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Abstract: The short allele of the serotonin-transporter-linked promoter region (5-HTTLPR) polymor-
phism is associated with increased amygdala activation in response to emotional stimuli. Although
top–down processes may moderate this association, available evidence is conflicting, showing the ge-
notype influence on amygdala reactivity to be either decreased or increased during emotion regulation.
Because the effects of the 5-HTTLPR polymorphism on amygdala reactivity are also conditional on
self-reported life stress, differences in life stress exposure may account for this apparent discrepancy.
Here, we hypothesized that self-reported life stress would moderate the relationships between geno-
type, cognitive appraisal, and amygdala reactivity. Forty-five healthy never-depressed subjects were
presented with emotional stimuli and performed two cognitive tasks: a self-referential task and an
emotion-labeling task. Life-stress exposure was measured through a semistructured interview. First,
there was a genotype � condition interaction in the right amygdala: short allele carriers displayed
increased amygdala activation and decreased functional connectivity with the subgenual anterior cin-
gulate cortex in self-referential processing versus emotion labeling. Second, in line with our hypothesis,
there was a genotype � condition � stress interaction in bilateral amygdala: the amygdala activation
during self-referential processing was negatively correlated with self-reported life stress in short allele
carriers and positively in individuals homozygous for the long allele, whereas an opposite pattern was
observed during emotion labeling. These results confirm that the influence of the 5-HTTLPR
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polymorphism on amygdala reactivity is at least partially under cognitive control. Additionally, they
suggest that measuring life stress exposure is a critical step when imaging genetics. Hum Brain Mapp
32:1856–1867, 2011. VC 2011 Wiley Periodicals, Inc.

Keywords: depressive disorder; emotions; genetics; magnetic resonance imaging; psychological stress;
self concept; serotonin; serotonin plasma membrane transport proteins

r r

INTRODUCTION

Following an impactful study by Caspi et al. [2003], it
has been suggested that a polymorphism of the serotonin-
transporter-linked promoter region (5-HTTLPR), which
was first considered as a biallelic locus with alleles desig-
nated as either short (S) or long (L), may moderate the
impact of life stress on depression. Several replications of
this finding [Uher and McGuffin, 2010] stimulated the
search of neural endophenotypes of the 5-HTTLPR poly-
morphism [Caspi and Moffit, 2006]. Taking advantage of
the shorter distance from genes to brain than from genes
to behavior, this line of research consistently showed that
individuals carrying at least one S allele displayed greater
amygdala reactivity to emotional stimuli than individuals
homozygous for the L allele [Hariri et al., 2005]. Although
the association of the S allele with vulnerability for depres-
sion has been challenged by two recent negative meta-
analyses [Munafò et al., 2009a; Risch et al., 2009], another
meta-analysis confirmed its association with a greater
amygdala reactivity in healthy subjects [Munafò et al.,
2008].

Because amygdala reactivity is modulated by cognitive
appraisal [Hariri et al., 2003; Yoshimura et al., 2008], previ-
ous studies that examined its dependence upon the 5-
HTTLPR polymorphism relied either on lower-order cog-
nitive processes such as emotion matching or gender rec-
ognition [Canli et al., 2006; Hariri et al., 2005], or passive
viewing [Heinz et al., 2005], or even masked stimuli
[Dannlowski et al., 2008]. As a drawback, most of these
studies have overlooked the effects of higher-order cogni-
tive processes in moderating the influence of genotype on
amygdala reactivity. Two studies have recently addressed
this issue but have yielded conflicting results, showing the
genotype influence on amygdala reactivity to be either
decreased [Schardt et al., in press] or increased [Gillihan
et al., 2010] during emotion regulation (e.g., assuming a
detached attitude toward the emotional stimuli rather than
experiencing the subjective impact). A possible explanation
of this apparent discrepancy lies in the fact that the effects
of the 5-HTTLPR polymorphism on amygdala reactivity
are indeed conditional on self-reported life stress [Canli
et al., 2006; Williams et al., 2009]. However, self-reported
life stress was not considered in these two studies.

This study aimed to examine the effects of both cogni-
tive appraisal and self-reported life stress on the 5-
HTTLPR polymorphism influence on amygdala reactivity.
We took advantage of a previous study in which we

addressed the links between the Harm Avoidance (HA)
temperamental trait and the activation of the cortical mid-
line structures during self-referential processing [Lemogne
et al., 2011]. Consistently with meta-analytic data [Munafò
et al., 2009b], there was no relationship between the
genotype and the level of HA in our sample. Here, we
reanalyzed the same data set based on the 5-HTTLPR
polymorphism and focusing on amygdala as a region of
interest (ROI), taking into account both self-reported life
stress and cognitive appraisal. More specifically, we exam-
ined the effects of self-referential processing (i.e., the ap-
praisal of stimuli as strongly related to one’s own person)
versus emotion labeling (i.e., the appraisal of stimuli
according to their intrinsic emotional valence) in moderat-
ing the influence of the 5-HTTLPR polymorphism on
amygdala reactivity to emotional stimuli. These two tasks
have been reported to modulate the amygdala reactivity
[Hariri et al., 2003; Yoshimura et al., 2008]. Additionally,
given the reciprocal relationships between self-focused
attention and depressive mood [Mor and Winquist, 2002],
self-referential processing is a task of interest when study-
ing the neural bases of vulnerability for depression
[Lemogne et al., 2009, 2010, 2011]. Relative brain activation
was obtained in contrast with a control task using neutral
pictures.

Self-referential processing is widely used in emotion-
regulation experiments to increase emotional intensity and
amygdala reactivity [Ochsner and Gross, 2005; Yoshimura
et al., 2008], whereas emotion labeling has been associated
with decreased amygdala reactivity [Hariri et al., 2000].
Although self-referential processing involves looking for
personal relevance, emotion labeling may promote a
detached attitude toward the emotional stimuli. In line
with the findings of Schardt et al. [in press], we thus
hypothesized that the increased amygdala reactivity in S
allele carriers should be more evident during self-referen-
tial processing than emotion labeling (i.e., a genotype �
condition interaction). Furthermore, considering the dis-
crepancies between the results of Schardt et al. [in press]
and Gillihan et al. [2010], we postulated that self-reported
life stress could moderate the relationships between geno-
type, cognitive appraisal, and amygdala reactivity (i.e., a
genotype � condition � stress interaction). Canli et al.
[2006] showed that the correlation between life stress and
rumination, which is characterized by spontaneous self-
referential processing [Nolen-Hoeksema, 1991], is positive
in S allele carriers but negative in individuals homozygous
for the L allele. At a brain level, we postulated that life
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stress would minimize the differences between the two
conditions in S allele carriers, due to an increasing amount
of unsolicited self-referential processing during emotion
labeling. In contrast, we postulated that life stress would
maximize these differences in individuals homozygous for
the L allele, due to a decreasing amount of unsolicited
self-referential processing during emotion labeling. There-
fore, we predicted that the correlation between life stress
and amygdala activation in self-referential processing ver-
sus emotion labeling would be negative in S allele carriers
but positive in individuals homozygous for the L allele.

MATERIALS AND METHODS

Subjects

All volunteers were native French-speaking Caucasian
young adults and gave written informed consent after
complete description of the study. The Ethics Committee
for Biomedical Research of the Pitié-Salpêtrière Hospital
approved the study. The volunteers were screened for past
and present DSM-IV diagnoses with the Mini International
Neuropsychiatric Interview [Sheehan et al., 1998]. Exclu-
sion criteria were current or past psychiatric disorders
(including substance-related disorders), medical disorders
or medication likely to affect cognition, and left-handed-
ness. Forty-five right-handed healthy subjects were
included in the study (21 men and 24 women, mean age �
standard deviation: 23.3 � 2.0 years). Vision was normal
or corrected to near normal using contact lenses.

Genotyping

Genomic deoxyribonucleic acid (DNA) was extracted
from endobuccal cell swabs with the BuccalAmp DNA
Extraction Kit (EpicentreV

R

). All subjects were genotyped
for the 5-HTTLPR polymorphism, including SNP rs25531
(A/G), according to published protocols [Dannlowski
et al., 2008] with minor variation. Primers 50-
GGCGTTGCCGCTCTGAATGC-30 and 50-GAGGGACT-
GAGCTGGACAACCAC-30 (10 pM each) were used for a
25-ll polymerase chain reaction (PCR) containing 5-ll
DNA (20–100 ng), 200 mM dNTPs, 0.5 U Taq Polymerase
(Eurobio), 1.5 mM MgCl2, and 1� buffer (Eurobio), with
an initial 15-min denaturation step at 95�C followed by 35
PCR cycles of 94�C (60 s), 64�C (60 s), and 72�C (120 s)
and a final extension step of 10 min at 72�C. PCR products
were digested with HpaII at 37�C overnight and separated
in 3% agarose gels, stained with SYBRsafe DNA stain
(Invitrogen), which resulted in fragments between 62 and
340-bp length allowing differentiation and assignment of
all 5-HTTLPR genotypes. Allele and genotype frequencies
were compared to chi-square tests, and the test for Hardy–
Weinberg equilibrium was performed.

Paykel’s Scale of Stressful Life Events

This is semistructured interview that explores 64 life
events that may have occurred during the preceding 12

months, ranging from mild stressors to a single, large trau-
matic event [Paykel et al., 1971]. Because the subjective
impact of a life event may be linked to the 5-HTTLPR poly-
morphism, we only took into account the number of endorsed
life stress events [Canli et al., 2006; Caspi et al., 2003].

fMRI Task Design

Stimuli were 318 black and white pictures that were ei-
ther affectively positive, negative, or neutral, including 276
that were used during fMRI (92 per valence) and 42 that
were used during a practice session (14 per valence). Posi-
tive, negative, and neutral pictures were taken from either
the International Affective Picture System [Lang et al.,
1997] or the Empathy Picture System [Geday et al., 2003].
Neutral pictures were divided in 53 ‘‘outdoor’’ and 53
‘‘indoor’’ pictures. Positive and negative pictures were
matched for arousal. Additionally, positive, negative,
indoor, and outdoor pictures that were used during fMRI
were strictly matched regarding their social content: pic-
tures showing mainly faces were divided according to
whether the gaze was oriented or not toward the subject;
more complex pictures were classified according to the
presence of none, one, or at least two human beings. The
pictures did not involve any famous person and no person
appeared in more than one picture.

There were three judgment conditions: self, label, and a
control condition. In both self and label conditions, the
subjects were presented with an equal number of positive
and negative pictures. In the self condition, subjects
judged whether the picture was self-related (e.g., a picture
connected with personal interests, relatives, or past experi-
ences) or not. In the label condition, subjects judged
whether the picture was positive (e.g., happy social inter-
actions) or negative (e.g., starving children). For each
subject, positive and negative pictures were randomly allo-
cated to either self or label condition. In the control condi-
tion, subjects were presented with neutral pictures. They
judged whether the picture was taken indoor or outdoor.
In all conditions and for each picture, subjects gave either a
‘‘yes’’ or ‘‘no’’ response for the self condition, a ‘‘positive’’ or
‘‘negative’’ response for the label condition, or a ‘‘indoor’’ or
‘‘outdoor’’ response for the ‘‘control’’ condition by pushing a
button with the right or the left thumb, respectively.

The task encompassed one practice run, performed out-
side the scanner, and six scanning runs. The practice run
and the scanning runs were similar. Each run contained
three blocks. Each block was associated with only one con-
dition. The order of the conditions was counterbalanced
across the runs to avoid presenting the same condition in
two consecutive blocks. Before each block, an instruction
cue was displayed for 5.330 s (e.g., self), followed by a
central fixation crosshair for 3.5 s. Each block contained 12
trials including six negative and six positive pictures for
self and label conditions, or six indoor and six outdoor
neutral pictures for the control condition. Each trial con-
sisted of a picture displayed for 2.565 s, followed by a
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fixation crosshair for 3.5 s. The duration of each trial (i.e.,
6.065 s) was computed to optimize the hemodynamic
response sampling over the course of each block, taking
into account the echo-planar imaging (EPI) sequence repe-
tition time (see below). To introduce jitter into the fMRI
time series, each block contained six null events, consisting
of a fixation crosshair for 6.065 s. Pictures and null events
were pseudo-randomly intermixed such that events of
each type (i.e., positive, negative, and null, or indoor, out-
door, and null) followed each other equally often.

fMRI Scanning

Stimuli were generated by the E-Prime software and pro-
jected on the centre of a screen mounted outside the scan-
ner. Subjects viewed the screen through mirror glasses.

Six functional runs of 183 contiguous volumes were
acquired on a 3 Tesla TRIO 32-channel TIM scanner (Siemens
Medical Solutions, Erlangen, Germany), with a 12-channel
head coil, using T2-weighted gradient echo, EPI sequence,
sensitive to blood oxygen level-dependent contrast (41 axial
slices, repetition time: 2 s, echo time: 25 ms, bandwidth: 2,230
Hz, flip angle: 90�, matrix: 64 � 64, field of view: 192 � 192
mm2, voxel size: 3 � 3 � 3 mm3). Each run lasted 366 s. The
first two volumes of each run were discarded to reach signal
equilibrium. High-resolution three-dimensional T1-weighted
images (3D fast gradient echo inversion recovery sequence,
inversion time: 400 ms, repetition time: 2,300 ms, echo time:
4.18 ms, bandwidth: 150 Hz, flip angle: 9�, matrix: 256 � 256,
field of view: 220 � 220 mm, voxel size: 1 � 1 � 1 mm3)
were acquired for anatomical localization.

fMRI Data Analysis

We used SPM5 software (http://www.fil.ion.ucl.ac.uk/
spm/software/spm5) for data analysis.

Preprocessing

EPI volumes were corrected for slice timing, realigned
to the first image, co-registered with the high-resolution
T1-weighted image, and normalized into a standard stereo-
tactic space. The normalization used the Montreal Neuro-
logical Institute (MNI) template and the transformations
computed during the segmentation of the high-resolution
T1-weighted image. Finally, the normalized EPI volumes
were smoothed using an isotropic Gaussian kernel filter of
8-mm full-width half-maximum.

Activation Analyses

For each subject, we computed an individual statistical
parametric map using the general linear model and an
event-related approach [Friston et al., 1998]. Each trial
onset was convolved with the canonical hemodynamic
response function (HRF) to create regressors of interest. A
high-pass filter was applied, and the motion realignment
parameters were included as regressors of noninterest.

The following first-level individual contrast images were
obtained for the HRF estimates: self/positive, self/negative,
label/positive, and label/negative (vs. control). We used
these images in a second-level three-way ANCOVA with
one group factor (i.e., S0 vs. L0), two within-groups factors
(i.e., self vs. label and positive vs. negative), and the number
of stressful life events as a covariate. We modeled a stress
main effect as well as every possible interaction between
stress and the other factors, including within-groups factors.
We used the Wake Forest University School of Medicine
PickAtlas software toolbox [Maldjian et al., 2003] and the
automated anatomical labeling Atlas [Tzourio-Mazoyer
et al., 2002] to generate a mask encompassing right and left
amygdala. Whenever a small volume family wise error
(FWE)-corrected threshold of P < 0.05 was reached, a
whole-brain analysis with a more liberal threshold (P <
0.001, uncorrected) was performed to examine the specific-
ity of the results regarding the amygdala.

All analyses were repeated with gender and age as
covariates.

Post hoc functional connectivity analyses

To examine the functional connectivity of the amygdala
in relation to genotype, cognitive appraisal, and life stress,
we modeled a psycho-physiological interaction (PPI), which
has been defined as the change in contribution of one brain
area to another with the psychological context [Gitelman
et al., 2003]. We used the amygdala BOLD signal as the
physiological activity and the self versus label condition as
the psychological context. Activation analyses identified a
genotype � condition � stress interaction in both right and
left amygdala (see Results section). We extracted the indi-
vidual time-series data for these two amygdala clusters sep-
arately. There was no condition main effect within these
clusters at a liberal threshold of P < 0.05, uncorrected. We
estimated the time series of the neuronal signal through
Bayesian deconvolution of the time series of the BOLD sig-
nal, resulting in a ‘‘physiological’’ vector. We derived a
‘‘psychological’’ vector from the individual design matrix,
coding the self, label, and control conditions as þ1, �1, and
0, respectively. We finally computed the product of the
‘‘physiological’’ and the ‘‘psychological’’ vector, resulting in
one PPI vector. These vectors were forward-convolved with
the canonical HRF, resulting in three regressors.

We then computed an individual statistical parametric
map for each subject, with the PPI regressor as the only
regressor of interest. The ‘‘physiological’’ and the ‘‘psycho-
logical’’ regressors, as well as the motion realignment
parameters, were simultaneously entered as regressors of
noninterest. A high-pass filter was applied. We obtained one
first-level contrast image for each subject, which showed
regions with significant differential connectivity to the right
amygdala because of the condition (i.e., self vs. label). We
used these images in a second-level ANCOVA with one
group factor (i.e., S0 vs. L0) and the number of stressful life
events as a covariate, modeling a genotype � stress
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interaction. We were therefore able to examine the extent to
which the differences of amygdala functional connectivity
according to condition were related to genotype and life stress.

Because previous reports showed an effect of the 5-
HTTLPR polymorphism on the functional connectivity
between the amygdala and the subgenual part of the ante-
rior cingulate cortex (ACC) [Pezawas et al., 2005; Schardt
et al., in press], we considered this region as a ROI. We
used the Wake Forest University School of Medicine Pick-
Atlas software toolbox [Maldjian et al., 2003] to generate a
10-mm radius sphere centered on the maximum of volu-
metric reduction reported by Pezawas et al. [2005] in S
allele carriers within the subgenual ACC (i.e., Talairach
coordinates: �3, 33, �2 corresponding to MNI coordinates:
�3, 34, 0). Whenever a small volume FWE-corrected
threshold of P < 0.05 was reached, a whole-brain analysis
with a more liberal threshold (P < 0.001, uncorrected) was
performed to examine the specificity of the results regard-
ing the subgenual ACC.

RESULTS

Subjects

The 5-HTTLPR polymorphism was considered as a trial-
lelic locus, the L allele being subdivided with respect to a
single-nucleotide polymorphism (SNP rs25531) into func-
tional variants designated as LA and LG [Nakamura et al.,
2000]. The S and LG alleles are associated with comparable
levels of gene expression in cell lines, both of which being
lower than the gene expression associated with LA.
Because of the dominant effect of the S and LG alleles, we
considered two groups according to their putative level of
gene expression, distinguishing subjects with the poten-
tially at-risk genotypes (SS, SLA, SLG, LGLG, and LGLA)
versus without (LALA), henceforth referred as to S0 and L0

subjects, respectively [Dannlowski et al., 2008].
The S0 group included 28 subjects with the following ge-

notypes: SS (n ¼ 7), SLA (n ¼ 15), SLG (n ¼ 2), and LGLA

(n ¼ 4). The L0 group included 17 subjects with a LALA ge-
notype. The genotype frequencies were in accordance with
Hardy–Weinberg equilibrium (v2 ¼ 1.798, P ¼ 0.773). The
S0 group was slightly older than the L0 group (mean age �
standard deviation ¼ 23.9 � 2.1 years vs. 22.5 � 1.6 years,
t ¼ 2.370, P ¼ 0.022), but the two groups were similar
regarding gender, education level, and family history of
depression. The two groups were similar regarding self-
reported recent life stress (mean � standard deviation ¼
5.2 � 2.4 events vs. 4.9 � 2.1 events, t ¼ 0.495, P ¼ 0.695).

Behavioral Results

We used SPSS 16.0.2 software to perform ANCOVAs
with one group factor (i.e., S0 vs. L0), two within-groups
factors (i.e., self vs. label and positive vs. negative), and
the number of stressful life events as a covariate. Because
of technical problems, behavioral data were lost for three
subjects. Regarding responses during self and label condi-

tions, there was a valence main effect [F(1,40) ¼ 310.59, P <
0.001], with more ‘‘yes’’ and ‘‘positive’’ response for posi-
tive pictures overall, and a condition � valence interaction
[F(1,40) ¼ 22.41, P < 0.001], this valence effect being less
pronounced for ‘‘yes’’ responses in self condition than for
‘‘positive’’ responses in label condition. None of the other
main effects or interactions was significant. Regarding the
reaction times during self and label conditions, there was
only a condition main effect [F(1,40) ¼ 8.23, P ¼ 0.007],
with slower responses in self condition. None of the other
main effects or interactions was significant.

fMRI Results

Activation analyses

Consistent with our hypotheses, there was a genotype �
condition in right amygdala [216 mm3; MNI coordinates:
21, �6, �12; t(1,172) ¼ 3.61; P ¼ 0.009, small volume FWE-
corrected] (Fig. 1a) and a genotype � condition � stress
interaction in right [216 mm3; MNI coordinates: 18, �3,
�15; t(1,172) ¼ 3.59; P ¼ 0.010, small volume FWE-

Figure 1.

Genotype � condition interaction within the right amygdala. (a)

Voxels activated in S’ versus L0 subjects in self versus label con-

dition (P < 0.05, small volume FWE-corrected). (b) Contrast esti-

mates and 95% confidence interval at the main peak of activation

(MNI coordinates: 21, �6, �12). [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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corrected] and left amygdala [216 mm3; MNI coordinates:
�18, 0, �18; t(1,172) ¼ 3.37; P ¼ 0.018, small volume FWE-
corrected] (Fig. 2a). None of the other main effects or inter-
action was significant. Significant main effects and interac-
tions at a whole brain level using a threshold of P < 0.05,
FWE-corrected, are displayed in Table I. Condition main
effect according to the valence of stimuli at a whole brain
level (P < 0.05, FWE-corrected) is displayed in Table II.

The genotype � condition in the right amygdala was
explained by a trend for a greater activation in S0 versus L0

subjects in self condition [t(1,164) ¼ 2.09; P ¼ 0.019, uncor-
rected], with an opposite trend in label condition [t(1,164) ¼
2.44; P ¼ 0.008, uncorrected] (Fig. 1b). A whole-brain anal-
ysis using a more liberal threshold (P < 0.001, uncor-

rected) identified no other cluster that displayed the same
pattern of activation, showing only the same interaction
within the right amygdala [108 mm3; MNI coordinates: 21,
�6, �12; t(1,172) ¼ 3.61; P < 0.001, uncorrected].

The genotype � condition � stress interaction in the right
amygdala was explained by a correlation between recent life
stress and amygdala activation that significantly differed
between genotypes (Z ¼ 3.626; P < 0.001). In self versus label
condition, this correlation was negative in S0 subjects (r ¼
�0.378; P ¼ 0.047) but positive in L0 subjects (r ¼ 0.671; P ¼
0.003) (Fig. 2b). This interaction was further explained by the
combination of a trend for an interaction in self versus control
condition (Z ¼ 1.904; P ¼ 0.057) that was in the same direc-
tion as in self versus label condition, whereas neither the

Figure 2.

Genotype � condition � stress interaction within right and left
amygdala. (a) Voxels whose activation in self versus label condi-
tion was inversely correlated with recent life stress across geno-
type (P < 0.05, small volume FWE-corrected). (b) This genotype
� condition � stress interaction was explained by a correlation

between self-reported life stress and amygdala activation in self
versus label condition that was negative in S0 subjects but posi-
tive in L0 subjects. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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negative correlation in S0 subjects (r ¼ �0.254; P ¼ 0.193) nor
the positive correlation in L0 subjects (r ¼ 0.359; P ¼ 0.157)
was significant per se, with a trend for an interaction in the
opposite direction in label versus control condition (Z ¼
1.464; P ¼ 0.144), whereas neither the positive correlation in
S0 subjects (r ¼ 0.101; P ¼ 0.608) nor the negative correlation
in L0 subjects (r ¼ �0.369; P ¼ 0.145) was significant per se.

The genotype � condition � stress interaction in the left

amygdala was similar (Fig. 2b). There was a positive corre-

lation between recent life stress and the amygdala activa-

tion in self versus label condition in L0 subjects (r ¼ 0.575;

P ¼ 0.016) that significantly differed from a trend for a

negative correlation in S0 subjects (r ¼ �0.316; P ¼ 0.102)

(Z ¼ 2.942; P ¼ 0.002) (Fig. 2b). This interaction was fur-

ther explained by the combination of a trend for an inter-

action in self versus control condition (Z ¼ 1.855; P ¼
0.063) that was in the same direction as in self versus label

condition, whereas neither the negative correlation in S0

subjects (r ¼ �0.292; P ¼ 0.132) nor the positive correlation

in L0 subjects (r ¼ 0.308; P ¼ 0.230) was significant per se,

with a trend for an interaction in the opposite direction in

label versus control condition (Z ¼ 1.464; P ¼ 0.144),

whereas neither the positive correlation in S0 subjects (r ¼
0.102; P ¼ 0.607) nor the negative correlation in L0 subjects
(r ¼ �0.360; P ¼ 0.155) was significant per se.

To summarize, the genotype � condition � stress inter-
action in right and left amygdala was explained by differ-
ences between S0 and L0 subjects regarding the effect of life
stress on amygdala reactivity that were observed under
both conditions rather than under only one given condi-
tion. A whole-brain analysis using a more liberal threshold

TABLE I. Significant main effects and interaction at a whole brain level (P < 0.05, FWE-corrected)

Regions mm3 t PFWE-corrected x y z

S0 subjects > L0 subjects
Left superior occipital gyrus 297 5.31 0.006 �24 �72 21

Self > Label
Left angular gyrus 1,728 5.64 0.001 �45 �63 36

Left angular gyrus 5.59 0.002 �36 �57 27
Left middle frontal gyrus 1,107 5.55 0.002 �39 12 51
Left superior frontal gyrus 351 5.53 0.002 �15 39 45
Right supplemental motor area 81 5.01 0.019 12 18 63
Left middle frontal gyrus 54 4.97 0.022 �30 48 9
Left middle temporal gyrus 54 4.94 0.025 �63 �21 �12

Positive > Negative
Left postcentral gyrus 11,070 9.00 <0.001 �48 �24 57

Left postcentral gyrus 8.99 <0.001 �42 �21 48
Left precentral gyrus 8.61 <0.001 �33 �24 57

Left rolandic operculum 54 4.92 0.027 �48 �21 18
Culmen 54 4.87 0.032 18 �51 �21

Negative > Positive

Right precentral gyrus 15,417 10.63 <0.001 36 �21 54
Right rolandic operculum 1,647 7.25 <0.001 45 �18 18
Culmen 783 6.07 <0.001 �15 �51 �21
Right supplemental motor area 81 4.86 0.033 6 �6 54

(Self > Label)positive > (Self > Label)negative
Right precentral gyrus 243 5.04 0.017 33 �24 51
Left precentral gyrus 54 4.89 0.030 �27 �9 42
White matter 54 4.88 0.031 �27 �24 33
Right postcentral gyrus 189 4.85 0.034 45 �27 51

[(Self > Label)positive > (Self > Label)negative] � life stress

White matter 135 5.57 0.002 �27 39 0
Left middle frontal gyrus 162 5.02 0.018 �24 �9 42

FWE, family wise error.

TABLE II. Condition main effect according to the

valence of stimuli at a whole brain level

(P < 0.05, FWE-corrected)

Regions mm3 t PFWE-corrected x y z

(Self > Label)Positive
Left superior temporal

gyrus
25 5.90 <0.001 �33 �57 24

Left middle frontal gyrus 6 5.56 0.002 �30 48 9
Left middle frontal gyrus 49 5.55 0.002 �39 12 51
Left superior frontal gyrus 11 5.44 0.003 �15 36 45
Left middle frontal gyrus 7 5.19 0.009 �63 �21 �12
Left angular gyrus 8 4.92 0.026 �45 �63 36

(Self > Label)Negative

Left angular gyrus 5 4.98 0.021 �39 �60 30

FWE, family wise error.
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(P < 0.001, uncorrected) identified only few other brain
regions, including right hippocampus, that displayed the
same pattern of activation (Table III).

Additionally, we looked for regions displaying either a ge-
notype � valence � stress interaction or a genotype � condi-
tion � valence � stress interaction at a whole brain level
using a more liberal threshold (P < 0.001, uncorrected). These
exploratory results are displayed in Tables IV and V. Finally,
we looked for significant main effects and interactions within
our subgenual ACC ROI, using a small-volume FWE-cor-
rected threshold of P < 0.05. There was a condition main
effect (self > label) in two small clusters [189 mm3; MNI
coordinates: �6, 36, �9; t(1,164)¼3.89, P ¼ 0.003 and 135 mm3;
MNI coordinates: �6, 33, 9; t(1,164) ¼ 3.34, P ¼ 0.017, small
volume FWE-corrected] as well as a valence main effect (pos-
itive > negative) [1,188 mm3; MNI coordinates: 0, 27, �6;
t(1,164) ¼ 3.87, P ¼ 0.004, small volume FWE-corrected).

All analyses were repeated with gender and age as
covariates and yielded similar results.

Post hoc functional connectivity analyses

The PPI between the right amygdala activity and the
condition (self vs. label) differed significantly across geno-

type in the subgenual ACC [108 mm3; MNI coordinates:
�6, 33, 0; t(1,41) ¼ 3.52; P ¼ 0.021, small volume FWE-cor-
rected] (Fig. 3a). The functional connectivity between the
right amygdala and the subgenual ACC tended to
decrease in self versus label condition in S0 subjects, but to
increase in L0 subjects (Fig. 3b). A whole-brain analysis
using a more liberal threshold (P < 0.001, uncorrected)
identified no other cluster displaying the same pattern of
functional connectivity.

Although the PPI between the left amygdala activity and
the condition (self vs. label) did not differ significantly across
genotype in our ROI, there was a similar interaction in close
vicinity to the subgenual ACC within the orbital prefrontal
cortex [351 mm3; MNI coordinates: 6, 39, �15; t(1,41) ¼ 4.23; P
¼ 0.0001, uncorrected], as revealed by a whole brain analysis
using a more liberal threshold (P < 0.001, uncorrected) (see
Fig. 3). This whole-brain analysis identified only one other
cluster that displayed the same pattern of functional connec-
tivity, located within the left insula [162 mm3; MNI coordi-
nates: �30, �36, 18; t(1,41) ¼ 4.41; P < 0.0001, uncorrected].

DISCUSSION

This study aimed to examine the effects of cognitive ap-
praisal and self-reported life stress effects in moderating
the influence of the 5-HTTLPR polymorphism on amyg-
dala reactivity to emotional stimuli. Consistent with recent
findings [Gillihan et al., 2010; Schardt et al., in press], the
right amygdala activation was driven by a genotype �
condition interaction, S allele carriers displaying an
increased activation in self-referential processing versus
emotion labeling and individuals homozygous for the L al-
lele displaying the opposite pattern. On the basis of the
earlier findings by Canli et al. [2006] showing that the
association between life stress and rumination was posi-
tive in S allele carriers, but negative in individuals homo-
zygous for the L allele, we also postulated that life stress
would minimize the differences between the two

TABLE III. Regions displaying a genotype 3 condition 3
stress interaction at a whole brain level

(P < 0.001, uncorrected)

Regionsa mm3 t Puncorrected x y z

Left insula 270 3.88 <0.0001 �33 9 �18
Right amygdala 486 3.78 0.0001 18 �3 �12
Right hippocampus 513 3.69 0.0002 24 �18 �15
Right temporal superior

gyrus
135 3.63 0.0002 51 �3 �6

Left fusiform gyrus 108 3.62 0.0002 �21 �87 �6
Right thalamus 189 3.61 0.0002 3 �18 6
Right temporal superior

gyrus
189 3.57 0.0002 42 �42 0

Left putamen 216 3.57 0.0002 �27 �12 �6
Left insula 135 3.52 0.0003 �39 �12 0
Right fusiform gyrus 216 3.44 0.0004 33 �54 �9
Left amygdala 162 3.37 0.0005 �18 0 �18

aIn all regions, activation in self versus label condition and recent
life stress were negatively correlated in S0 subjects and positively
correlated in L0 subjects.

TABLE IV. Regions displaying a genotype 3 valence 3
stress interaction at a whole brain level

(P < 0.001, uncorrected)

Regionsa mm3 t Puncorrected x y z

Left inferior
parietal lobule

324 3.86 <0.0001 �48 �36 57

White matter 108 3.38 0.0004 �6 24 75

aIn both regions, the activation for positive versus negative stimuli
and recent life stress were positively correlated in S0 subjects and
negatively correlated in L0 subjects.

TABLE V. Regions displaying a genotype 3 condition 3
valence 3 stress interaction at a whole brain level

(P < 0.001, uncorrected)

Regions mm3 t Puncorrected x y z

Right precentral gyrusa 351 4.10 <0.0001 39 �6 24
Right precuneusa 243 3.60 0.0002 21 �42 45
Medial frontal gyrusa 104 3.52 0.0003 �15 �12 57
Left precentral gyrusb 270 4.08 <0.0001 �42 �3 21
Left middle frontal gyrusb 104 3.59 0.0002 �33 60 9
White matterb 208 3.55 0.0003 �15 �18 �9

aIn these regions, the activation for (Self > Label)Positive > (Self >
Label)Negative and recent life stress were positively correlated in S0

subjects and negatively correlated in L0 subjects.
bIn these regions, the activation for (Self > Label)Positive > (Self >
Label)Negative and recent life stress were negatively correlated in S0

subjects and positively correlated in L0 subjects.
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conditions in S allele carriers, due to an increasing amount
of unsolicited self-referential processing during emotion
labeling, whereas it would maximize these differences in
individuals homozygous for the L allele, due to the oppo-
site mechanism. Accordingly, there was a genotype � con-
dition � stress interaction in bilateral amygdala the
amygdala activation during self-referential processing was
negatively correlated with self-reported life stress in S al-
lele carriers and positively in individuals homozygous for
the L allele, whereas an opposite pattern was observed

during emotion labeling. Although many previous studies
used only negative stimuli [Hariri et al., 2005; Williams
et al., 2009], the absence of any interaction between geno-
type and valence regarding amygdala reactivity is not
uncommon [Canli et al., 2006; Dannlowski et al., 2008]. Al-
together, the present results suggest that the influence of
the 5-HTTLPR polymorphism on amygdala reactivity is
moderated by both life stress and ‘‘top–down’’ processes.

The genotype � condition interaction within the right
amygdala is consistent with the previously demonstrated

Figure 3.

PPI between cognitive appraisal and amygdala activation. (a) Vox-

els whose activation in self versus label condition were inversely

correlated with the activation of the amygdala across genotype:

subgenual anterior cingulate cortex (ACC) for the PPI involving

the right amygdala (P < 0.05, small-volume FWE-corrected); or-

bital prefrontal cortex for the PPI involving the left amygdala (P

< 0.001, uncorrected). (b) Contrast estimates and 95% confi-

dence interval at the main peaks of activation (MNI coordinates:

�6, 33, 0 for the subgenual ACC; MNI coordinates: 6, 39, �15

for the orbital prefrontal cortex). Negative contrast estimates,

such as observed among S allele carriers (S0), indicate decreased

functional connectivity with the amygdala in self versus label

condition. Positive contrast estimates, such as observed among

individuals homozygous for the L allele (L0), indicate increased

functional connectivity with the amygdala in self versus label

condition. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]
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influence of genotype [Munafò et al., 2008], cognitive ap-
praisal [Hariri et al., 2003; Yoshimura et al., 2008], and the
interaction of both [Gillihan et al., 2010; Schardt et al., in
press] on amygdala reactivity. It is noteworthy that no
other brain region displayed the same pattern of activa-
tion, suggesting that this effect might be specific to the
right amygdala rather than a brain-wide phenomenon. The
lateralization is consistent with the study of Schardt et al.
[in press] that found cognitive appraisal to moderate of
the effect of genotype on right amygdala only. The 5-
HTTLPR polymorphism was previously found to affect
various cognitive processes such as fear conditioning,
response inhibition, or decision-making [Clark et al., 2005;
Garpenstrand et al., 2001; Roiser et al., 2006]. The demon-
stration that amygdala reactivity is increased in S allele
carriers even for masked emotional stimuli (i.e., stimuli
that are not consciously perceived) strongly suggest that
genotype may influence cognition through ‘‘bottom–up’’
processes [Dannlowski et al., 2008]. Nevertheless, our
results add to recent evidence that the influence of the 5-
HTTLPR genotype is at least partially under ‘‘top–down’’
control [Gillihan et al., 2010; Schardt et al., in press].

In the context of emotion regulation, ‘‘top–down’’ proc-
esses are likely to involve a cortical–limbic network includ-
ing the amygdala and the prefrontal cortex [Ochsner and
Gross, 2005]. Accordingly, post hoc PPI analyses revealed
that functional connectivity between the amygdala and
ventral regions within the medial prefrontal cortex
(MPFC) (either the subgenual ACC or the adjacent part of
the orbital prefrontal cortex) increased during self-referen-
tial processing in L0 subject, whereas it tended to decrease
in S0 subjects. These results are in line with previous evi-
dence for an influence of the 5-HTTLPR polymorphism on
the functional connectivity between the amygdala and the
subgenual ACC [Pezawas et al., 2005; Schardt et al., in
press]. They are especially consistent with the increased
functional connectivity between the right amygdala and
the subgenual ACC during emotion regulation (vs. uncon-
strained emotional processing) in S allele carriers [Schardt
et al., in press], a condition that may share some character-
istics with emotion labeling in the present study (i.e.,
promoting detachment and preventing self-referential-
processing). However, because self-referential processing
may increase emotional intensity and amygdala reactivity
[Ochsner and Gross, 2005; Yoshimura et al., 2008], it may
also warrant concurrent emotion regulation through
increasing cortical–limbic connectivity. Our PPI results
suggest that such concurrent emotion regulation may be
observed at a brain level in L0 subjects but not in S0 sub-
jects, possibly reflecting a better adaptation to cognitive
processes that involve an increase of emotional intensity.

The ventral MPFC, including the subgenual ACC and
the medial part of the orbital prefrontal cortex, plays a
critical role in the pathophysiology of major depression
[Drevets et al., 2008; Mayberg et al., 2005]. Interestingly,
an aberrant coupling between the ventral MPFC and the
amygdala is observed in depressed patients during emo-

tion regulation [Johnstone et al., 2007]. However, the sub-
genual ACC and the orbital prefrontal cortex differ at a
cytoarchitectonic and functional level [Drevets et al., 2008].
Therefore, although the PPI between cognitive appraisal
and the left amygdala was significant in an orbital prefon-
tal region close to the subgenual ACC and oriented in the
same direction than the PPI for the right amygdala, one
should not assume that these two results have the same
functional meaning. Indeed, the lack of a significant PPI
between cognitive appraisal and left amygdala within the
subgenual ACC may explain why we did not observe a
genotype � condition interaction in the left amygdala.

The influence of genotype on amygdala reactivity was
not only moderated by ‘‘top–down’’ processes such as cog-
nitive appraisal, but also by self-reported life stress. Canli
et al. [2006] and Williams et al. [2009] previously found
the amygdala activation (at baseline and during uncon-
scious fear processing, respectively) to be positively corre-
lated with self-reported life stress in S allele carriers, but
negatively in individuals homozygous for the L allele.
Using a well-validated semistructured interview to mea-
sure life stress exposure [Paykel et al., 1971], we observed
an additional moderation by cognitive appraisal, resulting
in a genotype � condition � stress interaction. This inter-
action was in the same direction as in the study by Canli
et al. [2006], when these investigators considered an active
processing condition (i.e., gender recognition). Also con-
sistent with this earlier study, there were only few other
brain regions that displayed the same pattern of activation,
including the hippocampus. Although there are differences
between amygdala and hippocampus regarding stress-
induced structural changes (dendritic hypertrophy vs.
atrophy), as well as in their role in regulating stress
responses (upregulation vs. downregulation), both are key
regions in integrating life stress at a brain level [Fossati
et al., 2004; Vyas et al., 2002]. Our results are also in line
with evidence for an association between the S allele and
exaggerated responses of the hypothalamic-pituitary-adre-
nal axis to stress [Barr et al., 2004], which is likely to
mediate stress-induced structural changes in amygdala
and hippocampus [Fossati et al., 2004].

Although the genotype � condition � stress interaction
was in the expected direction, it seemed to rely on both
conditions, rather than only on the label condition as pre-
dicted by our initial hypothesis of a various amount of
unsolicited self-referential processing during emotion
labeling. Unfortunately, post hoc statistical tests were
underpowered to disambiguate the dependence of this
interaction upon one condition rather than the other or
both. Our findings should therefore be interpreted with
caution, taking into account both conditions in a wider
perspective. Indeed, correlation coefficients suggest that
both conditions contributed to the observed interaction.
Therefore, a more comprehensive hypothesis is needed.
Regarding the contribution of the self condition, increas-
ing amygdala activation at baseline in S0 subjects experi-
encing higher levels of stress, such as previously showed
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by Canli et al. [ 2006], may have decreased the effect of
emotional engagement associated with the self condition,
resulting in less differential amygdala activation. Oppo-
site effects in L0 subjects may cohere with better adapta-
tion to stress, with an increasing activation in self
condition and a decreasing activation in label condition
that may reflect better cognitive control of emotion (i.e., a
better ability to use cognitive appraisal to either increase
or decrease the emotion elicited by a given stimulus).
Further experiments are needed to understand how life
stress may interact with genetically driven cortical–limbic
connectivity patterns such as those highlighted by PPI
results.

Finally, our results suggest that differential exposure to
life stress may account for previous discrepant results in
neuroimaging studies addressing these ‘‘top–down’’ pro-
cesses [Gillihan et al., 2010; Schardt et al., in press]. For
instance, splitting the present sample according to the me-
dian score of life stress, one may observe self-referential
processing (vs. emotion labeling) to be associated with a
rather increased amygdala activation in S0 versus L0 sub-
jects among less stressed individuals, but the opposite
among more stressed individuals.

Some limitations should be acknowledged. First,
because we only measured life stress exposure regarding
the preceding 12 months, we were unable to determine
whether the impact of the 5-HTTLPR polymorphism on
amygdala activation has been influenced by earlier stress
exposure during development life, as suggested in animal
studies [Barr et al., 2004]. Second, according to the meta-
analysis by Munafò et al. [2008], our study may have
been underpowered to identify other significant effects of
the 5-HTTLPR polymorphism. However, this risk of type
2 error does not challenge the significance of our results,
which were obtained through hypothesis-driven ROI
analyses using a corrected statistical threshold. Finally,
the current contrasts confound the nature of the condition
(self-referential processing or emotion labeling vs.
indoor/outdoor categorization) with the nature of the
stimuli (emotional vs. neutral). This choice, which does
not invalidate the findings reported in this study, was
done to minimize the likelihood of unsolicited self-refer-
ential processing or emotion labeling during the control
condition.

In conclusion, the present results are consistent with
previous studies suggesting that amygdala reactivity to
emotional stimuli may depend upon both the 5-HTTLPR
polymorphism [Munafò et al., 2008], self-reported life
stress [Canli et al., 2006], and cognitive appraisal [Hariri
et al., 2003] including self-referential processing [Yoshi-
mura et al., 2009]. However, they provide first evidence
that all these factors may interact with each other rather
than being purely additive. First, they confirm that the
influence of the 5-HTTLPR polymorphism on amygdala
reactivity is at least partially under cognitive control. Sec-
ond, they suggest that measuring life stress exposure is a
critical step when imaging genetics.

ACKNOWLEDGMENTS

We thank F. Bozec and F. Fruchard for helping in stim-
uli selection, E. Bardinet, E. Bertasi, K. Nigaud, and R.
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