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Abstract
This study was designed to replicate and extend past research examining the impact of the
serotonin transporter gene-linked polymorphic region (5HTTLPR) on neural activation during
emotional processing. Six women with at least one short allele were compared to six age-matched
women with long/long alleles of the 5HTTLPR. Participants were shown 36 positive and 36
negative slides from the International Affective Picture Set, while functional images were acquired
using a 4-T magnetic resonance imaging scanner. Although we were unable to replicate past
research demonstrating relatively increased amygdala activation among individuals with an “s”
allele to negative stimuli, women with an s allele evidenced decreased left fusiform gyrus
activation to positive emotional stimuli (as expected). We suggest that women with a short allele
may be either less attentive or less “expert” with regard to positive emotional stimuli, and ideas for
future research are presented.
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1. Introduction
While it is clear that neurotransmission within serotonergic (5-HT) brain pathways play an
important role in major depressive disorder and generalized anxiety disorder [1–5], very
little is known about the pathogenesis of such disorders. Research has focused heavily on
environmental factors, particularly on early life stressors such as childhood neglect, physical
or sexual abuse, and early parental loss [6]. More recently, however, the central issue has
been one of susceptibility. Why is it that some people are more prone to developing a mood
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disorder than others? Why do some people who experience early life stressors appear to
adjust reasonably well while others develop disorders that interfere with everyday
functioning?

Based on extensive longitudinal data, Caspi et al. [7] have outlined a compelling body of
evidence that an individual’s sensitivity to major life stressors is significantly impacted by
their genetic makeup. Specifically, the functional polymorphism in the regulatory region of
the serotonin transporter gene-linked polymorphic region (5HTTLPR) has been implicated
in the etiology of both anxiety and depression [8–10]. Descriptively, the polymorphism is a
44-bp insertion (designated as the “l” allele) or deletion (designated as the “s” allele) in the
transcriptional control region on chromosome 17q11.1-q12 [9]. This particular
polymorphism is of great interest in part because of the widespread pharmacological
treatments known as selective serotonin reuptake inhibitors, used to treat depression [11]
and anxiety [12,13].

There are 3 possible genotypes for the 5HTTLPR – long-long (l/l), short-long (s/l), and
short-short (s/s). Pathogenically, the 5HTTLPR has been implicated in both anxiety and
depression. For example, Lesch et al. [10] found that individuals with either one or two
copies of the s allele showed greater levels of personality traits (e.g., neuroticism, hostility,
and depression) implicated in anxiety and depression compared to those who were
homozygous for the l allele. These data have been subsequently replicated and extended
[14,15], including research suggesting a positive relationship between the s allele and
suicidal behavior [16,17]. These relationships were further strengthened by suicide
postmortem studies which showed a diffuse reduction of serotonergic transporter binding in
the prefrontal cortex of individuals with depression [18].

Given that animal and human research has implicated the s/s and s/l 5HTT polymorphisms
with anxiety [10,19–21] and depression [7,19,21–23], it is not surprising that the 5HTTLPR
also predicts affective response to emotional stimuli. Hariri et al. [24], e.g., compared
individuals with l/l homozygous alleles (n=14) to persons with at least one s-allele (n=14)
using blood oxygen level-dependent functional magnetic resonance imaging (fMRI). They
found that, during an emotional processing task, those with an s allele experienced
significantly greater amygdaloid activation compared to the l/l homozygous group. Because
both fear-and anger-inducing stimuli, relative to neutral stimuli, elicit greater amygdaloid
activation among healthy individuals (e.g., Refs. [25–27]), these data are consistent with the
notion that persons with the s allele experience greater emotional responding to negative
stimuli. Moreover, because increased amygdala activation to negative stimuli has been
documented among high- versus low-anxious individuals within both healthy [28] and
clinical populations [29–32], Hariri et al.’s [24] data are also consistent with the notion that
persons with the s allele are more anxious/threat-sensitive than their l/l homozygous
counterparts.

The glaring void in this literature is the lack of research investigating the impact of the
5HTT polymorphism on neural processing of positive emotional stimuli, despite the fact that
the s allele predicts depression symptomatology [7,19,21–23]. Investigating the depression-
related aspects of the 5HTT polymorphism is of critical importance. First, depression is the
single leading cause of disability worldwide [33] and affects about 9.5% of Americans aged
18 years or older in any given year [34]. Second, although other mechanisms may underlie
disease onset [35–38], depression symptomatology has been linked to altered 5-HT
neurotransmission or its postsynaptic cellular events [39–44]. Last, anxiety and depression
disorders are highly comorbid (>50% [45,46]), highlighting the importance of the 5HTT
polymorphism because it predicts both types of symptomatology. Of note, both depression
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and anxiety disorders appear to be caused by abnormal neural serotonergic/noradrenergic
functioning (for a review, see Ref. [47]).

In addition to having increased neural response to negative stimuli, persons with the s/s or s/
l 5HTTLPR may be expected to have reduced neural reactivity to positive stimuli because of
its role in producing depressive symptomatology [7,19,21–23]. Persons with elevated levels
of depression symptomatology (both at clinical and subsyndromal levels) experience
reduced response to reward (e.g., Refs. [48,49]) and have a blunted affective response to
pleasant stimuli [48,50–54]. Moreover, depressed individuals are more apt to identify
neutral faces as sad [55,56] and happy faces as neutral [56,57].

Only one study to date has investigated the impact of the 5HTT polymorphism on neural
activation in response to positive stimuli. Specifically, Heinz et al. [58] compared
amygdaloid activation among healthy s/s, s/l and l/l participants in response to positive,
negative and neutral slides. After controlling for activation in response to neutral stimuli,
persons with an s allele were found to experience significantly greater amygdala activation
to negative (but not positive) stimuli relative to the l/l homozygous group. A limitation of
this study, however, is that analyses were limited to data collected within the amygdala: This
is especially problematic when one considers that amygdaloid activation has been much
more closely associated with the processing of negative [25–27] relative to positive stimuli
(e.g., Ref. [59]). Other recently presented data, however, suggest that persons with at least
one s allele evidence increased and decreased neural response to the presentation of negative
and positive words, respectively [60].

Positive mood induction has been associated with neural activation within several brain
regions in addition to the amygdala. One meta-analysis incorporating 106 positron emission
tomography or fMRI studies revealed that happy mood induction reliably elicits activation
within the rostral supracallosal anterior cingulate cortex (ACC) and dorsomedial prefrontal
cortex (DPFC) as well as within the amygdala [61,62]. To date, one study has compared
neural activation among healthy versus depressed individuals to positive stimuli (faces) [63].
Interestingly, unlike healthy persons, Surguladze et al. [57,63] found that depressed
individuals failed to show activation of the right putamen and bilateral fusiform gyri
(responsible for facial perception) to happy faces. Accordingly, each of these regions is
included as a region of interest (ROI) in determining the impact of the 5HTT polymorphism
on negative and positive emotion induction.

The purpose of the present study was to determine whether persons with an s allele
experience greater neural activation to negative visual stimuli and decreased neural
activation to positive stimuli. By better understanding neural processing among persons with
different genotypes, the present research may aid in understanding both genotypic and
phenotypic differences with regard to anxiety/depression susceptibility. Specific hypotheses
included the following: persons with an ‘s’ allele will evidence greater activation within the
amygdala to negative/threat stimuli relative to those who are l/l homozygous, and relative to
those who are l/l homozygous, persons with an ‘s’ allele will evidence decreased activation
to positive stimuli within the amygdala, rostral supracallosal anterior cingulate cortex
(ACC), dorsomedial prefrontal cortex (DPFC), right putamen and bilateral fusiform gyri.

2. Experimental procedures
This research was approved by the University Hospitals of Cleveland Institutional Review
Board. Twelve right-handed, female adult participants were included in the fMRI portion of
the experiment. Only women were incorporated into the present research because men and
women have been found to differentially process emotional stimuli (e.g., Ref. [64]).
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Participants were recruited via fliers placed around a University community and were
compensated $100 for their time and effort during the research. Participants first completed
the Coren, Porac and Duncan Laterality questionnaire (cutoff of +5, Coren et al. [65]) to
determine hemi-body preference. If the participant did not have sufficient right hemi-body
preference, she was excluded from the study. All other participants were administered the
Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision [66] to ascertain diagnostic status or lack thereof. In addition,
the Beck Depression Inventory [67] (cutoff of 16) and State Trait Anxiety Inventory [68]
(cutoff of 45) were completed. Based on these psychiatric measures, if the participant
evidenced symptomatology consistent with a psychiatric disorder, her participation in the
experiment ceased (the participant was informed of her symptomatology and, if she was
interested, treatment referrals were offered). Otherwise, approximately 5 ml of blood was
collected at the General Clinical Research Center from eligible women for genetic testing.
From the original sample of 17 participants, 12 were enrolled into the fMRI portion of the
study — six participants with at least one short allele of the 5HTTLPR polymorphism and
six participants with two long alleles. Participants were matched with regard to age and
ethnicity.

3. fMRI protocol
Images were acquired on a 4-T Bruker Whole Body Medspec MR system. The 4T scanner
was equipped with an MRI-compatible audio/visual system (Avotec) developed for stimulus
presentation used in the fMRI studies. Stimuli were back-projected onto a screen in the
scanner, and participants viewed pictures through an angled mirror attached to the head coil.
High-resolution T1-weighted (T1W) 3D anatomical data were first acquired using a 3D
magnetization prepared rapid gradient echo. Repetition time (TR)=2500 ms, echo time
(TE)=3.52 ms, inversion time = 1200 ms; excitation flip angle 12°, field of view=256×224
mm, 256×224 data matrix, 176 slices, slice/partition thickness of 1 mm, resulting in voxel
size of 1×1×1 mm. Next, high resolution T1W 2D radio frequency spoiled gradient echo
(GE) images were acquired in an obliqued axial plane aligned so as to be parallel to the
anterior commissure/posterior commissure line at slice locations identical to those used in
the subsequent fMRI studies. Acquisition parameters were as follows: TR=340 ms, TE=3.77
ms; 240 mm×240 mm field of view, 256×256 matrix, excitation flip angle=45°, 44 slices,
slice thickness of 3 mm contiguous (no gap) slices, resulting in voxel size of
0.9375×0.9375×3 mm. These images were used during post processing to facilitate echo
planar imaging (EPI) to 3D coregistration. Lastly, during the affective fMRI portion of the
study, functional images were acquired using a T2*-weighted GE EPI sequence (TR=2000
ms, TE=18 ms; field of view=240 mm×240 mm, 64×64 data matrix, slice thickness of 3
mm, no gap between slices, resulting in voxel size of 3.75×3.75×3 mm; flip angle=90°).
Forty-four slices, with scan plane orientation and slice locations identical to those used to
collect the high resolution 2D T1W images, were acquired in an interleaved fashion. In total,
122 44-slice volumes were collected for each functional run.

The affective portion of the experiment consisted of four runs, each 4 min and 4 s in
duration, with a 2-min rest in between runs. In each run, six blocks of three affective stimuli
were presented for 6 s each (i.e., each block=18 s) with an 18-s fixation point (a “+”)
presented in between. There was also a 10-s blank screen at the beginning of each functional
run. Two runs included pictures that were only positive in valence, whereas the other two
runs included pictures only negative in valence (please see Fig. 1 for a schematic
representation of a run with positively valenced pictures). Half of the participants (within
each genetic group) saw the runs in the positive-negative-positive-negative sequence,
whereas the others saw it in the reverse sequence. The 36 affectively positive and 36
affectively negative slides were selected from the International Affective Picture System

Demaree et al. Page 4

Magn Reson Imaging. Author manuscript; available in PMC 2011 May 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



[69]. The positive and negative slides were selected to maximize affective valence (scale
from 1=unpleasant to 9=pleasant; positive pictures: 7.88±0.22; negative pictures:
1.74±0.15).

Prior to the experiment, participants partook in a training session at a mock scanner to get
acclimated to the neuroimaging environment and become familiarized with the task.
Participants were instructed to passively maintain their focus on the slides presented.

4. Results
4.1. Participants

Six women with an s allele and six women with the l/l genotype participated in the fMRI
portion of the experiment. All women were Caucasian and were matched with regard to age
[F(1,10)=.014, P>.90 (‘s’ group mean=28.50, S.D.=14.49, range=21–58; l group
mean=27.50, S.D.=14.65, range=18–57)].

4.2. fMRI Results
Imaging data were analyzed with BrainVoyager QX (Version 1.7). Preprocessing included
3D motion correction, intrascan spatial realignment, spatial filtering (full-width half-max 7.5
mm), linear trend removal and normalization into Talairach Space.

In the first step of hypothesis testing, brain areas activated in response to negative and
positive pictures were identified using whole brain analysis. t Test contrasts between picture
condition and fixation condition was performed for negative and positive picture conditions,
respectively. Data from all twelve participants were all included in the analyses. Compared
to the baseline (fixation point) condition, watching negative pictures activated bilateral
fusiform gyrus, right lingual gyrus, left middle occipital gyrus and left inferior occipital
gyrus. Bilateral amygdala were also activated but at a less significant level (please see Table
1).

Compared to the baseline condition, positive pictures involved activation of the bilateral
lateral geniculate nuclei, bilateral lingual gyri, bilateral fusiform gyri, right middle occipital
gyrus and right middle temporal gyrus (see Table 2). Again, bilateral amygdala were
activated but at a less significant level.

Next, in order to test group differences of brain activity in response to different emotional
pictures, t test comparisons between the two genotype groups (s/s and s/l vs. l/l) were
performed using data from positive- and negative-picture conditions, respectively.

Compared to participants in the l/l homozygous group, participants with at least one short
allele (s/s or s/l) showed greater activation in left lingual gyrus, right frontal gyri, right
precentral gyrus and right precuneus, but less activation in left middle frontal gyrus and right
middle temporal gyrus in response to negative pictures (please see Table 3). Contrary to a
priori expectations, there was no group difference in amygdaloid activation. It is important
to note that none of these brain areas were significantly affected by negative picture viewing
(see Table 1), and hence, these group differences are not believed to be associated with
differential emotional response.

For positive stimuli, participants with at least one short allele (s/s or s/l) showed less
activation in left fusiform gyrus, left superior temporal gyrus and left supramarginal gyrus,
but greater activation in right insula and right medial frontal gyrus compared to their l/l
counterparts (please see Table 4). Among those brain areas, only the left fusiform gyrus was
found to be activated to positive pictures (see Table 2), and thus appears to be a region
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where positive emotion differentially affected people with the s/s and s/l versus l/l
genotypes. The direction of the effect on the left fusiform gyrus is consistent with a priori
hypotheses. Specifically, relative to those who are l/l homozygous, persons with an s allele
exhibited decreased activation to positive stimuli (please see Fig. 2). Contrary to
expectations, however, no significant group differences were found within the amygdala,
rostral supracallosal ACC, DPFC and right putamen.

5. Discussion
The present research was designed to replicate and extend past research investigating the
impact of the 5HTTLPR on neural activation in response to emotional stimuli. Although we
were unable to find differences between s/s and s/l versus l/l groups within regions of
interest in response to negative stimuli, our ability to detect such differences may have been
attenuated by small sample size.

Our most important finding was in response to positive emotional stimuli. Specifically,
relative to l/l homozygous individuals, participants with an s allele evidenced decreased
activation in the left fusiform gyrus while attending to positive affective pictures. The
fusiform gyrus, commonly known as the “fusiform face area” (FFA), is a region that shows
robust activation among persons viewing faces [70,71]. It is important to note that a large
number of faces were included among the 40 negative and 40 positive slides used in this
study (negative: 35 human faces, 2 animal faces; positive: 25 human, 7 animal). Two
subsequent discoveries involving the FFA may help us appreciate why persons with an s
allele show reduced activation in that region while viewing positive faces.

First, it has been demonstrated that the FFA is more sensitive to stimuli that can be
discretely categorized at a subordinate level (as opposed to stimuli which may only be
broadly labeled, e.g., Refs. [72,73]). Of note, one’s ability to discretely categorize objects is
associated with his/her expertise in the area. For example, FFA activation is increased the
more expert the person is with regard to the object, be they cars, birds, or face-like, but
nonhuman, “Greebles” (e.g., Refs. [74–76]). This raises the possibility that persons with an
s-allele may be less “expert” with regard to positive (but not negative) emotional faces and
are perhaps relatively unable to categorize such faces into discrete emotions (e.g., happy,
amused, excited, etc.). Behavioral work assessing the impact of the 5HTTLPR on positive
and negative face recognition and categorization would help test this notion. Second, FFA
activation has been found to depend on one’s level of attention towards the visual stimuli.
For example, decreased FFA activation to faces among autistic versus typically developing
individuals results from the former group’s decreased gaze towards faces (e.g., Ref. [77]).
Thus, another possibility is that persons with an s allele do not attend to positive (but not
negative) stimuli as much as their l/l counterparts. Either as part of fMRI procedures or as
behavioral research, the use of eye tracking instrumentation would test this link. It is
important to note, however, that these two possibilities are not mutually exclusive and, in
fact, may result from the other: For example, decreased attention towards positive faces may
reduce one’s development of expertise for such stimuli.

The present work has both strengths and limitations. In terms of strengths, the participants in
this research were age- and ethnicity-matched and had no reported psychiatric illness.
Moreover, fMRI procedures included both positive and negative affective stimuli, with a
priori ROIs involving areas heavily recruited by emotional stimuli. In terms of limitations,
power was relatively low, all participants were Caucasian, no eye tracking device was used
and behavioral data (e.g., self-reported affective response or identification of stimuli) were
not collected. Given the relatively low power, even significant findings in the present
research should be interpreted with caution. Each of these limitations should be rectified as
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part of future research, with the latter two being especially important to determine the
primary cause of the present findings.
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Fig. 1.
A schematic representation of a positively valenced run.
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Fig. 2.
Group differences in left FG under positive-picture condition. FG, fusiform gyrus.
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