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Current views on the pathogenesis of psychiatric disorders focus on the interplay between genetic and environ-
mental factors, with individual variation in vulnerability and resilience to hazards being part of themultifactorial
development of illness. The aim of the study is to investigate the effect of glutamate transporter polymorphism
SLC1A2–181A N C and exposure to Adverse Childhood Experiences (ACE) on hippocampal gray matter volume
of patients with bipolar disorder (BD).
Patients exposed to higher levels of ACE reported lower gray matter volume. The effect of SLC1A2–181A N C re-
vealed itself only among patients exposed to lower levels of ACE, with T/T homozygotes showing the lowest,
and G/G the highest, gray matter volume.
The greatest difference between high and low exposures to ACEwas observed in carriers of the G allele. Since the
mutant G allele has been associatedwith a reduced transcriptional activity and expression of the transporter pro-
tein, we could hypothesize that after exposure to highest levels of ACE G/G homozygotes are more vulnerable to
stress reporting the highest brain damage as a consequence of an excess of free glutamate.

© 2014 Elsevier Inc. All rights reserved.
1. Introduction

Current views on the pathogenesis of psychiatric disorders focus on
the interplay between genetic and environmental factors, with individ-
ual variation in vulnerability and resilience to hazards being part of the
multifactorial development of illness (Wermter et al., 2010). An associ-
ation between genetic and environmental liabilities for schizophrenia
and bipolar disorder (BD), and cortical thickness, has been reported
(Hulshoff Pol et al., 2012) together with an interactive effect on brain
volume between genetic liability for schizophrenia and both obstetric
complications and cannabis use (Geoffroy et al., 2013). Among environ-
mentally mediated causal risk processes adverse childhood experiences
(ACE) have been shown to influence both physical and mental health
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(Felitti et al., 1998) and in patients with BD have been reported to affect
both the onset and course of illness (Johnson and Roberts, 1995). Ex-
posure to physical, sexual, and emotional abuse in childhood is asso-
ciated with earlier onset of BD, rapid cycling (Brodsky et al., 2001;
Swann et al., 2005), an increased likelihood of self-injurious behav-
ior (Newport et al., 2002), and higher severity and number of suicide
attempts (Brodsky et al., 2001; Gladstone et al., 1999; Swann et al.,
2005). Moreover also exposure to certain types of parenting prac-
tices or to maltreatment during childhood increases individuals' vul-
nerability to mood disorders (Alloy et al., 2006) possibly altering
permanently the stress response system, sensitizing individuals to
later stress, and leading to early onset and severe course of the disor-
der (Post et al., 2001).

Recent brain imaging studies confirmed the possibility to explore
in adult life the persistent neural correlates of adverse childhood ex-
periences (ACE). Among healthy humans, the offspring of families
marked by harsh parenting with overt family conflict and deficient
nurturing (“risky families”, RF) had higher activation of prefrontal
cortex and reduced activation of limbic structures in response to
an emotional task (Taylor et al., 2006). Our group confirmed the
functional and structural effects of these ACE on cortico-limbic
structures of both healthy and schizophrenic subjects, as well as in
the caudate head of obsessive compulsive patients (Benedetti
et al., 2012), and showed that differences in neural responses are
paralleled by differences of gray matter (GM) volumes (Benedetti
et al., 2011).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.pnpbp.2014.01.021&domain=pdf
http://dx.doi.org/10.1016/j.pnpbp.2014.01.021
mailto:poletti.sara@hsr.it
http://dx.doi.org/10.1016/j.pnpbp.2014.01.021
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The hippocampal formation is a particularly plastic and vulnerable
brain region, and as a consequence it is one of the structures more sen-
sitive to stress (McEwen, 2007), including childhood abuse (Andersen
et al., 2008). Studies focusing on the consequences of maltreatment
and abuse during childhood found diminished hippocampal volume in
adults with maltreatment histories (Bremner et al., 1997; Frodl et al.,
2010; Weniger et al., 2009). Alterations in hippocampal volume have
been reported in a multitude of psychiatric disorders, including major
depression, post traumatic stress disorder, borderline personality disor-
der, schizophrenia and BD (Geuze et al., 2005).

Hippocampal volume decrease is also associated with illness burden
in BD patients not taking lithium (Hajek et al., 2006; McKinnon et al.,
2009; Moorhead et al., 2007) while lithium has been shown to increase
hippocampal volume in both prospective (Yucel et al., 2008) and retro-
spective studies (Bearden et al., 2008; Yucel et al., 2008).

Converging lines of evidence from animal studies suggest that acute
exposure to stress rapidly increases glutamate release in hippocampus
(Popoli et al., 2012). Glutamate is the principal excitatory neurotrans-
mitter in the central nervous system with glutamatergic neurons
being prominently represented in the cerebral cortex and limbic regions
of the brain. Evidence suggests that alterations in glutamatergic systems
may contribute to the pathophysiology of depression (Krystal et al.,
2002).

High levels of glutamate in the brain have been associated both to
neurotrophic and toxic effect. Accumulation of excess extracellular glu-
tamate and subsequent overstimulation of glutamatergic receptors in-
crease the production of reactive and excitotoxic oxygen/nitrogen
species, which induce oxidative stress leading to neuronal death (Kim
et al., 2011). Glutamate signaling is also involved in brain development
and synaptic plasticity, both of which are modified in individuals affect-
ed by BD, and have been implicated in the etiology of the disorder
(Manji et al., 2003). An elevated brain glutamate/glutamine (Glx) ratio
and reduced levels of N-methyl-D-aspartate (NMDA) receptor subunits
are reported in postmortem brain from BD patients (Hashimoto et al.,
2007). Several single proton magnetic resonance spectroscopy studies
found Glx to be consistently elevated both in adult (Cecil et al., 2002;
Dager et al., 2004) and pediatric (Castillo et al., 2000) patients affected
by BD and in a previous studywe found that changes in the Glx/creatine
ratio in bipolar depressed patients parallel antidepressant response
(Benedetti et al., 2009). Riluzole, which inhibits glutamate release,
was shown to be able to promote antidepressant response in bipolar re-
sistant depressed patients (Singh et al., 2004; Zarate et al., 2005). The
NMDA receptor antagonist Ketamine can, in vitro, increase glutamater-
gic neuron firing rate and presynaptic glutamate release (Moghaddam
et al., 1997), and showed robust and rapid antidepressant effects
(Machado-Vieira et al., 2009).

The inactivation of glutamate is handled by a series ofmolecular glu-
tamate transporters (excitatory amino acid transporters — EAATs)
which aremembrane-bound pumps that closely resemble ion channels.
These transporters play the important role of regulating concentrations
of glutamate in the extracellular space, maintaining it at low physiolog-
ical levels that promote biological function without promoting toxicity
(Danbolt, 2001). Five human excitatory amino acid transporters have
been cloned, and among them, EAAT2 is responsible for up to 95% of ex-
tracellular glutamate clearance (Rothstein et al., 1996). Even if EAAT2 is
expressed primarily on astrocytes, it also has been found in neurons and
oligodendrocytes (Rao et al., 2012).

The gene encoding EAAT2 in humans is SLC1A2 [solute carrier family
1 (glial high affinity glutamate transporter), member 2], located on
chromosome 11p13-12 (Meyer et al., 1997). Mallolas and colleagues
(Mallolas et al., 2006) described a T-to-G (DNA forward strand) func-
tional polymorphism at −181 bp from the transcription start site of
the EAAT2 genewhich is commonly known as−181A N C. Themutation
abolishes a putative regulatory site for activator protein-2 and creates a
new binding site for the transcription repressor factor GC-binding factor
2, resulting in less transporter expression andwith the C allele inducing
a 30% reduction in promoter activity compared with the A allele. Im-
paired glutamate uptake by dysfunction or reduced expression of
EAAT2 has been implicated in the pathogenesis of various neurodegen-
erative diseases, such as Alzheimer's disease, Huntington's disease,
amyotrophic lateral sclerosis (Kim et al., 2011) and also schizophrenia
(Bauer et al., 2010; Ohnuma et al., 1998, 2000; Smith et al., 2001). In
BD altered levels of EAAT2 protein and RNA have been found in post-
mortem prefrontal cortex (Rao et al., 2012). A reduced expression of
themembrane transporters SLC1A2 was also reported in major depres-
sion while a trend has been observed in bipolar subjects (Medina et al.,
2013). It has been suggested that stress can induce changes in glutamate
synapses and circuitry. Acute stress has been suggested to increase glu-
tamate uptake in the frontal cortex and hippocampus of rats (Gilad
et al., 1990) but later studies have yieldedmixed results showing either
a glucocorticoid-mediated suppression of glutamate uptake (Yang et al.,
2005) or no effect (Fontella et al., 2004). Exposure to chronically elevat-
ed levels of glucocorticoids increase EAAT2 protein expression through-
out the hippocampus (Autry et al., 2006); and on the upregulation of
hippocampal EAAT2 found in aged stressed rats has been interpreted
as a neuroprotective response to stress-induced elevations in glutamate
in the synaptic cleft (Duan et al., 1999; Liang et al., 2008) or as a re-
sponse to increased corticosterone levels (Rauen and Wiessner, 2000).
Increased astrocytic EAAT2 expression appears to afford greater neuro-
protection under excitotoxic conditions (Rosenberg and Aizenman,
1989; Weller et al., 2008). In a rat model of chronic restraint stress,
Reagan et al. reported an increased hippocampal EAAT2 expression
followed by a downregulation after treatment with the antidepressant
tianeptin (Reagan et al., 2004).

In the hippocampus, EAAs and glucocorticoids mediate biphasic ef-
fects on structure and function. Acutely low to moderate physiological
levels of adrenal steroids and EAAs enhance synaptic function and cer-
tain types of memory, whereas higher levels of both mediators have
the opposite effect (Joels, 2006). Chronically adrenal steroids and EAAs
mediate adaptive plasticity involving spine synapse turnover and den-
dritic shrinkage (McEwen, 1999).

If changes in glutamate release and turnover contribute to the neu-
robiological effects of stress on the hippocampus, it can be hypothesized
that factors affecting the clearance of glutamate could interact with the
degree of stress exposure in mediating this effect. Here we tested this
hypothesis by studying the effect of SLC1A2–181AN C (rs4354668) poly-
morphism and exposure to ACE on hippocampal gray matter volume of
patients with BD.

2. Methods

2.1. Patients and data collection

We studied 86 Caucasian subjects (56 females, 30 males) con-
secutively referred to our university hospital from January 2009 to
December 2012 for BD type I (DSM-IV—Diagnostic and Statistical Man-
ual of Mental Disorders, 4th Edition (American Psychiatric Association,
1994)-criteria; SCID — Structured Clinical Interview for DSM-IV Axis I
Disorders (First et al., 1996)-interview). Exclusion criteria were other
diagnoses on Axis I, mental retardation on Axis II, history of epilepsy
and major medical and neurological disorders. None of the patients
took lithium in the previous six months.

Handedness was assessed with the Edinburgh inventory (Oldfield,
1971). Severity of ACE was rated on the Risky Families Questionnaire
(RFQ) (Taylor et al., 2006) after MRI scanning. The RFQ has been
adapted from an instrument originally developed to assess the relation
of family stress to mental and physical health outcomes in adulthood
(Felitti et al., 1998). The instrument is aimed at rating the degree of
harsh parentingwith overt family conflict and deficient nurturing expe-
rienced by the children in their familial environment. Previous research
validated this questionnaire against clinical interviewers; the dual as-
sessment (questionnaire and interview) demonstrated high agreement



Table 1
Clinical and demographic characteristics of the sample divided according to adverse
childhood experiences.

Adverse childhood experiences

High n = 43 Low n = 43

Mean ± SD Mean ± SD p

Age 44.18 ± 11.76 46.69 ± 11.82 0.33
Onset 28.25 ± 8.79 32.21 ± 10.51 0.06
Education 11.73 ± 4.29 11.45 ± 4.41 0.77
Duration of illness 15.93 ± 10.61 14.49 ± 10.15 0.52
Number of episodes 10.86 ± 16.96 8.28 ± 10.32 0.39
Handedness 20.84 ± 6.64 20.26 ± 6.91 0.69
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and reliability (Taylor et al., 2004). This approach has been proven suc-
cessful in detecting the structural and functional brain correlates of ACE
in adult life (Benedetti et al., 2011; Taylor et al., 2006). Each group of
participants was then divided into two subgroups, usingmedian values
as a discriminant between high and low scores of the RFQ.

All datawere collected in the sameday. Thework described has been
carried out in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki). After complete description of the
study to the subjects a written informed consent was obtained. The
local ethical committee approved the study protocol.

2.2. Genotyping

DNAwas extracted from whole blood by a manual extraction, using
the “Illustra blood genomic Prep Midi Flow kit” (GE Healthcare, Milan,
Italy). To identify the polymorphismEEAT2–181A N C T/G (DNA forward
strand), a standard polymerase chain reaction (PCR) was carried with
the following primers: 5′-GCC ACC TGT GCT TTG CTG-3′ and 5′-TGA
TGT CAG CTC TCG ACGAA-3′. The PCR was carried out in a 10 μl volume
containing 150 ng genomic DNA, 1 μl of 1× Hot Master Taq Buffer with
Mg++ (Eppendorf), 0.1 μl of each primer [50 μM], 1 μl of deaza-dNTPs
[10 mM], 0.5 μl of Dimethyl sulfoxide (DMSO) solution (Sigma-Aldrich,
Milan, Italy) and 0.1 μl of Hot Master Taq [5 U/μl] (Eppendorf). After an
initial step of 5min at 94 °C, 35 cycles of amplification (35 s at 94 °C, 35
s at 58 °C, 45 s at 70 °C) and a final extension step of 10 min at 70 °C
were performed. An aliquot of PCR product was digested using Msp I
(20 U/μl) (New England Biolabs, England, UK) and incubated at 37 °C
for 8 h; fragments were separated in agarose gels. Depending on the
presence of two or three restriction Msp I sites, either three fragments
(allele T) or four fragments (allele G) were produced.

2.3. Brain imaging procedures and data analysis

Brain imaging volumetric T1-weighted sequences were acquired on
a 3.0 T scanner (Gyroscan Intera, Philips, Netherlands) using a 6 chan-
nels SENSE head coil using a T-1-weighted MPRAGE sequence (TR
25.00 ms, TE 4.6 ms, yielding 220 transversal slices with a thickness of
0.8 mm). Images were computed, overlaid on anatomic images, and an-
alyzed using Statistical Parametric Mapping software (SPM8,Wellcome
Department of Imaging Neuroscience, Institute of Neurology and the
National Hospital for Neurology and Neurosurgery; London, England)
and the voxel-based morphometry (VBM) toolbox (VBM8; http://
dbm.neuro.uni-jena.de/vbm/) implemented in SPM8, which combines
tissue segmentation, bias correction, and spatial normalization into a
unified model. We used the optimized VBM procedure, which normal-
izes gray matter (GM) segmented images to a standard space by
matching them to their template (Ashburner and Friston, 2005). The
procedure yielded modulated GM normalized images: modulated pa-
rameters were used to test for voxelwise differences in the relative vol-
ume of GM by compensating for the effects of warping, to ensure that
the total amount of GM in a region is the same before and after spatial
normalization (Good et al., 2001). The voxel size for all images was
resliced to 1 × 1 × 1 mm. We realigned the scans to correct for head
movement. Images were then normalized to the standard EPI template
volume of the Montreal Neurological Institute (MNI) reference brain,
and smoothed using a 8-mm full-width at half-maximum (FWHM) iso-
tropic Gaussian kernel.

Data were analyzed within the context of the General Linear Model
(GLM). Modulated images were entered into a second level analysis of
variance (ANOVA) with genotype and ACE (high and low) as factors.
This procedure allowed for the regions where both factors significantly
influenced brain volume (conjunction analysis, as implemented in the
SPM8 statistical software package) to be investigated, and to test the
levels of significance of the main effects of EAAT2 and of ACE one by
one. We included as covariates age, sex, duration of illness, number of
episodes and handedness as possible confounding factors. Statistical
threshold was P b 0.05 corrected for multiple comparisons with
whole-brain family-wise error (FWE) correction.

Using the Wake Forest PickAtlas software (Wake Forest University,
USA; www.fmri.wfubmc.edu), statistical maps were limited to the
hippocampus.
3. Results

Allelic frequencies were similar to those observed for the general
population (T= 58.7%; G= 41.3%) (Mallolas et al., 2006). The distribu-
tion of EAAT2 genotypes (T/T n=29, T/G n=43, G/Gn=14) respected
the Hardy–Weinberg equilibrium (χ2 = 0.085, p = 0.77). Clinical and
demographical data are shown in Tables 1 and 2. No difference between
high ACE and low ACE reached significance (Table 1) or among geno-
typic groups (Table 2).

At the VBManalysis the combined effects of genotype and ACE (con-
junction analysis) survived the statistical threshold in twomain clusters
in the right hippocampus (MNI coordinates 27–42 1; F = 8.73, Z =
4.14, p-FWE = 0.002; 34 −28 −14; F = 6.70, Z = 3.65, p-FWE =
0.015) and one in left hippocampus (at MNI coordinates −33 −15
−21; F = 19.14, Z = 5.93, p­FWE b 0.001) (Figs. 1 and 2).

In these clusters patients with exposure to higher levels of ACE had
lower gray matter volume, a main effect that remained significant
when considered alone (at MNI coordinates −33 −15 -21; T = 3.53,
Z = 3.38, p FWE = 0.016) (Fig. 3).

The effect of SLC1A2–181A N C revealed itself only among patients
exposed to lower levels of ACE, amongwhose T/T homozygotes showed
the lowest, and G/G the highest, gray matter volume in two main clus-
ters in the right hippocampus (MNI coordinates 30 −33 −9; T =
16.84, Z N 8.2, p­FWE b 0.001; 34 −25 −14; T = 16.29, Z N 8.2,
p­FWE b 0.001) and one in left hippocampus (at MNI coordinates
−30 −13 −14; T = 21.59, Z N 8.2, p­FWE b 0.001) (Fig. 2 right).
Among patients exposed to high ACE all genotypes showed similar
lower graymatter volumes. Adding lifetimehistory of lithium treatment
(months of treatment) as covariate in the analysis didn't changed the
observed data.
4. Discussion

This is the first study to investigate the role of SLC1A2–181A N C ge-
notype and ACE in influencing hippocampal volume in patients affected
by BD. Themain result is a joint effect of both ACE and SLC1A2–181A N C
on hippocampal volume. SLC1A2–181A N C functional polymorphism
was shown to significantly influence gray matter volume in subjects
with low ACE, with wild type T homozygote presenting the lowest vol-
ume, G homozygote reporting the highest volume and heterozygotes
showing an intermediate phenotype. Independent of this effect higher
ACE associated with a reduced hippocampal volume.

The greatest differences between high and low exposure to ACEwas
observed in G/G homozygotes which reported significantly higher gray
matter volume when exposed to less stress.

http://dbm.neuro.uni-jena.de/vbm/)
http://dbm.neuro.uni-jena.de/vbm/)
http://www.fmri.wfubmc.edu)


Table 2
Clinical and demographic characteristics of the sample as a whole and divided according to SLA1A2–181A N C genotype.

Total Sample GG (n = 14) EAAT2 GT (n = 43) TT (n = 29)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD p

Age 45.44 ± 11.78 46.43 ± 12.78 45.37 ± 11.07 45.07 ± 12.69 0.94
Onset 30.23 ± 9.83 31 ± 7.78 30.69 ± 9.50 29.17 ± 11.32 0.77
Education 11.96 ± 2.97 11.61 ± 3.47 12.33 ± 2.22 11.84 ± 3.34 0.55
Duration of illness 15.21 ± 10.35 15.43 ± 11.49 14.67 ± 10.47 15.89 ± 9.92 0.88
Number of episodes 9.57 ± 14.02 10.43 ± 12.55 9.88 ± 17.36 8.69 ± 8.36 0.91
ACE 26.64 ± 10.19 27.28 ± 10.56 25.28 ± 9.97 28.34 ± 10.43 0.45
Handedness 20.55 ± 6.74 20.71 ± 7.28 21.16 ± 5.25 19.55 ± 8.39 0.61
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Since the mutant G allele has been associated with a reduced tran-
scriptional activity and expression of the transporter protein, this effect
could be due to an increase in glutamate levels.

A sparse but consistent literature associated BD and its most detri-
mental clinical featureswith a reduced glutamate import to brain struc-
tures. Indeed an increase of glutamate levels in the dorsolateral
prefrontal cortex in major depression has been reported following clin-
ical improvement (Luborzewski et al., 2007). In bipolar patients, lithium
increases the activity of glutamine synthetase (Marcus et al., 1986),
which is abnormally low in the brain of suicide victims (Klempan
et al., 2009) thus possibly leading to prolonged alterations in glutamate
and GABA function (Kalkman, 2011).

Higher levels of hippocampal glutamate have been positively associ-
ated with hippocampal N-acetyl aspartate (NAA) levels in bipolar I pa-
tients in stable remission on long-term lithium prophylaxis, and both
inversely correlated with diurnal cortisol levels (Colla et al., 2009). In
the hippocampus, disruptions in neuronal integrity have been marked
by altered NAA/Cr levels in several studies of BD compared to healthy
controls (Atmaca et al., 2006; Bertolino et al., 2003; Blasi et al., 2004)
and increased levels of NAA in the brain have been found to be induced
by lithium administration, thus paralleling clinical amelioration (Moore
et al., 2000). Following a recent hypothesis NAA serves as a reservoir for
glutamate and can be converted into glutamate when necessary (Clark
et al., 2006). If increased NAA levels are positively associated with neu-
rotrophic effect and alsowith glutamate levels, we could surmise that G
carriers showgreater graymatter volume in the hippocampus reflecting
a neurotrophic effect of glutamate. Indeed while excess of glutamate
levels is associated to excitotoxicity, low physiological levels promote
synaptic plasticity without promoting toxicity (Danbolt, 2001).

Following this line of reasoning, we could hypothesize that after ex-
posure to highest levels of ACEG/Ghomozygotes aremore vulnerable to
stress and report the highest damage to brain volume as a consequence
Fig. 1. 3D reconstruction of bilateral hippocampi with parahippocampal gyri inMNI space
with overlaid areas where a significant effect of both ACE and SLA1A2–181A N C was ob-
served at a statistical threshold of p b 0.05 FWE corrected.
of an excess of free glutamate (Kim et al., 2011). This effect could not be
specific to ACE but extend to other kind of insults such as stroke, which
caused the highest damage in G/G (Mallolas et al., 2006).

A gray matter volume reduction in hippocampus, in subjects
reporting higher levels of ACE, is consistent with literature on both an-
imals (Andersen and Teicher, 2004) and healthy humans (Teicher
et al., 2012). Early life events have been shown to set in motion a series
of adversemechanisms that lead to the progressive loss of hippocampal
synapses rather than an immediate loss of density (Andersen and
Teicher, 2004). Hence the deleterious effect of ACEwill become evident
only in adulthood. Studies in animalmodels suggest that volume reduc-
tion in the hippocampus after chronic stress could be a consequence of a
retraction of dendrites and spine density reduction and that this occur-
rence could be due either to the excitotoxic effect of an excess of gluta-
mate, or to adaptive protective strategies to reduce the excitatory input
in the face of increased glutamate release (Gorman and Docherty, 2010;
McEwen, 2010). Our present observations extend the relationship be-
tween early stress and reduced hippocampal volume to patients with
BD exposed to harsh parenting.

Understanding the mechanism underlying the disruption of hippo-
campal function and structure and how genetic and environmental fac-
tors interact in this region is particularly important due to the role of
hippocampus not only in cognitive, learning and memory functions
(Bliss and Collingridge, 1993; Segal, 2005) but also in the inhibition of
stress responses (McEwen andMagarinos, 2001), in the regulation of af-
fective states and emotional behavior (Phillips et al., 2003a) and in pro-
viding contextual information in conditioning and extinction (Sotres-
Bayon et al., 2006). Impaired appraisal of emotional stimuli and inability
to control emotional response (Phillips et al., 2003b) have been sug-
gested to be related to the core symptoms experienced by individuals
Fig. 2. Conjunction analysis between ACE and SLA1A2–181A N C Direction and size effects
of the observed differences. Points are estimated regression coefficients, whiskers are
standard errors.

image of Fig.�2


Fig. 3.Main effect of ACE. Direction and size effects of the observed differences. Points are
estimated regression coefficients, whiskers are standard errors.
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with BD (extreme depression/euphoria, mood liability, irritability, and
distractibility). The effect of ACE on the hippocampus could contribute
to this emotional instability.

The major limitation of the study is the lack of information re-
garding previous psychopharmacological treatments, received by
the patients. Recent studies showed that highly complex medica-
tion regimens are often required during naturalistic outpatient
treatment of BD depression (Post et al., 2010). Further prospective
studies will consider drug treatments and other factors (e.g. other
genes, drugs, exposure to emotional and physical stressors) to as-
sess the potential role of SLA1A2–181A N C in bipolar illness. Also
as suggested by Cousins et al. (2013) automated techniques like
VBM could lead to potential artifact especially when lithium is
involved.

Finally, limitations also include issues such as generalizability, possi-
ble undetected past comorbidities, population stratification and absence
of placebo control. Moreover genome-wide association studies and
gene–gene and gene–environment interactions were not taken into
account.
5. Conclusions

A sparse but consistent literature associated BD and its most detri-
mental clinical featureswith a reduced glutamate import to brain struc-
tures. In our study we demonstrated an association between glutamate
transporter polymorphism and early stress in influencing hippocampal
gray matter volume in these patients. Higher ACE were associated with
lower graymatter volume; moreover carriers of the rs4354668 G allele,
which is associated with less transporter expression and a 30% reduc-
tion in promoter activity comparedwith the T allele, had higher GMvol-
umes than T/T homozygote when exposed to lower ACE. Carriers of the
G allele seem to be more vulnerable to stress: the exposure to a higher
burden of ACE leads this group to a greater loss of brain volume, possibly
due to an excess of free glutamate.
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