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emotion more generally (LaBar, Gatenby, Gore, LeDoux, & Phelps, 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 &

Jung, 2006; Vuilleumier, Richardson, Armony, Driver, & Dolan, 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, Armony, Driver, & Dolan, 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 & Dolan,
2002; Catani, Jones, Donato, & Ffytche, 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, Atkinson, Andersson, & Vuilleumier, 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, Bradley, Fitzsimmons, & Lang, 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, Armony, Driver, & Dolan, 2003).

To examine this, Vuilleumier and colleagues (2003) presented neutral and emotional faces and



COGNITION AND EMOTION IN SLE 24

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, 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, Smilek, & Merikle, 2001; Fox,
2002; Ohman, Flykt, & Esteves, 2001). Moreover, emotional distracters inhibit detection of non-
emotional targets (Fenske & 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 & 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
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The amygdala has also been implicated in social behaviors other than simple emotional
recognition. Adolphs, Tranel, and Damasio (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,
Strange, O'Doherty, & Dolan, 2002). The amygdala is also involved in making quick, automatic
evaluations of motivationally relevant stimuli, which influences subsequent behavior
(Cunningham et al., 2004; Cunningham, Van Bavel, & Johnsen, 2008). These quick evaluations
also apply to social entities such as racial classification, which is dependent on an array of social
contexts (Cunningham, Johnson, Gatenby, Gore, & Banaji, 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 impact of SLE on individual development and environment. We
suggest that impaired amygdala function that is mediated by anti-NMDAR ABs, which may have
significant psychosocial implications for lupus patients (Hochberg & 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 anti-
NMDAR ABs and amygdala dysfunction demonstrated by the mouse model, we suggest the
presence of emotional processing abnormalities in the lupus population. 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 ABs
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Figure 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 MAP-core show normal amygdala neurons. Figure reproduced from Huerta et

al. (2006) Copyright (2006) National Academy of Sciences, USA.
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Figure 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.
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Figure 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).
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Figure 4. Mean percent of accurate responses in identifying neutral and emotional faces in
healthy controls and participants with lupus during the emotional recognition task. Neutral faces
were responded to with greater accuracy overall but there was no difference between groups and

no interaction. Bars represent one standard error of the mean.
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Figure 5. Mean RT differences in ms between healthy controls and participants with lupus when
identifying neutral and emotional faces during an emotional recognition task. Healthy controls
were faster overall in identifying faces. The extent to which they were faster in their
identifications was significantly greater for neutral face types. Bars represent one standard error

of the mean.
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Figure 6. Mean RT in ms between healthy controls and lupus patients for all emotional and

neutral face types during the emotional recognition task. Independent measures t-tests revealed
faster responding by healthy controls when identifying neutral faces. No significant differences
were obtained between groups for any of the emotional faces. Bars represent one standard error

of the mean.
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Figure 7. Mean log RT differences between healthy controls and lupus patients in responding to
neutral and emotional targets during a visual search attentional task. Results showed significantly
faster responding by healthy controls but no main effect of target type and no interaction. Bars

represent one standard error of the mean.
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Figure 8. The physiological responses are presented for benign and US trials during a fear-
conditioning task. There were no significant main effects for group or trial type in average
maximum eye blink response (A.) or skin conductance response (B.). There were also no
interaction effects observed for either dependent measure. Bars represent one standard error of

the mean.
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Figure 9. Mean percent of accurate responses in identifying neutral and emotional faces for AB-

and AB+ lupus patients. Results showed that neutral faces elicited more accurate responding

overall but there were no differences between groups and no interaction. Bars represent one

standard error of the mean.
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Figure 10. Mean RT differences in identifying neutral and emotional faces for healthy controls,
AB- lupus patients, and AB+ lupus patients. Results revealed significantly faster responding by
healthy controls in comparison to the AB- group for neutral faces, fear faces, and a trend toward
faster responding for surprised faces. No significant effects were found between healthy controls
and the AB+ group, but there was a trend toward faster responding by healthy controls for
neutral faces. Within the lupus groups the AB+ group responded significantly faster to happy

faces than the AB- group (p = 0.03). Bars represent one standard error of the mean.
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Figure 11. Difference in responding to neutral and emotional targets in a visual search task for
AB- and AB+ lupus patients. Results showed no differences in RT in response to different target
types. There were also no differences between groups and no interaction. Bars represent one

standard error of the mean.
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Figure 12. The physiological responses are presented for benign and US trials during a fear-
conditioning task. There were no significant main effects for group or trial type in average
maximum eye blink response (A.) or skin conductance response (B.). There were also no
interaction effects observed for either dependent measure. Bars represent one standard error of

the mean.
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Figure 13. Scatterplot of disease duration and percent of accurate responses in identifying neutral
faces in lupus patients with circulating anti-NMDAR ABs. Results show a significant inverse
relationship such that accuracy in identifying neutral faces decreased as disease duration

increased.
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Figure 14. Scatterplot of the relationship between percent of accurate responding in identifying
emotional faces with composite measure of processing speed/executive functioning in healthy

controls and participants with lupus.
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Figure 15. The relationship between RT and the processing speed/executive functioning factor in

healthy controls and lupus patients.
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APPENDIX

When | looked at the log RT data, | found many similar results as | did in the RT data.
Namely, there was significant negative correlations found between processing speed and log RT
to emotional and neutral targets within the lupus group, r =-0.61, p <0.01, r =-0.63, p < 0.01,
but not in the healthy control group. Significant negative relationships were found in both groups
for executive functioning and log RT to emotional and neutral targets (lupus group: emotional, r
=-0.69, p <0.01, neutral, r =-0.64, p < 0.01; HC: emotional, r =-0.53, p = 0.09, neutral, r = -
0.56, p = 0.01). For the memory composite score, significant negative correlations were found in
the lupus group, emotional: r =-0.33, p = 0.05, neutral: r = -0.34, p = 0.05, but no significant
relationships were found in the healthy control group. For the mood and health measures, we
found a positive relationship between the STA-Y and log RT to emotional targets within the
lupus group, r = 0.35, p = 0.05; no other significant relationships were observed.

Processing speed proved to be a reliable predictor for log RT to emotional targets, R? =
0.34, F(1, 33) = 16.8, p < 0.01, in the lupus group but not in the healthy control group. Executive
functioning was a significant predictor in both groups, lupus: R? = 0.39, F(1, 33) = 21.25, p <
0.01; HC: R? = 0.35, F(1, 21) = 11.25, p < 0.01. Memory was not a significant predictor in the
lupus group, R? = 0.04, F(1, 33) = 1.39, p = 0.25. For the mood and health measures, we did not
find a significant predictor model when all variables were input, but the STA-Y proved to be a
significant coefficient in the lupus group. However, it was not found to be a significant predictor

when input alone, R? = 0.06, F(1, 30) = 2.05, p = 0.16.
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