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The midbrain dopamine system is implicated in mediating the reactivity of the organism to
salient environmental stimuli,1,2 including emotional events,3 at different timescales2.
Preclinical and human neuroimaging studies implicate the dopamine system in coding
stimulus salience4 through its innervations of nigrostriatal and mesocorticolimbic
pathways,1,2 and dysfunction of this system plays an important role in neuropsychiatric
disorders such as schizophrenia and depression that are accompanied by impaired social and
emotional cognition. However, the role of dopamine in modulating transient (in
milliseconds) distributed neural representation of human emotional cognition remains
undefined. We examined the relationship of midbrain presynaptic dopamine (directly
measured with positron emission tomography [PET]) to “sustained” and “transient” neural
responses to salient emotional facial expressions (measured with fMRI and
magnetoencephalography [MEG], respectively).

Twenty-one healthy participants (mean age=31, six females) consented according to NIH-
IRB and Radiation Safety Committee guidelines before undergoing 90-minute PET scans
following IV administration of 16-mCi[18F]fluoroDOPA (FDOPA). A cerebellar reference
region was used to determine FDOPA-Ki, a reproducible measure of presynaptic DA stores
and synthesis.5 After coregistration of FDOPA scans onto native space MRIs, a manually-
defined midbrain volume of interest within each individual's MRI was used for extraction of
mean Ki values (Supplementary Information).

All 21 FDOPA-PET participants underwent event-related fMRI while viewing videos of 10
different actors portraying dynamic fearful, happy and neutral expressions. Sixteen of the 21
participants repeated the same behavioral paradigm during MEG acquired using a CTF-275
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system. Global facial movement parameters for each video were measured to determine
average timecourses of the emotional expressions. fMRI data (dynamic emotional>dynamic
neutral expressions) were analyzed using SPM5; MEG data (assessing both fear>neutral,
and happy>neutral dynamic expressions) were analyzed with 200ms sliding windows with
synthetic aperture magnetometry, a beamformer method for voxelwise source power
analysis, in AFNI.

Midbrain FDOPA-Ki values were then used as regressors of BOLD response to dynamic
facial expression and of valence-specific transient gamma band activity (GBA) as follows:
we first mapped correlations between the “sustained” BOLD response and midbrain
FDOPA-Ki (p<0.001), and then used implicated brain regions to guide the search for more
time-resolved correlations between FDOPA-Ki and MEG oscillatory power during fearful
and happy relative to neutral dynamic expressions (p<0.001). We focused on the low-[30–
50Hz] and high-[65–140Hz] GBA because of their role in emotional processing6 and in
routing attention and cortical information flow,7 and because dopamine-mediated midbrain-
cortex gamma-synchronization has been demonstrated in rats.8

FDOPA-BOLD correlations were observed in occipital, superior temporal sulcus (STS),
supplementary motor areas (SMA), and amygdala, hippocampus, striatum, insula, medial-
frontal/orbitofrontal and cingulate cortices (Figure 1A). Searching in similar brain areas, we
found FDOPA-GBA correlation patterns that were regionally, temporally, and directionally
valence-specific (Figure 1B–C; Supplementary Information): during observation of fearful
expressions, midbrain FDOPA-Ki predicted 30–50Hz GBA at 400–600 ms in the occipital
face area and at 500–700ms in STS, consistent with previous data regarding human face
processing9,10, and 65–140Hz GBA in posterior cingulate at 400–600ms, followed at 500–
700ms and 800–1000ms by correlations between FDOPA-Ki and 30–50Hz GBA in the
amygdala/hippocampus; during observation of happy expressions, FDOPA-Ki predicted 30–
50Hz GBA at 300–500ms in the SMA/anterior cingulate, followed by correlations between
FDOPA-Ki and 65–140Hz GBA at 400–600ms in STS and anterior insula. The latter
corresponds to the same anatomical insula region found to be responsive to social signaling
in a major meta-analysis of functional neuroimaging studies.11

The relations between midbrain dopamine tone and transient GBA response showed
valence-specificity. Correlations between FDOPA and fear-evoked GBA were
predominantly negative (at 500–700ms in STS and midbrain, 800–1000ms in the amygdala,
and 400–600ms in the cingulate), in line with earlier findings showing inhibitory dopamine
influence on neural response to aversive experiences,2 in marked contrast to the
predominantly positive correlations with happiness-evoked GBA (in SMA/cingulate at 300–
500ms, and in STS and midbrain at 400–600ms), in line with an excitatory DA influence on
neural response to rewarding experiences.2 Since FDOPA measures dopamine synthesis and
tone (rather than release) and this measure spans a very different time scale than the MEG
data, our findings likely reflect a modulatory rather than causative role for the dopaminergic
system as it affects neural coding of emotion processing.

These findings, together, suggest dopaminergic modulation of transient sensorimotor and
mesocorticolimbic representations of facial emotional salience. Consistent with this
proposal, the observed correlations between midbrain FDOPA-Ki and GBA evoked by
fearful and happy expressions predominantly occurred during the emergence and peaking of
this salience, as demonstrated both by measures of facial movements, which developed
between 500–900ms, and by the average time at which facial emotion was recognized
(757ms for fear, and 710ms for happiness; Figure 1D–E).
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Here, we demonstrate that midbrain dopamine tone predicts sustained BOLD and transient
GBA responses to environmentally valid, dynamic emotional cues in regions known to code
perceptual, mnemonic and experiential aspects of emotional signals,12 thereby providing
novel evidence that midbrain dopaminergic tone relates not only to the anatomically-
distributed neural response to emotional dynamics, but also to the finely-tuned, transient
nature with which this neural response evolves over time. The temporal coincidence of the
emergence of emotional salience and the time windows within which midbrain dopamine
tone predicted transient distributed neural response to these cues supports a dopaminergic
modulation of spatiotemporal gamma-band coding of emotional salience.13 Understanding
how this system is perturbed in neuropsychiatric disorders with prevalent impairments in
emotion cognition4 may offer therapeutic insight.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Neural correlates of emotional salience as predicted by midbrain presynaptic dopamine
synthesis and tone. A, correlations in sensorimotor and frontolimbic regions between
midbrain FDOPA Ki and BOLD response to videos of dynamic facial expressions
independent of valence (p<.001) B, for fearful expressions: correlation between FDOPA Ki
and low-[30–50Hz] and high-[65–140Hz] GBA and the corresponding time windows within
which these responses survived p<0.001 statistical thresholds. C, for happy expressions:
correlation between FDOPA Ki and low and high GBA. X,Y,Z values represents MNI
coordinates; t-values for the resulting maps in A, B & C are shown on the color bars. Blue
clusters represent regions showing negative correlations between GBA and FDOPA
measures, whereas red clusters represents positive correlations between GBA and FDOPA
measures. D, E timecourses of behaviorally validated facial expressions of fear and
happiness15, relative to neutral assessed with the PerceptualDiff software; red lines and
black crossing lines within the yellow shaded areas in D & E indicate the points in time
(mean ±SEM, in milliseconds) of subjective recognition of fear (757.42ms ±14.27) and
happiness (709.93ms ±45.14), respectively (see supporting online information).
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