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Abstract Systemic lupus erythematosus (SLE) is a multisystem autoimmune disorder characterized by the production of autoantibodies. Approximately 30–50 % of patients
produce autoantibodies directed against N-Methyl-Daspartic acid receptors (NMDARs). Once they have gained
access to brain tissue, these autoantibodies bind to the
NR2A subunit of the NMDARs and synergize with glutamate to cause excitatory, non-inflammatory cell death or
alter neuron function. Both humans with SLE and animal
models of SLE have shown structural and functional damage to the amygdala. The amygdala is a brain region important for processing the emotional relevance of stimuli in the
environment. It also serves to modulate perception, attention, and memory to facilitate the processing and learning of
relevant stimuli. Research has linked amygdala damage to
deficits in emotional memory and emotional behavior.
Individuals with SLE often exhibit emotional dysregulation,
such as lability and depression; however, the behavioral
impact of possible amygdala dysfunction has yet to be
studied in this population. The purpose of this review is to
1) examine possible associations between SLE, antiNMDAR antibodies, amygdala damage, and emotional processing deficits and 2) to identify the clinical, social, and
treatment implications for individuals with SLE who suffer
from deficits in emotional processing.
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Systemic lupus erythematosus (SLE, lupus) is a multi-system
autoimmune disorder, characterized clinically by periods of
disease remission and flare that can affect any organ system,
including the brain. On a molecular level lupus is characterized
by an inflammatory process directed against the self and led by
autoantibodies. SLE occurs in approximately 1 out of 1000
people (Manson and Rahman 2006). It presents ten times more
often in women than in men and approximately three to four
times more often in people of African, Asian, Hispanic and
Caribbean ancestry than in those of European descent. The
initial symptoms typically emerge during the second through
the fourth decades of life. (Cervera et al. 2003; Johnson et al.
1995). However, approximately 15–20 % of SLE patients begin
to have symptoms during childhood, and pediatric disease onset
is associated with more severe disease and worse outcome
(Livingston et al. 2011). Late onset SLE (after age 50 years) is
typically reported as rare, but one study found the prevalence to
be 39.3 % of all SLE cases (Alonso et al. 2012).
Previous research has established the presence of a subset
of anti-double-stranded deoxyribonucleic acid (antidsDNA) autoantibodies that cross-react with N-Methyl-Daspartic acid receptors (NMDAR) in 30–50 % of patients
with SLE (Gonzalez-Albo and DeFelipe 2000; Hanly et al.
1992; Omdal et al. 2005; Ozawa et al. 1998). Once they
have gained access to the brain parenchyma, these autoantibodies bind to the NR2A and NR2B subunits of the NMDA
receptor and synergize with glutamate to cause an excitatory, non-inflammatory cell death of neurons that is mediated
by excessive influx of calcium through the open receptor
(DeGiorgio et al. 2001). As NMDARs are most abundant in
the hippocampus and amygdala, these structures are often
severely affected, although many other brain abnormalities
also occur in association with SLE (Huerta et al. 2006;
Kowal et al. 2004). Cognitive dysfunction occurs commonly in lupus patients with reported prevalence between 50 %
and 80 %, but the mechanisms responsible remain unclear.
Animal studies have demonstrated a clear causal association
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between anti-NMDAR autoantibodies and loss of hippocampal neurons with resulting impairment in memory testing (for review see Bruns and Meyer 2006; Kowal et al.
2006). Additionally, animal models have also revealed emotional and behavioral deficits associated with neuronal loss
in the amygdala mediated by anti-NMDAR autoantibodies
(Huerta et al. 2006). Depression and anxiety are extremely
common in SLE; however, research examining emotional
processing deficits linked to amygdala damage in people
with SLE has been limited. The goal of this review is to
evaluate the published literature on SLE with regard to
amygdala function; specifically, deficits in processing emotional information, remembering emotional events, demonstrating appropriate modulation of cognitive processes (e.g.,
attention and memory) during an emotional or stressful
event, and possible associations with anti-NMDAR autoantibodies. We suggest that if such deficits are observed,
assessment and intervention for emotional processing deficits should be implemented as routine treatment for people
with SLE.
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phenomenon, pleuritis, and Sjorgren syndrome. Greater frequencies of renal and central nervous system (CNS) involvement may be the most severe differences for those
with childhood onset SLE compared with adult onset disease (Muscal and Brey 2010; Papadimitraki and Isenberg
2009).
Treatment goals for SLE patients are to reduce the number and severity of disease flares to prevent organ damage.
To that end, pharmacological treatment with immunosuppressive and disease-modifying anti-rheumatic drugs is
employed. Typically, steroidal and non-steroidal antiinflammatory medications are used for their immediate
anti-inflammatory properties in acute disease flares. Other
immunosuppressive medications are added for their steroid
sparing effects and to reduce the body’s auto-inflammatory
response. Therapy is tailored to individual patients and
supportive measures, such as kidney transplant for end stage
renal disease or the use of anti-psychotic medication in
conjunction with immunosuppression for lupus psychosis,
are employed as needed.
Neuropsychiatric SLE (NPSLE)

Clinical Presentation of SLE
SLE affects a variety of organ systems and can produce
wide-ranging symptoms that frequently masquerade as other
diseases; SLE is known as one of the “great imitators”
because of its propensity to mimic other disorders. Lupus
related pathology classically presents as rashes, arthritis,
photosensitivity, renal disease, hematologic cytopenias,
and serositis but other organ systems are frequently involved
(Sultan et al. 2003). SLE patients also often suffer from
constitutional symptoms of widespread pain and fatigue,
fevers, and weight loss related to inflammatory processes
(Tench et al. 2000). Nervous system involvement in lupus,
referred to as neuropsychiatric SLE (NPSLE) represents a
collection of 19 syndromes that affect the central and peripheral nervous systems. We will focus this review on the
neuro-cognitive and psychiatric presentations of SLE.
Childhood onset SLE has been associated with a number
of symptom-related differences as compared to adult onset
SLE, and onset in childhood is often associated with more
severe outcomes (Hersh et al. 2010; Hersh et al. 2009). For
instance, in a meta-analysis of differences in clinical manifestations between children and adults with SLE, Livingston
and colleagues (2011) found that those with childhood onset
were more likely to have malar rash, ulcers, renal involvement, seizures, and lymphadenopathy, among other symptoms, than those with adult onset. Moreover, others (Hersh
et al. 2010; Webb, 2011) have found higher rates of renal
disease, anti-DNA autoantibodies, arthritis, and leucopenia
in patients with childhood onset SLE. In contrast, those with
adult onset SLE were more likely to have Raynaud’s

A subset of patients with SLE will develop nervous system
symptoms and both the central and peripheral nervous systems can be affected (van Dam 1991). In 1999, the
American College of Rheumatology (ACR) outlined 19
specific symptoms associated with NPSLE (Liang et al.
1999). These can be broadly grouped into syndromes associated with peripheral nerve disorders, such as mononeuritis
multiplex and myasthenia gravis, and those associated with
CNS disorders. Within the CNS, some NPSLE syndromes
are related to focal vascular compromise such as stroke and
headache but more diffuse pathophysiology such as cognitive dysfunction, mood disorders, psychosis, acute confusional state, and seizures also occur. The prevalence of
neuropsychiatric manifestations in SLE varies widely, ranging from 17 % to 66 % (Bruns and Meyer 2006) and
typically presents within the first few years of the SLE
diagnosis. Cognitive dysfunction has been found in up to
80 % of patients with SLE; however, attribution to SLE is
often difficult given the confounding influences of medications, depression, anxiety, and co-morbid disease on cognitive function (Ainiala et al. 2001; Wekking 1993). Microinfarcts caused by vascular abnormalities and/or accumulated atherosclerotic disease can exacerbate cognitive dysfunction caused by SLE. While CNS involvement in children
with SLE is more prevalent than in adults (Papadimitraki
and Isenberg 2009), research has failed to produce evidence
for greater cognitive impairment in children with SLE as
compared to matched controls (Williams et al. 2011).
Several studies have found an association between neuropsychiatric manifestations and antiphospholipid antibodies
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(Denburg et al. 1987b; Long et al. 1990), particularly in
patients with stroke and cognitive dysfunction (Denburg et
al. 1997; Hanly et al. 1999). For instance, Hanly and colleagues (1999) found increased deficits in processing speed
and executive functioning in SLE patients positive for anticardiolipin autoantibodies, as compared to those patients negative for those antibodies. Antiphospholipid antibodies are
associated with hypercoaguable states and the mechanism
for antiphospholipid-related cognitive decline is attributed to
recurrent micro-ischemia.
Treatment of NPSLE is tailored to the clinical syndrome
and driven by our limited knowledge of underlying pathogenic mechanisms. For vascular disease related to antiphospholipid antibodies, anticoagulation is used. The more
severe disturbances of thought and level of consciousness,
such as psychosis or acute confusional state, are generally
treated aggressively with corticosteroids and immunosuppression. Treatment for mood disorders follows guidelines
for non-SLE related mood disorders but treatment for cognitive dysfunction remains problematic, largely due to insufficient understanding of the underlying pathophysiology
and problems with ascertainment and attribution.
Cognitive Function and SLE
In addition to the possible influences of mood disorder,
infections, metabolic disturbances, and medication on cognitive functioning, SLE patients demonstrate cognitive deficits independent of other variables. Notable impairment
occurs in attention and concentration, working memory,
visuospatial skills, and memory (Denburg et al. 1987a;
Emori et al. 2005; Glanz et al. 2005; Glanz et al. 1997;
Kozora et al. 2004; Loukkola et al. 2003; Monastero et al.
2001; Shucard et al. 2004). Furthermore, although SLE
patients with and without overt neuropsychiatric symptoms
display cognitive impairment, those with NPSLE display
more pronounced deficits (Monastero et al. 2001). Table 1
shows the comparison of cognitive performance of patients
with NPSLE and SLE to healthy controls across studies for
a variety of neuropsychological measures. Cognitive decline
in people with SLE has been associated with damage to
white matter tracts, particularly the corpus callosum that was
found to be smaller in SLE and NPSLE than healthy controls, as well as with grey matter damage (Kozora et al.
2011; Steens et al. 2004).
Attention and Processing Speed Attention and processing
speed are cognitive functions that influence performance on
other cognitive tasks (Chiaravalloti et al. 2003; Sheppard,
2008). Patients with SLE often report problems with attention and processing speed (Vogel et al. 2011). Performance
during formal neuropsychological evaluation confirms these
impairments in approximately 20 % of patients (Kozora et
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al. 2008; Vogel et al. 2011). Slower processing speed in SLE
and NPSLE patients is found during simple cognitive (i.e.,
non-motor) and motor tasks (Glanz et al. 2005; Loukkola et
al. 2003). Deficits in these domains appear to be greater for
patients with NPSLE than for those with no overt CNS
involvement (Loukkola et al. 2003).
Working Memory Deficits in working memory have also
been found in people with SLE, as evidenced by impaired
performance on letter-number sequencing tasks (Kozora et al.
2008; Shucard et al. 2011; Shucard et al. 2004). To examine
working memory deficits independent of attention, Shucard
and colleagues (2011) employed an N-back task. As expected,
results revealed slower overall processing speed in people
with SLE as compared to controls. While both groups had
slower reaction times (RT) as the working memory load
increased, the SLE group displayed disproportionately greater
slowing. This effect remained after the authors controlled for
processing speed, indicating that people with SLE suffer from
deficits in working memory that cannot be accounted for by a
decline in general attentional functioning. Other studies have
reported similar deficiencies in working memory, but attribution remains an important issue. Animal models and findings
of impaired working memory in recently diagnosed patients
suggest that SLE is a causative factor separate from other
confounding influences (e.g., Petri 2008). However, more
research is required to accurately identify deficits in this
domain as working memory is often confounded with other
cognitive factors like attention.
Executive Functioning Studies examining executive functioning in people with SLE and NPSLE have produced
inconsistent results (Kozora et al. 2008; Monastero et al.
2001), and other studies have not effectively examined the
gamut of executive functions (Vogel et al. 2011). That being
said, impairments have been noted in response inhibition
during a Stroop task and ability to shift cognitive set on the
Trail Making Test (Kozora et al. 2008; Loukkola et al. 2003;
Vogel et al. 2011).
Motor Motor slowing has been found in people with SLE
and NPSLE: this effect has largely been documented with
the finger tapping test (Kozora et al. 2004), although other
tasks that include a motor component have also shown
motor slowing in SLE patients (Kozora et al. 2004;
Loukkola et al. 2003). For instance, Glanz and colleagues
(2005) found that SLE patients performed worse than controls on the Digit Symbol subtest of the WAIS-R and on the
Trail Making Test—part A. While impairment of SLE
patients on motor tasks is clearly documented, it should be
noted that this is entirely consistent with slowed processing
speed, which has also been associated with cognitive impairment in SLE.
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Table 1 Comparison of cognitive performance of NPSLE patients (1), SLE patients (2), and healthy controls (3) across studies

Intelligence
WAIS-R Verbal IQ
WAIS-R Performance IQ
Attention and Processing Speed
WAIS-R Digit Span
WAIS-R
Digit Span Forward
WAIS-R
Digit Span Backward
Letter-Number Sequencing**
Paced Auditory
Addition Test
WMS-III
Spatial Span Forward
WMS-III
Spatial Span Backward
Stroop Color-Word Test
Word Naming
Stroop Color-Word Test
Color Naming
Trail Making Test - Part A
WAIS-R Digit Symbol Substitution
Test**
Executive Functioning
Controlled Oral Word Association Test
Design Fluency
Ruff Figural Fluency Test
Trail Making Test - Part B
Stroop Color-Word Test Interference
Category Test
Wisconsin Card Sorting Test
Wisconsin Card Sorting Test
Perseverative Errors
Raven’s Coloured
Progressive Matrices
WAIS-R Similarities
Motor Functioning
Finger Tapping Test
Dominant Hand
Finger Tapping Test
Non-Dominant Hand
Visuospatial Processing
Facial Recognition Test
Block Design**
WAIS-R Object Assembly
WAIS Picture Completion
RCFT Copy
Language
WAIS-R Vocabulary

Denburg
et al.
(1987)

Emori
et al.
(2005)

Glanz
et al.
(1997)

Glanz
et al.
(2005)

Kozora
et al.
(2004)

Kozora
et al.
(2008)

Kozora
et al.
(2011)

Loukkola
et al.
(2003)

Monastero
et al.
(2001)

-

-

-

-

NS*
1<3

-

-

-

-

-

NS
-

-

NS

-

-

-

1<2<3

NS
-

-

-

-

NS

-

-

-

NS

-

-

-

-

NS
-

NS
1<3

2<3
NS

-

-

-

-

-

-

NS

-

-

-

-

-

-

-

-

NS

-

-

-

-

-

-

-

-

2<3

-

-

-

1 < 2, 3

-

-

-

-

2<3

-

-

-

-

-

-

-

2<3

1, 2 < 3

-

-

NS

NS

1<3

1, 2 <
3
NS

2<3

2<3

1, 2 < 3

NS

-

1<2<3

-

-

1<3

-

NS
NS
2<3

1<3
NS
1, 2 < 3

NS
NS

-

NS
1 < 2, 3

NS
NS

-

NS
NS
-

-

NS
-

1<3
1<3
-

NS
NS
-

-

1 < 2, 3
NS
1<2<3

-

-

-

-

-

-

-

-

-

NS

-

NS

-

NS

NS

-

-

NS

-

-

-

-

NS

1, 2 < 3

NS

-

-

-

-

-

-

NS

2<3

NS

-

-

-

1<3
NS
NS

NS
NS

NS
NS

NS
NS
NS
NS

1<3
NS
-

NS
-

-

NS
-

1, 2 < 3

-

-

-

NS

-

-

-

1<2<3

-
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Table 1 (continued)

WAIS-R Comprehension
Information**
BDAE Complex
Ideational Material
Peabody Individual Achievement Test –
Reading Recognition Test
Boston Naming Test
Category Fluency
Memory
Verbal Learning**
Verbal Immediate Recall**
Verbal Immediate Cued Recall**
Verbal Delayed Recall**
Verbal Delayed Cued Recall**
Verbal Recognition**
WMS Verbal Paired Associates
Logical Memory Immediate Recall**
Logical Memory Delayed Recall**
Logical Memory Recognition**
WMS-R Visual Memory Immediate
Recall
WMS-R Visual Memory Delayed Recall
Visual Reproduction Immediate
Recall**
WMS-III Visual Reproduction Delayed
Recall
WMS-III Visual Reproduction
Recognition
RCFT Immediate Recall
RCFT Delayed Recall
RCFT Recognition
Benton Visual Retention Test

Denburg
et al.
(1987)

Emori
et al.
(2005)

Glanz
et al.
(1997)

Glanz
et al.
(2005)

Kozora
et al.
(2004)

Kozora
et al.
(2008)

Kozora
et al.
(2011)

Loukkola
et al.
(2003)

Monastero
et al.
(2001)

NS
-

NS
-

NS
-

NS
-

NS

-

-

-

-

-

-

-

-

NS

-

-

-

-

-

-

-

NS
NS

1<3

NS

-

NS
NS

-

-

-

NS
NS
NS
NS
NS
NS
-

NS
NS
-

2<3
2<3
-

2<3
NS
NS
-

NS
NS
1<2<3
NS
1<2<3
1<2<3
-

1, 2 < 3
NS
-

-

1<3
1<3
NS
1, 2 <
3
-

NS
-

2<3
2<3
NS
-

-

-

-

1<3
1<3
NS

-

-

-

2<3

NS

-

-

-

1<2<3
-

-

-

-

-

2<3

-

-

-

-

-

-

-

-

2<3

-

-

-

-

-

1<3
-

NS
NS

-

NS
-

NS
NS
-

NS
NS
-

NS
NS
2<3
-

-

1, 2 < 3
-

* NS Not significant
** Note: Letter-Number Sequencing 0 WAIS-III (Kozora et al. 2004, 2008), WMS-III (Glanz et al. 2005). Digit Symbol Substitution Test 0 WAIS
(Denburg et al. 1987a, b), WAIS-R (Emori et al. 2005; Glanz et al. 2005; Kozora et al. 2004, 2008; Loukkola et al. 2003). Block Design 0 WAIS
(Denburg et al. 1987a, b), WAIS-R (Emori et al. 2005; Glanz et al. 1997, 2005; Kozora et al. 2004; Kozora et al., 2008; Loukkola et al. 2003).
Information 0 WAIS (Denburg et al. 1987a, b), WAIS-R (Glanz et al. 1997). Verbal Learning, Verbal Immediate Recall, Verbal Immediate Cued
Recall, Verbal Delayed Recall, Verbal Delayed Cued Recall, Verbal Recognition 0 RAVLT (Emori et al. 2005; Monastero, 2001), CVLT (Glanz et
al. 2005; Kozora et al. 2004, 2008; Loukkola et al. 2003), CVLT-II (Kozora et al. 2011). Logical Memory Immediate Recall, Logical Memory
Delayed Recall, Logical Memory Recognition 0 WMS-R (Glanz et al. 1997; Loukkola et al. 2003), WMS-III (Glanz et al. 2005). Visual
Reproduction Immediate Recall 0 WMS (Glanz et al. 1997), WMS-III (Glanz et al. 2005)

Visuospatial Processing Visuospatial skills are largely left
intact in people with SLE. Some studies have found deficits
in this patient group on tasks that have a visuospatial component (Lapteva et al. 2006; Monastero et al. 2001; Petri et
al. 2008; Vogel et al. 2011); however, results have been
inconsistent. Moreover, the significant results have been
largely based on the Block Design subtest of the WAIS
and the Rey-Osterrieth Complex Figure Test, both of which

require more than visuospatial processing (i.e., speeded
constructional abilities, planning, and organization) to perform effectively. Thus, impaired performance may be due to
deficits in other cognitive domains (e.g., processing speed,
executive functions) as opposed to visuospatial processing.
Language Language in SLE and NPSLE is generally intact
(Glanz et al. 2005; Kozora et al. 2008). However, some
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studies have noted deficits. For instance, Kozora and colleagues (2004) have reported poorer verbal fluency in SLE
patients compared to controls. Loukkola and colleagues
(2003) found that SLE and NPSLE patients performed
worse on the WAIS Vocabulary subtest than controls, and
they noted trends toward significant differences between
these groups in other, untimed, language tasks (i.e., Boston
Naming Test).
Memory Memory is the most commonly impaired cognitive
process in people with SLE and NPSLE, which is consistent
with hippocampal changes associated with the disease
(Kozora et al. 2011). However, empirical findings on memory impairment in this group have been inconsistent.
Deficits in people with SLE have been reported for verbal
and non-verbal information and for immediate and delayed
recall (Loukkola et al. 2003; Monastero et al. 2001). For
example, impaired delayed recall of the Rey-Osterrieth
Complex Figure (non-verbal memory) and the California
Verbal Learning Test (verbal memory) has been found in
these patient groups compared to healthy controls (Kozora
et al. 2011; Monastero et al. 2001).
In summary, SLE patients demonstrate impairment in
multiple cognitive domains, and the degree of impairment worsens in the context of NPSLE. Selective impairment in attention and processing speed can be
accounted for by reductions in corpus callosum volume
and other white matter abnormalities but imaging studies
and animal models have also implicated grey matter
damage. Deficits in working memory and aspects of
executive functions indicate abnormalities specific to
frontal areas, whereas, impaired learning and memory
point to hippocampal dysfunction.
Psychiatric Syndromes and SLE
NPSLE can also present as mood disturbance. In fact, up to
75 % of patients with SLE have a co-morbid mood or
anxiety disorder, with depression being the most common
manifestation (Bruns and Meyer 2006). However, it is difficult to ascertain if depression and/or anxiety are a direct
product of SLE, the impact of the symptoms of the disorder,
medication effects, or psychosocial factors. A study by
Bachen et al. (2009) reported that 47 % of their SLE cohort
had previously received a diagnosis of Major Depressive
Disorder (MDD) and 6 % had been diagnosed with Bipolar I
disorder. Forty-nine percent had also been diagnosed with
an anxiety related disorder. Of note, the authors found that
increased disease activity, as assessed through the Systemic
Lupus Activity Questionnaire (SLAQ), was associated with
higher probability of having MDD, and with having any
mood or anxiety disorder. Similarly, Nery and colleagues
(2007) found that out of 71 SLE subjects participating in
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their study, 19 (27 %) met criteria for MDD or a depressive
episode not otherwise specified. Interestingly, depressed
patients did not differ from non-depressed patients in disease duration but their disease severity and functional disability were greater. While these results may suggest that the
prevalence of psychological dysfunction in SLE results
from the stress of having the disease, they may also indicate
that increased disease activity produces CNS neurochemical
changes that result in mood disturbance.
The amygdala has been extensively indicated in depression pathology and it is frequently found to be smaller than
normal in chronically depressed people (Caetano et al. 2004;
Hastings et al. 2004). In people with depression the amygdala is generally more active during rest and when viewing
negatively valenced stimuli (Sheline et al. 2009; Siegle et al.
2002; Surguladze et al. 2005). In contrast to the exaggerated
reaction of the amygdala to negative stimuli, activation is
blunted in response to positively valenced stimuli (Suslow
et al. 2010). Moreover, there is greater glucose metabolism
in the left amygdala of depressed individuals, as compared
to healthy people (Drevets et al. 2002).
Depression has also been associated with a reduction of glial
cells within the amygdala and with a lower glia/neuron ratio
(Bowley et al. 2002). Furthermore, the reduced glia/neuron
ratio has been associated with a specific reduction of oligodendrocytes, the glial cells that produce myelin sheath (Hamidi et
al. 2004). The myelin sheath allows for rapid communication
between neurons by insulating axons, and neuronal communication is disrupted if the myelin sheath is damaged. The diffuse
white matter abnormalities that have been a consistent finding
on neuroimaging studies in SLE patients (Appenzeller et al.
2007, 2005, 2008) may represent similar reductions of oligodendrocytes and contribute to the occurrence of mood disorder
in this group. SLE patients with depression have also demonstrated decreased cerebral blood flow in the frontal and temporal regions (Giovacchini et al. 2010) suggesting alternative
pathologic mechanisms. Pertinent to our interests, serum titers
of anti-NMDAR antibodies have correlated with depression
(Lapteva et al. 2006; Omdal et al. 2005).
Disturbances in emotion regulation are a common clinical observation in the SLE patient group (Langosch et al.
2008). Studies of emotional regulation have associated emotional lability with SLE (Himelhoch and Haller 1996). For
instance, Langosch and colleagues (2008) found that 47 %
of people with SLE exhibited clinically significant emotional lability that was unrelated to disease duration, medication,
or psychiatric variables. Event-related potential (ERP) data
has suggested that people with high emotional lability are
more responsive to external stimuli. Thus, people with SLE
may have disproportionate emotional lability due to increased sensitivity to external stimuli (Berntson et al. 2007).
Psychosis manifests in up to 8 % of SLE patients (Bruns
and Meyer 2006). Psychotic symptoms are usually limited
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to hallucinations and delusions (Pego-Reigosa and Isenberg
2008). One study that examined psychosis in the lupus population found the co-morbidity of psychosis and other neuropsychiatric symptoms to be high; depression occurred in
90 % of study participants, and cognitive dysfunction
was found in 70 % (Pego-Reigosa and Isenberg 2008).
Phenylcyclohexylpiperidine (PCP), a glutamate receptor antagonist that binds to the NMDA receptor, produces hallucinations and paranoia (Olney et al. 1999). Thus, reactivity of
anti-NMDAR autoantibodies in SLE patients suggests a reasonable mechanism for the presence of psychotic features.

Mechanisms for Disease
Effects of Autoantibodies on Neuronal Tissue in SLE
SLE results in an overproduction of autoantibodies.
Antibodies directed against nuclear antigen, antinuclear
autoantibodies (ANA), are considered highly sensitive for
SLE and 98 % of lupus patients have a positive serum test
for ANA (Worrall et al. 1990). However, the presence of
ANA is not specific to SLE as many other diseases, such as
rheumatoid arthritis, Sjögren’s syndrome, and scleroderma,
also result in ANA overproduction. Low titers of ANA are
also detected in 5–10 % of a healthy female population.
ANA per se are not considered pathogenic; their presence in
high titers is indicative of an immune system that has lost
tolerance to self. Subsets of ANA are associated with specific organ pathology, including the brain.
Anti-dsDNA autoantibodies are a subset of ANA that are
directed against dsDNA, and are more specific to SLE than
ANA. Approximately 60 % of lupus patients exhibit antidsDNA autoantibodies and their presence is frequently associated with renal disease (ter Borg et al. 1990). AntidsDNA autoantibodies are one of the only autoantibodies
associated with SLE whose serum titers fluctuate with disease flares. Interestingly, these autoantibodies have been
eluted from affected tissue (e.g., kidney, skin, brain), and
their pathologic affects are thought to be secondary to antigenic specificities that are different from dsDNA. For example, subsets of anti-dsDNA autoantibodies have been
shown to bind to renal antigens including heparin sulfate
and α actinin and laminin (for review see Hanrotel-Saliou et
al. 2011). Anti-NMDAR autoantibodies are a subset of antidsDNA autoantibodies that cross-react with the NR2A subunits of NMDA glutamate receptors in the brain and have
been shown to cause excitotoxic or apoptotic cell death in
vitro and in vivo (Choi and Rothman 1990; DeGiorgio et al.
2001; Kowal et al. 2004).
Anti-NMDAR autoantibodies have been eluted from the
brains of lupus patients with known cognitive dysfunction
and are toxic to neurons in culture and when injected into
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mouse brain (DeGiorgio et al. 2001). Importantly, nonautoimmune mice immunized to produce anti-NMDAR
antibodies do not experience any adverse effects of these
antibodies unless the blood brain barrier (BBB) is disrupted.
Researchers have observed that an intact BBB prevents
damage to neuronal tissue but a pharmacologically opened
BBB allows antibody access to the brain, resulting in neuronal tissue damage and the region of the brain affected
most by the anti-NMDAR antibodies is a function of the
agent used to permeabilize the BBB. For example, in the
mouse model, lipopolysacharide (LPS) that mimics infection results in antibody deposition in the hippocampus and
functional impairment on memory tasks. Conversely, the
use of epinephrine, which mimics stress, results in antibody
deposition in the amygdala and impaired emotional learning
(Huerta et al. 2006; Kowal et al. 2004). It is known that
BBB permeability in humans is altered in response to insults
such as hypertensive episodes, nicotine, infection, stress,
and alcohol. In addition, vasculopathy and cerebral infarcts
occur often in SLE patients leading to endothelial cell disruption and impairment of the BBB (Hanly et al. 1992;
Narshi et al. 2011). In fact, up to 49 % of SLE patients
show vascular deterioration in the brain (Luyendijk et al.
2011), and many people with SLE also suffer from antiphospholipid syndrome, a disorder associated with autoantibodies that promote clotting and thrombus formation within
blood vessels (Tincani et al. 2009). Therefore, vascular
deterioration is certainly present in the brain and likely
affects the BBB, which would provide a pathway for the
entrance of antibodies into brain parenchyma. Deterioration
of vasculature seems to occur over time as the disease
progresses, which is consistent with the finding that cognitive dysfunction becomes greater later in the course of the
disease (Appenzeller et al. 2007).
Direct connections between the presence of serum antiNMDAR autoantibodies and neuropsychiatric deficits in
human studies have been mixed, and the mouse model that
relies on breach of the BBB for pathologic effects of the
antibody to occur predicts this. Several studies have observed that a higher presence of anti-NMDAR autoantibodies in serum results in greater neuropsychiatric deficits
(Fragoso-Loyo et al. 2008; Lapteva et al. 2006; Omdal et
al. 2005), while other studies have failed to demonstrate
associations between serum levels of anti-NMDAR autoantibodies and neuropsychiatric deficits in SLE patients
(Hanly et al. 2006; Harrison et al. 2006; Lapteva et al.
2006). However, correlations between serum levels of antiNMDAR autoantibodies may be unreliable because an intact BBB would prohibit the transition of antibodies from
blood serum to brain tissue. In agreement with the animal
model, several studies have demonstrated significant associations between anti-NMDAR antibodies in the cerebrospinal fluid of SLE patients with active NPSLE symptoms
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compared to those without NPSLE symptoms (Arinuma et al.
2008; Fragoso-Loyo et al. 2008; Yoshio et al. 2006). These
studies did not specifically assess cognitive function as
patients were assessed at the time of NPSLE flares. Other
autoantibodies have been implicated in brain disease in lupus.
Autoantibodies directed against phospholipid, α tubulin, and
ribosomal P have also been shown to bind to neurons resulting
in altered neuron function or death and in cognitive, sensory
and behavioral deficits (Caronti et al. 1998; Kent et al. 2000;
Matus et al. 2007; Ndhlovu et al. 2011).
In summary, SLE results in an overproduction of autoantibodies, including those that target NMDARs (i.e., antiNMDAR autoantibodies). Disruption of the BBB allows
anti-NMDAR autoantibodies, along with other autoantibodies, to access brain tissue and cause neuronal death or
dysfunction. As the NMDARs are found in highest density
in the hippocampus and amygdala, these structures may be
particularly vulnerable to this process. NMDARs play an
important role in long-term potentiation (vital for learning
and memory; Sakimura et al. 1995) and antibody-associated
cell death within the hippocampus can lead to cognitive
dysfunction in mice (DeGiorgio et al. 2001). Additionally,
mice whose amygdala has been targeted by anti-NMDAR
autoantibodies exhibit impaired fear learning; however, the
full impact of these antibodies on behaviors associated with
amygdala functioning in humans is still unclear.
Neuro-Anatomical Changes Associated with SLE
Neuroimaging studies in SLE patients have demonstrated
abnormalities in a variety of structures, including white and
gray matter. The most commonly reported abnormalities on
conventional MRI include cerebral atrophy, periventricular
white matter hyperintensities, infarcts, and hemorrhage.
More sophisticated volumetric studies have shown reductions in hippocampus, corpus callosum, cerebellum, cerebral
cortex, and amygdala (Appenzeller et al. 2007, 2006, 2005;
Emmer et al. 2006; Muscal et al. 2010). Critically, the
degree of volumetric loss in the brain has been associated
with the presence of autoantibodies and disease duration for
individuals with SLE, and greater volumetric loss has been
positively associated with more severe cognitive impairment
(Appenzeller et al. 2007). These volumetric findings suggest
that disease duration is an important factor in determining
cognitive functioning and may also be an important factor in
determining emotional dysfunction.
As mentioned, antiphospholipid autoantibodies associated with SLE can cause vascular deterioration and negatively
impact brain tissue. Indeed, SLE is associated with a risk of
stroke that is two-times greater than in the general population (Hak et al. 2009). In people with SLE, deterioration of
neural structures due to cerebral micro-infarcts is found
diffusely in the brain and affects both gray and white matter
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(Luyendijk et al. 2011). Moreover, vascular deterioration in
the white matter of SLE patients has been repeatedly associated with accumulated disease-associated damage, including neuropsychiatric manifestations (Ainiala et al. 2005;
Appenzeller et al. 2008; Castellino et al. 2008).
One of the most abundant neuro-anatomical changes
in people with SLE is diffuse white matter abnormalities
(for review see Kozora and Filley 2011). For example,
Luyendijk and colleagues (2011) examined structural brain
images of 74 patients with SLE and found that 36 of them
(49 %) had white matter hyper-intensities (WMHI); moreover, all of the participants who had WMHI also exhibited
neuropsychiatric manifestations. Similarly, Jung and colleagues (2012) found significant correlations between white
matter abnormalities and cognitive deficits in people with
SLE, and to a greater extent those patients with neuropsychiatric symptoms. It is not clear whether white matter
lesions are representative of direct targeting of myelinated
axons by inflammatory molecules or autoantibodies, vascular insults, or diminished white matter tracts resulting from
grey matter lesions.
Functional neuroimaging studies have also demonstrated
altered regional response patterns in SLE subjects. Within
specific brain regions, diminished regional blood flow has
been found in the posterior cingulate cortex (Oda et al.
2005), and reduced metabolism has been found in the prefrontal cortex, the inferior parietal region, hippocampus, and
the anterior cingulate cortex of patients with SLE (Komatsu
et al. 1999; Kozora et al. 2011). Additionally, increased
regional cerebral activation in response to specific cognitive
tasks has been observed in SLE subjects compared to
healthy controls (DiFrancesco et al. 2007; Mackay et al.
2011). These findings suggest that abnormal brain metabolism and activation patterns are associated with this disease.
Moreover, SLE patients with neuropsychiatric manifestations are more likely to have diminished regional blood flow
and metabolism, indicating that abnormal neural functioning
has consequences on behavior.
Specific amygdala pathology has also been demonstrated
in animal models of SLE and imaging studies of SLE subjects.
In the mouse model of anti-NMDAR antibody-mediated brain
disease, Huerta et al. (2006) found greater neuronal loss in the
lateral amygdala when compared to control mice. Figure 1
shows the reduction of neurons in the amygdala in animals
that were immunized to produce anti-NMDAR antibodies. In
humans, Emmer and colleagues (2006) employed diffusion
weighted imaging (DWI) to examine structural integrity within the amygdala of patients with SLE. They found that SLE
patients with severe cognitive dysfunction had more abnormalities (suggestive of cytotoxic edema) within the amygdala
than healthy controls. Moreover, the severity of the abnormalities in the amygdala correlated with serum anti-NMDAR
antibody titers. However, the study did not find abnormalities
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Fig. 1 Mice immunized with
anti-NMDAR antibodies show
shrunken amygdala neurons
that possess clumped nuclei.
These neurons also show a
marker of neurodegeneration.
Mice immunized with MAPcore show normal amygdala
neurons. Figure reproduced
from Huerta et al. (2006)
Copyright (2006) National
Academy of Sciences, USA

in the hippocampus of SLE patients with and without the
autoantibodies. A recent study demonstrated loss of amygdala
function on functional MRI in response to fearful faces stimuli
in lupus patients with long term disease compared to those
recently diagnosed (Mackay et al. 2011). Thus, there is data
demonstrating that human SLE is associated with anatomical
changes within the amygdala, and these changes may be
associated with cognitive and behavioral abnormalities and
with anti-NMDAR autoantibodies as clearly shown in the
mouse model.
Behavioral Abnormalities Associated with SLE Pathology
Behavioral deficits associated with brain pathology have
been found in animal models of SLE. Specifically, antiNMDAR antibodies and hippocampus neuron loss have
been causally associated with impaired learning and memory (Huerta et al. 2006). Kowal and colleagues (2004) in the
non-autoimmune mice immunized to produce anti-NMDAR
antibodies and treated with LPS to disrupt the BBB took a
disproportionally longer time searching for a known submerged platform in murky water, as compared to control
mice. In addition, when platform locations were moved, it
took longer for the immunized mice to learn the new locations of platform. Therefore, the presence of antibodies
commonly found in SLE is related to impaired spatial learning in mice.
Studies aimed at examining behavioral deficits in emotional processing have found that mice expressing the antiNMDAR antibodies and treated with epinephrine have impaired emotional learning, which is reliant on proper amygdala functioning (Huerta et al. 2006). Fear-conditioning
paradigms are used to examine emotionally based learning.
In this task, a tone (conditioned stimulus, CS) is often paired
with an electric foot shock (unconditioned stimulus, US),
which elicits a fear response (freezing). Several pairings of

the CS and US typically result in freezing when the CS is
presented alone. However, the immunized mice with circulating anti-NMDAR antibodies showed less freezing behavior than controls when presented with the CS, suggesting a
deficit in fear conditioning (see Fig. 2). This deficit in fear
conditioning was associated with neuronal loss in the
amygdala.
Researchers have also used animal models to study the
effects of other autoantibodies on depression and anxiety
(Katzav et al. 2008; Lapter et al. 2009). For instance, Katzav
and colleagues (2008) found that mice injected with anti-P
antibodies displayed more depressive-like behavior than
control mice, as measured by the absence of escapeoriented behavior during a forced swimming test. Lupusprone mice (NZB/NZW mice) demonstrate infiltration of
the hippocampus with inflammatory cells, immunoglobulin,
complement and a variety of pro-inflammatory molecules.
This pathology is characterized phenotypically by behaviors
consistent with anxiety symptoms in a variety of behavioral
tests (e.g., open field test) (Lapter et al. 2009).

Emotional Processing, Cognitive Functions,
and the Amygdala
The amygdala is involved in the processing of emotional
stimuli and modulates emotionally relevant social behavior
and cognitive functions. The amygdala is a paired structure
composed of groups of nuclei located in the medial temporal
lobes. As shown in Fig. 3, the amygdala has vast connections throughout the brain (Pessoa 2008). The amygdala has
reciprocal connections with the hippocampus, and can modulate memory function (Cahill et al. 1996; McGaugh 2004).
Reciprocal cortical connections to the prefrontal cortex suggests that amygdala function can influence prefrontal cortical processes (e.g., executive processes) and be regulated by
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Whalen et al. 2001; Zaretsky et al. 2010). For example, a
threatening stimulus, such as a snake, is more likely to
receive our attention than a non-threatening stimulus. The
amygdala receives input from the thalamus and sensory
cortices that allows it to integrate sensory information. Its
output connections with brain regions involved with attention, motivation, and movement allow it to modulate behavior based on the initial evaluation of the environment.
Recognition of Emotional Expressions
Fig. 2 Mice immunized with MAP-Peptide to imitate SLE showed an
impairment in emotional learning when compared to mice immunized
with MAP-Core. Figure reproduced from Huerta et al. (2006) Copyright (2006) National Academy of Sciences, USA

executive processes (Armony and Dolan 2002). The amygdala also has afferent and efferent connections with sensory
cortical areas, and receives direct projections from the thalamus, indicating that it influences the processing of sensory
information (Vuilleumier 2005). As the amygdala is intimately involved in the processing of fear stimuli and the
initiation of fear responses, it has many connections with
neural areas involved with the fight-or-flight response, including the brainstem, hypothalamus, basal forebrain, and
striatum.
General Function
The amygdala is critically involved in the detection of
threatening, novel, and emotionally relevant stimuli in order
to direct perceptual and attentional resources to such stimuli
(Attar et al. 2010; Blair et al. 1999; Sander et al. 2003;
Fig. 3 Cortical connections of
the amygdala show widespread
afferent and efferent
connections throughout the
brain. Reprinted by permission
from Macmillan Publishers Ltd:
[Nature Reviews Neuroscience]
(Pessoa, L. (2008). On the
relationship between emotion
and cognition. Nat Rev
Neurosci, 9(2), 148-158.),
copyright (2008)

The amygdala is involved in processing emotional stimuli,
such as emotional faces. Positron emission tomography (PET)
and functional magnetic resonance imaging (fMRI) studies
have shown that the amygdala is active during the processing
of emotionally expressive faces. Fear faces most consistently
elicit the greatest amount of activation (Breiter et al. 1996;
Fitzgerald et al. 2006; Morris et al. 1996; Phillips et al. 1997;
Reinders et al. 2005; Whalen et al. 2001; Yang et al. 2002), but
the amygdala is also responsive to faces expressing various
emotional expressions, including anger (Whalen et al. 2001),
sadness (Yang et al. 2002), surprise (Kim et al. 2003), and
happiness (Somerville et al. 2004).
Some of the first evidence for the involvement of the
amygdala in processing emotional expressions was with
individuals who had sustained amygdala damage. Such
individuals demonstrated increased difficulty recognizing
fearful expressions when compared to other types of emotional expressions (Adolphs et al. 1994; Broks et al. 1998).
Initial work identifying the involvement of the amygdala in
the recognition of fear expressions has been supported with
functional brain imaging in healthy participants. For instance, Morris and colleagues (1996) observed increased

262

metabolic activity in the amygdala while participants
viewed fear faces as compared to happy faces. Other research has also observed that the amygdala is more active
for fear faces compared to both happy and angry faces
(Whalen et al. 1998, 2001). One hypothesis to explain this
effect posits that the ambiguity associated with fear requires
more processing from the amygdala to determine the cause
of the fear (Whalen et al. 2001). To support this conclusion,
Whalen and colleagues (2001) observed that angry faces
elicited activation in the ventral amygdala, while fearful
faces elicited activation in both the ventral and dorsal
amygdala.
The amygdala appears to be preferentially responsive to
negatively perceived facial expressions, suggesting that it is
sensitive to the valence of a stimulus. Evidence shows that
people who interpret a surprised face as negative have
greater amygdala activation than those who interpret the
face as positive; moreover, positively judging a face correlates with increased activation in the medial prefrontal cortex, which sends inhibitory projections to the amygdala
(Kim et al. 2003). The net effect of that inhibition is reduced, but observable, amygdala activation in response to
positively valenced facial expressions (Williams et al.
2004).
The amygdala also seems to be sensitive to the arousal, or
intensity, of a stimulus. For instance, Adolphs and colleagues (1999) examined a patient with bilateral amygdala
damage and found that, while she was impaired in recognizing the arousal of emotional faces, words, and sentences,
she was able to identify the valence of the stimuli.
Moreover, a meta-analysis of amygdala response to emotional stimuli found that the amygdala was most responsive
to fearful stimuli but was closely followed by humorous
stimuli (Costafreda et al. 2008). While fearful and humorous
stimuli differ in valence, they are similarly highly arousing.
Thus, the arousal of a stimulus may be as important to
amygdala activation as valence.
Considering the evidence discussed above, it is not surprising that negatively valenced stimuli elicit the greatest amount
of amygdala activation, as negatively valenced stimuli are
often more arousing than positively valenced stimuli (Lane
et al. 1999; Morris et al. 1998; Robinson 1998). While the
arousing nature of a stimulus is important to amygdala activation, negative stimuli consistently elicit amygdala activation
and robust behavioral findings. The synergistic effect of a
highly arousing negative stimulus (i.e., fear) produces the
most robust findings.
Regulation of Cognitive Functions by the Amygdala
Emotional and cognitive processes have largely been studied as separate entities. However, the importance of understanding the interacting effects of emotion and cognition on
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behavior is becoming clearer (Gray et al. 2002; Pessoa
2008, 2011). The amygdala plays an important modulatory
role in cognitive processing. Perception, attention, learning,
and memory are cognitive processes that are modulated by
the amygdala, and by emotion more generally (LaBar et al.
1998; Lang et al. 1998; Vuilleumier 2005). Moreover, the
amygdala may play a vital role in increasing attention to
emotional relevant stimuli and bringing such information
into conscious awareness (Kim and Jung 2006; Vuilleumier
et al. 2004).
Attention
Emotionally relevant stimuli elicit greater activation in sensory regions of the brain than neutral stimuli (Lang et al.
1998). For example, emotionally salient scenes, as compared to neutral scenes, elicit greater activation in the lateral
occipital lobe, part of the visual cortex (Lane et al. 1999).
Similarly, emotional faces, as compared to neutral faces,
elicit greater activation in the fusiform face area, which is
intimately involved in the processing of faces (Vuilleumier
et al. 2001). The specific role that the amygdala plays in the
heightened activation of sensory areas to emotional stimuli
remains somewhat unclear. However, there are strong neural
connections between the amygdala and visual cortex
(Armony and Dolan 2002; Catani et al. 2003), which suggests that the amygdala can modulate basic visual processing. In further support of this claim, brain imaging studies
have observed strong positive correlations between amygdala activation and visual cortex activation to emotionally
salient stimuli (Peelen et al. 2007). Moreover, the strength of
the positive relationship between the amygdala and the
visual cortex increases as the affective arousal of the stimuli
increases (Sabatinelli et al. 2005).
The amygdala can increase attention to broad visual
features, and it may also facilitate processing of specific
features necessary for identifying emotional expressions.
For instance, the amygdala may be able to quicken the
processing of emotionally salient visual information by increasing attention to low spatial frequencies (Vuilleumier et
al. 2003). To examine this, Vuilleumier and colleagues
(2003) presented neutral and emotional faces and manipulated the spatial frequency of the presented faces such that
either only the broad features (low spatial frequency) or the
fine details (high spatial frequency) of the faces were displayed. They found heightened activation in the thalamus,
superior colliculus, and amygdala during the presentation of
low spatial frequency fear faces. Interestingly, this pattern of
activation was not seen for high spatial frequency faces.
These data implicate 1) the existence of a pathway that
relays core visual information to the amygdala to allow for
fast processing of relevant information and 2) that the
amygdala sends this information, via feedback connections,
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to the visual cortex to enhance visual processing of relevant
emotional stimuli. The existence of such a pathway provides
a method for faster attention to and processing of emotional
stimuli compared to non-emotional stimuli.
The amygdala’s role in speeding perceptual processing
may modulate where attention is focused in a visual scene.
Many studies demonstrate that emotionally relevant stimuli
more readily capture attention than neutral stimuli (for review see Vuilleumier 2005). In visual search tasks, in which
a target item must be selected out of distracting items,
emotionally salient targets are routinely detected faster than
non-emotional ones (Eastwood et al. 2001; Fox 2002;
Ohman et al. 2001). Moreover, emotional distracters inhibit
detection of non-emotional targets (Fenske and Eastwood
2003). Visual search tasks rely on the goals of the observer
to deploy attention to the appropriate area or stimulus, and
executive control by the observer allows for the focus of
attention to one stimulus and for the rejection of distracting
stimuli (Posner and Petersen 1990). Therefore, in a complex
scene involving a variety of items, attention can be quickly
directed toward those stimuli that hold emotional value
while non-relevant distracting stimuli can be ignored, and
it seems that the amygdala facilitates this process. Similarly,
in a dot probe task, individuals are faster at processing the
number of dots at a specific location when those dots are
preceded by an emotionally relevant stimulus compared to a
non-emotional stimulus (Cooper and Langton 2006).
Moreover, trials in which emotional stimuli are presented
result in greater amygdala activation along with faster behavioral responses (Carlson et al. 2009). Thus, the amygdala
becomes active in response to emotionally relevant stimuli
and facilitates the direction of attention toward such stimuli.
In addition to modulating the processing of visuospatial
stimuli, the amygdala is involved in modulating attention for
emotionally relevant verbal information. For instance, emotional and neutral words can be presented within the context
of a Stroop paradigm, and emotional words slow down
responses to naming the font color of the word (Richards
and Blanchette 2004; Williams et al. 1996). A similar effect
occurs during the attentional blink task, which typically
presents a series of words at a rate of 10–15 per second.
Two target stimuli are presented in the series. The second
target stimulus cannot be detected if it is presented in close
temporal proximity to the first target, resulting in an ‘attentional blink.’ Therefore, the observer must disengage from
the first target in order to detect the second. The attentional
blink phenomenon dampens when the second of two target
words is emotionally relevant (Anderson 2005). That is,
engagement in the second target can occur much faster
following the first if the second target is emotionally relevant. However, people with amygdala damage fail to detect
a second emotional target faster than a second neutral target,
suggesting that they are not processing the emotional

263

meaning of the word in the same way as people with intact
amygdala functioning (Anderson and Phelps 2001).
Moreover, fMRI data has shown that reduction in the attentional blink for emotional words is associated with amygdala activation (Schwabe et al. 2011). Thus, the amygdala
facilitates attention for verbal information in the same way
that it does for visual information.
Learning
The amygdala is vital to emotional learning, as shown in
fear conditioning paradigms (for review of neural circuits
related to fear conditioning see Kim and Jung 2006). Fear
conditioning tasks (as described above) are often used to
assess emotional learning. The association linking the emotionally salient US to the CS depends on amygdala functioning (Shi and Davis 2001). That is, the amygdala is vital
for the acquisition (Helmstetter and Bellgowan 1994) and
expression of conditioned fear (Helmstetter and Bellgowan
1994). Bechara and colleagues (1995) highlighted the importance of amygdala functioning in emotional learning by
examining fear conditioning in one patient with selective
bilateral amygdala damage and another with selective hippocampal damage. While the patient with hippocampal
damage demonstrated an intact fear-response, the patient
with amygdala damage failed to exhibit the expected response. Thus, the amygdala is critical in associating an
otherwise benign stimulus with an emotionally aversive
event.
Functional brain imaging further supports the role of the
amygdala in emotional learning. In humans with a nontraumatized amygdala, there is increased blood flow to the
amygdala when undergoing fear conditioning (LaBar et al.
1998). As the intensity of the US increases, the association
between the CS and the US becomes stronger. Thus, fear
responses to the CS become more pronounced as the
strength of the US increases (Cordero et al. 1998).
Memory
Evidence shows that the amygdala modulates memory for
emotional events (see McGaugh 2004 for review).
Neuropsychological studies show that patients with amygdala lesions lack the normal enhancement of memories for
emotional stimuli (Markowitsch et al. 1994; Siebert et al.
2003). Urbach-Weithe disease is a genetic disorder that can
affect a multitude of systems, including vocal cords, skin,
and the brain. Symptoms can vary drastically between
patients, and some rare cases have resulted in very specific
bilateral calcification of the amygdaloid complexes. Cahill,
et al. (1995) found that a patient with Urbach-Weithe disease
that specifically affected the amygdala did not display a
normal memory enhancement for emotional aspects of a

264

story despite reporting a normal emotional reaction to the
story (see Hurlemann et al. 2007 for similar finding).
Neuroimaging studies also provide support for the amygdala
being involved in the modulation of long-term memory for
emotional stimuli. Greater amygdala activation during the
encoding of emotional items predicts better memory for
those items up to 1 month later (Cahill et al. 1996; Canli
et al. 2000; Hamann et al. 1999). Interestingly, this memory
enhancement effect is independent of hippocampal function
(Buchanan et al. 2005; Hamann et al. 1997; Hamann, Cahill,
and Squire 1997). Similarly, retrieval of memories of emotional items involves activation of the amygdala (Dolcos et
al. 2005; Sharot et al. 2004). Overall, the amygdala is
involved with modulating long-term memory for emotional
events.
The Amygdala and Social Behavior
Humans are social beings that have adapted to live with
others (Beckes and Coan 2011). Humans live in complex
social societies and social interactions are quite common
and critical for survival. The amygdala’s role in facilitating
our cognitive resources to detect and attend to emotionally
relevant stimuli, such as facial expressions, suggests a role
for it in interpreting and eliciting appropriate social behavior. For instance, Adolphs et al. (2002) found that people
with bilateral or unilateral amygdala damage were less accurate in recognizing social facial expressions than brain
injured controls. Moreover, they showed a specific deficit
to facial expressions often displayed in social situations
(e.g., guilt, admiration, flirtatiousness) compared to facial
expressions less common to social situations (e.g., happiness,
anger).
The amygdala has also been implicated in social behaviors other than simple emotional recognition. Adolphs et al.
(1998) found that people with amygdala damage are impaired in their judgments of others’ trustworthiness and
approachability. Moreover, amygdala activation in healthy
individuals has been associated with making such judgments (Winston et al. 2002). The amygdala is also involved
in making quick, automatic evaluations of motivationally
relevant stimuli, which influences subsequent behavior
(Cunningham et al. 2004, 2008). These quick evaluations
also apply to social entities such as racial classification,
which is dependent on an array of social contexts
(Cunningham et al. 2003; Hart et al. 2000). Therefore, the
implications of amygdala damage on social behavior may
extend to SLE and may even limit SLE patients’ ability to
make appropriate social evaluations based on affective feelings or cues. The psychosocial impact of SLE has been
studied fairly extensively but it is not clear which aspects
of the disease itself, the medications used to treat disease, or
reactive mood disorders are responsible for the negative
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impact of SLE on individual development and environment.
We suggest that impaired amygdala function that is mediated by anti-NMDAR autoantibodies, which may have significant psychosocial implications for lupus patients (Hochberg
and Sutton 1988; Segui et al. 2000).
Implications for People with SLE
Given the importance of the amygdala in emotional processing, the frequency of emotional and behavioral deficits in
SLE patients, and the causal relationship between antiNMDAR autoantibodies and amygdala dysfunction demonstrated by the mouse model, we suggest that amygdala
dysfunction may be related to the emotional and behavioral
deficits seen in SLE patients. Thus, we would expect to see
a reduction in the perception of, attention to, and memory
for emotionally or motivationally relevant items on specific
testing in SLE patients with anti-NMDAR autoantibodies
compared to those without. The behavioral implications of
these impairments would impact patients’ emotional and
psychosocial functioning, resulting in affective distress and
difficulty functioning in social environments. As our model
of neurological involvement depends on the presence of
autoantibodies and disruption of the BBB, we would expect
these types of symptoms to emerge later in the disease
process.

Future Directions
Emotional processing is an important human function because it allows us to navigate through information and
events that are most relevant to us. Impaired emotional
processing can have a severe impact on our cognitive and
social functioning, and on our health. The establishment of
deficits in emotional processing in people with SLE begins
with the process of developing appropriate assessments and
outcome measures. The American College of Rheumatology
(ACR) has established a recommended neuropsychological
assessment battery for SLE patients (“The American College
of Rheumatology nomenclature and case definitions for neuropsychiatric lupus syndromes,” 1999); however, this battery
does not assess emotional processing. Therefore, an important
aspect of overall cognition may be overlooked in a patient
group that may have severe deficits in this area. Routine
examination of emotional processing may be warranted in
people with lupus, and such an examination can be easily
implemented into a standard neuropsychological battery.
There are several measures of emotional processing that can
be used, such as the Florida Affective Battery (Bowers et al.
1999) or the Social Cognition subtests that are part of the
Advanced Clinical Solutions package (Pearson 2009). These
tests measure social perception and communication skills by
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assessing the ability to recognize and name facial affect,
prosody, and interactions between people. Thus, these tasks
are sensitive to behaviors supported by proper amygdala
functions and could be used to evaluate the extent to which
deficits in psychosocial behavior may be affecting a person’s
daily functioning.
Future studies aimed at understanding the role of the
amygdala in SLE disease pathology are needed in order to
characterize the exact nature and extent of its involvement.
The amygdala facilitates the perception, attention, recognition, and memory of emotionally relevant items in our
environment. In people with amygdala dysfunction, we
would expect to see an attenuation of these processes.
Implications for these attenuated functions can result in
general cognitive deficits such as limiting attention to and
memory for salient events. Socially, individuals with SLE
may have reduced capacity for identifying, evaluating, and
recognizing emotional expressions and avoiding aversive
situations, which could negatively impact their social relations and increase risk for social withdrawal, depression,
and poor decision-making.
For clinicians treating lupus patients, it will be important
to establish the presence of emotional deficits because such
deficits may be an important diagnostic factor in determining the presence of NPSLE and cognitive deficits. The
caveat will be attribution of emotional dysfunction to SLE
and not to the confounding influences of medications, reactive depression and anxiety, or metabolic and hormonal
influences. In addition to establishing appropriate functional
assessments of emotional response and function, neuroimaging studies should also be employed to determine amygdala size and function so that a causal relationship between
anti-NMDAR autoantibody, amygdala dysfunction and
emotional impairment can be established in human disease.
Emotional deficits that are clearly associated with antiNMDAR antibodies and amygdala dysfunction will highlight the need for therapeutic intervention. Very importantly,
development of the appropriate assessments and outcome
measures will also provide us with the tools necessary for an
interventional trials designed to test efficacy of neuroprotective agent(s). Furthermore, the interaction of the amygdala
with other brain regions will likely emerge as an important
factor in modulating emotional and motivation behaviors in
this group. Specifically, changes in the pre-frontal cortex
may impact amygdala functioning and affect emotional
control and behavior.

Conclusions
In this review, we have characterized the pathophysiology
and clinical presentation of SLE, including recent evidence
suggesting abnormal amygdala function associated with this
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disease. Further, we characterized the role of the amygdala
in emotional and non-emotional cognitive functioning. The
implications of this review point to a specific pattern of
deficits that may exist in people with SLE. Previous research in animal models has demonstrated neuronal loss in
the amygdala that is associated with a specific neurotoxic
autoantibody and a deficit in emotional learning. In humans
with SLE, neural imaging has shown abnormalities in the
amygdala. Thus, there is sufficient evidence to suggest that
the amygdala is adversely affected during the course of
SLE. However, it remains unknown the extent to which
these abnormalities translate into functional behavioral deficits observable in this patient group. While cognitive functioning and emotional lability have been studied in people
with SLE, the behaviors that are specific to amygdala dysfunction have yet to be documented in this patient group.
In conclusion, there is sufficient evidence to suggest that
most SLE patients have amygdala damage and may have an
associated deficit in emotional processing. Further research
is necessary in order to establish and characterize the nature
of such deficits. Structural and functional brain imaging
studies will help to associate any behavioral deficits that
do exist with amygdala damage, and could be used to
examine the relationship between neurotoxic anti-NMDAR
antibodies, amygdala damage, and abnormalities in mood,
cognition, and other brain regions. Importantly, this line of
research will allow for better assessments and interventions
to be developed in order to help people with SLE cope with
their disease.

References
Adolphs, R., Tranel, D., Damasio, H., & Damasio, A. (1994). Impaired
recognition of emotion in facial expressions following bilateral
damage to the human amygdala. Nature, 372(6507), 669–672.
Adolphs, R., Tranel, D., & Damasio, A. R. (1998). The human amygdala in social judgment. Nature, 393(6684), 470–474.
Adolphs, R., Tranel, D., Hamann, S., Young, A. W., Calder, A. J.,
Phelps, E., et al. (1999). Recognition of facial emotion in nine
individuals with bilateral amygdala damage. Neuropsychologia,
37(10), 1111–1117.
Adolphs, R., Baron-Cohen, S., & Tranel, D. (2002). Impaired recognition of social emotions following amygdala damage. Journal of
Cognitive Neuroscience, 14(8), 1264–1274.
Ainiala, H., Hietaharju, A., Loukkola, J., Peltola, J., Korpela, M.,
Metsanoja, R., et al. (2001). Validity of the new American College
of Rheumatology criteria for neuropsychiatric lupus syndromes: a
population-based evaluation. Arthritis and Rheumatism, 45(5),
419–423.
Ainiala, H., Dastidar, P., Loukkola, J., Lehtimaki, T., Korpela, M.,
Peltola, J., et al. (2005). Cerebral MRI abnormalities and their
association with neuropsychiatric manifestations in SLE: a
population-based study. Scandinavian Journal of Rheumatology,
34(5), 376–382.
Alonso, M. D., Martinez-Vazquez, F., Diaz de Teran, T., MirandaFilloy, J. A., Dierssen, T., Blanco, R., . . . Gonzalez-Gay, M.

266
(2012). Late-onset systemic lupus erythematosus in northwestern
Spain: differences with early-onset systemic lupus erythematosus
and literature review. Lupus.
Anderson, A. K. (2005). Affective influences on the attentional dynamics supporting awareness. Journal of Experimental Psychology. General, 134(2), 258–281.
Anderson, A. K., & Phelps, E. A. (2001). Lesions of the human
amygdala impair enhanced perception of emotionally salient
events. Nature, 411(6835), 305–309.
Appenzeller, S., Rondina, J. M., Li, L. M., Costallat, L. T., & Cendes,
F. (2005). Cerebral and corpus callosum atrophy in systemic lupus
erythematosus. Arthritis and Rheumatism, 52(9), 2783–2789.
Appenzeller, S., Carnevalle, A. D., Li, L. M., Costallat, L. T., &
Cendes, F. (2006). Hippocampal atrophy in systemic lupus erythematosus. Annals of the Rheumatic Diseases, 65(12), 1585–1589.
Appenzeller, S., Bonilha, L., Rio, P. A., Min Li, L., Costallat, L. T., &
Cendes, F. (2007). Longitudinal analysis of gray and white matter
loss in patients with systemic lupus erythematosus. NeuroImage,
34(2), 694–701.
Appenzeller, S., Vasconcelos Faria, A., Li, L. M., Costallat, L. T., &
Cendes, F. (2008). Quantitative magnetic resonance imaging analyses and clinical significance of hyperintense white matter lesions
in systemic lupus erythematosus patients. Annals of Neurology, 64
(6), 635–643.
Arinuma, Y., Yanagida, T., & Hirohata, S. (2008). Association of
cerebrospinal fluid anti-NR2 glutamate receptor antibodies with
diffuse neuropsychiatric systemic lupus erythematosus. Arthritis
and Rheumatism, 58(4), 1130–1135.
Armony, J. L., & Dolan, R. J. (2002). Modulation of spatial attention
by fear-conditioned stimuli: an event-related fMRI study. Neuropsychologia, 40(7), 817–826.
Attar, C. H., Muller, M. M., Andersen, S. K., Buchel, C., & Rose, M.
(2010). Emotional Processing in a Salient Motion Context: integration of Motion and Emotion in Both V5/hMT + and the
Amygdala. Journal of Neuroscience, 30(15), 5204–5210.
Bachen, E. A., Chesney, M. A., & Criswell, L. A. (2009). Prevalence
of mood and anxiety disorders in women with systemic lupus
erythematosus. Arthritis and Rheumatism, 61(6), 822–829.
Bechara, A., Tranel, D., Damasio, H., Adolphs, R., Rockland, C., &
Damasio, A. R. (1995). Double dissociation of conditioning and
declarative knowledge relative to the amygdala and hippocampus
in humans. Science, 269(5227), 1115–1118.
Beckes, L., & Coan, J. (2011). Social baseline theory: the role of social
proximity in emotion and economy of action. Social and Personality Psychology Compass, 5(12), 976–988.
Berntson, G. G., Bechara, A., Damasio, H., Tranel, D., & Cacioppo, J.
T. (2007). Amygdala contribution to selective dimensions of
emotion. Social Cognitive and Affective Neuroscience, 2(2),
123–129.
Blair, R. J., Morris, J. S., Frith, C. D., Perrett, D. I., & Dolan, R. J.
(1999). Dissociable neural responses to facial expressions of
sadness and anger. Brain, 122(Pt 5), 883–893.
Bowers, Blonder, & Heilman (Producer). (1999). Florida Affect Battery.
Bowley, M. P., Drevets, W. C., Ongur, D., & Price, J. L. (2002). Low
glial numbers in the amygdala in major depressive disorder.
Biological Psychiatry, 52(5), 404–412.
Breiter, H. C., Etcoff, N. L., Whalen, P. J., Kennedy, W. A., Rauch, S.
L., Buckner, R., et al. (1996). Response and habituation of the
human amygdala during visual processing of facial expression.
Neuron, 17(5), 875–887.
Broks, P., Young, A. W., Maratos, E. J., Coffey, P. J., Calder, A. J.,
Isaac, C., et al. (1998). Face processing impairments after encephalitis: amygdala damage and recognition of fear. Neuropsychologia, 36(1), 59–70.
Bruns, A., & Meyer, O. (2006). Neuropsychiatric manifestations of
systemic lupus erythematosus. Joint, Bone, Spine, 73(6), 639–645.

Neuropsychol Rev (2012) 22:252–270
Buchanan, T. W., Tranel, D., & Adolphs, R. (2005). Emotional autobiographical memories in amnesic patients with medial temporal
lobe damage. Journal of Neuroscience, 25(12), 3151–3160.
Caetano, S. C., Hatch, J. P., Brambilla, P., Sassi, R. B., Nicoletti, M.,
Mallinger, A., et al. (2004). Anatomical MRI study of hippocampus and amygdala in patients with current and remitted major
depression. Psychiatry Research, 132(2), 141–147.
Cahill, L., Babinsky, R., Markowitsch, H. J., & McGaugh, J. L. (1995).
The amygdala and emotional memory. Nature, 377(6547), 295–
296.
Cahill, L., Haier, R. J., Fallon, J., Alkire, M. T., Tang, C., Keator, D., et
al. (1996). Amygdala activity at encoding correlated with longterm, free recall of emotional information. Proceedings of the
National Academy of Sciences of the United States of America,
93(15), 8016–8021.
Canli, T., Zhao, Z., Brewer, J., Gabrieli, J. D., & Cahill, L. (2000).
Event-related activation in the human amygdala associates with
later memory for individual emotional experience. Journal of
Neuroscience, 20(19), RC99.
Carlson, J. M., Reinke, K. S., & Habib, R. (2009). A left amygdala
mediated network for rapid orienting to masked fearful faces.
Neuropsychologia, 47(5), 1386–1389.
Caronti, B., Pittoni, V., Palladini, G., & Valesini, G. (1998). Anti-beta
2-glycoprotein I antibodies bind to central nervous system. Journal of the Neurological Sciences, 156(2), 211–219.
Castellino, G., Padovan, M., Bortoluzzi, A., Borrelli, M., Feggi, L.,
Caniatti, M., et al. (2008). Single photon emission computed
tomography and magnetic resonance imaging evaluation in SLE
patients with and without neuropsychiatric involvement. Rheumatology (Oxford, England), 47(3), 319–323.
Catani, M., Jones, D. K., Donato, R., & Ffytche, D. H. (2003).
Occipito-temporal connections in the human brain. Brain, 126
(Pt 9), 2093–2107.
Cervera, R., Khamashta, M. A., Font, J., Sebastiani, G. D., Gil, A.,
Lavilla, P., et al. (2003). Morbidity and mortality in systemic
lupus erythematosus during a 10-year period: a comparison of
early and late manifestations in a cohort of 1,000 patients. Medicine (Baltimore), 82(5), 299–308.
Chiaravalloti, N. D., Christodoulou, C., Demaree, H. A., & DeLuca, J.
(2003). Differentiating simple versus complex processing speed:
influence on new learning and memory performance. Journal of
Clinical and Experimental Neuropsychology, 25(4), 489–501.
Choi, D. W., & Rothman, S. M. (1990). The role of glutamate neurotoxicity in hypoxic-ischemic neuronal death. Annual Review of
Neuroscience, 13, 171–182.
Cooper, R. M., & Langton, S. R. (2006). Attentional bias to angry
faces using the dot-probe task? It depends when you look for it.
Behaviour Research and Therapy, 44(9), 1321–1329.
Cordero, M. I., Merino, J. J., & Sandi, C. (1998). Correlational relationship between shock intensity and corticosterone secretion on
the establishment and subsequent expression of contextual fear
conditioning. Behavioral Neuroscience, 112(4), 885–891.
Costafreda, S. G., Brammer, M. J., David, A. S., & Fu, C. H. (2008).
Predictors of amygdala activation during the processing of emotional stimuli: a meta-analysis of 385 PET and fMRI studies.
Brain Research Reviews, 58(1), 57–70.
Cunningham, W. A., Johnson, M. K., Gatenby, J. C., Gore, J. C., &
Banaji, M. R. (2003). Neural components of social evaluation.
Journal of Personality and Social Psychology, 85(4), 639–649.
Cunningham, W. A., Johnson, M. K., Raye, C. L., Chris Gatenby, J.,
Gore, J. C., & Banaji, M. R. (2004). Separable neural components
in the processing of black and white faces. Psychological Science,
15(12), 806–813.
Cunningham, W. A., Van Bavel, J. J., & Johnsen, I. R. (2008). Affective flexibility: evaluative processing goals shape amygdala activity. Psychological Science, 19(2), 152–160.

Neuropsychol Rev (2012) 22:252–270
DeGiorgio, L. A., Konstantinov, K. N., Lee, S. C., Hardin, J. A., Volpe,
B. T., & Diamond, B. (2001). A subset of lupus anti-DNA antibodies cross-reacts with the NR2 glutamate receptor in systemic
lupus erythematosus. Nature Medicine, 7(11), 1189–1193.
Denburg, S. D., Carbotte, R. M., & Denburg, J. A. (1987a). Cognitive
impairment in systemic lupus erythematosus: a neuropsychological study of individual and group deficits. Journal of Clinical and
Experimental Neuropsychology, 9(4), 323–339.
Denburg, S. D., Carbotte, R. M., & Denburg, J. A. (1987b). Neuronal
antibodies and cognitive function in systemic lupus erythematosus. Neurology, 37(3), 464–467.
Denburg, S. D., Carbotte, R. M., & Denburg, J. A. (1997). Psychological aspects of systemic lupus erythematosus: cognitive function,
mood, and self-report. Journal of Rheumatology, 24(5), 998–
1003.
DiFrancesco, M. W., Holland, S. K., Ris, M. D., Adler, C. M., Nelson,
S., DelBello, M. P., et al. (2007). Functional magnetic resonance
imaging assessment of cognitive function in childhood-onset systemic lupus erythematosus: a pilot study. Arthritis and Rheumatism, 56(12), 4151–4163. Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov’t.
Dolcos, F., LaBar, K. S., & Cabeza, R. (2005). Remembering 1 year
later: role of the amygdala and the medial temporal lobe memory
system in retrieving emotional memories. Proceedings of the
National Academy of Sciences of the United States of America,
102(7), 2626–2631.
Drevets, W. C., Price, J. L., Bardgett, M. E., Reich, T., Todd, R. D., &
Raichle, M. E. (2002). Glucose metabolism in the amygdala in
depression: relationship to diagnostic subtype and plasma cortisol
levels. Pharmacology, Biochemistry, and Behavior, 71(3), 431–
447.
Eastwood, J. D., Smilek, D., & Merikle, P. M. (2001). Differential
attentional guidance by unattended faces expressing positive and
negative emotion. Perception & Psychophysics, 63(6), 1004–
1013.
Emmer, B. J., van der Grond, J., Steup-Beekman, G. M., Huizinga, T.
W., & van Buchem, M. A. (2006). Selective involvement of the
amygdala in systemic lupus erythematosus. PLoS Medicine, 3
(12), e499.
Emori, A., Matsushima, E., Aihara, O., Ohta, K., Koike, R., Miyasaka,
N., et al. (2005). Cognitive dysfunction in systemic lupus erythematosus. Psychiatry and Clinical Neurosciences, 59(5), 584–
589.
Fenske, M. J., & Eastwood, J. D. (2003). Modulation of focused
attention by faces expressing emotion: evidence from flanker
tasks. Emotion, 3(4), 327–343.
Fitzgerald, D. A., Angstadt, M., Jelsone, L. M., Nathan, P. J., & Phan,
K. L. (2006). Beyond threat: amygdala reactivity across multiple
expressions of facial affect. NeuroImage, 30(4), 1441–1448.
Fox, E. (2002). Processing emotional facial expressions: the role of
anxiety and awareness. Cognitive, Affective, & Behavioral Neuroscience, 2(1), 52–63.
Fragoso-Loyo, H., Cabiedes, J., Orozco-Narvaez, A., Davila-Maldonado,
L., Atisha-Fregoso, Y., Diamond, B., et al. (2008). Serum and
cerebrospinal fluid autoantibodies in patients with neuropsychiatric
lupus erythematosus. Implications for diagnosis and pathogenesis.
PLoS One, 3(10), e3347.
Giovacchini, G., Mosca, M., Manca, G., Della Porta, M., Neri, C.,
Bombardieri, S., et al. (2010). Cerebral blood flow in depressed
patients with systemic lupus erythematosus. Journal of Rheumatology, 37(9), 1844–1851.
Glanz, B. I., Slonim, D., Urowitz, M. B., Gladman, D. D., Gough, J., &
MacKinnon, A. (1997). Pattern of neuropsychologic dysfunction in inactive systemic lupus erythematosus. Neuropsychiatry, Neuropsychology, and Behavioral Neurology, 10(4), 232–
238.

267
Glanz, B. I., Schur, P. H., Lew, R. A., & Khoshbin, S. (2005). Lateralized cognitive dysfunction in patients with systemic lupus erythematosus. Lupus, 14(11), 896–902.
Gonzalez-Albo, M. C., & DeFelipe, J. (2000). Colocalization of glutamate ionotropic receptor subunits in the human temporal neocortex. Journal of Cerebral Cortex, 10(6), 621–631.
Gray, J. R., Braver, T. S., & Raichle, M. E. (2002). Integration of
emotion and cognition in the lateral prefrontal cortex. Proceedings of the National Academy of Sciences of the United States of
America, 99(6), 4115–4120.
Hak, A. E., Karlson, E. W., Feskanich, D., Stampfer, M. J., & Costenbader,
K. H. (2009). Systemic lupus erythematosus and the risk of cardiovascular disease: results from the nurses’ health study. Arthritis and
Rheumatism, 61(10), 1396–1402.
Hamann, S. B., Cahill, L., McGaugh, J. L., & Squire, L. R. (1997).
Intact enhancement of declarative memory for emotional material
in amnesia. Learning and Memory, 4(3), 301–309.
Hamann, S. B., Cahill, L., & Squire, L. R. (1997). Emotional perception and memory in amnesia. Neuropsychology, 11(1), 104–113.
Hamann, S. B., Ely, T. D., Grafton, S. T., & Kilts, C. D. (1999).
Amygdala activity related to enhanced memory for pleasant and
aversive stimuli. Nature Neuroscience, 2(3), 289–293.
Hamidi, M., Drevets, W. C., & Price, J. L. (2004). Glial reduction in
amygdala in major depressive disorder is due to oligodendrocytes.
Biological Psychiatry, 55(6), 563–569.
Hanly, J. G., Walsh, N. M., & Sangalang, V. (1992). Brain pathology in
systemic lupus erythematosus. Journal of Rheumatology, 19(5),
732–741.
Hanly, J. G., Hong, C., Smith, S., & Fisk, J. D. (1999). A prospective
analysis of cognitive function and anticardiolipin antibodies in
systemic lupus erythematosus. Arthritis and Rheumatism, 42(4),
728–734.
Hanly, J. G., Robichaud, J., & Fisk, J. D. (2006). Anti-NR2 glutamate
receptor antibodies and cognitive function in systemic lupus
erythematosus. Journal of Rheumatology, 33(8), 1553–1558.
Hanrotel-Saliou, C., Segalen, I., Le Meur, Y., Youinou, P., & Renaudineau,
Y. (2011). Glomerular antibodies in lupus nephritis. Clinical Reviews
in Allergy & Immunology, 40(3), 151–158.
Harrison, M. J., Ravdin, L. D., & Lockshin, M. D. (2006). Relationship
between serum NR2a antibodies and cognitive dysfunction in
systemic lupus erythematosus. Arthritis and Rheumatism, 54(8),
2515–2522.
Hart, A. J., Whalen, P. J., Shin, L. M., McInerney, S. C., Fischer, H., &
Rauch, S. L. (2000). Differential response in the human amygdala
to racial outgroup vs ingroup face stimuli. NeuroReport, 11(11),
2351–2355.
Hastings, R. S., Parsey, R. V., Oquendo, M. A., Arango, V., & Mann, J.
J. (2004). Volumetric analysis of the prefrontal cortex, amygdala,
and hippocampus in major depression. Neuropsychopharmacology,
29(5), 952–959.
Helmstetter, F. J., & Bellgowan, P. S. (1994). Effects of muscimol
applied to the basolateral amygdala on acquisition and expression
of contextual fear conditioning in rats. Behavioral Neuroscience,
108(5), 1005–1009.
Hersh, A. O., von Scheven, E., Yazdany, J., Panopalis, P., Trupin, L.,
Julian, L., et al. (2009). Differences in long-term disease activity and
treatment of adult patients with childhood- and adult-onset systemic
lupus erythematosus. Arthritis and Rheumatism, 61(1), 13–20.
Hersh, A. O., Trupin, L., Yazdany, J., Panopalis, P., Julian, L., Katz, P.,
et al. (2010). Childhood-onset disease as a predictor of mortality
in an adult cohort of patients with systemic lupus erythematosus.
Arthritis Care & Research (Hoboken), 62(8), 1152–1159.
Himelhoch, S., & Haller, E. (1996). Extreme mood lability associated
with systemic lupus erythematosus and stroke successfully treated
with valproic acid. Journal of Clinical Psychopharmacology, 16
(6), 469–470.

268
Hochberg, M. C., & Sutton, J. D. (1988). Physical disability and
psychosocial dysfunction in systemic lupus erythematosus. Journal of Rheumatology, 15(6), 959–964.
Huerta, P. T., Kowal, C., DeGiorgio, L. A., Volpe, B. T., & Diamond,
B. (2006). Immunity and behavior: antibodies alter emotion.
Proceedings of the National Academy of Sciences of the United
States of America, 103(3), 678–683.
Hurlemann, R., Wagner, M., Hawellek, B., Reich, H., Pieperhoff, P.,
Amunts, K., et al. (2007). Amygdala control of emotion-induced
forgetting and remembering: evidence from Urbach-Wiethe disease. Neuropsychologia, 45(5), 877–884.
Johnson, A. E., Gordon, C., Palmer, R. G., & Bacon, P. A. (1995). The
prevalence and incidence of systemic lupus erythematosus in
Birmingham, England. Relationship to ethnicity and country of
birth. Arthritis and Rheumatism, 38(4), 551–558.
Jung, R. E., Chavez, R. S., Flores, R. A., Qualls, C., Sibbitt, W. L., Jr.,
& Roldan, C. A. (2012). White matter correlates of neuropsychological dysfunction in systemic lupus erythematosus. PLoS One, 7
(1), e28373.
Katzav, A., Ben-Ziv, T., Chapman, J., Blank, M., Reichlin, M., &
Shoenfeld, Y. (2008). Anti-P ribosomal antibodies induce defect
in smell capability in a model of CNS -SLE (depression). Journal
of Autoimmunity, 31(4), 393–398.
Kent, M. N., Alvarez, F. J., Ng, A. K., & Rote, N. S. (2000). Ultrastructural localization of monoclonal antiphospholipid antibody
binding to rat brain. Experimental Neurology, 163(1), 173–179.
Kim, J. J., & Jung, M. W. (2006). Neural circuits and mechanisms
involved in Pavlovian fear conditioning: a critical review. Neuroscience and Biobehavioral Reviews, 30(2), 188–202.
Kim, H., Somerville, L. H., Johnstone, T., Alexander, A. L., & Whalen,
P. J. (2003). Inverse amygdala and prefrontal cortex responses to
surprised faces. NeuroReport, 14(18), 2317–2322.
Komatsu, N., Kodama, K., Yamanouchi, N., Okada, S., Noda, S.,
Nawata, Y., et al. (1999). Decreased regional cerebral metabolic
rate for glucose in systemic lupus erythematosus patients with
psychiatric symptoms. European Neurology, 42(1), 41–48.
Kowal, C., DeGiorgio, L. A., Nakaoka, T., Hetherington, H., Huerta, P.
T., Diamond, B., et al. (2004). Cognition and immunity; antibody
impairs memory. Immunity, 21(2), 179–188.
Kowal, C., Degiorgio, L. A., Lee, J. Y., Edgar, M. A., Huerta, P. T.,
Volpe, B. T., et al. (2006). Human lupus autoantibodies against
NMDA receptors mediate cognitive impairment. Proceedings of
the National Academy of Sciences of the United States of America, 103(52), 19854–19859. Research Support, N.I.H., Extramural Research Support, Non-U.S. Gov’t.
Kozora, E., & Filley, C. M. (2011). Cognitive Dysfunction and White
Matter Abnormalities in Systemic Lupus Erythematosus. Journal
of the International Neuropsychological Society, 1-8.
Kozora, E., Ellison, M. C., & West, S. (2004). Reliability and validity
of the proposed American College of Rheumatology neuropsychological battery for systemic lupus erythematosus. Arthritis and
Rheumatism, 51(5), 810–818.
Kozora, E., Arciniegas, D. B., Filley, C. M., West, S. G., Brown, M.,
Miller, D., et al. (2008). Cognitive and neurologic status in
patients with systemic lupus erythematosus without major neuropsychiatric syndromes. Arthritis and Rheumatism, 59(11), 1639–
1646.
Kozora, E., Brown, M. S., Filley, C. M., Zhang, L., Miller, D. E., West,
S. G., . . . Arciniegas, D. B. (2011). Memory impairment associated with neurometabolic abnormalities of the hippocampus in
patients with non-neuropsychiatric systemic lupus erythematosus.
Lupus.
LaBar, K. S., Gatenby, J. C., Gore, J. C., LeDoux, J. E., & Phelps, E.
A. (1998). Human amygdala activation during conditioned fear
acquisition and extinction: a mixed-trial fMRI study. Neuron, 20
(5), 937–945.

Neuropsychol Rev (2012) 22:252–270
Lane, R. D., Chua, P. M., & Dolan, R. J. (1999). Common effects of
emotional valence, arousal and attention on neural activation
during visual processing of pictures. Neuropsychologia, 37(9),
989–997.
Lang, P. J., Bradley, M. M., Fitzsimmons, J. R., Cuthbert, B. N., Scott,
J. D., Moulder, B., et al. (1998). Emotional arousal and activation
of the visual cortex: an fMRI analysis. Psychophysiology, 35(2),
199–210.
Langosch, J., Rand, S., Ghosh, B., Sharma, S., Tench, C., Stratton, R.,
et al. (2008). A clinical electrophysiological study of emotional
lability in patients with systemic lupus erythematosus. The Journal of Neuropsychiatry and Clinical Neurosciences, 20(2), 201–
209.
Lapter, S., Marom, A., Meshorer, A., Elmann, A., Sharabi, A., Vadai,
E., et al. (2009). Amelioration of brain pathology and behavioral
dysfunction in mice with lupus following treatment with a tolerogenic peptide. Arthritis and Rheumatism, 60(12), 3744–3754.
Lapteva, L., Nowak, M., Yarboro, C. H., Takada, K., RoebuckSpencer, T., Weickert, T., et al. (2006). Anti-N-methyl-D-aspartate
receptor antibodies, cognitive dysfunction, and depression in systemic lupus erythematosus. Arthritis and Rheumatism, 54(8),
2505–2514.
Liang, M. H., Corzillius, M., Bae, S. C., Lew, R. A., Fortin, P. R., &
Gordon, C. (1999). The American College of Rheumatology
Nomenclature and Case Definitions for Neuropsychiatric Lupus
Syndromes. Arthritis and Rheumatism, 42(4), 599–608.
Livingston, B., Bonner, A., & Pope, J. (2011). Differences in clinical
manifestations between childhood-onset lupus and adult-onset
lupus: a meta-analysis. Lupus, 20(13), 1345–1355.
Long, A. A., Denburg, S. D., Carbotte, R. M., Singal, D. P., &
Denburg, J. A. (1990). Serum lymphocytotoxic antibodies and
neurocognitive function in systemic lupus erythematosus. Annals
of the Rheumatic Diseases, 49(4), 249–253.
Loukkola, J., Laine, M., Ainiala, H., Peltola, J., Metsanoja, R., Auvinen,
A., et al. (2003). Cognitive impairment in systemic lupus erythematosus and neuropsychiatric systemic lupus erythematosus: a
population-based neuropsychological study. Journal of Clinical
and Experimental Neuropsychology, 25(1), 145–151.
Luyendijk, J., Steens, S. C., Ouwendijk, W. J., Steup-Beekman, G. M.,
Bollen, E. L., van der Grond, J., et al. (2011). Neuropsychiatric
systemic lupus erythematosus: lessons learned from magnetic
resonance imaging. Arthritis and Rheumatism, 63(3), 722–732.
Mackay, M., Bussa, M. P., Aranow, C., Ulug, A. M., Volpe, B. T.,
Huerta, P., et al. (2011). Differences in regional brain activation
patterns assessed by functional magnetic resonance imaging in
patients with systemic lupus erythematosus stratified by disease
duration. Molecular Medicine, 17(11–12), 1349–1356.
Manson, J. J., & Rahman, A. (2006). Systemic lupus erythematosus.
Orphanet Journal of Rare Diseases, 1, 6.
Markowitsch, H. J., Calabrese, P., Wurker, M., Durwen, H. F., Kessler,
J., Babinsky, R., et al. (1994). The amygdala’s contribution to
memory–a study on two patients with Urbach-Wiethe disease.
NeuroReport, 5(11), 1349–1352.
Matus, S., Burgos, P. V., Bravo-Zehnder, M., Kraft, R., Porras, O. H.,
Farias, P., et al. (2007). Antiribosomal-P autoantibodies from
psychiatric lupus target a novel neuronal surface protein causing
calcium influx and apoptosis. The Journal of Experimental Medicine, 204(13), 3221–3234.
McGaugh, J. L. (2004). The amygdala modulates the consolidation of
memories of emotionally arousing experiences. Annual Review of
Neuroscience, 27, 1–28.
Monastero, R., Bettini, P., Del Zotto, E., Cottini, E., Tincani, A.,
Balestrieri, G., et al. (2001). Prevalence and pattern of cognitive
impairment in systemic lupus erythematosus patients with and
without overt neuropsychiatric manifestations. Journal of the
Neurological Sciences, 184(1), 33–39.

Neuropsychol Rev (2012) 22:252–270
Morris, J. S., Frith, C. D., Perrett, D. I., Rowland, D., Young, A. W.,
Calder, A. J., et al. (1996). A differential neural response in the
human amygdala to fearful and happy facial expressions. Nature,
383(6603), 812–815.
Morris, J. S., Friston, K. J., Buchel, C., Frith, C. D., Young, A. W.,
Calder, A. J., et al. (1998). A neuromodulatory role for the human
amygdala in processing emotional facial expressions. Brain, 121
(Pt 1), 47–57.
Muscal, E., & Brey, R. L. (2010). Neurologic manifestations of systemic lupus erythematosus in children and adults. Neurology and
Clinical, 28(1), 61–73. Review.
Muscal, E., Traipe, E., de Guzman, M. M., Myones, B. L., Brey, R. L.,
& Hunter, J. V. (2010). Cerebral and cerebellar volume loss in
children and adolescents with systemic lupus erythematosus: a
review of clinically acquired brain magnetic resonance imaging.
Journal of Rheumatology, 37(8), 1768–1775.
Narshi, C. B., Giles, I. P., & Rahman, A. (2011). The endothelium: an
interface between autoimmunity and atherosclerosis in systemic
lupus erythematosus? Lupus, 20(1), 5–13.
Ndhlovu, M., Preuss, B. E., Dengjel, J., Stevanovic, S., Weiner, S. M.,
& Klein, R. (2011). Identification of alpha-tubulin as an autoantigen recognized by sera from patients with neuropsychiatric
systemic lupus erythematosus. Brain, Behavior, and Immunity,
25(2), 279–285.
Nery, F. G., Borba, E. F., Hatch, J. P., Soares, J. C., Bonfa, E., & Neto,
F. L. (2007). Major depressive disorder and disease activity in
systemic lupus erythematosus. Comprehensive Psychiatry, 48(1),
14–19.
Oda, K., Matsushima, E., Okubo, Y., Ohta, K., Murata, Y., Koike, R.,
et al. (2005). Abnormal regional cerebral blood flow in systemic
lupus erythematosus patients with psychiatric symptoms. The
Journal of Clinical Psychiatry, 66(7), 907–913.
Ohman, A., Flykt, A., & Esteves, F. (2001). Emotion drives attention:
detecting the snake in the grass. Journal of Experimental Psychology. General, 130(3), 466–478.
Olney, J. W., Newcomer, J. W., & Farber, N. B. (1999). NMDA
receptor hypofunction model of schizophrenia. Journal of Psychiatric Research, 33(6), 523–533.
Omdal, R., Brokstad, K., Waterloo, K., Koldingsnes, W., Jonsson, R.,
& Mellgren, S. I. (2005). Neuropsychiatric disturbances in SLE
are associated with antibodies against NMDA receptors. European Journal of Neurology, 12(5), 392–398.
Ozawa, S., Kamiya, H., & Tsuzuki, K. (1998). Glutamate receptors in
the mammalian central nervous system. Progress in Neurobiology, 54(5), 581–618.
Papadimitraki, E. D., & Isenberg, D. A. (2009). Childhood- and adultonset lupus: an update of similarities and differences. Expert
Review of Clinical Immunology, 5(4), 391–403.
Pearson. (2009). Advanced clinical solutions for WAIS-IV and WMS-IV.
San Antonio: Pearson.
Peelen, M. V., Atkinson, A. P., Andersson, F., & Vuilleumier, P.
(2007). Emotional modulation of body-selective visual areas.
Social Cognitive and Affective Neuroscience, 2(4), 274–283.
Pego-Reigosa, J. M., & Isenberg, D. A. (2008). Psychosis due to
systemic lupus erythematosus: characteristics and long-term outcome of this rare manifestation of the disease. Rheumatology
(Oxford, England), 47(10), 1498–1502.
Pessoa, L. (2008). On the relationship between emotion and cognition.
Nature Reviews Neuroscience, 9(2), 148–158.
Pessoa, L. (2011). Reprint of: emotion and cognition and the amygdala: from “what is it?” to “what’s to be done?”. Neuropsychologia,
49(4), 681–694.
Petri, M., Naqibuddin, M., Carson, K. A., Sampedro, M., Wallace, D.
J., Weisman, M. H., et al. (2008). Cognitive function in a systemic
lupus erythematosus inception cohort. Journal of Rheumatology,
35(9), 1776–1781. Research Support, N.I.H., Extramural.

269
Phillips, M. L., Young, A. W., Senior, C., Brammer, M., Andrew, C.,
Calder, A., et al. (1997). A specific neural substrate for perceiving
facial expressions of disgust. Nature, 389(6650), 495–498.
Posner, M. I., & Petersen, S. E. (1990). The attention system of the
human brain. Annual Review of Neuroscience, 13, 25–42.
Reinders, A. A., den Boer, J. A., & Buchel, C. (2005). The robustness of
perception. European Journal of Neuroscience, 22(2), 524–530.
Richards, A., & Blanchette, I. (2004). Independent manipulation of
emotion in an emotional stroop task using classical conditioning.
Emotion, 4(3), 275–281.
Robinson, M. D. (1998). Running from William James’ bear: a review
of preattentive mechanisms and their contributions to emotional
experience. Cognition and Emotion, 12(5), 667–696.
Sabatinelli, D., Bradley, M. M., Fitzsimmons, J. R., & Lang, P. J. (2005).
Parallel amygdala and inferotemporal activation reflect emotional
intensity and fear relevance. NeuroImage, 24(4), 1265–1270.
Sakimura, K., Kutsuwada, T., Ito, I., Manabe, T., Takayama, C.,
Kushiya, E., et al. (1995). Reduced hippocampal LTP and spatial
learning in mice lacking NMDA receptor epsilon 1 subunit.
Nature, 373(6510), 151–155.
Sander, D., Grafman, J., & Zalla, T. (2003). The human amygdala: an
evolved system for relevance detection. Reviews in the Neurosciences, 14(4), 303–316.
Schwabe, L., Merz, C. J., Walter, B., Vaitl, D., Wolf, O. T., & Stark, R.
(2011). Emotional modulation of the attentional blink: the neural
structures involved in capturing and holding attention. Neuropsychologia, 49(3), 416–425.
Segui, J., Ramos-Casals, M., Garcia-Carrasco, M., de Flores, T., Cervera,
R., Valdes, M., et al. (2000). Psychiatric and psychosocial
disorders in patients with systemic lupus erythematosus: a
longitudinal study of active and inactive stages of the disease.
Lupus, 9(8), 584–588.
Sharot, T., Delgado, M. R., & Phelps, E. A. (2004). How emotion
enhances the feeling of remembering. Nature Neuroscience, 7
(12), 1376–1380.
Sheline, Y. I., Barch, D. M., Price, J. L., Rundle, M. M., Vaishnavi, S. N.,
Snyder, A., et al. (2009). The default mode network and selfreferential processes in depression. Proceedings of the National Academy of Sciences of the United States of America, 106(6), 1942–1947.
Sheppard, L. D., & Vernon, P. A. (2008). Intelligence and speed of
information-processing: a review of 50 years of research. Personality and Individual Differences, 44, 535–551.
Shi, C., & Davis, M. (2001). Visual pathways involved in fear conditioning measured with fear-potentiated startle: behavioral and
anatomic studies. Journal of Neuroscience, 21(24), 9844–9855.
Shucard, J. L., Parrish, J., Shucard, D. W., McCabe, D. C., Benedict, R.
H., & Ambrus, J., Jr. (2004). Working memory and processing
speed deficits in systemic lupus erythematosus as measured by the
paced auditory serial addition test. Journal of the International
Neuropsychological Society, 10(1), 35–45.
Shucard, J. L., Lee, W. H., Safford, A. S., & Shucard, D. W. (2011).
The relationship between processing speed and working memory
demand in systemic lupus erythematosus: evidence from a visual
n-back task. Neuropsychology, 25(1), 45–52.
Siebert, M., Markowitsch, H. J., & Bartel, P. (2003). Amygdala, affect
and cognition: evidence from 10 patients with Urbach-Wiethe
disease. Brain, 126(Pt 12), 2627–2637.
Siegle, G. J., Steinhauer, S. R., Thase, M. E., Stenger, V. A., & Carter,
C. S. (2002). Can’t shake that feeling: event-related fMRI assessment of sustained amygdala activity in response to emotional
information in depressed individuals. Biological Psychiatry, 51
(9), 693–707.
Somerville, L. H., Kim, H., Johnstone, T., Alexander, A. L., & Whalen,
P. J. (2004). Human amygdala responses during presentation of
happy and neutral faces: correlations with state anxiety. Biological Psychiatry, 55(9), 897–903.

270
Steens, S. C., Admiraal-Behloul, F., Bosma, G. P., Steup-Beekman, G.
M., Olofsen, H., Cessie, L., et al. (2004). Selective gray matter
damage in neuropsychiatric lupus. Arthritis and Rheumatism, 50
(9), 2877–2881.
Sultan, S. M., Begum, S., & Isenberg, D. A. (2003). Prevalence,
patterns of disease and outcome in patients with systemic lupus
erythematosus who develop severe haematological problems.
Rheumatology (Oxford, England), 42(2), 230–234.
Surguladze, S., Brammer, M. J., Keedwell, P., Giampietro, V., Young,
A. W., Travis, M., et al. (2005). A differential pattern of neural
response toward sad versus happy facial expressions in major
depressive disorder. Biological Psychiatry, 57(3), 201–209.
Suslow, T., Konrad, C., Kugel, H., Rumstadt, D., Zwitserlood, P.,
Schoning, S., et al. (2010). Automatic mood-congruent amygdala
responses to masked facial expressions in major depression. Biological Psychiatry, 67(2), 155–160.
Tench, C. M., McCurdie, I., White, P. D., & D’Cruz, D. P. (2000). The
prevalence and associations of fatigue in systemic lupus erythematosus. Rheumatology (Oxford, England), 39(11), 1249–1254.
ter Borg, E. J., Horst, G., Hummel, E. J., Limburg, P. C., & Kallenberg,
C. G. (1990). Measurement of increases in anti-double-stranded
DNA antibody levels as a predictor of disease exacerbation in
systemic lupus erythematosus. A long-term, prospective study.
Arthritis and Rheumatism, 33(5), 634–643.
The American College of Rheumatology nomenclature and case definitions for neuropsychiatric lupus syndromes. (1999). Arthritis
and Rheumatism, 42(4), 599-608.
Tincani, A., Andreoli, L., Chighizola, C., & Meroni, P. L. (2009). The
interplay between the antiphospholipid syndrome and systemic
lupus erythematosus. Autoimmunity, 42(4), 257–259.
van Dam, A. P. (1991). Diagnosis and pathogenesis of CNS lupus.
Rheumatology International, 11(1), 1–11.
Vogel, A., Bhattacharya, S., Larsen, J. L., & Jacobsen, S. (2011). Do
subjective cognitive complaints correlate with cognitive impairment in systemic lupus erythematosus? A Danish outpatient
study. Lupus, 20(1), 35–43.
Vuilleumier, P. (2005). How brains beware: neural mechanisms of
emotional attention. Trends in Cognitive Sciences, 9(12), 585–
594.
Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2001). Effects
of attention and emotion on face processing in the human brain:
an event-related fMRI study. Neuron, 30(3), 829–841.
Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2003).
Distinct spatial frequency sensitivities for processing faces and
emotional expressions. Nature Neuroscience, 6(6), 624–631.
Vuilleumier, P., Richardson, M. P., Armony, J. L., Driver, J., & Dolan,
R. J. (2004). Distant influences of amygdala lesion on visual

Neuropsychol Rev (2012) 22:252–270
cortical activation during emotional face processing. Nature Neuroscience, 7(11), 1271–1278.
Webb, R., Kelly, J. A., Somers, E. C., Hughes, T., Kaufman, K.,
Sanchez, E., et al. (2011). Early disease onset is predicted by a
higher genetic risk for lupus and is associated with a more severe
phenotype in lupus patients. Annals of the Rheumatic Diseases,
70(1), 151–156.
Wekking, E. M. (1993). Psychiatric symptoms in systemic lupus erythematosus: an update. Psychosomatic Medicine, 55(2), 219–228.
Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B.,
& Jenike, M. A. (1998). Masked presentations of emotional facial
expressions modulate amygdala activity without explicit knowledge. Journal of Neuroscience, 18(1), 411–418.
Whalen, P. J., Shin, L. M., McInerney, S. C., Fischer, H., Wright, C. I.,
& Rauch, S. L. (2001). A functional MRI study of human amygdala responses to facial expressions of fear versus anger. Emotion,
1(1), 70–83.
Williams, J. M., Mathews, A., & MacLeod, C. (1996). The emotional
Stroop task and psychopathology. Psychological Bulletin, 120(1),
3–24.
Williams, M., Morris, A. P., McGlone, F., Abbott, D. F., & Mattingley,
J. B. (2004). Amygdala responses to fearful and happy facial
expressions under conditions of binocular suppression. Journal
of Neuroscience, 24(12), 2898–2904.
Williams, T., Aranow, C., Ross, G. S., Barsdorf, A., Imundo, L. F.,
Eichenfield, A. H., et al. (2011). Neurocognitive impairment in
childhood-onset systemic lupus erythematosus: measurement
issues in diagnosis. Arthritis Care & Research (Hoboken), 63
(8), 1178–1187.
Winston, J. S., Strange, B. A., O’Doherty, J., & Dolan, R. J. (2002).
Automatic and intentional brain responses during evaluation of
trustworthiness of faces. Nature Neuroscience, 5(3), 277–283.
Worrall, J. G., Snaith, M. L., Batchelor, J. R., & Isenberg, D. A. (1990).
SLE: a rheumatological view. Analysis of the clinical features,
serology and immunogenetics of 100 SLE patients during longterm follow-up. Quarterly Journal of Medicine, 74(275), 319–330.
Yang, T. T., Menon, V., Eliez, S., Blasey, C., White, C. D., Reid, A., et
al. (2002). Amygdalar activation associated with positive and
negative facial expressions. NeuroReport, 13(14), 1737–1741.
Yoshio, T., Onda, K., Nara, H., & Minota, S. (2006). Association of
IgG anti-NR2 glutamate receptor antibodies in cerebrospinal fluid
with neuropsychiatric systemic lupus erythematosus. Arthritis and
Rheumatism, 54(2), 675–678.
Zaretsky, M., Mendelsohn, A., Mintz, M., & Hendler, T. (2010). In the
eye of the beholder: internally driven uncertainty of danger
recruits the amygdala and dorsomedial prefrontal cortex. Journal
of Cognitive Neuroscience, 22(10), 2263–2275.

