, and also includes
NCF1, a subunit of NADPH oxidase, and one study reported that the association
signal is primarily ascribed to NCFI [53]. Further studies will be necessary to
determine the molecular mechanisms of association of this region.

2.3 Genetics of Neuropsychiatric SLE

In contrast to overall SLE, variants specifically associated with clinical subsets
remain largely undefined. In order to detect variants associated with NPSLE, the
patients with NPSLE should be compared with SLE without NP symptoms. Because
NPSLE accounts for a rather small proportion of SLE, most association studies
reported thus far analyzed small sample size, and convincing association has not
been reported. However, TREX1, whose mutations constitute the most frequent
cause of AGS which exhibits serious neurological complications, has been
intensively examined for rare as well as common variants in several studies. Here I
will review some reports which implicated the role of TREX] rare variants as well
as common SNPs in NPSLE. Reports on familial chilblain lupus with cerebral
vasculitis were excluded. Studies suggesting association of other genes are also
briefly discussed.

2.3.1 TREXI

De Vries et al. directly sequenced genomic DNA from 60 NPSLE patients for
exonic TREXI mutations, and identified a novel heterozygous missense mutation
(R128H) in one NPSLE patient. Brain MRI showed generalized atrophy, extensive
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symmetric cerebral white matter hyperintensities and cerebellar infarcts without
evidence for recent ischemia [38].

Ellyard et al. performed exome sequencing in a 4-year-old girl with cerebral
lupus and identified a rare, homozygous mutation RO7H in TREX that was predicted
to be highly deleterious. This product had a 20-fold reduction in exonuclease activity
and was associated with an elevated IFN signature [37].

Finally, Fredi et al. sequenced TREX gene in 51 SLE patients, and identified a
novel heterozygous variant (D130N) in one patient and in none of 150 controls.
Interestingly, when the eight patients with NP manifestations were compared with
43 patients without NP manifestations, a significantly higher minor allele frequency
of SNP rs11797 encoding a synonymous substitution was found in NPSLE (12/16
[75%] vs 28/86 [32.5%], P = 0.002, odds ratio [OR] 6.42) [54], suggesting that not
only rare variants, but common SNPs in TREX! may also be associated with
NPSLE. However, the number of patients with NPSLE was very small (n = 8), and
this interesting observation requires replication.

2.3.2 Other Candidate Genes

A meta-analysis on NPSLE association studies on /IL/B, ILIRN, IL6, IL10, ITGAM,
MBL2, TNF, FCGR2A/3A/3B, XRRCCI and VDR genes was reported in 2015 [55].
Among these genes, Fcy receptor genes reached nominal significance. FCGR3A-
158F/F genotype was associated with NPSLE (OR 1.887,P =0.026). FCGR3B-NA1/
NA2 was increased as compared with NA1/NA1 in NPSLE (OR 2.141, P = 0.032),
FCGR2A-131H/H was increased in NPSLE as compared with 131R/R genotype
(OR 3.113,P=0.048). FCGR3A-158F (also referred to as 176F) has weaker affinity
to IgG1 and IgG3 compared with 158V, and FCGR3B-NA2 has lower capacity of
phagocytosis. Both alleles have been reported to be associated with overall SLE in
some studies. On the other hand, FCGR2A-131H binds IgG2, while 131R does not
bind IgG2, and association with overall SLE has been reported for 131R rather than
131H. Therefore, the interpretation of association of these FCGR alleles seems to
be difficult, and because the sample size is rather small, further studies are required.

Striking association with NPSLE was reported in the SNPs in CD244, a SLAM
family member, in a Japanese population. The frequency of the rs6682654C allele
and rs3766379T allele was significantly increased in NPSLE (P = 1.63x1077, OR
3.47 and P = 2.55 x 1077, OR 3.15), respectively [56]. This finding awaits further
replication study.

APOE E4 has been reported to be significantly different between NPSLE and
non-NPSLE groups (P =3.26 x 1075, OR 6.81, calculated by the author based on the
published data) from Slovakia [57]. Other studies showed nominal associations of
genes such as FCGR2B, IL10, PXK, BANKI, IL21, IRF5, XKR6 [58], VEGF [59],
TRPC6 [60], DEFB [61], ESRI [62], ITGAM [63], XRCCI1, XRCC3, XRCC4 [64],
BDNF [65] and RANTES [66]. Overall, most of these studies reported modest
associations in rather small sample size. Further replication studies will be necessary.
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2.4 Summary

Dozens of strong candidates for the susceptibility genes to sporadic and familial
SLE have been reported based on candidate gene studies, genome-wide studies and
sequencing studies. These studies lead to identification of critical pathways such as
type I IFN and nucleic acid response pathway, dying cell clearance pathway and
immune system signaling pathways, and opened a number of new fields for research.
On the other hand, not much success has been achieved with respect to the genes
associated with clinical subpopulations, especially NPSLE. One of the reasons may
be limited detection power due to small sample size. In addition, many studies thus
far considered mostly the genes associated with overall SLE as candidates for the
genes associated with clinical subphenotypes; however, this strategy may not
necessarily be promising. Future studies should consider genome-wide case-case
association analysis comparing subphenotype positive SLE and subphenotype
negative SLE.
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Chapter 3
Immunopathology of Neuropsychiatric
Systemic Lupus Erythematosus

Shunsei Hirohata

Abstract There are at least 2 separate and probably complementary pathogenetic
mechanisms for NPSLE. One is the predominant ischemic-vascular involvement in
large and small blood vessels, mediated mainly by anti-phospholipid antibodies
(aPL), leading to focal NPSLE, such as stroke, seizures, movement disorders and
myelopathy. The other is the inflammatory process with complement activation, the
dysfunction of the blood-brain barrier (BBB), transudation of autoantibodies into
the central nervous system (CNS) and local production proinflammatory cytokines
such as IFN-a, leading to diffuse NPSLE such as psychosis, mood disorders, cogni-
tive dysfunctions and acute confusional state. In the latter process, autoantibodies,
such as anti-ribosomal P antibodies, anti-NMDA receptor NR2 antibodies and anti-
Sm antibodies, play a pivotal role. Greater attention is now paid to the role of
microglia in the pathogenesis.

Keywords Autoantibodies - Blood-brain barrier - Complement - Microglia -
Proinflammatory cytokines

3.1 Introduction

Neuropsychiatric involvement in systemic lupus erythematosus (NPSLE) is a diffi-
cult complication of the disease, significantly impairs quality of life of the patients
and results in disability or even mortality [1, 2]. Although several studies have dis-
closed that most frequent findings in the central nervous system (CNS) lesions are
vasculopathy, microinfarction, macroinfarction, vasculitis and microthrombus, the
precise mechanisms for such changes remain to be elucidated [3—5]. On the other
hand, the expression of autoantibodies is a hallmark of SLE. Thus, it has been
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recently suggested that complement deposition may play a role in the interaction
between circulating autoantibodies and thromboischemic lesions observed in
NPSLE [5]. On the other hand, the roles of several autoantibodies in the pathogen-
esis of various manifestations in NPSLE have been disclosed. In this chapter, the
roles of these autoantibodies in the pathogenesis of NPSLE will be overviewed.
Also special attention is directed to the mechanism of blood-brain barrier (BBB)
damages, which allow various autoantibodies enter the CNS to react with neurons,
in NPSLE.

3.2 Autoantibodies Implicated in the Pathogenesis of NPSLE
3.2.1 Anti-Phospholipid Antibodies

Anti-phospholipid antibodies (aPL) include anti-cardiolipin antibodies (aCL), anti-
B2GP1 antibodies and lupus anticoagulant (LA). These antibodies have been found
to be associated with cerebrovascular disease (thrombosis) and other manifestations
including seizures, movement disorders, cognitive dysfunction and some type of
myelopathy [6-9].

These antibodies have been shown to bind negatively charged phospholipids,
some of which may be expressed on endothelial cell membranes [10]. Consistently,
it has been revealed that IgG fractions from patients with aPL syndrome (APS) and
human monoclonal aPL. modulate the function of human umbilical vein endothelial
cells (HUVEQC) to express IL-8, MCP-1 and ICAM-1 in vitro [11]. Notably, recent
studies have demonstrated that p2GPI interacts directly with TLR4 expressed on
endothelial cells, contributing to B2GPI-dependent aPL-mediated endothelial cell
activation [12]. Since cerebral endothelial cells regulate BBB function, it is possible
that aPL might affect BBB function. In fact, it has been also reported that aPL are
involved in the disruption of BBB in murine model of APS [13], although their roles
in humans have not been demonstrated.

On the other hand, the direct effects on neuronal cells of aPL was suggested by
in vitro studies as well as in vivo studies [14]. Thus, intracerebroventricular injection
of IgG containing aPL obtained from patients induced hyperactive behavior in mice
[14]. Notably, it has been demonstrated that persistent positive aPL was significantly
associated with cognitive dysfunction in patients with SLE in 3 longitudinal studies
[9, 15, 16]. Taking into account these findings, the mechanism for the development
of cognitive dysfunction in human SLE might involve the interaction of aPL with
endothelial cells as well as the direct effects of aPL on neurons. It should be pointed
out, however, that intrathecally injected aPL might also react glial cells, resulting
indirectly in the dysfunction of neuron.
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3.2.2 Anti-Ribosomal P Antibodies

Anti-ribosomal P protein antibodies (anti-P) are directed to 3 phosphoproteins (PO,
P1, and P2), which are located on the larger 60S subunit of eukaryotic ribosomes,
and have molecular weights of 38, 19, and 17 kDa, respectively [17]. Anti-P have
been shown to react a common linear determinant that is present in the carboxyl(C)-
terminal 22-amino-acid sequence (C22) [17]. Anti-P are specific for SLE and
detected in 12-16% [17]. Although the association of serum anti-P with NPSLE has
been controversial in retrospective cross-sectional studies [18-22], their association
with lupus psychosis (diffuse NPSLE) has been confirmed in longitudinal and
prospective studies [23-27].

Although anti-P directed to the C-terminal 22-amino acids epitope have been
shown to be major autoantibodies to ribosomal P proteins [17, 18, 23], the frequency
of their detection in cerebrospinal fluid (CSF) from patients with diffuse NPSLE
was not high enough to ensure their involvement in the pathogenesis of this disease
[17, 18, 28]. Notably, CSF anti-P recognizing the ribosomal P protein epitope other
than the C-terminal 22-amino acids, have been shown to be elevated in patients with
diffuse NPSLE [29].

The presence of an epitope that is antigenically related to the C-terminal amino
acids of ribosomal P proteins has been demonstrated on the surfaces of a variety of
cells, including human hepatoma cells, neuroblastoma cells, fibroblasts, and
endothelial cells [30]. In healthy mice, anti-P were found to react with neurons in
the hippocampus, cingulate and primary olfactory piriform cortex [14]. Accordingly,
intracerebroventricular injection of anti-P induced a long-term depression and smell
deficits in healthy mice [14]. On the other hand, it has been demonstrated that
antibodies reactive with the C-terminal 11 amino acids of ribosomal P proteins [31]
from SLE patients induced calcium influx and apoptosis in rat neurons, but not in
astrocytes, in vitro [32]. Furthermore, injection of these antibodies into the brain of
living rats also triggered neuronal death by apoptosis [32]. It was found that these
antibodies reactive with the C-terminal 11 amino acids of ribosomal P proteins were
targeted against p331 present in rat brain synaptosomal fractions highly enriched in
synaptic regions [33]. Thus, p331 was termed neuronal surface P antigens (NSPAs),
which is preferentially distributed in areas involved in memory, cognition, and
emotion [32].

Previous studies have disclosed that the ribosomal P epitope is also expressed on
the surfaces of activated human peripheral blood CD4+ T cells [34] and monocytes
[35], but not on the surface of resting or activated B cells [34]. More interestingly,
it has been shown that anti-P enhanced the expression of protein and mRNA for
TNF-a and IL-6 in activated monocytes [35]. Thus, it is suggested that anti-P might
modify a variety of inflammatory responses through upregulation of the expression
of proinflammatory cytokines in monocytes, possibly resulting in the disruption of
BBB.
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3.2.3 Anti-NMDA Receptor NR2 Subunit Antibodies

N-methyl-D-aspartate (NMDA) receptors are a subgroup of the glutamate receptor
family, responsible for the majority of excitatory synaptic transmission in the CNS
[36]. It has been shown that injection of anti-NMDA receptor NR2 antibodies
(anti-NR2) purified from the sera or CSF of patients with diffuse NPSLE into mice
brain resulted in apoptosis of the neuronal cells [37]. More importantly, mice
induced by antigen to express anti-NR2 in sera had no neuronal damage until
breakdown of the BBB was induced, confirming that direct contact of anti-NR2
with neurons is indispensable for the neuronal damages [38].

Consistently, in humans, CSF anti-NR2 was elevated in diffuse NPSLE com-
pared with that in focal NPSLE or in non-SLE control, whereas there was no signifi-
cant difference in serum anti-NR2 among the 3 groups [39]. Several studies have
reported that anti-NR2 are involved in cognitive dysfunction and mood disorders in
SLE [40, 41]. Furthermore, a synergism between anti-NR2 and aPL has been impli-
cated in inducing tissue damage and cognitive dysfunction [42].

Of interest, the effect of anti-NR2 on neurons was shown to be dose dependent
[43]. Thus, at low concentrations they alter synaptic function, whereas at higher
concentrations they can cause neuronal cell death by apoptosis [43]. Notably, CSF
anti-NR2 levels were the highest in acute confusional state (ACS), the severest form
of diffuse NPSLE, among various types of NPSLE [44]. It is therefore suggested
that higher concentrations of anti-NR2 within the CNS might result in stronger
neuronal damages, leading to the development of ACS. In ACS, the breach of BBB
is considered to play a critical role in the elevation of CSF anti-NR2 levels [44]. In
fact, CSF anti-NR2 levels were significantly correlated with Q albumin in diffuse
NPSLE [44]. It should be pointed out that anti-NR2 react with endothelial cells and
upregulate the production of IL-6 and IL-8 through activation of NFkB [45]. It is
therefore possible that anti-NR2 might be involved in the disruption of BBB as well
as in the development of vasculitis in SLE [45]. In this regard, the biological effects
of anti-NR2 are comparable with those of anti-P.

The presence of autoantibodies to the conformational structure of NR1/NR2 het-
erodimer has been discovered in sera from patients with ovarian teratoma [46]. Such
antibodies result in the development of various neurological manifestations, called
NMDA encephalitis [47]. We have found that the expression of these antibodies was
rare even in NPSLE patients with high titers of anti-NR2 [unpublished observation].
Thus, it is conceivable that the mechanism of expression of anti-NMDA receptor
NR1/NR2 might be different from that of anti-NMDA receptor NR2.

3.2.4 Anti-Sm Antibodies

The association of serum anti-Sm antibodies with CNS involvement in SLE was
previously suggested [48, 49]. Notably, a strong association was found between
serum anti-Sm and organic brain syndrome, consisting mainly of ACS of diffuse



3 Immunopathology of Neuropsychiatric Systemic Lupus Erythematosus 33

NPSLE [50]. However, the precise mechanism by which anti-Sm causes diffuse
NPSLE has remained unclear until recently.

We have recently disclosed that CSF anti-Sm is elevated in ACS of diffuse
NPSLE, whereas there were no significant differences in CSF anti-RNP among
various subtypes of NPSLE, including ACS, non-ACS diffuse NPSLE and focal
NPSLE [51]. Of importance is the observation that monoclonal anti-Sm as well as
purified human anti-Sm bound to the surface of SK-N-MC cells, confirming that the
epitopes recognized by anti-Sm exist on the surface of neuronal cells [51]. It is
therefore suggested that the presence of higher concentrations of anti-Sm within the
CNS might cause more extensive neuronal damages, leading to the development of
ACS, as is in the case with anti-NR2 [44].

As is in the case with CSF anti-NR2 in ACS [44], the elevations of CSF anti-Sm
levels in ACS compared with those in non-ACS diffuse NPSLE or in focal NPSLE
could not be accounted for by the increased intrathecal synthesis of anti-Sm, but
most likely resulted from the breach of BBB, as evidenced by the elevation of Q
albumin [51]. In fact, CSF anti-Sm were significantly correlated with Q albumin
(marker for damages of BBB) and with CSF anti-NR2 in patients with NPSLE [51].
The data therefore indicate that the elevation of both anti-Sm and anti-NR2 in CSF
plays a crucial role in the development of ACS [51]. Further studies would be
interesting to explore whether there might be any synergistic effects between
anti-Sm and anti-NR2.

It should be pointed out that the association of serum anti-Sm with ACS has been
confirmed in a different set of patients with NPSLE [51] independently of the
previous study [50]. It is therefore likely that serum anti-Sm might play an additional
role in the pathogenesis of ACS other than providing anti-Sm into the CNS to
contact directly with neuronal cells. Thus, anti-Sm might influence the functions of
cells present not only in the CNS, but in the systemic circulation.

3.2.5 Anti-Neuronal Antibodies

The role of anti-neuronal antibodies in the pathogenesis of NPSLE has been well
appreciated since it was demonstrated that IgG anti-neuronal antibodies were
present at much higher concentrations in CSF than in sera from patients with active
NPSLE by Bluestein et al. [52]. Notably, CSF IgG antineuronal antibodies were
significantly elevated in patients with diffuse NPSLE compared with focal NPSLE,
such as neurologic syndromes [28]. As to the epitopes to which CSF anti-neuronal
antibodies were directed, all of aPL, anti-P, anti-NR2 and anti-Sm have been found
to bind neuronal cells. In addition, autoantibodies to NMDA receptor NR1 subunit
have been shown to be also increased in CSF from patients with diffuse NPSLE
[53]. Therefore, anti-neuronal antibodies might bind so many targets that the nature
of anti-neuronal antibodies might be different from disease to disease, or from
patient to patient. It would be therefore necessary to study antibodies whose target
molecules are identified.
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lizuka et al. tried to identify the target molecules to which autoantibodies reac-
tive with SK-N-MC cells are directed by proteomics analysis [54]. They identified
4 proteins, including peroxiredoxin-4, ubiquitin carboxyl-terminal hydrolase iso-
zyme L1, splicing factor arginine/serine-rich 3, and histone H2A type 1 as candidate
autoantigens for the anti-neuronal antibodies [54]. However, their roles in the
pathogenesis of NPSLE remain to be explored.

3.2.6 Other Autoantibodies

Anti-glycolipid antibodies, including anti-asialo GM1, were demonstrated to be
present in the sera of SLE patients [55, 56]. However, these antibodies were also
found in patients with cerebral trauma, and other non-autoimmune neurological
disorders [24]. It is therefore most likely that these antibodies might be produced as
a result of the leakage of brain antigens into the systemic circulation after brain
injury.

Microtubule-associated protein 2 (MAP-2) is a cellular protein required for the
control of cytoskeletal integrity and other neuronal functions, which is found almost
exclusively in neurons [57]. Anti-MAP-2 antibodies were found in 17% of patients
with SLE in relation with neuropsychiatric symptoms, such as psychosis, seizure,
neuropathy and cerebritis [57]. Therefore, anti-MAP 2 antibodies are one of the
constituents of anti-neuronal antibodies.

Anti-aquaporin 4 (AQP4) IgG autoantibodies, which have been found to be asso-
ciated with neuromyelitis optica spectrum disorders (NMOSD), were detected in a
fraction of patients with NPSLE, especially demyelinating disorder [58]. It should
be noted, however, that AQP4 is present on astrocytes, but not on neuron. It is also
evident that the breach of BBB is required for anti-AQP4 antibodies to reach
astrocytes.

3.3 Intrathecal Ig Production and Blood-Brain Barrier
Damages in NPSLE

3.3.1 |Intrathecal Ig Production

In NPSLE, autoantibodies levels in CSF have been shown to be more closely cor-
related with neuropsychiatric manifestations than those in serum [39, 44, 59]. Two
mechanisms have been implicated for the elevation of CSF IgG, including intrathe-
cal IgG production and transudation through the disrupted BBB [60]. Previous stud-
ies disclosed that CSF IgG index, an indicator of intrathecal IgG synthesis, is
elevated in NPSLE [61, 62]. On the other hand, anti-NR2 and anti-Sm in CSF have
been shown to result in ACS [44, 51]. Although the intrathecal production of these
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autoantibodies (CSF anti-NR2 index and CSF anti-Sm index) was elevated in
NPSLE compared with non-SLE control, there were no significant differences
among the 3 groups of NPSLE, including ACS, non-ACS diffuse NPSLE and focal
NPSLE [44, 51]. It should be pointed out that the elevation of CSF IgG index was
not confined to diffuse NPSLE [61, 62]. Thus, it makes sense that CSF IgG index is
elevated in focal NPSLE as well as in ACS and non-ACS NPSLE. Elevated CSF
IgG index is usually associated with CSF oligoclonal IgG bands [61]. However, the
presence of CSF oligoclonal IgG bands was not confined to diffuse NPSLE [61].
Thus, it is strongly suggested that the enhanced intrathecal IgG production might
not be specific for diffuse NPSLE, but a common feature in NPSLE, including focal
NPSLE.

3.3.2 Blood-Brain Barrier Damages in NPSLE

There has been accumulating evidence for the role of BBB dysfunction in the patho-
genesis of NPSLE [64]. It has been well appreciated that Q albumin ([CSF albumin
/ serum albumin] x 1000) is a reliable marker for the integrity of BBB, since albu-
min is produced exclusively in the liver, but not in the CNS [60]. Recent studies
have demonstrated that Q albumin was significantly higher in ACS than in non-ACS
diffuse NPSLE, indicating that the breach of BBB plays a crucial role in the devel-
opment of ACS allowing the increased migration of anti-NR2 and anti-Sm into the
CNS [44, 51]. Moreover, CSF anti-Sm was significantly correlated with CSF anti-
NR2 in NPSLE [44, 51]. Since there was no significant correlation between serum
anti-Sm and anti-NR2, the positive correlation between CSF anti-Sm and anti-NR2
might be accounted for by the BBB disruption [44, 51].

The mechanism of damages in BBB in NPSLE has not been well documented at
present. It is likely that several autoantibodies, including as anti-P and anti-NR2,
might result in BBB damage, since they react with endothelial cells [30, 45]. In fact,
anti-NR2 bound to endothelial cells to produce IL-6 and IL-8 through NFkB
activation [45]. In addition, anti-P have been shown to upredulate the expression of
proinflammatory cytokines in monocytes [35], which may affect the function of
BBB. Of interest, recent studies have disclosed that anti-Sm synergized with
hemoglobin to enhance the secretion of proinflammatory cytokines while eliciting
the increased production of monocyte migratory signals from endothelial cells [63].
It is therefore also possible that anti-Sm also might result in BBB damage.

It is suggested that endothelial cells might be stimulated by proinflammatory
cytokines or autoantibodies to up-regulate the expression of adhesion molecules on
their surface promoting entry of lymphocytes into the CNS [65]. In fact, serum
levels of soluble ICAM-1 increase along with systemic disease activity in patients
with SLE, and normalize with remission [66]. It is therefore likely that activated
endothelial cells might lead to an impaired integrity of the BBB as a prerequisite for
CNS disease activity [67].
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A complement split product C5a has been shown to alter BBB integrity in MRL/
Ipr mice through activation of NFkB [68, 69]. Notably, recent studies have
demonstrated that C5a decreases the expression of tight junction proteins, claudin
5, ZO-1, and occludin, in human brain microvascular endothelial cells, possibly
leading to the breach of BBB [70]. On the other hand, it has been disclosed that
serum CS5a levels are elevated in NPSLE, possibly through acceleration of the
conversion from C5 [71]. Thus, the elevation of serum C5a might account for the
impaired BBB function in NPSLE.

3.4 Roles of Complements and Microglia in the Pathogenesis
of NPSLE

3.4.1 Complements

A link between complement-triggered pathways and the regulation of developmen-
tal synaptic pruning has been reported. Thus, Stevens B et al. have identified that
Clq and C3 are key contributors to synaptic refinement and neuronal connectivity
in the CNS [72]. Recent studies have disclosed that BBB disruption resulted in the
elevated levels of IL-6 and C3 in CSF in diffuse NPSLE, especially in ACS [73]. It
is therefore suggested that the elevation of C3 in CSF might affect the synaptic func-
tions of neurons. Of interest, mechanistic evidence of pathogenic crosstalk between
complement and reactive microglia in the CNS has been recently shown. Thus, it is
revealed that complement plays a pivotal role in the induction of neurotoxic astro-
cytes in various neurodegenerative diseases [74].

The expression of C5a receptor (C5aR) has been recently demonstrated on
human hepatocytes, epithelial cells, endothelial cells, and tissue mast cells [75, 76].
Furthermore, although the expression of C5aR in the normal brain is very low, C5aR
expression is greatly upregulated on reactive astrocytes, microglia, neurons, and
endothelial cells in inflamed brain [75]. In this regard, it is likely that C5a might also
affect the functions of glial cells and neurons during the active inflammation [77].

3.4.2 Microglia

Microglia, resident macrophages of the CNS, display increased phagocytic activity
and inflammatory cytokine production in CNS inflammation or damage [78].
Notably, such reactive microglia have been detected in some lupus model mouse
[79]. Of note, microglia have been found to be sensitive to type I interferon (IFN) to
be activated [80]. SLE is characterized by the expression of type I I[FN-induced
genes [81]. In fact, type I IFN was found to be elevated in CSF from patients with
NPSLE [82]. Recent studies have demonstrated that type I IFN stimulates microglia
to be activated to engulf neuronal and synaptic material, resulting synaptic loss, in
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lupus-prone mice [83]. Furthermore, it has been demonstrated that IFN-a receptor
1 (IFNARI1) signaling was elevated, as evidenced by the expression of MXA
(encoded by MX1), in microglia of patients with NPSLE [83].

On the other hand, it has been revealed that exposure to SLE patient sera resulted
in morphological changes in the microglia along with an increase in the expression
of MHC II antigen and CD86 and the release of nitric oxide and proinflammatory
cytokines [84]. Since inactivating complements or neutralizing proinflammatory
cytokines of the sera did not abrogate their ability of microglial activation, it is
suggested that some antibodies might be involved in the activation of microglia
[84]. Whether type I IFN was involved in the activation of microglia by SLE sera
needs to be explored.

3.5 Summary

In general, autoantibodies play pivotal roles in the pathogenesis of NPSLE, as high-
lighted in Table 3.1 in which association of each autoantibody with specific neuro-
psychiatric manifestations is indicated. Thus, aPL are important in the development
of focal NPSLE, including cerebrovascular diseases, seizures, movement disorders
and myelopathy. On the other hand, several autoantibodies, such as anti- P, anti-
NR2 and anti-Sm, play a pivotal role in the pathogenesis of diffuse NPSLE, includ-
ing psychosis, mood disorders, cognitive dysfunctions and ACS. The disruption of

Table 3.1 Autoantibodies involved in the development of various neuropsychiatric manifestations
in NPSLE

Neuropsychiatric manifestations | Serum antibodies CSF antibodies
Diffuse NPSLE

Acute confusional state Anti-Sm, Anti-P Anti-Sm, Anti-NR2, Anti-P

Anxiety disorders Anti-P Anti-NR2, Anti-P

Cognitive dysfunctions Anti-P, Anti-PL Anti-NR2, Anti-P

Mood disorders Anti-P Anti-NR2, Anti-P

Psychosis Anti-P Anti-NR2, Anti-P
Focal NPSLE

Aseptic meningitis Anti-RNP

Cerebrovascular diseases Anti-PL

Demyelinating syndrome Anti-AQP4

Headache Anti-PL

Movement disorder Anti-PL

Myelopathy Anti-PL, Anti-NR2, Anti-AQP4

Seizure disorder Anti-PL

Anti-P anti-ribosomal P, Anti-PL anti-phospholipid, Anti-NR2 anti-NMDA receptor NR2,
Anti-AQP4 anti-aquaporin 4
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Fig. 3.1 Suggested pathogenesis of diffuse NPSLE. Various autoantibodies and cytokines are
involved. C5a also plays a role not only in the breach of blood-brain barrier (BBB) but in the
damages of neuron through microglia. IFN-a also causes damages of neuron through microglia

BBB function is critical for the development of diffuse NPSLE, especially ACS, in
that it allows neuron-reactive autoantibodies to enter the CNS to react with neurons.
Recently, the roles of complement not only in the disruption of BBB but in the dys-
function of neurons have been implicated. Furthermore, greater attention is now
paid to the roles of microglia, in relation with type I IFN, in the pathogenesis of
NPSLE. Taking these findings into account, the suggested pathogenesis of diffuse
NPSLE is depicted in Fig. 3.1.
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Chapter 4
Pathology of Neuropsychiatric Systemic
Lupus Erythematosus

Shunsei Hirohata

Abstract Small vessel non-inflammatory vasculopathy, microvessel occlusion,
multifocal microinfarcts, microhaemorrhages and cortical atrophy were most fre-
quently observed pathological changes in NPSLE. Although vasculitis in the brain
is rather uncommon, it might be detected in about 10% of patients with NPSLE. It
has been revealed that activation of complement appears to play an important role in
the development of microvasculopathy in NPSLE. Autoantibodies, including anti-
phospholipid antibodies, causing direct injury of endothelial cells would be involved
in the deposition of complements. Since anti-NMDA receptor NR2 antibodies have
been demonstrated to react with endothelial cells to induce the production of inflam-
matory cytokines, it is possible that these antibodies might also result in the micro-
vascular changes in the brain. Recent studies have shed light on the roles of microglia
in relation with type I interferons in the pathogenesis of NPSLE.

Keywords Pathology - Microvasculopathy - Vasculitis - Autoantibodies -
Magnetic resonance imaging

4.1 Introduction

Neuropsychiatric involvement in systemic lupus erythematosus (NPSLE) is one of
the recalcitrant complications of the disease, leading to substantial impairment of
quality of life as well as disability [1, 2]. A variety of neuropsychiatric manifestations
are seen in patients with SLE. In general, there are 2 main pathogenic mechanisms
for NPSLE: one is an ischemic-vascular change in large and small blood vessels,
mediated mainly by anti-phospholipid antibodies (aPL), leading to focal
manifestations (focal NPSLE), whereas the other is an inflammatory-neurotoxic
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change mediated by autoantibodies entering into the central nervous system (CNS)
through the breach of the blood-brain barrier (BBB), usually occurring as psychiatric
manifestations (diffuse NPSLE) [3].

In this chapter, the overall pathological features in NPSLE will be overviewed.

4.2 Opverall Characteristic Features in Pathology in NPSLE

Macroscopic pathologic features are generally reflected on MRI scans. Abnormalities
on MRI scans are observed in 47% of patients with NPSLE [4]. The majority of
such abnormalities was white matter high intensity lesions (WMHIs), grey matter
high intensity lesions (GMHIs) and brain atrophy [4]. Accordingly, at autopsy
widespread abnormalities of cerebral vasculature have been found in patients with
NPSLE [5, 6]. Thus, small vessel non-inflammatory vasculopathy, microvessel
occlusion, multifocal microinfarcts, microhaemorrhages and cortical atrophy were
most commonly observed features [7—10].

Neurological manifestations such as stroke, cortical visual defects, cranial nerve
abnormalities, and in some cases, seizures may be caused by structural lesions due
to vasculopathy. However, these findings were not confined to NPSLE [10]. By
contrast, a few patients with NPSLE have almost no vascular abnormalities at
autopsy [5, 6]. Of note, true vasculitis characterized by cellular infiltration in the
walls is rare in NPSLE even in the presence of vasculopathy [5, 6, 10], although it
was possible that by the time autopsy was performed, the cellular reaction might
have gone leaving evidence only of endothelial cell injury [2]. Nonetheless, perivas-
cular lymphocytic infiltrates were found relatively frequently in NPSLE [2].

Although SLE patients without neuropsychiatric manifestations showed several
vascular changes, such as microinfarction, macroinfarction and vasculitis, they were
more frequently observed in NPSLE patients [10]. By contrast, microthrombi were
found exclusively in NPSLE patients [10]. As for the distribution of vasculopathy,
diffuse vasculopathy was much more common in NPSLE, whereas the incidence of
focal vasculopathy was comparable between SLE alone and NPSLE (40-60%) [10].

On microscopic observation, there are gliosis, necrosis, focal edema, inflamma-
tory infiltrates, demyelination, cytotoxic edema and chronic hypoperfusion at
WMHIs on MRI scans [11, 12]. GMHIs are usually larger in size than WMHIs and
are associated with cerebrovascular disease and seizures [13], where vasogenic
edema and direct neuronal autoantibody-mediated damage are observed, as is the
case with paraneoplastic syndromes [14-17].

In general population, atrophy is usually considered as part of physiologic phe-
nomenon due to ageing. It was found that atrophy had higher prevalence in patients
with SLE irrespective of the presence of neuropsychiatric involvement than in nor-
mal population [18]. Focal gyrus atrophy, which is usually associated with WMHIs
or GMHIs, may reflect local hypoperfusion due to chronic microangiopathy. It has
been disclosed that the presence of regional atrophy of corpus callosum and hippo-
campus is associated with cognitive dysfunctions in NPSLE [19, 20].
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A review of the data on autopsy and 15-Oxygen brain scan studies shows that
diffuse vascular abnormalities occur in the brainstem of most patients with NPSLE
[2]. Although these abnormalities in small vessels result in microscopic infarcts and
hemorrhages in many cases, they are not always associated with severe ischemia
enough to cause infarction [2]. Rather, abnormalities of cerebral vasculature and of
cerebral metabolism were found to be reversible in some patients [2].

4.3 The Pathogenesis of Vasculopathy in NPSLE

It has been well appreciated that aPL, including anti-cardiolipin antibodies and
lupus anticoagulant, are associated with arterial and venous thrombosis,
thrombocytopenia and recurrent spontaneous abortion [21, 22]. In fact, elevated
levels of these antibodies have been also found in several patients with cerebrovascular
diseases in NPSLE [23].

Previous studies revealed that aPL bind negatively charged phospholipids, some
of which may be present on endothelial cell membranes [24]. Thus, such binding of
aPL with phospholipids on endothelial cells might result in decreased arachidonic
acid release [25]. Subsequently, decreased levels of prostacyclin and increased
platelet aggregation might cause thrombosis. It is also possible that aPL may directly
influence the functions of endothelial cells without causing thrombosis. Moreover,
there are autoantibodies capable of binding to endothelial cells other than aPL.

In a rare occasion, thrombosis mediated by aPL. was accompanied by vasculitis
(Fig. 4.1) [26]. Although vasculitis in the brain is rather uncommon in SLE, it might
be detected in about 10% of patients with NPSLE [27]. Overall, cerebral vasculitis
is related with SLE disease activity including lower complement levels and responds
to steroid treatment to be reversed [14]. It is therefore suggested that the cerebral
thrombosis plus arteritis in the patient in Fig. 4.1 might have been caused by a type
of vasculitis syndrome due to SLE, but not by aPL. In general, cerebral vasculitis in
SLE might be diffuse or localized to one region of one vessel, affecting small or
large arteries [28].

Microvasculopathy in SLE was attributed to deposition of immune complexes
[2]. Notably, it has been revealed that activation of complement appears to play an
important role in the development of microvasculopathy in NPSLE [29].
Consistently, recent studies have demonstrated that microthrombi, which were
found uniquely in the brain from patients with NPSLE, were associated with C4d
and C5b-9 deposits [10]. It is thus suggested that classical complement activation
initiated by immune complexes might be the link between autoantibody mediated
inflammation and thromboischemic injury (microthrombi) in NPSLE [10].

It should be also noted that autoantibodies, including aPL, causing direct injury
to endothelial cells would be involved in the deposition of complements. Thus,
accumulation of antibodies in small vessels most likely leads to activation of the
classical complement pathway, endothelial injury and the subsequent formation of
microthrombi in anti-phospholipid syndrome (APS) [30] and in thrombotic
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Fig. 4.1 Thrombo-endarteritis in the brain tissue from a patient with diffuse NPSLE and anti-
phospholipid syndrome (APS), showing brain hematoma. Ajacent to the hematoma, there is
necrotizing vasculature fully filled with thrombi and encircled by inflammatory cells, indicating
the disrupted lamina elastica interna (arrows) (HE stain and EVG stain)

microangiopathy [31]. On the other hand, it is likely that continuous exposures of
the cerebral endothelium to autoantibodies may result in complement activation and
endothelial injury in basically all SLE patients irrespective of the presence of overt
NPSLE [32]. Therefore, a second hit by other factors, such as infection, pregnancy
and drug toxicity [33, 34], is required for the blood-brain barrier (BBB) damages
with the formation of C4d- and C5b-9-associated microthrombi, leading to the
development of overt NPSLE [10].

4.4 Diffuse Psychiatric/Neuropsychological Syndromes

4.4.1 Acute Confusional State

Acute confusional state (ACS) is the most severe manifestation in diffuse psychiat-
ric/neuropsychiatric syndrome. Previous studies revealed that about 50% of the
patients show abnormalities on MRI scans, while the other patients present normal
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Spinal lesions

Fig. 4.2 Spinal cord lesions in a patient with myelitis. Left: T2 weightened image on MRI shows
lower cervical lesion (red arrow). Middle: Spinal cord lesion at autopsy (black arrows). Right:
Thickening of the wall along with mononuclear cell infiltration (upper arrow) (HE stain) in spinal
cord arteries with disruption of elastic lamina (lower arrow) (EVG stain)

MRI scans [35]. Interestingly, the presence of abnormalities on MRI scans is associ-
ated with a poor prognosis [35]. The pathological features of such abnormal density
area have not been reported. However, we disclosed the presence of vasculitis in the
spinal cord of a patient who presented transverse myelitis extended to disseminated
encephalitis with ACS [36]. In this patient, autopsy findings confirmed the presence
of liquefaction necrosis in the entire circumference of the whole spinal cord along
with intimal hyperplasia and obliteration of the small arteries, accompanied by
mononuclear cell infiltration and disruption of internal elastic lamina (Fig. 4.2). It is
most likely that this patient developed longitudinal transverse myelitis through
spinal cord vasculitis, which extended to brainstem and brain parenchyma, leading
to the development of ACS (Fig. 4.3) [36]. Notably, abnormal high density areas on
FLAIR images of MRI scans ameliorated after high doses of steroids [36]. It is
therefore suggested that reversible abnormal high density areas might be caused by
vasculitis in this patient.

By contrast, the other 50% of patients with ACS did not show any abnormalities
on MRI scans [35]. Notably, we also previously described an SLE patient with ACS
who died of acute pulmonary hemorrhage [37]. At autopsy, macroscopic findings
showed only microinfarction in the brain along with microthrombi (Fig. 4.4 Left,
Middle). However, the expression of IL-6 mRNA in neurons in granular layers of
hippocampus was evident in this patient (Fig. 4.4 Right) [37]. It is assumed that the
influx of neuron-reactive autoantibodies might result in the alteration of the function
of neurons without affecting their morphology.
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Before Steroid Pulse After Steroid Pulse

Fig. 4.3 FLAIR images on MRI of the brainstem in a patient with myelitis extended to brainstem
encephalitis. After the steroid pulse therapy, high intensity lesions almost completely
disappeared (the same patient as in Fig. 4.2)

LacZ IL-6

Fig. 4.4 Histopathology of the hippocampus in a patient with acute confusional state (ACS) who
died of pulmonary hemorrhage. Left: Microinfarction (HE stain), Middle: Scattered microthrombi
(HE stain), Right: Demonstration of IL-6 mRNA expression in granular neurons in the hippo-
campus by in situ hybridization

It has now been well appreciated that the integrity of the BBB is very important
in the pathogenesis of SLE related neuropathology [38]. Processes leading to brain
dysfunction in SLE probably involve abnormal endothelial-white blood cell
interactions that allow proteins or cells access to the CNS. In fact, it has been
demonstrated that the BBB damages in ACS were more severe than those in non-
ACS diffuse NPSLE [39, 40]. However, the relationship between BBB damages and
brain MRI abnormalities has not been explored [35]. Of note, recent studies
disclosed that high field MRI was unable to detect most microvascular and
thromboischaemic injuries that were visible on histopathological examinations
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[10]. By contrast, white matter lesions may be observed in SLE patients who do not
have NP symptoms as well as in normal population [41]. Taken together, it is likely
that the microvascular and thromboischaemic injuries, which cannot detected by
MRI, might well cause severe BBB damages that might allow entry of high amounts
of neuron-reactive autoantibodies, such as anti-NR2 [39]. Of course, it should be
noted that brain MRI abnormalities might indicate the presence of vasculitides
which affect the prognosis of the patients in ACS [35].

4.4.2 Non-ACS Diffuse NPSLE

As for non-ACS manifestations of diffuse NPSLE, pathological features may
include small vessel non-inflammatory vasculopathy, microvessel occlusion,
multifocal microinfarcts, microhaemorrhages and cortical atrophy of various
degree. Notably, although the presence of aPL is associated with focal NPSLE,
including cerebrovascular disease and seizure disorders, they are also frequently
present in patients with non-ACS diffuse NPSLE manifestations such as cogni-
tive dysfunction [42—44]. Thus, in the longitudinal studies designed to examine
the relationship between serum aPL levels and cognitive dysfunction in SLE
patients, it has been demonstrated that the persistent positive aPL is correlated
with cognitive dysfunction [43, 45, 46]. Consistently, the results of studies with
volumetric magnetic transfer imaging (MTI), detecting tissue damages not visi-
ble on conventional MRI, also provided evidence that, apart from macroscopic
cerebral infarctions (cerebrovascular diseases), aPL may play a role in the patho-
genesis of diffuse microscopic brain damage resulting in cognitive dysfunction in
NPSLE [47].

Anti-NMDA receptor NR2 antibodies (anti-NR2) may also play a role in non-
ACS of diffuse NPSLE, including cognitive dysfunction and other psychiatric
manifestations. Although some cross-sectional studies found no relationship
between anti-NR2 and any clinical manifestations [48], others have disclosed
significant correlation between anti-NR2 and both cognitive dysfunction and
depression [49, 50]. It is possible that the magnitude and degree of BBB dysfunction
along with the type and level of autoantibodies may be the determining factor
regarding their pathogenicity in the brain. Accordingly, we have demonstrated that
the severity of BBB damages in ACS was higher compared with that in non-ACS
diffuse NPSLE [39, 40]. As for the relationship between anti-NR2 and brain
pathology, it has been demonstrated that the positive anti-NR2 in CSF was
significantly associated with hippocampal atrophy [51]. Since anti-NR2 have been
demonstrated to react with endothelial cells to induce the production of inflammatory
cytokines [52], it is possible that these antibodies might also result in the
microvascular changes in the brain.
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4.5 Neurologic Syndromes

4.5.1 Cerebrovascular Disease and Reversible Focal
Neurological Deficits

Among various manifestations in neurologic syndromes, cerebrovascular disease
(CVD) is defined as neurologic deficits due to arterial insufficiency or occlusion,
venous occlusion, or hemorrhage [53]. Notably, APS cause thrombosis, which was
the most common cause of death in the cohort of the European Working Party on
1000 patients with SLE [54]. The most common thrombotic events in these patients
were CVD (11.8%), followed by myocardial infarction (7.4%) and pulmonary
embolism (5.9%) [54].

Most of patients with CVD suffer from irreversible neurological damages, which
do not respond to steroid therapy [55]. On the other hand, there are accumulating
reports on reversible focal neurological deficits in SLE patients, which respond to
steroid therapy [56], although they are not included in the 1999 ACR nomenclature
[53]. Such focal lesions might occur anywhere in the brain, including cerebral white
and gray matters [56] and brainstem (Fig. 4.5). It is considered that the reversible
lesions in these patients might be caused by cerebral vasculitis because of the
reversibility by steroid therapy as well as the elevation of CSF IL-6 [56]. Thus,
“reversible focal neurological deficits” should be added as an independent clinical
entity to the 1999 ACR nomenclature.

4.5.2 Seizures

In general, seizures in NPSLE consist of 2 distinct types. One type of seizures might
result from structural lesions arising from a wide range of vascular abnormalities,
such as microinfarcts, cortical atrophy, macroinfarcts, and hemorrhage [2, 32].
Again, similar to CVD, aPL (anti-cardiolipin antibodies, anti-p2GP1 antibodies,
lupus anticoagulant) were associated with seizures [57-59]. The other type of
seizures arises in consequence of diffuse psychiatric/neuropsychological syndromes,
especially ACS, in which neuron-reactive autoantibodies may play a more direct
role [39, 40, 60]. In this type of seizures, structural lesions would probably not be
demonstrable.

4.5.3 Cranial Neuropathy

Cranial neuropathy has been categorized in peripheral nervous system involvement
in the 1999 ACR nomenclature [53]. However, it may be caused by brain parenchymal
lesions. Thus, similarly to visual defects, cranial neuropathy may result from lesions
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Day30: after steroid pulse Day55: after steroid pulse

Fig. 4.5 FLAIR images on MRI of a patient with brainstem lesion. Two days prior to admission,
no symptoms were observed despite the brainstem lesion on MRI. After the steroid therapy, high
intensity lesion on MRI disappeared along with the recovery from left hemiparesis

at any levels of the motor cortex, corticobulbar tracts, brainstem, or peripheral
nerves [6]. It should be noted that most cranial nerve deficits were associated with
microscopic infarcts in the brainstem or cerebral cortex [4, 6].

4.5.4 Myelopathy

In the 1999 ACR criteria, myelopathy does not discriminate neuromyelitis optica
spectrum disorder (NMOSD) caused by anti-aquaporin 4 (AQP4) antibodies from
transverse myelitis due to vasculitis. These 2 conditions result in different prognosis,
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Cervical Spinal Cord Thoracic Spinal Cord Lumbar Spinal Cord

Fig. 4.6 Histopathology of the spinal cord on autopsy in a patient with myelitis extended to dis-
seminated brainstem encephalitis. Weak staining on Kluver-Barrera staining is noted in whole
lower cervical spinal cord, throacic spinal cord and upper lumber spinal cord. Intimal thickening,
mononuclear cell infiltration and disruption of internal elastica lamina are noted in arteries through
cerrvical to lumbar areas. Liquefaction necrosis on the white and grey matters is seen most
markedly in the circumference of the thoracic spinal cord (arrow heads). Left: Kluver-Barrera
staining (x 1), Middle: HE staining (x 50), Right: EVG staining (x 50)

and therefore need to be differentiated from each other as soon as possible [53]. On
the other hand, it has been reported that myelopathy in SLE can be categorized into
2 types [61]. One is myelitis with white matter involvement (upper-motor neuron
syndrome with spasticity and hyperreflexia), while the other is that with gray matter
signs (lower motor neuron syndrome with flaccidity and hyporeflexia). Patients in
the former group were more likely to meet criteria for NMOSD with positive NMO-
IgG (anti-AQP4 antibodies) and were also more likely to have aPL (lupus
anticoagulant) [61]. Since regional ischemia has been noted to trigger the
up-regulation of aquaporin 4 [62], it is likely that aPL. may result in the up-regulation
of AQP4 antigen through local ischemia, leading to NMO pattern of disease
mediated by NMO-IgG [61].

On the other hand, patients in the latter group more likely have irreversible para-
plegia with a cerebrospinal fluid profile indistinguishable from bacterial meningitis,
presenting with prodromes of fever and urinary retention [61]. We have previously
disclosed the histopathological findings in a patient with myelitis with gray matter
signs [36]. As shown in Fig. 4.6, autopsy findings confirmed the presence of lique-
faction necrosis in the entire circumference of the whole spinal cord along with
intimal hyperplasia and obliteration of the small arteries, accompanied by mono-
nuclear cell infiltration and disruption of internal elastic lamina, confirming that the
longitudinal transverse myelitis resulted from spinal cord vasculitis [36]. It should
be noted that the intensity of tissue destruction was the strongest at mid-thoracic
regions (Th3-38), the vasculitic changes were observed throughout the whole spinal
cord [36]. Since anti-NR2 were positive in this patient, it is possible that these anti-
bodies might be involved in the pathogenesis of vascltitis leading to myelitis [36,
52]. Moreover, it is evident that this patient presented severe white matter demyelin-
ation along with gray matter necrosis. It is assumed that gray matter is more vulner-
able to ischemic changes due to vasculitis since it is more distant from the vessels.
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However, both white matter and gray matter can be affected when the severe isch-
emia takes place.

4.5.5 Peripheral Neuropathy

Abnormalities of vessels supplying the peripheral nerve might result in mononeuri-
tis multiplex in a manner similar to polyarteritis nodosa [4, 6]. By contrast, demy-
elination in the absence of demonstrable vasculopathy has been described frequently
[6]. In the recent study by Oomatia A et al., the overall prevalence of peripheral
neuropathies was 5.9%, with 66.7% having peripheral neuropathies attributable to
SLE [63]. It was disclosed that 17.1% of the patients with SLE-related peripheral
neuropathies had biopsy-proven small-fiber neuropathies. Thus, small-fiber neu-
ropathies were much more common than acute inflammatory demyelinating neu-
ropathies (Guillain-Barre’s syndrome), plexopathies and mononeuritis multiplex,
which was seen in only 7.3% of the patients with peripheral neuropathy (6 of 82
patients) [63]. Notably, the skin biopsy findings in small-fiber neuropathy patients
suggested that distinct mechanisms might target the dorsal root ganglia as well as
distal axons [63].

4.6 Other Pathological Features in NPSLE
4.6.1 Choroid Plexus

Considerable interest was generated by the demonstration of deposition of diffuse
immunoglobulin, and in some cases, C3 complement in the choroid plexus at
autopsy of patients with NPSLE [2]. Such deposits have also been demonstrated in
the choroid plexus of old NZB/WF1 mice and in other experimental animal models.
Although many investigators tried to explore the significance of immune-complexes
deposition in the choroid plexus in the pathogenesis of NPSLE, its role declined due
to the lack of its specificity in NPSLE [2].

4.6.2 Microglia

Recent studies have shed light on the roles of microglia in the pathogenesis of
NPSLE. Thus, type I IFN stimulates microglia to become reactive and engulf neuro-
nal and synaptic materials, resulting in synapse loss and behavioral phenotypes in
lupus-prone mice [64]. In addition, increased type I IFN signaling in postmortem
hippocampal brain sections from patients with SLE has been also demonstrated [64].
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Fig. 4.7 Histopathology of the brain on autopsy in a patient with acute confusional state (ACS) of
diffuse NPSLE. Left: Perivenous lesion consisting of foci of coagulation necrosis surrounding the
veins along with scattered calcification (arrows). Right: Nearby the perivenous lesion, scattered of
microthrombi were observed (arrows). HE staining

On the other hand, recent studies have also demonstrated that the sera from an
SLE patient caused morphological changes in the microglia, with an increase in
expression of MHC class II antigen and CD86 as well as an enhanced release of
nitric oxide and proinflammatory cytokines, thus underscoring the potential role of
microglia in NPSLE [65].

4.6.3 Perivenous Changes

At autopsy of an SLE patient with ACS, multiple perivenous, well-demarcated foci
of brownish discoloration were seen scattered throughout the cerebral white matter
and basal ganglia [66]. Histopathologically these lesions consisted of foci of coagu-
lation necrosis surrounding the veins (Fig. 4.7 Left). There are also scattered calci-
fication. The veins in the foci showed fibrous thickening of the walls with no
evidence of vasculitis [66]. Of note, around the lesion of coagulation necrosis scat-
tered microthrombi were found (Fig. 4.7 Right).

Similar pathological changes have been shown in the other studies. Mizutani
T et al. [67] described the multiple demyelinated and necrotic foci associated with
perivenous cell infiltration and the exudation of fibrinoid material. Matsumoto R et al.
[68] reported perivenous lesions composing of perivenous spongy changes unaccom-
panied by an inflammatory cell infiltration, but with severe disruption of both myelin
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sheaths and axons. The significance of perivenous changes above mentioned needs to
be explored in accumulating cases in the future, although it is likely that leakages of
some toxic substances from the vein might result in the tissue damages.

4.7 Summary

Non-inflammatory vasculopathy in small vessels, such as microvessel occlusion,
multifocal microinfarcts, microhaemorrhages and cortical atrophy were most
common features observed in NPSLE at autopsy. True arteritis, characterized by
cellular infiltration of vessel walls, was noted only in a fraction of the patients. It is
suggested that reversible abnormal high density areas, which improve in response to
steroid treatment, possibly caused by vasculitis, can be seen occasionally in SLE
patients. At autopsy of diffuse NPSLE without MRI abnormalities, macroscopic
findings showed only micro-infarction in the brain, where neuron-reactive
autoantibodies might affect the functions of neurons directly. Generally, a variety of
autoantibodies are involved in vascular lesions, including aPL, anti-NR2 and anti-
ribosomal P, anti-Sm and anti-RNP. Neurological manifestations such as stroke,
cortical visual defects, cranial nerve abnormalities, seizures may be associated with
structural lesions secondary to vasculopathy, possibly caused by aPL. Foci of
coagulation necrosis surrounding the veins can be observed in patients with diffuse
NPSLE, although the significance of these finding need to be explored. The roles of
microglia in the pathogenesis of NPSLE have been recently demonstrated.
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Chapter 5 )
Clinical Features Check or

Yoshiyuki Arinuma and Shunsei Hirohata

Abstract Clinical features in neuropsychiatric systemic lupus erythematosus
(NPSLE) include a variety of manifestations, which are too complicated to under-
stand. In 1999, the American college of rheumatology (ACR) proposed nomencla-
ture and case definitions of NPSLE as nosology for clinical descriptions and
research. Clinically, NPSLE is classified into 2 different categories; one is diffuse
psychiatric/neuropsychological syndromes and the other is neurologic syndromes.
This discrimination is not always advantageous for clinical practice including a
diagnosis and therapeutic intervention. Moreover, the severities of each manifesta-
tion differ among NPSLE. For example, acute confusional state is very severe form
with poor prognosis, whereas headache, mood disorders, anxiety disorders and
cognitive dysfunction are sometimes mild, and are also common in individuals
without SLE. Also, we need to remember that NPSLE can be developed even in the
absence of systemic disease activities. Finally, some neuropsychiatric manifesta-
tions have not been adequately defined in the ACR nomenclature.
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5.1 Introduction

Neuropsychiatric involvement is rather common in systemic lupus erythematosus
(SLE), including the psychiatric syndromes and the neurologic syndromes. For the
first time, a case with coma was published in 1875 as an SLE patient with neuropsy-
chiatric syndrome [1].

Neuropsychiatric manifestations occur as frequently as in 56.3% of SLE patients
according to the result of meta-analysis [2]. NPSLE includes a variety of clinical
symptoms, resulting from damages in central nervous system (CNS) and peripheral
nervous system (PNS) as primary or secondary complications. The American col-
lege of rheumatology (ACR) established nomenclature and case definitions of neu-
ropsychiatric systemic lupus erythematosus (NPSLE) as nosology for clinical
descriptions and research in SLE.

In this chapter, we present the clinical features of NPSLE required for physicians,
especially for rheumatologists, explaining definitions and clinical points by respective
manifestation based on the ACR 1999 nomenclature. Also, we discuss about other
manifestations which have not been adequately described in the ACR case definitions.

5.2 Classification

The ACR 1999 nomenclature defines 19 neuropsychiatric syndromes as NPSLE,
including 12 syndromes of CNS and 7 of PNS (Table 5.1). The CNS syndromes of
NPSLE were further classified into 2 categories, including diffuse psychiatric/neu-
ropsychological syndromes and neurologic syndromes. Diffuse psychiatric/neuro-
psychological syndromes consist of 5 psychiatric disorders, including acute
confusional state, anxiety disorder, cognitive dysfunction, mood disorder and psy-
chosis. Neurologic syndromes comprise of aseptic meningitis, cerebrovascular dis-
ease, demyelinating syndrome, headache, movement disorder, myelopathy and
seizure disorders [3]. In this nomenclature, the ACR also emphasized that the clas-
sification criteria for NPSLE were intended for purposes of classification and
reporting, but not for clinical judgment or for use in making a clinical diagnosis.
ACR also released the guideline including recommendation of the diagnostic
tests to specify NPSLE. The complete case definitions for 19 manifestations of
NPSLE listed in Table 5.1 were given as Appendix A, including definition, diag-
nostic criteria, and methods for ascertainment. Comorbid conditions and con-
comitant factors that may cause identical symptoms and which should be
excluded before attributing the syndrome to SLE were also listed (“exclusions”).
In some instances, it may not be possible to judge whether neuropsychiatric find-
ings are due to lupus or to other causes, such as irreversible, existing conditions
(e.g., diabetes) that cannot be cured or corrected, or drugs that cannot be with-
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Table 5.1 Neuropsychiatric
manifestations in SLE (1999
ACR)

Central nervous system

Diffuse psychiatric/neuropsychological syndromes

Acute confusional state

Anxiety disorder

Cognitive dysfunction
Mood disorder
Psychosis

Neurologic syndromes

Aseptic meningitis

Cerebrovascular disease

Demyelinating syndrome

Headache (benign intracranial hypertension)
Movement disorder

Myelopathy

Seizure disorders

Peripheral nervous system

Neurologic syndromes

Neuropathy, cranial

Acute inflammatory demyelinating
polyradiculoneuropathy (Guillain-Barré syndrome)
Autonomic disorder

Mononeuropathy

Myasthenia gravis

Plexopathy

Polyneuropathy

held, replaced, or withdrawn for the purpose of exclusion (e.g., corticosteroids).
These are termed “associations” (as opposed to “exclusions”). In the ascertain-
ment part, objective methods were provided to confirm and evaluate the indi-
vidual lesion. The ACR nomenclature also included appendix B providing basic
laboratory data to be reported and appendix C providing short batteries to assess
respective neuropsychiatric manifestation in patients.

5.3 Case Definition and Clinical Significance

5.3.1 Diffuse Psychiatric/Neuropsychological Syndromes

The terminology for each manifestation in diffuse NPSLE has been assigned accord-
ing to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV).
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5.3.1.1 Acute Confusional State

Acute confusional state (ACS) is the severest form of diffuse NPSLE character-
ized by a fluctuating level of consciousness of acute or subacute onset. Patients
sometimes go into a coma (Video 5.1), even if magnetic resonance imaging
(MRI) revealed no organic lesions (Fig.5.1). ACS was previously called as acute
organic brain syndrome. ACS might be accompanied by disturbances of cogni-
tion, mood, affect, and/or behavior. The results of a recent meta-analysis demon-
strated that patients with ACS have the significantly poorer prognosis with
mortality of hazard ratio 3.4, which was the highest even after multivariate anal-
ysis [4].

The definition of ACS from appendix A is "disturbance of consciousness or level
of arousal with reduced ability to focus, maintain, or shift attention, which develops
over a short period of time (hours to days) and tend to fluctuate during the course of
the day". As shown in Table 5.2, for the diagnosis of ACS one of the followings is
required: A. Acute or subacute change in cognition that may include memory deficit
and disorientation, or B. A change in behavior, mood, or affect (e.g., restlessness,
overactivity, reversal of the sleep/wakefulness cycle, irritability, apathy, anxiety,
mood lability, etc.). It is important to exclude possibilities other than SLE, such as
metabolic encephalopathies. The key issue in ACS is the presence of conscious
disturbance (delirium) with either cognitive dysfunction and/or mood and behavior
dysfunction.

MRI scans (FLAIR)

Fig. 5.1 An SLE patient with acute confusional state. MRI scans revealed no organic lesions
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Table 5.2 Diagnostic criteria, exclusions, association, ascertainment, and record of acute
confusional state from ACR nomenclature and case definitions in appendix A

Acute confusional state

Diagnostic criteria
* Disturbance of consciousness or level of arousal with reduced ability to focus, maintain, or
shift attention, and one or more of the following developing over a short period of time (hours
to days) and tending to fluctuate during the course of the day
A. Acute or subacute change in cognition that may include memory deficit and
disorientation

B. A change in behavior, mood, or affect (e.g., restlessness, overactivity, reversal of the
sleep/wakefulness cycle, irritability, apathy, anxiety, mood lability, etc.)

Exclusions

 Primary mental/neurologic disorder not related to SLE

* Metabolic disturbances (including glucose, electrolytes, fluid, osmolarity)

 Substance or drug-induced delirium (including withdrawal)

* Cerebral infections

NB: Preexisting cognitive deficits are not an exclusion. If acute confusional state is
superimposed on preexisting cognitive deficits, diagnose both

Associations

* Marked psychosocial stress

* Corticosteroid use

» Thrombotic thrombocytopenic purpura/hemolytic uremic syndrome

Ascertainment

* Disturbed consciousness: Clinical observation, mental status, and neurologic examination

e Cognitive function: Mental status examination, including instruments such as the mini mental
status examination

* Mood and behavioral dysfunction: Clinical observation, history by patient and others,
standardized instruments (e.g., hospital anxiety and depression scale)

Determine from the individual or from informants the impact of disturbance on daily life,
previous occupational and social functioning

Record
* Basic descriptors

NB: Preexisting cognitive deficits are not an exclusion. If acute confusional state is
superimposed on preexisting cognitive deficits, diagnose both

5.3.1.2 Anxiety Disorder

Anxiety disorder (AD) is more common in patients with SLE compared to healthy
individuals and is sometimes independent of the disease activity of SLE [5]. Higher
levels of AD and a younger age may increase the risk of depression in SLE patients
[6]. The definition of AD in the ACR nomenclature is "anticipation of danger or
misfortune accompanied by apprehension, dysphoria, or tension". Among AD, there
are generalized anxiety, panic disorder, panic attacks, and obsessive-compulsive
disorders. For the diagnosis of AD, both of the following should be satisfied:
A. Prominent anxiety, panic disorder, panic attacks, or obsessions or compulsions,
and B. Disturbance causes clinically significant distress or impaired social,
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occupational, or other important functioning. It is sometimes necessary to rule out
the possibility of adjustment disorder with anxiety or anxiety occurring during the
other domains of diffuse NPSLE.

5.3.1.3 Cognitive Dysfunction

Cognitive dysfunction (CD) is the most common manifestation in NPSLE [7, 8],
which occurs in more than 50% of SLE patients [9]. Notably, CD is 2 times more
prevalent in SLE than in the general population [10]. The definition of CD is "sig-
nificant deficits in any or all of the following cognitive functions: simple or complex
attention, reasoning, executive skills (e.g., planning, organizing, sequencing), mem-
ory (e.g., learning, recall), visual-spatial processing, language (e.g., verbal fluency),
and psychomotor speed". CD implies a decline from a higher level of functioning
and ranges from mild impairment to severe dementia. It may or may not impede
social, educational, or occupational functioning, depending on the function(s)
impaired and the severity of impairment. Subjective complaints of CD are common
and may not be objectively verified. Neuropsychological testing should be done in
suspected CD for confirmation with a help of a neuropsychologist. Diagnostic cri-
teria include: A. Documented impairment in one or more of the cognitive domains,
such as simple attention, complex attention, memory (e.g., learning and recall),
visual-spatial processing, language (e.g., verbal fluency), reasoning/problem solv-
ing, psychomotor speed and executive functions (e.g., planning, organizing, and
sequencing). B. The cognitive deficits represent a significant decline from a former
level of functioning (if known). C. The cognitive deficits may cause varying degrees
of impairment in social, educational, or occupational functioning, depending on the
function(s) impaired and the degree of impairment. To confirm the diagnosis, stan-
dardized neuropsychological tests are required with estimation of premorbid level
of functioning. In addition, it is important to determine the impact of CD on social
or occupational functioning of patients.

Of note, the previous study demonstrated that CD in SLE patients might be rather
stable, not be so progressive over time [11, 12]. It is also important to remember that
a number of conditions other than SLE, such as primary CNS disease or injury,
chronic medical illness, medication, psychological or psychiatric disturbance, met-
abolic disturbance, pain fatigue and sleep disturbance, could develop CD [13].

5.3.1.4 Mood Disorder

Mood disorder (MD) is relatively common in patients with SLE. The prevalence of
MD is 6-43% with a wide variety [8, 14-24]. According to the study by Bachen EA
et al., the prevalence of various types of MD in female lupus patients was as follows:
major depressive disorder (47%), specific phobia (24%), panic disorder (16%),
obsessive-compulsive disorder (9%), and bipolar I disorder (6%) [23].
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Table 5.3 Diagnostic criteria for mood disorders

L. Major depressive-like episode
One or more major depressive episodes with at least five of the following symptoms, including
either A or B or both, during a 2-week period and nearly every day

A. Depressed mood most of the day, by subjective report or observation made by others

B. Markedly diminished interest or pleasure in all, or almost all, activities most of the day, by
subjective report or observation made by others

C. 1. Significant weight loss without dieting or weight gain (>5% of body weight in 1 month)

1. Insomnia or hypersomnia, psychomotor agitation or retardation (observable by others,
not merely subjective feeling of restlessness or being slowed down)

1. Fatigue or loss of energy
1. Feelings of worthlessness or excessive or inappropriate guilt (may be delusional)
1. Diminished ability to think or concentrate, or indecisiveness

1. Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a
specific plan, or a suicide attempt or a specific plan for committing suicide

I1. Mood disorder with depressive features
All of the following

A. Prominent and persistent mood disturbance characterized by predominantly depressed
mood or markedly diminished interest or pleasure in all, or almost all, activities

B. Full criteria for major depressive-like episode are not met
I11. Mood disorder with manic features

Prominent and persistent mood disturbance characterized by predominantly elevated, expansive,
or irritable mood

IV. Mood disorder with mixed features

Prominent and persistent mood disturbance characterized by symptoms of both depression and
mania; neither predominates

For all mood disorders, symptoms must cause significant distress or impairment in social,
occupational, or other important areas of functioning

The definition of MD is "prominent and persistent disturbance in mood charac-
terized by depressed mood or markedly diminished interest or pleasure in almost all
activities or elevated, expansive or irritable mood". Diagnostic criteria are estab-
lished separately for (I) Major depressive-like episode, (II) Mood disorder with
depressive features, (II) Mood disorder with manic features, (IV) Mood disorder
with mixed features, and for all mood disorders (Table 5.3). It is important to rule
out MD from steroid induced psychosis, in which mood changes are common.

5.3.1.5 Psychosis

Psychosis due to SLE is observed in 2% of SLE patients in the retrospective
study, which occurred within the first year in 60% of patients after initial onset
of SLE [25]. Secondary psychosis caused by corticosteroids administration is
more frequently found in SLE patients [26-29]. Recent study demonstrated that
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the presence of SLE could provide more risk for development of steroid induced
psychosis than that of other autoimmune diseases treated with corticosteroids
[30]. Therefore, diffuse NPSLE and steroid induced psychosis are not antinomy.
In other words, they can appear simultaneously based on different
mechanisms.

The definition of psychosis is "severe disturbance in the perception of reality
characterized by delusions and/or hallucinations". For diagnosis of psychosis, all of
the following criteria should be fulfilled: A. At least one of delusions, hallucinations
without insight needs to be present, B. The disturbance causes clinical distress or
impairment in social, occupational, or other relevant areas of functioning, C. The
disturbance does not occur exclusively during the course of a delirium, D. The dis-
turbance is not better accounted for by another mental disorder (e.g., mania). Again,
it is important to remember that psychosis of diffuse NPSLE and steroid induced
psychosis can occur simultaneously.

5.3.2 Neurologic Syndromes of CNS

Neurologic syndromes of CNS (neurologic NPSLE in CNS) consist of seven mani-
festations derived from damages of a local or restricted area of the brain and/or
spinal cord. It is important to discriminate primary neurological diseases or other
diseases developing neurologic syndromes. Hereby, clinical characteristics and case
definitions of neurologic NPSLE in CNS in the 1999 ACR case definitions are
concisely reviewed and discussed.

5.3.2.1 Aseptic Meningitis

Aseptic meningitis has been documented to be one of the specific features in NPSLE
[31]. Meningitis was observed in about 1.6% of the patients with SLE, whereas in
40% of such cases no microorganism could be isolated [32]. Although the etiology
of aseptic meningitis has not been clear, some reports indicated such neurological
syndromes as transverse myelitis and cerebral vasculitis were associated with asep-
tic meningitis [33-35]. It should be remembered that nonsteroidal anti-inflammatory
drugs and trimethoprim-sulfamethoxazole can be a cause of aseptic meningitis in
patients with SLE [36-38].

The definition of aseptic meningitis is "syndrome of fever, headache, and menin-
geal irritation with cerebrospinal fluid (CSF) pleocytosis, and negative CSF cul-
tures". Diagnostic criteria require all of the followings: A. Acute or subacute onset
of headache with photophobia, neck stiffness, and fever, B. Signs of meningeal
irritation, C. Abnormal CSF. Basically, it is impossible to discriminate viral men-
ingitis from aseptic meningitis due to SLE.
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5.3.2.2 Cerebrovascular Disease

Cerebrovascular disease consists of ischemic stroke including transient ischemic
syndrome, intracerebral and subarachnoid hemorrhage. Anti-phospholipid syn-
drome is significantly associated with development of stroke [39, 40]. According to
the meta-analysis, individuals with SLE have a two-fold higher risk of ischemic
stroke, a three-fold higher risk of intracerebral hemorrhage, and an almost four-fold
higher risk of subarachnoid hemorrhage compared to the general population [41].
Several studies have demonstrated that the incidence of stroke in SLE was signifi-
cantly increased by non-SLE factors such as hypertension [42, 43], dyslipidemia
[42], age [41, 44-46], male [47] and traditional risk factors that predict an increased
risk of stroke and coronary artery disease in SLE [48-50]. Libman-Sacks endocar-
ditis is one of the complications in SLE and could be a significant risk for embolic
cerebrovascular disease [51].

The definition of cerebrovascular disease in the ACR nomenclature is "neuro-
logic deficits due to arterial insufficiency or occlusion, venous occlusive disease, or
hemorrhage". These are mainly focal deficits but may be multifocal in recurrent
disease. Diagnostic criteria is defined as satisfying one of the following and sup-
porting radioimaging study: (1) Stroke syndrome, (2) Transient ischemic attack, (3)
Chronic multifocal disease, (4) Subarachnoid and intracranial hemorrhage, and (5)
Sinus thrombosis. The finding of unidentified bright objects on MRI without clini-
cal manifestations is not classified for cerebrovascular disease at the present time. In
order to confirm the diagnosis of cerebrovascular disease, neuroimaging study,
especially MRI, is extremely useful. However, it should be remembered that
reversible focal neurological deficit, presumably due to vasculitis [52], might be
misdiagnosed as cerebrovascular disease that is irreversible.

5.3.2.3 Demyelinating Syndrome.

Demyelinating syndrome must have the evidence of discrete neurologic lesions dis-
tributed in place and time like multiple sclerosis (MS) [53] and is very rare compli-
cation seen in about 0.3% of NPSLE patients [2, 54]. Recently, neuromyelitis optica
spectrum disorder (NMOSD) has been recognized as a clinical entity independent
from MS through the discovery of specific autoantibodies [55]. Thus, NMOSD has
been regarded as demyelinating syndrome. In fact, our patient who had showed
remission and relapse of upper cervical spinal cord lesions was diagnosed as demy-
elinating syndrome, has recently turned out to be positive for serum anti-Aquaporin
4 antibody. Thus, this patient should have been diagnosed as NMOSD (Fig. 5.2).
The definition of demyelinating syndrome in the ACR nomenclature is "acute or
relapsing demyelinating encephalomyelitis with evidence of discrete neurologic
lesions distributed in place and time". Diagnostic criteria demand for the presence
of neurological lesions occurring at multiple occasions in place and time. It should
be noted that transverse myelopathy, optic neuropathy and other cranial nerve
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Fig. 5.2 An SLE patient with NMOSD-like lesions. A 20-year-old female with positive anti-
serum Aquaporin 4 antibody presenting extensive cervical lesion on MRI

palsies are included in the diagnostic criteria. Since these are also listed as a sepa-
rate entity in the ACR nomenclature and case definitions, it is somewhat confusing.
Although ACR recommends that patients who meet criteria for these and for demy-
elinating syndrome should be classified as having both, revision with more sophis-
ticated classification would be necessary.

Although spinal cord lesions attract more attention, there is definitely a case
which is most appropriately classified as demyelinating syndrome, presenting dif-
fuse hyperintensity in the cerebral white matter along with patchy nodules (Fig. 5.3).

5.3.2.4 Headache

Headache is very common in patients with SLE (32-75.7%) [56-58], although it is
also common in general population. Among various types of headache, 38% of
patients had migraine and 36% of had tension-type headache [58]. It remains
unclear which type of headache is caused by immunological processes related with
SLE and requires immunosuppressive therapy. Of note, it has been found that head-
ache due to intracranial hypertension and intractable non-specific headache, but not
migraine, are characterized by the inflammatory profile in CSF, such as the eleva-
tion of IL-6, IL-8, and IP-10 [59].

The definition of headache in the ACR nomenclature is "discomfort in the region
of the cranial vault". Headache in NPSLE can be classified as follows: (1) Migraine
with or without aura, (2) Tension headache (episodic tension type headache), (3)
Cluster headache, (4) Headache from intracranial hypertension (Pseudotumor cere-
bri, benign intracranial hypertension) and (5) Intractable headache, nonspecific. It
should be noted that intractable headache might be associated with anti-phospholipid
antibodies.
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FLAIR images on MRI

Remission Exacerbation

Fig. 5.3 An SLE patient with demyelinating syndrome. A 32-year-old female presented gait dis-
turbance and bladder-bowel disturbances. Compared with the remission phase (left), diffuse hyper-
intensity in cerebral white matter with scattered nodular lesions are observed in FLAIR images on
MRI (right)

5.3.2.5 Movement Disorder (Chorea)

Chorea is the most common among movement disorders [60], affecting bilaterally
and symmetrically, whereas hemiballism and Parkinsonian disorders are rare [61,
62]. Movement disorder is usually accompanied by anti-phospholipid antibodies
[61-63].

The definition of chorea is "irregular, involuntary and jerky movements, that may
involve any portion of the body in random sequence". Each movement is brief and
unpredictable. Diagnostic criteria require both of the following: A. Observed abnor-
mal movements, B. Random, unpredictable sequence of movements. MRI of the
brain is sometimes useful to identify the responsible lesion.

5.3.2.6 Myelopathy

In the 1999 ACR nomenclature and case definitions, myelopathy is defined as "dis-
order of the spinal cord characterized by rapidly evolving paraparesis and/or sen-
sory loss, with a demonstrable motor and/or sensory cord level (may be transverse)
and/or sphincter involvement " [3]. Diagnostic criteria include usually rapid onset
(hours or days) of one or more of the following: A. Bilateral weakness of legs with
or without arms (paraplegia/quadriplegia); may be asymmetric. B. Sensory impair-
ment with cord level similar to that of motor weakness; with or without bowel and
bladder dysfunction.

As mentioned in the section of demyelinating syndrome, myelopathy is some-
what an obscure word, which might imply various conditions of different etiology,
including transverse myelitis due to vasculitis, NMOSD and ischemic myelopathy
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due to anti-phospholipid syndrome. Therefore, a more sophisticated classification
would be required as is also in the case with demyelinating syndrome.

5.3.2.7 Seizures and Seizure Disorders

Seizure is seen in about 10% of SLE patients [64, 65]. Epileptic seizure is common,
whereas most seizures are isolated [64]. Of note, isolated seizures might complicate
in patients with diffuse NPSLE, especially ACS. Seizures mainly develop during
early phase of SLE [66, 67], and are found to be associated with anti-phospholipid
antibodies [68].

The definition in the ACR nomenclature is "abnormal paroxysmal neuronal dis-
charge in the brain causing abnormal function". Isolated seizures are distinguished
from the diagnosis of epilepsy. Epilepsy is a chronic disorder characterized by an
abnormal tendency for recurrent, unprovoked seizures that are usually stereotypic.
Diagnostic criteria include the following: A. Independent description by a reliable
witness, B. Electroencephalogram (EEG) abnormalities. For diagnosis of epilepsy,
EEG is very useful due to its sensitive, but must be used with clinical data. In most
patients with epilepsy, interictal EEG is normal. Seizures are divided into partial
and generalized (Table 5.4). Partial seizures have clinical or electroencephalo-
graphic evidence of a focal onset; the abnormal discharge usually arises in a portion
of one hemisphere and may spread to the rest of the brain. Primary generalized
seizures have no interictal evidence on EEG of focal onset. A generalized seizure
can be primary or secondary.

5.3.3 Neurologic Syndromes of PNS

Neurologic syndromes of the PNS in SLE (PNS-NPSLE) is disturbance of the cra-
nial and peripheral nerves. Peripheral neuropathy attributed to SLE occurs in 1.5—
17.7% [69-72]. Importantly, peripheral neuropathy can be caused by many

Table 5.4 Clinical types of seizure disorders

Seizures and seizure disorders

Primary generalized seizure (bilaterally symmetric and without local onset)
* Tonic clonic (grand mal) or tonic or clonic

* Atonic or astatic seizure

* Absence seizure (petit mal)

* Myoclonic seizures

Partial or focal seizures (seizures begining locally) (also referred to as Jacksonian, temporal lobe
or psychomotor seizure, according to type)

 Simple without impairment of consciousness

* Complex with partial impairment of consciousness

* Simple or complex
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conditions other than SLE. In addition, symptoms like myasthenia and numbness,
mostly common in PNS-NPSLE, are non-specific. Therefore, neuropathy without
nerve conduction study and electromyogram (EMG) should not be classified into
PNS-NPSLE.

5.3.3.1 Neuropathy, Cranial

As cranial neuropathy, oculomotor palsy has been well documented [73, 74], but
should be distinguished from a disease due to brainstem lesions [75]. Optic neu-
ropathy can be developed with transverse myelitis as well at the same time [76].

5.3.3.2 Acute Inflammatory Demyelinating Polyradiculoneuropathy
(Guillain-Barré Syndrome)

The definition of acute inflammatory demyelinating polyradiculoneuropathy is
"acute, inflammatory, and demyelinating syndrome of spinal roots, peripheral, and
occasionally cranial nerves". According to a single center cohort study, PNS-NPSLE
was observed in 17.7% of SLE patients, whereas Guillain-Barré Syndrome was
seen only in 1.1% of patients with PNS-NPSLE [72].

5.3.3.3 Autonomic Disorder

Autonomic disorder is relatively common in patients with SLE [77-79]. Thus, 18%
of the patients with SLE had significantly more abnormal results of autonomic tests
by noninvasive autonomic tests, compared with 3% of the controls in prospective
study [80]. The definition of autonomic disorder is "disorder of the autonomic ner-
vous system with orthostatic hypotension, sphincteric erectile/ejaculatory dysfunc-
tion, anhidrosis, heat intolerance, constipation". For diagnosis abnormal response to
provocative tests needs to be confirmed.

5.3.3.4 Mononeuropathy (Single/Multiplex)

In a retrospective study, non-compression mononeuropathy was shown in 23.7% of
patients with peripheral neuropathy [72]. The definition of mononeuropathy in the
ACR nomenclature is "disturbed function of one or more peripheral nerve(s) result-
ing in weakness/paralysis or sensory dysfunction due to either conduction block in
motor nerve fibers or axonal loss". Conduction block is due to demyelination with
preserved axon continuity. Remyelination may take place rapidly and completely.
Once axonal damages take place, axonal degeneration is induced below the dam-
aged site and the recovery is usually slow and incomplete. All modalities or certain
forms of sensation may be affected. Diagnostic criteria include A. Clinical
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demonstration of motor/sensory disturbances in the distribution of a peripheral
nerve and/or B. Abnormalities on nerve conduction studies or EMG (i.e., concentric
needle examination).

5.3.3.5 Myasthenia Gravis

Myasthenia gravis (MG) was found in 7.5% of PNS-NPSLE patients [72]. Among
73 PNS-SLE patients, 3 patients manifested myasthenia gravis before the onset of
SLE [71]. However, it has been unclear whether SLE can be a risk of for develop-
ment of MG. Also, the severity of MG may be associated with concomitant SLE
[81]. The definition of MG in the ACR nomenclature is "neuromuscular transmis-
sion disorder characterized by fluctuating weakness and fatigability of bulbar and
other voluntary muscles without loss of reflexes or impairment of sensation or other
neurologic function". MG is caused by antibodies against acetylcholine receptors,
and therefore could co-exist with other autoimmune diseases such as SLE.

5.3.3.6 Plexopathy

The definition is "disorder of brachial or lumbosacral plexus producing muscle
weakness, sensory deficit, and/or reflex change not corresponding to the territory of
single root or nerve". Plexopathy is considered to be extremely rare.

5.3.3.7 Polyneuropathy

The definition of polyneuropathy is "acute or chronic disorder of sensory and motor
peripheral nerves with variable tempo characterized by symmetry of symptoms and
physical findings in a distal distribution". Resent study demonstrated that small-
fiber neuropathy is as frequent as peripheral neuropathy in NPSLE [70]. Thus, it
was disclosed that 17.1% of the patients with SLE-related peripheral neuropathies
had biopsy-proven small-fiber neuropathies [70].

5.4 Summary

The 1999 ACR nomenclature and case definitions of NPSLE has made a milestone
in our understanding of NPSLE. However, even this ACR nomenclature has not
been covering all the manifestations clinically observed in real lupus patients. As
highlighted in this chapter, 19 syndromes of CNS and PNS disorders are defined
along with diagnostic criteria for each. Among the manifestations, headache, mood
disorders, anxiety and mild cognitive dysfunction can be often found without lupus
activity and therefore the evaluation of their attribution and activity is important.
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There is an apparent confusion in the classification of demyelinating syndrome and
myelopathy, partially because of the discovery of anti-Aquaporin 4 antibody and
establishment of the clinical entity of NMOSD. In addition, new categories of mani-
festations are described, such as reversible focal neurological deficits and small-
fiber neuropathy. Further studies for reclassification are absolutely necessary.
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Chapter 6
Cytokines and Chemokines

Taku Yoshio and Hiroshi Okamoto

Abstract Neuropsychiatric syndromes of systemic lupus erythematosus (NPSLE)
is a life-threatening disorder and early diagnosis and proper treatment are critical
for the management of patients with this disease. Brain magnetic resonance imag-
ing, electroencephalogram, neuropsychological tests and routine cerebrospinal fluid
(CSF) examination are used clinically for the diagnosis of NPSLE. In addition to
these tests, cytokine and chemokine levels in the CSF have been reported as useful
diagnostic markers of NPSLE. This chapter provides an overview of the roles of
cytokines and chemokines in NPSLE.

Keywords NPSLE - Cytokines - Chemokines - BBB - CSF - IL-6 - IL-8 - MCP-1 -
IP-10 - G-CSF - TNF-« - IL-10 - IFN-o - RANTES - Fractalkine - The IP-10/
MCP-1 ratio

6.1 Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by
widespread immunologic abnormalities and multi-organ involvement, including the
skin, joints, and kidney, as well as the peripheral and central nervous systems (CNS).
Neuropsychiatric syndromes in systemic lupus erythematosus (NPSLE) may occur
at any time during the course of the disease, and symptoms are extremely diverse,
ranging from depression, psychosis, and seizures to stroke [1]. The origin of minor
clinical symptoms, such as headaches and mood swings are not specific for
NPSLE. In fact, SLE patients may be under the influence of other conditions
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capable of causing neuropsychiatric symptoms, such as infections, severe hyperten-
sions, metabolic complications, steroid psychosis, and other drug toxicities [2].
Without proper treatment, neuropsychiatric involvement in SLE is known to
increase morbidity and mortality, and therefore the availability of beneficial treat-
ments increases the need for the early recognition of neuropsychiatric manifesta-
tions in SLE. Along with more specific diagnostic tools and an effective method of
monitoring disease activity, therapeutic responses are crucial in the management of
NPSLE. Currently, tests for diagnosing NPSLE include brain magnetic resonance
imaging, electroencephalogram, neuropsychological tests and routine cerebrospinal
fluid (CSF) examination. The results of these tests are reported to be abnormal in
some but not all patients, and therefore none of the findings are specific for
NPSLE. The large discrepancy in the reported frequency of neuropsychiatric
involvement in SLE patients (14-75%) further proves there is no single confirma-
tory diagnostic tool [3, 4].

Increased levels of proinflammatory cytokines and chemokines have been
reported in the CSF of patients with NPSLE. Thus, several reports have shown cyto-
kines and chemokines, such as interleukin (IL)-6, IL-1, IL-8/CXCLS, IL-10, tumor
necrosis factor (TNF)-a, interferon (IFN)- a, IFN- y, monocyte chemotactic protein
1 (MCP-1)/CCL2, interferon-gamma inducible protein-10 (IP-10)/CXCLI0,
Fractalkine/CX3CL1 and granurocyte-colony stimulating factor (G-CSF), to be
elevated intrathecally, thereby allowing these cytokines and chemokines to be used
as diagnostic tools [5—-10].

Cytokines and chemokines are considered to be therapeutic targets in several
chronic inflammatory disorders such as SLE. Based on the number of recently pub-
lished studies, this chapter focuses on the use of cytokines and chemokines as bio-
markers as well as pathogenic factors in NPSLE.

6.2 The Blood-Brain Barrier

The blood-brain barrier (BBB) is a highly specialized, multi-cellular structure that
functions as a selective diffusion barrier between the peripheral circulation and the
CNS. The BBB is composed of specialized endothelial cells (ECs) that are linked
by complex tight junctions and adherens junctions. These cells are also surrounded
by astrocytes and pericytes. Under normal conditions, the specialized structure of
the BBB hinders paracellular transport of most hydrophilic compounds across the
cerebral endothelium and restricts migration of blood-borne cells into the CNS. As
a result, microglia, the resident immune cells of the CNS, are the initial responders
to pathogens or tissue damage. However, prolonged tissue insult triggers inflamma-
tory conditions that cause the BBB to lose its restrictive features, resulting in the
subsequent infiltration of peripheral immune cells.

Reactive microglia, astrocytes, and pericytes, as well as ECs, release numerous
molecules that promote invasion of peripheral immune cells into the CNS. Secreted
inflammatory mediators, including IL-8/CXCLS, MCP-1/CCL2, TNF-a, IL-1p,
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recruit immune cells and stimulate the expression of adhesion molecules on ECs that
participate in integrin-mediated leukocyte tethering, rolling and activation. These
pro-inflammatory molecules also trigger the dynamic reorganization of junction
complexes between ECs, thereby promoting the formation of paracellular gaps.
Matrix metalloproteases, which are also released, degrade proteins present in the
extracellular matrix and may contribute to the loss of pericytes. These events lead to
an increase in the permeability of the BBB and invasion of peripheral immune cells.

6.3 Cytokines

Cytokines are small substances secreted by specific cells of the immune system
which mediate local communication between cells and play important roles in the
development and functioning of both the innate and adaptive immune response.

Several cytokines such as IL-1, soluble IL-2R, IL-6, IL-10, TNF-a, IFN-y, IFN-
a, and G-CSF have been reported to be elevated in the CSF from patients with
NPSLE [5, 10-22]. A summary of the reported results (IL-1, soluble IL-2R, IL-6,
IL-10, TNF-a, IFN-y, IFN-a, and G-CSF) is shown in Table 6.1.

6.4 Cytokines as Biomarkers

In this section, the role and diagnostic tools of respective cytokine as a biomarker in
NPSLE are described.

6.4.1 Tumor Necrosis Factor

The role of TNF-a in lupus is still controversial. TNF-o may be protective in patients
with lupus, since low TNF-a activity is associated with increased disease activity.
Some patients with rheumatoid arthritis who were treated with anti-TNF-a antibod-
ies, expressed anti-double-stranded DNA antibodies, and even lupus developed in a
few of these patients. By contrast, TNF-a may promote the pathogenesis of lupus,
since the level of TNF-a messenger RNA was high in kidney-biopsy specimens
from patients with lupus nephritis and there is a report showing that giving the anti-
TNF-a antibody agent, infliximab, to six patients with lupus led to resolution of
joint swelling in three patients with arthritis and a 60% reduction of urinary protein
loss in four patients with renal lupus [22, 23].

There is a report studying the expression of IL-4, IL-10, TNF-a and IFN-y in
both peripheral blood lymphocytes (PBLs) and CSF from NPSLE patients whereby
the authors found that mRNA for IL-10, TNF-a and IFN-y were increased in PBLs
while only IL-10 and IFN-y were elevated in CSF [6]. Our group showed that the
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Table 6.1 Cytokines in CSF of NPSLE

T. Yoshio and H. Okamoto

Cytokines | NPSLE | Control group Authors Year
IL-1 Increased | None Alcocer-Varela et al. 1992
[11]
IL-1p Same Neulogical symptoms without Gilad et al. [12] 1997
neurological diseases
Soluble Increased | Neulogical symptoms without Gilad et al. [12] 1997
IL-2R neurological diseases
1IL-6 Increased | Non-NPSLE, HI Jonsen et al. [13] 2003
Increased | HI, neurocysticerosis Jara et al. [14] 1998
Increased | Non-NPSLE Hirohata and 1990
Miyamoto [15]
Increased | Cerebral infarction Hirohata and 1999
Hayakawa [16]
Increased | None Alcocer-Varela et al. 1992
[11]
Increased | CNS inflammation, non-inflammatory | Tsai et al. [17] 1994
CNS diseases
Increased | Non-NPSLE Trysberg et al. [5] 2009
Increased | HI Dellalibera-Joviliano 2003
etal. [18]
Increased | Non-NPSLE, SM, non-AID Fragoso-Loyo et al. 2007
[19]
Increased | Non-NPSLE Yoshio et al. [10] 2016
1IL-10 Same Non-NPSLE, HI Jonsen et al. [13] 2003
Increased | HI Dellalibera-Joviliano 2003
etal. [18]
Same Non-NPSLE, SM, non-AID Fragoso-Loyo et al. 2007
[19]
TNF-a Increased | HI Dellalibera-Joviliano 2003
etal. [18]
Same Neulogical symptoms without Gilad et al. [12] 1997
neurological diseases
Same Non-NPSLE, SM, non-AID Fragoso-Loyo et al [19] | 2007
IFN-y Same Non-NPSLE, SM, non-AID Fragoso-Loyo et al. 2007
[19]
IFN-a Increased | Non-NPSLE, HI Jonsen et al. [13] 2003
Increased | Non-NPSLE Winfield et al. [20] 1983
Increased | Non-NPSLE Shiozawa et al. [21] 1992

AID autoimmune diseases, HI healthy individuals, MS multiple sclerosis, SM septic meningitis

mean CSF levels of TNF-a were significantly higher in the 30 patients with central
NPSLE as compared to the 22 non-NPSLE patients. However, a comparison of
cytokine and chemokine levels in the CSF and serum samples of 30 patients with
central NPSLE from whom the CSF and serum samples were obtained at the same
time showed that CSF TNF-a levels were much lower than serum TNF-a levels
[10]. One report showed that CSF TNF-a levels in patients with NPSLE were higher
than those in healthy controls [18], however two other reports did not show an
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increase of CSF TNF-« levels in patients with NPSLE [12, 19]. It is therefore uncer-
tain whether CSF TNF-a is associated with the pathogenesis of NPSLE.

6.4.2 Interleukin-10

Serum levels of IL-10 are consistently high in patients with lupus, and they correlate
with the activity of the disease. IL-10 has a number of biologic effects, including
stimulation of polyclonal populations of B lymphocytes. In fact, blocking this cyto-
kine could reduce the production of pathogenic autoantibodies [23].

There is a report studying the expression of IL-4, IL-10, TNF-a and IFN-y in
both PBLs and CSF from NPSLE patients whereby the authors found that mRNA
levels for IL-10, TNF-a and IFN-y were increased in PBLs while only IL-10 and
IFN-y were elevated in CSF [6]. Our group showed that the mean CSF levels of
IL-10 were significantly higher in the 30 patients with central NPSLE as compared
to those in the 22 non-NPSLE patients. Interestingly, these results are in contrast to
a previous study which demonstrated that CSF IL-10 levels were significantly lower
than serum IL-10 levels [10]. One report showed that CSF IL-10 levels in patients
with NPSLE were higher than those in healthy controls [18], however two other
reports did not show increased CSF IL-10 levels in patients with NPSLE [13, 19].
Again, it is thus controversial whether CSF IL-10 is associated with the pathogen-
esis of NPSLE.

6.4.3 Interferon-a

Serum levels of interferon-a (IFN-a) are elevated in patients with active lupus and
microarray studies showed that 13 genes regulated by IFN were up-regulated in
peripheral-blood mononuclear cells from patients with lupus, as compared with
healthy controls [23].

IFN-a was also detected in the CSF of patients with NPSLE, and is of particular
interest in the pathophysiology of NPSLE, given its ability to promote an autoim-
mune response and its recognized role in the etiopathogenesis of SLE [13, 20, 21].

As SLE is an autoimmune disorder characterized by numerous autoantibodies, a
pathogenetic role for autoantibodies is theoretically suspected. Immune complexes
in SLE can stimulate IFN-a production and there is strong evidence in humans and
in mice that IFN- « can cause neuropsychiatric manifestations. Santer DM et al. used
a bioassay containing plasmacytoid dendritic cells to demonstrate that NPSLE CSF
induced significantly higher IFN-a compared with CSF from patients with multiple
sclerosis or other autoimmune disease controls [24]. When normalized for IgG con-
centration, NPSLE CSF was 800-fold more potent at inducing IFN- o compared
with paired serum, due to inhibitors present in serum. In addition to IFN-a, immune
complexes formed by CSF autoantibodies produced significantly increased levels of
IP-10/CXCL, IL-8/CXCL8 and MCP-1/CCL2. From these results they proposed a
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two-step model of NPSLE whereby CSF autoantibodies bind to antigens released by
neurocytotoxic antibodies or other brain cell injury, and the resulting immune com-
plexes stimulate IFN-a, proinflammatory cytokines and chemokines [24].

Indirect support for the role of IFN-a in NPSLE comes from the untoward side
effects of this cytokine when used as a therapeutic modality for treatment of hepati-
tis or malignancy, with approximately one third of patients receiving IFN-a exhibit-
ing CNS symptoms [25]. Although depression is the most common feature, other
symptoms, such as psychosis, confusion, mania, and seizures have also been
reported. Of note, IL-6 may potentiate the depressive propensity of IFN-a, as high
serum levels of IL-6 prior to administration of IFN-a has been reported to predict
the development of depression [26].

6.4.4 Interleukin-6

Among reported cytokines, IL-6 has been shown to have the strongest positive asso-
ciation with NPSLE. An exhaustive study of cytokines and chemokines recently
reported that IL-6 and IL-8/CXCL8 were elevated in NPSLE compared with non-
NPSLE and non-autoimmune disease patients [19]. This study also found that IL-2,
IL-4, IL-10, TNF-a, and IFN-y were low in all groups examined [19]. In other
reports, no association was found between IL-2, IL-6, IL-10, TNF-a and IFN -y
with NPSLE [12, 13]. A recent study showed that the sensitivity and specificity of
CSF IL-6 for diagnosis of lupus psychosis was 87.5% and 92.3%, respectively,
indicating that CSF IL-6 might be an effective marker for the diagnosis of lupus
psychosis [27].

More recently, a comparison of cytokine and chemokine levels in the CSF and
serum samples of 30 patients with central NPSLE from whom the CSF and serum
samples were obtained at the same time, suggested that the intrathecal concentra-
tions of IL-6, IL-8/CXCLS, IP-10/CXCL10, MCP-1/CCR2 and G-CSF were not
influenced by the serum concentrations in patients with central NPSLE [10]. These
data indicated that production of these cytokines and chemokines might take place
in the CNS. To confirm the role of these small molecules in the pathogenesis of
NPSLE, the levels of IL-6, IL-8/CXCLS, IP-10/CXCL10, MCP-1/CCL2 and G-CSF
in the CSF from 30 patients with central NPSLE were compared with those in 22
patients with non-NPSLE. The mean levels of CSF IL-6, IL-8/CXCLS8, IP-10/
CXCL10, MCP-1/CCL2 and G-CSF were significantly higher in 30 patients with
central NPSLE as compared to those in 22 patients with non-NPSLE [10].
Importantly, the largest differences occurred in the level of IL-6 in the CSF [10].
Thus IL-6 in the CSF might be the most useful diagnostic marker of central NPSLE
among the cytokines and chemokines investigated.

IL-6 levels in the CSF of NPSLE were reported to be elevated without damage
of the BBB. In addition, the expression of IL-6 mRNA was elevated in the hippo-
campus and cerebral cortex, suggesting that IL-6 expression was increased within
the entire CNS of NPSLE [15, 16].
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On the other hand, our group demonstrated the in vitro activation of human ECs
by anti-NR2 glutamate receptor antibodies (anti-NR2) (the enhanced production of
cytokines such as IL-6 and IL-8/CXCLS and the up-regulated expression of adhesion
molecules such as ELAM-1, ICAM-1 and VCAM-1) through the activation of the
NF-kB pathway [28]. Consistently, the production of IL-6, IL-8, IP-10, MCP-1 and
G-CSF by ECs has been reported [28-31]. Therefore, the BBB damage might be
caused by autoantibodies such as anti-NR2 or antiribosomal P protein antibodies
that react with ECs in NPSLE patients. Thus, this damage in ECs of the BBB leads
to the increased concentrations of IL-6, IL-8/CXCLS, IP-10/CXCL10, MCP-1/
CCR2 and G-CSF in the CSF, allowing access to the CNS by autoantibodies,
immune complexes and immune cells such as leukocytes in the circulation, result-
ing in inflammation in the brain.

In addition, intrathecal production of these cytokines and chemokines by neuro-
nal or glial cells might also take place. Furthermore, these cytokines and chemo-
kines might increase the permeability of the BBB, thus providing access to the CNS
for autoantibodies, immune complexes and immune cells such as leukocytes in the
circulation. It is conceivable that both the degree of the BBB dysfunction and the
type and titer of autoantibodies might be the determining factors in the development
of certain diffuse NPSLE, such as psychosis and acute confusional state.

The TNF family ligands BAFF (B-cell activating factor of TNF family) and
APRIL (a proliferation-inducing ligand) are essential for B-cell proliferation, differ-
entiation and function. Intrathecal IL-6 in NPSLE is associated with the CSF immu-
noglobulin (Ig) G Index, a measurement of intrathecal IgG production, suggesting
that IL-6 in concert with BAFF and APRIL, which are also elevated in CSF from
patients with diffuse NPSLE, may increase B-cell activation within the CNS [32].

Elevated serum levels of BAFF and APRIL have been reported in patients with
SLE. Recently BAFF and APRIL were studied in the CSF of NPSLE patients. They
found that levels of APRIL in CSF were more than 20-fold higher and levels of
BAFF in CSF were more than 200-fold higher than those of healthy controls [33].
Comparing the levels of APRIL in CSF between NPSLE and non-NPSLE patients,
enhanced levels of APRIL were noted in NPSLE. Moreover, they found that CSF
levels of APRIL correlated with BAFF but not with IL-6 [33].

There is a report regarding the association between cytokine levels and acute con-
fusional state (ACS) of NPSLE [32]. The authors performed a prospective study using
a cohort of 59 patients with SLE and compared patients with and without ACS as well
as associations between ACS and each CSF test (IL-6, IL-8/CXCLS, IFN-a, IgG
index, and Q-albumin). In this study, ACS was diagnosed in 10 patients (ACS group),
NPSLE except ACS in 13 patients, and non-NPSLE in 36 patients (non-NPSLE
group). CSF IL-6 levels in the ACS group were significantly higher than those in the
non-NPSLE group (p < 0.05) and a positive IgG index (p = 0.028) was significantly
associated with ACS. No other test showed a significant association with ACS. The
positive and negative predictive values for the diagnosis of ACS in SLE were 80% and
85% for elevated CSF IL-6 levels (greater than 31.8 pg/ml), and 75% and 83% for the
IgG index, respectively. From these results, the authors concluded that no single CSF
test had sufficient predictive value to diagnose ACS in SLE, although CSF IL-6 levels
and the IgG index showed statistical associations with ACS [32].
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Increased levels of intrathecal IL-6 have been reported in numerous inflammatory
conditions, such as other autoimmune diseases (Neuro-Behcet’s syndrome, mixed
connective tissue disease) and neurologic conditions such as CNS infections, cerebro-
vascular events and myelitis [34, 35]. Therefore, the possibility of these conditions
must be excluded to confirm that a CSF IL-6 elevation is indeed attributed to NPSLE.

6.4.5 Granulocyte-Colony Stimulating Factors

Recently the results in comparison of granulocyte-colony stimulating factors
(G-CSF) levels in the CSF and serum samples of 30 patients with NPSLE, in whom
the CSF and serum samples were obtained at the same time, suggested that in the
patients with NPSLE the intrathecal concentrations of G-CSF were not influenced
by the serum concentrations, indicating that production of G-CSF might take place
in the CNS [10]. Furthermore, the mean level of CSF G-CSF was significantly
higher in 30 patients with NPSLE than that in 22 patients with non-NPSLE [10].

Recently CSF G-CSF levels have been reported to be significantly higher in patients
with neuromyelitis optica than in patients with other non-inflammatory neurological
diseases [36]. G-CSF has been shown to be released from ECs [29] and to pass across
the intact BBB [37]. Besides its role in hematopoiesis, G-CSF could also act as a neu-
rotrophic factor, inducing neuorogenesis, as well as a protein to counteract apoptosis.
These properties play a major role in the development of treatments for neurological
diseases such as cerebral ischemia [37, 38]. Taken together, it is suggested that G-CSF
might act to treat the damaged CNS intrathecally in patients with NPSLE.

6.5 Chemokines

Chemokines are chemoattractant cytokines which play key roles in the accumula-
tion of inflammatory cells at the site of inflammation. Chemokines in humans com-
prise more than 50 small (8-to-10-kDa) heparin-binding proteins with 20-70 percent
homology in amino acid sequences. Chemokines were originally identified by their
chemotactic activity on bone marrow—derived cells [39, 40]. They are classified into
at least four families according to the location of their cysteine residues. The four
chemokine groups are CC, C, CXC, and CX3C, where C is a cysteine and X is any
amino-acid residue, and their receptors are consequently classified as CCR, CR,
CXCR, and CX3CR. The chemokine receptors are bound to the cell membrane
through seven transmembrane helical segments coupled with a G-protein which
transduces the intracellular signal. The two major subclasses include the CC chemo-
kines where the cysteines are neighboring and the CXC chemokines where the cys-
teines are separated by one amino acid. The CXC chemokines mainly act on
neutrophils and lymphocytes, whereas the CC chemokines mainly act on monocytes
and lymphocytes without affecting neutrophils [41]. Fractalkine, in the CX3C fam-
ily, is a cell-surface-bound protein, in which the first two cysteine residues are
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Table 6.2 Chemokines in CSF of NPSLE

Chemokines NPSLE Control group Authors Year
MCP-1/CCL2 Increased | Non-NPSLE Tikuni et al. [7] 2006
Increased | Non-NPSLE Fragoso-Loyo et al. [19] | 2007
Increased | Non-NPSLE Yoshio et al. [10] 2016
RANTES/CCLS Increased | Non-NPSLE Fragoso-Loyo et al. [19] | 2007
Increased | HI, neurocysticerosis Trysberg et al. [5] 2009
IL-8/CXCLS Increased | Non-NPSLE, SM, non-AID | Fragoso-Loyo et al. [19] | 2007
Increased | MS, other AID Santer et al. [24] 2009
Increased | Non-NPSLE Yoshio et al. [10] 2016
IP-10/CXCL10 Increased | Non-NPSLE Okamoto et al. [9] 2004
Increased | Non-NPSLE Yoshio et al. [10] 2016
Fractalkine Increased | Non-NPSLE Yajima et al. [43] 2005
Same Non-NPSLE Sato et al. [44] 2006
IP-10/MCP-1 ratio | Increased | Non-NPSLE Okamoto et al. [8] 2006

AID autoimmune diseases, HI healthy individuals, MS multiple sclerosis, SM septic meningitis

separated by three amino acids. Fractalkine has potent chemoattractant activity for
T cells and monocytes [42]. One characteristic feature of chemokines is the redun-
dancy of the system. Several chemokines bind to more than one receptor and the
majority of chemokine receptors have multiple ligands leading to the generation of
multiple pathways directing similar cellular responses.

Several chemokines such as IL-8/CXCLS, the IP-10/CXCLI10, fractalkine/
CXCL1, regulated upon activation, normal T-cell expressed and secreted (RANTES)
/CCLS5 and monocyte chemoattractant protein (MCP) -1/CCL2 as well as 1P-10/
MCP-1 ratios have been reported to be elevated in the CSF from patients with
NPSLE (Table 6.2) [5, 7-10, 19, 24, 43, 44].

6.6 Chemokines as Biomarkers

In this section, the role and diagnostic tools of each chemokine as a biomarker in
NPSLE are described.

6.6.1 Monocyte Chemoattractant Protein-1/CCL2 (A Ligand
of CCR2)

MCP-1/CCL2 (a ligand of CCR2) can attract monocytes, T cells, NK cells, and
basophils [7, 29]. It is a high-affinity ligand for the CCR2 chemokine receptor that
is constitutively expressed in monocytes but is expressed on lymphocytes only after
stimulation by IL-2. Expression of CCR2 on monocytes can be down-regulated by
lipopolysaccharides.
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Our group and others have reported that CSF MCP-1/CCL2 levels are higher in
NPSLE patients than in non-NPSLE patients [7, 19]. In addition, we reported that
levels of MCP-1/CCL2 decreased after immunosuppressive treatment. Furthermore,
we compared the levels of MCP-1/CCL2 among various neuropsychiatric symp-
toms. However, due to the paucity of sample size in some patient groups, we were
unable to conclude which type of symptom was associated with the increase of CSF
MCP-1/CCL2 levels in our study [7].

Recently, a comparison of MCP-1/CCL2 levels in the CSF and serum samples of
30 patients with NPSLE, in whom the CSF and serum samples were obtained at the
same time, suggested that in the patients with NPSLE the intrathecal concentration
of MCP-1/CCL2 were not influenced by the serum concentrations, indicating that
production of MCP-1/CCL2 might take place in the CNS [10]. Furthermore, the
mean level of CSF MCP-1/CCL2 was significantly higher in 30 patients with
NPSLE than that in 22 patients with non-NPSLE [10].

6.6.2 Regulated Upon Activation, Normal T-Cell Expressed
and Secreted (RANTES)/CCLS (A Ligand of CCRI,
CCR3, and CCRS)

RANTES/CCLS is another CC chemokine which attracts monocytes, memory T cells
and NK cells and is implicated in the pathophysiology of SLE, rheumatoid arthritis
(RA) and multiple sclerosis [45]. Chemokine receptor CCRS is preferentially expressed
on T helper 1 (Th1) lymphocytes and has been reported to have an important role in the
pathogenesis of RA. It has been reported that systemic administration of a small molec-
ular weight antagonist of CCRS5, SCH-X, suppressed the development of collagen-
induced arthritis in a monkey model of RA [46]. Our group also provided evidence
showing that systemic administration of TAK-779, a small molecular weight nonpep-
tide compound, inhibits the development of adjuvant-induced arthritis in rats [47].

Two reports showed that CSF level of RANTES/CCLS in patients with NPSLE
were higher than those in patients with non-NPSLE [5, 19]. Although the mean CSF
level of RANTES/CCLS was significantly higher in 30 patients with NPSLE than
those in 22 patients with non-NPSLE, CSF RANTES/CCLS5 levels were 1/100 of
serum RANTES/CCLS levels in 30 patients with NPSLE [10]. It is uncertain
whether RANTES/CCLS in the CSF contributes to the pathogenesis and appearance
of NPSLE in the patients with SLE and whether the increased levels of RANTES/
CCLS in the CSF are caused by NPSLE.

6.6.3 Interleukin-8/CXCLS8 (A Ligand of CXCRI and CXCR?2)

IL-8/CXCLS was the first chemokine identified to be involved in leukocyte chemotaxis
such as polymorphonuclear neutrophils and specific T cells [48, 49]. There are several
reports showing that IL-8/CXCLS8 levels in the CSF are elevated in NPSLE [19, 24].
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Recently our group reported that in NPSLE patients intrathecal concentrations of
IL-8/CXCLS8 were not influenced by their serum concentrations, indicating that pro-
duction of IL-8 might take place in the CNS [10]. Furthermore, the mean level of
CSF IL-8/CXCLS8 was significantly higher in 30 patients with NPSLE as compared
to that in the 22 patients with non-NPSLE [10].

Our group also demonstrated that anti-NR2 induced the in vivo activation of
human ECs, resulting in the enhanced production of cytokines such as IL-6 and
IL-8/CXCLS8 as well as the up-regulated expression of adhesion molecules such as
ELAM-1, ICAM-1 and VCAM-1 through the activation of NF-kB pathway [28] as
described elsewhere in the Sect. 6.4.4.

6.6.4 Interferon-Gamma Inducible Protein-10/CXCL10
(A Ligand of CXCR3)

IP-10/CXCL10 is expressed and secreted by monocytes and fibroblasts following
stimulation with IFN-y [50]. IP-10/CXCL10 is a high-affinity ligand for the CXCR3
chemokine receptor which is mainly expressed on natural killer cells and activated
T cells, especially on Thl cells. The predominance of Thl versus Th2 cells in
NPSLE patients remains unresolved. Okamoto et al. and other investigators have
reported that IP-10/CXCL10 was up-regulated in the CSF of NPSLE [9, 19].

Recently a comparison of IP-10/CXCL10 levels in the CSF and serum samples
of 30 patients with NPSLE, in whom the CSF and serum samples were obtained at
the same time, disclosed that in the patients with NPSLE the intrathecal concentra-
tion of IP-10/CXCL10 were not influenced by their serum concentrations, indicat-
ing that production of IP-10/CXCL10 might take place in the CNS [10]. Furthermore,
the mean level of CSF IP-10/CXCL10 was significantly higher in 30 patients with
NPSLE as compared to that in the 22 patients with non-NPSLE [10].

Furthermore, as mentioned in the previous Sect. 6.6.3, the increased IP-10/
CXCLI10 in the CSF of NPSLE might be derived from the activation of ECs of the
BBB, neuronal or glial cells.

6.6.5 Fractalkine/CX3CLI (a Ligand of CX3CRI1d)

The C chemokine family is represented by two chemokines, lymphotactin/XCL1
and SCM-1p/XCL2, whereas the CX3C chemokine family contains only one mem-
ber, called fractalkine/CX3CL1 [51].

Fractalkine/CX3CL1 is synthesized by EC as a type 1 transmembrane protein
which is then cleaved by proteolysis, possibly mediated by TNF-a-converting
enzyme and ADAM 10, thereby yielding the soluble form of Fractalkine/CX3CL1
(sFKN). Fractalkine/CX3CL1 binds to a receptor known as CXCR1 and signals via
the G protein pathway in NK cells, macrophages and a certain proportion of T cells.
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Fractalkine/CX3CL1 plays important roles in the pathogenesis of RA by attracting
pro-inflammatory cells, such as activated macrophages and T cells [52].

There is a report showing that levels of sSFKN/sCX3CL1 were elevated in the
CSF of NPSLE. In this report, both serum and CSF sFKN/sCX3CL1 levels declined
along with successful treatment [43]. However, our group did not find a significant
increase of SFKN/sCX3CL1 in CSF from NPSLE patients when compared with that
of non-NPSLE patients [44].

6.6.6 Ratio of Two Different Chemokine Levels (The IP-10/
MCP-1 Ratio)

The IP-10/MCP-1 ratio was reported to be a useful marker to detect NPSLE [§]. In
this study, the IP-10/MCP-1 ratio in the NPSLE group was significantly higher than
that in the non-NPSLE group (P = 0.0000014). The discriminative ability (area
under the curve) of various ratios between NPSLE and non-NPSLE on Receiver
Operating Characteristic (ROC) curve analysis was 0.63111 (IP-10/CXCL10),
0.67626 (MCP-1/CCL2) and 0.82672 (IP-10/MCP-1 ratio). These results supported
the conclusion that CSF IP-10/MCP-1 ratios are higher in NPSLE patients than in
non-NPSLE patients and that this index is a useful diagnostic marker of NPSLE [8].

6.7 Cytokines and Chemokines as Pathogenic Factors

6.7.1 Cytokines as Pathogenic Factors

Although some cytokines and chemokines are important biomarkers of NPSLE, the
mechanism for the elevated levels of cytokines and chemokines are thus far
unknown. As SLE is an autoimmune disorder characterized by numerous autoanti-
bodies, a pathogenetic role for autoantibodies is theoretically suspected. Immune
complexes in SLE can stimulate [IFN-a and there is strong evidence in humans and
in mice that IFN-a can cause neuropsychiatric manifestations as described in the
section of 6.4.3 Interferon-oc. Santer DM et al. used a bioassay containing
plasmacytoid dendritic cells to demonstrate that CSF from patients with NPSLE
induced significantly higher IFN-a production compared with CSF from patients
with multiple sclerosis or other autoimmune disease controls [24]. In addition to
IFN-a, immune complexes formed by CSF autoantibodies significantly increased
levels of IP-10/CXCL, IL-8/CXCL8 and MCP-1/CCL2. From these results they
proposed a two-step model of NPSLE whereby CSF autoantibodies bind to antigens
released by neurocytotoxic antibodies or other brain cell injury, and the resulting
immune complexes stimulate IFN-a and proinflammatory cytokines and chemo-
kines [24]. Recently, our group showed that IgG anti-NR2 from SLE patients
directly activated ECs through the activation of NF-kB signaling, resulting in the
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up-regulation of adhesion molecules and cytokine production [28]. Thus, it is evi-
dent that autoantibodies alone can induce the production of cytokines without form-
ing immune complexes. Further immunological studies are expected to show how
autoantibodies in SLE patients work to promote the cytokine storm associated with
the pathophysiology of NPSLE.

6.7.2 Chemokines as Pathogenic Factors

Our group reported that CSF MCP-1/CCL2 and IP-10/CXCL10 levels are higher in
NPSLE patients than in non-NPSLE patients, indicating possible involvement of
these chemokines in the pathogenesis of NPSLE [8, 9]. The receptor of IP-10/
CXCL10, CXCR3, is predominantly expressed on natural killer cells and activated
T cells, especially Thl cells. On the other hand, the receptor of MCP-1/CCL2,
CCR2, is expressed not only on activated T cells and natural killer cells but also on
monocytes, basophils, and dendritic cells. CD4+ T cells populations that upregulate
expression of the transcription factor RORyt can be differentiated into IL-17 pro-
ducing CD4+ T cells (Th17 cells) that differ in phenotype and function from Thl or
Th2 cells. Th17 cells are thought to protect against bacteria and fungi and these cells
are also involved in the pathogenesis of autoimmune diseases [50]. Interestingly,
CCR?2 is expressed on a subpopulation of Th17 cells which produce a large amount
of IL-17 but little IFN-y [53]. These results thus implicate the differential contribu-
tion of both CXCR3 and CCR2 signaling in the pathogenesis of NPSLE, especially
on effector T cells such as Th1, Th2, and Th17 cells.

6.8 Summary

Although a large number of studies have been performed, the precise pathophysiol-
ogy of NPSLE is not completely understood. As we described here, various cyto-
kines and chemokines are highly expressed in the brain of NPSLE patients, and it is
believed that these small molecules have important roles in the pathogenesis of
NPSLE. However, the molecular mechanisms by which these molecules work in the
course of the development of NPSLE have not yet been completely revealed.
Cytokines and chemokines are expressed by the stimulation of NF-kB signaling as
well as by signal transduction pathways involving other transcription factors [54].
As mentioned above, our group showed that IgG anti-NR2 from SLE patients direct
NF-«B signaling in ECs, resulting in the up-regulation of adhesion molecules and
cytokine production [28]. Therefore, autoantibodies which are characteristic feature
of SLE bind to corresponding autoantigens on the EC surface and these interactions
may stimulate signaling cascades, resulting in the activation of certain transcription
factors (Fig. 6.1). Activation of signal transduction pathways involving these tran-
scription factors might activate transcription and expression of cytokines and
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Fig. 6.1 Suggested mechanism of damages of central nervous system by anti-NMDAR NR2 anti-
bodies in NPSLE

chemokines, resulting in a cytokine/chemokine storm and the development of
NPSLE pathophysiology. Further molecular studies are required to prove this pro-
posed mode of action for cytokines and chemokines. In addition, cytokines and
chemokines are considered to be therapeutic targets of NPSLE. As most of the
cytokines and chemokines involved in NPSLE have pleiotrophic roles in other bio-
logical processes, inhibition of these cytokines and chemokines might invite unex-
pected side effects in vivo. Therefore, cooperative contribution of both clinical
studies and molecular biological studies is required for the development of ideal
therapeutic strategies against NPSLE.
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Chapter 7
Diagnosis and Differential Diagnosis

Taku Yoshio and Hiroshi Okamoto

Abstract Neuropsychiatric systemic lupus erythematosus (NPSLE) is a
life-threatening disorder and early diagnosis and proper treatment are critical for the
management of patients with this disease. NPSLE can manifest as a range of neuro-
logical and psychiatric features, which are classified using the ACR case definitions
for 19 neuropsychiatric syndromes. Approximately one-third of all NPSLE events
in patients with SLE are primary manifestations of SLE-related autoimmunity, with
seizure disorders, cerebrovascular disease, acute confusional state and neuropathy
being the most common. Such primary NPSLE events are a consequence either of
autoantibodies and inflammatory mediators, or of microvasculopathy and thrombo-
sis. Diagnosis of NPSLE requires the exclusion of other causes, and clinical assess-
ment directs the selection of appropriate examinations. These examinations include
measurement of autoantibodies, analysis of cerebrospinal fluid, electrophysiologi-
cal studies, neuropsychological assessment and neuroimaging to evaluate brain
structure and function. This chapter reviews the important key points for the correct
diagnosis and the differential diagnosis.
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7.1 Introduction

Systemic lupus erythematosus (SLE) is a chronic multisystem inflammatory
autoimmune disease with a waxing and waning course and a broad spectrum of
clinical presentations [1]. The involvement of the nervous system in SLE patients
leads to a nonspecific and heterogeneous group of neuropsychiatric manifestations
[2]. A major issue in clinical evaluation is the attribution of neuropsychiatric
symptoms to SLE. No laboratory or radiological biomarker nor other formal system
exists for establishing a diagnosis in neuropsychiatric SLE (NPSLE). In clinical
practice, an individual multidisciplinary diagnostic approach based on the suspected
cause and severity of symptoms is recommended [3].

In this chapter, we describe the standard classification of NPSLE which was pro-
duced by the American College of Rheumatology (ACR) for the diagnosis of NPSLE,
risk factors for NPSLE, SLE disease activity, clinical and laboratory examinations
for diagnosis of NPSLE, diagnostic approach of NPSLE, guidelines for diagnosis of
NPSLE and the important diseases that should be differentiated from NPSLE.

7.2 Classification of NPSLE

Many previous classifications of NPSLE lacked definitions of individual manifesta-
tions and standardization for investigation and diagnosis. In 1999, the ACR pro-
duced a standard nomenclature and set of case definitions for 19 neuropsychiatric
syndromes known to occur in SLE (Table 7.1) [4]. These syndromes can be segre-
gated into central and peripheral nervous system involvement [4], and diffuse and
focal neuropsychiatric events [5]. The ACR classification is comprehensive in the
scope of neuropsychiatric manifestations it describes, and provides guidance on
investigations and diagnostic criteria for each. However, the classification has never
intended to be specific for neuropsychiatric events caused exclusively by SLE. Thus,
using the ACR classification in clinical practice it is important to attribute events to
SLE and nonSLE causes to optimize the care of individual patients presenting with
neuropsychiatric events.

7.3 Risk Factors for NPSLE

It is helpful for the diagnosis of NPSLE to bear in mind risk factors for various
manifestations of NPSLE. Risk factors consistently associated with NPSLE events
are shown as follows:

1. General SLE activity or damage, especially for seizure disorders and severe cog-
nitive dysfunction [6-8].
2. Previous events or other concurrent NPSLE manifestations [9—11].
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Table 7.1 Neuropsychiatric syndromes observed in systemic lupus erythematosus

Central nervous system
Focal manifestations

Aseptic meningitis

Cerebrovascular disease

Demyelinating syndrome

Headache (including migraine and benign intracranial hypertension)
Movement disorder (chorea)
Myelopathy

Seizure disorders

Diffuse manifestations

Acute confusional state

Anxiety disorder

Cognitive dysfunction
Mood disorder
Psychosis

Peripheral nervous system

Acute inflammatory demyelinating polyradiculoneuropathy (Guillain-Barre syndrome)

Autonomic disorder

Mononeuropathy, single/multiplex

Myasthenia gravis

Neuropathy, cranial
Plexopathy

Polyneuropathy
Arthritis Rheum 42:599-608, 1999

3. Antiphospholipid antibodies (persistently positive moderate-to-high anticardio-
lipin or anti P,-glycoprotein IgG/IgM titers or the lupus anticoagulant), espe-
cially for cerebrovascular disease (CVD) [7, 10], seizure disorder [6, 9],
moderate-to-severe cognitive dysfunction [8, 12], myelopathy [13] and move-
ment disorder [12].

7.4 SLE Disease Activity

Some studies [14-16], but not all [17, 18], have found an association between
increased global SLE disease activity and neuropsychiatric events attributed to
SLE. When the association between SLE disease activity index (SLEDAI) and the
appearance of NPSLE were previously investigated, NPSLE occurred in the high
scores of SLEDAI [19].

The evaluation of SLE disease activity, such as SLEDAI in organ systems other than
neuropsychiatric events is important to diagnose NPSLE correctly and ensure appro-
priate management of neuropsychiatric events in patients with SLE. Such assessment
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might also help attribute these events to SLE and non-SLE causes. This association is
probably more robust for diffuse rather than focal neuropsychiatric events.

7.5 Diagnostic Approach of NPSLE

Neuropsychiatric events may occur in patients when the presence of SLE or connective
tissue disorders other than SLE is not confirmed. It is thus important to assess the pres-
ence or absence of SLE and other connective tissue disorders such as Sjogren’s syn-
drome and mixed connective tissue disease. Of equally importance, the clinicians must
realize that the presence of antinuclear antibody (ANA) in a patient with neurologic
symptoms does not imply that the patient has NPSLE or, for that matter, SLE at all.

The evaluation of SLE patients with (new) signs or symptoms suggestive of NPSLE
is comparable to that in non-SLE patients who present with the same neuropsychiatric
manifestations [20]. Clinicians need to initially aim to exclude secondary causes such as
infections, metabolic or endocrine disturbances and adverse drug reactions (Table 7.2).

The important diseases which should be differentiated from NPSLE are described
in the Sect. 7.8.

Table 7.2 Secondary (non-lupus) causes of neuropsychiatric manifestations in systemic lupus
erythematosus

Infection

Medications

Thrombotic thrombocytopenia purpura

Hypertension

Posterior reversible leukoencephalopathy

syndrome

Metabolic disturbance Hyperglycemia or hypoglycemia
Electrolyte imbabnces (Na*?, Ca*?)
Uremia

Hypoxemia

Fever

Thyroid disease

Vitamin B12 deficiency

Atherosclerosis strokes

Subdural hematoma

Berry aneurysm or cerebral hemorrhage
Cerebral lymphoma

Fibromyalgia

Reactive depression

Sleep apnea

Other primary neurologic or psychiatric diseases
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7.6 Clinical and Laboratory Examination for the Diagnosis
of NPSLE

No single test can diagnose NPSLE. After excluding secondary causes, the diagnosis
of NPSLE can only be confirmed if a patient’s neuropsychiatric symptoms can be
corroborated with objective abnormalities in the neuropsychological examination,
cerebrospinal fluid (CSF) examination, neuroimaging studies, electroencephalogra-
phy, and/or biopsy. Therefore, a methodologic work-up is essential for the patient
with SLE who complains of neuropsychiatric symptoms [21, 22].

A careful and thorough history taking and physical examination, including a
complete neurologic and mental status (psychiatric) evaluation, must be performed
on each patient.

7.6.1 Clinical and Laboratory Tests

In SLE patients who have neuropsychiatric symptoms, the clinical and laboratory
tests which are necessary to confirm the diagnosis of NPSLE and to exclude other
causes are shown in Table 7.3. A complete blood count and urinalysis should be
obtained for disease activity and to rule out infection. If thrombocytopenia is pres-
ent, the blood smear should be examined for schistocytes to exclude thrombotic
thrombocytopenia purpura.

Blood chemistry tests, including electrolytes, creatinine, glucose, and liver-
associated enzymes, are obtained to exclude metabolic abnormalities that can
cause neurologic dysfunction. Complement (C3/C4, or CH50) determinations,
anti-dsDNA antibodies and anti-Sm antibodies should be obtained to assess dis-
ease activity. The presence of antiphospholipid antibodies (lupus anticoagulant,
anticardiolipin antibodies, anti-f, glycoprotein I antibodies) should be also
determined.

Other tests for hypercoagulable states, including factor V Leiden, protein C and
S levels, serum antithrombin III levels, and prothrombin 20210A mutation, may be
indicated in selected patients. Most patients with SLE will have an elevated eryth-
rocyte sedimentation rate and a normal or mildly elevated C-reactive protein. A
significantly elevated C-reactive protein (>6 mg/dL) usually indicates systemic vas-
culitis or infection. A fasting lipid profile and homocysteine levels are obtained to
establish vascular risk factors.
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Table 7.3 Laboratory evaluation and diagnostic imaging of patients with systemic lupus
erythematosus and neuropsychiatric manifestations

Complete blood count and peripheral blood smear

Blood chemistry and Electrolytes, creatinine, glucose, liver-associated enzymes
serology C3/C4 and/or CH50

Anti-dsDNA antibodies

Anti-Sm antibodies

Antiphospholipid antibodies

(lupus anticoagulant, anticardiolipin, anti-B2 glycoprotein I)
Urinalysis

Cerebrospinal fluid
[CSF]

Cell count, protein, glucose, gram stain, other special stains including
India ink (Cryptococcus), venereal disease research laboratory test
and cultures (including polymerase chain reaction for herpes simplex
virus, varicella zoster virus, and JC viruses).

IgG levels, Q-albumin ratio, oligoclonal bands, IgG index

Brain and/or spinal cord
magnetic resonance
imaging [MRI]

T1/T2-weighted imaging

A fluid-attenuated inversion recovery sequence [FLAIR]

Diffusion weighted imaging [DWI]

A gadolinium-enhanced T1-weighted sequence

Electroencephalography

Other tests

C-reactive protein

Serum and CSF antineuronal antibodies

Serum and CSF neuromyelitis optica [NMO] IgG/ anti-aquaporin 4
antibodies

Serum and CSF anti-ribosomal P protein antibodies

Serum and CSF anti-NR2 glutamate receptor antibodies

Computed tomography [CT] of brain

CT or magnetic resonance angiogram [MRA]

Cerebral angiography

Single photon emission computed tomography [SPECT]

Positron emission tomography

18F—fluro-d-glucose positron emission tomography [FDG-PET]

7.6.2 Autoantibodies

More than 20 autoantibodies in the serum and CSF have been reported to be asso-
ciated with NPSLE [23-25]. They have been detected by a variety of methods
using multiple different substrates. Over one half of them are autoantibodies that
react to brain antigens, whereas the remaining are systemic autoantibodies.
However, many of these autoantibodies are not routinely available and remain

investigational.
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Notably, the five autoantibodies that are clinically available (antiphospholipid,
anti-ribosomal P protein, antineuronal, anti-NR2 glutamate receptor, and neuromy-
elitis optica (NMO) IgG/anti-aquaporin 4 antibodies) deserve further attention.

7.6.3 CSF Tests

CSF analysis is useful in all patients with SLE who have had a change in neurologic
status, particularly to exclude infection or other secondary causes of CNS dysfunc-
tion. In patients with NPSLE, CSF results may be unremarkable (50%). However,
patients with NPSLE may have such abnormalities that are helpful in confirming the
diagnosis and guiding management. Consensus panels recommend that routine CSF
tests, IgG index, and oligoclonal bands be determined on all patients suspected of
having NPSLE [4, 21].

7.6.3.1 Routine CSF Tests

Routine CSF tests include cell count with differentiation, protein, glucose, Gram
stain, other special stains including India ink (Cryptococcus), venereal disease
research laboratory test and cultures (including polymerase chain reaction for her-
pes simplex virus, varicella zoster virus, and JC viruses, if indicated).

Pleocytosis (more than 100 cells per high-power field) and elevated protein (70—
110 mg/dL) are found in some patients with active NPSLE. Protein abnormalities
are common (22% to 50%) than pleocytosis (6% to 34%) [26]. Neutrophilic pleocy-
tosis with elevated protein suggests cerebral vasculitis with ischemia if infection is
ruled out. Patients with antiphospholipid antibodies and neurologic thromboem-
bolic events frequently have elevated protein levels with mild or no pleocytosis.

The CSF glucose level is rarely (3% to 8%) decreased (30 to 40 mg/dL) in
NPSLE. CSF pleocytosis, elevated protein levels, and low glucose should always
raise suspicion of an acute or chronic infection before attributing these abnormali-
ties to NPSLE.

7.6.3.2 CSF Immunologic Tests

CSF IgG levels are elevated in 69% to 96% of patients with NPSLE, and a level
greater than 6 mg/dL almost always indicates NPSLE, although it is present in only
40% of patients with NPSLE. An elevated CSF Q-albumin ratio, indicating a break
in the blood brain barrier, has been noted in up to one third of patients, especially
those with progressive encephalopathy, transverse myelitis, and strokes [22, 26].
Several groups have now confirmed that an elevated 1gG index, the presence of oli-
goclonal bands or both are observed in up to 80% of patients, particularly in those
with diffuse manifestations, such as encephalopathy and psychosis [22, 26, 27].
Patients with focal manifestations, such as stroke due to antiphospholipid
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antibodies, typically do not have an elevated IgG index or oligoclonal bands, unless
they also have a coexistent encephalopathy (complex presentation) [22]. These
abnormalities have been shown to normalize in some patients after successful ther-
apy [22, 27].

7.6.3.3 CSF Autoantibodies

Using neuroblastoma cells as the antigen source, CSF levels of antineuronal anti-
bodies were found to be significantly elevated in patients with lupus psychosis com-
pared with those with nonpsychotic NPSLE or non-SLE controls [28].

Furthermore, 90% of the patients with diffuse manifestations of psychosis,
encephalopathy or generalized seizures had elevated 1gG antineuronal antibodies,
compared with only 25% of patients with focal manifestations of hemiparesis or
chorea. Notably the antineuronal antibodies were concentrated eightfold in the CSF,
relative to its concentration in paired serum samples [29].

7.6.3.4 CSF Cytokine and Chemokine

Several cytokines (interleukin [IL]-6, interferon-o and granulocyte-colony stimulat-
ing factor) and chemokines (IL-8, interferon-y-inducible-10, monocyte chemotactic
protein-1) and matrix metalloproteinase-9 have been reported to be elevated in the
CSF of patients with active NPSLE and may be important in the pathogenesis [30,
31]. Measurements of these mediators, especially IL-6, may be useful in the diag-
nosis and to monitor immunologic activity and neuronal damage. The intrathecal
ratio of IP-10 to MCP-1 is significantly higher in patients with NPSLE than in
patients with SLE without CNS symptoms. This IP-10/MCP-1 could be a useful
marker of NPSLE [32, 33].

7.6.4 Neuroimaging Studies

Neuroimaging may detect NPSLE involvement and exclude other (neurosurgical,
infectious) causes. The imaging technique of choice is magnetic resonance imaging
(MRI) with T1/T2-weighted imaging, a fluid attenuating inversion recovery
sequence, diffusion-weighted imaging (DWI) and a gadolinium-enhanced
T1-weighted sequence. The average sensitivity of MRI in active NPSLE is 57%
(64% in major vs 30% in minor NPSLE, 76% in focal vs 51% in diffuse NPSLE).
The most frequent pathological pattern is small punctate hyperintensity focal lesions
on T2-weighted images in subcortical and periventricular white matter, usually in
the frontal-parietal regions. Unfortunately, these MRI lesions are also present in
many patients without neuropsychiatric manifestations (specificity 60-82%)
[34-36].
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When conventional MRI is normal or does not provide an explanation for the
signs and symptoms, advanced neuroimaging may be performed. Modalities to be
considered (based on availability and local expertise) include quantitative MRI
(magnetic resonance spectroscopy [37, 38], magnetisation transfer imaging [39,
40], diffusion tensor MRI [41], perfusion-weighted imaging) or radionuclide brain
scanning (single photon emission computed tomography (SPECT) [42, 43], or
positron emission tomography [44]. These imaging studies may reveal additional
white matter and grey matter abnormalities, which, however, have modest specific-
ity for NPSLE.

7.6.5 Electroencephalography

Conventional electroencephalography (EEG) is abnormal in 60% to 91% of adult
and pediatric patients with NPSLE [26]. The most common finding is diffuse slow-
ing with increased beta and delta background activity. Focal abnormalities and sei-
zure activity can also be seen. Unfortunately, the EEG findings are not specific for
NPSLE, and other disorders, including metabolic encephalopathies and drug effects,
can give similar findings. Furthermore, up to 50% of patients with SLE without
active NPSLE can have abnormal EEG. Consequently, a single abnormal EEG has
limited diagnostic value for NPSLE. On occasion, however, an EEG may be very
helpful, revealing unsuspected seizure activity, which was not clinically apparent.

7.7 Guidelines for Diagnosis of NPSLE

The EULAR standing committee for clinical affairs developed the recommenda-
tions for the management of SLE with neuropsychiatric manifestations [21]. The
guidelines for the diagnosis that this committee recommended are shown in
Table 7.4 (A part of Table 7.3 EULAR recommendations for the management of
NPSLE is cited and revised and a part of supplementary Table S2, available online
only, is also added [21]). When the clinicians diagnose NPSLE in the patients with
SLE who have neuropsychological symptoms, these guidelines may be useful for
the diagnostic tools.

Furthermore, we show the important key points for the diagnosis of various neu-
ropsychological syndromes, such as headaches, cerebrovascular disease, cognitive
dysfunction, seizure disorders, movement disorders, acute confusional states, psy-
chosis, myelopathy, cranial neuropathy and peripheral nervous system disorders.
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Table 7.4 EULAR recommendations for the diagnosis of neuropsychiatric systemic lupus
erythematosus

Statement
General NPSLE
NPSLE

Neuropsychiatric events may precede, coincide, or follow the diagnosis of SLE but commonly
(50-60%) occur within the first year after SLE diagnosis, in the presence of generalized
disease activity (40-50%).

Cumulative incidence

Common (5-15% cumulative incidence) manifestations include CVD and seizures;
relatively uncommon (1-5%): Severe cognitive dysfunction, major depression, ACS and
peripheral nervous disorders; rare (<1%) are psychosis, myelitis, chorea, cranial neuropathies
and aseptic meningitis.

Risk factors

Strong (fivefold increase) risk factors consistently associated with primary NPSLE are
generalized SLE activity, previous severe NPSLE manifestations (especially for cognitive
dysfunction and seizures), and antiphospholipid antibodies (especially for CVD, seizures,
chorea).

Diagnostic work-up

In SLE patients with new or unexplained symptoms or signs suggestive of neuropsychiatric
disease, initial diagnostic work-up should be similar to that in non-SLE patients presenting
with the same manifestations.

Depending upon the type of neuropsychiatric manifestation, this may include lumbar
puncture and CSF analysis (primarily to exclude CNS infection), EEG, neuropsychological
assessment of cognitive function, NCS, and neuroimaging (MRI) to assess brain structure and
function.

The recommended MRI protocol (brain and spinal cord) includes conventional MRI
sequences (T1/T2, FLAIR), DWI, and gadolinium-enhanced T1 sequences.

Specific NPSLE disorders
CVD

Atherosclerotic/thrombotic/embolic CVD is common, hemorrhagic stroke is rare, and
stroke caused by vasculitis is very rare in SLE patients; accordingly, immunosuppressive
therapy is rarely indicated

Cognitive dysfunction

More common in Caucasians (10-20%) than in Asian (1-2%).

Mild or moderate cognitive dysfunction is common in SLE but severe cognitive impairment
resulting in functional compromise is relatively uncommon (3—-5%) and should be confirmed
by neuropsychological tests in collaboration with a clinical neuropsychologist when available.

Seizure disorder

Single seizures are common in SLE patients and have been related to disease activity.
Chance of recurrence is comparable to that in the general population.

The diagnostic work-up aims to exclude structural brain disease and inflammatory or
metabolic conditions and includes MRI and EEG.

Acute confusional state (ACS)
Rates ranging 1.8—4.7% (including ‘organic brain syndrome’ cases).

Often in presence of generalized disease activity.

Type: hypo- or hyper-aroused states, ranging from delirium to coma.

(continued)
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Table 7.4 (continued)

Statement

In Japan the frequency of ACS is highest among diffuse psychiatric symptoms.

Lumbar puncture for CSF analysis and MRI should be considered to exclude non-SLE
causes, especially infection.

The measurement of CSF IL-6 may be useful for the diagnosis of ACS, because the
elevated levels in CSF IL-6 have been reported.

Major depression and psychosis

Major depression attributed to SLE alone is relatively uncommon while psychosis is rare;
although steroid-induced psychosis may occur this is very rare.

There is no strong evidence to support the diagnostic utility of serological markers or brain
imaging in major depression.
Myelopathy

Type: acute transverse myelopathy (most common), longitudinal myelopathy (>4 spinal
cord segments affected, continuous or separate).
The diagnostic work-up includes gadolinium-enhanced MRI and CSF analysis.
Optic neuritis is commonly bilateral in SLE

The diagnostic work-up should include a complete ophthalmological evaluation (including
funduscopy and fluoroangiography), MRI and visual evoked potentials.

Optic neuritis needs to be distinguished from ischemic optic neuropathy, which is usually
unilateral, especially in patients with antiphospholipid antibodies.

Peripheral neuropathy

Peripheral neuropathy often co-exists with other neuropsychiatric manifestations and is
diagnosed with electromyography and NCS.

ACS acute confusional state, CNS central nervous system, CSF cerebrospinal fluid, CVD cerebro-
vascular disease, DWI diffusion-weighted imaging, EEG electroencephagraphy, FLAIR fluid-
attenuating inversion recovery sequence, /L-6 interleukin-6, MRI magnetic resonance imaging,
NCS nerve conduction studies, NPSLE neuropsychiatric systemic lupus erythematosus, SLE sys-
temic lupus erythematosus, 71/T2 T1/T2-weighted imaging

7.7.1 Headache

As the definition of lupus headaches five types of migraine, tension, cluster, head-
ache from intracranial hypertension, and non-specific intractable headache are
shown by the ACR [4]. Fragoso-Loyo H et al. have proposed that headache from
intracranial hypertension and intractable non-specific headache are of an inflamma-
tory nature and should remain as NPSLE syndromes, however, migraine is non-
inflammatory and might be excluded from this nomenclature [45].

Although headache is frequently reported by SLE patients, several studies and a
meta-analysis of epidemiological data found no evidence of an increased prevalence
or a unique type of headache in SLE [46]. It is necessary to exclude aseptic or septic
meningitis, sinus thrombosis (especially in patients with antiphospholipid antibod-
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ies), cerebral or subarachnoid hemorrhage. In the absence of high-risk features from
the medical history and the physical examination (including fever or concomitant
infection, immunosuppression, presence of antiphospholipid antibodies, use of anti-
coagulants, focal neurological signs, altered mental status, meningismus and gener-
alized SLE activity), headache alone in an SLE patient requires no further
investigation beyond the evaluation, if any, that would have been performed for
non-SLE patients.

7.7.2 Cerebrovascular Disease

Ischemic stroke and/or TIA comprise over 80% of cerebrovascular disease (CVD)
cases, whereas central nervous system (CNS) vasculitis is rare. CVD occurs com-
monly (50-60%) in the context of high disease activity and/or damage; other strong
risk factors are persistently positive moderate-to-high titers of antiphospholipid
antibodies, heart valve disease, systemic hypertension and old age.

In an acute stroke, MRI DWI excludes hemorrhage, assesses the degree of brain
injury, and identifies the vascular lesion responsible for the ischemic deficit.
Magnetic resonance angiography, angiography of computed tomography, or con-
ventional angiography may help to characterize the vascular lesions and detect brain
vasculature aneurysms in subarachnoid hemorrhage.

7.7.3 Cognitive Dysfunction

Most SLE patients have a mild-to-moderate degree of cognitive dysfunction with an
overall benign course, and severe cognitive dysfunction develops only in 3-5% [47,
48]. Most commonly affected domains are attention, visual memory, verbal mem-
ory, executive function and psychomotor speed.

ACR has proposed a 1 h battery of neuropsychological tests for diagnosing cogni-
tive dysfunction in SLE (sensitivity 80%, specificity 81%) [4]. The computer-based
automated neuropsychological assessment metrics system has also been used.
Indications for brain MRI include the followings: age less than 60 years, rapid unex-
plained or moderate-to-severe cognitive decline, recent and significant head trauma,
new onset of other neurological symptoms or signs, and development of cognitive
dysfunction in the setting of immunosuppressive or antiplatelet/anticoagulation ther-
apy. Cerebral atrophy, the number and size of white matter lesions, and cerebral
infarcts have been correlated with the severity of cognitive dysfunction [47, 49-51].



7 Diagnosis and Differential Diagnosis 105
7.7.4  Seizure Disorders

Most seizures in SLE represent single isolated events, whereas recurrent seizures
(epilepsy) are less common (12-22%) but have a significant impact on morbidity
and mortality. Patients can experience generalized tonic—clonic seizures (67-88%)
or partial (complex) seizures.

EEG abnormalities are common (60-70%) in SLE patients with seizure disorder,
but typical epileptiform EEG patterns are only present in 24-50% and are predictive
of seizure recurrence (positive predictive value 73%, negative predictive value 79%)
[52, 53]. MRI can identify structural lesions causally related to seizure disorder and
may reveal abnormalities such as cerebral atrophy (40%) and white matter lesions
(50-55%). CSF examination is only useful to exclude infection.

7.7.5 Movement Disorders

Chorea (irregular, involuntary and jerky movements involving any part of the
body in random sequence) is the best documented movement disorder in SLE,
and has been associated with antiphospholipid antibodies and/or antiphospho-
lipid syndrome. Brain imaging should be considered when other focal neurologi-
cal signs are present or secondary causes of chorea need to be excluded. Most
patients (55-65%) experience a single episode of chorea that subsides within
days to a few months.

7.7.6 Acute Confusional State

Acute confusional state (ACS) is characterized by acute onset, fluctuating level of
consciousness with decreased attention. Patients should be extensively evaluated for
underlying precipitating conditions, especially infections and metabolic distur-
bances. CSF examination is recommended to exclude CNS infection and EEG may
help diagnose underlying seizure disorder. Brain imaging is indicated if the patient
has focal neurological signs, history of head trauma or malignancy, fever, or when
the initial diagnostic work-up has failed to reveal any obvious cause of the ACS. Brain
SPECT is sensitive (93%) and may help monitor response to treatment [54].
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7.7.7 Psychosis

Lupus psychosis is characterized by delusions (false beliefs refuted by objective
evidence) or hallucinations (perceptions in the absence of external stimuli).
Although antiribosomal P protein antibodies have been associated with psychosis in
prospective studies [55, 56], a meta-analysis has reported limited diagnostic accu-
racy (sensitivity 25-27%, specificity 75-80%) [57].

Brain MRI has modest sensitivity (50-70%) and specificity (40-67%) for lupus
psychosis, and should be considered when additional neurological symptoms or signs
are present. Brain SPECT identifies perfusion deficits in severe cases (80—100%) and
residual hypoperfusion during clinical remission correlates with future relapse [58].

7.7.8 Myelopathy

SLE myelopathy presents as rapidly evolving transverse myelitis but ischemic/
thrombotic myelopathy can also occur. Patients may present with signs of grey mat-
ter (lower motor neuron) dysfunction (flaccidity and hyporeflexia) or signs of white
matter (upper motor neuron) dysfunction (spasticity and hyperreflexia); the latter
can be associated more with neuromyelitis optica (NMO) and antiphospholipid
[59]. Other major NPSLE manifestations are present in one third of cases, with
optic neuritis being the most common (21-48%). Contrast-enhanced spinal cord
MRI is useful to exclude cord compression and to detect T2-weighted hyperinten-
sity lesions (70-93%). The involvement of more than four spinal cord segments
indicates longitudinal myelopathy. This finding may be further investigated with
determination of serum NMO IgG/anti-aquaporin 4 antibodies, which help diag-
nose co-existing NMO [60]. Brain MRI should be performed when other NPSLE
symptoms or signs co-exist and in the differential diagnosis of demyelinating disor-
ders. Mild-to-moderate CSF abnormalities are common (50-70%) but non-specific,
while microbiological studies are important to exclude infectious myelitis.

7.7.9 Cranial Neuropathy

Most frequent cranial neuropathies involve the eighth, the oculomotor (third, fourth
and sixth), and less commonly the fifth and seventh cranial nerves. Other neurologi-
cal conditions, such as brainstem stroke and meningitis, should be excluded. Optic
neuropathy includes inflammatory optic neuritis and ischemic/thrombotic optic
neuropathy. Fundoscopy may reveal optic disc edema (30—40%) and visual field
examination may show central or arcuate defects. Visual-evoked potentials may
detect bilateral optic nerve damage before it is clinically apparent. Fluoroangiography
should be performed when vaso-occlusive retinopathy is suspected. Co-existing
transverse myelitis or seizure disorder may suggest an underlying inflammatory
basis, while optic neuropathy with an altitudinal field defect, associated with
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antiphospholipid antibodies, renders an ischemic/thrombotic mechanism more
likely. The diagnosis is supported by contrast-enhanced MRI showing optic nerve
enhancement in 60—70%, while brain MRI abnormalities are also common (67%).

7.7.10  Peripheral Nervous System Disorders

Peripheral nervous system disorders include polyneuropathy (2-3%) and less com-
monly mononeuropathy (single, multiplex), acute inflammatory demyelinating poly-
radiculoneuropathy, myasthenia gravis, plexopathy, and present with altered sensation,
pain, muscle weakness or atrophy. CNS involvement should be excluded by neuroim-
aging when focal neurological signs, gait disturbance, visual or urinary disorder,
increased tendon reflexes and/or muscle tone are present. Nerve conduction studies
and needle electromyography can identify mononeuropathies, differentiate multiple
mononeuropathy versus polyneuropathy and distinguish axonal neuropathies from
demyelinating neuropathies. CSF analysis is useful for diagnosis of inflammatory
demyelinating polyradiculoneuropathy. Nerve biopsy is rarely needed to establish the
diagnosis. If electrodiagnostic studies are normal, small-fiber neuropathy may be
diagnosed by skin biopsy demonstrating loss of intraepidermal nerve fibers [61].

7.8 The Important Diseases for Differential Diagnosis

In this section, the diseases that should be differentiated from NPSLE are described.

7.8.1 Psychiatric Manifestations after Steroid Therapy

When the new-onset psychiatric manifestations appear in patients with SLE after
the initiation of corticosteroid therapy (the dose of prednisone 1 mg/kg or more)
or the increase of corticosteroid therapy, such as pulse intravenous methylpred-
nisolone (1 g/day for 3 days), it is very difficult to determine whether these psy-
chiatric manifestations are caused by SLE itself (NPSLE) or induced by steroids
(corticosteroid-induced psychiatric disorders [CIPD]) [62]. CIPD occurs in 10%
of patients treated with prednisone 1 mg/kg or more and it manifests primarily as
mood disorder, such as manic or depressive state (93%), rather than psychosis
[63].

It has been reported that CSF IL-6 levels are increased in patients with NPSLE,
but not in SLE patients without NPSLE or with CIPD. Thus, the measurement of
CSF IL-6 is useful for the differential diagnosis between NPSLE and CIPD [64].
The corticosteroid therapy may deteriorate psychiatric symptoms by reducing the
brain blood flow, leading to the development of CIPD. The physicians should not
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reduce the steroid dose or cease the steroid therapy in case of CIPD in order to avoid
the exacerbation of SLE disease activity.

7.8.2 Neuromyelitis Optica

Neuromyelitis optica (NMO), also known as Devic syndrome, is a severe demyelin-
ating disorder of the CNS that causes longitudinal transverse myelitis of at least
three vertebral segments and recurrent optic neuritis. NMO has been reported in
patients with SLE [65], which is associated with NMO-specific autoantibodies
whose antigenic target is aquaporin 4 [66], the most abundant water channel in the
CNS [67]. Although NMO is a rare clinical presentation, suspicion of this syndrome
in a patient with SLE warrants the measurement of IgG anti-aquaporin 4
antibodies.

7.8.3 Reversible Posterior Leukoencephalopathy Syndrome

Over the past decade, reversible posterior leukoencephalopathy syndrome (RPLS)
has been recognized as an important secondary cause of neurologic dysfunction
[68]. At onset, patients with SLE typically have seizures (75% to 100%), acceler-
ated hypertension (90% to 95%), acute renal failure (85% to 90%), headache
(70%), blurred vision (45% to 50%), and/or cortical blindness (30%). Notably,
over 75% have had augmentation of their immunosuppressants (intravenous
methylprednisolone, intravenous cyclophosphamide) within an average of 7 days
before the development of RPLS. The majority (61%) have evidence of brain MRI
abnormalities involving the posterior lobe circulation caused by vasogenic edema.
Therapy includes prompt control of the blood pressure. Further increase in immu-
nosuppressive therapy is contraindicated and potentially detrimental. Long-term
anticonvulsant use is rarely needed once neuroimaging abnormalities resolve after
an average of 25 days. With early recognition and prompt therapy, full neurologic
recovery usually occurs.

7.8.4 Progressive Multifocal Leukoencephalopathy

Progressive multifocal leukoencephalopathy (PML) is a rare, deadly demyelinating
disease of the CNS, which is caused by a reactivation of the DNA polyomavirus, the
John Cunningham virus (JCV), and occurs in immunosuppressed hosts. Of note,
most SLE patients who develop PML have been either subjected or are concomi-
tantly under immunosuppressant therapy [69].
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MRI is the most sensitive imaging method for the investigation of suspected
PML, typical lesions appearing hyperintensity on FLAIR and T2-weighted
sequences [70]. Isolation of the JCV in brain tissue confirms the diagnosis of
PML. Polymerase chain reaction (PCR) analysis of CSF for the presence of JCV
has also been proved useful in the diagnosis of PML [71, 72]. Typically the patients
with PML present with cognitive impairment, altered mental status, aphasia, focal
motor deficits, cortical blindness and behavioral changes [73, 74].

PML must be considered in the differential diagnosis of SLE patients presenting
with unexplained neurologic symptoms or signs, and a low threshold for performing
PCR analysis of CSF for JCV must be maintained. Furthermore, since negative
PCR results do not exclude the diagnosis of PML, brain tissue biopsy should be
considered in patients in whom clinical suspicion of PML remains high, despite
negative results on PCR analysis of CSF for JCV.

7.9 Summary

Neuropsychiatric symptoms constitute an uncommon and poorly understood event in
SLE patients, and pose a diagnostic challenge to the physician. Management of
NPSLE patients has not evolved substantially in the last decades and is characterized
by the lack of good evidence to date. It seems reasonable that increased understanding
of the pathogenesis of NPSLE as well as the specific findings for NPSLE will promote
the possibility of discovery of the diagnostic tools for the rapidly targeted therapy.
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Chapter 8
Imaging of Neuropsychiatric Systemic
Lupus Erythematosus

Yoshiyuki Arinuma and Shunsei Hirohata

Abstract The diagnosis of neuropsychiatric manifestations in systemic lupus ery-
thematosus (NPSLE) is challenging. Neuroimaging is very important technique for
the evaluation of abnormalities occurred in the central nervous system (CNS).
Computed tomography (CT) scan is one of the common techniques and is very use-
ful to detect a large lesion such as ischemic stroke, hemorrhage and tumor, providing
help to rule out CNS diseases other than SLE. Magnetic resonance imaging (MRI)
is the best tool at present to detect parenchymal lesions in the CNS. Conventional
MRI figures out exact abnormalities in the CNS causing neurologic or psychiatric
symptoms. However, it should be remembered that MRI abnormalities in patients
with NPSLE are not always specific for NPSLE. New MRI techniques can give us more
detailed information in patients with NPSLE in addition to findings by conventional
MRI. Functional analysis of the CNS by imaging system would be promising.

Keywords NPSLE - Neuroimaging - Central nervous system - MRI

Y. Arinuma (P<)
Department of Rheumatology and Infectious diseases, Kitasato University School
of Medicine, Sagamihara, Kanagawa, Japan

S. Hirohata
Department of Rheumatology
Nobuhara Hospital, Tatsuno, Hyogo, Japan

Department of Rheumatology & Infectious Diseases
Kitasato University School of Medicine, Sagamihara, Kanagawa, Japan

© Springer International Publishing AG, part of Springer Nature 2018 113
S. Hirohata (ed.), Neuropsychiatric Systemic Lupus Erythematosus,
https://doi.org/10.1007/978-3-319-76496-2_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-76496-2_8&domain=pdf

114 Y. Arinuma and S. Hirohata
8.1 Introduction

The diagnosis of neuropsychiatric syndromes in systemic lupus erythematosus
(NPSLE) is still challenging [1], because NPSLE includes a variety of manifesta-
tions coming from heterogeneous etiologies, and the pathogenesis has not been
sufficiently clear.

Neuroimaging examinations give us numerous information on the central nervous
system (CNS) and its associated tissues surrounding CNS. Neuroimaging has actu-
ally 2 aspects regarding of their properties; the observation of the CNS structure and
the evaluation of brain function. The structural abnormalities should be directly
affected by the pathological changes of damaged sites. Certainly, the pattern of
abnormal findings is reflecting a probable lesion such as infarction, hemorrhage,
abscess, tumor etc., which can manifest focal sign. Occasionally, the structural
abnormalities are associated with psychiatric manifestation. Some methodologies
of neuroimaging are used to estimate a function of the brain, which can quantita-
tively measure blood flow, brain metabolism and biochemistry. For these reasons,
use of neuroimaging has been found to be important for the diagnosis and manage-
ment of NPSLE [2]. Although there are no specific abnormalities for NPSLE, evalu-
ation with neuroimaging can support a diagnosis and management of NPSLE. In
this chapter, characteristics of findings in each imaging modality are described.
Thus, use of neuroimaging could be useful not only in neurologic syndromes (asep-
tic meningitis, cerebrovascular disease, demyelinating syndrome, headache, move-
ment disorder, myelopathy, seizure disorder and cranial neuropathy), but in diffuse
psychiatric/neuropsychological syndromes (acute confusional state, anxiety disor-
der, cognitive dysfunction, mood disorder and psychosis).

8.2 Computed Tomography (CT)

CT is one of the commonest devices and is especially powerful in emergency. CT is
also so safe that there are few contraindications for most of the patients and it needs
to spend only a moment to obtain images. CT is a very good tool for finding an acute
CNS event such as hemorrhage as well as a wide range of infarction, and can help
to quickly detect the presence of other diseases like brain abscess and tumor. Since
CT is not useful to detect non-hemorrhagic lesions in brain tissue, it is usually per-
formed in case of emergency to explore space occupying lesion or severe hemor-
rhage (Fig. 8.1). According to a recent nationwide population-based study,
subarachnoid hemorrhage (SAH) has been indicated to be a complication of SLE
with a high mortality rate [3]. Age, higher daily steroid use and a history of platelet
or red blood cell transfusion need to be ruled out as risk factors for SAH in SLE. On
the other hand, case series reported that patients with higher SLE disease activity
had worse mortality due to SAH [4]. Brain vasculitis could be a pathogenetic factor
of SAH, although it has not been clearly defined in NPSLE case definitions [5].
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Fig. 8.1 Hemorrhage and infarction in a patient with SLE with a large ischemic stroke due to
antiphospholipid syndrome. Hemorrhagic lesion is shown at the center of the large infarcted area
in left frontal lobe on CT scan (a). The wide and large fresh infarction with hematoma is observed
in DWI (b) and T1-weighted image (c¢) on MRI

a3

Fig. 8.2 Calcification due to vasculitis in a patient with SLE. Progressive calcification on basal
ganglia and periventricular white matter on CT scan (a). The horizontal (b) and coronal sections
(¢) on MRI (T1-weghted) with Gd-enhancement, showing the leakage of contrast medium around
periventricular area (arrows), suggesting that the presence of vasculitis

CT scan image is also advantageous to detect calcification. Brain calcification
has been reported to be seen in 30% of NPSLE patients [6]. Most of these have basal
ganglia calcifications, while white matter calcification is also seen. Shown is our
patient who presented significant and progressive calcification in basal ganglia and
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periventricular white matter (Fig. 8.2). Previous studies have documented that
inflammation including vasculitis may contribute to brain calcification [7, 8].
However, the precise mechanism of brain calcification in SLE remains unclear.

8.3 Magnetic Resonance Imaging (MRI)

MRI is the best available tool to detect abnormalities in the CNS including cere-
brum, cerebellum, brain stem and spinal cord, because of its much greater resolu-
tion. In general, images obtained in MRI can be classified based on the examined
conditions using each protocol including T1-weighted image, T2-weighted image,
image with post gadolinium enhancement, fluid attenuated inversion recovery imag-
ing (FLAIR), gradient recall echo (GRE) and diffusion weighted imaging (DWI),
which are suggested to be useful for evaluation of NPSLE by the European League
Against Rheumatism (EULAR) recommendation [2]. Sibbitt et al. documented
clinico-pathological relationship between pre-mortem MRI finding and post-
mortem histopathology using 200 subjects with NPSLE, and concluded that brain
lesions in NPSLE detected by MRI accurately represent serious underlying pre-
mortem cerebrovascular and parenchymal brain injury on pathology [9].

Previous studies reported that brain MRI abnormalities were observed in 42.9—
84.0% of the patients with NPSLE [10-15]. SLE patients with the antiphospholipid
syndrome have the greater prevalence and severity of MRI abnormalities than those
without this syndrome [16]. It is easy to remember that patients with NPSLE cate-
gorized as the neurologic syndromes should present MRI abnormalities, whereas
those with diffuse psychiatric/neuropsychological syndrome (diffuse NPSLE) is not
always complicated with abnormal finding on MRI. For example, cerebrovascular
disease accompanied by antiphospholipid syndrome almost always has MRI abnor-
malities [17]. On the other hand, it has been revealed that 47.2% of patients with
diffuse NPSLE had abnormal lesions revealed on brain MRI, even though they did
not present with any focal neurological manifestations [18]. In this regard, Castellino
et al. showed that abnormal brain MRI scans were observed in 55.8% of the patients
with diffuse NPSLE, which was not significantly different from patients without
NPSLE (36.6%) [19]. Thus, whether MRI abnormalities in diffuse NPSLE are non-
specific or not needs further clarification.

MRI study has a great modality to reveal all kinds of parenchymal lesion espe-
cially in patients with neurologic syndromes of NPSLE, although availability is
limited. A variety of detection methods such as T1-, T2-weighted, FLAR and DWI
should be applied to ensure the characteristic of each lesion, which can help us to
understand the activity and freshness of the lesion. Follow up study may also be
important, because acute, reversible lesions could indicate the presence of active
NPSLE even retrospectively. The characteristics of images in conventional MRI are
highlighted in the following sections.
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Fig. 8.3 Atrophy and infarction in a patient with SLE and antiphospholipid syndrome. FLAIR
image presenting cortical atrophy around old infarcted area (left) and occlusion of left middle
cerebral artery by MR angiography (right)

8.3.1 Parenchymal Lesion

Parenchymal lesions are representative MRI abnormalities presented over cerebral
cortex and white mater. Small and multiple, disseminated and punctuated lesions in
white matter are the most prevalent finding. DWI is very helpful to detect lesions at
the early phase of infarcted area of the brain, and its abnormalities could be found
within a few minutes after the onset when there is no finding in T2-weighted or
FLAIR images [20-23]. As DWI abnormalities can occur in conditions other than
infarction, apparent diffusion coefficient (ADC) mapping helps to confirm that DWI
abnormalities is surely from ischemic lesion. ADC mapping is composed of the
parameters obtained from DWI examined by different conditions. Therefore, ADC
mapping should be referred to diagnose lesions when there is DWI abnormality.

The size of the infarction depends on the involved arterial size. Large size lesion
is usually caused by thrombosis due to antiphospholipid syndrome (Fig. 8.1) [2].
Ischemia due to antiphospholipid syndrome might result in local atrophy of the
brain (Fig. 8.3). Libman-Sacks endocarditis is a significant risk for stroke in SLE
patients, developing embolic cerebrovascular disease [24]. Small size infarction
may be due to occlusion of small artery, which could be resulted from thromboem-
bolism as well as brain vasculitis, in which both new and old lesions caused by
repeated infarctions are detected as small hyperintensity area in both DWI and
T2-weighted images [9, 25-28].

Gadolinium (Gd)-enhancement is effective to demonstrate the presence of vas-
culitis, which can be useful as a follow-up study (Fig. 8.2). Vasculitis should be
considered as a candidate which can develop ischemic abnormalities in brain other
than cerebrovascular diseases caused by antiphospholipid antibodies in patients
with SLE [27]. According to a study of primary CNS vasculitis, hyperintensity
FLAIR lesion was observed in 95% patients with biopsy-proven vasculitis, whereas
67% patients had parenchymal lesions on images with Gd-enhancement [29].



118 Y. Arinuma and S. Hirohata

Fig. 8.4 NMOSD in an SLE patient. Longitudinal spinal cord lesion in a patient with SLE on
T2-weighted MRI. The sagittal section showing abnormal hyperintensities from C6 to Th6 (a).
High magnification of the sagittal section (b) and the horizontal section (¢) showing a wide range
of spinal hyperintensities (arrows) defined in the diagnostic criteria of NMOSD

FLAIR DWI

- —

Fig. 8.5 PRES in SLE. Hyperintensity lesions in the bilateral posterior lobes in FLAIR images on
MRI (Left) (arrows). No abnormalities in DWI images (Middle) or in MRA (Right)

Hemorrhagic lesion, especially intracranial hemorrhage, is also detected on MRI
as hyperintensity lesion on T1-weighted images and as hypointensity lesion on
T2-weighted images. In previous reports, cerebral hemorrhage in antiphospho-
lipid syndrome was found to be associated with anti-platelet or anti-coagulation
therapy [30], although the occurrence of cerebral hemorrhage has been shown to be
related to antiphospholipid antibody itself [31].

As brainstem and spinal cord lesions involve a variety of clinical manifestations,
MRI study is very important for making an accurate diagnosis. It should be noted
that some patients who fit the criteria of demyelinating syndrome (Fig. 8.4) [32],
might show positive serum anti-Aquaporin 4 antibodies, confirming the diagnosis
of neuromyelitis optica spectrum disorders (NMOSD) [33]. A multicenter retro-
spective study has reported the association of NMOSD and NPSLE [34].
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DWI FLAIR

Fig. 8.6 RCVS in SLE. Hyperintensity lesions in the bilateral posterior white matters in DWI
images on MRI (left) (arrows). Irregular narrowing of cerebral arteries in MRA, confirming the
diagnosis of RCVS (right)

Posterior reversible encephalopathy syndrome (PRES) is occasionally observed
in patients with SLE, for which younger age, history of seizure, hypertension and
renal dysfunction are risk factors [35]. MRI scans show typical abnormalities
including bilateral and asymmetrical isointensities or hypointensities on T1, hyper-
intensities in T2 and FLAIR sequences in the parietotemporo-occipital regions
(Fig. 8.5) [36]. However, the precise relationship of PRES and NPSLE has not been
explored.

Reversible cerebral vasoconstriction syndrome (RCVS) is developed by a revers-
ible segmental and multifocal vasoconstriction of cerebral arteries with severe head-
aches with or without focal neurological deficits or seizures [37]. RCVS usually
manifests 3 types of stroke, SAH, intracerebral hemorrhage, and cerebral infarction
and also has reversible brain edema [37] with certain abnormalities on MRI
(Fig. 8.6). As clinical features of RCVS resemble NPSLE, we need to consider
RCVS as a differential diagnosis.

Apart from NPSLE, malignancy and infectious disease are crucial complications
in SLE patients. Recently, CNS lymphoma case with SLE, especially associated
with the use of mycophenolate mofetil has been reported [38—40], which can be
obviously detected as an parenchymal lesion. For this reason, CNS lymphoma
should be considered when MRI presents an unusual finding with an atypical clini-
cal course for NPSLE (Fig. 8.7).

8.3.2 White Matter Hyperintensity (WMH)

WMH is the most typical finding on MRI in patients with NPSLE characterized by
small, punctuated and usually multiple lesions ranging in size from 3 mm to 35 mm
localized subcortical or periventricular white matter [10-12, 14] (Fig. 8.8). These
lesions usually show hyperintensities on T2-weighted image and FLAIR, iso- or
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Fig. 8.7 CNS lymphoma in a lupus patient. Tumor-like lesion was observed as hyperintensity
lesion on T2-weighted images (a) and as hypointensity lesion on T1-weighted image (b), which
shows ring-enhancement by gadolinium (c¢). Biopsy revealed diffuse large B cell lymphoma.
Hematoxylin-eosin stain (d) and immunohistostaining with anti-CD20 antibody (e)

Fig. 8.8 White matter hyperintensity lesions in SLE. (a, b) Punctuated, multiple and small sub-
cortical hyperintensities in white matter lesions are observed in an SLE patient, who also has
bilateral periventricular hyperintensities on FLAIR images. (¢) Extensive white matter hyperinten-
sities seen in another SLE patient (the same patient as Fig. 8.2). These findings were ameliorated
after immunosuppressive treatment, indicating the possible complication due to vasculitis

hypo intensities on T1-weighted image without high intensities on DWI, indicating
that most lesions are chronic. FLAIR is more sensitive to detect WMH in patients
with NPSLE, and the number of WMH detected by FLAIR were independently
associated with NPSLE activity [41]. However, even in patients with diffuse NPSLE
without obvious neurologic syndromes WMH was frequently observed (34.0%)
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[18]. The prevalence of MRI abnormalities including WMH was similar between
patients with diffuse NPSLE and SLE patients without NPSLE [19].

The presence of antiphospholipid antibodies was associated with an increased
number of WMH [14]. According to quantitative analysis, headache, cognitive
impairment and seizures were observed more frequently in SLE patients with WMH
than those with normal MRI [14]. Therefore, in patients of SLE, punctuated WMH
may be attributed to the disease activity or parts of NPSLE, although it could be
non-specific. Indeed, abnormality in WMH is accelerated along with aging [42]. As
another white matter lesion, diffuse infiltrative periventricular lesions are also com-
mon in NPSLE patients, observed in 6.1% of NPSLE patients and 3.8% of diffuse
NPSLE [10, 18, 19] (Fig. 8.8).

8.3.3 Gray Matter Hyperintensity (GMH)

GMH is observed as larger diffuse hyperintensities (13—-60 mm) and were located
within the cortical gray matters [10], affecting the cortex and the basal ganglia [10,
18], although a few patients had small focal lesions of 3—11 mm in size within the
cortex [10] (Fig. 8.9). Usually, GMH is observed with WMH and is detected
T2-weightened image and FLAIR [10]. Generalized seizures could be associated
with GMH [16, 43], accompanied by reversible focal and punctate high-intensity

Fig. 8.9 MRI abnormalities in acute confusional state. (a—c¢) Multiple gray matter hyperintensities
in cortex, along with white matter hyperintensities on FLAIR before treatment. (d—f) 14 days after
administration of high dose corticosteroid. Abnormal hyperintensities were improved
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lesions in both white and gray matters, which generally resolve rapidly and there-
fore must be studied quickly to be documented [16]. The mechanism of GMH is not
clear, although a direct effect could be one of the causes developing GMH. Of note,
even patients complicated with only diffuse NPSLE present GMH in basal ganglia
and hippocampus [18]. Also, in some patients, GMH improved after immunosup-
pressive treatment. Thus, one of the causes developing GMH could be associated
with a treatable lesion like vasculitis.

8.3.4 Atrophic Lesion

Atrophic lesion has been documented well in patients with SLE. The prevalence of
atrophic lesion in patients with NPSLE is 5.4-50.0% with a variety of ranges [10-
12, 19, 44]. Castellino et al. demonstrated that the prevalence of brain atrophy was
not significantly different between NPSLE patients and SLE patients without
NPSLE [19]. Moreover, Kozara et al. indicated that even SLE patients without pre-
viously obvious CNS manifestations had higher prevalence of brain atrophy than
healthy individuals [45], although the other studies could not find such tendency
[44, 46]. In patients with SLE, a reduction in the volume of cerebrum and corpus
callosum is associated with disease duration, a history of CNS involvement, and
cognitive impairment [44]. From the result of a population-based study in Finland,
cerebral atrophy was associated with cognitive dysfunction, epileptic seizures, and
cerebrovascular disease [47]. Of course, antiphospholipid syndrome or antiphos-
pholipid antibodies affect the prevalence of brain atrophy through cerebrovascular
hypoperfusion [16]. As localized findings on MRI, atrophy in hippocampus has
been found, resulting in impairment of learning and memory [48-50]. However, in
general, the association or the effect of brain atrophy with cognitive dysfunction in
SLE patients is controversial [49, 50].

8.3.5 Meningeal Lesion

As a meningeal lesion on MRI, meningitis including hypertrophic pachymeningitis
is the representative abnormality in patients with NPSLE, which can be detected by
Gd-enhacement [2]. Recently, a few reports described hypertrophic pachymeningi-
tis complicated in patients SLE as a rare complication [51, 52]. In aseptic meningi-
tis, MRI with Gd-enhancement may help to find the portion of meningitis. However,
since such abnormalities of enhanced-MRI are non-specific, it is necessary to dis-
criminate other diseases.
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8.4 Advanced Techniques of MRI

Although conventional MRI scan can give us meaningful information in CNS with
high resolution images, these findings are not specific only for SLE or NPSLE. Recent
new MRI techniques can provide the more specific results associated with
NPSLE. These techniques include Magnetic resonance spectroscopy (MRS), diffu-
sion tensor imaging (DTI), magnetization transfer imaging (MTI) and magnetic
resonance relaxometry.

8.4.1 Magnetic Resonance Spectroscopy (MRS)

MRS is a technique of functional neuroimaging by evaluating a profile of neuro-
chemical composition in brain. MRS data are usually displayed as spectra, with
peaks reflecting the chemical structure and concentration of individual metabolites,
including N-acetylaspatate (NAA), choline (Cho), myo-inositol (ml) and creatine
[16]. Proton magnetic resonance spectroscopy is a common technique due to the
requirement of additional scan only on conventional MRI [15]. However, NAA in
NPSLE could be just associated with the degree of disseminated microinfarction
seen on MRI, and is unanimously decreased in active and inactive NPSLE without
improvement [15]. It is therefore suggested that the reduced NAA is reflecting loss
of neurons, but not neuronal function disturbed by NPSLE [15]. A case report indi-
cated ml elevation may predict the poor prognosis of NPSLE [53]. On the other
hand, Cho peak elevation is indicated to be related to cognitive dysfunction in
NPSLE even when there is no abnormality on conventional MRI, especially com-
bined with the use of NAA [54-56]. Thus, MRS can be useful particularly to esti-
mate the present damages of brain.

8.4.2 Diffusion Tensor Imaging (DTI)

DTTI is an MRI technique based on detecting movement of water molecules. DTI is
useful to find abnormality of white matter in brain and allows characterization of the
microstructural properties and macroscopic organization of white matter tracts
through measurement of fractional anisotropy (FA) and mean diffusivity (MD). FA
is a marker for white matter fiber integrity and density, while MD is considered an
indicator of brain maturation and/or injury [57]. Therefore, DTI seems to be useful
to find white matter damage before appearance of abnormal finding on conventional
MRI. Recently, a systematic review about the association of NPSLE and DTI con-
cluded that the reduced FA values as well as the increased MD values, suggesting
subclinical microstructural changes, are seen both in NPSLE and in non-NPSLE,
compared with healthy control [58]. From this result, DTI could be advantageous to
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reveal subclinical damages in brain, although further studies are required to demon-
strate the utility of DTI in NPSLE.

8.4.3 Magnetization Transfer Imaging (MTI)

MTT is superior to detect tissue damages, especially in white matter. By calculating
magnetization transfer ratio (MTR), the amount of myelin could be measured, indi-
cating that decreased MTR implicates demyelination. Many studies have demon-
strated the usefulness of detecting active CNS damages in SLE patients by MTI
[59-62]. Thus, Emmer et al. demonstrated that among various neuropsychiatric
syndromes only cognitive dysfunction was associated with the MTR histogram
peak height [61], whereas Magro-Checa et al. indicated that cognitive disorder,
mood disorder, and psychosis were related to lower white matter MTR histogram
peak heights values, while cerebrovascular symptoms were related to higher values
[62]. Notably, MTI can be used to figure out the progression of brain damages as
well as to evaluate the improvement of the damages by interval studies.

8.5 Single Photon Emission Computed Tomography
(SPECT)

SPECT is a traditional method for evaluating brain function, using radio isotope,
through detection of blood flow. SPECT used to be applied for evaluation of diffuse
NPSLE. However, although its sensitivity is high enough [2], the specificity among
patients with SLE is not so high to select NPSLE (sensitivity 70.3%, specificity
51.2%) [19]. Therefore, SPECT has now only a limited value as a neuroimaging
study for NPSLE.

8.6 Positron Emission Tomography (PET)

PET is one of the tools in neuroimaging to evaluate brain glucose metabolism by
injection of [(18)F]2-fluoro-2-deoxy-D-glucose (FDG). Recent studies have dem-
onstrated the association of abnormalities in FDG-PET with a certain type of
NPSLE. Thus, Saito et al. revealed that hypometabolism in the medial frontal gyrus
may be related to major depressive disorder in SLE [63]. Moreover, the hippocam-
pus and orbitofrontal cortex hypermetabolism detected by FDG-PET was correlated
with impaired memory and mood alterations in SLE patients, compared to healthy
controls [64]. However, since the availability of PET study is very limited, the data
to evaluate the real efficacy of FDG-PET on NPSLE are too scarce.
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8.7 Summary

Neuroimaging is very effective and potent to detect parenchymal and functional
abnormalities in patients with NPSLE. CT is very useful for detecting an emergent
lesion like acute hemorrhage within a few minutes. Conventional MRI plays an
important role to look up a variety of CNS lesions with high resolution. WMH is
common in patients with NPSLE, although the actual prevalence is not different
among entire lupus patients. Advanced method with MRI can give us more informa-
tion, especially on white matter lesion, earlier than conventional MRI. The interval
examination by MRI after treatment of SLE is sometimes helpful to confirm the
presence of vasculitis, especially when MRI abnormalities were ameliorated after
treatment with steroids. The accumulation of data to evaluate the utility of FDG-
PET is required in the future. It should be remembered that neuroimaging itself
cannot confirm that the lesions are caused by NPSLE.
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Chapter 9
Psychiatric Symptoms

Katsuji Nishimura

Abstract Psychiatric symptoms often occur in patients with systemic lupus erythe-
matosus (SLE). According to the American College of Rheumatology (ACR)
research committee criteria for neuropsychiatric SLE (NPSLE) in 1999, the psychi-
atric symptoms include acute confusional state (delirium), anxiety disorder, cogni-
tive dysfunction, mood disorder, and psychosis. Because no diagnostic gold standard
exists for primary NPSLE, it is often difficult to distinguish primary cause-and-
effect association of the symptom as a direct attribute of active disease from a sec-
ondary, indirect effect resulting from complications of the disease or its therapy
(e.g. corticosteroids), or an effect unrelated to SLE. On one hand, conditions such
as psychosis, anxiety disorder and mood disorder can also present as psychological
reaction to the disease and the related stress. On the other hand, possible mecha-
nisms include microvasculopathy and thrombosis, or autoantibodies and inflamma-
tory mediators. Therefore, in lupus patients presenting with psychiatric symptoms,
a careful diagnostic work-up including, but not limited to, psychiatric/neuropsycho-
logical assessment, immunological/medical investigation, as well as neuroimaging
is crucial in delivering adequate medical care and treatment.
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9.1 Introduction

Systemic lupus erythematosus (SLE), a chronic and relapsing-remitting autoim-
mune inflammatory disease, affects multiple physiological systems including the
central nervous system (CNS). A variety of neurologic and psychiatric symptoms
frequently occur in patients with SLE [1-4]. In 1999, the American College of
Rheumatology (ACR) research committee published case definitions for 19 neuro-
psychiatric SLE (NPSLE) symptoms consisting of 12 CNS- related and 7 peripheral
nervous system (PNS) -related symptoms [5]. Five of the 12 CNS-related symptoms
were psychiatric symptoms that included acute confusional state, anxiety disorder,
cognitive dysfunction, mood disorder, and psychosis. These psychiatric symptoms
are associated with a negative impact on prognosis, quality of life, overall damage
of the disease, and working disability [6].

9.2 Primary and Secondary NPSLE

Despite a high incidence of psychiatric manifestations associated with SLE, it is
unclear whether this association is a direct consequence of microvasculopathy and
thrombosis, or of autoantibodies and inflammatory mediators (primary NPSLE).
Equally unclear is whether the association reflects an indirect effect (secondary
NPSLE) resulting from complications of the disease (e.g. uremia or hypertension)
or therapy (e.g. corticosteroids), or an effect unrelated to SLE (e.g. infections, meta-
bolic abnormalities, or adverse medication effects) [7, 8]. The 1999 ACR classifica-
tion of NPSLE [5] was not necessarily specific for primary NPSLE because no
diagnostic gold standard of primary NPSLE existed [8]. To provide further insight
in the understanding of primary and secondary NPSLE, Unterman et al. [4] con-
ducted a meta-analysis of 17 studies on NPSLE applying the 1999 ACR case defini-
tions, and estimated the prevalence of the psychiatric symptoms as follows: mood
disorder (20.7%), cognitive dysfunction (19.7%), anxiety disorder (6.4%), psycho-
sis (4.6%), and acute confusional state (3.4%) (Table 9.1).

In order to assess the validity of the ACR nomenclature for NPSLE, Ainiala et al.
[1] conducted a cross-sectional, population-based study covering an area with
440,000 people. A total of 46 SLE patients and 46 controls matched by age, sex,
education, and place of residence underwent a clinical neurologic examination and
neuropsychological testing. Forty-two (91%) of 46 patients and 25 (56%) of 46
controls fulfilled at least one of the ACR NPSLE criteria. Cognitive dysfunction was
the most common syndrome detected in 37 patients (80%). They observed a myriad
of NP events that also occurred with high frequency in normal population controls:
anxiety, mild depression (that failed to meet the criteria for “major depressive-like
episodes”), and mild cognitive impairment (deficits in fewer than three of the eight
specified cognitive domains).
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Table 9.1 Estimated prevalence of psychiatric symptoms in SLE

Estimated prevalence®
Psychiatric symptoms® % 95% CI
Mood disorder 20.7 11.5-37.4
Cognitive dysfunction 19.7 10.7-36.0
Anxiety disorder 6.4 3.0-13.6
Psychosis 4.6 2.4-8.8
Acute confusional state 34 1.1-10.3

SLE systemic lupus erythematosus, CI confidence interval

* Defined by the American College of Rheumatology nomenclature and case definitions for neuro-
psychiatric lupus syndromes (1999)

" Estimated by meta-analysis using random-effects model by Unterman et al. [4]

Table 9.2 Psychiatric symptoms and the ratio of the attribution to SLE

No. of primary NPSLE events/No. of total NP events (%)°
Psychiatric symptoms® Most stringent NPSLE Least stringent NPSLE
Mood disorder 18/139 (12.9%) 47/139 (33.8%)
Cognitive dysfunction 8/43 (18.6%) 22/43 (51.2%)
Anxiety disorder 0/42 (0%) 0/42 (0%)
Psychosis 8/14 (57.1%) 13/14 (92.9%)
Acute confusional state 11/22 (50%) 17/22 (77.3%)

NPSLE neuropsychiatric systemic lupus erythematosus

* Defined by the American College of Rheumatology nomenclature and case definitions for
neuropsychiatric lupus syndromes (1999)

" From an international disease inception cohort of SLE patients based on the attribution model by
Hanly et al. [11]

In this context, Hanly et al. [9] developed an attribution model using rules of dif-
ferent stringency based on (1) the onset of NP events prior to the diagnosis of SLE,
(2) concurrent non-SLE factors identified from the ACR glossary for each NP syn-
drome, and (3) exclusion of “common” NP events (anxiety, mild depression, and
mild cognitive impairment) as described above by Ainiala et al. [1].

In a prospective, single-center cohort study of up to 7 years, 132 (63%) of 209
patients were demonstrated to show at least one NP event (299 events total)
characterized by the ACR case definitions, but only 31% of the total events were
attributed to SLE [10]. Furthermore, an international inception cohort study showed
that 486 (40.3%) of 1206 patients had at least one NP event over a mean follow-up
period of 1.9 + 1.2 years [11]. Also, the proportion of NP events attributed to SLE
varied from only 13.0% (the most stringent model of NPSLE) to 23.6% (the least
stringent model of NPSLE) of patients. The psychiatric events most frequently
attributed to SLE include psychosis (57.1% [the most stringent] to 92.9% [the least
stringent]), acute confusional states (50% to 77.3%) and cognitive dysfunction
(18.6% to 51.2%). The psychiatric events least frequently attributed to SLE were
anxiety disorders (0%) and mood disorders (12.9% to 33.8%) (Table 9.2).
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9.3 SLE-Associated Psychiatric Syndromes

Five psychiatric symptoms were included in the 1999 ACR case definitions of
NPSLE that included psychosis, mood disorder, anxiety disorder, acute confusional
state, and cognitive dysfunction. Psychosis, mood- and anxiety- disorders were
collectively called psychiatric disorders [5]. In addition, other psychiatric disorders
or conditions in connection with NPSLE, e.g., catatonia or suicide behaviors have
been also reported in the literature.

9.3.1 Psychiatric Disorders

Lupus patients frequently experience a variety of psychiatric disorders including
psychosis, mood- and anxiety- disorders. As mentioned above, the psychobiological
relationship between these psychiatric disorders and SLE is actually poorly
understood. These disorders, therefore, are problematic from the perspective of
diagnostic workup and etiology, particularly with regards to whether they are
manifestation(s) of primary or secondary NPSLE.

The ACR case definition of these psychiatric disorders [S] was based on the
Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) entity
as “psychosis/mood disorder/anxiety disorder due to a general medical condition”
[12]. There is some support for the idea that the disturbance that manifests as
NPSLE is not better accounted for by another mental disorder (e.g. psychological
reaction to the stress of having SLE), does not occur exclusively during the course
of delirium, and is severe enough to cause significant distress or social impairment
[12]. Hence, in order to satisfy the criteria of DSM-IV entity, there needs evidence
from the history, physical examination, or laboratory findings that the disturbance
may be the direct physiological consequence of the medical condition. However,
demonstrating such evidence is often difficult in SLE patients clinically presenting
with psychiatric disorders.

9.3.1.1 Psychosis

The essential feature of psychosis is prominent hallucinations or delusions [5, 12].
In a single-center cohort study from UK [13], psychosis due to lupus was diagnosed
in 11(2.3%) of 485 patients with SLE. Psychosis presented as the initial manifestation
of SLE in 60%, and within the first year of the disease in 80% of the cases. All the
patients developed psychosis within the context of multiple systemic lupus activity
and after intensive immunosuppressive treatment, 70% of the cases showed
complete resolution of the psychosis (although chronic mild psychotic symptoms
were observed in 30% of the cases).

A retrospective investigation showed that acute psychosis occurred in 89 (17%)
out of a cohort of 520 patients with SLE from the view point of differential diagnosis
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of corticosteroid-induced psychosis [14]. Also, psychosis primary to CNS
involvement was diagnosed in 59, corticosteroid-induced psychosis in 28, and
primary psychotic disorder unrelated to SLE or medication in 2 patients. In addition,
psychosis due to lupus at the onset of SLE was observed in 19 patients and was
directly associated with lupus disease activity. Furthermore, the psychosis during
follow-up of SLE was observed in 40 patients and associated with positive anti-
phospholipid antibodies and less frequently with renal and cutaneous involvement.

In a recent retrospective study from Thailand [15], 36 episodes of psychosis or
psychotic depression were identified in 35 (5%) of 750 patients with SLE. Eleven
episodes (31%) occurred during the first manifestation of lupus. The psychotic
symptoms included persecutory delusion (50% of the episodes), bizarre delusion
(44%), third person auditory hallucinations (44%) and visual hallucinations (36%).
Twenty-four episodes (67%) were associated with active lupus in CNS and other
organs. In one case, death resulted from suicide although most of the psychotic
episodes (97%) showed complete remission with rare recurrences. Depressive
psychosis required psychotropic treatment longer than psychosis alone.

Anti-ribosomal P antibody has been demonstrated to be associated with lupus
psychosis related to SLE disease activity [16, 17], but its clinical usefulness in the
diagnosis of lupus psychosis has been impeded by its low sensitivity [18]. On the
contrary, the high accuracy of cerebrospinal fluid interleukin-6 testing for diagnosis
of lupus psychosis was demonstrated in a Japanese multi-center retrospective study
[19]. In this study, the sensitivity and specificity for diagnosis of lupus psychosis
were 88% and 92%, respectively, at the cut-off value of 4.3 pg/ml, hence making the
CSF interleukin-6 level a potent functional and clinical index for the lupus diagnosis
and treatment.

Taken together, while lupus psychosis is not common, it usually occurs early in
the course of the disease and is often associated with SLE direct disease activity,
although its immunological surrogate markers are limited. Hence, lupus psychosis
usually can be improved by intensive immunosuppressive treatment in addition to
antipsychotics [13—15].

9.3.1.2 Mood Disorder

The essential feature of mood disorders is prominent and persistent disturbance in
mood and is characterized by either (or both) of the following: (1) depressive fea-
tures (depressed mood or markedly diminished interest or pleasure in all, or almost
all, activities); (2) manic features (elevated, expansive, or irritable mood) [5, 12].

A recent meta-analysis [20] revealed that the prevalence of major depression in
SLE patients was 24% (95% CI, 16%—31%) according to clinical interviews. The
prevalence estimates of depression were 30% (95% CI, 22%—-38%) on the Hospital
Anxiety and Depression Scale with thresholds of 8 and 39% (95% CI, 29%—-49%)
for the 21-Item Beck Depression Inventory with thresholds of 14, respectively.

A systemic review about depression in SLE [21] demonstrated that the depres-
sive symptoms frequently reported were fatigue and weakness (88—-90%), irritabil-
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ity (82%), somatic preoccupation (76%) and trouble falling asleep (70%). Also,
sadness has been reported from 29% to 77% of patients assessed.

According to a recent review [21], the most frequent possible cause of depres-
sion in SLE has been considered to be psychosocial factors including psychological
reaction to the disease and social stress. On the other hand, some studies have
suggested a relationship between depression and disease activity of SLE [22, 23].
Several studies suggested a possible involvement of autoantibodies, including
antiribosomal P antibodies [23, 24], antineuronal antibodies and antiphospholipid
antibodies [22], in the pathogenesis of depression.

A few neuroimaging studies in depressed lupus patients have also been con-
ducted. For example, a study with single photon emission computed tomography
(SPECT) [25] demonstrated that depressed patients with SLE have cerebral blood
flow reductions in discrete temporal and frontal regions that may account for depres-
sive symptoms. Similarly, another recent study using positron emission tomography
(PET) [26] revealed hypometabolism in the medial frontal gyrus that may be related
to major depressive disorder in SLE patients.

It has been deduced, based on evidence, that a large majority of the mood disor-
ders of NPSLE are depression while mania is rarely present, thus occurring in
approximately only 3% of patients [2].

9.3.1.3 Anxiety Disorder

The essential feature of anxiety disorders includes a prominent anxiety, panic
attacks, and obsessive- compulsive disorders in the clinical perspective [5, 12]. A
meta-analysis [20] demonstrated that the prevalence of anxiety was 37% (95% CI,
12%—-63%) according to clinical interviews. The corresponding pooled prevalence
was 40% (95% CI, 30%—-49%) for anxiety according to the Hospital Anxiety and
Depression Scale with a cutoff score of 8 or more. One study including 326 women
with lupus, using a self-reported questionnaire [22] demonstrated that the lifetime
prevalence of specific phobia (24%), panic disorder (16%), and obsessive-
compulsive disorder (9%) were more common among patients with SLE than
among other white women. Consequently, this study suggested the existence of a
relationship between anxiety disorders and disease activity of SLE, although such a
relationship has not been confirmed in most other studies.

9.3.2 Acute Confusional State (Delirium)

The acute confusional state is equivalent to “delirium,” as defined in DSM-1V [12],
referring to a disturbance of consciousness or level of arousal with reduced ability
to focus, maintain, or shift attention, accompanied by cognitive disturbance and/or
changes in mood, behavior, or affect [5]. The symptom usually develops over a
short period of time, tends to fluctuate during the course of the day, and encompasses
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a spectrum from mild disturbances of consciousness to coma or unconsciousness
[5]. The term “encephalopathy” or “acute organic brain syndrome” has also been
used to describe the same clinical state.

Our group [27] revealed that interleukin-6 levels in the CSF as well as the IgG
index showed statistically significant associations with acute confusional state in
SLE patients, although no other single CSF test had sufficient predictive value to
diagnose acute confusional state in SLE. Thus, the use of CSF tests combined with
careful history and clinical examinations is recommended for proper diagnosis of
acute confusional state in SLE.

9.3.3 Cognitive Dysfunction

In lupus patients, mild or moderate cognitive dysfunction is common, while severe
dysfunction is relatively uncommon [7]. For example, one study investigating
episodic verbal learning and memory using the Hopkins Verbal Learning Test-
Revised, in 741 patients over 65 years of age with SLE, demonstrated that 452
(61%) patients had intact memory function (—0.5 standard deviations [SD] or higher
than the age-matched normative value), 202 (27%) had mild to moderate impairment
(—0.5 to —2.0 SD), and 87 (12%) had severe impairment (less than —2.0 SD or
below age-matched population means) [28].

Cognitive dysfunction is confirmed by formal neuropsychological testing batter-
ies that examine various domains of cognitive functions. In the 1999 ACR case defi-
nitions, these domains included simple attention, complex attention, memory,
visual-spatial processing, language, reasoning and/or problem solving, psychomo-
tor speed, and executive functions (such as multitasking, organization or planning).
The committee recommended a short battery, lasting approximately 1 h for the
assessment of these conditions. To satisfy the ACR case definition of cognitive dys-
function, at least one of these eight domains must be affected [5].

The Ad Hoc Committee of the ACR [29] conducted a systematic review of 25
controlled studies using the ACR neurocognitive short battery. It was demonstrated
that significantly lower levels were found only in 3 of the 8 domains, namely
attention, memory, and psychomotor speed, in SLE patients when compared with
controls. The committee proposed that “cognitive impairment” was a deficit of 2.0
or more SD below the mean, compared with normative data, in these 3 key domains,
and “cognitive decline” was consequently defined as a deficit of 1.5-1.9 SD below
the mean.

The SLE-associated cognitive dysfunction may be a residual factor in patients
with previous CNS impairments, or may serve as an early marker of CNS
impairments in patients without NP symptoms. This proposition is suggested by the
fact that cognitive dysfunction has been reported both in SLE patients with (40—
60%) and without (20-30%) overt NP symptoms [30]. In addition, SLE-associated
cognitive dysfunction may result from several conditions other than SLE, including
psychiatric disturbances, pain, fatigue, sleep disturbance, or medications. For
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example, it has been shown that corticosteroids may affect the incidence and profile
of cognitive dysfunction in patients with SLE, linking corticosteroids to cognitive
dysfunction, especially verbal memory [31].

Results from our recent prospective study [32] suggested that psychomotor slow-
ing may be a primary characteristic of cognitive dysfunction in lupus patients. In
that study, we investigated cognitive dysfunction in corticosteroid-naive patients
with active, early-stage SLE. We found that the dominant characteristic of the
cognitive dysfunction was slower psychomotor speed (assessed using the Digit
Symbol Substitution Test), that was associated with increased SLE disease activity.
Other impairments such as verbal memory deficits were not evident among such
patients [32].

Of note, the psychomotor clinical presentation may reflect white matter inflam-
mation in early SLE, because a prominence of cerebral white matter abnormalities
as a general feature of cognitive slowing has been demonstrated [33]. In addition,
observations in recent neuroimaging studies, such as magnetic resonance spectros-
copy, showed inflammatory changes in white matter even in SLE patients who had
no overt NP manifestations [34, 35], or who were newly diagnosed as SLE with no
focal neurologic syndromes [36]. These data underscore the role of microstructural
white matter changes in the cognitive impairment of non-NPSLE patients. Notably,
persistently positive antiphospholipid antibodies have been reported as risk factors
for cognitive dysfunction in lupus patients, especially for moderate to severe cases
[37,38].

9.3.4 Other Psychiatric Symptoms and Conditions
9.3.4.1 Catatonia

Catatonia is a rare manifestation of NPSLE. It can be classified into psychosis
among 5 syndromes of diffuse NPSLE. A review of relevant literature [39] showed
the most consistently reported symptoms were mutism, posturing, withdrawal,
negativism, hypertonia and staring, while the most common psychiatric morbidity
associated with catatonia has been affective disorders. Catatonia can present as
initial symptoms of SLE or as a relapse of the disease. For instance, the treatment of
lupus catatonia with electroconvulsive therapy [40] and benzodiazepines [41] has
been reported as a useful option besides the use of intensive immunosuppressive
therapy.

9.3.4.2 Suicide Ideation and Attempts

The ideation and incidence of suicide have been reported as ranging from 8% to
25% in lupus patients [42-44]. Mok et al. [43] revealed that the risk factors of
suicidal thoughts in 367 lupus patients were depressive symptoms, cardiovascular
damage, recent life events and previous suicide attempts. In another study,
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depression, anxiety, and patients’ subjective complaints have been demonstrated as
risk factors for suicidal ideation [44].

Suicide attempts occur more often in lupus patients compared with the general
population. For example, a national-wide study from Taiwan [45] demonstrated that
the incidence of drug overdose as suicide attempts in SLE patients and in general
population were 291 and 160 cases per 100,000 person-years, respectively. The
suicidal drug overdose was associated with psychiatric disorders such as depressive
disorders and insomnia (mood disorder in the ACR criteria), and lower monthly
income.

9.4 Special Consideration of Corticosteroid-Induced
Psychiatric Disorder

It is known that corticosteroids, cornerstone of the treatment SLE, often induce a
variety of psychiatric symptoms including manic/depressive mood changes,
psychosis, delirium, anxiety, or impaired memory. Hence, the differential diagnosis
of NPSLE and corticosteroid-induced psychiatric disorder (CIPD) remains
challenging in clinical practice [46].

Two prospective cohort studies [47, 48] employed the following general strict
definition of CIPD in patients with SLE: new-onset of psychiatric symptoms that
developed within 8 weeks of initiation or augmentation of corticosteroid therapy
and that resolved completely through a reduction in corticosteroid dosage and
without additional immunosuppressive agents. They demonstrated that the incidence
of CIPD in SLE patients ranged from 5% [47] to 10% [48]. In one study [47], 3 of
the 6 cases with CIPD developed psychosis and the other 3 developed mood
disorders with manic features. In the other study [48], mood disorders occurred in
13 of the total 14 cases with CIPD, including dominantly manic features in 9 cases.
The presentation of psychosis occurred only in one patient.

Regarding the risk factors for CIPD in lupus patients, hypoalbuminemia has been
reported [14, 47]. Interestingly, our group [48] demonstrated positive Q-albumin
(cerebrospinal fluid/serum albumin ratio; an indicator of blood-brain barrier
damage) as an independent risk factor for CIPD in SLE patients. However, it should
be noted that an even higher level of Q albumin was noted in episodes with active
diffuse NPSLE. Therefore, it is not possible to discriminate CIPD from diffuse
NPSLE by Q albumin. It appears that CSF interleukin-6 might be a good tool for a
differential diagnosis between CIPD and diffuse NPSLE [19].

The situation is also complicated because of the empirically well-known fact that
new-onset psychiatric symptoms in lupus patients on corticosteroids could be
caused by NPSLE and not by a CIPD. In the observational study that we conducted
[49], during the 8 weeks of corticosteroid administration, new psychiatric events
occurred in 20 (14.4%) of the 139 episodes in 135 patients with a non-NPSLE flare.
Of the 20 patients, 2 (both presenting delirium) were diagnosed as CNS-SLE on the
basis of evidence of abnormal CNS findings (e.g., EEG diffuse slowing) even before
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psychiatric manifestations, all of which improved in parallel with these patients’
recoveries through augmentation of immunosuppressive therapy. This study
suggests that corticosteroid therapy triggers CIPD and NPSLE in patients with SLE
at the same time. Therefore, these 2 conditions may not be necessarily antinomic.

Psychopharmacotherapy may be required depending on the severity of CIPD,
particularly if dose reduction or discontinuation of corticosteroids is impossible.
However, the evidence has been very limited. For both psychotic and manic/mixed
episodes of CIPD, several mood stabilizers (e.g., lithium or valproate) and
antipsychotics (e.g., haloperidol or risperidone) have been effectively used in several
case reports with good tolerance [50].

9.5 Summary

Psychiatric complications are common in patients with SLE. Cognitive dysfunction
and depression (mood disorder) appear to be the most common manifestations.
Acute confusional state (delirium), anxiety disorder, and psychosis also occur in
lupus patients. To date, the nature of psychobiological relationship between these
psychiatric symptoms and SLE is still unclear, although the roles of several
autoantibodies have been implicated. In future studies, appropriately controlled
studies are needed to clarify the pathogenetic mechanism of SLE-associated
psychiatric symptoms and to help guide a decision-making for the treatment and
prevention.
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Chapter 10
Treatment of Neuropsychiatric Systemic
Lupus Erythematosus

Tetsuji Sawada

Abstract Systemic lupus erythematosus includes a wide range of neuropsychiatric
manifestations, in which various autoantibodies and cytokines could play a patho-
physiologic role. The key drugs used in the treatment of neuropsychiatric systemic
lupus erythematosus include corticosteroids and immunosuppressive agents to sup-
press the underlying inflammatory pathology, antiplatelet and antithrombotic agents
in the context of thrombosis mediated by antiphospholipid antibodies, and agents
for symptomatic treatment of individual neuropsychiatric manifestations, such as
antiepileptic drugs for seizures and antipsychotic drugs for lupus psychosis.

Keywords Treatment - Corticosteroids - Cyclophosphamide - Antiplatelet and
anticoagulant drugs - Symptomatic treatment

10.1 Introduction

Systemic lupus erythematosus (SLE) is a chronic inflammatory disease that
develops in genetically susceptible individuals in response to environmental fac-
tors, including viral infection and ultraviolet light. It is an autoimmune disease
characterized by production of various autoantibodies and cytokines, such as anti-
nuclear antibodies and interferon-alpha, leading to systemic inflammation and mul-
tiple organ damage and dysfunction. Central and peripheral nervous system
involvement in SLE is known as neuropsychiatric SLE (NPSLE). This is one of the
refractory manifestations of SLE, and its diagnosis and management are often chal-
lenging for clinicians [1].

A wide variety of neuropsychiatric manifestations occur in NPSLE. In terms of
prevalence and severity, higher brain dysfunction and seizures are the central ner-
vous system (CNS) symptoms most commonly encountered by health care provid-
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ers involved in the management of patients with NPSLE. This chapter provides an
overview of the clinical manifestations and treatment of NPSLE, including the use
of immunosuppressive, antiplatelet, and antithrombotic drugs, as well as drugs for
managing symptoms.

10.2 Pathogenesis of NPSLE

In 1999, the American College of Rheumatology published a classification of the
neuropsychiatric manifestations of SLE [1], in which the CNS manifestations were
classified into two domains: (i) neurologic syndromes characterized by regional
brain symptoms and (ii) diffuse psychiatric neuropsychologic syndromes character-
ized by impairment of higher brain function (Table 10.1). The second domain,
known as lupus psychosis, was further categorized into five subdomains: acute con-
fusional state, anxiety disorder, cognitive dysfunction, mood disorder, and psycho-
sis. Regarding the pathogenesis of the CNS manifestations of NPSLE, some of the
neurologic syndromes, such as cerebrovascular disease, involve thrombosis caused

Table 10.1 Neuropsychiatric Central nervous system
syndromes associated with
systemic lupus erythematosus

Psychiatric manifestations

Acute confusional state
Psychosis

Anxiety disorder
Mood disorder
Cognitive dysfunction

Neurologic syndromes

Aseptic meningitis
Cerebrovascular disease
Headache

Movement disorder (chorea)
Seizures

Demyelinating syndrome
Myelopathy (transverse myelitis)

Peripheral nervous system

Autonomic disorder
Mononeuropathy
Cranial neuropathy
Plexopathy
Polyneuropathy

Acute inflammatory demyelinating
polyradiculoneuropathy (Guillain-
Barré syndrome)

Myasthenia gravis
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by antiphospholipid antibodies rather than inflammation affecting the nervous
system via autoimmune mechanisms. Further, neurologic syndromes and diffuse
psychiatric neuropsychologic syndromes may coexist. For example, seizures, which
are categorized as neurologic syndromes, are often comorbid with lupus
psychosis.

The severity of NPSLE is not necessarily reflected by the systemic activity of
SLE. Thus, serum levels of anti-DNA antibodies and complement proteins, which
are immune markers of the severity of lupus nephritis, are not correlated with the
severity of NPSLE. Therefore, it can be difficult to evaluate patients with NPSLE by
routine clinical examination. It has recently been demonstrated that autoantibodies,
such as antiribosomal P protein antibodies, could play a key role in the development
of lupus psychosis by binding to cell surface antigens and affecting the functioning
of brain cells [2]. Further immunologic abnormalities in the CNS that have been
implicated in the pathogenesis of lupus psychosis include production of certain
cytokines, such as interleukin-6 and interferon-alpha [3-5]. Although the levels of
some of these autoantibodies and cytokines are usually measured for research pur-
poses, there are occasions when they should be measured as part of the evaluation
of patients with lupus psychosis.

10.3 Treatment of NPSLE: Overviews

SLE has been demonstrated to be an independent risk factor for cardiovascular
events, so it is important to control modifiable cardiovascular risk factors, including
obesity, hypertension, dyslipidemia, smoking, diabetes mellitus, and physical inac-
tivity, in patients with SLE regardless of the presence of NPSLE. Anti-platelet
agents, such as low-dose aspirin or hydroxychloroquine, may be beneficial for pri-
mary prevention of cardiovascular disease in patients with SLE and antiphospho-
lipid antibodies [6].

A multidisciplinary approach to the diagnosis and treatment of NPSLE in col-
laboration with relevant specialists, such as neurologists, psychiatrists, and neurora-
diologists, is needed for patients with SLE who present with neuropsychiatric
manifestations. First, the differential diagnosis, which includes infection and meta-
bolic, electrolyte, iatrogenic, and hypertension-related disorders, should be consid-
ered. Once the diagnosis of NPSLE is established and classified according to the
American College of Rheumatology nomenclature, it is necessary to identify the
underlying pathology of the neuropsychiatric manifestations—that is, whether
NPSLE is caused by inflammation, related to pro-inflammation and/or autoimmu-
nity, or thrombosis/ischemia, often related to the presence of antiphospholipid anti-
bodies with prothrombotic activity [7].

Three main classes of drugs are used to treat NPSLE: immunosuppressants that
suppress inflammatory and autoimmune reactions occurring in the CNS; antiplate-
let and anticoagulant medications that reduce the risk of thromboembolic events;
and medications that treat symptoms, such as antiepileptic and antipsychotic drugs.
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First, intense immunosuppressive treatment is indicated for patients with NPSLE in
whom an autoimmune mechanism is identified as the cause of CNS damage.
Measurement of interleukin-6 levels, the immunoglobulin G index, and antineuro-
nal antibody levels in the cerebrospinal fluid (CSF) may provide evidence to support
an autoimmunity-mediated mechanism [4, 8, 9], although it is still important to
exclude other causes of neuropsychiatric manifestations. Intense immunosuppres-
sive treatment with high-dose corticosteroids, often in combination with cyclophos-
phamide, is required in patients with SLE who present with acute neuropsychiatric
manifestations, especially those with concomitant high systemic SLE activity.
Neuropsychologic tests for higher brain function, electroencephalography, mag-
netic resonance imaging [10], computed tomography, single-photon emission com-
puted tomography, and CSF analysis (including interleukin-6 levels) are useful for
both diagnosis and monitoring in patients with NPSLE. Other immunosuppressive
treatments, including plasma exchange, intravenous (IV) immunoglobulin, and
rituximab, are used as alternative therapies in refractory cases. Second, some of the
neurologic and psychologic manifestations of NPSLE, such as cerebrovascular dis-
ease, migraine-like headache, and cognitive dysfunction, have a thromboembolic
etiology, and are therefore treated with antiplatelet and anticoagulant drugs, particu-
larly in patients who are carriers of antiphospholipid antibodies. Third, symptom-
atic treatment is a crucial aspect of managing NPSLE. Therefore, antiepileptic and
antipsychotic drugs may also be used [11].

10.4 Management of the Main Neuropsychiatric
Manifestations

The mainstay of treatment for the CNS manifestations of NPSLE that are unrelated
to thrombosis is immunosuppressive therapy, including corticosteroids and cyclo-
phosphamide [12]. Cyclophosphamide was found to be superior to corticosteroids
in the treatment of acute NPSLE and severe CNS and/or peripheral nervous system
symptoms in a controlled clinical trial reported by Barile-Fabris et al. [13]. However,
that trial only included 32 patients and no other clinical comparisons of the efficacy
of these two agents have been reported since, so it is still unknown which of these
agents is superior in the treatment of NPSLE. In routine clinical practice, a combi-
nation of high-dose corticosteroids and IV cyclophosphamide is used as induction
therapy, followed by maintenance therapy using azathioprine or mycophenolate
mofetil (MMF), as used in patients with lupus nephritis.

10.4.1 Acute Confusional State

Acute confusional state, previously known as acute organic brain syndrome or
encephalopathy, is a severe manifestation of NPSLE, for which intense immunosup-
pression therapy is mandatory. A combination of high-dose corticosteroids and an
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immunosuppressant, such as cyclophosphamide, can be used to correct the
underlying autoimmune abnormalities in the CNS, and is efficacious in many cases,
with response rates of up to 70% [6]. Haloperidol or an atypical antipsychotic agent
can be used as adjunctive symptomatic treatment for agitated delirium concomi-
tantly with immunosuppressive agents. Plasma exchange therapy and rituximab are
used in refractory cases.

10.4.2 Mood Disorder, Anxiety Disorder, and Psychosis

Patients with these disorders present with a range of neurologic and psychiatric
symptoms that vary in severity. Patients with severe symptoms are treated with
intense immunosuppression therapy similar to that used in patients with acute con-
fusional state. However, psychiatric medications alone may suffice in patients with
mild psychiatric symptoms, especially in the setting of low systemic disease activity
without severe damage to internal organs [11].

10.4.3 Cognitive Dysfunction

Mild to moderate cognitive dysfunction is common in patients with SLE, with a
reported frequency of 14-79% [14], whereas severe cognitive impairment is rare
(3-5%) [6]. The causes of cognitive dysfunction in NPSLE include hypertension,
brain lesions (atrophy and multiple cerebral infarctions seen on magnetic resonance
images) accumulation of damage following onset of lupus, and the presence of
antiphospholipid antibodies [15]. Therefore, cardiovascular risk factors should be
controlled in patients with SLE, starting as soon as the diagnosis is made. An asso-
ciation of persistent elevation of anticardiolipin antibodies with poor cognitive
function has been demonstrated in patients with SLE and antiphospholipid antibod-
ies [16, 17]. Further, McLaurin et al. reported that regular use of aspirin was associ-
ated with improved cognitive function in older patients with SLE and other risk
factors for vascular disease [18]. However, no relevant controlled clinical trials have
been performed, so the role of antiplatelet and antithrombotic drugs in the preven-
tion of cognitive functional decline in patients with SLE has yet to be firmly
established.

A study of the relationship between cognitive dysfunction and CNS inflamma-
tion in patients with SLE by Denburg et al. found that brief exposure to relatively
low doses of corticosteroids (prednisone 0.5 mg/kg daily) improved cognition and
mood in 5 of 8 women with mild SLE in an n-of-1 double-blind controlled trial
[19]. However, no further randomized controlled trials demonstrating the effects
of corticosteroids on CNS function in SLE have been reported. Therefore, use of
corticosteroids to treat cognitive dysfunction should be considered only for
patients with high disease activity. Memantine, an N-methyl D-aspartate (NMDA)
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receptor antagonist used as a symptomatic and neuroprotective treatment in
patients with Alzheimer’s disease, was reported to be ineffective when used to
improve cognitive function in SLE [20].

10.4.4 Seizures

The prevalence of seizure disorders in patients with SLE ranges from 7% to 40%,
with an average of 15% [21], which seems to be higher than that in the general
population. Seizure disorders, which are classified as neurologic CNS syndromes,
often coexist with diffuse psychiatric neuropsychologic syndromes in patients with
NPSLE. Antineuronal antibodies, anti-NMDA receptor subunit NR2 antibodies,
and antiribosomal P protein antibodies have been detected in the CSF of patients
with SLE and seizures complicated by psychosis [22—24]. Therefore, patients with
NPSLE and high systemic disease activity who develop seizures are treated with a
combination of immunosuppressive therapy and symptomatic antiepileptic drugs.
Immunosuppressive treatment alone can control seizures without the need for anti-
epileptic drugs in some cases. Of note, seizure disorders may be related to comor-
bidities such as uremia, hypertension, CNS infection, and stroke, which should be
controlled adequately. Antiphospholipid antibodies might be found in seizure disor-
ders in the absence of cerebrovascular diseases. Cessation of antiepileptic drugs is
possible in some patients when SLE activity and comorbid conditions are con-
trolled. Recurrence of mild seizures is often controlled by antiepileptic drugs alone.

10.4.5 Headache

Headache is a common manifestation of SLE and is classified as one of the
neurologic syndromes affecting the CNS in these patients. However, it has been
suggested that the prevalence, phenotype, and treatment of headache in patients
with SLE are not significantly different from those in the general population [25].
Moreover, headaches are not associated with disease activity in SLE, except possi-
bly for lupus headache, defined as a severe, persistent headache that may be migrain-
ous, but must be nonresponsive to narcotic analgesia [26]; however, it is rare (1.5%)
and the term is not universally accepted [27]. In general, headache in patients with
SLE is treated in much the same way as primary headache [25].

10.4.6 Movement Disorder

Movement disorder is a rare neurologic manifestation of NPSLE, and is thought to
involve antiphospholipid and antineuronal antibodies [28, 29], indicating that con-
trol of the underlying autoimmune mechanisms could help to ameliorate
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involuntary movements. Treatments for movement disorder associated with SLE
include dopamine antagonists as symptomatic therapy, corticosteroids with or with-
out immunosuppressive drugs, and antithrombotic drugs for patients with antiphos-
pholipid antibodies.

10.4.7 Cerebrovascular Disease

Cerebrovascular events, such as ischemic stroke, are severe CNS manifestations of
NPSLE. The management of acute cerebrovascular disease in patients with SLE is
similar to that in the general population. When cerebrovascular disease occurs in the
setting of high disease activity, corticosteroids with/without immunosuppressive
agents are used to suppress overall SLE activity. When acute cerebrovascular dis-
ease develops in the context of persistently positive antiphospholipid antibodies,
secondary prevention measures are necessary [30]; however, the optimal manage-
ment remains controversial, especially with respect to the relative merits of anti-
platelet agents and warfarin. In general, the first-line strategy for prevention of
non-cardioembolic stroke in high-risk patients (triple positive antiphospholipid
antibody profile, multiple lesions seen on magnetic resonance imaging of the brain,
history of arterial clot, active SLE, and smoking) is a combination of antiplatelet
agents (aspirin plus clopidogrel or ticagrelor), warfarin with a target international
ratio (INR) of 2.0-3.0 plus aspirin, or high-dose warfarin with a target INR of 3.0-
4.0. Aspirin or a combination of antiplatelet agents is used in low-risk patients,
although some experts also recommend warfarin with a target INR of 2.0-3.0 [31].

10.5 Immune-Modulating Drugs Used for NPSLE

10.5.1 Corticosteroids

Since the 1950s, corticosteroids have been considered the most effective agents
available for the treatment of a number of severe clinical manifestations of SLE,
including neuropsychiatric symptoms [32-34]. In general, corticosteroid doses are
categorized as low, medium, high, very high, or pulsed, and the choice between
them is determined by the severity of organ damage in patients with SLE [35].
Given that NPSLE is a major cause of morbidity and mortality in SLE [36-38],
corticosteroids are administered in high doses as first-line treatment for NPSLE,
either by oral administration at doses equivalent to prednisolone 1 mg/kg/day or by
pulse IV administration of methylprednisolone 1000 mg, usually for three succes-
sive days followed by switching to the oral route. High-dose corticosteroid therapy
is continued for 2—4 weeks until disease activity is controlled, and the dose is tapered
gradually thereafter according to the clinical and immunologic SLE activity.
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Although corticosteroids remain the mainstay of treatment for SLE [39], they
have many side effects, including psychosis, infection, peptic ulcer, osteoporosis,
hypertension, hyperglycemia, hypercholesterolemia, avascular necrosis, myopathy,
cataract, and glaucoma. Steroid-induced psychosis is a dose-dependent adverse
reaction, and a prospective study of 32 patients with asthma who received 40 mg or
more of prednisolone for at least a week demonstrated a significant increase in
manic symptoms during the first 3—7 days of prednisone therapy [40]. It should be
noted that lupus psychosis can emerge de novo or as a result of deterioration in
patients with a history of NPSLE after initiation of high-dose corticosteroid therapy.
Of interest, Shimizu et al. recently conducted a retrospective study involving 146
patients with SLE and 162 patients with other systemic autoimmune diseases who
were consecutively recruited and treated with prednisolone at a dose of 40 mg/day
or more, and demonstrated that the prevalence of post-steroid neuropsychiatric
symptoms was significantly higher in patients with SLE than in the controls (24.7%
versus 7.4%). This finding suggests that the population with NPSLE is likely to
include patients with post-steroid neuropsychiatric symptoms [41]. It has been sug-
gested that lupus psychosis and steroid-induced psychosis are not mutually exclu-
sive and that both conditions can occur in the same individual [42].

10.5.2 Cyclophosphamide

Cyclophosphamide is an alkylating agent with immunosuppressive effects and is
used to treat autoimmune diseases and systemic vasculitis. Although cyclophospha-
mide can be administered via several routes, it is generally administered I'V (accord-
ing to the standard protocol of the US National Institutes of Health or its variations),
mainly because of the difference in exposure between the oral and IV routes [43].
Cyclophosphamide in combination with corticosteroids is the most commonly used
immunosuppressive therapy in patients with severe NPSLE [44]. The efficacy of
cyclophosphamide in NPSLE has been documented in many case reports and case
series [45-53].

Barile-Fabris et al. compared the efficacy of IV cyclophosphamide and IV meth-
ylprednisolone in a controlled clinical trial that included 32 patients with NPSLE
who had severe neuropsychiatric manifestations, such as seizures, optic neuritis,
peripheral or cranial neuropathy, coma, brainstem disease, and transverse myelitis
[13]. In this study, all the patients initially received methylprednisolone 1 g/day for
3 days as induction therapy followed by oral prednisone 1 mg/kg/day starting on
day 4 for up to 3 months and tapered thereafter according to disease status. The
patients randomized to methylprednisolone received 1 g/day for 3 days every month
for 4 months, then twice monthly for 6 months, and then every 3 months for a year,
while those randomized to cyclophosphamide received 0.75 g/m? body surface area
monthly for a year and then every 3 months for a further year. The response rate was
significantly higher in the cyclophosphamide group than in the methylprednisolone
therapy (95% vs. 54%, p = 0.03). Although the results of that study suggested that
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cyclophosphamide is superior to high-dose corticosteroids for the treatment of
severe NPSLE, the number of patients included was small, and further well-designed
studies with defined outcome measures in larger numbers of patients are needed to
confirm the advantage of cyclophosphamide over methylprednisolone in NPSLE.

10.5.3 Hydroxychloroquine

Antimalarials, such as hydroxychloroquine, have long been used as immunomodu-
latory agents for SLE. Multi-regression analysis in the multiethnic lupus cohort
(LUMINA, Lupus in minorities: Nature versus Nurture) study that included 632
patients with SLE, of whom 185 developed NPSLE, revealed that hydroxychloro-
quine and a moderate dose of prednisolone delayed the onset of the first manifesta-
tion of NPSLE, indicating a protective effect of hydroxychloroquine [54].

10.5.4 Intravenous Immunoglobulin

Intravenous (IV) immunoglobulin has been used to treat a wide range of clinical
manifestations of SLE, although the level of evidence is anecdotal [55, 56], and has
been used experimentally as induction therapy for refractory acute NPSLE [57-59].

10.5.5 Plasmapheresis

Plasmapheresis and immunoadsorption have been used in the management of SLE,
based on the assumption that removal of autoantibodies, activated complement
components, coagulation factors, cytokines, and microparticles would be beneficial
in patients with the disease. Observational case series demonstrating the beneficial
effects of plasmapheresis for NPSLE either alone or synchronized with IV cyclo-
phosphamide have also been reported [60, 61].

10.5.6 Mycophenolate Mofetil (MMF)

MMEF is an immunosuppressive agent that blocks the de novo pathway of purine
synthesis by inhibiting inosine monophosphate dehydrogenase. MMF is an estab-
lished first-line immunosuppressant used for induction of remission as well as
maintenance therapy in lupus nephritis [62, 63]. Tselios et al. investigated the effec-
tiveness of MMF in patients with and without renal involvement, and demonstrated
that MMF could also be an efficacious alternative to standard medications in patients
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with non-renal manifestations of SLE [64]. MMF in combination with corticosteroids
was shown to induce complete remission of the CNS manifestations of SLE, includ-
ing lupus headache and acute confusional state, in 14 of 18 patients (78%) after
12 months. Further, MMF was found to have modest to moderate clinical efficacy
in 3 patients with NPSLE in the post hoc analysis of ALMS (the Aspreva Lupus
Management Study) [65], with similar findings in a retrospective cohort study
(n = 6) by Conti et al. [66] and in case reports [67—69], and case series [70, 71].
However, there is as yet no evidence from randomized controlled trials which has
demonstrated the efficacy of the use of MMF in NPSLE. Therefore, MMF is con-
sidered to have a limited role in the treatment of NPSLE [72], and is not included as
a treatment option in the European League Against Rheumatism recommendations
for management of NPSLE [6].

10.5.7 Azathioprine

Azathioprine is a purine analog that acts as an antimetabolite immunosuppressive
drug and has traditionally been used as maintenance therapy for lupus nephritis [73]
and for the treatment of nonrenal manifestations of SLE, although the evidence sup-
porting its use is limited. The literature on the use of azathioprine as maintenance
treatment for severe NPSLE consists only of case series [74, 75].

10.5.8 Rituximab

Rituximab is a chimeric anti-CD20 monoclonal antibody with human IgG1 constant
domains. Observational case studies have demonstrated the clinical efficacy of
rituximab in the treatment of NPSLE [76-78]. Tokunaga et al. reported that ritux-
imab led to rapid improvement of CNS-related manifestations, particularly acute
confusional state, in 10 of 10 patients with NPSLE refractory to intensive standard
treatment [76]. Furthermore, in the systematic review of case reports and open-label
studies involving 35 patients with refractory NPSLE, Narvdez et al. found that a
complete or partial therapeutic response was achieved in 85% of patients after one
cycle of treatment, although relapse occurred in 45% of patients after cessation of
rituximab and infections occurred in 29% of cases [77].

10.5.9 Belimumab

Belimumab is a human IgG1 monoclonal antibody that reacts with B-lymphocyte
stimulator, also known as BAFF (B cell-activating factor belonging to the TNF
family). In the BLISS (Belimumab in Subjects With Systemic Lupus
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Erythematosus)-52 and BLISS-76 studies, patients with severe CNS manifestations
were excluded [79, 80]. However, post hoc analysis of 45 patients with SLE and
CNS manifestations, including 24 patients with lupus headache, in BLISS-52 and
BLISS-76 revealed response rates in the groups allocated to placebo, belimumab
1 mg/kg, and belimumab 10 mg/kg of 20.0%, 100%, and 69.2%, respectively, indi-
cating that belimumab ameliorates lupus headache, albeit modestly [81].

10.6 Summary

NPSLE is the most frequent and most intractable manifestation of CNS abnormalities
in patients with autoimmune connective tissue disease [82]. There were times in the
past when the etiology of NPSLE was ambiguously considered to be vasculitis of
the CNS, and no effective diagnostic tools or treatments were available. However, it
is now known that various autoantibodies and cytokines play a key role in the patho-
genesis of CNS abnormalities in NPSLE. Further investigations of the mechanism
of action leading to these immunologic aberrations are needed to enable develop-
ment of new treatments targeting them.
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Two patients with persistently active NPSLE, despite conventional therapy,
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on the therapeutic use of rituximab in this chapter is also analyzed through the
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11.1 Introduction

The involvement of the central nervous system (CNS) is one of the major causes of
morbidity and mortality in patients with systemic lupus erythematosus (SLE), and
it is the least understood aspect of the disease [1]. Indeed, its recognition and treat-
ment continue to represent a major diagnostic and therapeutic challenge. Due to the
lack of controlled randomized trials, the current therapeutic approach to the differ-
ent manifestations of neuropsychiatric SLE (NPSLE) remains empirical and is
based on clinical experience [2, 3]. Various combinations of corticosteroids, immu-
nosuppressants (cyclophosphamide, mycophenolate mofetil, methotrexate and
cyclosporine A), anticoagulant therapy, intravenous immunoglobulins and thera-
peutic plasma exchange are used depending on the presumptive main pathogenic
mechanism, although resistant cases have been described.

On the other hand, the emergence of B-cell-depleting therapy with the monoclo-
nal antibody rituximab, directed against the B-cell-specific antigen CD20, could
increase the therapeutic armamentarium with respect to SLE [4]. In recent years a
considerable number of observational studies and case reports have demonstrated
encouraging early results with rituximab in cases of severe refractory NPSLE [5, 6],
although its use is limited by the lack of licensing. In this chapter, we present 2
patients with persistently active NPSLE (case 1: mutism and acute confusional
state, case 2: grand mal seizures and psychosis), despite conventional therapy, who
responded dramatically to rituximab. We also review current evidence on the thera-
peutic use of rituximab in adult patients. Furthermore, we present the blockade of
new targets which may impact future treatment of NPSLE.

11.2 Anti-CD20 Antibodies (Rituximab)

Rituximab is a chimeric monoclonal antibody directed against the B-cell-specific
antigen CD20. B-cell depletion is achieved by rituximab through different mecha-
nisms such as antibody-dependent cell-mediated cytotoxicity, complement-
dependent cytotoxicity, and induction of apoptosis (Fig. 11.1).

11.2.1 Clinical Trials and Cohort Studies of Rituximab

The use of B-cell depletion therapy in SLE is based on the aspect that B cells play
a central role in the pathogenesis of SLE, as antigen-presenting cells and in the
production of autoantibodies, cytokines, and chemokines. Currently, rituximab is
widely used as an alternative therapy in patients with active SLE who are nonre-
sponsive to standard immunosuppressive therapy [7].

Two randomized controlled trials (RCTs) on rituximab in SLE patients, one with
renal involvement [the Lupus Nephritis Assessment with Rituximab (LUNAR)
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Fig. 11.1 The action of rituximab against B cells

trial] and the other without renal involvement [the Exploratory Phase II/III SLE
Evaluation of Rituximab (EXPLORER) trial], failed to find superiority of rituximab
over standard immunosuppressive regimens (glucocorticoids, cyclophosphamide,
and mycophenolate mofetil) in mild to moderately active SLE. In these studies,
however, severe and/or refractory patients were not included [8, 9]. Therefore, it
might be difficult to find superiority of rituximab over the placebo in the presence
of standard immunosuppressive regimens (glucocorticoids, cyclophosphamide and
mycophenolate mofetil).

On the other hand, the efficacy and safety of rituximab in the treatment of nonre-
nal SLE has recently been analyzed in a systematic review including one RCT, two
open-label studies and 22 cohort studies, with a total of 1231 patients. Rituximab
was shown to be safe and effective in the treatment of nonrenal SLE, especially in
terms of disease activity, immunologic parameters, and corticosteroid-sparing effect
[10]. However, the efficacy of rituximab in NPSLE was not assessed in these studies
mentioned above.

11.2.2 Regimen and Efficacy of Rituximab in Patients
with NPSLE

In a substantial number of case reports and some open-label studies, good efficacy
of rituximab was shown in refractory NPSLE [11-26]. The numbers of patients
treated with rituximab, dose of rituximab, outcome in NPSLE patients excluding
Japanese patients and in Japanese patients with NPSLE are shown in Table 11.1 and
Table 11.2, respectively.



T. Yoshio and H. Okamoto

158

I I 4 I| €log Qw3 gLe 9| Apms aanoadsonoy 110T [zel Ter0ox T1
Apmys
I 0 S 4 T w/Sw o001 9| uado aAndadsonay 110T (1] Tereomig | 11
0 0 I 4 T w/sw o001 I odar ase) 1102 | [oc] Te e zovAIEN | 0T
0 0 T I 4 Qw/sw GLe 4 vodar ase) 010z | [61] Te10esourdsy | ¢
! 0 0 4 T w/sw 00l [ odar ase) 600T [81] TeromseN | 8
Jw/3ur 0001
0 0 (4 4 z 10 00S 7| Apms aanoadsonoy 600T [L1]TeYo 0| L
Jw/3ur 0001 [o1]TE10
0 0 9 T Tiog 10 00$ 9| Apms aandadsolq 600T BZOPUIA-PNQY | 9
[s1]
0 0 | (uorssTay) | 4 T w/sw 00l I uodar ase) 800 Tejo wnequig | ¢
[+1]
0 0 I 4 (¢ wy/3w 00g I vodoar ose) 9002 [e )0 Suonswy | 4
(umouyun
2woANQO) | I I 4 T w/sw 00l € Apms uado /1 S00T | [€1] e ompueay| ¢
[e1]
0 0 1 1 ¥ /3w /e 1| Apnis aanoadsonoy +00T ‘Te 30 S1qUanon | 7
0 0 I 1 4 Q3w gLe 1 uodoar ese) €00z | [11]°T®I09pTom | T
Jopuodsar | asuodsar asuodsar (syoom) ‘ON QU0 ‘ON JpoNIy oA | ['oN Joy] stoyiny
uoN | [enred gyerdwo) uoneIn( | payearl, | Iod asop X juaned ystqng
Eliilewlile)

(syuoned osoueder Surpnjoxe) qewIXmLI y)im pajean syuoned SN Jo Arewrwns oy, T'TT d[qeL



159

Promising Treatment Alternatives

11

Apms
0 S 0 1 14 Jwy/3w 0001 G| uado L00T [92] "Te 10 eyeuR],
z T Qw/Bw ool
I 14 /3w 00S
0 14 9 1 cIo] w3 G/ ¢ 01 | Apms joqid L00Z | [$T] e 3 eSeunyoy,
0 0 C 1 C Lwy/3w G/ ¢ T | Apmisiofd S00T | [l e e eSeunyoy,
110dar
0 0 1 1 C Lw/3w G/ ¢ 1 seD) £00C [¢2] 'Te 10 oeg
Jopuodsar | osuodsar | osuodsar | (syeam) uonein( | "ON PjeI] Q0UO | "ON Juaned NIy | Ieak ysiqng ['ON Joy] s1oymny
UON renaeq | 9yordwo) 1od asop X1y
QwodnQ

qewurXmII YIIm pajean gISAN Yim sjuaned asoueder jo Arewrwns oYy, 7'TY d[qeL




160 T. Yoshio and H. Okamoto

In the summary of Japanese patients with NPSLE a clinical response was
observed in 100% (18/18) of patients, classified as complete response in 50% (9/18)
and partial response in 50% (9/18) of patients (Table 11.2). In the summary of
NPSLE patients excluding Japanese patients a clinical response was observed in
87% (27/31) of patients, classified as complete response in 81% (25/31) and partial
response in 6% (2/31) of patients (Table 11.1). Although different therapeutic regi-
mens of rituximab were used, the high frequencies of the efficacy of rituximab in
NPSLE were shown in both studies.

Tokunaga et al. reported a response rate of 100% in a series of ten severe refractory
NPSLE patients treated with rituximab [25]. Narvaez et al. also summarized all pub-
lished data concerning adult patients with refractory NPSLE [20]. A clinical response
was observed in 85% (29/34) of patients, classified as complete response in 50%
(17/34) and partial response in 35% (12/34) of patients [20]. However, 45% of these
patients relapsed after a median of 17 months despite maintenance therapy [20].
Different therapeutic regimens of rituximab were used in these two studies. The most
frequently used regimen was 1000 mg doses separated by 15 days. Different dosing
schedules appeared to show no difference in response, tolerability, or side effects. In
all cases, rituximab was administered together with corticosteroids [20]. A recent case
series on 18 pediatric NPSLE patients showed promising effect of rituximab. Thus,
the authors divided the benefit into definite (five patients), probable (seven patients),
possible (five patients) and no effect (one patient) [27].

Long-term studies regarding rituximab therapy in NPSLE have been rarely per-
formed, thus far. Current data support the use of rituximab as a second-line therapy
in patients with severe refractory NPSLE, although additional controlled studies are
needed to define the exact place of rituximab in the therapeutic regimen for NPSLE.

11.2.3 Case Report 1: The Efficacy of Rituximab in 33-Year
Old Woman with NPSLE

In this section the successful treatment with rituximab of a patient with life-
threatening refractory NPSLE (acute confusional state) in 2005 is shown. The clini-
cal course of the patient is shown in Fig. 11.2.

A 33-year old Japanese woman with SLE was hospitalized in November 2005
because of high fever and mutism. Just after admission, her consciousness level
deteriorated to coma. An immunological study showed ANA 1:2560 (speckled pat-
tern) and anti-ribonucleoprotein antibodies 156.6 U/ml. Anti-ds-DNA antibodies,
anti-Sm, and anti-ribosomal P protein antibodies were negative. Serum complement
levels were normal: C3 151 mg/dl, C4 43 mg/dl, and CH50 > 69 U. CSF interleukin-
6 levels and CSF anti-neuronal antibody titers were 1.0 U/ml (normal <0.02) and
4.5 U/ml (normal <0.27), respectively. She was initially treated with intravenous of
prednisone 100 mg per day followed by intravenous pulses of methylprednisolone
(1 g/day for 3 consecutive days). Although coma was improved and CSF interleukin-6
levels were decreased, CSF anti-neuronal antibody titers were rather increased and
then she showed hallucination and akinetic mutism. These symptoms did not almost
improve despite daily intravenous of prednisone.
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Fig. 11.2 Clinical course and response to treatment with rituximab. Although the patient was
treated with high doses of steroid followed by intravenous methylprednisolone (m-PSL pulse,
white arrows), CSF anti-neuronal antibodies remained high with modest improvement of psychi-
atric manifestations. After the addition of rituximab, the improvement was facilitated. (The same
patient shown in Fig. 5.1a, b in Chap. 5)

Forty-three days after admission, it was decided to add rituximab to daily intra-
venous of prednisone in order to decrease CSF anti-neuronal antibody titers.
Rituximab was administered at a dose of 1 g separated by a 2-week interval. The
numbers of peripheral CD19+ B cells and CSF anti-neuronal antibody titers dra-
matically decreased after the first and second dose of rituximab. Although she
showed monologue after the second dose of rituximab, hallucination and akinetic
mutism gradually decreased and her daily activities conversely increased. It appears
that addition of rituximab facilitated the decrease of neuron-reactive autoantibodies
in CSF, resulting in the amelioration of psychiatric manifestations.

11.2.4 Case Report 2: The Efficacy of Rituximab in 38-Year
Old Woman with NPSLE

Narvéez et al. reported the successful treatment with rituximab of life-threatening
refractory NPSLE in 2011 [20]. The report of a 38-year-old Hispanic woman is
shown in this section.

A 38-year-old Hispanic woman, who had been diagnosed with SLE on the basis
of arthritis, oral ulcers, leukolymphopenia, and positive antinuclear antibodies
(ANA) and anti-dsDNA antibodies, was treated with low doses of prednisone
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(10 mg daily), nonsteroidal anti-inflammatory drugs, and hydroxychloroquine
(200 mg daily).

One month later she was transferred to the hospital because 3 episodes of gener-
alized tonic-clonic seizures with a 2-week history of cognitive dysfunction mani-
fested by impairments in mental activities (memory, abstract thinking and judgment),
which had evolved into disorientation, persecutory delusion, and visual and audi-
tory hallucinations. On admission, she did not show focal neurologic symptoms. An
immunological study showed ANA 1:320 (homogeneous pattern) and anti-ds-DNA
459 kint.u./L (normal 14.9). Anti-Sm, anti-ribonucleoprotin antibodies, anticardio-
lipin antibodies, lupus anticoagulant, and anti-beta-2-glycoprotein 1 antibodies
were negative. Serum complement levels were reduced: C3 394 mg/L (normal
range: 750-1400), C4 26.6 mg/L (normal: 100-340), and CH50 4 UH (normal:
51-136).

CSF was normal (no cells, total protein 0.25 g/L, and glucose 3.4 mmol/L). CSF
and blood cultures were sterile. Brain magnetic resonance imaging and cerebral
magnetic resonance angiography were normal.

Despite the treatment with anticonvulsants (phenytoin and valproate), predni-
sone 1 mg/kg per day with intravenous pulses of methylprednisolone (1 g/day for 3
consecutive days), followed by intravenous-cyclophosphamide pulse (500 mg/m? of
body surface area) and 3 sessions of plasmapheresis at 20 days after admission, she
showed modest improvement. Then, addition of rituximab to the intravenous-
cyclophosphamide was decided. Rituximab was administered at a dose of 1 g sepa-
rated by a 2-week interval (days 1 and 15). The patient responded within a few
weeks of the first dose of rituximab, with disappearance of seizures and progressive
resolution of the psychiatric symptoms [20]. It is thus suggested that some autoan-
tibodies (possible neuron-reactive) might play a pivotal role in the pathogenesis of
this patient like case 1.

11.2.5 Mechanism of Action of Rituximab

The mechanism through which rituximab acts on SLE remains unclear. It substan-
tially reduces levels of CD20+ B cells in human peripheral blood within days to
weeks. This effect may be sustained for up to 6 months [24, 28] and subsequent
immune reconstitution improved peripheral B-cell abnormalities, including lym-
phopenia and expansion of autoreactive cells [29].

This suggests that treatment with rituximab might alter the pathology of the dis-
ease once B-cell repletion occurs. However, it does not appear to work solely via the
diminution of autoantibodies. Mechanisms of action that have been proposed in the
literature include complement-mediated cellular lysis, B-cell-triggered apoptosis,
and antibody-dependent cellular toxicity [30]. In addition, it has been found that
SLE patients receiving this biological agent show a reduced expression of the
costimulatory molecules CD40 and CDS80 on B cells, and that of CD40L, CD69,
and inducible costimulator on CD4 T cells. These findings suggest that rituximab
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modulates the interaction of activated B and T cells through affecting the expression
of costimulatory molecules [30].

The mechanism which rapid recovery of neuropsychiatric symptoms appears in
patients with NPSLE who was treated with rituximab remains still unclear. A few
mechanisms might be suggested as follows:

1. The depletion of B cells by rituximab cause the decrease of B cell entering the
CNS through the blood-brain barrier (BBB).

2. The rapid decrease of autoantibody production after the depletion of B cells by
rituximab, resulting the decrease of neuropathic autoantibodies and immune
complexes entering the CNS through the BBB and that of complement activation
by immune complexes in the BBB and the CNS.

3. The rapid recovery of the damaged BBB, which triggers inflammatory condi-
tions, might block the infiltration of cytokines, chemokines and immune cells
such as neutrophils in the circulation into the CNS.

11.2.6 Rituximab as Potential Future Therapies

The evidence for the effectiveness of rituximab as induction therapy in NPSLE is
based solely on several case reports and noncontrolled trials. Although it is not yet
possible to make definite recommendations, the global analysis of these cases sup-
ports the off-label use of rituximab as a second-line therapy in patients with severe
refractory NPSLE. The safety profile of B cell depletion therapy is favorable,
although ongoing vigilance for adverse reactions is required.

The high rate of efficacy found may be partially explained by the fact that most
reports include cases with a favorable response, whereas cases without such a response
are not often reported. RCTs are clearly needed to confirm the open-label data and to
establish the correct dose, the length of therapy and the appropriate use of concomi-
tant medications. However, as noted above, it must be remembered that inadequately
designed trials may yield confounding results. Therefore, when designing future stud-
ies, it is important to include patients with high disease activity of NPSLE or those
with refractory NPSLE to conventional therapy. Alternatively, the effect of rituximab
should be analyzed in comparison to conventional immunosuppressive treatment.

11.3 Potential Future Therapies Other than Rituximab

11.3.1 Anti-CD22 Antibodies (Epratuzumab)

Epratuzumab, a humanized monoclonal antibody that targets CD22 on B cells and
results in modulation of B-cell function and migration, has also been studied in SLE
patients. Although the EMBLEM and ALLEVIATE trials showed promising results,
the EMBODY I and EMBODY II phase III clinical studies for epratuzumab in SLE



164 T. Yoshio and H. Okamoto

did not meet their primary clinical efficacy endpoints [31, 32]. However, epratuzumab
therapy in NPSLE has not been reported.

11.3.2 B Cell Stimulator Targets

Both B lymphocyte stimulator (BLyS), which is also known as B-cell activating
factor (BAFF), and a proliferation-inducing ligand (APRIL), which is also known
as tumor necrosis factor ligand superfamily member, were shown to be elevated in
the CSF of SLE patients. Furthermore, APRIL was increased in the CSF of NPSLE
patients compared with SLE patients without neuropsychiatric symptoms and other
neurological diseases. It has been suggested that BLyS and APRIL are produced
locally in the astrocytes of the brain and that they may play a role in NPSLE etiol-
ogy. Hence, antagonists of these cytokines could have beneficial effect in these
patients [33, 34].

11.3.2.1 Anti-BLyS Antibodies (Belimumab, Tabalumab and Blisibimod)

Belimumab, a humanized monoclonal antibody targeted against B lymphocyte stim-
ulator (BLyS), is now licensed in the United States of America, Europe and Japan
for the management of SLE. The BLISS trials were neither designed nor powered to
definitively demonstrate the efficacy of belimumab in specific organ systems.

Blisibimod is a selective antagonist of the BLyS, which was initially developed
as a treatment for SLE. Blisibimod is currently being tested in a Phase III study,
CHABLIS-SCI, for SLE. A phase III trial of tabalumab, an anti-BLyS human
monoclonal antibody, against SLE was terminated early as the study failed to meet
its primary endpoint. However, blisibimod or tabalumab therapy in NPSLE has not
been reported.

11.3.2.2 BLyS and APRIL Receptor (Atacicept)

Atacicept, a humanized fusion protein that binds BLyS and APRIL has also been
tested in SLE patients [35]. To date, results in SLE patients are promising and further
studies with these therapies are awaited; however, patients with severe NPSLE were
excluded from all these trials, which will limit any conclusion in this respect [36].

11.3.3 Cytokine and Chemokine Targets

Several studies have confirmed the intrathecal presence of higher levels of cytokines
and chemokines in NPSLE. High levels of IL-6, IL-8, IP-10, MCP-1, G-CSF, tumor
necrosis factor (TNF)-a, and IFN-y in the CSF of NPSLE patients are reported [37].
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The overproduction of these cytokines is thought to play a role in the pathogenesis
and severity of NPSLE, and they have been proposed as candidate targets for future
treatment [33, 38—40].

Although not confirmed in all studies, IFN-a has been also reported to be one of
the inflammatory mediators related to NPSLE pathogenesis. Type I IFNs are found
in glia and neurons. Among their functions, IFNs induce other inflammatory media-
tors such as IL-6, alter brain neurotransmitters such as serotonin, and generate brain
toxic metabolites. Subsequently, IFN-a has been hypothesized as a potential target
in NPSLE [41-43].

11.3.3.1 Anti-IL-6 Receptor Antibodies (Tocilizumab)

A phase I trial with tocilizumab, anti-IL-6 receptor antibodies, has shown accept-
able results and more studies are awaited [44]. Although antibodies are adminis-
tered intravenously and may have a therapeutic effect on the brain, taking into
account the BBB disruption in NPSLE, tocilizumab may require transport across
the BBB using an endogenous BBB peptide receptor transporter [45].

11.3.3.2 Anti-IFN-a Antibodies (Sifalimumab and Rontalizumab)

IFN-a is considered one of the most promising therapeutic targets in SLE and
NPSLE. Sifalimumab, a human anti-IFN-a monoclonal antibody, and rontalizumab,
a humanized monoclonal antibody, have shown promising results in reducing SLE
disease activity across multiple clinical measures [46].

A common characteristic of these new therapies is that the impact on disease
activity seems promising but must still be assessed in phase III trials. However,
since in most of these trials NPSLE was an exclusion criterion, the potential to treat
NPSLE will remain unknown [36].

11.3.4 Complement Targets: Anti-Terminal Complment
Component C5a And C5b-9 Antibodies (Eculizumab)

Complement component C5 has been reported to play a role in the maintenance of
the BBB in mice [47]. Selective inhibition of C5aR alleviated NPSLE [48]. Also,
inhibition of the classical and alternative complement cascade with the complement
inhibitor Crry was demonstrated to alleviate experimental NPSLE in mice [49].
Furthermore, complement plays a role in microvascular injury. Mice deficient in C3
and C5 components are resistant to enhanced thrombosis and endothelial cell acti-
vation induced by anti-phospholipid antibodies, indicating the important role of
alternative pathway complement activation on anti-phospholipid antibody-mediated
thrombogenesis [50, 51].
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Based on the above information, eculizumab, a humanized monoclonal antibody
blocking the generation of terminal complement components C5a and C5b-9, may
be a potential drug to be used in NPSLE in the future [52].

The BBB is a network of endothelial cells and pericytes with astrocyte projec-
tions that regulates the entry of soluble molecules and cells into the brain paren-
chyma. It has been proposed that a disruption of the integrity of the BBB may have
a potential pathogenic role in NPSLE since this may permit the influx of neuro-
pathic antibodies across the BBB. Many modulators of the integrity of the BBB
have been proposed. Among them, anti-endothelial cell antibodies including anti-
NR2 antibodies and antiribosomal P protein antibodies, complement components,
cytokines and chemokines, and environmental mediators have an essential role [53].

11.4 Summary

Neuropsychiatric symptoms constitute an uncommon and poorly understood event
in SLE patients, and pose a diagnostic and therapeutic challenge to physicians.
Management of NPSLE patients has not evolved substantially in the last decades
and is characterized by the lack of good evidence and the use of empirical therapies
to date. It seems reasonable that increased understanding of the pathogenesis of
NPSLE and any of its manifestations will promote the possibility of finding targeted
therapies and an evidence-based approach to management.
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Chapter 12 )
Prognosis of Neuropsychiatric Systemic
Lupus Erythematosus

Check for
updates

Shinsuke Yasuda

Abstract It is still a matter of debate whether mortality rate is higher in SLE
patients with neuropsychiatric (NP) symptoms compared to those without them.
Probably this situation is based on the difference in the character of each cohort and
also on the vagueness of the definition/diagnosis of NPSLE, even after 1999.
Although NPSLE has been repeatedly detected as one of the predictive factors for
poor prognosis, NPSLE itself is not a common direct cause of death. It is more
likely that patients with NPSLE tend to suffer from more recalcitrant lupus disease
activities requiring intense immunosuppressive treatment or sometimes too severe
to control. However, more and more advanced brain imaging, understanding on
neuroscience and pathophysiology of NPSLE, and novel targeted-therapies are
emerging. Thus we would expect better prognosis, cognitive/psychological func-
tions and qualities of life for patients with NPSLE in near future.

Keywords Prognosis - Mortality - Irreversible damage - Cerebrovascular disease -
Cognitive dysfunction

12.1 Introduction

Prevalence of NPSLE would vary among ethnicity, among reports and between gen-
ders. Moreover, the results are affected by how (prospective or retrospective), when
and where the cohort or case series were collected and analyzed, and by how NPSLE
was diagnosed. Although nomenclature and case definition of NPSLE was proposed
by the American College of Rheumatology (ACR) in 1999 [1], it is yet to establish
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the diagnostic criteria. Therefore, it is rather natural that reported prevalence of NP
symptoms in lupus patients shows wide variations.

Qualified meta-analyses that include large population of the patients might rein-
force and help our knowledge on the clinical aspects of NPSLE. For example,
according to a meta-analysis concerning the epidemiology of NPSLE [2], the
prevalence of NPSLE in patients with SLE was more than 40% in prospective stud-
ies but was less than 20% in retrospective ones. Prevalence of each manifestation in
NPSLE also differed significantly according to study design. These discrepancies
might come from vagueness in the diagnostic process for NP symptoms, especially
for non-specific NP symptoms such as “headache” or “mood disorder”. One can
easily imagine how it is difficult to extract “lupus headache” from SLE non-related
headache referring to clinical charts, especially in a retrospective analysis. We
always need to take such limitations into account when discussing epidemiology,
treatment efficacy, and prognosis of NPSLE.

Definition for the prognosis of NPSLE is also vague. How can we define/evalu-
ate the prognosis of NPSLE? Does complication of NPSLE increase mortality of
the patients? Which NPSLE symptoms tend to recover completely and which ones
tend to be irreversible? In this chapter, I would like to explain the difficult situation
we are standing now, and then try to answer above questions looking at the real-
world clinical data concerning the prognosis of NPSLE.

12.2 Mortality in Patients with NPSLE

It is not clear whether mortality rate is higher in patients with NPSLE compared to
those without. According to relatively old-days’ reports before publication of ACR
nomenclature and case definition for NPSLE, increment of mortality rate in patients
with NPSLE was controversial. In one Canadian study, most CNS events were self-
limited, reversible and not associated with poor prognosis unless accompanied by
multisystem disease activity [3]. In another study from Greece, 32 hospitalized
NPSLE patients were followed-up for 2-years, mostly concerning NP deficits with
brain MRI, resulting in no death in these patients [4]. In 1980s, a multicenter study
including more than a thousand SLE patients was carried out to clarify the mortality
and disease characteristics [5]. Rate of survival decreased in patients with CNS fea-
tures of seizures (P < 0.05) and organic psychosis (P < 0.05). In a Swedish prospec-
tive study, SLE patients diagnosed during 1981-1995 were recruited and followed
up till 1998. NP manifestations developed in 38% of the patients, but mortality rate
was not increased compared with SLE patients without NP symptoms (NPSLE: 6
deaths in 44 versus non-NPSLE: 13 in 73, direct causes for death not provided) [6].

When it comes down to more recent studies, larger sized cohort studies based on
ACR nomenclature become available. According to a prospective analysis of an interna-
tional disease inception cohort of 1206 SLE patients, NP events attributed to SLE
occurred in 17.7% to 30.6% during mean follow-up period of 1.9 years. In this analysis,
headache was treated as non-SLE NP events. Among SLE NP events, “seizures” were
the most frequent, followed by “mood disorder” and “cerebrovascular disease”. There
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Table 12.1 Cause/number of deaths in patients with NPSLE

Cohort (reference) International [7] Dutch [8] Japan [9] Japan [10]
(Patients number) (SLE, 1206) (NPSLE, 169) | (NPSLE, 53) | (NPSLE, 79)
NP symptoms 4 5 1 1

Intracranial 2) (D)

hemorrhage

Stroke (1) (1)

Seizure (1) (1)

Aseptic meningitis (1)

Vasculitis/cerebritis (1) (1)

Suicide (1)
Other SLE disease NA 4 4 2
activity
Infection NA 7 3 4
Malignancy NA 4 NA 0
Cardiovascular NA 0 1 0
Other NA 1 0 1
Unknown NA 11 0 2
Sum 18 32 9 10
SMR NA 9.5 NA NA
Risk factor ACS MRI
Observation (mean, 1.9 6 (median) 6 4.8
years)

were 18 (1.5%) deaths, in 4 cases of which the primary cause of death was attributed to
NP events such as intracranial hemorrhage, stroke and seizures [7] (Table 12.1).

In a recent single-center study conducted in Netherland took advantage of the
civic registries [8]. All suspected NPSLE patients were reevaluated based on ACR
nomenclature and case definition, then followed up using national civic registries.
Thirty-two (19%) of the 169 NPSLE patients died within a median follow-up period
of 6 years, bringing the standardized mortality ratio (SMR) as high as 9.5. Causes of
death in these patients were as follows: infection in 7, NPSLE in 5 (brainstem hem-
orrhage, epileptic state, hemorrhagic infarction, aseptic meningitis, vasculitis of
brain arteries), other SLE-related disease activity in 4, cancer in 4, pneumothorax in
1 and unknown causes in 11. Multivariate analysis revealed that “acute confusional
state” was the highest risk with hazard ratio of 3.4, and that older age at onset of
NPSLE slightly increased the risk of mortality. Clinical study calculating SMR is
limited in NPSLE, but it seems that SMRs were somewhat higher in NPSLE com-
pared with those reported in whole SLE or lupus nephritis. For example, in our
biopsy-proven lupus nephritis patients (N = 186), SMR was 3.59 [11]. Other reported
SMR in Chinese patients with lupus nephritis ranges from 5.9 to 9.0 [12, 13].

Arinuma et al. [9] analyzed MRI findings and outcome of 53 patients with diffuse
NPSLE, including 37 with “acute confusional state”. During observation periods of
73 months at mean, 9 (17%) patients died: 3 from pneumonia, one from rupture of
aortic aneurysm, and the remaining 5 with active SLE including pulmonary hyper-
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tension, catastrophic APS, thrombotic thrombocytopenic purpura, pneumatosis
intestinalis, and cerebritis. In this setting of patients, those with abnormal findings in
brain MRI had significantly poorer overall survival, comparing with those without
MRI abnormality [9]. In our retrospective analysis on 79 SLE patients who devel-
oped NP symptoms before or after initiation of treatment, 70 were diagnosed as
having NPSLE. Among them, 10 (14%) patients died, including 4 due to infection,
2 to sudden death of unknown reason, one alveolar hemorrhage, one acute pancre-
atitis, one hemophagocytic syndrome, and one patient committed suicide [10].

In a large international Latin American cohort, effect of antimalarials on patients’
survival was investigated [14]. In their multivariate analysis, neurologic disorder at
diagnosis was defined as a risk for mortality with a hazard ratio of 1.73, although
ACR 1999 nomenclature was not mentioned.

According to recent cohorts/case series, mortality rate in SLE patients with NP
symptoms seems to be relatively high, although NP symptoms are not direct cause
of death in many cases. Rather, patients with NP symptoms tend to suffer from more
severe multi-organ involvement and require intensive immunosuppressive treatment,
resulting in opportunistic infection and/or uncontrollable lupus disease activity.

12.3 Evaluation of NP Symptoms and Irreversible NP
Damages in SLE

Sustaining or irreversible NP symptoms impact patients’ health-related quality of
life (HRQoL), thus confounding unmet needs in clinical practice [15, 16].
Irreversible damages should be accounted for as a matter of discussion when we
consider the prognosis of NPSLE. However, what is the definition of irreversible
damages in NP systems? Neurological damage due to “cerebrovascular disease” is
the most obvious and objective event included in this category. Then, how about
psychiatric symptoms such as “cognitive dysfunction” or “psychosis”? These
symptoms are irreversible in some cases, while in other cases long-standing and
irreversible-looking “cognitive dysfunction” or “mood disorder” represented by
depression gradually improve or even disappear. In addition, these psychiatric
symptoms are sometimes difficult to evaluate, especially for rheumatologists who
are not specialized for psychology or neurology in many cases.

Laboratory tests recommended by ACR include the assessment of lupus disease
activity, antiphospholipid antibodies, and in limited circumstances, anti-ribosomal
P antibodies. Radiologic tests include the use of computed tomography, MRI,
angiography, electrocardiography, echocardiography and duplex ultrasound [1]. As
mentioned in the same literature [1], “focal neurologic syndromes appear to be
diagnosed with little disagreement”. In contrast, more problematic domain is
psychiatric disorders, cognitive deficits, and acute confusional states. The Systemic
Lupus International Collaborating Clinics/American College of Rheumatology
(SLICC/ACR) damage index (SDI) comprises the following 4 items in the NP
category: ‘“‘cognitive impairment”, “seizures requiring therapy for 6 months”,
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“cerebrovascular accident ever”, “cranial or peripheral neuropathy”, and “trans-
verse myelitis” [17].

In general, MRI abnormality is associated with cerebrovascular disease, but
changes in white matter microstructure were proposed as suggestive for inflammatory
NPSLE [18]. Magnetizing transfer imaging (MTI) is a quantitative MRI technique
useful in the detection of abnormalities in brain tissue that looks normal on
conventional MRI. Among MTI parameters, the histogram peak height (HPH) is the
most informative parameter in NPSLE without explanatory MRI findings. Moreover,
parallel improvement of clinical status and cerebral changes in white matter using
quantitative MRI of the patients after immunosuppressive treatment have reported.
Such sophisticated MRI-derived parameter is emerging and opening a new horizon
for the evaluation of non-ischemic NPSLE.

Evaluation of psychiatric syndromes including “cognitive dysfunction”, “mood
disorder”, “anxiety disorder” and “psychosis” largely depends on experienced
psychiatrists. However, many cases with such psychiatric syndrome may be based
on inflammatory NPSLE. Therefore, classification/evaluation of NPSLE should
ideally become more and more multidisciplinary in order to ensure preciseness in
diagnosis/evaluation as follows.

In the Leiden cohort of 100 SLE patients, NP events were prospectively and
intensively evaluated [19]. NP events were diagnosed by multidisciplinary evalua-
tion and divided into non-NPSLE, inflammatory NPSLE or ischemic NPSLE.
Their multidisciplinary assessment includes SLEDI-2 K, SDI (SLICC/ACR
Damage Index), blood and urine laboratory tests, neuropsychological evaluation
and brain MRI routinely. Spinal fluid examination and spinal MRI were performed
if necessary. HRQoL was also evaluated using Short Form 36 (SF-36) health sur-
vey questionnaire. Detailed information is available in the report [19], in which all
patients were evaluated by rheumatologists, internists, neurologists, psychiatrists
and neuropsychologists at inclusion, then were re-evaluated by all of them plus
radiologists. Consensus meeting were held for decision-making for each patient.
MTI, resting state functional MRI, Hospital Anxiety and Depression Scale
(HADS), Dissociation Experience Scale (DES), Neuropsychiatric Inventory (NPI)
were performed at inclusion. Using such extensive collaborative approach requir-
ing one-day admission, patients suspected for NPSLE were classified into “No
NPSLE”, “Primary NPSLE” comprising ischemic, inflammatory and undefined
NPSLE and “Secondary NPSLE”. At inclusion, ischemic NPSLE was associated
with anticardiolipin antibodies and secondary NPSLE was with history of renal
disease and corticosteroid. Symptoms were mild in secondary NPSLE. These
descriptions seem quite natural and understandable for many rheumatologists, but
inflammatory NPSLE did not have specific features, probably because this cate-
gory harbors too many aspects of NPSLE. Most of all, it is admirable that such an
extensive evaluation has been done in a relatively large cohort in a real-world clini-
cal situation. Certainly this is the way we should go for the assessment and treat-
ment of patients with NPSLE, but there would be many real-world situations in
many countries/districts to cope with, such as cost and manpower to conduct this
kind of multidisciplinary examination.
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12.4 Prognosis of Overall/Specific Manifestations of NPSLE

According to the above-mentioned follow-up study of relatively small numbers of
hospitalized patients with NPSLE, NP deficits were mostly improved or stabilized,
with deterioration only in 12% [4]. In the Swedish cohort of 117 SLE patients [6],
organ damage evaluated by SDI was higher in NPSLE patients compared with non-
NPSLE patients and with the general population. Working incapability was also
higher in patients with NPSLE compared with other groups.

More recently, by the European international cohort [7], the rate of resolution of
NP events attributed to SLE was significantly better than those due to non-SLE
causes (52-55% in SLE causes versus 36—38% in non-SLE causes, according to
different statistical models). Higher resolution rate was observed in focal NP events
compared with diffuse NP events (53% versus 38%). Resolution was more frequently
observed if the NP events occurred in earlier phase of the onset of SLE. Similarly,
mental (MCS) and physical (PCS) component summary score of the SF-36 was
lower in patients with NP events than those without NP events almost constantly.
Among patients with NP events, MCS score in SLE-related NP events seems to be
reduced overtime, while that in non-SLE NP events does not.

In the follow-up study of the Leiden cohort now including 131 SLE patients, NP
events were prospectively and intensively evaluated [16]. A total of 232 NP events
were diagnosed by multidisciplinary evaluation. After re-assessment, 19% of all NP
events resolved, 33% improved, 35% unchanged and 14% worsened. Notably, two-
third of NPSLE events improved or resolved, whereas only one-third of non-NPSLE
events did, suggesting the efficacy of immunosuppressive treatment in the NPSLE
group. Similarly, inflammatory NPSLE improved in more than half of the patients,
whereas ischemic NPSLE ameliorated only in about 16% of the patients.

At a glance, the results of above two studies seem to conflict each other [7, 16],
but there is a difference in the categorization in the NPSLE group between these two
studies: “diffuse and focal” versus “inflammatory and ischemic”. For example,
seizure is classified into “focal” in the international cohort, but mostly into
“inflammatory” in the Leiden cohort if the seizure was not clearly due to cerebral
infarction. Because ACR nomenclature and case definition is not based on
pathophysiology, one category of NPSLE symptom may comprise different disease
status, resulting in discordant recovery rates or prognosis. We need to take such
situations into account when considering/evaluating the prognosis of each NP
manifestation in different studies. Here we would like to start with more objectively
evaluable part, cerebrovascular disease.

12.4.1 Cerebrovascular Disease

High disease activity and other risk factors such as persistently positive moderate-
to-high titers of anti-phospholipid antibodies (aPLs) and common risk factors are
associated with cerebrovascular disease in SLE patients. The prevalence of cerebral
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infarction in SLE or anti-phospholipid syndrome (APS) differs among populations
or reports. In our retrospective cohort of consecutive 141 APS patients in Japan, the
rate of cerebral infarction was 61% [20], whereas in the international European
cohort of a thousand APS patients cerebral infarction was found only in 20% of the
patients [21]. Such difference may be due to the difference in the detection methods,
in genetic predisposition for venous thrombosis, or in the prevalence of non-APS
risk factors represented by hypertension.

How about mortality related with cerebrovascular diseases in SLE? According to
a Canadian cohort study of cerebrovascular mortality in SLE comprising 2688
patients with average follow-up of over 9 years [22], 10 patients died due to
“cerebrovascular disease”. Deaths due to cerebral infarctions appeared to be less
common than those due to hemorrhages and others.

In patients with autoimmune diseases, risk of thrombosis including cerebral
infarction was assessed using laboratory test-based scoring that includes several
aPLs [23]. In this study, we defined aPL-score (or Otomo score) according to the
titers of aPLs including lupus anticoagulant (LA) tests, anticardiolipin antibodies
(aCL, IgG and IgM), anti-f,-glycoprotein I antibodies (ap,GPI, IgG and IgM) and
phosphatidylserine-dependent antiprothrombin antibodies (aPS/PT, IgG and IgM).
We found that patients with aPL-score equal or more than 30 are significantly more
likely to develop thrombosis compared with those with aPL-score lower than 30
(Table 12.2). Similar scoring system but including conventional clinical risk factors
was proposed next year from European group [24]. This scoring system named
Global Anti-phospholipid Syndrome Score (GAPSS) includes aPLs and classical
thrombotic risk factors such as hypertension, hyperlipidemia and diabetes
(Table 12.2). This cross-sectional study included consecutive SLE patients. Patients
with higher GAPSS experienced thrombosis and/or pregnancy loss. When the
GAPSS cutoff was set at 10, area under the curve (AUC) of the receiver operating
characteristic (ROC) curve was the highest for the presence of a history of thrombosis
and/or pregnancy loss. Recently, we reviewed these two scoring system and
concluded that both aPL-score and GAPSS reach a certain degree of accuracy in
identifying high-risk APS patients, especially for thrombosis [25]. However, it is
uncertain whether these scores are similarly useful for the prediction of cerebral
infarction in patients with SLE.

As mentioned above and as one can easily imagine, ischemic NPSLE is more
likely to be irreversible and does not respond to immunosuppressive therapy [16].

12.4.2 Cognitive Dysfunction

Cognitive impairment can serve as an indicator of overall brain health, which can be
affected by a number of factors including other NP syndromes [26]. Cognitive
dysfunction is one of the common NP events in patients with SLE, but there is no
specific pattern attributed to SLE. Therefore, it is rather understandable that trial for
the screening of “cognitive dysfunction” in SLE patients using Cognitive Symptom
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Table 12.2 Two antiphospholipid scores to predict the risk of thrombosis in patients with
autoimmune diseases or SLE

Antiphospholipid-score (Otomo score)

aPL tests aPL tests aPL score

aPTT mixing (sec) >49 5

aPTT confirmation (ratio) >1.3 2
>1.1 1

KCT mixing (sec) >29 8

dRVVT mixing (sec) >45 4

dRVVT confirmation (ratio) >1.3 2
>1.1 1

IgG aCL high (GPL) >30 20

IgG aCL low/medium (GPL) >18.5

IgM aCL (MPL) >7 2

IgG aP,GPI high (units) >15 20

IgG aP,GPI low/medium (units) >2.2 6

1gM af,GPI (units) >6 1

IgG aPS/PT high (units) >10 20

IgG aPS/PT low/medium (units) >2 13

I1gM aPS/PT (units) >9.2 8

Global Anti-phospholipid Syndrome Score (GAPSS)

aPL or risks GAPSS

aCL (IgG and/or IgM) 5

aP,GPI (IgG and/or IgM) 4

aPS/PT (IgG and/or IgM) 3

LA 4

Hyperlipidemia 3

Arterial hypertension 1

af,GPIanti-p,-glycoprotein lantibodies, aCLanticardiolipin antibodies, aPS/PT phosphatidylserine
dependent antiprothrombin antibodies, KCT Kaolin clotting time, LA lupus anticoagulant

Inventory (CSI) self-report questionnaire turned out to be unreliable [27]. The
definition/diagnosis of “cognitive dysfunction” differs among reports, making the
prevalence of this NP symptom ranging from 17 to 59% of SLE patients [28]. The
diagnostic criteria for cognitive dysfunction require documentation by neurological
testing and a decline from a higher former level of functioning [1]. Even short ver-
sion of neurological test batteries takes approximately 1 h. Nevertheless, it is highly
likely that subclinical deficits in cognitive function are more prevalent in patients
with SLE.

In a relatively antique, but long-term prospective cohort of 70 SLE patients, 17
out of the evaluated 47 patients (36%) suffered from cognitive impairment during
5-years’ follow-up. Cognitive impairment resolved in 9, emerged or fluctuated in 6,
and stably impaired in 2 patients [29]. According to more recent prospective cohort
of 28 SLE patients with a mean follow-up period of 5-years, majority of the NP
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variables in standardized neurological tests remained unchanged and minority of the
variables improved over time, leading to the conclusion that “cognitive dysfunction”
seemed to be a relatively stable feature of CNS involvement in SLE [30].

12.4.3 Acute Confusional State (ACS)

ACS is defined as disturbance of consciousness or level of arousal with reduced abil-
ity to focus, maintain, or shift attention, accompanied by cognitive disturbance and/or
changes in mood, behavior, or affect [1]. ACS is one of the most severe forms of
NPSLE that can progress to coma. The prevalence of ACS in patients with SLE
again differs among reports, ranging from less than 10% [31-33] to as many as half of
the patients [9, 34]. In our retrospective cohort, 15 patients (18%) were diagnosed as
ACS in 79 patients with NPSLE [10], 2 of whom died during 4.8 years’ mean obser-
vation period. Abe et al. [35] exclusively evaluated the prognosis of 36 ACS patients
and found 8 deaths in 18 patients with abnormal brain MRI, whereas no deaths was
observed in 18 patients with normal MRI, confirming that abnormalities in brain MRI
predict poor overall survival. In fact, the presence of ACS increases hazard ratio for
mortality to about 3 in the above referred Dutch NPSLE cohort [8]. In the same study,
male gender, presence of serum anti-Sm antibodies and high serum IL-6 also affected
the survival in patients with ACS [35]. ACS is one of the inflammatory NP symptoms,
thus likely to respond to intensive immunosuppressive therapy. However, it should be
pointed out that patients with ACS are in many cases complicated with other organ
involvements reflecting extremely high disease activity, such as proliferative nephri-
tis, hemophagocytic syndrome, and/or even diffuse alveolar hemorrhage.

12.5 Treatment that Impact Prognosis of NPSLE

Various immunosuppressive treatments have been introduced for a variety of NP
symptoms in patients with SLE. For example, high dose corticosteroids, methylpred-
nisolone pulse therapy, intravenous immunoglobulins, plasma exchange, immuno-
suppressants including cyclophosphamide, azathioprine, mycophenolate mofetil, and
biologics represented by rituximab, have shown clinical efficacy mostly in case series
or anecdotal clinical reports, although there are a couple of randomized controlled
trial (RCT) comparing the efficacy of different treatment strategy or different drugs.

12.5.1 Inflammatory NPSLE

In a controlled clinical trial recruiting severe NPSLE, treatment effectiveness was
compared between mPSL pulse therapy and intravenous cyclophosphamide (IVCY)
[36]. Thirty-two patients complicated with severe NPSLE including seizures,
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peripheral neuropathy, optic neuritis, transverse myelitis etc. were included in this
study, received 3 g of mPSL pulse, then randomized into mPSL pulse (bimonthly
every 4 months) or monthly IVCY (0.75 g/m?) for 1 year, followed by the same dose
of CY but every 3 months for another year. Response to the treatment according
to the criteria suggested by Neuwelt et al. [37] was observed in 18 of 19 patients
receiving IVCY, whereas 7 out of 13 patients treated with mPSL pulse responded to
the treatment. Obviously, mean number of seizures significantly decreased overtime
in the IVCY group. Daily doses of corticosteroids at 6 months and 12 months were
significantly fewer in the IVCY group compared with mPSL pulse group.

However, adverse effects on ovary, on bone marrow and immune system, hemor-
rhagic cystitis and cardiotoxicity by high-dose IVCY are notorious. That is why
efficacy of low-dose IVCY was examined for NPSLE in another RCT [38]. Sixty
patients with primary NPSLE were randomly assigned to low-dose IVCY (200-
400 mg, monthly) plus relatively low-dose daily prednisolone or the same dose of
prednisolone only. Patients with lupus nephritis, fever, hypoxia, infection and other
severe status were excluded. NP manifestations were mainly represented by cogni-
tive dysfunction, optic neuropathy, stroke/transient ischemic attacks, mood disor-
der. Thus, really severe status of NPSLE does not seem to be included in this study.
As a result, clinical improvement, relapse rate, electro-physiological test preferred
better for addition of low-dose IVCY.

No other RCTs concerning induction therapy for NPSLE have been found,
whereas plasma exchange [39], IVIg [40], and/or rituximab [41, 42] have been used
in severe/refractory NPSLE.

For a maintenance treatment, azathioprine has been used for patients with
NPSLE, without evidence from RCTs. In a study from 1970s, among patients with
CNS or severe renal disease, azathioprine-treated group showed improved long-
term survival and fewer hospitalization, compared with the group of patients who
did not receive this immunosuppressant [43]. In a real world, other
immunosuppressants such as mycophenolate mofetil and calcineurin inhibitors may
be prescribed for patients with NPSLE as a maintenance therapy, although there is
no study focusing on the effects of these drugs exclusively for NPSLE.

12.5.2 Ischemic NPSLE

Acute-phase treatment of ischemic stroke is not different from that of non-SLE
patients. However, window of opportunity for such thrombolysis therapy is relatively
narrow. Therefore, secondary prophylaxis for another ischemic attack becomes of
importance to prevent progressive deterioration of the cerebral function. Such
treatment strategy includes tight controls of risk factors and antiplatelet therapy. In
addition, anticoagulation for prolonged period is recommended in those with APS
[44, 45]. However, it is still controversial which combination of antiplatelet therapy
and anticoagulation therapy is the most effective for the secondary prevention of
ischemic stroke in APS patients.
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Intensity of anticoagulation is also a matter of debate. Superiority of high-
intensity warfarin (target INR 3.1-4.0) over moderate intensity warfarin (target INR
2.0-3.0) for secondary thromboprophylaxis was demonstrated by RCTs, but risk for
minor bleeding was increased by the high-intensity warfarin [46, 47]. Then, how
about the effect of direct oral anticoagulants (DOACS) on these settings, comparing
to warfarin? One study which compared rivaroxaban with standard warfarin
treatment reported no thrombotic or major bleeding events, but this study was
underpowered to draw any conclusions [48]. Thus, there is not enough evidence yet
to support or decline the use of DOAC for the secondary prevention of cerebrovascular
events related to APS. There is not enough evidence that shows benefit/harm of
warfarin plus antiplatelet agent or dual antiplatelet therapy (DAPT) comparing to a
single antiplatelet therapy.

In our cohort of 90 Japanese APS patients with arterial thrombosis (81 with cere-
bral infarction), patients were treated with single antiplatelet agent, warfarin only
(INR 2.0-3.5), warfarin plus single antiplatelet (INR 2.0-3.0), or DAPT for second-
ary prophylaxis, in a non-randomized way. Retrospective observation for the mean
follow-up period of 8-years revealed lower recurrence rate in the DAPT group com-
pared with the warfarin only group (Ohnishi N, FujiedaY et al., manuscript in prep-
aration). There was no significant difference in the overall survival among all
treatment groups.

12.5.3 Corticosteroid-Induced Psychosis or NPSLE?

Corticosteroid (CS)-induced psychosis occurs in less than 10% of the SLE patients,
sometimes making differential diagnosis challenging from NP symptoms due to
SLE itself [44, 49]. According to our retrospective autoimmune cohort, 36 (24.7%)
out of 146 SLE patients treated with CS (prednisolone more than 40 mg/day)
developed NP symptom, whereas only 12 (7.4%) out of 162 patients with other
autoimmune diseases did. Among these 36 lupus patients, only 9 were diagnosed as
having CS-induced psychiatric disorders, the rest 27 patients being diagnosed as
NPSLE. Regardless of the diagnosis patients who developed NP symptoms after
initiation of CS treatment were categorized as having post-steroid NP manifestations
(PSNP-SLE). These patients had better event-free/overall survival compared with
SLE patients who already had NP manifestations on admission (de novo NPSLE)
[10]. When patients diagnosed as steroid-induced psychosis was excluded, statistical
significance between these two groups was lost, but the same tendency remained
(Fig. 12.1). Such difference may be due to the variation of the symptoms/severity
between these two groups of patients and/or to the prompt assessment and treatment
given for the in-hospital PSNP-SLE patients.
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Fig. 12.1 Overall survival of the patients with post-steroid (PS) NPSLE (steroid psychosis
excluded) and those with de novo NPSLE. Kaplan-Meier overall survival were evaluated. Five-
years overall survival rates were 91.7% in post-steroid NPSLE vs. 87.6% in de novo NPSLE

12.6 Summary

NP symptoms comprise most severe forms of SLE, which exist solely or concomi-
tantly with other symptoms/organ involvements reflecting the disease activity.
Because of the small patient number and the variation of severity of the disease, it
is hard to conduct RCTs for NPSLE patients in many cases. In addition, pathophysi-
ology of NPSLE is yet to be clarified in contrast with that of lupus nephritis, partly
because of the accessibility to the organ and of the wide variety of symptoms.
However, there are growing choices of treatment including targeted antibodies or
small molecules approved or under development for SLE, which we might be able
to use also as a treatment for NPSLE. More and more progresses have been made in
the field of neuroscience, autoimmunity and genetics, not leaving translational
research for SLE as an exception. In fact, as shown recently, role of type I interferon
in NPSLE has been suggested, where this inflammatory cytokine essential in SLE
may activate microglia and lead to synapse loss in lupus prone mice [50]. Similar
type I interferon activation was observed in patients’ brain. Our cognitions and
moods, in other words, thoughts and feelings might be recognized as complex prod-
ucts of neurotransmitters, hormones, cytokines, viability of neuronal cells and low-
voltage electricity in our brain. Therefore, we believe there will be a better way to
understand the complexity of the pathogenesis in NPSLE and to treat suffering
patients for their better prognosis, cognitive/psychological functions and qualities
of life.
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